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EXECUTIVE SUMMARY 

Synthetic biology—the design and construction of new biological parts, devices, and systems, and the 

redesign of natural biological systems for useful purposes1—is contributing sustainable and innovative 

solutions to numerous, pressing human needs and global challenges. First established as a scientific 

discipline, just over ten years ago, technical advances in the field continue to open up new possibilities 

in healthcare, agriculture, chemicals, materials, energy, and bioremediation. With an expected global 

market of $10.8 billion by 2016,2 synthetic biology will play an important role in the bioeconomy and 

has increasing implications for future US competitiveness and employment.  

How far we, as a nation, can go with this technology depends on our ability to bring together diverse 

researchers and stakeholders with vision, smart plans, and the support to carry it through. The frontier 

of engineering biology is still just beginning to be explored, and there is much to be done to fulfill the 

promise of synthetic biology safely and responsibly. 

Synberc (the Synthetic Biology Engineering Research Center, www.synberc.org) was launched in 2006 

as an early US endeavor to develop the foundational understanding and technologies needed to build 

biological solutions as an engineering practice. Its primary financial support has come from the US 

National Science Foundation’s (NSF’s) competitively awarded Engineering Research Center (ERC) 

Program, which unites academia, industry, and government in the pursuit of technological advances that 

have the potential to create or reinvent industries. The ERC program represents a 10-year funding 

commitment, with Synberc’s NSF funding ending in 2016. 

With the foundation laid by Synberc and others, synthetic biology is establishing itself as an important 

new discipline, with the US leading the world in intellectual conception, research, and commercial 

development.3,4 Many new research centers and programs have been launched in the US, resulting in 

                                                

 

 
1 syntheticbiology.org (accessed 28 December 2013) 
2 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
3 Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 
4 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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fundamental advances, including highly multiplexed genome engineering, rational design tools, 

standardized parts and registries, and engineered cell traits. Such advances have led to the tripling of 

companies in this emerging industry in the last four years,5 with products on the market and in 

development pipelines including specialty chemicals, enzymes, synthetic genes and other DNA parts, 

pharmaceuticals, biofuels, and chassis microorganisms (organisms that host the engineered biological 

machinery). Early commercial successes will likely include microbially produced malaria drugs, biofuels 

from non-food biomass, and rapid vaccine production. 

As NSF support for Synberc ramps down (ceasing entirely in 2016), new funding sources and a new 

approach will be needed to organize, fund, and propel this growing community over the next ten years. 

Continued leadership will be required to pull together all the elements of the synthetic biology 

community—people, ideas, and material—and cooperatively shape them into a coherent strategy. 

Absent that, the momentum that Synberc has created may be lost, allowing the community to splinter. 

At the same time, other countries (the UK and China, in particular) have demonstrated their 

understanding of the field’s potential, with clear national strategies and large coordinated investments. 

The US thus must act quickly or risk falling behind in an industry and research sector that it has 

pioneered. The time is now to bring public and private actors together to create a new national 

organization to lead synthetic biology in strategic directions consistent with US national priorities and 

values. 

Foreseeing this challenge and opportunity, in July 2013, Synberc, with support from the Alfred P. Sloan 

Foundation, initiated a one-year independent sustainability initiative led by Nancy J Kelley & Associates 

to develop a strategic action plan to extend the efforts begun by Synberc and advance the field of 

synthetic biology in the US. This report is an interim milestone, intended to explore the emerging 

synthetic biology market as well as the landscape around the world: regulatory frameworks, funding 

initiatives, and social and ethical aspects. It places Synberc within these contexts and examines Synberc’s 

relationship to the past, present and future of synthetic biology.  

                                                

 

 
5 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for 
Scholars. (2013) 
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The findings contained in this initial report and related project documents are the product of a broad 

range of primary and secondary research. To date, NJK&A has conducted over 110 interviews with 

members of the Synberc community (including Synberc Principal Investigators, members of the 

Strategic Advisory Board, and representatives of the Industrial Advisory Board) and members of the 

broader synbio community, along with numerous follow-up conversations. The team augmented these 

interviews with extensive secondary research and review of a library of nearly 500 reports, journal 

articles, presentations, and government and public documents, as well as attendance at major synbio 

events and targeted regional visits to relevant institutions. Finally, NJK&A engaged Synberc on a 

community-wide basis, beginning with the presentation of a preliminary set of findings presented to 

nearly 300 members of the Synberc community and invited guests at the Synberc retreat in September, 

followed by a moderated discussion amongst 60 members on the final day of the retreat. These efforts 

culminated in the creation of nine working groups, comprised of 100 participants, which met once each 

month for three months from October through December 2013. These discussions helped to frame 

the recommendations in this report. 

Synberc was created in 2006 with two audacious and related goals: 

• To create a new field of synthetic biology, and  

• To build an industry around it. 

From its early beginnings in 2006 advancing an unproven concept with 12 principal investigators at UC 

Berkeley, Harvard, MIT, UC San Francisco, and now Stanford, Synberc has gone on to help shape the 

research agenda of the field, developed numerous foundational technology advances, served as an 

important venue for convening researchers throughout the synthetic biology community, developed 

programs to ensure that science in this area is conducted safely and securely, attracted industry support 

and participation, helped train many of today’s synthetic biology leaders and investigators, supported 

the development of global training initiatives (like iGEM), and highlighted the viability of commercial 

applications for its technology. In short, Synberc has laid much of the groundwork in the US for an 

industry that is projected to grow to nearly $11 billion by 2016. 
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By doing so, Synberc now stands at the center of the synthetic biology field and community. Its 

collaborative and educational work is achieving what would not be possible through a narrow or 

individual approach. It has directed a communitywide effort to create a transformative new discipline 

that applies engineering design to the practice of biology and has brought together and trained 

researchers from across disciplines to work together in this effort. This early work established the 

intellectual underpinnings of the synthetic biology field and developed numerous technological advances. 

Synberc has built an infrastructure (through registries, repositories, fabs, software tools, new scientific 

centers, and numerous affiliated organizations) that supports constructive competition and the 

production of tools and knowledge needed to responsibly and productively advance synthetic biology. 

Its work has supported the development of numerous new applications in the energy, chemicals, health, 

and agricultural industries, and it has forged strong relationships with a wide range of companies that 

are building products that are fueling the development of the global synthetic biology industry. 

If the growth in synthetic biology over the past 10 years is any indication, the growth over the next 10 

stands to be even more significant. As this survey of synthetic biology over the last decade indicates, it 

is clear that many of the main developments that occurred (before and after Synberc’s inception) share 

a connection with Synberc. Synberc’s PIs have been critical to the success of many of the early synbio 

endeavors, and their students have graduated to their own labs and companies. During the next ten 

years, the synthetic biology community will continue to need a strong central organizing force that can 

support this community, grow its leaders, and serve as a mobilizer of researchers, industry, government, 

and philanthropy. 

We argue that for Synberc, post-ERC failure is not an option—and that setting the bar at only 

“sustainability” beyond NSF funding could result in eventual failure. For Synberc to meet its original 

audacious goals and continue to be a catalyst for the global synbio community, it must evolve into an 

entirely new organization—one that will flourish through a strong set of relationships with industry 

partners, government agencies, academic institutions, philanthropists, community organizations, and the 

general public, both in the US and globally. 

Such an organization must be designed to build on the strengths that Synberc has demonstrated while 

recognizing and serving the changing scientific, regulatory, and public landscape in both the national and 

global environments. Its mission would be to engage the global challenges of energy, environment, 

health, and agriculture. Its governance and operations would preserve those cultural attributes that have 
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made the Synberc community unique: open, public-spirited, freethinking, and unbounded, while 

ensuring the continued commitment and participation of the founding principal investigators. At the 

same time, it must encourage and support the participation of a broader number of scientists that are 

now working in this field. Its research efforts would continue the required foundational and applied 

research to advance the field, as well as assist in coordinating new large-scale inter-institutional projects. 

It would establish and strengthen a common infrastructure that is open to and supports the efforts of 

the national and international synthetic biology communities, which would include a fully integrated, 

rapid design and prototyping infrastructure that spans design tools and includes scalable, automated, 

and parallelized design fabrication, high-throughput evaluation, and validation that will close the gap 

between the laboratory and commercial applications. It would strengthen early efforts to foster industry 

collaboration and technology transfer, build on educational programs and accomplishments, engage 

public discussion about the risks and benefits of synthetic biology, and work with regulators to 

implement clear and transparent regulatory regimes. Finally, it would serve as an important participant 

in international and policy efforts to solve global challenges. 

In order to realize the vision set forth above, the Synberc community will need to accomplish three 

complementary goals: 

• Achieve consensus and initial funding for planning process, 

• Maintain Synberc and associated organizations at steady state for the next two-plus years, in 

order to stabilize the community and allow the continued progress of their work without 

interruption, 

• Build a new organization to which Synberc and the associated organizations will transition. 

This work will begin with a meeting of the Synberc community in January 2014 to consider this report 

and its recommendations. Work in the next six months will include broad-based road-mapping 

activities that will develop a clear path forward for synthetic biology research, development, and 

commercialization in the United States, as well as the development of the financial and operational 

plans required to realize this vision. 
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1. INTRODUCTION 

Synthetic biology—the design and construction of new biological parts, devices, and systems, and the 

redesign of natural biological systems for useful purposes6—is contributing sustainable and innovative 

solutions to numerous, pressing human needs and global challenges. Technical advances continue to 

open up new possibilities in healthcare, agriculture, chemicals, materials, energy, and bioremediation. 

With an expected global market of $10.8 billion by 2016,7 synthetic biology will play an important role 

in the bioeconomy and has increasing implications for future US competitiveness and employment.  

By combining insights from biology, computation, engineering, ethics, and other disciplines, we can 

create new biotechnologies that provide social and economic value on a tremendous scale. That 

premise is at the heart of synthetic biology. How far we can go with this technology depends on our 

ability to bring together diverse researchers and stakeholders with vision, smart plans, and the support 

to carry it through. The frontier of engineering biology is still just beginning to be explored, and there is 

much to be done to fulfill the promise of synthetic biology safely and responsibly. 

Synberc (the Synthetic Biology Engineering Research Center, www.synberc.org) was launched in 2006 

as an early US endeavor to develop the foundational understanding and technologies needed to build 

biological solutions as an engineering practice. Its primary financial support has come from the US 

National Science Foundation’s (NSF’s) competitively awarded Engineering Research Center (ERC) 

Program, which unites academia, industry, and government in the pursuit of technological advances that 

have the potential to create or reinvent industries. The ERC program represents a 10-year funding 

commitment, with Synberc’s NSF funding ending in 2016. 

In the years since its inception, Synberc has helped to shape the global research agenda for synthetic 

biology, developed numerous foundational technologies, served as an important venue for convening 

academic and industrial researchers, and helped train many of today’s synthetic biology leaders and 

investigators. Further, Synberc’s Practices program stands as a model for enabling dialogue, research, 

                                                

 

 
6 syntheticbiology.org (accessed 28 December 2013). 

7 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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and education to explore and align biotechnology goals and activities with public values and needs. In 

short, Synberc has emerged as an organizing force for both science and the community. 

With the foundation laid by Synberc and others, synthetic biology is establishing itself as an important 

new discipline, with the US leading the world in intellectual conception, research, and commercial 

development.8,9 Many new research centers and programs have been launched in the US, resulting in 

fundamental advances, including highly multiplexed genome engineering, rational design tools, 

standardized parts and registries, and engineered cell traits. Such advances have led to the tripling of 

companies in this emerging industry in the last four years,10 with products on the market and in 

development pipelines including specialty chemicals, enzymes, synthetic genes and other DNA parts, 

pharmaceuticals, biofuels, and chassis microorganisms (organisms that host the engineered biological 

machinery). Early commercial successes will likely include microbially produced malaria drugs, biofuels 

from non-food biomass, and rapid vaccine production. 

As NSF support for Synberc ramps down (ceasing entirely in 2016), new funding sources and a new 

approach will be needed to organize, fund, and propel this growing community over the next ten years. 

Continued leadership will be required to pull together all the elements of the synthetic biology 

community—people, ideas, and material—and cooperatively shape them into a coherent strategy. 

Absent that, the momentum that Synberc has created may be lost, allowing the community to splinter. 

At the same time, other countries (the UK and China, in particular) have demonstrated their 

understanding of the field’s potential, with clear national strategies and large coordinated investments. 

The US thus must act quickly or risk falling behind in an industry and research sector that it has 

pioneered. The time is now to bring public and private actors together to create a new national 

organization to lead synthetic biology in strategic directions consistent with US national priorities and 

values. 

                                                

 

 
8 Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 

9 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
10 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for 
Scholars. (2013) 
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This report explores the synthetic biology landscape around the world: regulatory frameworks, funding 

initiatives, and social and ethical aspects. It places Synberc within these contexts and demonstrates 

Synberc’s importance to the present and future of synthetic biology. We argue that for Synberc, post-

ERC failure is not an option—and that setting the bar at only “sustainability” beyond NSF funding could 

result in failure regardless. For Synberc to meet its original audacious goals and continue to be a beacon 

for the global synbio community, it must evolve into an entirely new organization—one that will 

flourish through a strong set of relationships with industry partners, government agencies, academic 

institutions, philanthropists, community organizations, and the general public, both in the US and 

globally. 

 
In short, as we shared at the Fall 2013 Synberc Retreat: 

Synberc is an undervalued asset  

in a field that has not yet approached  

(let alone reached)  

its potential 

  

Without strategic, financial, and intellectual investment,  

that value will never be realized 

 

Now is the time  

to engineer the future  

for Synberc  

and the synbio community 
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2. PROJECT OVERVIEW 

In July 2013, Synberc, with support from the Alfred P. Sloan Foundation, initiated a one-year 

independent sustainability initiative led by Nancy J Kelley & Associates to develop a strategic action plan 

to extend the efforts begun by Synberc and advance the field of synthetic biology in the US. This effort 

was conceived primarily as a vehicle for Synberc, but as preliminary interviews and research have been 

conducted and initial findings shared with the community, it has become clear that there is a larger 

need to mobilize and support the entire synthetic biology field in the US. 

2.1. Expected Outcomes 

The original goal of the initiative was an actionable operational plan to ensure a shared, dedicated, 

focused infrastructure for the synthetic biology community from 2016 through 2021, particularly in light 

of an uncertain funding environment. 

Five major outcomes were intended of the project: 

• Identification of path(s) forward toward a self-sustaining future for Synberc, obtaining approval 

from the required institutional leadership  

• A firmly defined operational plan for an evolved Synberc organization from 2016 through 2021 

• Identification of institutional partners (e.g., academic institutions, research institutions) needed 

to execute the plan  

• Identification of key potential public and private supporters of Synberc’s efforts and synthetic 

biology who are willing and able to contribute financial and in-kind resources toward 

implementation of the outlined plan 

• Compilation and analysis of data (e.g., financial modeling, market research) to support the 

project 
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Specific elements of an operational plan were intended to include: 

• Technical goals, with sufficient specificity that funding agencies and philanthropic organizations 

will be confident their investments will result in specific milestones and goals realized 

• Financial goals, with clear targets for financial performance, including level and degree of 

services to be provided and how Synberc will secure required support to provide those 

services beyond the five-year initial plan (2016 to 2021) 

• Recommended legal structures (e.g., university-based, 501(c)(3), for-profit organization) 

• Suggestions about governance, including best practices for advisory boards, lead institution(s), 

and participation of partners in decision-making processes 

• Frameworks for intellectual property agreements; for example, regarding a pre-competitive 

technology, how to ensure that tools and technologies will be publicly available; or, if a 

proposed claim relates to an applications-oriented platform, how to ensure a smooth uptake to 

commercial settings 

• Guidelines for staffing levels and hiring processes 

 

This report is an interim milestone in the development of the operational plan. 

 

2.2. Project Team 

The project is being led by Nancy J Kelley, JD, MPP, of Nancy J Kelley & Associates (NJK&A) and Jay 

Keasling, Synberc Director, who is the named Principal Investigator on the project grant from the Sloan 

Foundation. Kelley and Keasling are supported by a Sustainability/Business Planning Team comprised of 

the NJK&A consulting team (see Appendix A) and a core Synberc operational team that participated in 

regular planning and data review meetings: 

• Peter Ackermann, Industry Liaison Officer 

• Kevin Costa, Managing Director 

• Drew Endy, Practices Director 

• Leonard Katz, Research and Industry Relations Director 

• Megan Palmer, Deputy Practices Director 
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Throughout the project, the planning team collaborated with a broad cross-section of the synbio 

community, through targeted interviews, numerous conversations, participation in community events, 

and a series of Working Groups meetings. An overview of these relationships is illustrated in the 

diagram below. 

 

2.3. Methodology 

The findings contained in this document and related project documents are the product of a broad 

range of primary and secondary research. To date, NJK&A has conducted over 110 interviews with 

members of the Synberc community (including PIs, members of the SAB, and representatives of the 

IAB) and members of the broader synbio community, along with numerous follow-up conversations. 

The initial slate of interviewees was proposed by Synberc leadership, and Paula Olsiewski at the Alfred 

P. Sloan Foundation. Additional interviewees have been recommended by other interviewees or 

participants in the process or identified through other research activities. A complete list of 

Sustainability/Business Planning Team Stakeholders &  
Subject Matter Experts 
•  Principal Investigators 
•  Affiliate Principal Investigators 
•  Strategic Advisory Board 
•  Industrial Advisory Board 
•  Government Leaders 
•  Philanthropic Leaders 
•  Academic Leaders 
•  Financial & Research Leaders 
•  Research Lab Leaders 
•  Synbio Community Members 

Project Leadership 

Jay Keasling 
PI Nancy Kelley 

Project Management 

Kevin Costa / 
Megan Palmer Dave Whelan 

Synberc Team 
•  Peter Ackermann 
•  Kevin Costa 
•  Drew Endy 
•  Leonard Katz 
•  Megan Palmer 

Consulting Team 
•  Financial Modeling 
•  Market Research 
•  Meeting Facilitation 
•  Strategy 
•  Legal/IP 
•  Economic Impact 

Analysis 
•  … 

Initiative Working Groups 
•  Steering Committee 
•  Research Agenda 
•  Community & Industry Infrastructure 
•  Intellectual Property 
•  Industry Relations 
•  Philanthropy & Financial Viability 
•  Education & Public Awareness 
•  Regulatory & Public Oversight 
•  Global Community 
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interviewees is in Appendix B. Each interview was a unique conversation, guided by the interviewee’s 

backgrounds, but most conversations touched on some core questions: 

• What have been Synberc’s greatest accomplishments to date? 

• What challenges do you see with Synberc? 

• What role should Synberc play in the synbio community? 

• What does the future look like for synbio? 

All interviews were confidential, but emergent themes and messages have been used to drive many of 

the recommendations contained in this report. NJK&A is continuing to schedule additional interviews 

and follow-up conversations. 

The team augmented these interviews with extensive secondary research and review of a library of 

nearly 500 reports, journal articles, presentations, and government and public documents (see 

Bibliography; not intended as a comprehensive survey of synbio publications). 

 

2.4. Project Management 

The Sustainability Initiative is divided into four phases: Kickoff, Initial Feasibility Planning, and Business 

Planning (these three concluded with release of the draft report contained herein), and a Follow-

up/Execution Phase running from January through June 2014, as outlined in the Table below: 

Project Overview 
Phase Period Milestone Meetings & Events 

I. Kickoff July 2013 Project plan and kickoff meetings • SB6.0 

II. 
Initial 
Feasibility 
Planning 

August Baseline set of findings, along with initial 
hypotheses, which will guide remainder of project • Bay Area 

September 
Presentation of initial observations to Synberc 
leadership, IAB, SAB, and synbio community 

• Bay Area 
• Boston 
• Synberc Retreat 

III. 
Business 
Planning 

October 
Alignment of business model under development 
with priorities identified in Washington and at 
other meetings to date 

• San Diego 
• NAS Forum on 

Synthetic Biology 

November Preliminary business model vetted by trusted 
external advisors and stakeholders 

• iGEM 
• SynBioBeta SF 

December 
Presentation of preliminary business plan and 
strategic planning process for 2014 • Bay Area 

IV. Follow-Up/ 
Execution 

January-June 
2014 

Initial implementation of plan, including refinement 
of business relationships and planning assumptions 

• Chicago Summit 
• Synberc Retreat 
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Kickoff (July 2013): Beginning July 2013, the team developed the project plan and conducted a series 

of launch meetings, including interviews of synbio community leaders at the SB6.0 conference in 

London. 

Initial Feasibility Planning (August–September 2013): The team analyzed feedback from the London 

conference and meetings to assemble an initial set of observations and hypotheses about Synberc. This 

was augmented by additional interviews and research. Weekly planning calls were conducted among 

the NJK&A working team, as well as frequent strategy calls between Nancy J. Kelley, Drew Endy, and 

Jay Keasling. In addition, NJK&A participated in Synberc staff meetings and also organized due diligence 

deep-dive meetings. The team developed a preliminary set of findings, which were presented at MIT at 

the Fall 2013 Synberc Retreat, to nearly 300 members of the Synberc community and other invited 

guests. 

These findings, including an organizational strawman for the next chapter of Synberc (Appendix C), 

served as the springboard for a three-hour brainstorming exercise on the final day of the retreat. 

Approximately 60 Synberc leaders (including PIs, SAB members, IAB representatives, students, and 

guests) participated in this session. Attendees developed a definition of success for Synberc, identifying 

what elements of the current Synberc should be maintained in a revamped organization and what 

elements should evolve, to maximize a “new” Synberc’s impact and value. The results of this exercise 

are found in Appendix D. Following this exercise, the session attendees divided into breakout groups, 

which served as a kickoff for a multi-month Working Groups process (described below). 

Business Planning (October–December 2013): Following the initial presentation of findings based on 

Initial Feasibility Planning, the team progressed to a more refined Business Planning approach in 

October 2013. NJK&A continued to interview Synberc community members and synbio leaders, either 

over the phone, at synbio-related events, or as part of targeted regional visits (e.g., San Diego). The 

team participated in several premier community events: 

• National Academy of Sciences Forum on Synthetic Biology, Washington, DC, October 2013 

• iGEM International Jamboree, Boston, November 2013 

• SynBioBeta, San Francisco, November 2013 
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In parallel with these meetings, the team continued to develop and socialize its vision for the next 

chapter of Synberc. This included the development of a set of financial models (see Section 8.3.) 

designed to highlight the current and possible future states of Synberc. 

This Business Planning Phase concluded with the presentation of this draft document to the Synberc 

core team in December 2013. The draft was intended to examine the economic importance of 

synthetic biology in the global context, as well as the progress made by the US and global synbio 

communities, with Synberc’s support. A follow-up presentation, to the greater Synberc leadership 

community and invited guests, is scheduled for January 2014. 

Follow-up/Execution (January–June 2014): Based on initial feedback to these recommendations, the 

team will develop and begin to execute an operational and implementation plan to transition Synberc 

from its current state to its successor. This implementation may be supported by additional funding 

from the NSF, the Sloan Foundation, and corporate sponsors. 

 

2.5. Working Groups 

Extending the targeted discussions that began at the Fall 2013 Synberc Retreat at MIT, the attendees of 

that session were organized into eight Working Groups to define the key needs and priorities of 

Synberc and synbio. Other participants in the earlier interview and research process were invited as 

well. At the recommendation of Synberc, the NSF, and the White House Office of Science & 

Technology Policy (OSTP), the membership of these Working Groups has grown to encompass the 

greater synbio community in the US and internationally—individuals who might not otherwise be 

engaged in a Synberc initiative. The members of the Working Groups (as of December 2013) are 

found in Appendix E. 

The Working Groups are focused on the following areas, which collectively represent the critical 

operational components required for a balanced organization: 
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• Research Agenda 

o Development of a research agenda with both short- and long-term goals and a shared 

vision for achieving outcomes consistent with public values and priorities. 

o Renewed, sustained investment in foundational tools and research. This includes 

building parts and devices, ever-better methods in the design-build-test cycle, and 

developing a context-independent framework for integrating biological components. 

o Definition of large, multi-institutional research projects with clear connections to 

commercial applications. 

• Community & Industry Infrastructure. This includes professional-scale registries, repositories, 

foundries, an advanced research center, novel practices for making IP available to practitioners 

at fair and reasonable terms (including free use via the public domain), and standards in the 

context of an open resource facility available to the entire synthetic biology community to work 

together in a pre-competitive environment. 

• Intellectual Property to determine the necessary framework within the community to make 

technology developed in labs freely available for research and education while ensuring the 

construct allows for commercialization. 

• Industry Relations to align strategic research aims, spur economic development, promote 

commercialization of academic research, and encourage new start-up ventures. 

• Philanthropy & Financial Viability to increase the visibility of synbio among the donor 

community and determine additional organizations for potential funding opportunities; develop 

a benefit structure for donors that will support the organization and maintain the scientific 

vision. 

• Education & Public Awareness to create tomorrow’s practitioners, educators, legislators and 

regulators, and a workforce diverse in socioeconomic background, discipline, and thought; 

educate, inform, learn, and engage in a robust debate about how to create science that is in the 

greatest public interest and carried out in a transparent and democratic manner. 

• Regulatory & Public Oversight to address potential security, safety, environmental, and 

economic effects of synthetic biology, establish regulatory jurisdiction, reduce regulatory 

uncertainty, and address ethical, legal, and social concerns surrounding the research. 
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• Connecting with the Global Community to ensure efficient, equitable adoption of synthetic 

biology technologies and distribution of products throughout the world, and to participate in 

international discussion about the regulation and distribution of the science. 

• These working groups are guided by a Steering Committee, made up of members of the 

working groups and other members of the greater Synberc community. 

 

These groups met for 1–2 hours each month in October–December 2013, to refine the overall 

agenda set by the sustainability initiative. At the first meeting of each of the working groups, each 

group addressed a common agenda (see Appendix F), which included the consideration of 

foundational questions about both Synberc and the field of synthetic biology. Comments were 

collated, reviewed, and commented on again. This effort represents the closest available collective 

statement of the Synberc community regarding the responses to these questions (see Appendix G). 

 

It is anticipated that a subset of these groups will continue into 2014, in order to create roadmaps 

in the Working Group operational areas and to prepare Synberc for its transition. 
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3. SYNTHETIC BIOLOGY OVERVIEW 

The Earth and its seven billion citizens are experiencing change—economic, political, social, financial, 

technological, environmental—at a rapidly increasing rate. Prior to the 20th century, no individual 

experienced a doubling of the world’s population; today, according to the UN, some people will 

witness it triple, with nine billion forecasted for 2050. With such massive population numbers come an 

increasingly complex set of challenges and opportunities: 

We live in a fast-moving, highly interconnected world, yet our existing systems, structures and 
formal institutions no longer suffice. Pressing global problems can arise quickly and without 
warning. At the same time, new and unprecedented opportunities for global growth and 
positive change are emerging, ready to be harnessed for the future of humanity. 

Barriers between political, economic and social issues have dissolved; this is the new reality 
of our networked society. Global, regional and industry developments are completely 
intertwined; and technological revolutions are changing the context for decision-making and 
disrupting our conventional learning processes. 

To address these issues, the world needs a level of global cooperation that is increasingly 
difficult to attain, precisely due to the growing complexities and interdependencies in the 
world.11 

These myriad issues can be characterized by a few major themes—health, energy, environment, food: 

34% of under-14s in poor countries die of treatable conditions like diarrhea. Given changing 
health patterns, living in rich nations is a help but no guarantee of good health.12 

50%: growth in energy demand since 1980. This will continue, putting huge pressure on 
fossil fuels—which still represent 90% of global energy consumption.13 

50% is the probability assigned by the climate science community to a 5 degree rise in 
global temperatures. Data spanning over 1,300 years indicates climate change is 
“unequivocal”.14 

                                                

 

 
11 World Economic Forum. Annual Report 2012–2013. (2013) 
12 Done, A. Global Trends: Big Numbers–Big Picture. Forbes (2013) 
13 Done, A. Global Trends: Big Numbers–Big Picture. Forbes (2013) 
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The complex nexus of food, water, energy and climate change presents huge global 
economic, environmental and societal challenges—heating up the battle to access new 
resources from the Arctic to fracking. Risks are growing, even as multilateral action stalls. It’s 
a crisis of morals, governance, and above all marketing and media, pitting crisis deniers 
against those who recognize the threats but are communicating panic versus reasoned 
solutions.15 

1% is the amount of Earth’s water that is readily available for consumption. 70% of this 
goes to agriculture. After decades of improved irrigation, water scarcity is now driving 
increasing food prices and malnutrition.16 

Life is not fair, nor is it predictable. Income inequality is growing. Intolerance and nationalism 
are rising but interdependence is the currency of a connected world. Pressure on leaders to 
deliver results today is intense but so too is the need for fundamental change to succeed in 
the long term.17 

Today, more than ever, it is technology that will drive or support the solutions to these interconnected 

problems: 

Many forces can bring about large-scale changes in economies and societies—demographic 
shifts, labor force expansion, urbanization, or new patterns in capital formation, for example. 
But since the Industrial Revolution of the late 18th and early 19th centuries, technology has 
had a unique role in powering growth and transforming economies. Technology represents 
new ways of doing things, and, once mastered, creates lasting change, which businesses and 
cultures do not “unlearn.” Adopted technology becomes embodied in capital, whether 
physical or human, and it allows economies to create more value with less input. At the 
same time, technology often disrupts, supplanting older ways of doing things and rendering 
old skills and organizational approaches irrelevant.18 

                                                                                                                                                       

 

 
14 Done, A. Global Trends: Big Numbers–Big Picture. Forbes (2013) 
15 Strategy Dynamics Global Ltd. Global Trends. 10 Key Trends to Watch for 2014. (2013) 
16 Done, A. Global Trends: Big Numbers–Big Picture. Forbes (2013) 
17 Strategy Dynamics Global Ltd. Global Trends. 10 Key Trends to Watch for 2014. (2013) 
18 McKinsey Global Institute. Disruptive Technologies: Advances That Will Transform Life, Business, and The Global Economy. (2013) 
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One such technology solution that has the potential to impact these pressing challenges is synthetic 

biology, an interdisciplinary field that emerged in the first decade of the 21st century, building on the 

successes of the Human Genome Project. The recently published UK roadmap highlights this 

opportunity: 

No unique solution can fully address the material needs of a growing global population, but 
technology developments in the biological sciences can play a role in responding responsibly 
to the underlying needs for security, sustainability and well-being…. Potential applications of 
synthetic biology arise wherever biological systems play a role, or could play a role in future. 
Fields of increasing interest at individual and societal levels include well-being (such as 
prediction and prevention of diseases, personalised healthcare, improved lifestyle, 
employment), security (including food, water and energy security) and sustainability (meeting 
the challenges of managing natural resources, reducing dependence on non-renewable 
resources and finding ways to mitigate climate change).19 

But what is synthetic biology? Our research has identified a plethora of definitions as well as numerous 

alternative names: engineering biology, engineered biology, constructive biology, genetic engineering, 

genome engineering.20 One of the simplest and most clear definitions is found at syntheticbiology.org, a 

community website affiliated with the BioBricks Foundation: 

A) the design and construction of new biological parts, devices, and systems, and 
B) the re-design of existing, natural biological systems for useful purposes. 

An introduction in a recent issue of ACS Synthetic Biology journal provides some additional context: 

Synthetic biology aims to improve the process of genetic engineering. It looks to a future 
where the design of genetic systems and the idiosyncrasies of DNA are decoupled, and one 
can compose living systems by mixing-and-matching genetic parts. At its core, this will 
require a multidisciplinary approach and significant communities have sprouted in nearly all 

                                                

 

 
19 UK Synthetic Biology Roadmap Coordination Group. A Synthetic Biology Roadmap For The UK. (2012) 
20 While the synthetic biology industry is considered to be less than 15 years old, starting around the conclusion of the Human 
Genome Project with seminal works by Tom Knight and Jim Collins, the use of the phrase “synthetic biology” dates back to 1974, 
when Wacław Szybalski wrote about the transition from the “descriptive phase of molecular biology” to a field with “unlimited 
expansion potential and hardly any limitations” (Wacław Szybalski, In Vivo and in Vitro Initiation of Transcription, Page 405. In: A. 
Kohn and A. Shatkay (Eds.), Control of Gene Expression, pp. 23–4, and Discussion pp. 404–5 (Szybalski's concept of Synthetic 
Biology), 411–2, 415–7. New York: Plenum Press, 1974). 
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engineering disciplines, including biological, chemical, and electrical engineering as well as 
fields in basic science such as chemistry, biology, mathematics, and biophysics.21 

The ACS Synthetic Biology introduction goes on to identify adjacent areas that overlap with and influence 

synthetic biology: 

• Genetic programming 
• Biomolecular engineering 
• Metabolic engineering 
• DNA synthesis & assembly 

• Computer-aided design 
• Cell state analysis 
• Systems biology & bioinformatics 
• In vitro biochemistry & artificial life 

 

According to Synberc Director Jay Keasling, the origins of synbio span four intellectual agendas 

[emphasis ours]: 

The first is the scientific idea that one practical test of understanding is an ability to 
reconstitute a functional system from its basic parts. Using synthetic biology, scientists are 
testing models of how biology works by building systems based on models and measuring 
differences between expectation and observation. 

Second, the idea arose that, to some, biology is an extension of chemistry and thus synthetic 
biology is an extension of synthetic chemistry. Attempts to manipulate living systems at the 
molecular level will likely lead to a better understanding, and new types, of biological 
components and systems. 

Third is the concept that natural living systems have evolved to continue to exist, rather 
than being optimized for human understanding and intention. By thoughtfully redesigning 
natural living systems it is possible to simultaneously test our current understanding, and may 
become possible to implement engineered systems that are easier to study and interact with. 

Fourth, the idea emerged that biology can be used as a technology, and that biotechnology 
can be broadly redefined to include the engineering of integrated biological systems for the 
purposes of processing information, producing energy, manufacturing chemicals, and 
fabricating materials.22 

                                                

 

 
21 Voigt, C.A. Synthetic biology. ACS Synth. Biol. 1, 1–2 (2012) 

22 Keasling, J.D. Synberc Proposal to the National Science Foundation. (2005) 
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Synthetic biology has been driven by a handful of technological and market forces, themselves spurred 

by the aforementioned Human Genome Project: 

Driving Force Impact on Synbio Markets 

High-throughput next-generation sequencing 
Capability to read longer lengths of DNA at much 
faster speeds and lower cost 

Computational modeling, bioinformatics, and 
computer science 

Capability for simulation and in silico testing of 
biological systems 

Introduction of automated DNA synthesis 
machines and assembly techniques 

Reduction in production costs of oligos and genes, 
longer write lengths (1000s of base pairs) 

Development of new technologies: multiplex 
automated genome engineering (MAGE) 

Ability to produce “billions” of different variations 
of genomes in a day to be screened for desirable 
traits 

Growing demand for more efficient protein 
expression systems 

Drives the market for optimized synthetic genes 
Sources: Synthetic Biology: Emerging Global Markets, BCC Research, 2011. Related synbio community working documents. 
 

One of the visions of synthetic biology (and, as a leader in the field, Synberc) is that “well-characterized 

standard biological parts and larger devices made from such parts would make biological engineering 

more predictable and allow construction and integration of larger systems than is currently possible.” In 

the original proposal for Synberc to the National Science Foundation, Keasling continued: 

Synthetic biology promises to transform biology into an engineering discipline by introducing 
engineering concepts such ready access to off-the-shelf parts and devices with standard 
connections; a substrate onto which one can assemble the parts and devices and a power 
supply for the devices; standards for the basic components to enable their ready integration 
into a larger functional system; and open access to parts, devices, and chassis. These 
developments will make the engineering of biology easier, more efficient, and more 
precise.23 

Measurable progress has been made since Keasling and his peers submitted its proposal to the NSF—

but much work remains to be done. The next section summarizes the industry that is growing out of 

the fruits of synbio research. 

                                                

 

 
23 Keasling, J. Synberc Proposal to the National Science Foundation. (2005) 
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4. INDUSTRY OVERVIEW 

4.1. Description 

Synthetic biology far exceeds the potential of genetic engineering, the latter relying on extant biological 

functions. Synthetic biology promises the construction of purpose-built functions for particular 

applications, opening the fecundity of all of biological diversity to be harnessed to solve pressing, real-

world problems for humanity and the planet: the design of precisely targeting, personalized medicines; 

sources of energy-rich molecules and the production means by which to transmute them into 

sustainable fuels and industrial chemicals; remediation of environments polluted by fertilizers, industrial 

waste, or chemical or biological warfare agents; the assurance of food supplies to meet an explosively 

growing global population. 

But as a collective scientific and technological endeavor, synthetic biology is still new. Although 

biotechnologies continue to amass an ever-expansive knowledge about biology—that is, life and how it 

functions—no radically transformative approaches have been introduced since the bioindustry was 

birthed with Genentech’s bacterial production of human insulin in 1978.24 The promise of genomics 

(and the downstream “omics”—proteomics, metabolomics, lipidomics, etc.) has proceeded steadily 

since the sequencing of the genome, but we are far from capitalizing on the vast and rich potential of 

synthetic biology—the capacity to design life itself. 

Such promise also poses great risks, which places a critical onus on researchers, policymakers, 

regulatory bodies, industry, and all citizen stakeholders to engage in an intelligent dialogue about how to 

advance synthetic biology, that we may capitalize on its full potential while protecting against such 

scenarios as the ominous possibility of heretofore unknown biological weaponry, even while we create 

evocative new possibilities not only for sustaining but enhancing life on Earth. 

The United States has been a leader in biotechnology since the bioindustry’s inception—and equally so 

in synthetic biology. It has produced more high-impact research, foundational and translational, than any 

                                                

 

 
24 Genentech. First Successful Laboratory Production of Human Insulin Announced. Press release (6 September 1978) 
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other country, and its technology infrastructure is in many ways a model of industry, government, and 

academic cooperation. 

Synthetic Biology: Mapping the Scientific Landscape 
Country Rankings and Organization Distribution Map 

 
Note: The figure ranks countries on the number of authors from a country appearing in publications in Web of Science linked to geocoded 
organizational information on their global distribution. Country rankings are based on data for 1160 records of 1255 records 
Source: Oldham, P., Hall, S. & Burton, G. Synthetic biology: mapping the scientific landscape. PLoS One 7, e34368 (2012). 
 

But the United States’ continued leadership in synthetic biology is not guaranteed. Other countries, 

including the supereconomy of China, and some within the collective entity of the European Union, are 

investing heavily to assure their own strength in applying synthetic biology to address the needs of their 

citizenries. Much foundational research (more robust, well-characterized parts; standardization as in all 

other engineering disciplines; optimized host systems/chassis) is needed, as is the incisive intelligence of 

scientific expertise informed by a wise understanding of how to deploy these technologies for the 

greatest good. 

 

4.2. Market Analysis 

Synthetic biology as an academic and research discipline is not yet 15 years old, and as an industry, 

even younger. Core technologies are in development, as foundational tools have yet to mature; 

applications are still emerging as markets ponder how to best profit from the vast potential in 

harnessing biology’s diversity. As a relatively nascent science, synthetic biology’s products and 

applications have only begun to penetrate the many markets it stands to disrupt. 

organizations involved in, or influenced by, research in synthetic
biology. Mapping of the scientific literature provides a basis for
engaging in dialogue with the spectrum of researchers and
institutions engaged in research on synthetic biology and for
monitoring synthetic biology over the long term using empirical
evidence.

In practice, inter-institutional collaborations are embodied in
individual researchers and research groups. In total, 2,934 authors
were identified in the available data from Web of Science for the core
landscape. Network mapping in Gephi using the modularity class
algorithm revealed 527 distinct research clusters or modules that
make up the primary human resources for synthetic biology
(Figure 6) [48]. Ranking authors purely by the number of
publications revealed the leading authors to be Fussenegger [49],
Benner [25], Keasling [50], Weber [51], Chen [52], Collins [24],
Silver [53], Weiss [54], Stano [55] and Zhang [56]. The details of
the network come into greater focus in Figure 7 that ranks all
authors with 5 or more publications within the data. This data
includes one social scientist [46] to capture the wider network of
those working on and writing about synthetic biology.

The citation of articles within the wider scientific literature
can provide important insights into research that is shaping an
emerging field and into the impacts of research in a particular
field. Researchers themselves are familiar with citation scores as
an indicator of prestige and they can be important for career

progression in some disciplines. However, citation scores need to
be approached with considerable caution. Citation scores are
heavily biased towards journal publications and publication and
citation practices vary significantly across disciplines such as
biology, computer science, mathematics and engineering [57].
This produces problems in assessing the importance of literature
in the case of interdisciplinary research [58]. Furthermore,
access to citation data may be limited and lacking in
transparency.

Taking these difficulties into account we avoid a ‘top cited’ style
analysis and seek to illuminate the scientific landscape for synthetic
biology in two ways. First, by examining the literature actually
cited by researchers inside the core landscape. Second, by
exploring the wider landscape of literature citing the core
landscape.

The literature cited by participants in a particular research
community provides important insights into research that is
shaping a field. In the case of the core landscape approximately
25,567 authors appear in 37,217 cited references. Unfortunately,
cited references are only available in raw form i.e. Elowitz MB,
2000, NATURE, V403, P335. This is compounded by a
requirement to retrieve cited references individually in Web of
Science. As such, it is not presently realistic to fully map and explore
the cited literature within synthetic biology.

Figure 4. Country Rankings and Organization Distribution Map. The figure ranks countries on the number of authors from a country
appearing in publications in Web of Science linked to geocoded organizational information on their global distribution. Country rankings are base on
data for 1160 records of 1255 records. This data can be explored in Workbook S1.
doi:10.1371/journal.pone.0034368.g004

Synthetic Biology Mapping

PLoS ONE | www.plosone.org 6 April 2012 | Volume 7 | Issue 4 | e34368
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It should be noted that as a young industry, there is a dearth of directly relevant market research. 

NJK&A surveyed the available research of the past few years from firms like BCC Research LLC 

(Wellesley, Mass., bccresearch.com),25 Lux Research Inc. (Boston, Mass., luxresearchinc.com),26 and 

Transparency Market Research (Albany, New York, transparencymarketresearch.com).27 We assessed 

the information in each of these and found that the most comprehensive data, specific to synthetic 

biology, has been produced by BCC. A newer report, Synthetic Biology: A Global Strategic Business 

Report, was released by Global Industry Analysts Inc. (San Jose, Calif., strategyr.com) in November 2013. 

NJK&A will investigate data from this report as part of its follow-up process. 

In a recent blog post, Rob Carlson, author of Biology is Technology: The Promise, Peril, and New Business 

of Engineering Life and Principal at Biodesic LLC, indicated some of the challenges that he has faced in 

sizing the industrial biotechnology market: 

It is important to recognize that … estimates are relatively inaccurate compared to those 
describing other parts of the U.S. economy. While I have previously estimated revenues from 
biopharmaceuticals (“biologics”) and GM crops using corporate financial reporting and data 
collected by the USDA, respectively, revenues from industrial biotechnology are poorly 
constrained because no relevant data is gathered by the U.S. government or provided by 
industry…. We really need to have better data for, and analysis of, the [Genetically Modified 
Domestic Product] in order to understand the larger impacts on our economy and society. 
Among other details, we need to understand the skill base, employment, and also generate 
historical estimates in order to sort out what the longer term trends look like.28 

                                                

 

 
25 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 

26 Bünger, M. BioPunks and BioPatents: The Open-Source Battle Comes to Synbio IP. Lux Research. (2013) 

27 Transparency Market Research. Synthetic Biology Market: Global Industry Size, Market Share, Trends, Analysis and Forecast, 2012- 
2018. (2012) 

28 Carlson, R. The U.S. Bioeconomy in 2012 reached $350 billion in revenues, or about 2.5% of GDP. synthesis.cc (2014). at 
<http://www.synthesis.cc/2014/01/the-us-bioeconomy-in-2012.html> 
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BCC established some specific concept boundaries in its synthetic biology market analysis. While other 

analyses (such as Carlson’s) include additional areas in their synbio definitions, when reviewing data 

from BCC in this report, the following technologies should be considered from a financial perspective: 

Synbio-Related Technologies Under 
Consideration, BCC Research LLC 

Covered in the  
Synthetic Biology Report 

Not Covered in the 
Synthetic Biology Report 

• Synthetic biology 
• DNA synthesis 
• DNA sequencing 
• Gene synthesis 
• Pathway engineering 
• Minimal genomes 
• Biofuels 

• Systems biology 
• Genetic engineering 
• Cloning 
• Oligonucleotides 

Source: BCC Research. Synthetic Biology: Emerging Global Markets. (2011). 
 

According to BCC Research, the market for synthetic biology products can be divided into three 

segments: Enabling Technologies (basic technologies upon which synthetic biology relies), Core 

Technologies (those that define synthetic biology endeavors), and Enabled Products (products, services, 

or platforms resulting from, or incorporating the end results of, synthetic biology processes, or including 

synthetic biology components).29 These three product segments can be represented as a simple value 

chain, starting with Enabling Technologies, which support Core Technologies, which support Enabled 

Products, which ultimately make it into the hands of End Users.30 This value chain is depicted below. 

                                                

 

 
29 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 

30 Of course, there may be additional paths in this value chain, such as feedback loops and midstream end users. This rendition is 
meant simply to help clarify the three segments in the BCC report. 
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Synthetic Biology Product Value Chain 

 
 

The table below outlines these three segments and their representative products. In the case of 

Enabled Technologies, these products define some of the primary markets that synbio serves. It is 

interesting that BCC calls out Research (nonprofit academic, government, or institute research) as one 

of the five market segments, indicating the relative importance of additional non-commercial research 

efforts in the nascent field. In a more mature industry, research efforts might not be considered a 

significant market segment. 

Product Segmentation 
Product 
Segment Description Representative Products 

Enabling 
Technologies 

Necessary for the development of 
synthetic biology products, though 
they need not be specific to 
synthetic biology 

• DNA Sequencing 
• DNA Synthesis 
• Bioinformatics 
• Specialty Media 
• Tools 

Core 
Technologies 

Specific synthetic biology 
components and processes that are 
used to make products 

• Biologic Components 
• Integrated Systems 
• Parts, Devices & Chasses 

Enabled 
Technologies 

Products such as chemicals that are 
ready for market 

• Diagnostics & Pharmaceuticals* 
• Chemicals 
• Agriculture 
• Energy 
• Research (products for research applications) 
 
* See Market Segmentation below 

Source: BCC Research. Synthetic Biology: Emerging Global Markets. Wellesley, MA. (2011) 
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The global value of the synthetic biology market is estimated to grow from $1.15 billion in 2010, to 

$10.84 billion in 2016, at a compound annual growth rate of 45.8% (see figure).31,32  

 
Source: BCC Research. Synthetic Biology: Emerging Global Markets. Wellesley, MA. (2011) 

According to BCC, the most fundamental of these product segments is Enabling Technologies: tools 

and platforms without which synthetic biology could not proceed. These technologies (DNA synthesis, 

sequencing, specialty media, bioinformatics and data management, tools) have supported genomics, 

genetic engineering, the “omics”, and biotechnology to date, which in turn have fed into the emergence 

of synthetic biology. They are necessary, but not specific to, synthetic biology. The Enabling 

Technologies segment grew from $92.8 million in 2010, to $110.9 million in 2011, and is anticipated to 

be $653.7 million by 2016, at a 42.6% annual growth rate. Life science tool companies constitute the 

greatest component of this market,33 which requires skills and capacity in biotechnology fundamentals. 

                                                

 

 
31 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 

32 Rob Carlson recently calculated the size of the US bioeconomy—“Genetically Modified Domestic Product (GMDP)” and a 
superset of BCC’s synthetic biology market—as $350 billion in 2012, dwarfing the BCC numbers by orders of magnitude. His data 
are drawn from a number of sources and divide the bioeconomy into three market sub-sectors, biotech drugs (biologics), genetically 
modified crops, and industrial biotechnology (fuels, enzymes, and materials), with particular attention paid to the value of end user 
markets. (Carlson, R. The U.S. Bioeconomy in 2012 reached $350 billion in revenues, or about 2.5% of GDP. synthesis.cc [2014]. at 
<http://www.synthesis.cc/2014/01/the-us-bioeconomy-in-2012.html>) 
33 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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Many Enabling Technologies have dramatically fallen in price, which is encouraging the growth of the 

downstream Core Technologies and Enabled Products segments. The sequencing of the first human 

genome cost $2.7 billion and took 13 years in the groundbreaking first endeavor. Some believe that 

sequencing a whole human genome will cost $100 and take one hour within the next decade.34 

Synthesis costs shrank by orders of magnitude from $60 billion in 2001 to $600 million in 2011 and will 

lower to $30 million by 2018.35 This marked reduction in sequencing and synthesis costs is allowing the 

creation of biological parts that in turn is permitting the development of the registries and repositories 

upon which synthetic biology relies. This, combined with the rapid amassment of genome information, 

is vastly increasing the possibilities for industrial-scale synthetic biology systems. 

Along with Enabling Technologies, Core Technologies constitute the basis upon which synthetic biology 

applications and products are realized. This smaller yet pivotal market segment, which includes 

biological components (integrated systems, enzymes, DNA parts, metabolic engineering platforms), 

grew from $109.4 million in 2010 to $126.8 million in 2011, and is anticipated to reach $698.8 million 

by 2016 (CAGR of 40.7%). While this business of parts, devices, and chasses may be relatively small, it 

is the foundation upon which Enabled Products are being built. Investment in this area will continue to 

help catalyze the development of products, and it is through this area where an organization like 

Synberc and its research efforts may have the most impact. 

Enabled Products are already the dominant synthetic biology segment; at $1.4 billion in 2011, growing 

at a CAGR of 46.5%,36 it is expected by various recent industry estimates to grow to a $4.5 billion 

market by 2015,37 and $9.5 billion in 2016.38 To capitalize on this substantial potential, strategic 

alliances between companies in Enabling or Core Technologies and Enabled Products companies will 

likely continue, and there have been numerous examples of such to date (Gevo with ICM, Cargill; 

Amyris with Brazilian airline GOL Linhas Aéreas Inteligentes; and others).  

                                                

 

 
34 McKinsey Global Institute. Disruptive technologies: Advances that will transform life, business, and the global economy. (2013) 
35 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)  
36 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
37 Global Industry Analysts, Inc. Synthetic Biology—A Global Strategic Business Report. (2013) 
38 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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As mentioned above, Enabled Products can be segmented into five primary markets, as shown in the 

following table: 

Market Segmentation 
Market 
Segment 

Description Representative Companies 

Diagnostics & 
Pharmaceuticals 

Medical, including currently marketed pharma 
compounds produced via synbio processes 
(biocatalysis, etc.) and diagnostic assays 
  

Novartis, Pfizer, GSK, DSM, 
Evolva, Merck, Roche, Sanofi-
Aventis, Viral Genetics 

Chemicals 
Bulk and specialty chemicals, industrial 
intermediates (nonpharma) Amyris, BASF, DuPont, Dow, 

Goodyear, Solazyme 
Agriculture Plant crops and end products 

Energy Transportation fuels; includes biomass 
Amyris, BP, Codexis, Gevo, 
LS9, Solazyme, SGI 

Research 
Nonprofit academic, government, or institute 
research Broad Institute, JCVI, Synberc 

Source: BCC Research. Synthetic Biology: Emerging Global Markets. Wellesley, MA. (2011) 
 

BCC data predict that Energy and Chemicals may dominate the expanding synbio market: Energy 

products could grow from $19.6 million in 2010 and $25.8 million in 2011 to $2.1 billion by 2016.39 

The Chemicals market, valued at $125.4 million in 2010 and $185 million in 2011, is predicted to 

increase to $2.8 billion by 2016—both these markets increasing by orders of magnitude. 

Diagnostics & Pharmaceuticals, valued at $902.1 million and $1.3 billion in 2010 and 2011, respectively, 

could see steady growth through 2016 ($5.4 billion). The Agriculture synbio market, estimated at $26.7 

million in 2010 and $36.1 million in 2011, could grow to $307.9 million by 2016. 

The graph below summarizes these markets, showing the current (2011) and expected (2016) shares. 

Energy is forecasted to have astronomical growth (141% CAGR), with Chemicals growing at a still 

healthy 72% (not inconsistent with recent Agilent data, as presented by Rob Carlson40 ). It is 

                                                

 

 
39 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
40 Rob Carlson’s three bioeconomy sub-sectors, biotech drugs, genetically modified crops, and industrial biotechnology, overlap 
with BCC’s market segments, with industrial biotech containing both chemical and energy industries. Carlson also reiterated some 
additional data on the industrial biotech segment, documenting some findings presented by Darlene Solomon, Senior Vice President 
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Diagnostics & Pharmaceuticals that lags, with a 33% CAGR, allowing this market to shrink from 80% of 

the total business to 50%. The relatively low growth in Diagnostics & Pharmaceuticals, along with 

Agriculture, could be attributed to the strict regulatory environments in those markets, coupled with a 

more open acceptance of consumer products (for ingestion or healthcare) vs. industrial products. 

 
Sources: BCC Research. Synthetic Biology: Emerging Global Markets. (2011); Synthetic Biology 
Project. Trends in Synthetic Biology Research Funding in the United States & Europe (2010). 

 

Globally, all regions are expected to see order-of-magnitude increases in the size of synbio-enabled 

products markets through 2016, with North America continuing to lead the industry in both market 

value and growth. When consideration is given to investments made in Europe and Asia since 2011 

(the date of the BCC analysis), one might expect to see US growth rates closer to the global mean, as 

growth accelerates in Europe and Asia. 

                                                                                                                                                       

 

 
& Chief Technology Officer for Agilent Technologies, at the American Chemical Society’s Science & the Congress Project briefing 
Tooling the U.S. Bioeconomy: Synthetic Biology, held in Washington in November 2013: “U.S. revenues from industrial biotech (fuels, 
enzymes, and materials) reached at least $125 billion in 2012. The accuracy of this estimate continues to suffer in comparison to 
revenues from biologics and GM crops due to the quality of available data. For the purposes of this post, I am temporarily relying on 
an estimate provided by Agilent Technologies, as recently described by Darlene Solomon. The internal breakdown of the $125 
billion in business-to-business sales is quite interesting: $66 billion in chemicals, $30 billion in biofuels, $16 billion in biologics 
feedstocks, $12 billion in the food and ag, and $1 billion in emerging markets. (Agilent did not provide any greater specificity on how 
these areas were defined or how the numbers were derived.) As I have been predicting for several years, it appears that chemicals 
have eclipsed fuels as the largest component of industrial biotech revenues. Finally, note that, at the level of consumers, the ultimate 
economic impact of these revenues is probably larger than $125 billion.” (Carlson, R. The U.S. Bioeconomy in 2012 reached $350 
billion in revenues, or about 2.5% of GDP. synthesis.cc [2014]. at <http://www.synthesis.cc/2014/01/the-us-bioeconomy-in-
2012.html>) 
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Global Value of Synthetic Biology Market, by Geography, Through 2016 (millions) 
Region 2010 2011 2016 CAGR 

North America $ 410.50 $ 657.10 $ 4,918.40 49.57% 
Europe $ 292.60 $ 485.00 $ 3,076.30 44.70% 
Asia $ 395.60 $ 440.90 $ 2,421.10 40.58% 
Rest of World $ 48.20 $ 61.40 $ 422.80 47.09% 
Total $ 1,146.90 $ 1,644.40 $ 10,838.60 45.81% 
Source: BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
 

4.3. Technology Readiness 

The US government has identified translational science as an essential element of a thriving US 

bioeconomy,41 underscoring in turn the importance of enabling tools and technologies in this field. But 

as the Department of Energy and others have noted, synthetic biology is still a very early pursuit, 

requiring “substantial basic and applied R&D to realize its full potential as an engineering and scientific 

discipline and as a viable tool set for commercial biotechnology.”42 

A recent international survey of approximately 150 self-identified synthetic biology researchers 

(conducted by Synberc investigators Linda Kahl and Drew Endy43) assessed use and opinions on 

foundational tools, with the aim of defining a set of core enabling technologies (ultimately to provide a 

basis for exploring informed policies and practices to promote innovation). The survey described and 

identified, for example, the favored/most-used biological parts from publicly available registries 

(Addgene, ATCC, iGEM Registry, Synberc Registry, and JBEI-ICE Public Registry); past and current use 

patterns for 18 distinct physical assembly standards and methods; and 33 software tools. 

Some themes are readily apparent, as shown in the graphs below (note that Kahl and Endy’s use of the 

term “enabling technologies” may be more broad than BCC’s definition): 

• Preference for commercial DNA synthesis over in-house, for both short and long write-lengths 

• Preference for commercial DNA sequencing over in-house 

                                                

 

 
41 Office of Science and Technology Policy, Executive Office of the President. National Bioeconomy Blueprint. (April 2012) 

42 US Department of Energy. Synthetic Biology: Report to Congress. (July 2013) 

43 Kahl L and Endy D. Survey of enabling technologies in synthetic biology. J. Biol. Eng. 7 (2013) 
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• Preference for using public registries over private 

• Importance of open-source software 

 
Source: Kahl, L. J. Enabling Technologies of Synthetic Biology: Ownership, Access & Sharing. in BioBricks SB6.0 (2013) 

 

Digging deeper into these data shows the breadth of options available to synbio researchers. The 

figures on the following page illustrate the current and past utilization of various public registries, 

assembly standards, and software tools. As Kahl and Endy point out, there is a wealth of technologies 

that enable synthetic biology, many of which are well established and in the public domain. Other tools 

are available through non-exclusive licensing agreements (e.g., Gibson assembly via an agreement 

between New England BioLabs and Synthetic Genomics). 

However, Kahl’s and Endy’s observations of relatively low standards-usage may corroborate DOE 

suggestions that, despite the need for standards to shorten test-build cycles in synthetic biology, it may 

simply be too early in synthetic biology’s history to expect broad standards to be imposed. While 

standards introduce consistency across different segments of the research community from basic to 
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applied research, through an increase in the interoperability of tools, technologies, and component 

parts, nonetheless, imposing standards too soon may be restrictive to the overall advancement of 

synthetic biology. 

 
Source: Kahl, L.J. Enabling Technologies of Synthetic Biology: Ownership, Access & Sharing, in BioBricks SB6.0 (2013) 
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In a recent Report to Congress on synthetic biology,44 US DOE reviewed the current state of synthetic 

biology research and identified critical knowledge gaps. Fundamental research questions for the 

continued development of synthetic biology fall into three broad categories: 

• Methods & Technologies for Synthetic Biology Engineering (e.g., genome-scale engineering tools, 

DNA synthesis & assembly, analytical tools) 

• Development of Biological Platforms for Synthetic Biology (e.g., biological design principles, 

genetically tractable organisms/chassis, minimal cell and in vitro systems, tools for plant systems, 

biocontainment) 

• Computational Tools and Bioinformatics (e.g., computational tools, information standards and 

databases) 

These are presented in more detail in the table on the following page.45 

Taken together, these two analyses, by Kahl and Endy and by US DOE, indicate that while a number of 

enabling technologies and methods are in place and available to the greater synbio community, 

technology development for synbio is in its infancy, with tremendous opportunity for future 

development. 

                                                

 

 
44 US Department of Energy. Synthetic Biology: Report to Congress. (July 2013) 
45 US Department of Energy. Synthetic Biology: Report to Congress. (July 2013) 
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4.4. Applications 

Synthetic biology builds upon and massively expands the potential of genetic engineering and the 

“omics” sciences to date. Once synthetic biology reaches maturity as a discipline, the entirety of natural 

diversity will theoretically be able to be harnessed into purpose-driven applications, as never-before-

seen genomes and biological elements are created. Proof-of-principle of what could only once have 

been fantastical applications has been demonstrated—from the creation of luminescent microbial “art” 

(iGEM competitions) to the foundations of DNA-based data storage (Synberc investigator George 

Church recently encoded an entire book in DNA).46 

With foundational tools still in development, the importance of such achievements may primarily be in 

the exciting possibilities they pose; in the short term, actual, practical synthetic biology uses seem most 

likely poised to overlap those enabled by genetic engineering,47 such as improvements of existing 

organisms and biological systems for refinements in industrial production processes and products, from 

medicine and health (vaccines, novel drugs), to environmental (sensing and remediation), to industrial 

and energy (new enzymes and bioreactors for lignocellulosic biofuels production). 

With a substantial leadership position in the global synthetic biology field, in terms of number of 

researchers and institutions engaged and publications,48,49 the US example of its synthetic biology 

product pipeline may indicate likely development trends. The early but impactful contributions of 

synthetic biology towards several industries is revealed in surveys of synthetic biology products in 

development or early-stage commercialization (see Appendix H)50,51 The fact that there are 18 “bona 

                                                

 

 
46 Church G.M., Gao Y., and Kosuri S. Next-generation digital information storage in DNA. Science 337, 1628 (2012) 
47 International Risk Governance Council. Risk Governance of Synthetic Biology. (2009) 

48 Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 

49 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for 
Scholars. (2013) 

50 Synthetic Biology Project. Inventory of Synthetic Biology Products, Existing & Possible (draft). Woodrow Wilson International Center 
for Scholars. (2012) 

51 Biotechnology Industry Organization. Current Uses of Synthetic Biology for Renewable Chemicals, Pharmaceuticals. 
www.bio.org/sites/default/files/Synthetic-Biology-and-Everyday-Products-2012.pdf (accessed 28 December 2013) 
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fide” synthetic biology-enabled products slated for near-term commercialization or already launched 

validates the capacity of synbio to integrate into existing markets. 

Beyond the immediate or near-term applications, what may be more telling is the sheer number and 

diversity of companies developing in the synbio space. From 2009 to 2013, the estimated number of 

companies engaged in synbio research worldwide more than tripled from 61 to 192. Other research 

entities (e.g., academic institutions, research institutions, government labs) increased too, albeit not as 

dramatically.52 

Entities Conducting Research in Synthetic Biology, Worldwide 

 
Source: Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center 
for Scholars. 2013. 
 

Two-thirds of those companies are in the US, where the number of synbio commercial entities grew 

from 54 to 131 in the same 2009–2013 time period; 43 companies engaged in synbio research are in 

Europe, and 13 are in Asia/Oceania. 

                                                

 

 
52 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for 
Scholars. (2013) 
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Synbio activity in the US is concentrated in California (both the Bay Area and San Diego) and 

Massachusetts, with other centers of activity in New York, Pennsylvania, Texas, Wisconsin, and Virginia. 

However, as the map below shows, activity is occurring across the country.53 

Entities Conducting Research in Synthetic Biology, United States by State 

 
Source: Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center 
for Scholars. (2013) 
 

                                                

 

 
53 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for 
Scholars. (2013) 
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Diagnostics & Pharmaceuticals 

In the pharmaceuticals market (including diagnostics and vaccines), synthetic biology’s most obvious 

short-term impact is in improving existing methods to produce on-market drugs (as in Codexis’ 

directed evolution for optimized production processes for Merck, Pfizer, Teva, Roche, DSM54), and in 

facilitating production of vaccines (Amyris and Sanofi-Aventis’ antimalarial precursor production, 

supported by a five-year $42.6 million grant from the Bill & Melinda Gates Foundation to Amyris, UC 

Berkeley, and the Institute for OneWorld Health [now part of PATH: Program for Appropriate 

Technology in Health]), including reduced vaccine production times.55 

One particularly powerful recent example is Novartis’ H7N9 influenza vaccine response in early 2013, 

in which electronic data transmission combined with rapid gene synthesis were deployed to produce a 

reliable flu vaccine available far more quickly than previously possible. This success, performed in 

conjunction with Synthetic Genomics Inc. and the J. Craig Venter Institute, sets the stage for future 

advances, including the development of synthetic self-amplifying mRNA vaccines.56 

Other advances underway include the advent of cell-based therapeutics, which join biologics as 

innovations that are transforming pharmaceuticals: 

The advent of biologics—recombinant hormones, soluble receptors, and antibody-based 
drugs—transformed the pharmaceutical industry. Once supported largely by a single pillar—
small-molecule drug discovery—the industry now had a second foundational structure. 
Biologics paved the way to a broad range of new targets, functional capabilities, and disease 
applications and now represent a large fraction of new medicines brought to market. Today, 
biomedical science stands poised at the threshold of another pharmaceutical frontier: cell-
based therapies.57 

                                                

 

 
54 Codexis Corporate Fact Sheet. www.codexis.com/documents/Codexis_FactSheet2013.pdf (accessed 28 December 2013).  

55 Jain K. Synthetic biology and personalized medicine. Med. Princ. Pract. 22, 209-219 (2013) 

56 Dormitzer, P. R. Synthetic Vaccinology at Novartis. National Academy of Sciences Forum on Synthetic Biology. Washington, DC. (21 
October 2013). 
57 Fischbach, M. A., Bluestone, J. A. & Lim, W. A. Cell-based therapeutics: the next pillar of medicine. Sci. Transl. Med. 5, 179ps7 
(2013). 
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Other representative examples (which, it should be noted, reflect data from late 2011) are in the table 

below: 

Synthetic Biology-Enabled Pharmaceutical Applications 

Company Drug Indication Status  
(as of November 2011) 

Ambrx/EMD Serono ARX201 Growth deficiencies Phase IIb 
Ambrx/EMD Serono ARX424 Multiple sclerosis Phase I 
Ambrx/Eli Lilly Undisclosed Not disclosed Preclinical 
Sanofi-Aventis Artemisinin Malaria Existing drug, process scale-up 
Biotica nPT-mTOR (Rapalog) Multiple scelerosis, SLE Development 
Biotica nPT-CyP HCV, viral infections Development 
Biotica/GSK nPT-ery Anti-virals, anti-aging Development 
Evolva EV-077 Diabetes Phase I 
Evolva EV-075 Influenza Late pre-clinical 
Evolva EV-086 Fungal infections Late pre-clinical 
Ziopharm DC-RTS-IL-12+ AL Melanoma Phase Ib 
Ziopharm AD-RTS-IL-12 + AL Solid tumors Phase I (2011) 
Merck Januvia Diabetes Commercial 
Novacta/DSM Antibacterials Infectious diseases Pre-clinical 

DSM 
Cephalexin, 
Cephalosporins Infectious diseases Launched 2006 

Source: BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
 

Eventual aims include a means of realizing elusive personalized medicines (including effective cancer 

treatments)58 and engineering of stem cells with controlled differentiation to cell types of interest, with 

implications from tissue engineering, to the capacity to design therapeutic amounts of white and red 

blood cells for targeted medical indications.59 

The global market for synthetic biology pharmaceutical and diagnostic products is predicted to grow 

from $902.1 million in 2010 and $1.3 billion in 2011, to $5.4 billion by 2016. 

Factors that may slow down this growth (especially compared to other sectors) include a challenging 

regulatory environment, as well as relatively long cycles for product development and approval. 

                                                

 

 
58 Jain K. Synthetic biology and personalized medicine. Med. Princ. Pract. 22, 209-219 (2013) 

59 Synberc. Synberc Year Six Annual Report. (2012) 
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Chemicals 

Many of the currently available synbio chemical products (or else to be available in the short-term; 

commercialized or demonstration-scale) are important chemical entities within the traditional 

petroleum-refinery value chain, like succinic acid (BioAmber, DSM), 1,3-propanediol (Tate & Lyle, 

Genencor/DuPont,), isobutanol (Gevo), D(-)lactic acid (Myriant), and 1,4-butanediol (BDO) 

(Genomatica/Tate & Lyle).60 Enzymes have long constituted an important industrial market in their own 

right, being incorporated into consumer products as well as industrial production processes, from 

textiles and pulp and paper treatments to detergent additives; by some estimates, the global enzyme 

market alone could reach $8 billion by 2015.61 There is industrial need for precision-designed enzymes, 

particularly for biofuels (see Energy below), where enzymes are used to reduce production costs and 

waste. 

Stepping up a level in the chemical food chain, the end-use applications that chemical companies are 

pursuing with synthetic biology are varied and immediately practical, with uses that could impact nearly 

every person on the planet. 

                                                

 

 
60 Synthetic Biology Project. Inventory of Synthetic Biology Products, Existing & Possible (draft). Woodrow Wilson International Center 
for Scholars. (2012) 

61 Freedonia Group. World Enzymes to 2015—Demand and Sales Forecasts, Market Share, Market Size, Market Leaders. (December 
2011) 
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Breakdown of Specialty/Fine Chemical Applications, Worldwide 

 
Source: Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center 
for Scholars. 2013. 
 

Overall, the synbio chemicals market is predicted to grow from $185 million in 2011 to $2.1 billion by 

2016.62 The potential is greater yet, with some estimates suggesting that 20% of the $1.8 trillion 

chemical industry could ultimately be dependent upon synbio.63 

                                                

 

 
62 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 

63 Synthetic Biology Project. Trends in Synthetic Biology Research Funding in the United States & Europe. Woodrow Wilson 
International Center for Scholars. (2010) 
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Agriculture 

Agricultural applications for synthetic biology have been bolstered by the multi-hundred-million-dollar 

influx of government funds towards biobased feedstocks for commercial-scale biofuels production: to 

support the biofuels volumes outlined by the updated Renewable Fuel Standard (RFS2) in the US alone 

could require one billion tons annually of biofeedstocks.64,65 

Synthetic biology to date has largely focused on microorganisms and cellular systems (e.g., Synberc’s 

Mammalian Testbed); the engineering of complex traits in higher plants is yet to move beyond research 

endeavor. The need of mass-volumes of biofeedstocks for large-scale chemicals and fuels (with high 

energy yields, lower input requirements, and greater environmental hardiness) should drive continued 

efforts for synthetic biology in agricultural applications. (Synberc has proposed the development of 

tools and thrusts to advance synthetic biology in higher plants, including trans kingdom interactions and 

engineering of complex traits.66) 

Meanwhile, certain agriculture-relevant developments in synthetic biology are progressing. One 

example of possible nearer-term applications may be that of Synberc investigations to construct genetic 

parts to exploit the nitrogen-fixation capacity of the bacterium Klebsiella oxytoca, with downstream 

potential for management of nitrogen levels in soil from chemical fertilizers.67 

In the short-term, the synbio agriculture market has been dominated by Monsanto, with SmartStax 

(seeds to produce herbicide-resistant crops, which are classified as a synthetic biology product by BCC) 

capturing over 80% of the 2011 agriculture market. As the market matures, other products will adjust 

this market imbalance, as commercial applications grow to include biofuel feedstocks, herbicide-

                                                

 

 
64 Oak Ridge National Laboratory (for US Department of Agriculture and US Department of Energy). Biomass as Feedstock for a 
Bioenergy and Bioproducts Industry: The Technical Feasibility of a Billion-Ton Annual Supply. (2005) 

65 Oak Ridge National Laboratory (for US Department of Energy). US Billion-Ton Update: Biomass Supply for a Bioenergy and 
Bioproducts Industry. (2011) 

66 Synberc. Year Seven Report. (20 February 2012) 

67 Synberc Year Seven Report.. (20 February 2012) 
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resistant crop plants, transgenic animals, and pest control systems. Estimates indicate the $36.1 million 

synbio agriculture market in 2011 will be $307.9 million in 2016.68 

 

Energy 

Much of the history of applied synthetic biology is comingled with biofuels. To some extent, biofuels 

have been the great hope, the great hype, and the great disappointment of synbio. Energy represented 

one of the first applications for synthetic biology, and with that came a tremendous amount of promise 

and press. Driven by national mandates, a desire for fuel security, and environmental sustainability, 

biofuels were presented as the poster child for synbio, with significant investments from the 

government (e.g., DOE BioEnergy Research Centers) and private sector (e.g., ExxonMobil/Synthetic 

Genomics algae biofuels, BP investment in Energy Biosciences Institute). To date, these early 

investments have not yielded many returns. According to one industry analysis, “While biomass use for 

energy is set to increase, the latest International Energy Agency (IEA) World Energy Outlook 

downgraded expectations for future use. The lower expectations are the result of multiple 

complications faced by the industry such as investment, commitment to mandates, feedstock availability, 

realistic production levels, and competition between fuels.” 69  First-generation biofuels have lost 

momentum, having never reached cost-parity with petroleum-based transport fuels; this has only been 

exacerbated by the competition from low-cost shale gas made available by hydraulic fracturing 

(fracking). Meanwhile, second-generation (lignocellulosic) biofuels still require technical developments 

(e.g., low-cost enzymatic saccharification, higher-yield fermentation) and require additional time to be 

produced at commercial scale and penetrate the market. The table below highlights the range of 

feedstocks and applications under development: 

                                                

 

 
68 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
69 Frost & Sullivan. Analysis & Outlook of the Global Biofuels Industry. (2013) 
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Biofuels: Feedstocks, Production, and Products 

Feedstock Production Product 
Representative 

Companies 
Food crops 
(Sugars/starch) 

Bacterial fermentation Iso-butanol Gevo 
Ethanol BP, DuPont 
Diesel, gasoline, jet fuel LS9, Amyris 
Biocrude (long chain 
hydrocarbons) 

LS9 

Unspecified OpX 
Cellulosic 
biomass 

Enzyme hydrolysis/ 
fermentation 

Ethanol Mascoma, Agrivida 

Yeast fermentation Ethanol Verdezyne 
CO2 Direct conversion of CO2 

to fuel 
Ethanol, diesel Synthetic Genomics, 

Kiverdi 
Algae Non-photosynthetic strains Biodiesel Solazyme 
Source: BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
 

It has been observed that over 530 biorefineries, each with a mean capacity of 40 million gallons per 

year,70 would be required to meet the goals of the US Environmental Protection Agency’s 2007 

amended Renewable Fuels Standard (RFS2), which stipulated 36 billion gallons of renewable fuel to be 

blended into national transportation fuel supplies by 2036.71 While commercial-scale production of 

biofuels has to date fallen disappointingly short of anticipated targets,72 stepwise developments of 

foundational technologies are apparently proceeding. Persistent US government interest in advancing 

next-generation (i.e., non-corn lignocellulosic, algae, and other) biofuels and biopower73 is supporting 

continued collective efforts by companies employing synthetic biology like Amyris, Solazyme, Qteros, 

Genencor/DuPont, Novozymes, and Algenol to develop biobased production platforms, feedstocks, 
                                                

 

 

70 US Department of Agriculture. USDA Biofuels Strategic Production Report: A USDA Regional Roadmap to Meeting the Biofuels Goals 
of the Renewable Fuels Standard by 2022. (2010) 
71 US Environmental Protection Agency. Renewable Fuels Standard (RFS). www.epa.gov/otaq/fuels/renewablefuels/index.htm 
(accessed 28 December 2013) 
72 US Department of Energy, Office of Inspector General, Office of Audits and Inspections. Audit Report: Follow-up Audit of the 
Department of Energy’s Financial Assistance for Integrated Biorefinery Projects. DOE/IG-0893. (September 2013) 
73 e.g., Office of Science and Technology Policy, Executive Office of the President. National Bioeconomy Blueprint. (April 2012) 
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and products. Assuming technical hurdles are met (in product yields, feedstock yields, and 

bioconversions), the biofuels market could grow from $25.8 million in 2011 to $2.1 billion by 2016.74 

Cheap, effective enzymes will pay a critical role, as the unavailability of cost-effective processes for 

releasing fermentable sugars from feedstocks is a critical rate-limiting factor preventing biofuels from 

reaching cost-parity with petroleum counterparts.  

Still, the fact that biofuels have been produced at demonstration scale and deployed constitutes early 

success in applying synthetic biology to this market. Amyris and Solazyme fuels have been used for flight 

demonstrations (commercial75 and military,76 respectively), and other companies have produced either 

demo- and pilot-scale quantities (Verenium, Gevo, Edeniq, Mascoma) or commercial-scale volumes 

(Ineos, Piedmont) of biofuels. 

While early biofuels hype may have harmed the synbio field (and public perceptions), it is clear that 

opportunities exist here and must be pursued, especially since advances in biofuels can support other 

aspects of synthetic biology (e.g., enzyme development). 

 

Other Markets 

Designed microorganisms for environmental remediation have been demonstrated. Modular Genetics, 

partnering with Iowa State University, has developed microorganisms that produce soy-based 

biodispersants to break down oil pollution such as from the Deepwater Horizon oil spill of 2010 

(supported by an NSF Rapid Response Grant of $200,000).77 

                                                

 

 
74 BCC Research. Synthetic Biology: Emerging Global Markets (2011) 
75 Amyris. Amyris and Total Announce Successful Demonstration Flight With Renewable Jet Fuel During Paris Air Show. Press release. 
http://investors.amyris.com/releasedetail.cfm?ReleaseID=772609. (20 June 2013)  
76 Solazyme. Solazyme Delivers 100% Algal-Derived Renewable Jet Fuel To US Navy. Press release. http://investors.solazyme. 
com/releasedetail.cfm?ReleaseID=588858. (10 July 2010)  
77 Modular Genetics. Modular Genetics and Iowa State University Developing Microorganisms to Clean up the Massive BP Oil Spill. Press 
release. www.enhancedonlinenews.com/portal/site/eon/permalink/?ndmViewId=news_view&newsId=20100611006238& 
newsLang=en (11 June 2010).  
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The myriad sensing and response pathways of cells are being harnessed for development of biosensors, 

for applications from food safety to bioterror-agent detection to environmental safety. The basis for a 

synbio-enabled capacity to detect arsenic in drinking water was demonstrated by an iGEM team as 

early as 2006;78 a sophisticated evolution of this concept is in bioresorbable (implantable) biosensors 

for frontline military, a project currently supported by DARPA.79 

 

4.5. Select Examples 

Despite the nascence of the synthetic biology field, which still awaits a steady stream of “home run” 

successes, there are numerous examples of developments that have borne fruit—be they technologies 

that have allowed synbio companies to mature, ventures that have gained the confidence of investors 

in public markets, or companies that have partnered with established industry leaders or government 

agencies. 

No accounting of commercialized synthetic biology would be complete without Amyris. Despite the 

disappointment in hype about biofuels, Amyris continues tirelessly to refine its strategy in that market, 

developing next-generation approaches and tools on its quest to create sustainable biobased diesel and 

jet fuels. The company, through production partnerships and its own facilities in Brazil, is advancing its 

production of farnesene (branded as Biofene®) through the use of engineered microbes in 

fermentation. Amyris also is working on the use of cellulosic biomass as a feedstock. Today, 400 city 

buses in São Paulo, Brazil, are powered by Amyris Renewable Diesel (Diesel de Cana™). The company 

is unique in that it is making a difference in several major markets: health, chemicals, and fuels. When 

Synberc’s Jay Keasling and his colleagues started the company, their vision was to use science to impact 

the world’s problems. This vision was fulfilled in 2008 when Amyris, in collaboration with OneWorld 

Health and Sanofi-Aventis and supported by a $42.6 million research grant from the Bill & Melinda 

Gates Foundation, launched the first-ever synthetic biology pharmaceutical, artemisinin, a component of 

                                                

 

 
78 iGEM: University of Edinburgh 2006. http://2006.igem.org/University_of_Edinburgh_2006. (accessed 10 December 2013). 

79 DARPA Small Business Innovation Research (SBIR) Proposal Submission Instructions. 
http://www.acq.osd.mil/osbp/sbir/solicitations/sbir20131/darpa131.htm. (accessed 31 December 2013) 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 48 

malaria treatments. Artemisinin entered mass production by Sanofi-Aventis in 2013; the company 

expects steady-state volumes to provide 80–150 million artemisinin-based combination therapies 

(ACTs) per year. 

Solazyme has been exemplary in its successful use of synthetic biology to maximize output for algae-

based biofuels. The company’s algal strains have been designed to comprise over 80% lipid content, 

versus the 5–10% of wildtype algae. In 2009, Solazyme was awarded a $21 million DOE grant towards 

an algae-based biofuels refinery. In 2010, the company delivered 80,000 liters of drop-in algal-derived 

marine diesel and jet fuel to the US Navy, constituting the world’s largest delivery of 100% microbial-

derived, non-ethanol biofuel to date;80 a contract for 550,000 additional liters was issued shortly 

thereafter. Then in 2011, Solazyme had a $198 million IPO. The company has expanded into other 

high-value products. Solazyme has developed algae-based personal care products, signing agreements 

with Unilever (development) and Sephora (distribution), as well as with Dow Chemical Company, for 

dielectric fluids, and Roquette, for nutritional products. Given its market penetration to date in different 

markets, Solazyme may soon be considered an exemplary early success for commercial synthetic 

biology. 

Modular Genetics successfully applied NSF grant funds to demonstrate production and purification of 

biobased acyl glycinate surfactant, with involvement of Unilever. The technology was deployed in 

limited release in the 2010 Deepwater Horizon oil spill in the Gulf of Mexico, for which the company 

was awarded a $200K NSF Rapid Response grant. The platform may represent an early success in 

synthetic biology’s applications in the field of environmental remediation. More broadly, Modular 

Genetics is using synthetic biology, among other industrial biotechnology tools, for more rapid 

production of biodegradable, biobased chemicals produced through cleaner processes.  

Genomatica has positioned itself to be a market leader in butadiene, a key component in the 

production of tires as well as in foams, resins, and coatings. In late 2013, the company partnered with 

Brazilian chemical company Braskem, which is providing funding and production resources to develop 

                                                

 

 
80 Solazyme. Solazyme Delivers 100% Algal-Derived Renewable Jet Fuel to U.S. Navy. Press release. http://solazyme.com/media/2010-
07-19. (19 July 2010) 
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butadiene from bacteria.81 That deal followed a similar one with Versalis, the largest chemical company 

in Italy. The company also has partnered with DuPont Tate & Lyle Bio Products Company on the first 

successful commercial-scale production (5 million pounds) of biobased 1,4-butanediol (BDO), an 

important industrial solvent and chemical intermediary. The company has raised $106 million in VC 

funding, the most recent round following the withdrawal of its $100 million IPO filing. 

Rather than directly solving a single problem in a single market, Intrexon has positioned itself as an 

enabler that partners with companies in health, food, energy, and the environment to develop 

bioproducts that “improve the quality of life and health of the planet.”82 The company designed its 

UltraVector® to be an operating system comprising DNA construction technologies, cellular and 

protein engineering, computational models, and statistical methods for rapid design, testing, and 

production of complex biological systems. In October 2013, Intrexon announced a “milestone towards 

the goal of generating critically needed novel antimicrobicidal therapeutics,”83 in a collaboration with 

Oragenics. Intrexon has also launched a “living arts” venture called BioPop (Biological & Popular 

Culture), which is developing consumer products and entertainment vehicles that leverage synbio. 

Intrexon had a very successful $160 million IPO in August 2013. 

 

                                                

 

 
81 Genomatica. Braskem Signs Joint Development Agreement for Bio-Based Butadiene. Press release. 
www.genomatica.com/news/press-releases/braskem-signs-joint-development-agreement-for-bio-based-butadiene/. (11 December 
2013) 
82 Intrexon. About Intrexon. Website. http://intrexon.com/AboutIntrexon (accessed 28 December 2013) 
83 Intrexon. Oragenics Announces Breakthrough Antibiotic Analog Generation in Intrexon Collaboration. Press release.  
http://investors.dna.com/phoenix.zhtml?c=249599&p=irol-newsArticle&ID=1870925&highlight= (31 October 2013). 
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5. PUBLIC RESEARCH LANDSCAPE 

5.1. United States 

US Research Overview 

The US lacks a single, coordinated government funding plan for developing synthetic biology. US 

government funding is spread among agencies, and total federal funding for synthetic biology-related 

projects is difficult to ascertain. Reports conflict as to the most important players in the field. For 

example, the Woodrow Wilson International Center for Scholars names the DOE as the most 

important source of financing and estimates that the DOE has spent $350 million on synthetic biology-

related projects since 2006,84 while the NIH and NSF have spent $48 and $40 million, respectively. 

Other reports posit that the NIH and NSF are the largest and most important funders.85 Few sources 

provide aggregate numbers, but estimates of total US spending on synthetic biology range from $500 

million to $1 billion.86 All reports that attempt to discover US government funding state that concrete 

numbers are difficult to come by. These wide discrepancies are a result of missing information, an 

uncoordinated government approach, and, perhaps most importantly, varied definitions for synthetic 

biology. However, it should be noted that the US government has spent more money to support 

synthetic biology than Europe or any Asian countries87: $140 million per year as reported in the Six 

Academies Symposium Series report.88 

Some of the most important government agencies that impact the field include the National Science 

Foundation (NSF), Department of Energy (DOE), Department of Health & Human Services (HHS, 

including NIH), Department of Defense (DOD, including DARPA), Department of Agriculture (USDA), 

                                                

 

 
84Synthetic Biology Project. Trends in Synthetic Biology Research Funding in the United States and Europe. Woodrow Wilson 
International Center for Scholars. (June 2010) 

85 Oldham, P., Hall, S., and Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 

86 Synthetic Biology Project. Trends in Synthetic Biology Research Funding in the United States and Europe. Woodrow Wilson 
International Center for Scholars. (June 2010) 

87 Oldham, P., Hall, S., and Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 
88 National Research Council. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a Six 
Academies Symposium Series. (2013) 
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the Navy, the Air Force, and National Aeronautics & Space Administration (NASA). The NSF provides 

financing to foundational research; DOE funds projects that are enabled by synthetic biology techniques. 

It is unclear what is counted as synthetic biology by US funding agencies and what is not. Companies 

have secured funding from federal agencies, largely the DOE, Navy, and Air Force, which have provided 

funding for renewable energy. However, companies have also secured grants for R&D from state and 

local governments under jobs programs or general research grants. Once again, this adds a layer of 

complexity for discovering exactly how much funding exists for synthetic biology projects. 

In 2012, the White House Office of Science & Technology Policy (OSTP) released a report, The 

National Bioeconomy Blueprint, which lays out a strategic plan for increasing R&D, facilitating 

commercialization, streamlining regulation, increasing education, and broadening scientific knowledge.89 

While it is not specific to synthetic biology, it provides a framework in which synbio can operate. A 

subsequent report90 identified immediate steps being taken from a presidential level, with a few being 

very relevant to the synbio space (the complete list can be found in Appendix I): 

• Building support for biofuel production facilities to create jobs and expand the use of 
alternative energy 

• Training the power of induced pluripotent cell technology on blood-related and neurological 
diseases 

• Growing the economy and rural jobs by supporting biomass production 
• Collaborating to reduce the need for nitrogen fertilizer inputs 
• Improving national security through biological research 

 

Another related effort was the Barack Obama-appointed Presidential Commission for the Study of 

Bioethical Issues, which was tasked with taking a proactive approach “to review the developing field of 

synthetic biology and identify appropriate ethical boundaries to maximize public benefits and minimize 

risks.”91 The Commission identified five criteria to consider when assessing the social implications of 

new technologies—public beneficence, responsible stewardship, intellectual freedom and responsibility, 

                                                

 

 
89 Office of Science and Technology Policy, Executive Office of the President. National Bioeconomy Blueprint. (April 2012) 
90 Executive Office of the President of the United States. Putting the Bioeconomy Blueprint to Work (2012) 
91 Presidential Commission for the Study of Bioethical Issues. New Directions: The Ethics of Synthetic Biology & Emerging Technologies. 
(2010) 
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democratic deliberation, and justice and fairness—around which they developed a set of 18 

recommendations, ranging from fostering responsibility and accountability to international coordination 

and dialogue, and from risk assessment to innovation through sharing. 

In terms of an operational framework, OSTP has begun to take more of an interest in synthetic biology 

and ways to coordinate efforts across the agencies. OSTP’s Technology & Innovation Division, led by 

Tom Kalil, has a keen interest in synbio and adjacent disciplines: systems biology, bioprocessing, and 

biomanufacturing. OSTP has engaged with DARPA and the other agencies to identify opportunities to 

work together, but it does not appear that it intends to launch a coordinated national effort on the 

scale of the National Nanotechnology Initiative (which is managed within the framework of OSTP’s 

National Science & Technology Council). In our conversations with Kalil and his colleagues, what has 

been missing to date is a collective vision for synbio in the US, driven by research and commercial 

interests, that can be used to guide a set of independent but aligned investments from the US 

agencies;92 these are the investments required to build the foundational technologies that will allow 

synthetic biology to begin to fulfill its promise. 

 
US Research Initiatives 

Department of Agriculture 

With potentially up to billion-ton quantities of agricultural biomass needed to support industrial-scale 

biorefinery operations,93,94 and a recognition of the essential contribution of sustainable agriculture to 

the economic security of the United States, the US Department of Agriculture (USDA) has taken an 

assertive role in steering some early biomass-production and biomass-optimization initiatives, which will 

rely upon synthetic biology as a contributing research and development approach. The USDA 

                                                

 

 
92 What also may be missing for OSTP is an appropriate name. NJK&A heard more than once from OSTP (as well as from DARPA 
and other agencies) that “synthetic biology” is a term that may do more harm than good in Washington. Both OSTP and DARPA 
prefer “engineering biology,” which is perceived as more inclusive and less polarizing. Others in the community do not agree that 
the name should be changed. 
93 Oak Ridge National Laboratory (for US Department of Energy). US Billion-Ton Update: Biomass Supply for a Bioenergy and 
Bioproducts Industry. (2011) 
94 Oak Ridge National Laboratory (for US Department of Agriculture and US Department of Energy). Biomass as Feedstock for a 
Bioenergy and Bioproducts Industry: The Technical Feasibility of a Billion-Ton Annual Supply. (2005) 
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recognizes that the Renewable Fuel Standard (RFS2, final rule), which calls for 36 billion gallons of 

renewable transportation fuel by 2022, represents a significant opportunity for the US agriculture 

industry, and it has committed to understanding and supporting the goals of RFS2 at a regional-

agriculture level. 

In addition to co-chairing (with DOE) the Biomass Research and Development Program, USDA has 

been active in developing its Regional Roadmap to Meeting the Biofuels Goals of the Renewable Fuels 

Standard by 2022, which assesses current production capacities, current shortfalls to meeting RFS2, and 

describes scenarios for biomass production strategies. The technical challenges to be addressed are 

implied in the multibillion-gallon production of fuels from feedstocks including switchgrass, cellulosic 

crop residues, municipal solid waste, and algae;95 relevant opportunities in synthetic biology research 

are supported by two USDA initiatives: 

• BioPreferred Program. The BioPreferred® Program, created by the 2002 Farm Bill and 

expanded by the Food, Conservation, and Energy Act of 2008, was intended to increase the 

purchase and use of biobased products through a preferred procurement program, which 

designates categories of specific biobased products that Federal agencies and their contractors 

are required to purchase to a minimum level.96 Commercial-scale production of biomaterials 

and biobased chemicals, which will rely on large-scale biorefineries, will be inextricably linked to 

commercialization of biofuels, with advancement of one most certainly positively impacting the 

other (through demonstration of economies of scale and inherent development of required 

production components, such as bioprocessor organisms and conversion enzymes). 

                                                

 

 
95 US Department of Agriculture. A USDA Regional Roadmap to Meeting the Biofuels Goals of the Renewable Fuels Standard by 2022. 
www.usda.gov/documents/USDA_Biofuels_Report_6232010.pdf. (23 June 2010) 
96 US Department of Agriculture. BioPreferred Program Overview. www.biopreferred.gov/files/BP_Fact_Sheet_HR.pdf (accessed 9 
December 2013); and US Department of Agriculture BioPreferred website: www.biopreferred.gov/aboutus.aspx (accessed 9 
December 2013) 
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• Advanced Biofuel Production Grants and Loan Guarantees. USDA Rural Development’s 

Biorefinery Assistance Program97 provides loan guarantees for the development, construction, 

and retrofitting of commercial-scale biorefineries producing advanced biofuels (maximum 

guarantee of $250 million). Funding for the program is subject to congressional appropriations 

through fiscal year 2013, with applications currently accepted through January 30, 2014. 

 

Department of Commerce 

Through the National Institute of Standards and Technology (NIST), Commerce is interested in 

applying “its broad and deep portfolio in biological measurements and standards as critical support for 

manufacturing applications in engineered synthetic biology…. NIST’s goal is to play a high impact role in 

the development of the measurement science and standards applicable to biological systems with 

complex feedback loops that allow for tremendous biological diversity, evolution, and self-repair.”98 

NIST’s investments have been small to date (less than $500K in intramural research), but it recently 

partnered with Stanford University on the Advances in Biomedical Measurement Science Program, in 

collaboration with Life Technologies and Agilent.99 NIST’s Marc Salit, Leader, Multiplexed Biomolecular 

Science Group, is on the Synberc Strategic Advisory Board and has been a tireless proponent of 

Synberc and its role in the synbio community. He indicated that NIST is in the process of developing a 

point of view and rationale for substantive investment in synbio. 

 

Department of Defense (DOD) 

Synthetic biology is one of the DOD’s six high-interest basic science areas (others are novel engineered 

materials, quantum information science, human behavior modeling, cognitive neuroscience, and 

                                                

 

 
97 US Department of Agriculture Biorefinery Assistance Program. www.rurdev.usda.gov/BCP_Biorefinery.html (accessed 9 December 
2013) 
98 US Department of Energy. Synthetic Biology: Report to Congress. (2013) 
99 Salit, M. National Institute of Standards and Technology. National Academy of Sciences Forum on Synthetic Biology. Washington, 
DC. (21 October 2013) 
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nanoscience), with the potential to transform numerous applications, including materials, sensors, and 

medicine. According to a recent Congressional brief: 

DOD’s interest in synthetic biology predates the common use of the term Synthetic Biology, 
with Defense Advanced Research Projects Agency (DARPA) and Office of Naval Research 
(ONR) programs starting in the late 1990s. Current DOD synthetic biology research efforts 
are centered on applications such as smart sensing systems, production of high-value 
materials (particularly products that have difficult or unknown synthetic routes), and DOD-
specific biomedical applications (e.g. diagnostics and therapeutics). Deliverables will include 
biologically-based systems with the capability to produce, deliver, detect and respond to 
compounds or signals. In addition to these areas, DOD is supporting several projects that will 
provide new, fundamental tools and approaches for the field.100 

DOD research is primarily classified, but DOD Defense Advanced Research Projects Agency (DARPA) 

publicly reported information indicates nine funded synthetic biology-related projects within DOD’s 

Naval Biosciences and Biocentric Technology Program,101 as well as $150 million from 2012–2018 for 

two Living Foundries programs. 

DARPA Living Foundries Program.  DARPA was established in 1958 to prevent unforeseen attack 

from negatively impacting US national security and to ensure strategic military advantage for the US 

military through technological superiority. DARPA brings together diverse parties in multidisciplinary 

approaches to advance basic research and create innovative technologies through applied research. Its 

Biological Platform programs include the Living Foundries initiative, whose goal is to leverage the 

“unparalleled synthetic and functional capabilities of biology to create a revolutionary, biologically based 

manufacturing platform to provide access to new materials, capabilities and manufacturing paradigms 

for the DOD”102 and the US, through large-scale design and rapid prototyping of novel materials, 

sensing capabilities, and therapeutics. 

                                                

 

 
100 U.S. Department of Energy. Synthetic Biology: Report to Congress. (2013) 
101 Synthetic Biology Project. Trends In Synthetic Biology Research Funding In the United States and Europe. Woodrow Wilson 
International Center for Scholars. (June 2010) 
102 DARPA website, www.darpa.mil/our_work/ (accessed on 9 December 2013) 
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DARPA Living Foundries Program Summary 

 
Source: Jackson, A. Engineering Biology. (2013) 
 

Living Foundries seeks to advance the engineering of biology by supporting the development of tools, 

technologies, methodologies, and infrastructure to shorten timeframes for biological design-built-test-

learn cycles, expand the complexity of systems that can be engineered, and enable rapid, scalable 

development of products and systems currently inaccessible by current research and manufacturing 

methods. 

The Living Foundries program consists of two components, Living Foundries: Advanced Tools and 

Capabilities for Generalizable Platforms (ATCG) and Living Foundries: 1000 Molecules. 

Living Foundries: ATCG began in 2012 and focuses on the development of next-generation tools and 

technologies for engineering biological systems with the goal of compressing the biological design-build-

test-learn cycle by at least 10 times in both time and cost, while increasing the complexity of created 

systems. Technical areas of interest include design and automation tools, modular genetic parts and 

devices, standardized test platforms and chassis, tools for rapid physical construction of biological 
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systems, editing and manipulation of genetic designs, and new characterization and debugging tools for 

synthetic biological networks. The program budget is approximately $35 million over FY2012–14, with 

the following awards to date:103 

• Leland Stanford Junior University, $3,195,958 
• Harvard (President & Fellows of Harvard University), $907,269 
• J. Craig Venter Institute, $964,587 and $3,007,321 
• Foundation for Applied Molecular Evolution, $1,020,234 
• Massachusetts Institute of Technology, $3,628,291 and $2,260,237 
• California Institute of Technology, $2,155,000 
• University of Texas at Austin, $691,559 
 

Living Foundries: 1000 Molecules is a $110 million program that complements and builds on 

advancements and tools being developed under ATCG to create a scalable, integrated, rapid design 

and prototyping infrastructure for the facile engineering of biology. The specific goal is to generate new 

molecular entities of relevance to the DOD, including chemical building blocks for accessing radical new 

materials unable to be produced with traditional petroleum-based feedstocks. 

 

A broad agency announcement (BAA) for Living Foundries: 1000 Molecules was released in summer 

2013. 104  This infrastructure focuses on tools and processes to enable a yet unseen scale and 

sophistication of experimentation, to provide a flexible, efficient, and continuously improving capability 

to both the DOD and the engineering biology community. Final proof-of-principle demonstration will 

require that rapid design and prototyping centers generate 1,000 novel molecules and chemical 

components of relevance to the DOD, including chemical building blocks towards radical new materials 

not possible with traditional petroleum-based feedstocks. Each funded center will specifically be 

required to produce at least 350 unique molecules of interest. Comprehensive, fully integrated rapid 

design and prototyping centers that bridge gaps from initial laboratory (“bench-scale”) and proof-of-

concept experimentation to industrial pilot production will be preferentially considered for the Living 

Foundries BAA. 

                                                

 

 
103 FedBizOpps.gov. Living Foundries: Advanced Tools and Capabilities for Generalizable Platforms (ATCG). Solicitation Number: 
DARPA-BAA-11-60 (accessed 23 December 2013) 
104 DARPA Broad Agency Announcement. Living Foundries: 100 Molecules MTO, DARPA –BAA-13-37 (July 2013) 
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Other DARPA Biological Platform initiatives of relevance to synthetic biology include its In Vivo 

Nanoplatforms (IVN) program, which seeks to develop new classes of adaptable nanoparticles for 

“persistent, distributed, unobtrusive physiologic and environmental sensing as well as the treatment of 

physiologic abnormalities, illness, and infectious disease.”105 The express use of synthetic biology by 

awardees of the IVN program has not been publicly reported but the research areas of interest to 

DOD are clear. 

The IVN Diagnostics (IVN:Dx) effort, begun late 2012, seeks to develop a generalized in vivo platform 

for continuous physiological monitoring for warfighters. Under the program, an $8 million contract was 

awarded to Agentase, a company developing biocatalysts. 

DARPA’s IVN Therapeutics (IVN:Tx) program aims at “unobtrusive nanoplatforms” for rapid treatment 

of disease. Successful nanotherapeutic platforms would allow for treatment of military-relevant diseases 

and conditions, including infections caused by multi-drug-resistant organisms, and traumatic brain 

injuries. The IVN:Tx program was initiated in early 2013. 

The DOD’s Office of Naval Research (ONR) has an interest in synbio, with the goal “to develop 

engineered organisms to produce, deliver, detect, and/or respond to target compounds or signals, and 

that can communicate with non-living devices, in support of future naval capabilities.”106 ONR has 

invested about $5 million in synbio research, primarily in collaboration with MIT, Boston University, 

Berkeley, and University of Minnesota. Representative projects include “Powerful Combinatorial 

Sensors To Program Microbes” (Chris Voigt, Synberc PI), “Programmed Pathogen Sense-And-Destroy 

Circuits” (Ron Weiss, Synberc PI), and “Multiplexed Pathway And Organism Engineering” (George 

Church, Synberc PI). 

In addition, the DOD’s Defense Threat Reduction Agency (DTRA), which was stood up in 1998 as a 

combat support agency to counter weapons of mass destruction, has taken a keen interest in synthetic 

biology. In 2012, DTRA’s Chemical & Biological Technologies Directorate highlighted synbio and 

related fields (including systems biology) in its strategic vision report: 
                                                

 

 
105 DARPA website: www.darpa.mil/Our_Work/MTO/Programs/In_Vivo_Nanoplatforms_(IVN).aspx (accessed 9 December 2013) 
106 Chrisey, L. Office of Naval Research–Synthetic Biology. (2013) 
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We will explore novel areas emerging in interdisciplinary realms that could present new 
challenges and potential threats. These include broad areas such as synthetic biology where 
new tools are being rapidly developed and widely disseminated to create new genetic 
constructs that are being engineered in novel ways. This global community is growing fast 
due environment. We will monitor and engage this community in new ways to assure we 
evaluate opportunities and challenges that could arise from synthetic biology. Engaging new 
communities, such as the DIY Bio, will help us to better understand the ease by which new 
threats could emerge.107 

Application thrusts for DTRA include: 

• Disease surveillance, threat detection and point of need diagnostics 

• Adaptive medical countermeasures and technologies 

• Threat activity sensing and reporting 

• Rapid response and restoration science and technology 

 

Department of Energy (DOE) 

DOE has been estimated to have invested more on synthetic biology research than any other agency 

(over $700 million), although the total is highly dependent upon the total or partial inclusion of major 

programs like the Joint Genome Institute (JGI) and the Genomics Sciences Program, which together 

have budgets of over $200 million per year. 

DOE funding has been spread across four major program areas: 

• Joint Genome Institute: JGI seeks to build on its demonstrated achievements in DNA 

sequencing to cultivate “high-throughput, ‘value-added’ science that can be integrated with 

massive sequence datasets to accelerate the science underpinning DOE missions in bioenergy 

and the environment.”108 JGI has noted that synthetic biology as a scientific discipline is far from 

mature but expects that DNA synthesis and genome engineering technologies will grow quickly 

                                                

 

 
107 Defense Threat Reduction Agency. Defense Threat Reduction Agency, RD Enterprise CB Directorate, Strategic Vision 2012. (2012) 
108 US Department of Energy Office of Science. DOE Joint Genome Institute. Strategic Planning for the Genomic Sciences, Report 
from the May 30–31, 2012, Workshop. (2012) 
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over the next decade.109 Based in Walnut Creek, California, JGI is closely associated with 

Lawrence Berkeley and Livermore National Laboratories, and is a frequent collaborator with 

Synberc. 

• Genomic Sciences Program: The goal of this program is to “[understand] biological systems so 

well that we can develop predictive, computational models of these systems.”110 Significant 

projects include the Bioenergy Research Centers and the Systems Biology Knowledgebase. 

• Bioenergy Research Centers: This significant program committed $375 million over five years 

to establish three centers dedicated to “better understand[ing] the biological mechanisms 

underlying biofuel production so that those mechanisms can be redesigned, improved, and 

used to develop novel, efficient bioenergy strategies that can be replicated on a mass scale.”111 

The three centers established in 2007 are BioEnergy Science Center (BESC, Oak Ridge, 

Tennessee), Great Lakes Bioenergy Research Center (GLBRC, Madison, Wisconsin), and Joint 

BioEnergy Institute (JBEI, Emeryville, California). In 2013, DOE committed another $375 million 

over five years to the programs. 

o Joint BioEnergy Institute (JBEI): There is a close relationship between JBEI and Synberc. 

JBEI is led by Synberc director Jay Keasling, and Synberc’s offices are contained within 

JBEI. The two organizations collaborated to develop the Joint BioEnergy Institute 

Inventory of Composable Elements (JBEI-ICE), an open-source registry for managing 

data on biological parts.112 JBEI also supports the future of synthetic biology research in 

the US through the Synberc-collaborative effort, Introductory College Level Experience 

                                                

 

 
109 US Department of Energy Office of Science. DOE Joint Genome Institute. Strategic Planning for the Genomic Sciences, Report 
from the May 30–31, 2012, Workshop. (2012) 

110 US Department of Energy. Genomic Science Program: Systems Biology for Energy and Environment: About the DOE Science Program. 
http://genomicscience.energy.gov/program/index.shtml (accessed 28 December 2013) 
111 US Department of Energy. Genomic Science Program: Systems Biology for Energy and Environment: DOE Bioenergy Research Centers. 
http://genomicscience.energy.gov/centers/index.shtml (accessed 28 December 2013) 
112 Ham T.S. et al. Design, implementation and practice of JBEI-ICE: an open source biological part registry platform and tools. 
Nucleic Acids Res. 40 (October 2012). 
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in Microbiology (iCLEM), a precollege program supporting paid summer internships for 

high school students as well as professional development for high school teachers. 

• Advanced Research Projects Agency-Energy (ARPA-E): Funded by the American Recovery 

and Reinvestment Act, ARPA-E launched in 2009 to “fund projects that will develop 

transformational technologies that reduce America’s dependence on foreign energy imports; 

reduce U.S. energy-related emissions (including greenhouse gases); improve energy efficiency 

across all sectors of the U.S. economy; and ensure that the United States maintains its 

leadership in developing and deploying advanced energy technologies.” 113  One such 

investment is PETRO (Plants Engineered to Replace Oil), which received $30 million in 2011 to 

“create dedicated energy crops that serve as a domestic alternative to petroleum-based fuels 

and deliver more energy per acre with less processing prior to the pump.”114 

DOE also produced the July 2013 Synthetic Biology: Report to Congress, which was designed to introduce 

Congress to the synbio discipline, public and private R&D needs, and federal funding programs.115 

Given the intense interest in and need for alternative energy and biofuels, it seems that the 

Department of Energy will continue to be a significant investor in synbio. 

 

Department of Health and Human Services (HHS) 

The National Institutes of Health (NIH) is the HHS organization that is most interested in synthetic 

biology. NIH support of synthetic biology, like most NIH support for extramural research, is 

predominately based upon extramural interest through investigator-initiated grants and initiatives. 

                                                

 

 
113 Synthetic Biology Project. Trends in Synthetic Biology Research Funding in the United States & Europe. Woodrow Wilson 
International Center for Scholars. (2010) 
114 ARPA-E website, Program Fact Sheet. http://arpa-e.energy.gov/?q=arpa-e-site-page/view-programs (accessed 28 December 
2013). 
115 U.S. Department of Energy. Synthetic Biology: Report to Congress. (2013) 
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Through such research grants (estimated to be at least $50 million in the 2005–2010 timeframe116), 

the NIH has supported the seminal work of several notable pioneers of basic synthetic biology research 

in areas where basic biomedical science and synthetic biology overlap. The knowledge gained from 

synthetic biology research will likely be relevant to the missions of most, if not all, NIH institutes. 

Recently, NIH made news with the announcement of its funding ($35 million total over five years) of 

three new National Centers for Systems Biology, which join 14 other centers. The three new centers 

are the Johns Hopkins University School of Medicine Center for Systems Biology of Retrotransposition, 

the Stanford Center for Systems Biology, and the Synthetic Biology Center at MIT, the last led by 

Synberc PI Ron Weiss. The Synthetic Biology Center at MIT is to receive up to $11.4 million over a 

five-year period, for interdisciplinary research into RNA-based circuits to sense and destroy cancerous 

cells, programmed stem cell differentiation to generate insulin-producing beta-islet cells for diabetes, 

and engineered approaches to treat antibiotic-resistant bacterial infections.117 One of the previously 

funded centers is the UCSF Center for Systems & Synthetic Biology, led by Wendell Lim, Synberc PI. 

The scope of these investments highlights the ambiguity of terms like “synthetic biology” and “systems 

biology” throughout the NIH and other agencies. 

One of the challenges here is that since NIH operates as 27 separate institutes and centers, each with 

its own research agenda, developing a broad synbio strategy for all of the NIH may be difficult. NIH 

appears to be focusing more on small grants to individual researchers rather than large center-level 

grants or national initiatives. Nevertheless, the NIH’s past and current commitments to extracting value 

from the Human Genome Project and medical genomics should serve as a model and inspiration for 

what is possible with synthetic biology. Anecdotally, NIH may be able to provide significant funding to 

synbio research. What is required is a coordinated approach to communicate the healthcare 

applications for synthetic biology. 

 
                                                

 

 
116 Synthetic Biology Project. Trends in Synthetic Biology Research Funding in the United States & Europe. Woodrow Wilson 
International Center for Scholars. (2010) 
117 National Institutes of Health (NIH) National Institute of General Medical Sciences. New National Centers for Systems Biology 
Focus on Fundamental Processes that Influence Health. Press release (26 November 2013).  
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Department of Homeland Security (DHS) 

Unpublished discussions with DHS suggest that millions of dollars are being spent on synthetic biology, 

including biological- and chemical-detection programs. 

 

National Aeronautics and Space Administration (NASA) 

NASA’s SynBio Initiative launched in 2010, and while its website (http://syntheticbiology.arc.nasa.gov) 

has not been updated in over a year, the passion for synthetic biology at NASA is clear, particularly at 

the NASA Ames Research Center in Mountain View, California, where the NJK&A team has met with 

NASA officials on multiple occasions. 

Biology on Earth readily demonstrates that life is an efficient user of resources around it, 
turning those resources into habitats, materials and forms that perform critical functions. 
Synthetic biology in space represents a new challenge -- of designing organisms to perform 
reliable functions that an astronaut may one day depend on. NASA’s synthetic biology 
program is to provide transformative biological tools and technologies for the benefit of 
space exploration, science and the economy.118 

NASA has three potential interest areas in synbio: human missions, astrobiology, and aeronautics.119 

NASA is funding primarily intramural research designed to support manned missions to Mars and 

beyond. Long missions like these—which are being proposed and perhaps funded by technology 

entrepreneurs like Jeff Bezos, Richard Branson, and Elon Musk—will require the ability to manufacture 

food, fuel, and medicines during the voyage or at the destination. As farfetched as this may sound, it is 

driving new research efforts—efforts that could be valuable not just in space. As one leader 

commented during NJK&A’s last visit to Ames, “If we can learn how to live on Mars, maybe we can 

learn how to live on Earth.” 

Astrobiology and synthetic biology share some common goals and provide mutual support: 

“Astrobiology has contributed to—and is increasingly exploiting—synthetic biology through its long 

                                                

 

 
118 NASA. Astrobiology: About Biology and Astrobiology. http://www.nasa.gov/centers/ames/research/area-biology-astrobiology.html 
(accessed 28 December 2013) 
119 U.S. Department of Energy. Synthetic Biology: Report to Congress. (2013) 
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history of pioneering work in extremophiles and the origins of life, thus enabling basic scientific 

discoveries as well as providing tools of use to the broader synthetic biology enterprise.”120 Finally, the 

aeronautical applications for synbio are obvious, from biofuels to advanced composite materials. 

 

National Science Foundation (NSF) 

The NSF’s mission is “to promote the progress of science; to advance the national health, prosperity, 

and welfare; and to secure the national defense.”121 According to recent data, NSF is investing $55 

million annually in synthetic biology and related research, a number that has grown steadily over the 

past few years. Most of these grants have come out of unsolicited proposals: 

• Synberc: NSF’s largest synbio investment to date ($39 million over 10 years) 
• EFRI–IDEAS lab: Joint NSF/EPSRC “Sandpit” on Synthetic Biology 
• CBET/BBBE: unsolicited proposals 
• MCB/Systems and Synthetic Biology Cluster: unsolicited proposals 
• SBIR/STTR: unsolicited proposals 
• INSPIRE-SAVI (Science Across Virtual Institutes): yeast chromosome synthesis and analysis; 

partnership between US, China, Europe, and India 
 

It is unclear if the NSF will adjust its commitment to synbio following the funding wind-down at Synberc, 

but multiple NSF branches have indicated that they are interested in continuing to fund synbio at a 

large scale. 

US Research Summary 

While the US may not have a completely coordinated and integrated research strategy, it is clear that 

there is some level of support for synthetic biology across many agencies, as the table below highlights. 

This support appears to be growing, and it is reasonable to assume that a more coordinated research 

                                                

 

 
120 U.S. Department of Energy. Synthetic Biology: Report to Congress. (2013) 
121 Good, T., Rastegar, S., Srienc, F., and von Bodman, S. NSF investments in synthetic biology. National Academy of Sciences Forum 
on Synthetic Biology. Washington, DC. (21 October 2013) 
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effort, properly communicated and managed, can translate into greater and more coordinated funding 

from the US government. 

Summary of Government and Government-Sponsored Labs 
Argonne National Laboratory Under the Institute for Genomics and Systems Biology, teaches classes around synthetic biology 
Brookhaven National Laboratory Researching and creating models to understand and predict events among complex biological 

systems; research foci also on biological functions of proteins. 
DARPA Living Foundries Program Next-generation tools and technologies for engineering biological systems. Also attempting to 

create new chemical build blocks for materials not possible with petroleum-based feedstocks.  
DOE BioEnergy Science Center 
(BESC) 

Researching low-cost, high-yield biomass feedstocks for energy production, including sorghum 
and switchgrass 

DOE Great Lakes Bioenergy 
Research Center (GLBRC) 

Researching low-cost, high-yield biomass for biofuels, focusing on corn and soybeans 

DOE Joint BioEnergy Institute (JBEI) Researching low-cost, high-yield biomass for biofuels, focusing on cellulosic feedstocks 
DOE Joint Genome Institute (JGI) Provides sequencing and computational analysis to enable systems-based scientific approaches 

to support DOE’s larger mission of creating clean, renewable energy 
Lawrence Berkeley National 
Laboratory (LBNL) 

Partner in a system of research institutions that advance knowledge and applications for 
synthetic biology 

Los Alamos National Laboratory Less-publicizing laboratory conducting research towards nuclear weapon and national-security 
projects; undisclosed their uses of synthetic biology, but have indicated use of synthetic biology 
for recognizing and neutralizing biological weapons agents 

NASA Ames Research Center Uses synthetic biology for understanding tissue degradation in those in space and to identify 
regenerative solutions 

NIH National Human Genome 
Research Institute 

Conducts sequencing and provides range of regulatory frameworks and research on ethical, 
legal and social issues 

Oak Ridge National Laboratory Researching low-cost, high-yield biomass for biofuels, as well as providing scientific research for 
nuclear and national security concerns  

Office of Naval Research (ONR) Has made a large investment in synthetic biology infrastructure, including laboratories and 
computer software.  

Pacific Northwest National 
Laboratory 

Works with the DOE on renewable fuels; contracted by numerous government agencies for 
research.  

Sandia National Laboratories Works with the DOE on renewable fuels; major projects include use of E. coli and switchgrass 
for renewable energy. Operated by Sandia Corp., a subsidiary of Lockheed Martin; a Federally 
Funded Research Center. 

US Army Research Office Using synthetic biology to enhance soldier protection and performance 
Wright Patterson Air Force Base Creating mathematical theory-based, computational tools to assist in engineering modular 

design and fabrication  
Source: NJK&A research. 
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5.2. European Union 

Biosciences research in Europe is funded and encouraged through a complex and tiered web of 

organizations and time-limited initiatives, with funding levels at much more modest levels than in the US 

(on the order of 10s of millions, versus the $100 million scale of some US initiatives, like Living 

Foundries, discussed above in Section 5.1). No central data repository clearly explains the different 

European programs and the relationships among them, which may be indicative of the bureaucratic 

network of both research and regulatory initiatives in the European Union (which include both 

overarching EU and individual Member State activities). This section outlines some of the major synbio-

related initiatives with the EU. 

 

ERASynBio 

A project lasting through 2015, ERASynBio122 operates within the European Commission’s European 

Research Area (ERA) framework of scientific research programs intended to bring integration to 

various targeted European research efforts. The ERA-NET initiative coordinates national and European 

research funding, however most of the ERASynBio partners (see Table below) are still in the process of 

establishing dedicated national synthetic biology programs. ERASynBio’s aim is thus to coordinate and 

adjust emerging programs while they are in development by integrating early national activities into a 

coordinated European effort through tools, mechanisms, and procedures designed to establish an active 

Europe-wide, discipline-focused research community engaged with education and industry. Specific 

objectives include development of national synbio research programs, strategies, and infrastructures 

that preempt fragmentation of programs, regulatory frameworks, and policies; initiation and 

implementation of transnational research funding; and coherence of a fragmented European research 

landscape to strengthen the synbio scientific community. 

                                                

 

 
122 ERA SynBio Project. www.erasynbio.eu/project (accessed 28 December 2013) 
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ERASynBio recently announced its first funding call for approximately $21.5 million expressly for 

transnational research projects, to support integration of EU synthetic biology efforts. The funding is 

competitively awarded by collective decision among ERASynBio representatives, with funds dispensed 

by the relevant individual national member organizations: ERASynBio member funding bodies represent 

14 countries (12 EU, plus Norway and Switzerland), each of which runs or is planning national synbio-

funding initiatives:123 

ERASynBio Participating Organizations 
Austrian Research Promotion Agency (FFG) Austria 
Danish Agency for Science, Technology and Innovation (DASTI) Denmark  
Academy of Finland (AKA) Finland 
Centre Nationale de la Recherche Scientifique (CNRS) France 
French National Research Agency (ANR) France 
Project Management Jülich Germany 
Federal Ministry of Education and Research (BMBF) Germany 
General Secretariat for Research and Technology (GSRT) Greece 
Latvian Academy of Sciences (LAS) Latvia 
Netherlands Organisation for Scientific Research (NWO) Netherlands 
Research Council of Norway (RCN) Norway 
Foundation for Science and Technology (FCT) Portugal 
Ministry of Education, Science and Sport Slovenia 
Ministry of Economy and Competitiveness Spain 
Commission for Technology and Innovation (KTI) Switzerland 
Biotechnology and Biological Sciences Research Council (BBSRC) United Kingdom 

 

The United States’ NSF and UK’s Engineering and Physical Sciences Research are participatory 

observers to the ERASynBio project. 

Overall in Europe, the take-away message is that synthetic biology is becoming a cohesively 

orchestrated EU initiative but is still very much in early development. ERASynBio represents the first 

major initiative, through which national Member State funding bodies are collectively working to 

support ERASynBio’s goals. It remains to be seen how the individual countries’ efforts will progress.  

                                                

 

 
123 ERA SynBio Project Partners. www.erasynbio.eu/index.php?index=8 (accessed 28 December 2013) 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 68 

SYNBIOCOMM 

Within the ERA-NET program, SYNBIOCOMM was an ERA project that had as its goals to coalesce 

multidisciplinary synthetic biology activities scattered across different countries into a single synthetic 

biology research community and encourage the future of synthetic biology in Europe through support 

of young scientists. The project addressed these aims in limited but successful scope, sponsoring 18 

European teams, in total, for the iGEM 2006 and 2007 competitions, which saw Slovenia’s University of 

Ljubljana team the 2006 grand prize (for designing cells capable of stabilizing immune responses to 

infections124). SYBIOCOMM also hosted the Synthetic Biology 3.0 conference, with 360 attendees, in 

Zurich, Switzerland, in June 2007. The SYNBIOCOMM program ended in December 2007. 

 

Horizon 2020 

Europe 2020 is a coordinated decade-long growth strategy for the EU, encompassing employment, 

innovation, education, social inclusion, and climate/energy. As part of this effort, Horizon 2020 is the 

largest research and innovation program ever coordinated in Europe, with €80 billion in funding 

available from 2014 through 2020. Areas of interest include biobased industries, biotechnology, energy, 

and raw materials. An example of a defining project here is the €1 billion Future and Emerging 

Technologies (FET) Flagship, in which Europe will invest to move the revolutionary material grapheme 

from the lab to the world. 

There is one specifically synbio-related funding vehicle that is part of the biotechnology area, “Synthetic 

biology—construction of organisms for new products and processes,” which is seeking proposals for 

industry- and application-driven projects. Total funding available is €47.9 million, with the expectation 

that projects will be €6–10 million. This call was announced in December 2013, with proposals due in 

March 2014. Additional open biotech and other calls may also be relevant to synthetic biology research. 

                                                

 

 
124 Halber D. Gene machine takes the prize: Cells engineered to prevent sepsis win synthetic biology competition. MIT News. 
http://web.mit.edu/newsoffice/2006/igem.html. (9 November 2006) 
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TESSY 

Towards a European Strategy in Synthetic Biology (TESSY) was a European Commission-funded 

project between January 2007 and December 2008 involving a consortium of scientists from 

Germany’s Fraunhofer-Institute Systems and Innovation Research (FH-ISI), Albrecht Ludwigs-University 

Freiburg, European Science Foundation (ESF), and the biotech company ATG Biosynthetics GmbH. 

The project aimed to compile existing synthetic biology resources, provide a roadmap for European 

synthetic biology, and support sustainable implementation of a synthetic biology strategy at the level of 

Member States and institutions.125 

In 2007, TESSY convened representatives of ongoing European projects at the time, each of which has 

since closed (ranging from research to ethical considerations: EuroBioSyn, Hylib, CellComput, 

Biomodular H2, Orthosome, BioNanoSwitch, Synbiosafe, Cobios, Syncells, FuSyMem, EMERGENCE, 

and TESSY).126 TESSY also initiated efforts to create databases intended for curated data on funding 

opportunities, persons and institutions, and publications; those databases appear to be defunct 

(http://www.synthetic-biology.info). 

The TESSY project culminated in a final report that outlined a roadmap for European synthetic biology 

activity around scientific milestones, knowledge transfer, funding, and regulation (see Figure on next 

page).127 

                                                

 

 
125 Gaisser S., Reiss, T., Lunkes, A., Müller, K., and Bernauer, H. TESSY Achievements and Future Perspectives in Synthetic Biology. TESSY 
Final Report (Deliverable D5.3). (December 2008) 
126 Gaisser S., Reiss, T., Lunkes, A., Müller, K., and Bernauer, H. TESSY Achievements and Future Perspectives in Synthetic Biology. TESSY 
Final Report (Deliverable D5.3). (December 2008) 
127 Gaisser S., Reiss, T., Lunkes, A., Müller, K., and Bernauer, H. TESSY Achievements and Future Perspectives in Synthetic Biology. TESSY 
Final Report (Deliverable D5.3). (December 2008) 
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EuroSYNBIO 

EuroSYNBIO, a three-year program within the European Science Foundation (ESF), was launched with 

a December 2008 call for proposals that funded the following projects: 

• Encoded synthesis, replication and evolution of unnatural nucleic acid therapeutics 

• Synthetic biology of bacterial cell division 

• A synthetic biology approach for engineering of bacterial methylotrophy 

• Strategies to manipulate and engineer biomolecular machines for nanocell building blocks 

• Synthetic biology to obtain novel antibiotics and optimized production systems 

At the end of the program funding period, the ESF concluded that goals of interdisciplinarity and 

advancement of fundamental knowledge were achieved, despite the fact that some projects failed to 

meet specific performance metrics; however, it noted as a point of success that each of the projects 

went on to receive continued funding from ERASynBio.128 The ESF currently includes 67 member 

organizations from 29 European countries.129 

In sum, despite the overall lack of a current broad-scale European initiative in synthetic biology, there is 

some apparent opportunity for much larger-scale future initiatives, particularly considering the 

European Research Council’s intended directions. The Council is an independent funding body 

established under the EU’s Seventh Research Framework Programme (from 2007 through 2013) that 

aims to promote pan-European research excellence; it is one of the pillars of the “Horizon 2020”, the 

EU Framework Programme for Research and Innovation, with a total budget exceeding approximately 

$18 billion for the operating period of 2014 to 2020 (17% of the overall Horizon 2020 budget).130 For 

                                                

 

 
128 European Science Foundation. Synthetic Biology: Engineering Complex Biological Systems (EuroSYNBIO), Consensus Statement 
EuroSYNBIO Review Panel (Final Evaluation). 
www.esf.org/index.php?eID=tx_nawsecuredl&u=0&file=fileadmin/be_user/activities/EUROCORES/ 
EUROCORES_Scheme/Reporting/Mid-term_and_final_reports/Final_reports/Batch4/FINAL_ConsensusStatement_SYNBIO.PDF& 
t=1388370603&hash=3e9e629b211c3858e7ae499957167bfd2ff764a9 (accessed 28 December 2013) 
129 European Science Foundation. Member Organisations. www.esf.org/esf-today/member-organisations.html (accessed 28 
December 2013) 
130 European Research Council. Facts and Figures. http://erc.europa.eu/about-erc/facts-and-figures accessed (28 December 2013) 
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2013, the European Research Council funded over 100 projects, only two of which expressly 

mentioned synthetic biology in their titles; however, numerous others were synbio-relevant.131 

 

Other European Organizations 

• European Federation of Biotechnology is a nonprofit federation of national biotechnology 

associations, learned societies, universities, institutes, biotech companies, and biotechnologists. 

The Federation has organized synthetic biology conferences in 2012 and 2013. 

• EuropaBio, the European association for bioindustries, promotes biotechnologies to industry, 

politicians, NGOs, regulators, and the general public. It currently represents, at a Member-State 

level, over 1,800 small- and medium-sized enterprises (SMEs), across three biotech areas: 

health (“red biotech”), industrial (“white biotech”), and agri-food (“green biotech”).132 

 

 

5.3. United Kingdom 

Synthetic biology is an area of formal focus within the UK. David Willetts, the UK’s current Universities 

and Science Minister, formally declared synthetic biology one of the “eight great technologies” that will 

impel the country’s economic growth.133 The United Kingdom is second only to the US in synthetic 

biology research (by publication activity134) and leads Europe in the number of companies and 

dedicated institutes in this area.135 While maximum funding initiatives have been in the tens of millions 

of dollars to date, an announcement early this year by the country’s Ministry of State for Universities 

                                                

 

 
131 European Research Council. ERC Advanced Grants 2013 Results: Life Sciences–List of Principal Investigators. 
http://erc.europa.eu/sites/default/files/document/file/erc_2013_adg_results_ls.pdf (accessed 10 December 2013) 
132 EuropaBio. How We Are Organised. www.europabio.org/how-we-are-organised (accessed 28 December 2013) 
133 As “life sciences, genomics, and synthetic biology”, along with: big-data revolution and energy-efficient computing; satellites and 
commercial applications of space; robotics and autonomous systems; regenerative medicine; agri-science; advanced materials and 
nano-technology; and energy and its storage. Rt. Hon. David Willetts MP. Eight Great Technologies. 
www.gov.uk/government/speeches/eight-great-technologies (accessed 12 December 2013) 
134 Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 
135 Synthetic Biology Project. Tracking Synthetic Biology in Europe. Woodrow Wilson International Center for Scholars. (2013) 
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and Science identified synthetic biology as an area of focus and committed over $133.5 million in the 

coming years.136 

 

Biotechnology and Biosciences Research Council (BBSRC) 

The Biotechnology and Biosciences Research Council (BBSRC) is one of seven within the Research 

Councils UK (RCUK) framework (collectively investing approximately $4.6 billion annually into research 

projects in areas of interest).137 Itself funded by the UK’s Department for Business, Innovation, and 

Skills, BBSRC is the primary body funding for synthetic biology activity in the UK (along with the 

Engineering and Physical Sciences Research Council). Supporting 1,600 scientists and 2,000 research 

students in universities and institutes across the country,138 BBSRC spends $28.7 million (by one 

estimate) on synthetic biology and related projects.139 

In 2012, BBSRC is reported to have invested $6.1 million in the Universities of Oxford and 

Southampton towards new DNA and RNA synthesis technologies.140 

Additionally, a July 2012 announcement by the UK’s Ministry for Universities and Science committed 

BBSRC funds of $1.5 million towards UK involvement in an international consortium (including the UK, 

US, China, and India) that seeks to build a synthetic yeast genome by 2017.141  

                                                

 

 
136 Gov.UK. £600 Million Funding Boost for Science and Research. www.gov.uk/government/news/600-million-funding-boost-for-
science-and-research (accessed 28 December 2013) 
137 Research Councils UK. Synthetic Biology. www.rcuk.ac.uk/documents/documents/RCUK_Synthetic_Biology_Timeline_WEB.pdf 
(accessed 12 December 2012). 
138 Biotechnology and Biological Sciences Research Council. Our Organisation. www.bbsrc.ac.uk/organisation/organisation-index.aspx 
(accessed 28 December 2013). 
139 Pei L., Gaisser S., and Schmidt M. Synthetic biology in the view of European public funding organisations. Public Understanding of 
Science 21, 149-162. DOI: 10.1177/0963662510393624 (16 February 2011) 
140UK Department for Business Innovation and Skills. Government to Invest £20 Million in Synthetic Biology. Press release. 
http://news.bis.gov.uk/Press-Releases/Government-to-invest-20-million-in-synthetic-biology-682fa.aspx (9 November 2012).  
141 Biotechnology and Biological Sciences Research Council. Minister Announces UK Funding to Build World-First Synthetic Yeast. 
www.bbsrc.ac.uk/news/research-technologies/2013/130711-pr-funding-to-build-worldfirst-synthetic-yeast.aspx (accessed 28 
December 2013) 
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Engineering and Physical Sciences Research Council (EPSRC)142 

The Engineering and Physical Sciences Research Council (EPSRC), along with the BBSRC, is the major 

funding body in the UK for life science research. It has taken an active role in supporting synthetic 

biology, albeit with relatively modest funding compared to its overall budget ($579.3 million in near 

cash resources planned for research expenditure in 2013–14143). 

EPSRC and BBSRC are cofounding a $15.2 million Innovation and Knowledge Centre (IKC), to be 

called SynbiCITE, based at Imperial College London. The Centre was just announced in July 2013, and 

will receive initial grant funding of $7.6 million, with a further $7.6 million to be awarded over the 

coming two years.144  

For the time period 2009–2014, EPSRC committed $7.1 million in allocated-plus-delivered funds to 

Imperial College London’s (ICL’s) Centre for Synthetic Biology and Innovation (CSynBI).145 CSynBI 

was launched in April 2010 with approximately $6.8 million in initial EPSRC funding and brings together 

researchers at Imperial College London and societal and ethical researchers at King’s College London’s 

Department of Social Science, Health and Medicine. CSynBI is part of ICL’s Institute of Systems and 

Synthetic Biology, which focuses on core technologies (including proteomics, bioinformatics, genomics, 

mass spectrometry) in model organisms, plants, and humans.146 

                                                

 

 
142 Engineering and Physical Sciences Research Council website. www.epsrc.ac.uk/Pages/default.aspx (accessed 28 December 2013) 
143 Engineering and Physical Sciences Research Council. Delivery Plan: What’s Next? 
www.epsrc.ac.uk/about/plans/deliveryplan/Pages/next.aspx (accessed 28 December 2013). 
144 Engineering and Physical Sciences Research Council. New Innovation And Knowledge Centre To Drive UK’s Synthetic Biology 
Program. Press release. (11 July 2013) 
145 Engineering and Physical Sciences Research Council. Annex A: Major EPSRC Investments And Activities At The Interfaces. 
www.epsrc.ac.uk/funding/calls/2010/cdip/Pages/annex.aspx (accessed 28 December 2013) 
146 Imperial College London Institute of Systems and Synthetic Biology website. ww3.imperial.ac.uk/systemsbiology/ (accessed 28 
December 2013). 
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A joint call for proposals between EPSRC and the US National Science Foundation in 2009, titled New 

Directions in Synthetic Biology Details, dispensed approximately $9.1 million towards five US/UK-

institution collaborative research projects.147 (See Table below.) 

UK EPSRC and US NSF Co-Funded Research Projects 
New Directions in Synthetic Biology Details Call for Proposals 

Project Title UK Institution(s) US Institution(s) 
Synthetic integrons for continuous 
directed evolution of complex 
genetic ensembles 

University of Glasgow, John Innes 
Centre, Imperial College London, 
University of Leicester 

University of California–Berkeley, 
Northwestern University 

Synthetics aesthetics: connecting 
synthetic biology and creative design 

University of Edinburgh Stanford University 

Engineering genetically augmented 
polymers 

University of Bristol, University of 
Warwick 

University of Texas at Austin, 
Northwestern University 

Cyberplasm: An autonomous micro-
robot constructed using synthetic 
biology 

Newcastle University Northeastern University 

Programming the rhizosphere 
through highly integrated genetic, 
spatiotemporal control systems 

University of Cambridge, Newcastle 
University 

University of Illinois at Urbana-
Champaign, University of California–
San Diego 

*from EPSRC. Synthet ic Bio logy Sandpit :  Col laborat ion Between EPSCR and US NSF. 

 

In a 2007 initiative, BBSRC and EPSRC, joined by the Economic and Social Research Council, and the 

Arts and Humanities Research Council, co-funded seven UK-university-led research community 

networks for three-year projects towards communication and networking among synthetic biology 

researchers in biosciences, engineering, and physical sciences, with associated input from the social 

sciences and humanities. Networks include the Synthetic Biology Standards (SynBioStandards) network, 

the University of Bristol’s Synthetic Components Network, the University College of London’s Synbion 

network, the SynBioNT network (for modeling and programming cell-cell interactions), and the 

RoSBNet network (wiki). None of the networks is apparently still active.148 

                                                

 

 
147 Engineering and Physical Sciences Research Council. Synthetic Biology Sandpit: Collaboration Between EPSCR and US NSF. Press 
release. www.epsrc.ac.uk/newsevents/news/2009/Pages/syntheticbiologysandpit.aspx (10 December 2009) 
148 Despite the BBSRC website’s statement otherwise; as determined by lack of recent activity on websites, URL addresses given at 
BBSRC website; www.bbsrc.ac.uk/funding/opportunities/2007/synthetic-biology.aspx (accessed 12 December 2012) 
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Technology Strategy Board (TSB) 

The Technology Strategy Board (TSB),  a public body operating at arm’s length to the UK government, 

invested $9.9 million to encourage companies to explore new industrial applications for synthetic 

biology.149 The Board, which reports to the country’s Department for Business, Innovation, and Skills, 

operates in part by funding Knowledge Transfer Networks (KTNs) intended to encourage 

community-building and new opportunities within key research and technology sectors.150 Each KTN 

focuses on a single, national-scale network aiming to stimulate innovation among businesses, research 

organizations, universities, and technology organizations, while involving government, finance, and policy. 

TSB includes 15 KTNs, including a Biosciences group, which in turn encompasses the Synthetic Biology 

Special Interest Group (SynBioSIG). Synthetic biology was chosen by the Technology Strategy Board 

as an area of interest in its Emerging Technologies and Industries (ETI) Programme, which in 2011 

determined four areas of possible strategic impact for synthetic biology: bioenergy/biofuels, specialty 

chemicals, sensors and diagnostics, and medicine and healthcare. (Other sectors of possible synbio 

contribution such as agri-food were also acknowledged.)151 

SynBioSIG, which receives funding from the Technology Strategy Board, BBSRC, and EPSRC, is hosted 

and coordinated by the Biosciences Knowledge Transfer Network (KTN) in partnership with other 

relevant KTNs (HealthTech and Medicine; Nanotechnology; Electronics, Sensors and Photonics; 

Chemistry Innovation; Environmental Sustainability; Information & Communications Technologies).  

The Department for Business, Innovation, and Skills convened an independent expert panel to develop 

a roadmap for synthetic biology in the UK defining likely time frames and actions required “to establish 

a world-leading synthetic biology industry.” 152  Part of SynBioSIG’s activity is to implement the 

recommendations outlined in its landmark roadmap, published in 2012 and produced by an 
                                                

 

 
149 UK Department for Business Innovation and Skills. Government to Invest £20 Million in Synthetic Biology. Press release. 
http://news.bis.gov.uk/Press-Releases/Government-to-invest-20-million-in-synthetic-biology-682fa.aspx (9 November 2012) 
150 Technology Strategy Board. Knowledge Transfer Networks. www.innovateuk.org/en/-/knowledge-transfer-networks (accessed 28 
December 2013) 
151 SynBio SIG. Synthetic Biology Special Interest Group. https://connect.innovateuk.org/web/synthetic-biology-special-interest-
group/synbio-sig (accessed 28 December 2013) 

152 UK Synthetic Biology Roadmap Coordination Group, Technology Strategy Board. A Synthetic Biology Roadmap for the UK. 
http://connect.innovateuk.org/web/synthetic-biology-special-interest-group/roadmap-for-synthetic-biology (accessed 28 December 
2013) 
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independent expert panel (see figure on next page). The roadmap concluded five principal 

recommendations:153 

• Investment in a network of multidisciplinary centers to establish an “outstanding UK synthetic 

biology resource” 

• Building of a skilled, “energized” and well-funded UK-wide synbio community 

• Investment to accelerate technology responsibly to market 

• Assuming a leading international role, particularly with the US, China, and EU 

• Establishment of a leadership council to act as a focal point for developing synthetic biology in 

the UK 

In response to the roadmap, the Department for Business, Innovation, and Skills announced a 

commitment, in November 2012, of approximately $30.3 million to support synbio research at the 

Universities of Manchester, Warwick, Nottingham, Glasgow, and Exeter, and the John Innes Centre in 

Norwich.154,155 

                                                

 

 
153 UK Synthetic Biology Roadmap Coordination Group, Technology Strategy Board. A Synthetic Biology Roadmap for the UK. 
http://connect.innovateuk.org/web/synthetic-biology-special-interest-group/roadmap-for-synthetic-biology (accessed 28 December 
2013) 
154 UK Department for Business Innovation and Skills. Government to Invest £20 Million in Synthetic Biology. Press release. 
http://news.bis.gov.uk/Press-Releases/Government-to-invest-20-million-in-synthetic-biology-682fa.aspx (9 November 2012) 
155 Funding total may overlap other announcements by and regarding BBSRC, BIS, and EPSRC, within this section; given a lack of a 
central data repository for UK synbio funding initiatives, no comprehensive, cumulative listing of specific funding projects is easily 
obtained. 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 78 

 

 

 
20

12
 

S
ho

rt
 te

rm
 

20
15

 
20

15
 

M
ed

iu
m

 te
rm

 
20

20
 

20
20

 
Lo

ng
 te

rm
 

20
30

Sy
nt

he
tic

 B
io

lo
gy

 in
 th

e 
U

K:
 R

oa
dm

ap
 L

an
ds

ca
pe

S
oc

ia
l a

nd
 e

th
ic

al

Te
ch

no
lo

gi
ca

l

E
nv

iro
nm

en
ta

l

E
co

no
m

ic

Po
lit

ic
al

 &
 le

ga
l

C
on

su
m

er
s/

us
er

s

C
ha

nn
el

s 
to

 m
ar

ke
t

E
xi

st
in

g 
(b

ig
) i

nd
us

try

Te
ch

no
lo

gy
 c

os
/s

ta
rt-

up
s

S
ci

en
ce

 b
as

e

R
eg

ul
at

io
n 

&
 a

pp
ro

va
l

C
om

pe
tit

io
n

E
ne

rg
y

E
nv

iro
nm

en
t

Fo
od

 p
ro

ce
ss

in
g

H
ea

lth
 &

 m
ed

ic
in

e

M
at

er
ia

ls

M
an

uf
ac

tu
rin

g 
pr

oc
es

se
s

S
en

so
rs

IC
T

C
he

m
ic

al

E
na

bl
in

g

O
th

er

B
io

 p
ar

ts
, d

ev
ic

es
 &

 s
ys

te
m

s

D
es

ig
n 

m
et

ho
ds

 a
nd

 to
ol

s

S
yn

th
es

is
 te

ch
ni

qu
es

A
na

ly
si

s 
te

ch
ni

qu
es

U
nd

er
pi

nn
in

g 
(b

io
/c

he
m

/e
ng

)

C
om

pu
ta

tio
n,

 m
od

el
lin

g 
&

 d
at

a

D
em

on
st

ra
tio

n

R
is

k 
m

’g
m

t, 
sa

fe
ty

 &
 b

io
-s

ec
ur

ity

O
th

er

Pe
op

le
 &

 s
ki

lls

R
es

ea
rc

h

Fu
nd

in
g 

&
 in

ve
st

m
en

t

R
eg

ul
at

io
n,

 a
pp

ro
va

l &
 e

th
ic

s

P
ub

lic
 e

ng
ag

em
en

t &
 e

du
ca

tio
n

Fa
ci

lit
ie

s 
&

 in
fra

st
ru

ct
ur

e

S
up

pl
y 

ch
ai

n

N
et

w
or

ks
 &

 c
ol

la
bo

ra
tio

ns

EnablersTrends & drivers Value chain 
perspectives Values creation opportunities Capability/technology

A
ct

iv
e,

 d
ev

el
op

ed
, f

un
de

d 
S

B
 n

et
w

or
k

E
nc

ou
ra

ge
 in

du
st

ry
 / 

S
M

E
 / 

S
pi

n-
ou

t –
 a

ca
de

m
ic

 li
nk

s
C

ro
ss

 s
ec

to
r c

ol
la

bo
ra

tio
n 

(v
irt

ua
l 

cl
us

te
rs

/k
no

w
le

dg
e 

ce
nt

re
s)

O
pe

ra
tio

na
l s

up
pl

y 
ch

ai
n

In
ve

st
m

en
t i

n 
la

rg
e-

sc
al

e 
fa

ci
lit

ie
s

S
el

f-s
us

ta
in

in
g 

in
ve

ts
m

en
t f

ro
m

 in
du

st
ry

D
N

A
 s

yn
th

es
is

 in
fra

st
ru

ct
ur

e:
 p

ub
lic

 
se

ct
or

 o
r c

om
m

er
ci

al
B

ig
 in

du
st

ry
 ta

ke
-u

p 
at

 s
ca

le

E
st

ab
lis

h 
a 

U
K

 e
nt

re
pr

en
eu

ria
l c

ul
tu

re
G

ov
er

nm
en

t a
w

ar
en

es
s 

of
  

op
po

rtu
ni

tie
s 

an
d 

de
ve

lo
pm

en
t n

ee
ds

P
ub

lic
 e

ng
ag

em
en

t &
 e

du
ca

tio
n

U
nc

on
tro

ve
rs

ia
l v

is
ib

le
 e

ar
ly

 p
ro

du
ct

s

S
en

si
bl

e 
re

gu
la

to
ry

 fr
am

ew
or

k
IP

 fr
am

ew
or

k 
fo

r c
om

m
er

ci
al

is
at

io
n

In
te

rn
at

io
na

l S
ta

nd
ar

ds

S
pi

n-
ou

ts
 b

ac
ke

d 
by

 a
ng

el
s 

/ V
C

B
oo

st
 re

se
ar

ch
 in

ve
st

m
en

t
S

ee
d 

fu
nd

in
g

In
cr

ea
se

d 
fu

nd
in

g 
st

re
am

s 
fo

r c
om

m
er

ci
al

is
at

io
n

M
ul

tid
is

ci
pl

in
ar

y 
re

se
ar

ch
 &

 re
se

ar
ch

 
ce

nt
re

s
G

oo
d 

bi
of

or
m

at
ic

s 
ba

ck
ed

 u
p 

w
ith

 
bi

oc
he

m
is

try

S
tre

ng
ht

en
ed

 s
ki

lls
 b

as
e 

(in
cl

. 
ch

em
is

try
 &

 b
io

ch
em

is
try

)
In

te
rd

is
ci

pl
in

ar
y 

gr
ad

ua
te

 tr
ai

ni
ng

 &
 

ca
re

er
s

Th
e 

U
K

 a
s 

th
e 

be
st

 p
la

ce
 to

 c
ar

ry
 o

ut
 

R
&

D
 in

 S
B

A
cc

ep
ta

nc
e 

by
 p

ub
lic

 o
f S

B
 a

s 
th

e 
no

rm

Lo
w

-c
os

t, 
ac

ce
ss

ib
le

 R
&

D
 c

on
su

m
ab

le
s

R
ea

di
ly

 a
va

ila
bl

e 
sc

al
e-

up
 fa

ci
lit

ie
s

S
ca

le
-u

p/
sc

al
e-

ou
t p

ro
ce

ss
es

D
em

on
st

ra
tio

n 
fa

ci
lit

ie
s

B
io

se
cu

rit
y

M
ov

in
g 

in
to

 e
ur

ka
ry

ot
es

E
ng

in
ee

rin
g/

co
m

pu
ta

tio
na

l m
od

el
lin

g
B

io
in

fo
rm

at
ic

s

P
ro

te
om

ic
s

R
ep

os
ito

rie
s:

 b
io

-p
ar

ts
, 

da
ta

ba
se

s,
 c

on
st

ru
ct

io
n 

ru
le

s
M

et
ab

ol
ic

 m
od

el
s 

&
 p

at
hw

ay
s

S
ys

te
m

s 
bi

ol
og

y
Fu

lly
 in

te
gr

at
ed

 b
io

, c
he

m
,

en
gi

ne
er

in
g 

an
d 

ot
he

r a
pp

ro
ac

he
s

G
en

om
ic

s

D
N

A
 s

yn
th

es
is

 te
ch

ni
qu

es
S

eq
ue

nc
in

g
D

N
A

 s
yn

th
es

is
 te

ch
no

lo
gi

es
S

yn
th

et
ic

 g
en

om
es

A
na

ly
tic

al
 m

et
ho

ds
H

ig
h-

th
ro

ug
hp

ut
 s

cr
ee

ni
ng

Im
pr

ov
ed

 d
ec

on
vo

lu
te

d 
ce

llu
la

r c
on

tro
l s

ys
te

m
s

M
or

e,
 ta

rg
et

ed
, h

os
ts

/c
ha

ss
is

U
sa

bl
e 

da
ta

ba
se

s 
of

 in
fo

rm
at

io
n 

fo
r 

im
pr

ov
ed

 d
es

ig
n

N
ew

 c
ha

ss
is

 a
nd

 in
du

st
ria

l s
tra

in
s

H
ig

h 
va

lu
e 

ch
em

ic
al

s:
su

rfa
ct

an
ts

, fl
av

ou
rs

, c
os

m
et

ic
s,

 c
at

al
ys

ts

B
io

pa
rts

 &
 o

th
er

 e
na

bl
in

g 
to

ol
s

S
pe

ci
al

ity
 c

he
m

ic
al

s
B

ul
k 

ch
em

ic
al

s

B
io

-C
A

D
 / 

B
io

-p
ar

ts
 c

om
pa

ni
es

N
ov

el
 h

ig
h-

va
lu

e 
so

ftw
ar

e 
so

lu
tio

ns
 fo

r S
B

B
io

-s
en

so
rs

C
on

ve
rs

io
n 

of
 e

xi
st

in
g 

an
d 

ne
w

 
bi

om
as

s 
fe

ed
st

oc
ks

B
io

ca
ta

ly
st

s 
de

ve
lo

pe
d 

an
d 

in
 u

se
A

lg
al

/b
ac

te
ria

l/m
ic

ro
-o

rg
an

is
m

s 
– 

m
an

uf
ac

tu
rin

g 
pr

oc
es

se
s

H
ea

lth
ca

re
 &

 m
ed

ic
in

es
: d

ru
gs

, t
he

ra
pi

es
, v

ac
ci

ne
s

B
en

efi
ci

al
 n

ov
el

 c
ro

ps
 e

.g
. N

-fi
xi

ng
 c

er
ea

ls
 o

r p
er

en
ni

al
w

he
at

 g
ai

n 
ac

ce
pt

an
ce

W
as

te
 s

tre
am

 m
in

in
g

Pe
rs

on
al

is
ed

 m
ed

ic
in

es
 a

nd
 d

ru
gs

B
io

re
m

ed
ia

tio
n

W
at

er
 s

ec
ur

ity
: i

m
pr

ov
ed

 a
cc

es
s 

to
 c

le
an

 d
rin

ki
ng

 
w

at
er

, i
nc

lu
di

ng
 d

es
al

in
at

io
n

M
ic

ro
bi

al
 fu

el
 c

el
ls

/b
io

-h
yd

ro
ge

n
B

io
en

er
gy

/b
io

fu
el

s 
(e

ne
rg

y 
fro

m
 m

ic
ro

bi
al

 c
el

l f
ac

to
rie

s)

In
te

rn
at

io
na

l c
om

pe
tit

io
n

A
dd

ed
-v

al
ue

 o
f S

B
 a

pp
ro

ac
h 

In
cr

ea
si

ng
ly

 a
pp

ar
en

t
U

K
 s

xc
el

s 
in

 ta
rg

et
 

ap
pl

ic
at

io
ns

S
ta

bl
e 

re
gu

la
to

ry
 fr

am
ew

or
k

P
ub

lic
 F

un
di

ng

S
tre

ng
th

en
ed

 U
K

 s
ci

en
ce

 b
as

e 
de

ve
lo

pi
ng

 n
ew

 a
pp

lic
at

io
ns

U
K

 R
&

D
 re

co
gn

is
ed

 a
s 

le
ad

in
g 

ed
ge

In
no

va
tio

n 
w

ith
 a

ca
de

m
ia

In
cr

ea
si

ng
 n

um
be

rs
 o

f S
M

E
s 

&
 s

pi
n-

ou
ts

 d
riv

e 
in

no
va

tio
n

N
ee

d 
to

 a
ttr

ac
t i

nv
es

tm
en

t
S

uc
ce

ss
fu

l g
ro

w
th

 o
f S

M
E

s

A
do

pt
io

n 
&

 s
ca

le
-u

p 
by

 la
rg

e 
in

du
st

rie
s

R
ed

uc
ed

 d
ev

el
op

m
en

t t
im

e 
to

 m
ar

ke
t

C
ha

nn
el

s 
to

 m
ar

ke
t d

ev
el

op
ed

G
en

ui
ne

 m
ar

ke
t p

ul
l f

or
 p

ro
du

ct
 e

xi
st

s
In

cr
ea

se
d 

hi
gh

 v
al

ue
 a

pp
lic

at
io

ns
 in

 c
om

m
er

ci
al

 u
se

D
is

ru
pt

iv
e 

pr
od

uc
ts

 s
ta

rt 
to

 a
pp

ea
r

G
lo

ba
l a

do
pt

io
n 

of
 s

ta
nd

ar
ds

Fo
od

 s
ec

ur
ity

La
nd

 u
se

 d
ec

is
io

ns
 e

.g
. f

oo
d 

or
 fu

el
s

In
fo

rm
ed

 p
ol

ic
y 

fo
r S

B

O
il 

se
cu

rit
y,

 c
os

ts
 a

nd
 s

ca
rc

ity

A
dd

re
ss

in
g 

ne
w

 d
is

ea
se

 th
re

at
s 

to
 

hu
m

an
, a

ni
m

al
 a

nd
 p

la
nt

 h
ea

lth

In
cr

ea
si

ng
 p

ub
lic

 re
co

gn
iti

on
 o

f v
al

ue

N
ee

d 
to

 re
du

ce
 h

ea
lth

ca
re

 c
os

ts
M

at
er

ia
ls

 s
ec

ur
ity

, c
os

ts
 a

nd
 s

ca
rc

ity

C
lim

at
e 

ch
an

ge
/g

re
en

 te
ch

no
lo

gi
es

M
an

y 
di

sc
ip

lin
es

 c
om

bi
ni

ng
E

m
be

dd
in

g 
sy

nt
he

tic
 b

io
lo

gy
 in

 o
th

er
 

ar
ea

s 
of

 b
io

sc
ie

nc
e

E
th

ic
al

 fr
am

ew
or

k 
fo

r S
B

 e
st

ab
lis

he
d

S
at

is
fy

in
g 

pu
bl

ic
 c

on
ce

rn
s

Te
ch

no
lo

gy
 a

nd
 IC

T 
ca

pa
bi

lit
y 

gr
ow

s

U
K 

Sy
nt

he
tic

 B
io

lo
gy

 R
oa

dm
ap

 C
oo

rd
ina

tio
n 

G
ro

up
. A

 S
yn

th
et

ic
 B

io
lo

gy
 R

oa
dm

ap
 fo

r t
he

 U
K.

 (2
01

2)
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 79 

Joint Synthetic Biology Initiative (JSBI) 

The Joint Synthetic Biology Initiative (JSBI) was a 2011 initiative co-funded by BBSRC, EPSRC, Medical 

Research Council, and Defence Science and Technology Laboratory;156 JSBI funded 14 projects with a 

collective total of $2.6 million towards its aim of funding “proof-of-concept and/or preliminary 

speculative scientific investigations” to explore synthetic biology’s potential to meeting national security 

and defense needs for the UK.157 

The call for proposals that dispensed the $2.6 million in funds identified possible project aims to include 

(nonexclusively): 

• Underpinnings for novel sensors, detectors, and diagnostic approaches, including in-field devices 

• Development of new materials and methods for decontamination and trauma care 

• Smart materials and coatings, especially to reduce weight of military equipment 

• Improvements to bioprocess or metabolic engineering for the production of biologics or small 

molecules to be used in such technologies as above 

The initiative is one of the few in the last decade within Europe of publicly announced support of 

synthetic biology research for defense applications. 

 

                                                

 

 
156 Biotechnology and Biological Sciences Research Council, Defence Science and Technology Laboratory, Engineering and Physical 
Sciences Research Council, Medical Research Council. Joint Synthetic Biology Initiative, Call for Proposals. 
www.bbsrc.ac.uk/web/FILES/Guidelines/rc-dstl-synbio-call.pdf (accessed 28 December 2013) 
157 Biotechnology and Biological Sciences Research Council. Joint Synthetic Biology Initiative. 
www.bbsrc.ac.uk/funding/opportunities/2011/joint-synthetic-biology.aspx (accessed 28 December 2013) 
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5.4. Germany 

After the United Kingdom, Germany has the most number of entities (company, university, research 

institution, government lab, hybrid research/policy center, or community lab space) involved in synthetic 

biology in Europe.158 

Public funding of life sciences in Germany is supported by at least two major national organizations: the 

German Research Foundation (Deutsche Forschungsgemeinschaft; DFG) and the Federal Ministry for 

Education and Research (Bundesministerium für Bildung und Forschung; BMBF). Neither has to date 

overtly deemed synthetic biology a specific funding priority, although BMBF does participate at the 

European-level in ERASynBio.159 

Through early January 2010, DFG had not funded any research expressly citing “synthetic biology” 

although numerous projects were synbio-relevant; 160  however, DFG did fund the University of 

Freiburg’s Centre for Biological Signalling Studies (“bioss”; approximately one-fifth of whose activities 

are associated with synthetic biology) at $44.9 million for 2007–2012.161 

As of 2010, the BMBF had not clearly funded any specifically synthetic biology-focused projects,162 

excepting research on social, ethical, and legal implications (including projects with University of 

Freiberg, Erlangen-Nuremberg, Karlsruhe Institute of Technology with Hannover Medical School, and 

University of Bremen, the latter dubbed SynBioTA, “Innovation and Technology Analysis of Synthetic 

Biology).163 

                                                

 

 
158 Synthetic Biology Project. Tracking Synthetic Biology in Europe. Woodrow Wilson International Center for Scholars. (2013) 
159 Biotechnology.de: The Information Portal. Synthetic Biology: Of Bioengineers and Cell Factories. 
www.biotechnologie.de/BIO/Navigation/EN/Service/search,did=166432.html (accessed 28 December 2013) 
160 Pei L., Gaisser S., and Schmidt M. Synthetic biology in the view of European public funding organisations. Public Understanding of 
Science 21, 149-162. DOI: 10.1177/0963662510393624 (16 February 2011) 
161 Pei L., Gaisser S., and Schmidt M. Synthetic biology in the view of European public funding organisations. Public Understanding of 
Science 21, 149-162. DOI: 10.1177/0963662510393624 (16 February 2011) 
162 Pei L., Gaisser S., and Schmidt M. Synthetic biology in the view of European public funding organisations. Public Understanding of 
Science 21, 149-162. DOI: 10.1177/0963662510393624 (16 February 2011) 
163 Biotechnology.de: The Information Portal. Synthetic Biology: Of Bioengineers and Cell Factories. 
www.biotechnologie.de/BIO/Navigation/EN/Service/search,did=166432.html (accessed 28 December 2013) 
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The German state of Hessen earmarked approximately $29 million to establish the ongoing initiative, 

the LOESE Center for Synthetic Microbiology (SYNMIKRO),  a collaboration between the University 

of Marburg and the Max Planck Institute for terrestrial microbiology that received the state’s highest 

research funding at the time.164 SYNMIKRO’s goal is to develop quantitative functional knowledge of 

microbial cells towards the design and synthesis of new organisms.165 The program remains active, 

including in education support within the Center and for iGEM competitions. 

The Helmholtz Association, Germany’s largest scientific organization (over 36,000 employees), 

includes 18 sci-tech and biomed research centers, with an annual budget of $5.24 billion. The 

Association conducts research to “identify and explore major challenges facing society, science, and the 

economy,”166 with six research structures: Energy; Earth and Environment; Health; Key Technologies; 

Structure of Matter; and Aeronautics, Space and Transport.  

In September 2012, the Association formally acknowledged synthetic biology as an area of focus. The 

Helmholtz Synthetic Biology initiative will receive funding of $4.2 million from the Helmholtz 

Association’s Initiative and Networking Fund; participating institutions are to provide same-in-kind 

amounts.167 A start-up phase through 2014 aims to establish “sustainable research structures” that will 

then be included in program-oriented funding. The Helmholtz Synthetic Biology Initiative will fund the 

first national research network in this area, with Helmholtz Centre researchers (Karlsruhe, Jülich, Munich, 

Braunschweig) collaborating with researchers at Heidelberg and Freiburg Universities.  

Research projects are to include social and ethical foci, and the initiative also intends to establish a 

Helmholtz Repository of BioParts (dubbed HeRBi). 

                                                

 

 
164 as reported in translation in Pei L., Gaisser S., and Schmidt M. Synthetic biology in the view of European public funding 
organisations. Public Understanding of Science 21, 149-162. DOI: 10.1177/0963662510393624 (16 February 2011) 

165 SYNMIKRO. www.synmikro.com/en/homeen/synmikro-in-brief.html (accessed 28 December 2013) 
166 Helmholtz Association. www.helmholtz.de/en/about_us/ (accessed 28 December 2013) 

167 Helmholtz Association. www.helmholtz.de/en/about_us/ (accessed 28 December 2013) 
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In 2009, three of the country’s leading science organizations—the DFG, Acatech (German Academy of 

Science and Engineering), and Leopoldina (National Academy of Sciences)—released a joint 

report168,169,170 arguing for synthetic biology’s potential while acknowledging inherent risks. 

The report argues that Germany’s strength in microbiology and in its chemical and engineering 

industries could be strong bases for a national interdisciplinary science and calls for the creation of 

national center, to host a registry of all newly synthesized DNA parts and to conduct safety 

assessments of sequences.171 

The authoring organizations predicted that their focus in synthetic biology would be on basic research 

for the foreseeable future, and identified five goal activities:172 

• Strengthening basic research 

• Coalescing relevant research and education disciplines 

• Developing a patenting process 

• Preventing misuse and eliminating threats 

• Monitoring research by means of technology assessment 

 
A multidisciplinary approach starting from early student education is called for. The paper also assessed 

the country’s current oversight measures for biosafety and biosecurity as sufficient for the stage at 

which synthetic biology is currently practiced within Germany and recommended that safety issues be 

more deeply explored by Germany’s Central Commission for Biological Safety,173 an advisory body 

                                                

 

 
168 German Research Foundation, Leopoldina, and German Academy of Science and Engineering. Synthetic Biology Statement. 2009 
(in German). www.dfg.de/aktuelles_presse/reden_stellungnahmen/2009/synthetische_biologie.html (accessed 28 December 2013) 

169 Abbott, A. Germany outlines synthetic biology strategy. Nature. doi:10.1038/news.2009.723 (2009) 

170 German Research Foundation (Deutche Forschungsgemeinschaft). Synthetic Biology: Opportunities and Risks. Press release.(27 July 
2009)  

171 Abbott, A. Germany outlines synthetic biology strategy. Nature. doi:10.1038/news.2009.723 (2009) 
172 German Research Foundation (Deutche Forschungsgemeinschaft). Synthetic Biology: Opportunities and Risks. Press release. (27 
July 2009) 
173 German Research Foundation (Deutche Forschungsgemeinschaft). Synthetic Biology: Opportunities and Risks. Press release.(27 July 
2009) 
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within the country’s Ministry of Health that is a functional counterpart to the United States’ 

Recombinant DNA Advisory Committee (RAC) and other similar national organizations.174 

 

5.5. Finland 

For over a decade, Finland has been aggressive in advancing its technology industries, with the Finnish 

government committed to R&D: data (albeit from 2002) indicated the country spent 3.4% of its GDP 

on R&D ($3.4 billion), ranking it second-highest, after Sweden, of any country worldwide.175  

Much of Finland’s bioscience activity is supported through Tekes, its National Technology Agency 

operating under Finland’s Ministry of Trade and Industry. Tekes has claimed a full 30% of Finland’s 

annual public expenditure, or $340 million, approximately one third of which is allocated to bioscience 

research.176 

The Academy of Finland, another government funding body and part of ERASynBio, dispenses $428 

million in research funds annually,177 including a Synthetic Biology Research Programme (FinSynBio) 

launched in June 2013.178 

The FinSynBio program includes 11 projects competitively awarded a share of the Academy of Finland’s 

$12.42 million call for proposals announced in a January 2013. Awarded projects include: 

• Synthetic controllability of biological networks through understanding and engineering their 

control elements 

• Design and engineering of synthetic hybrid photo-electro organisms (microbial electrosynthesis) 
                                                

 

 
174 BiotechTerms.org. http://biotechterms.org/sourcebook/savetermretrieve.php3?ZKBS%(Central%Committee%on% 
Biological%Safety) (accessed 28 December 2013) 

175 Lähteenmäki, R. Finnish biotechnology—Built on solid foundations. Nat. Biotechnol. 437–440 (2002). 
176 Lähteenmäki, R. Finnish biotechnology—Built on solid foundations. Nat. Biotechnol. 437–440 (2002). 

177 Academy of Finland website. www.aka.fi/en-GB/A/Academy-of-Finland/ (accessed 10 December 2013); conversion rate of €1 
to $1.38 applied. 

178 Academy of Finland. Synthetic biology research programme involves a wide range of projects. Press release (5 June 2013)  
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• Focused proteomic analysis of cell factories (methodology for quantifying the functional 

proteome of the chassis plus added parts) 

• Synthetic genetic circuits for programming the structure of material 

• Bioactive protein synthesis in vitro with a cell-free platform 

• Fabricating bacterial biofilms via artificial nano(bio)components 

• Biological knowledge through modeling and engineering: Epistemological and social aspects of 

synthetic biology 

• Prokaryotic virus as a tool for synthetic biology (ultimately to develop synthetic bacterial cells) 

• Second-generation E. coli strains for protein production involving disulphide bonds or N-

glycosylation 

• Control of in vivo polymerization by synthetic biology  

• Synthetic biology and ethics 

 

VTT Technical Research Centre of Finland (www.vtt.fi) is a member of the Synberc Industrial Advisory 

Board. 

 

5.6. China 

While China’s economic policies have been nationalistic, the country’s acknowledgment of critical needs 

for its population may be encouraging a more cooperative approach that will open opportunities for 

synthetic biology within the country and with other nations. China’s burgeoning population of 1.3 billion 

represents one-fifth of the entire global population. Given urgent needs in health, nutrition, and 

resources management, the Chinese government is motivated to advance synthetic biology research 

progress to real-world applications, and the country has drafted a strategic roadmap outlining 

opportunities for synthetic biology over the next 5, 10, and 20 years. The roadmap suggests goals for 

comprehensive databases for synthetic parts, as well as time frames both for commercial application of 
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engineered parts and for clinical application of devices and systems179 (see Table below). According to 

the Chinese Academy of Sciences, the goal is that synbio research in China will be “among the best in 

the world in 5 to 10 years.”180 

Strategic Targets for Synthetic Biology in China 
Five (5) Years 
• Database of standardized parts and computational competency for designing parts and devices 
• Module design and production of chemicals and biomaterials 
• Validated design of devices to increase plant tolerance of drought and salinity 
Ten (10) Years 
• Expanded database of standardized parts and devices and computational competency for design of bio-systems 
• Commercial production of selected chemicals and biomaterials 
• Validated design of synthetic devices for nitrogen fixation 
Twenty (20) Years 
• Integrated platforms for design, modeling, and validation of biosystems 
• Commercial production of a range of natural compounds, drugs, chemicals, and biofuels 
• Clinical application of devices and bio-systems for detecting, controlling, or treating major diseases 
• Creation of artificial microbial life 
Source: Chinese Academy of Sciences. Science & Technology in China: A Roadmap to 2050: Strategic General Report of the Chinese 
Academy of Sciences. 2009, cited in Joyce, S., Mazza, A.M., Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st 
Century: Summary Report of a Six Academies Symposium Series. Washington, DC. (2013) 
 

China is demonstrating its commitment to R&D overall: 
• the country intends to increase its R&D spending from1.5% of its GDP to 2.5% in 2020181 
• four of the top 25 institutes globally publishing biotech-related research papers are situated in 

China (which by 2011 had published more than even the US, though with few citations)182 
• China now contributes 10% of all papers published globally in synthetic biology183 
• the country claims over 100 life science parks and incubators184—and state-owned enterprises 

account for approximately 55.8 million employees185 
                                                

 

 
179 Joyce, S., Mazza, A.M., and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
180Chinese Academy of Sciences. Science & Technology in China: A Roadmap to 2050: Strategic General Report of the Chinese 
Academy of Sciences. 2009, cited in Joyce, S., Mazza, A.M., Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st 
Century: Summary Report of a Six Academies Symposium Series. Washington, DC. (2013) 
181China calling. Nat. Biotechnol (editorial). 29. (7 February 2011) 
182 China calling. Nat. Biotechnol (editorial). 29. (7 February 2011) 
183 Joyce, S., Mazza AM, and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
184 China calling. Nat. Biotechnol (editorial). 29. (7 February 2011) 
185 China calling. Nat. Biotechnol (editorial). 29. (7 February 2011) 
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• BGI has become a global force in genomics, with over 1,500 bioinformatics specialists and 
supercomputers with a combined capacity of 25 teraflops186 

Several organizations directly support research in synthetic biology,187 including the Chinese Academy 

of Science (CAS, the science policy advisor to the government), Chinese Academy of Engineering, 

national and local offices of the China Academy of Machinery Science and Technology, and medical 

universities.188 

China’s growth activity in synthetic biology research is described by its publication record: a rise from 

tenth to fourth in number of published synthetic biology citations in one global literature data search,189 

a total contribution of 10% of annual papers published globally in synthetic biology,190 a second-place 

ranking (2008) for publications and fifth place in granted patents.191 

Funding for synthetic biology research comes from many sources, including the National Natural 

Science Foundation of China, state-level laboratories, and the CAS Knowledge Innovation Program. 

Total research expenditures by the country amount to approximately about $100 billion, with but 

$32.5 million allocated specifically for synthetic biology.192 Current funding for synbio R&D is mainly 

through the country’s “Project 873” and “Project 973” or through the National Science Foundation of 

China.193 Unlike in the US, much of the research financing is state-controlled versus through private 

funding: the country’s central party holds powerful sway over research directions, and with large 

                                                

 

 
186 China calling. Nat. Biotechnol (editorial). 29. (7 February 2011) 
187 Joyce, S., Mazza AM, and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
188 According to Xian-en Zhang, Director General for Basic Research in China’s Ministry of Science and Technology, cited in Joyce, 
S., Mazza, A.M., and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a Six 
Academies Symposium Series. Washington, DC. (2013) 
189Oldham, P., Hall, S., and Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012) 
190 According to Xian-en Zhang, Director General for Basic Research in China’s Ministry of Science and Technology, cited in Joyce, 
S., Mazza, A.M., and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a Six 
Academies Symposium Series. Washington, DC. (2013) 
191 OECD and WIPO statistic data, as cited in Pei, L., Schmidt, M., and Wei, W. Synthetic biology: An emerging research field in 
China. Biotechnol. Adv. 29, 804–14 (2011) 
192 Joyce, S., Mazza, A.M., and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
193 Pei L, Schmidt M, Wei W. Synthetic biology: An emerging field in China. Biotechnol Adv 29, 804-814 (November 2011) 
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budgets at its disposal ($125 billion for medical reform alone in its 2009 stimulus bill194), issues five-year 

priority focuses in R&D areas deemed of national urgency.195 Subsidies, tax holidays, and other state 

and regional government support encourages domestic start-ups, including National Program 683, 

which awards grants to sci-tech projects of commercial importance.196 

Overall, the country’s progress may be hampered by immature expertise in its clinical trial infrastructure 

for new drug development and by the country’s focus on its domestic bioindustry. The Chinese 

government has apparently begun to realize the importance of expanding beyond the latter: its 12th 

Five-Year Program (announced 2010) formally recognizes the need for openness and international 

collaboration. 197  Recently and specifically addressing synthetic biology, the Chinese Academy of 

Sciences, and the UK’s Biotechnology and Biosciences Research Council and Engineering and Physical 

Sciences Research Council, established a Synthetic Biology China Partnering Award program, addressing 

four research aims: 

• Development of tools and strategies for synthetic biology 

• Use of synthetic biology to produce high-value chemicals and products 

• Use of synthetic biology to produce biofuels and bulk chemicals 

• Use of synthetic biology for pollution control and bioremediation 

 

The program funded five projects up to $40,000 each,198 collectively totaling $188,000 from BBSRC 

and EPSRC (jointly), with the Chinese Academy of Science providing an additional $188,000 in 

                                                

 

 
194 Joyce, S., Mazza, A.M., and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
195 Joyce, S., Mazza AM, and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
196 Joyce, S.., Mazza, A.M., Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a Six 
Academies Symposium Series. Washington, DC. (2013) 
197 Joyce, S., Mazza, A.M., and Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a 
Six Academies Symposium Series. Washington, DC. (2013) 
198Biotechnology and Biological Sciences Research Council. Synthetic Biology China Partnering Award. 
www.bbsrc.ac.uk/funding/opportunities/2013/synthetic-biology-china-partnering-award.aspx (accessed 28 December 2013) 
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matching funds,199 for up to four years, with the aim of developing fruitful industrial relationships 

between the UK and Chinese economies. (See Table below.) 

Synthetic Biology China Partnering Awards Announced in 2013 
By Chinese Academy of Sciences and UK’s BBSRC and EPSRC* 
Project UK Institution(s) China Institution(s)/Entities 

Design of bacteria to produce low-
carbon fuels and chemicals from 
industrial waste gas 

BBSRC Sustainable Energy Centre Key Laboratory of Synthetic Biology 
at Shanghai Institute for Biological 
Sciences; additional $9K total from 
industrial partners Lanzatech and 
BaoSteel 

Synthetic biology and metagenomics 
to devise new enzymes and pathways 
for biomass breakdown 

University College London Shanghai Institute for Biological 
Sciences 

Synthetic biology approaches to high-
value fine chemicals 

University of Manchester Chinese Academy of Sciences 
Institute of Microbiology 

Lipid droplets as tools for synthetic 
biology and test of Rhodococcus 
opacus enzymes to degrade plant 
materials 

University of Edinburgh Chinese Academy of Sciences 
Institute of Biophysics  

Source: Biotechnology and Biological Sciences Research Council, Engineering and Physical Sciences Research Council & Chinese 
Academy of Sciences. New partnerships to forge synthetic biology links between UK and China. (2013) 
 

As in the US, the need for sustainable energy and chemicals, and bioremediation (resources 

management), are key drivers for synthetic biology in China, particularly with burgeoning population 

growth and aggressive industrialization. While China produced only 340 million gallons of biofuel in 

2005, the Chinese Academy of Sciences Innovation 2050: Technology Renovation and the Future of China 

strategy calls for 30% of the nations fuel to be biomass-derived.200 Synthetic biology and related 

approaches are being harnessed at various institutes (see Table above, and discussion herein). 

                                                

 

 
199 Biotechnology and Biological Sciences Research Council, Engineering and Physical Sciences Research Council, and Chinese 
Academy of Science. New partnerships to forge synthetic biology links between UK and China. Press release. (2013) 
www.bbsrc.ac.uk/news/people-skills-training/2013/131015-pr-partnerships-forge-synbio-links-uk-china.aspx (accessed 12 December 
2013) 
200 Wang M. Energy and greenhouse gas emissions impacts of fuel ethanol. NCGA Renewable Fuels Forum. (2005), cited in in Pei, 
L., Schmidt, M., and Wei, W. Synthetic biology: An emerging research field in China. Biotechnol. Adv. 29, 804–14 (2011) 
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One of China’s primary national research institutes, the Qingdao Institute of Bioenergy and Bioprocess 

Technology, in Qingdao, Shangdong, was cofounded in 2006 by the Chinese Academy of Sciences, the 

provincial government of Shandong, and the municipal government of Qingdao, with start-up funding of 

$46 million. The Institute’s focus is on R&D of biofuels and associated biological processes, specifically 

catalysis and conversion (metabolic engineering, enzyme engineering, biological function circuits design), 

including in algae. 

The Key Laboratory of Synthetic Biology, established by the Chinese Academy of Sciences in 2008, is 

designing biological parts for biomaterials and bioenergy production, and has been focusing on butanol. 

Other institute research projects are focusing on the important chemical polymer, 

polyhydroxyalkanoate, and various biosensors for bioremediation. 

 

5.7. International Collaboration 

As noted above, there are some examples of international collaboration as part of research strategies 

and funding activities. However, considering the potential for global impact that synthetic biology offers, 

this collaboration has not been appropriately extensive or inclusive. A project funded primarily by the 

Alfred P. Sloan Foundation in 2010 and 2011 aimed to address that shortcoming. The Six Party 

Symposia on Synthetic Biology (“Six Academies Series”) brought together representatives from and 

guests of the United Kingdom’s Royal Society (RS) and Royal Academy of Engineering (RAE), the 

United States’ National Academy of Sciences (NAS) and National Academy of Engineering (NAE), and 

the Chinese Academy of Science (CAS) and Chinese Academy of Engineering (CAE), along with the 

Organisation for Economic Co-operation and Development (OECD). Over the course of three 

symposia in London, Shanghai, and Washington, over 500 participants discussed scientific, technical, and 

policy issues related to synbio. 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 90 

These were not intended to be joint policy or regulatory meetings, but rather an opportunity for 

perspectives to be shared and relationships built that could support future collaborative efforts. As the 

Six Academies Series report states: 

Importantly, synthetic biology is an area of science and engineering that raises technical, 
ethical, regulatory, security, biosafety, intellectual property, and other issues that will be 
resolved differently in different parts of the world. Inevitably, this will affect how the field 
develops within nations and internationally…. 

Only with an international exchange of ideas on scientific and technical challenges—as well 
as policy, regulatory, and legal challenges that arise around emerging scientific fields—will it 
be possible for the global network of scientists, engineers, and policymakers to develop 
mechanisms that encourage continued advances in emerging fields while increasing 
awareness of—and proactively addressing— challenges that may arise.201 

 

                                                

 

 
201 National Research Council. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a Six 
Academies Symposium Series. (2013) 
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6. REGULATORY LANDSCAPE 

6.1. Introduction 

In theory, the potential applications for synthetic biology are bounded only by time and imagination. As 

this revolutionary technology expands, broad arrays of concerns also arise. Commercial monopolies on 

the patenting of life, environmental contamination by modified biological organisms, the globalization of 

practices that destroy indigenous ways of life, the malicious use of biology for weapons or unethical 

manipulation are potential challenges that are enabled by, but also solved by, synthetic biology. Novel 

problems arise and are solved by novel solutions. While synthetic biology is in its infancy, it is 

imperative that proper regulatory bodies are established internationally and controls put in place to 

restrict access to dual-use DNA sequences. We must better understand the nature of organisms, how 

they evolve, and how they interact with their environment, to avoid introducing organisms that become 

detrimental pollutants. 

 

Overview of the Issues 

Concerns can be heated and varied among different stakeholder groups. Religious opinions are divided 

or still being formed.202 International agreements are difficult to reach, and those that are reached are 

sometimes criticized for not being comprehensive. Governments differ in domestic approaches, which 

may render compliance processes difficult and expensive to manage. The US government has a 

fragmented regulatory structure, and there have been several cases of synthetic biology-enabled 

organisms being made available to the public with almost no oversight. Civic groups have numerous 

concerns both about the nature of the technology and the lack of comprehensive regulatory practices. 

Meanwhile, scientists have been at the forefront of developing and recommending solutions to 

problems and potential challenges arising as the field evolves. 
                                                

 

 

202 Heavey, P. The place of God in synthetic biology: How will the Catholic Church respond? Bioethics 27, 36–47 (2013) 
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According to the International Risk Governance Council (IRGC), there are seven generalizable 

concerns about synthetic biology derived from civic watchdog groups, industry experts, lawyers, 

ethicists, and government organizations:203  

1. Insufficient basic knowledge about the potential risks posed by designed and synthetic 

organisms: For example, a recent EU report has raised questions about our ability to assess the 

safety of organisms that combine genetic elements from multiple sources, that contain genes 

and proteins that have never existed together in a biological organism, or that incorporate 

biological functions that do not exist in nature.204 

2. Uncontrolled release of novel genetically modified organisms with potential environmental 

or human health implications, either arising from accidental release into the environment or 

from applications entailing deliberate release (for example, bioremediation and some varieties 

of living therapeutics):205 Are existing biosafety measures adequate? Who is responsible for 

ascertaining and quantifying risks and for implementing any cleanup measures that might need 

to be undertaken? 

3. Bioterrorism, biological warfare, and the construction of novel organisms designed to be 

hostile to human interests: Genetic manipulation of organisms can be used, or can result by 

chance, in potentially dangerous modifications for human health or the environment. 

Bioterrorists might, for example, create new pathogenic strains or organisms resistant to 

existing defenses. It has even been suggested that pathogens might be engineered to attack 

only a particular genetic subset of a population.206 It is by no means clear that such abuses 

could be entirely eliminated, any more than they could be for other “dual-use” technologies. 

4. Aside from the risk of abuses coordinated by governments or organized groups, there are 

concerns about the emergence of a “bio-hacker” culture in which lone individuals develop 

dangerous organisms much as computer hackers currently create computer viruses. The basic 
                                                

 

 
203 International Risk Governance Council. Guidelines for the Appropriate Risk Governance of Synthetic Biology. (2010) 

204 European Commission. Ethics of Synthetic Biology, Opinion of the European Group on Ethics in Science and New Technologies to the 
European Commission. (2009) 
205 Friends of the Earth. Synthetic Solutions to the Climate Crisis: The Dangers of Synthetic Biology for Biofuels Production. (2010) 

206 Garfinkel, M.S., Endy, D., Epstein, G.L. and Friedman, R.M. Synthetic Genomics: Options for Governance. J. Craig Venter Institute. 
(2007) 
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technologies for systematic genetic modification of organisms are widely available and are 

becoming cheaper, although it is as yet easy to underestimate the degree of technical 

proficiency, experience and resources needed to make effective use of them. Many researchers 

in the field anticipate that the real harms that might be inflicted by such “hacker” activities are 

likely small, but they nonetheless warrant careful consideration, and it is hard to see how they 

might be prevented—the question is more about law enforcement than scientific protocol. 

One suggestion is to aim to remove the “glamour” which, by analogy with computer viruses, 

might become attached to bio-hacking. 

5. Patenting of genetic material and the creation of monopolies controlling these resources, 

inhibiting basic research and restricting product development to large companies. 

6. Trade and global justice, for example, exploitation of indigenous resources by enabling 

chemical synthesis of valuable products in industrial countries (e.g., artemisinin production for 

malaria treatment), or distorting land-use agendas for genetically engineered biomass.207 

7. Claims that synthetic biology is involved in creating artificial life, and related philosophical 

and religious concerns: The accusation of “playing God” has already been leveled at synthetic 

biology in the wake of the first organism with a synthetic genome.208 As with reproductive 

technologies and stem-cell research, the lack of a shared conceptual framework makes it hard 

to debate this issue among the various interested parties: the science may have outstripped our 

ethical points of reference. 

 

Despite common public perceptions of scientific indifference, it is synbio scientists who have been at 

the vanguard of developing, promoting, and moderating safe and ethical applications of these new 

scientific developments. Synberc has been a leader in advocating for public safety, but must continue to 

do so while recognizing the specific concerns of all stakeholder groups. Given the full breadth of yet 

unimagined possibilities that synthetic biology may realize, once foundational tools have been sufficiently 

developed, even more far-fetched concerns must be addressed by any organization advancing synthetic 

biology. 

                                                

 

 
207 Friends of the Earth. Synthetic Solutions to the Climate Crisis: The Dangers of Synthetic Biology for Biofuels Production. (2010) 
208 Gibson, D.G. et al. Creation of a bacterial cell controlled by a chemically synthesized genome. Science 329, 52–6 (2010) 
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Regulatory approaches must have both a top-down aspect and a bottom-up aspect. Top-down 

regulation is inherently panoptic: centralized, international oversight sets standards for proper laboratory 

use and environmental safety standards, establishes weapons non-proliferation practices, and furthers 

humanitarian research. Bottom-up approaches involve engineering biological safeguards into organisms, 

screening and tracking orders for DNA sequences, and developing truly safe and ethical practices in the 

laboratory. 

 

International Approaches to These Issues 

“There are two ways of dealing with dangerous technologies…One is to keep the technology secret. The 

other one is to do it faster and better than everyone else.”209  

Several international approaches to biological weapons have emerged, such as The Convention on the 

Prohibition of the Development, Production and Stockpiling of Bacteriological (Biological) and Toxin 

Weapons and on their Destruction (commonly known as the Biological Weapons Convention), which 

formed “the first multilateral disarmament treaty banning the development, production and stockpiling 

of an entire category of weapons of mass destruction.”210 However, critics are quick to note that 

international agreements’ “slow consensual nature is not well suited to addressing unconventional risks 

posed by non-state actors.”211 Other attempts at international criminalization of bioweapons include 

UN Security Council declarations, and the 2001 USA PATRIOT Act and the 2002 Public Health 

Security and Bioterrorism Preparedness and Response Act passed by the United States.  

Other international agreements have formed such as the Convention on Biological Diversity, Cartagena 

Protocol on Biosafety and the subsequent Nagoya Protocol, and the World Health Organization’s 

Biosafety Standards Manual (discussed in further detail in Section 6.2 below).212 

                                                

 

 
209 Tom Knight. New Scientist (2006) 
210 United Nations Office for Disarmament Affairs. Biological Weapons Convention 
211 Organisation for Economic Co-operation and Development. The Bioeconomy to 2030: Designing a Policy Agenda. (2010) 
212 World Health Organization. Laboratory Biosafety Manual, 3rd ed. Geneva, Switzerland. (2004) 
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Ultimately, countries will need to come together to develop a comprehensive strategy that provides 

security while simultaneously allowing legitimate life sciences research to develop. To date, different 

countries have taken different approaches, none of which is comprehensive. As the OECD report 

notes, “The European Union’s de facto moratorium on the commercial production of GM crops 

appears to have hampered GM research in Europe. In health, the future of regulation is not clear, with 

economic pressures and technical opportunities pushing the system in different directions.”213 

Disadvantages of the current regulatory structures include cost and time. Current regulations require 

environmental and health safety studies that cost $0.5–15 million per variety.214 These costs vary by 

nation and reduce the economic viability of using synthetic biology to develop improved small-market 

crops. The cost of meeting safety regulations will need to be reduced for small-market crops to be 

brought to market. Such reductions could be achieved through international agreement on safety 

research standards, so that research conducted in one country would be acceptable in another country. 

Ultimately, regulations in the international environment must be rationalized in order to reduce barriers 

to research and industry. 

There have been several proposals for an international agency that can provide comprehensive 

oversight of issues relating to synthetic biology. The United Nations Interregional Crime and Justice 

Research Institute has proposed an International Observatory that “will bring together experts from 

different stakeholder groups—including science and security communities, international organizations…, 

industry, civil society and government—to work in a concerted manner to minimize the potential 

misuse of biotechnological advances, while simultaneously ensuring that these efforts do not hinder 

legitimate and beneficial research. The Observatory will involve relevant partners from different regions 

of the world and will facilitate the implementation of activities in line with its strategic objectives.”215 

The rhetoric of “most good and least harm” seems to be the mentality among most relevant parties. 

There are few voices that call out for a ban on synthetic biology, and few voices that call for 

                                                

 

 
213 Organisation for Economic Co-operation and Development. The Bioeconomy to 2030: Designing a Policy Agenda. (2009) 
214 Organisation for Economic Co-operation and Development. The Bioeconomy to 2030: Designing a Policy Agenda. (2009) 
215 United Nations Interregional Crime and Justice Research Institute. International Biotechnology Risk Observatory. (2013). 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 96 

unhindered exploration. Establishing a comprehensive international organization is being actively 

discussed among stakeholder groups and regulatory bodies as a possible solution. 

 

Civic Groups and Their Proposals 

Civic groups are generally in favor of much stricter regulation than currently exist. Both domestically 

and internationally, these groups are the most risk-averse, and will therefore be most inclined to be 

adversarial in public relations campaigns. However, they remain important actors in conversation about 

regulation. The International Civil Society Working Group on Synthetic Biology issued a report on the 

conservation and sustainable use of biodiversity and the fair and equitable sharing of benefits arising 

from the utilization of genetic resources. This report was compiled by leading civic groups including: 

Action Group on Erosion, Technology and Concentration (ETC Group), Econexus, Friends of the Earth 

USA, International Centre for Technology Assessment, and The Sustainability Council of New 

Zealand.216 

This report argues that the rules and procedures for the safe transfer, handling, and use of living 

modified organisms (LMOs) under the Cartagena Protocol on Biosafety and the Nagoya-Kuala Lumpur 

Supplementary Protocol to the Cartagena Protocol on Biosafety, do not sufficiently extend to synthetic 

organisms or genetic parts developed by synthetic biology. As a result, the authoring groups propose 

that “living modified organisms produced by synthetic biology are not released into the environment or 

approved for commercial use until there is adequate scientific basis on which to justify such activities 

and due consideration is given to the associated risks of biological diversity, also including socio-

economic risks and risks to the environment, human health, livelihoods, culture and traditional 

knowledge practices and innovations.”217 

                                                

 

 
216 The International Civil Society Working Group on Synthetic Biology. The Potential Impacts of Synthetic Biology on the Conservation 
and Sustainable Use of Biodiversity. (2011) 
217 The International Civil Society Working Group on Synthetic Biology. The Potential Impacts of Synthetic Biology on the Conservation 
and Sustainable Use of Biodiversity. (2011) 
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Recommendations by Industry Experts 

Scientists and industry experts in synbio have long advocated for best practices in self-regulation, public 

awareness, domestic regulation, and international regulation. One option is inherently designing genetic 

safeguards into organisms in the form of “suicide systems” or “kill switches” that trigger once an 

organism escapes its intended ecosystem or purpose.218 These lethality systems can also be proactive, 

engineered for instance into organisms used to clean up oil spills without harming other organisms. 

Other possibilities for inherent technological “self-regulation” could involve designing species without an 

ability to reproduce, such as Oxitec’s diamondback moth.219 

Frameworks for dealing with these concerns encompass working with companies that control DNA 

sequences. The International Gene Synthesis Consortium (IGSC), which represents 80% of commercial 

gene synthesis companies worldwide, echoes recommendations by many experts that call for 

regulation at the level of DNA synthesizers and sequence distributers.220 Proposals in this area focus 

on possible measures including the following:  

• Gene Customer Screening: Would require identification data from all potential customers for 

synthetic genes, including at a minimum a shipping address, institution name, country, telephone 

number, and email address. Potential customers are screened against applicable agencies, both 

nationally and internationally.  

• Record keeping: Companies retain records of every gene synthesized and customer delivered 

to for a minimum of 8 years after shipping, including at least the following: (a) the synthetic 

DNA sequence; (b) the vector; and (c) the recipient’s identity and shipping address. 

• Order Refusal & Reporting: Companies will report any request for a gene associated with the 

pathogenicity of an organism received from a suspicious potential customer and/or potential 

customer failing to establish its bona fides in application of the practices set forth in section 

                                                

 

 
218 Moe-Behrens, G. H. G., Davis, R. & Haynes, K.A. Preparing synthetic biology for the world. Front. Microbiol. 4, 5 (2013). 
219 Oxitec. Diamondback moth. www.oxitec.com/agriculture/our-products/diamond-back-moth/. (accessed 28 December 2013) 
220 International Gene Synthesis Consortium. Harmonized Screening Protocol: Gene Sequence & Customer Screening to Promote 
Biosecurity. www.genesynthesisconsortium.org/wp-content/uploads/2012/02/IGSC-Harmonized-Screening-Protocol1.pdf. (accessed 
28 December 2013) 
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• Regulatory Compliance: Companies comply with all applicable laws and regulations governing 

the synthesis, possession, transport, export, and import of gene synthesis and other products. 

Companies must comply with World Health Organization recommendations concerning the 

distribution, handling, and synthesis of DNA. 

 

Public Awareness 

Public opinion, at least within the US, is cautious but open regarding synthetic biology, according to one 

report that indicated that nearly two-thirds of Americans surveyed believe that synthetic biology 

research should continue rather than be banned, even if its implications and risks are not fully 

understood.221 

 
Source: Hart Research Associates. Awareness & Impressions of Synthetic Biology: A Report of Findings 
Based on a National Survey among Adults, Conducted on Behalf of the Woodrow Wilson International 
Center for Scholars. (2013).  

 

                                                

 

 
221 Hart Research Associates (for Woodrow Wilson International Center for Scholars). Awareness & Impressions of Synthetic Biology: 
A Report of Findings Based on a National Survey among Adults. (2013) 

Hart Research Associates 
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Current support is similar to the levels expressed in August 2010, when by 
nearly two to one, the public favored moving forward (63%) rather than 
banning (33%) future synthetic biology research.  

A majority expresses support for con-
tinuing work in synbio rather than 
banning it.

63%

33%

4%

61%

34%

5%

2010 2013

Which best describes your point of view on synthetic biology research?

Synthetic biology should move 
forward, but more research 
must be done to study its 
possible effects on humans and 
the environment.

A ban should be placed on 
synthetic biology research unti l 
we better understand its impli-
cations and risks.

Not sure

 
 
Support for moving forward with synthetic biology research differs most by 
gender, education, income, and race—the groups most likely to have heard 
of synthetic biology also are most likely to support continued research in this 
field. Men (65% move forward, 30% ban) are more likely than women (57% 
move forward, 38% ban) to favor additional research, while a greater 
proportion of college graduates believe that research should continue (72% 
move forward, 24% ban) than do adults with a high school diploma or less 
(48% move forward, 47% ban). Adults with household incomes above 
$75,000 also support moving forward with future research (70% move 
forward, 26% ban) in greater numbers than do adults with incomes below 
$30,000 (50% move forward, 46% ban). Looking at support by race, whites 
(66% move forward, 30% ban) are more likely to favor moving forward with 
synthetic biology than are African Americans (46% move forward, 48% ban) 
or Hispanics (46% move forward, 47% ban).  Evangelicals are also among 
those most likely to support a ban until the implications and risks are better 
understood (49% move forward, 47% ban). 

In additon, adults with greater awareness of synthetic biology (heard a 
lot/some: 71% move forward, 26% ban) demonstrate more support for 
continued research than do those who had not heard of the science (52% 
move forward, 41% ban). Moreover, support is strongest among adults 
whose informed perception of synthetic biology is that the benefits will 
outweigh the risks (88% move forward, 12% ban) versus informed voters 
who say that risks will outweigh benefits (34% move forward, 61% ban).  
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Similar opinions exist in the UK, although public opinion towards synthetic biology varies by the nature 

of the end product and the means to achieving that product.222 Opinion also varies by gender, region, 

and age. A 2009 report published by the Royal Academy of Engineering, noted that “six out of ten 

(63%) respondents agreed with the statement ‘creating new man-made micro-organisms that will 

produce medicines or biofuels should be supported’, with a third of all respondents (33%) agreeing 

strongly. [M]en were much more likely to agree strongly than women.... Other differences between 

groups demonstrate that younger respondents were also more likely to disagree (24% of 18-24 year 

olds compared to an average of 14%).”223  

The report further detailed that:  

[P]articipants could see great potential benefits arising from synthetic biology but were 
very wary of releases into the environment. There was considerable support for 
applications where micro-organisms would be contained, but the use of synthetic 
biology for bioremediation purposes was a concern. There was comparatively little 
concern from participants about bioterrorism, and this was at least partly because 
existing bioweapons (such as anthrax) were already available. Nevertheless, regulation 
was deemed to be very important but the difficulties of policing it led participants to 
stress that access to synthetic biology technology should be limited to ‘legitimate’ users 
in established laboratories. They could see that over-regulation could stifle positive 
developments. Testing of the outputs was thought to be vital, irrespective of whether 
or not an existing product (such as artemisinin) was produced…. There was support 
for Government funding because of the potential of the technology but also so that 
Government would have some control over the direction of the research. 

 

It is important to note that most Americans are unsure about what synthetic biology is. Many dislike the 

idea of modified forms of food, while very few dislike the idea of antibacterial applications. It is unclear if 

Americans dislike the word “synthetic,” associating it with disingenuousness, artificialness, or fear of 

dangers of the science in the wrong hands. Pointing to the need for synbio leadership in steering public 

education, recent research (Hart Research Associates in 2013, repeating a similar study from 2010 with 

similar results) indicates the public becomes more rather than less concerned about synbio as they 

learn more about it (see Figure on next page). 
                                                

 

 
222 The Royal Academy of Engineering. Synthetic Biology: Public Dialogue on Synthetic Biology. (2009) 
223 The Royal Academy of Engineering. Synthetic Biology: Public Dialogue on Synthetic Biology. (2009) 
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As the ultimate stakeholders in any government regulatory decisions, consumers must be equipped 

with factual information about the vast potential benefits of synthetic biology and the risks and 

meaningful measures being undertaken to address these. Furthermore, consumers must be actively 

engaged in the ongoing discussions to establish intelligently effective oversight of synbio technologies.. 

 
Source: Hart Research Associates. Awareness & Impressions of Synthetic Biology: A Report of Findings 
Based on a National Survey among Adults, Conducted on Behalf of the Woodrow Wilson International 
Center for Scholars. (2013).  

 

This is especially important since, to some degree, the general public mistrusts or misunderstands both 

self-regulation and government regulation.224 The public is divided on who should oversee this process, 

with 43% believing that voluntary guidelines developed by industry and government are the best 

approaches, while 45% think that research should be regulated by the government. According to Hart 

Research Associates (on behalf of the Woodrow Wilson International Center for Scholars), these 2013 

data represent an increase in support since 2010, for voluntary guidelines vis-à-vis government 
                                                

 

 
224 Hart Research Associates. Awareness & Impressions of Synthetic Biology: A Report of Findings Based on a National Survey among 
Adults, Conducted on Behalf of the Woodrow Wilson International Center for Scholars. (2013) 

Hart Research Associates 
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After learning about synthetic biology, 
more move toward concern about risks  
than toward optimism about benefits.

18%

40%

15%

27%
24%

38%

33%

5%

Initial view

Risks of synthetic biology 
will outweigh benefits

Benefits of synthetic 
biology will outweigh risks

Benefits and risks of synthetic 
biology will be about equal

Post-information view

Information given: 

Synthetic biology is the use of advanced science and 
engineering to make or redesign living organisms, such 
as bacteria, so that they can carry out specific functions. 
Synthetic biology involves making new genetic code, also 
known as DNA, that does not already exist in nature.

The potential BENEFITS of synthetic biology include 
developing new microorganisms to treat disease, include-

ing cancer, more effectively and to create new and less 
expensive medications. It also could be used to make 
new organisms that could provide cheaper and cleaner 
sources of energy than today's oil-based fuels, and to 
detect and break down environmental pollutants the soil, 
air, and water. 

STATEMENT B: While the potential RISKS of synthetic 
biology are not known, there are concerns that man-
made organisms might behave in unexpected and pos-

sibly harmful ways and that they could cause harm to the 
environment. There also are concerns that, if these 
organisms fall into the wrong hands, they could be used 
as weapons. Additionally, the abili ty to create artificial li fe 
has raised moral and ethical questions about how life is 
defined.

Not 
sure

Not 
sure

 
 

The groups who show the greatest movement toward risk after being 

presented with information about potential implications include Evangelicals 

(+27 percentage points), adults with a high school diploma or less (+25), 

Hispanics (+22), adults who attend religious services weekly (+22), those 

who report having heard nothing about synthetic biology (+22), individuals 

age 65 and older (+20), and those with household incomes less than 

$30,000 (+20). 
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regulation.225 Again, public education and engagement will be important to the future growth of 

synthetic biology. The onus is on the synbio community to create open communication channels while 

educating all stakeholder groups. 

 

6.2. United Nations and Other Multinational Oversight Initiatives226 

Both the US and EU are party to international conventions and agreements that impose obligations to 

protect biological diversity, biosafety, and biosecurity. Major provisions of these as pertain to synthetic 

biology are summarized below. 

 

The Convention on Biological Diversity 

A legally binding international treaty, the Convention on Biological Diversity (CBD) has been in force as 

of December 1993. The United States is a signatory but notably has not ratified the Convention. 

The CBD mission is threefold: conservation of biological diversity, sustainable use of biological 

resources and diversity, and fair, equitable sharing of benefits arising from genetic resources. 

Contracting Parties must develop and implement national strategies for conservation and sustainable 

use of biological diversity, through identification and monitoring of biological diversity, management of 

management of biological resources, and protection of ecosystems. Developed countries are 

encouraged to cooperate with and share technical and scientific knowledge with developing countries 

and financially support the implementation of the Convention by developing countries.  

Regarding development and use of biotechnology and genetic resources, the Convention holds parties 

(including the US) responsible for regulating, managing, or controlling risks associated with the use and 

                                                

 

 
225 Hart Research Associates. Awareness & Impressions of Synthetic Biology: A Report of Findings Based on a National Survey among 
Adults, Conducted on Behalf of the Woodrow Wilson International Center for Scholars. (2013) 
226 The global regulatory environment has been comprehensively reviewed in The Regulation of Synthetic Biology: A Guide to United 
States and European Union Regulations, Rules and Guidelines, Synberc and iGEM Version 9.1; coauthors include Synberc researchers. 
Essential points are summarized herein. 
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release of biotech-created, living modified organisms likely to have adverse environmental impacts (with 

respect to conservation and sustainable use of biological diversity and human health). Parties must 

develop protocols for safe handling, transfer, and use of living modified organisms. 

The Convention confers authority to decide on access to genetic resources upon national governments, 

according to mutually agreed terms and subject to prior informed consent. Contracting Parties are also 

responsible for legislative, administrative, or policy measures to encourage participation in 

biotechnological research, and fair and equitable sharing of results and benefits, particularly in relation to 

developing countries that contribute genetic resources for research. 

 

Cartagena Protocol on Biosafety to the Convention on Biological Diversity 

The Cartagena Protocol governs the movements of living modified organisms resulting from modern 

biotechnology across national borders. Adopted as a supplementary agreement to the Convention on 

Biological Diversity in 2000, it has been in force since 2003. Its objective is to ensure adequate 

protections to safely transfer, handle, and use biotechnology-created LMOs that may have adverse 

effects on the conservation and sustainable use of biological diversity. The Protocol stipulates guidelines 

for risk assessment, risk management, unintentional boundary movements and countermeasures, 

handling, transport, and packaging, and describes relevant activity of Competent National 

Authorities.227 

 

Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of 
Benefits Arising from their Utilization to the Convention on Biological Diversity 

The Nagoya Protocol, adopted in 2010, is an additional supplementary protocol to the CBD. It is a 

legally binding, international agreement stipulating fair, equitably shared benefits from genetic resources, 

including through appropriate access to genetic resources and through appropriate transfer of relevant 

                                                

 

 
227 United Nations Secretariat of the Convention on Biological Diversity. Cartagena Protocol on Biosafety to the Convention on 
Biological Diversity. (2000) 
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technologies to contribute towards the conservation of biological diversity and the sustainable use of its 

components. 

The Protocol advances the Convention’s objective for fair sharing of genetic-resource benefits by 

strengthening the basis for greater legal certainty and transparency, for both providers and users.228 

Specific obligations support compliance with domestic legislation or regulatory requirements of the 

Party providing genetic resources, and contractual obligations reflected in mutually agreed terms. 

Further provisions establish more-predictable conditions for access to genetic resources and address 

access to traditional knowledge held by indigenous and local communities associated with genetic 

resources, intended to allow these communities to benefit from the use of their knowledge, 

innovations, and practices. 

 

The Biological Weapons Convention 

The Convention on the Prohibition of the Development, Production, and Stockpiling of Bacteriological 

(Biological) and Toxin Weapons and Their Destruction has been in force since 1975. By 2005, 171 

states had signed the convention, although 16 are yet to ratify it, while 23 others have not signed. 

The Convention prohibits signatory states from developing, producing, stockpiling, or otherwise 

acquiring or retaining microbial or other biological agents, or toxins regardless of production method. 

Subsequent articles require states to destroy or divert to peaceful purposes extant biological agents 

and toxins and not to transfer or assist other-state or non-state parties to manufacture or acquire 

biological agents and toxins, to implement necessary measures to prevent development, production, 

stockpiling, acquisition, or retention of agents within their own territories, and to file complaints against 

states that violate the convention. 

                                                

 

 
228 United Nations Secretariat of the Convention on Biological Diversity. Nagoya Protocol on Access to Genetic Resources and the Fair 
and Equitable Sharing of Benefits Arising from Their Utilization to the Convention on Biological Diversity. (2011) 
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The Biological Weapons Convention supplements the Geneva Protocol of 1925, which prohibits use of 

chemical and biological weapons during warfare (League of Nations 1925), currently signed by 173 

states. 

 

Australia Group Guidelines 

The Australia Group, which grew from 15 countries in 1985 to 41 currently, initially convened 

regarding concerns about Iraqi chemical weapons programs, including development of a chemical 

arsenal based on tools and compounds purchased legally from Western nations.229 The Group formed 

to prevent Iraq from acquiring materials for production of chemical weapons through otherwise 

legitimate trade; biological agents and dual-use biotechnology were added to the Australia Group 

guidelines in 1992, at which time an initial control list was published that has since been expanded.230 

In 2008, the Group expressly established a synthetic biology advisory body. Current biological 

guidelines relevant to biological components cover: 

• dual-use technology 

• software typically unavailable to untrained user 

• biological components with pathogenic properties, including: 

o genetic elements containing nucleic acid sequences associated with the pathogenicity of 

any of the microorganisms on the control list 

o genetic elements containing nucleic acid sequences that code for any toxins in the list 

or subunits thereof 

o GMOs containing nucleic acid sequences associated with the pathogenicity of any of 

microorganisms in the list 

 

                                                

 

 
229 National Agency for Export Controls. Twenty Years of Australia Group Cooperation. (2005) 
230 Nuclear Threat Initiative. Australia Group (AG) website. www.nti.org/treaties-and-regimes/australia-group-ag/. (accessed 28 
December 2013) 
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Genetic parts that do not contribute to genetic sequences that produce pathogenicity are excluded 

from Australia Group guidelines, even if derived from an organism on the control list.  

The Australia Group recognizes that full functions within the DNA of a controlled pathogen may not 

yet been fully characterized and that new knowledge may emerge as novel components are 

synthesized or isolated, which may in turn result in accidental shipments of components with possible 

pathogenic properties. The Australia Group has thus established an advisory board to keep abreast of 

synbio advances even while acknowledging that care is yet required to ensure that potentially 

dangerous components are not inappropriately transported across national boundaries. 

 

6.3. United States 

It is important to note that several weaknesses or “holes” exist in the US regulatory framework for 

synthetic biology. Regulators, as many other stakeholders, do not yet understand the ways in which 

synthetic biology can enable new products, or by whose hands. Regulation has proven in some ways 

inadequate to cover well-intentioned individuals operating in an entrepreneurial fashion. A recent 

project, Glowing Plant,231 has incorporated bioluminescent genes into plants with the idea of eventually 

replacing light bulbs with nature. The project promised initial funders, who financed the endeavor 

through Kickstarter,232 seeds that funders could plant themselves—demonstrating a regulatory gap. This 

small business thus circumvented the millions of dollars of testing and trials large companies must go 

through before releasing modified organisms into the environment. To its credit, Glowing Plant has 

continued to participate in a public conversation around regulation, in an effort to help the existing 

systems respond to technology and market opportunities. 

The proliferation of DIY synthetic biology—coupled with the technology to crowdfund, order DNA 

sequences online, and use open-source “bio-CAD” software—opens the gates for entrepreneurs to  

                                                

 

 
231 Glowing Plant. Natural Lighting Without Electricity website. http://glowingplant.com/ (accessed 28 December 2013) 
232 Kickstarter. Glowing Plant. Natural Lighting Without Electricity www.kickstarter.com/projects/antonyevans/glowing-plants-natural-
lighting-with-no-electricit (accessed 28 December 2013) 
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enter this field and release organisms into the environment without proper government oversight. As 

these new developments challenge the regulatory landscape, it is important to understand what is 

already in place. 

Within the United States, no blanket organization comprehensively regulates synthetic biology activity 

(although the Coordinated Framework for Regulation of Biotechnology provides a basic foundation on 

which agencies have created their policies). Instead, several agencies have separate jurisdictions of 

various processes, applications, and any resulting products. In some agencies, the US government has 

expanded its existing regulatory infrastructure to accommodate the specific concerns synthetic biology 

raises. For example, in 2009, the NIH Recombinant DNA Advisory Committee (RAC) published 

guidelines specifically for research using synthetic DNA.233 However many agencies, such as the Food 

and Drug Administration (FDA), Environmental Protection Agency (EPA), and US Department of 

Agriculture (USDA), are still grappling with spread-prevention and understanding the environmental 

side effects of synthetic biology-enabled products.234 Currently in the US, synbio products trigger 

review at multiple levels of government, from initial DNA use to assessments of products’ effect on 

humans, animals, and/or the environment.  

US regulation sets safety guidelines for research, product distribution, the workplace, the environment, 

and commercial products. Regulation is contingent not only on the nature of the end product, but also 

the method by which a product is created. For instance, all prescription and nonprescription drugs are 

subject to FDA regulation, irrespective of whether their production has involved synthetic biology. But 

if a product is created via synthetic biology, a host of specific regulatory concerns come into play, on 

multiple levels: the purchase of genetic components, interstate transfer, safety standards for the facilities 

and persons involved in the underlying research, and whether that research and/or eventual product 

distribution poses risks to the general population. As put by the Presidential Commission for the Study of 

Bioethical Issues, “The scope of federal authority depends on whether the activity involves research or 

production; whether federal funds are involved; the nature of the application (e.g., to generate drugs, 

                                                

 

 
233 Bar-Yam, S. et al. The Regulation of Synthetic Biology: A Guide to United States and European Union Regulations, Rules & Guidelines. 
(2012) 
234 Paradise, J., and Fitzpatrick, E. Synthetic Biology: Does Re-Writing Nature Require Re-Writing Regulation? Penn. St. Law Rev. 117, 
53–88 (2012) 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 107 

food, cosmetics, or fuels); and whether the product is subject to national security or export controls. 

Applicable also are local institutional, municipal, and state requirements, many of which focus on safety 

and security.”235 

Several relevant agencies form the “patchwork” regulatory landscape in which synthetic biology in the 

US operates (see Table below).  

 

US Government Agencies Involved in Synthetic Biology Regulation 
Environmental Protection Agency (EPA) Regulates new microbes for commercial purposes 
US Department of Agriculture (USDA), Animal 
& Plant Health Inspection Service (APHIS) 

Regulates foods, infectious agents, agricultural pathogens, and pests.  

National Institutes of Health (NIH) 

Oversees research involving recombinant DNA, including best 
practices. Oversight of DNA parts and synthesis. Within the NIH, 
the Recombinant DNA Advisory Committee (RAC) provides 
specific recommendations. 

Centers for Disease Control (CDC) Oversees safety of research by assessing risk and containment 
standards for researchers. 

Occupational Health and Safety Administration 
(OHSA), Department of Transportation (DOT), 
Department of Commerce (DOC) 

Collectively sets workplace safety standards, safety standards for 
interstate transfer of infectious agents, disease-causing organisms, 
or technologies that pose security risks. 

Food and Drug Administration (FDA) Regulates specific food and drugs products, and certain relevant 
equipment on a case-by-case basis. 

Source: Adapted from information in US presidential report, New Directions: The Ethics of Synthetic Biology and Emerging Technologies 
(2010) 
 

For synthetic biology, the most relevant regulation currently in place primarily concerns the sale and use 

of recombinant DNA, in guidelines set by the National Institutes of Health (NIH).236 The most risky 

experiments warrant prior approval by the Institutional Biosafety Committee (IBC), Recombinant 

DNA Advisory Committee (RAC), and NIH director; low-risk experiments require only IBC notice. 

Any nucleic acid molecule experiment must be submitted to NIH or to another US federal agency with 

                                                

 

 
235 Presidential Commission for the Study of Bioethical Issues. New Directions: The Ethics of Synthetic Biology & Emerging Technologies. 
(2010) 
236 Bar-Yam, S., et al. The Regulation of Synthetic Biology: A Guide to United States and European Regulations, Rules and Guidelines. 
(January 2012) 
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jurisdiction for appropriate review and approval.237 Additionally, the International Gene Synthesis 

Consortium (IGSC) screens potential customers against the US Office of Foreign Assets Control’s 

Specially Designated Nations List, the Department of State’s Debarred List, and Bureau of Industry and 

Security’s Denied Persons, Entity, Unverified lists, the HADDEX list (Handbook of German Export 

Control), and/or any other list required by applicable national regulations. The IGSC keeps records of 

every gene synthesized and customer delivered to which genes have been delivered for a minimum of 

eight years after shipping, including the synthetic DNA sequence, the vector, and the recipient’s identity 

and shipping address. 

However, a number of other agencies provide additional regulations or guidance—some potentially 

overlapping, some potentially leaving some gaps, some potentially confusing to both the regulators and 

the regulated—leaving a fragmented framework in place. 

The Environmental Protection Agency (EPA) regulates new microbes for commercial purposes under 

the Toxic Substances Control Act (TSCA). Any researcher or commercial entity “manufacturing, 

importing, or processing” microorganisms for commercial purposes must submit a Microbial 

Commercial Activity Notice (MCAN) or a TSCA Experimental Release Application (TERA), each of 

which, as implied by their names, involves field tests, which qualifies the event as under EPA jurisdiction. 

The US Department of Agriculture’s (USDA’s) Animal and Plant Health Inspection Service (APHIS) 

regulates the introduction of genetically modified/engineered organisms into the environment. The 

USDA focuses on plants, insects, and microbes. As with the EPA, the USDA is involved when field tests 

are conducted. Fields are inspected at least once during approval processes; pharmaceutical and 

industrial field tests are inspected up to seven times. 

The Food and Drug Administration (FDA) oversees approvals of foods and pharmaceutical products 

(including medical devices and equipment, and animal drugs) and cosmetics. Approval of 

pharmaceutical products in particular requires stringent reviews through a staged clinical trial process 

                                                

 

 
237 National Institutes of Health. Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules (NIH Guidelines). 
(2013) 
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(from which cosmetic products are exempt, assuming other safety requirements are met).238 What is 

challenging for the synthetic biology community is that, given its creation of de novo genetic functions, it 

presents specific potential health and safety problems that have not yet been sufficiently contemplated, 

if at all, by the FDA. Some in the legal community, however, believe the current FDA regulatory 

framework can sufficiently comprehend emerging synthetic biology drugs and products, from research 

to post-commercialization, but foresee challenges with the FDA’s least-regulated jurisdiction of 

cosmetics.239 Solazyme’s successful commercialization of its algae-based Algenist skincare line may 

serve as precedent and example for synthetic biology companies. 

The US Department of Commerce (DOC) has licensing authority over dual-use items and regulates 

the export or import of DNA sequences associated with pathogenicity. A formal list of dual-use 

products was developed by the Australia Group240 (see Section 6.2). Given the worldwide multitude 

of legitimate-use orders for components of DNA (such as oligonucleotides), and the similarly massive 

volume of orders for DNA sequences, the DOC focuses its review of exports primarily to certain 

countries, including China and Saudi Arabia.  

Select Agent Rules regulate the sale, use, and transfer of select agents that are severe risks to human 

health; this includes the nucleic acids that can be used to produce these agents. The US Federal Select 

Agent Program jointly comprises the Centers for Disease Control and Prevention, Division of Select 

Agents and Toxins, and the USDA’s APHIS. 

                                                

 

 
238 The US Federal Food, Drug, and Cosmetic Act (FD&C Act) defines according to intended use, as articles to “be rubbed, 
poured, sprinkled, or sprayed on, introduced into, or otherwise applied to the human body...for cleansing, beautifying, promoting 
attractiveness, or altering the appearance" [FD&C Act, sec. 201(i)]. The FD&C Act defines drugs (in part) by their intended use “in 
the diagnosis, cure, mitigation, treatment, or prevention of disease” and “articles (other than food) intended to affect the structure 
or any function of the body of man or other animals” [FD&C Act, sec. 201(g)(1)]. US Food and Drug Administration. 
www.fda.gov/cosmetics/guidancecomplianceregulatoryinformation/ucm074201.htm (accessed 28 December 2013)  
239 Paradise, J., and Fitzpatrick, E. Synthetic Biology: Does Re-Writing Nature Require Re-Writing Regulation? Penn. St. Law Rev. 117, 
53–88 (2012) 

240 Bar-Yam, S. et al. The Regulation of Synthetic Biology: A Guide to United States and European Union Regulations, Rules & Guidelines. 
(2012) 
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The US Department of Health and Human Services’ (HHS’s) report, Screening Framework Guidance 

for Providers of Synthetic Double-Stranded DNA,241 recommends a two-pronged approach to regulating 

the distribution DNA that might be used for maleficent purposes. Providers of DNA should know to 

whom they are distributing DNA and if the sequence they are distributing is one “of concern.” Before 

sale, providers must check the buyer against databases of federally or internationally blocked persons or 

entities and must track of what is sold and to whom. In addition, suppliers are to check DNA 

sequences against “red-flag” sequences and put any such orders through further review; the 

recommendations suggest that reviews of buyers and sequences be conducted by the FBI, CDC, APHIS, 

or DOC. 

 
6.4. European Union 

Part of the risks in synthetic biology research and development as currently practiced relate to its 

nascence and, therefore, only indirect regulatory oversight through appropriate product- and 

application-regulating bodies. Within the European Union, many of the synbio-relevant directives and 

regulations relate to stringent controls of GMOs, evidence of the EU’s different and more 

precautionary stance than in the US. 

Within the EU, a two-tiered oversight system has primary laws governing movement of goods, persons, 

services, and capital across state borders, and distribution of powers between the EU and its 27 

Member States, while secondary law includes directives and Regulations (drafted by the EC and passed 

by the Council of Europe and the European Parliament). Member States then implement legally binding 

Directives through enforced national laws according to their interpretation. 

Relevant directives and example national laws are summarized as follows: 

                                                

 

 
241 US Department of Health & Human Services. Screening Framework Guidance for Providers of Synthetic Double-Stranded DNA. 
(2010) 
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Directive 90/219/EEC on Contained Use of Genetically Modified Micro-Organisms regulates GMOs, 

defined as microorganisms “in which the genetic material has been altered in a way that does not occur 

naturally by mating and/or natural recombination.”242 Contained use in turn includes “any operation in 

which micro‐organisms are genetically modified or in which such genetically modified micro‐organisms 

are cultured, stored, used, transported, destroyed, or disposed of and for which specific containment 

measures are used to limit their contact with, and to provide a high level of safety for the general 

population and the environment.”243 

Prior to contained use, a user is required to assess potential risks posed by the potential accidental 

release to human or environmental health. National Competent Authorities (NCAs) in each Member 

State are involved with assessing risk-compliance, conducting inspections, and approving proposals for 

use. 

Directive 2001/18/EC on Deliberate Release into the Environment of GMMs244 regulates intentional 

introduction of GMOs into the environment for which no specific containment measures otherwise 

limit their contact with persons and environment, including both “Part B” releases (for experimental use 

by the applicant) and “Part C” releases (making GMOs available to third parties). 

Both require approval of involved Member States, involving environmental risk assessments. Part C 

applications also require approval by EU authorities, and in addition to environmental risk assessments, 

must include monitoring and reporting dossiers and notification of the NCA where the GMO will be 

marketed, along with detailed information on use, handling, monitoring, and labeling plans. 

This Directive excludes GMOs produced using mutagenesis and cell fusion, genetically modified food 

and feed, and release associated with the transport of GMOs by road, rail, sea, air and inland 

waterways. 

                                                

 

 
242 Official Journal of the European Communities. Council Directive of 23 April 1990 On the Contained Use of Genetically Modified 
Micro-Organisms. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1990:117:0001:0014:EN:PDF. (1990) 
243 Official Journal of the European Communities. Council Directive of 23 April 1990 On the Contained Use of Genetically Modified 
Micro-Organisms. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1990:117:0001:0014:EN:PDF. (1990) 
244 Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 On the Deliberate Release Into the 
Environment of Genetically Modified Organisms and Repealing Council Directive 90/220/EEC. 
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Regulation 1829/2003 on Genetically Modified Food and Feed 245  expressly covers food/feed 

products that contain or consist of GMOs, stipulating that food and feed consisting of, containing, or 

produced from GMOs only be placed onto the market after a scientific evaluation of highest possible 

standards by the European Food Safety Authority (EFSA). The determining criterion for relevance is 

whether material derived from the genetically modified source is present in the food or in the feed; 

those manufactured by means of a genetically modified processing aid are excluded.  

Applicants send notifications to the NCA in the nation in which they reside but these are passed on to 

the EFSA, which grants authorization within six months of application, on the basis of a single risk-

assessment process. During the filing period, the EFSA may request national authorities to conduct 

environmental risk assessments or to carry out safety assessments of the food product; if additional 

data are deemed necessary, the time limit is extended. Authorization of the food product may impose 

conditions or restrictions for introducing the food to market and/or for its use and handling, including 

post-market monitoring. Authorizations are valid throughout the European Union for 10 years, after 

which they must be renewed, with authorized foods entered in a publicly available register. 

Regulation 1830/2003 concerning the traceability and labeling of genetically modified organisms and 

the traceability of food and feed products produced from genetically modified organisms246 requires 

Member States to ensure traceability and labeling of authorized GMOs at all stages of 

commercialization. Labeling requirements ensure consumers are informed about GMOs in products. 

Traceability requirements monitor potential harmful effects and facilitate withdrawal of products in case 

of adverse effects on human health, animal health or the environment. (Medical and veterinary 

products are excluded, as are products in which trace GMOs are adventitiously or unavoidably 

included.) Operators must store information regarding from whom and to whom products were 

supplied for up to five years.  

                                                

 

 
245 Official Journal of the European Communities. Regulation (EC) No. 1829/2003 of the European Parliament and of the Council of 
22 September 2003 On Genetically Modified Food and Feed. http://ec.europa.eu/food/food/animalnutrition/labelling/Reg_1829_2003_ 
en.pdf (accessed 28 December 2013)  
246 Official Journal of the European Communities. Regulation (EC) No. 1829/2003 of the European Parliament and of the Council of 
22 September 2003 On Genetically Modified Food and Feed. http://ec.europa.eu/food/food/animalnutrition/labelling/Reg_1829_2003_ 
en.pdf (accessed 28 December 2013) 
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Regulation 428/2009 on export controls of dual-use goods247 controls the export of products and 

technologies that can be used for both civilian and military purposes, including any goods that support 

production of biological, chemical, and atomic weapons. Since the European Commission participates in 

the Australia Group and the Nuclear Suppliers Group, its list of controlled items is based on control 

lists adopted by international export-control regimes. 

The European Agreement concerning the International Carriage of Dangerous Goods by Road248 

concerns transport of dangerous goods by road, specifying standards for classification, packaging, and 

equipment, including GMOs, which are regarded as “environmentally hazardous” and as “miscellaneous 

dangerous substances and articles” if not otherwise defined as toxic or infectious substances. 

Requirements stipulate that packages must be closed so as to prevent loss of contents, with no 

dangerous residue adhering to the outside of the packages. Compliance obviates further inspections 

when crossing international borders.  

EU legal framework concerning the prevention of bioterrorism acts: The EU is less pointedly 

concerned with bioterrorism than the United States. A 2009 Action Plan249 passed by the Council of 

the European Union considers risks of chemical, biological, radiological, or nuclear (CBRN) weapons 

but there is as yet no consistent definition of the term “biological weapon” in the EU legal framework. 

Responsibility is on Member States to amend their national legal frameworks with adequate 

descriptions. 

The EU CBRN Action Plan is part of the 2005 EU Counter Terrorism Strategy, whose goal is to 

minimize CBRN-incident threats (natural, man-made, accidental, or deliberate). Responsibility to 

protect their civilians against CBRN incidents falls on Member States, and policies established by the 

CBRN Action Plan are to be developed in consultation with NCAs.  

                                                

 

 
247 Official Journal of the European Communities. Council Regulation (EC) No 428/2009 of 5 May 2009: Setting Up a Community for 
the Control of Exports, Transfer, Brokering and Transit of Dual-Use Items. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do? 
uri=OJ:L:2009:134:0001:0269:en:PDF (accessed 28 December 2013) 
248 European Commission for Europe Committee on Inland Transport. European Agreement Concerning the International Carriage of 
Dangerous Goods by Road. Vol.1. (2010) 
249 Council of the European Union. Council Conclusions on Strengthening Chemical, Biological, Radiological, and Nuclear (CBRN) Security 
in the European Union: An EU CBRN Action Plan. (2009) 
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Directive 2004/35/EC on environmental liability with regard to the prevention and remedying of 

environmental damage (ELD)250 implements a framework for environmental liability that ascribes 

responsibility on the polluting party and holds operators financially liable for environmental damages 

and “imminent threats” (i.e., being sufficiently likely) of damage caused by business activities. 

One class of liabilities describes activities that directly discharge environmental pollutants or GMOs into 

the environment and for which an operator may be held responsible even if not at fault. A second 

regime applies to all other occupational activities, deeming operators liable only if they negligent or 

directly at fault. Excluded are activities such as damage or imminent damage from armed conflict, 

natural disaster, nuclear risks, or activities covered by the Treaty establishing the European Atomic 

Energy Community, as are national defense or international security measures and activities covered by 

other international conventions. 

For imminent damage, the National Competent Authority (NCA) of each Member State requires the 

operator to take suitable preventive measures. If environmental damage has already occurred, the 

NCA requires the operator to take conduct restorative measures determined according to stipulations 

in Annex II of the Directive.251 In case an operator fails to comply with either, the relevant Member 

State’s NCA may take these measures itself and recover the costs incurred at a later time.  

Each Member State is responsible for introducing financial security requirements. Portugal, Bulgaria, and 

Greece have mandatory financial security systems, but most EU Member States rely upon a voluntary 

security scheme. Member States may enact more stringent provisions. 

 

                                                

 

 
250 Official Journal of the European Communities. Directive 2004/35/CE of the European Parliament and of the Council of 21 April 
2004 On Environmental Liability With Regard to the Prevention and Remedying of Environmental Damage (2004). 
 
251 Official Journal of the European Communities. Directive 2004/35/CE of the European Parliament and of the Council of 21 April 
2004 On Environmental Liability With Regard to the Prevention and Remedying of Environmental Damage (2004). 
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6.5. Conclusions 

As demonstrated above, the regulatory landscape governing synthetic biology is complex. Domestically, 

US synbio activity is subject to an overlapping yet by no means comprehensive patchwork of 

regulations from multiple agencies. As Synberc and iGEM concluded last year, “Although these 

regulations exist on paper, not all are enforced, and some are not enforceable. Furthermore, NIH 

guidelines, which are the most comprehensive guidelines for work in synthetic biology, are not binding 

on all individuals working in synthetic biology.”252 The report continues: 

Synthetic biology products are currently covered by three different US agencies 
operating under four separate statutes. The result is a regulatory system marked by 
fragmentation, lack of coordination, and different standards for different types of 
products. For example, review of genetically modified animals that will not be used 
directly as food is more or less unregulated under the current framework, while 
genetically modified crops with plant-incorporated protectants are nominally reviewed 
by all three agencies. Differences in statutory mandates, risk assessment methodologies, 
and agency cultures between the EPA, APHIS, and USDA create a system where the 
stringency of the risk assessment and approval process is more dependent on the 
specific product category than on the risk of the product.253 

At the global level, both the US and EU have crafted their regulations, to some extent, to complement 

the UN’s Convention on Biological Diversity (see table below).  

Analysis of Regulatory Coverage of Safety & Environmental Risks of Synbio 
Risk International 

Regulation 
US Regulation EU Regulation 

Transfer of genes Cartagena Protocol on 
Biosafety EPA, APHIS Directive 2001/18/EC 

Mutations, evolution 
and proliferation  EPA Directive 2001/18/EC 

Effects on ecosystem 
and other species 

Cartagena Protocol on 
Biosafety EPA, APHIS Directive 2001/18/EC 

Effects on biodiversity 
Convention on Biological 
Diversity, Cartagena 
Protocol on Biosafety 

 Directive 2001/18/EC 

                                                

 

 
252 Bar-Yam, S. et al. The Regulation of Synthetic Biology: A Guide to United States and European Union Regulations, Rules & Guidelines. 
(2012) 
253 Bar-Yam, S. et al. The Regulation of Synthetic Biology: A Guide to United States and European Union Regulations, Rules & Guidelines. 
(2012) 
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Consumption risks  EPA (only for plant 
incorporated pesticides) Regulation 1829/2003 

Risks to laboratory 
workers  NIH guidelines Directive 2009/41/EC, 

Directive 2000/54/EC 
Accidental release of 
laboratory strains  NIH guidelines Directive 2009/41/EC 

 

The US and EU have taken very different approaches, however. The US, in particular, appears to have 

a less easy coexistence with global regulations. An early supporter of the biodiversity movement, the 

US has signed but not ratified the Convention on Biological Diversity, given early concerns about 

technology transfer and international financial aid. These concerns have not proven to be an issue, but 

there has still been no change in course for the US through multiple administrations since the early 90s. 

Without that ratification, the US may not ratify the Nagoya Protocol, preventing the country from 

having a seat at the table for these important conversations. It seemed that the US might ratify the 

CBD under the Obama Administration, but with the 2013 passage of the Farmer Assurance Provision, 

that now appears unlikely. 

There is a clear opportunity for the US to take a more focused, integrated, and global approach to 

synbio regulation—with support from the research community, in the areas of advocacy, education, 

and collaboration. Without this, ambiguous regulatory policies (and lack of capacity) may constrain the 

full potential of synbio in the US and the world going forward. 
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7. SYNBIO: THE FIRST 10 YEARS 

While research related to synthetic biology and its adjacent fields has been under way for many years, 

the field emerged on its own around the turn of the century, with a few seminal events. This section 

summarizes highlights (described more fully throughout this report) of synthetic biology’s nascent 

development and opens a discussion of Synberc’s integral contributions: 

• Blue Heron and GeneArt launches in 1999, starting the gene synthesis industry (both 

companies have since been acquired, by OriGene Technologies and Life Technologies, 

respectively). 

• Jim Collins publishes his bacterial toggle switch paper in Nature254 in January 2000. 

• The Human Genome Project and Celera Genomics Corporation announce the initial 

sequencing of the human genome in June 2000; Craig Venter publishes results in Science in 

February 2001.255 

• MIT’s Tom Knight, having transitioned from computer systems to biological systems, introduces 

the BioBricks concept in 2003.256 

Since then, the pace of development has accelerated rapidly, with a cascade of research, funding, and 

corporate development. This is perhaps most obvious by the publishing volume over this time period: 

                                                

 

 
254 Ham, T.S. et al. Design, implementation and practice of JBEI-ICE: an open source biological part registry platform and tools. 
Nucleic Acids Res. 40, e141. (2012) 
255 Venter, J.C., et al. The sequence of the human genome. Science 291, 1304–1351. doi:10.1126/science.1058040. (16 February 
2001)  
256 Knight, T. Idempotent Vector Design for Standard Assembly of Biobricks. in MIT Synthetic Biology Working Group 1–11. 
(2003) 
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Growth in Synthetic Biology Research 
(Web of Science Listings for “Synthetic Biology”) 

 
Source: Oldham, P., Hall, S., and Burton, G. Synthetic biology: 
Mapping the scientific landscape. PLoS One 7,  e34368. (2012)  

 

As noted earlier (Section 4.1), the majority of these publications have stemmed from US research, but 

the field is growing rapidly outside the US. Recent UK investments surely will lead to even greater 

output in that country, and European efforts are gaining momentum. China, which intends to dominate 

the field within 10 years,257 is now contributing 10% of all papers published globally in synbio.258 

The timeline on the following page illustrates some of the highlights of synthetic biology development 

over the past decade and a half. 

                                                

 

 
257 Chinese Academy of Sciences. Science & Technology in China: A Roadmap to 2050: Strategic General Report of the Chinese 
Academy of Sciences. 2009; cited in Joyce, S., Mazza, A.M., Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st 
Century: Summary Report of a Six Academies Symposium Series. Washington, DC. (2013) 
258 Joyce, S., Mazza, A.M., Kendall, S. Positioning Synthetic Biology to Meet the Challenges of the 21st Century: Summary Report of a Six 
Academies Symposium Series. Washington, DC. (2013) 

The emergence of synthetic biology has been accompanied by
calls for independent evaluation and monitoring of this field,
notably by the 2010 report of the United States Presidential
Commission for the Study of Bioethical Issues [8]. Scientometrics
methods can contribute to such assessments by focusing on basic
questions of who, what and where in an empirically rigorous
manner. We turn first to the exploration of the language used in
synthetic biology to describe this field.

The Language of Synthetic Biology
Scientometrics approaches typically use key words and phrases

to explore emerging areas of science [32,33]. A total of 36,262
individual words and phrases from the titles, abstracts and author
key words of publications were available for analysis from our
dataset of 1,255 publications. These terms were then reduced to
24,023 multi-word phrases and composite terms (i.e. biotechnol-
ogy, bionanotechnology) to focus on meaningful concepts and
categories. The terms were then grouped using word stemming to
capture variations of leading terms i.e. biological systems AND
artificial biological systems or metabolic engineering AND
metabolic pathway engineering. This method revealed that 356
terms capture 99% of records on synthetic biology. As we might
expect, the top unifying term is synthetic biology. When synthetic
biology was excluded the remaining 355 terms captured 88% of
records providing sufficient accuracy for representation of the
data. The 355 terms were then placed in a co-occurrence matrix

that provides a quantitative measure of the number of records for
each term (nodes) and the strength of connections between terms
(edges). These relationships were then visualised using the open
source Gephi network analysis software (Figure 2).

Figure 2 reveals that synthetic biology is concerned with
biological systems using approaches from systems biology directed
to biotechnology that involves gene expression, gene networks,
metabolic engineering and genetic circuits, synthetic genes and
synthetic networks. As we move from central terms to the outer
periphery of the network less frequent terms such as biosafety,
bioethics, and intellectual property emerge to reveal the wider
spectrum of issues revolving around the core of synthetic biology.

Figure 3 narrows the focus to the top ranking phrases and
composite terms in more than 20 records across the dataset. In
considering these results it may be tempting to widen the search
criteria for synthetic biology to include additional top occurring
key terms to enhance data capture. For example, synthetic
biology is strongly associated with systems biology, protein
engineering, genetic engineering and nanotechnology. However,
synthetic biology would immediately be swamped by the results
from these much larger fields. In practice, synthetic biology is
being constructed from a combination of convergences and
overlaps with other areas of science and technology, some of
which, such as metabolic engineering, are new and emerging
areas of research.

Figure 1. Publication Trends. Data from Web of Science topic search for synthetic biology or synthetic genomics or synthetic genome or synthetic
genomes in January 2012. Data for recent years may be partial due to lag times. This data can be explored in Workbook S1.
doi:10.1371/journal.pone.0034368.g001
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Synthetic Biology Highlights: A Representative Timeline 

 
Sources: BCC Research. Synthetic Biology: Emerging Global Markets. (2011). LabGenius. Synthetic Biology Timeline. at 
<http://www.labgeni.us/synbiotimeline/>. National Research Council. Positioning Synthetic Biology to Meet the Challenges of 
the 21st Century: Summary Report of a Six Academies Symposium Series. (2013). Purnick, P.E.M. and Weiss, R. The second 
wave of synthetic biology: from modules to systems. Nat. Rev. Mol. Cell Biol. 10, 410–22 (2009). NJK&A research. 
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In 2002, the US Department of Energy invested $12 million in Craig Venter’s research as part of its 

Genomes to Life Program (now Genomic Science Program). At the same time, DARPA was investing 

in research at the intersection of computing and biology. Since then, US investment in synthetic biology 

has totaled up to $1 billion, spanning multiple institutes (notably DOE, DOD, and NSF) and supporting 

numerous research efforts and institutions. While the US has led synbio funding around the world, 259 

other regions are developing their own programs. From significant investments in the UK in 2013, to 

the EU’s ERASynBio and Horizon 2020 programs, to multiple programs in China that could dwarf all 

others within a few years, it is clear that synbio is a global research interest that has the potential to 

impact many of the world’s most pressing challenges: health, energy, environment, food. What is 

required today, especially in the US, is a coordinated approach to synbio investment that maximizes 

value to both the research community and the public interests. 

The global network of researchers concentrating on synthetic biology is impressive (see figure on 

following page, based on Web of Science data analysis), with a few academic institutions in the US, most 

notably Berkeley, MIT, and Harvard, at the center of this network. These three schools, along with 

UCSF and Stanford, are part of the collaborative institution that is Synberc. Each of these schools has 

developed its own synthetic biology or related programs and centers over the past decade, but they 

are not the only ones. A number of other schools across the US have launched their own programs, in 

many cases with a connection to Synberc (e.g., a researcher who trained in the lab of a Synberc PI). 

The most recent of these is the Boston University Center for Integrated Life Sciences & Engineering, to 

be led by Synberc SAB member Jim Collins and Affiliated PI Doug Densmore. In addition, the J. Craig 

Venter Institute emerged from a handful of Venter-related genomics and synbio organizations, with 

locations in Rockville, Maryland, and San Diego, California. 

                                                

 

 
259 Oldham, P., Hall, S., and Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368. (2012) 
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The Synbio Organizational Network 

 
Source: Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One 7,  e34368. 
(2012). 

 

As these research efforts have grown, three synbio “hot spots” have developed in the US. These three 

central loci—the San Francisco Bay Area, San Diego, and Boston—are not surprising, considering the 

biotechnology tradition already present in each. In our conversations, three other areas received 

“honorable mentions” as areas of interest for future synbio growth: Seattle (another biotech hub), Los 

Angeles (home to Caltech and a growing life sciences research presence at UCLA), and New York 

(center of financial and philanthropic communities, with a strong international presence and proximity 

to New Jersey pharma, as well as Boston and Washington). 

What can be achieved is an insight into the cited literature.
Figure 8 provides a summary of the top 30 references cited inside
the core landscape. This data is accessible in Workbook S1 and
online through the Synthetic Biology Scientific Landscape. The
top 5 publications cited inside this community are work by Elowitz
[34] on transcriptional regulation, Gardner [59] on a toggle switch
in E. coli, Gibson et. al [60] on the complete chemical synthesis of
the Mycoplasma genitalium genome, Endy [26] on engineering
biology and Benner and Sismour [25] on synthetic biology. This
data can also be explored for all authors with five or more citations
in the core landscape in Workbook S1 and online through the
Synthetic Biology Scientific Landscape. Future research could
usefully focus on exploring the cited references to examine other
important articles in this field. The data presented here is a first
step in that process.

An insight into the wider impacts of existing research in
synthetic biology is provided by the literature citing publications in

the core landscape. Data on citing publications from the core
landscape was generated using the Citation Report function within
Web of Science. After excluding self-citations and publications in the
core dataset we identified 5,955 distinct citing publications
available in Web of Science. Trends within this wider landscape
can be explored in Workbook S1 and online through the Synthetic
Biology Scientific Landscape.

The citing literature reveals an expanded landscape involving
78 countries, approximately 3,000 organizations, and an estimated
19,751 researchers. In total 1,153 of the 2,934 researchers working
on synthetic biology are present in this landscape and dominate
the publication rankings. Of particular importance within this
landscape, in terms of the number of publications, is work by
Keasling on biofuels [61], Kell on systems biology and the
reconstruction of a yeast metabolic network [62], Baric in relation
to the GII.4 norovirus and related work on the SARS virus [63],
work by Conzelmann on the rabies virus and gene therapy [64],

Figure 5. Organization Network. This network map shows all author organizations with more than three publication records in Web of Science for
the core landscape for synthetic biology. Where available this network map distinguishes organizations by locations (i.e. ETH) to distinguish groups.
This is a Fruchterman-Reingold algorithm network representation in Gephi. The original dense representation was expanded and nodes were
manually adjusted to prevent label overlaps and reduce irrelevant node to edge intersections.
doi:10.1371/journal.pone.0034368.g005
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The US Synbio Landscape 

 
Sources: Synthetic Biology Project, The Woodrow Wilson International Center for Scholars; “Synthetic Biology: 
Mapping the Scientific Landscape, PLoS ONE, 2012; NJK&A project interviews. 

 

These hot spots are global centers of commercial development in synthetic biology, with start-ups 

emerging from Synberc-related, and other, labs around the world. From Ginkgo BioWorks in Boston, 

which develops engineered organisms for its customers, to Genomatica in San Diego, which is 

developing sustainable chemicals, to Amyris, which seeks to impact both the energy and pharmaceutical 

industries, synbio start-ups are beginning to make their marks in the areas noted throughout this report 

as critically important global challenges: health, energy, environment, food. 

Emerging synbio companies are drawing the interest of more-established companies looking to make 

significant investments in synbio. Technology providers like Agilent, Autodesk, and Life Technologies are 

building tools for and investing directly in synthetic biology. BP, Dow, ExxonMobil, Goodyear, and 

Monsanto are noteworthy customers—and are themselves pursuing synthetic biology innovations. Big 

Pharma, including GSK, Novartis, Merck, Pfizer, Roche, and Sanofi-Aventis, is actively involved in 

leveraging synbio for healthcare markets around the world. Consumer products companies as diverse 

as L’Oréal and PepsiCo are integrating synthetic biology research into their product development 

processes. 
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With the research community moving forward quickly and industry capitalizing on these developments, 

it is government regulatory bodies and funding agencies that may be struggling to keep up. Within the 

US, the patchwork of agencies and regulations can be confusing to practitioners and regulators alike. 

And while both the US and the EU have established extensive regulation to address synthetic biology, 

but as described in Section 6 above, their approaches are not always aligned; nor is there agreement 

about what exactly is being regulated and what constitute the boundaries of “synthetic biology.” The 

global community has mobilized around a few key initiatives, most notably the recent Nagoya Protocol, 

itself a follow-up to the Convention on Biological Diversity, but the US has remained conspicuously 

absent from these discussions, choosing not to sign on. It is imperative that the synbio community 

continue to apply pressure on the US government to refine its regulatory strategy, both domestically 

and globally. 

Considering the lack of clarity at the government level, it is not surprising that public perception toward 

synthetic biology is mixed. The majority (roughly two-thirds) of Americans are in favor of continued 

synbio research,260 a view shared by the UK public.261 However, most Americans are not familiar with 

synthetic biology, and their concerns grow as they learn more.262 Questions about GMOs and risks are 

prevalent. With the opportunity to improve so many aspects of quality of life, what is apparent is that 

better communication and education are required to help support the growth of both synbio research 

and commercialized products, especially those that have a direct consumer connection (e.g., 

pharmaceuticals, food). 

The DIYbio movement (“do-it-yourself biology”), which has emerged over the past decade, is both a 

challenge and an opportunity for public perception. DIYbio puts bioengineering tools in the hands of 

citizen scientists, under the premise “that wider access to the tools of biotechnology, particularly those 

related to the reading and writing of DNA, has the potential to spur global innovation and promote 

                                                

 

 
260 Hart Research Associates (for Woodrow Wilson International Center for Scholars). Awareness & Impressions of Synthetic Biology: 
A Report of Findings Based on a National Survey among Adults. (2013) 

261 The Royal Academy of Engineering. Synthetic Biology: Public Dialogue On Synthetic Biology. (2009) 

262 Hart Research Associates (for Woodrow Wilson International Center for Scholars.). Awareness & Impressions of Synthetic 
Biology: A Report of Findings Based on a National Survey among Adults. (2013) 
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biology education and literacy.”263 This community was inspired by Rob Carlson’s home biology lab264 

and gained a voice with DIYbio.org, a message board that launched in 2005 (described further in 

Section 8.2). Since then, community labs have sprouted up around the world (at least 14 in North 

America and Europe), some of the more prominent being Genspace (genspace.org, Brooklyn, New 

York) and Biocurious (biocurious.org, Sunnyvale, California). The latter has made a name for itself as an 

innovator, crowdfunding its start-up costs, building a DIY-first bioprinter, and hosting a controversial 

crowdfunded synbio product, the groundbreaking Glowing Plant (glowingplant.com; described above in 

Section 6.3). The DIYbio movement has the potential to increase public concerns about the safety of 

synbio. However, there is a far greater opportunity for grassroots community efforts like these to be 

part of the public education needed for synbio to mature. That said, the financial models for 

community labs are unproven, and additional community resources will be required. 

Indeed, community is perhaps one of the greatest attributes to have formed around synthetic biology 

over the past 10 years. Starting with a small group of scientists at a handful of schools (primarily 

affiliated with Synberc), synbio has grown into a global community of researchers, educators, and 

innovators (see Section 8.2 for more details). Organizations like iGEM (igem.org)265 and BioBuilder 

(biobuilder.org) have created vibrant educational communities that inspire thousands of students each 

year. BioBricks Foundation (biobricks.org) and SynBioBeta (synbiobeta.com) organize programs 

throughout the year that bring together leaders in the field. BioBricks also hosts the BioBrick™ Public 

Agreement, which facilitates the sharing of standardized biological parts. The Synthetic Biology 

Leadership Excellence Accelerator Program (LEAP), launched in 2012, is building a platform to develop 

the leaders of tomorrow, whether synbio practitioners or as part of the larger community that will 

benefit from synbio advances. Registries like iGEM’s Registry of Standard Biological Parts and the JBEI 

Inventory of Composable Elements (JBEI-ICE), along with libraries of tools, have been developed to 

support this growing research field. 

                                                

 

 
263 Synthetic Biology Project. Seven Myths and Realities about Do-It-Yourself Biology. Woodrow Wilson International Center for 
Scholars. (2013) 
264 Carlson, R. Splice It Yourself. Wired (May 2005) 
265 It should be no surprise that Tom Knight, the “godfather of synthetic biology,” was part of the formation of iGEM, along with 
Synberc PI Drew Endy and past-PI Randy Rettberg, who currently serves as iGEM’s President. 
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At the center of many of these developments and initiatives is Synberc, which was created by many of 

the central researchers in the field in 2006. Surveying the cascade of ideas and opportunities in 

synthetic biology, it becomes clear that many of the main developments that occurred (before and 

after Synberc’s inception) share a connection with Synberc. Synberc’s PIs have been critical to the 

success of many of synbio endeavors, and their students have graduated to their own labs and 

companies. The success of the synbio community, from iGEM to BioBricks, LEAP to the registries, is 

obviously and inextricably linked to Synberc’s mandate and activities. 

If the growth in synthetic biology over the past 10 years is any indication, the growth over the next 10 

stands to be even more significant. In the context of synthetic biology research, many have commented 

on the complexity and messiness of the cellular environment; the growth of a new field and a new 

industry, let alone multiple industries, is just as complex and messy. The synthetic biology community 

needs a strong central organizing force that can continue to support this community, grow its leaders, 

and serve as a mobilizer of researchers, industry, government, and philanthropy. 
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8. SYNBERC OVERVIEW 

8.1. Accomplishments 

Synberc was created in 2006 with two audacious and related goals: 

• To create a new field of synthetic biology, and  

• To build an industry around it. 

From its early beginnings advancing an unproven concept with 12 principal investigators, Synberc has 

gone on to help shape the research agenda of the field, developed numerous foundational technology 

advances, served as an important venue for convening researchers throughout the synthetic biology 

community, developed programs to ensure that science in this area is conducted safely and securely, 

attracted industry support and participation, helped train many of today’s synthetic biology leaders and 

investigators, supported the development of global training initiatives (like iGEM), and highlighted the 

viability of commercial applications for its technology. In short, Synberc has laid much of the 

groundwork in the US for an industry that is projected to grow to nearly $11 billion by 2016.266 

Specifically, amongst its most significant accomplishments are the following: 

Synberc is providing a central place for biological engineers to congregate to exchange ideas. It 

convenes and focuses the synthetic biology community and all of its resources to tackle the key 

technical and social challenges of synthetic biology in a manner that is not being done anywhere else.  

Among Synberc are the key leaders in synthetic biology from five of the best universities in 
the US. Three hundred and ninety-five personnel are actively engaged in carrying out the 
Center’s research and education agenda: 33 faculty members (11 of whom are on the 
leadership team), 95 postdoctoral fellows, 101 graduate students, 108 undergraduate 
researchers, 16 REU students, and 8 RET teachers.  

Synberc’s impact is felt well beyond its 395 members. Since inception, Synberc reached over 
30,000 people through programs like iGEM, focused outreach events to community college 

                                                

 

 
266 BCC Research. Synthetic Biology 
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and pre-college students and teachers, and [organized] almost 1,000 workshops, seminars, 
and innovation-focused events. To maximize its reach by “teaching the teachers,” Synberc 
focused on developing its RET program. And through iGEM, Synberc reached many 
thousands of students and other participants. [Furthermore, n]one of these numbers 
include[s] participants in the associated projects, which is substantial. 267 

Members of the Synberc community describe its growth as explosive (now globally distributed) and 

dynamic. They characterize the Synberc community culture as follows: 

A New Scientific Culture: Open, Collaborative, Supportive Science: Synberc showed the 
collaborative possibilities of diverse PIs at diverse institutions who would work together to 
produce contributions among various labs and among various people in order to help society 
as a whole; Sense of community: very-high-profile, high-quality PIs, inside the fence, not 
fighting with each other. Safe environment where intellectual freedom and creativity can 
thrive. Collaboration of individuals, labs, institutions, society. Different model. 

Out-of-the-Box Thinking. Different perspective (outside the box). Seeing how different 
researchers approach problems and using that as a model for trying to attack some of the 
problems. Made [Synberc investigators] rethink completely how they did projects. Synberc 
completely redefined recombinant DNA technology. 

Industry Participation/Collaboration. Synberc pulled together an industry group that is 
incredibly supportive of the science and education and all that the synthetic biology 
community is trying to do. Synberc educated industry and managers, fostered framework of 
understanding amongst industry participants. This not only brings knowledge into companies 
but levels the understanding amongst the participants who are now talking to each other 
and having richer and more substantive conversations.  

Active Development of Next Generation of Scientific Leaders. Synberc attracted 
numbers of young people into synthetic biology, who are driven by wanting to make a 
difference and have an impact on the world. This is significant. 268 

Synberc’s collaborative work is achieving what would not be possible through a narrow or individual 

approach. It has directed a community wide effort to create a transformative new discipline that applies 

engineering design to the practice of biology and has brought together researchers from across 

disciplines to work together in this effort. 

                                                

 

 
267 Synberc Year Seven Report, Page 14. (2013) 
268 Synberc Strategy Initiative, Working Group Kickoff Meeting Responses, 10/28/13-10/30/13 
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One of the key accomplishments of Synberc has been the articulation of what the potential 
and opportunities of synthetic biology are. In the beginning, thinking about organisms from 
an engineering mindset was new. Synberc brought awareness to the field of synthetic biology, 
explaining the complexity of it to scientific community and the public.  

Synberc has been the voice for defining the area and for promoting its opportunities, defining 
what synbio is and what it is not. It can have an even more important role for 
communicating with the public. Synberc demonstrated success in explaining how difficult 
synthetic biology is and what one can expect over time. 269 

Synberc’s research has established the intellectual underpinnings of the synthetic biology field and 

developed numerous technology advances. 

The goal of Synberc’s research program is to develop the foundational understanding and 
technologies to build biological components and assemble them into an integrated system to 
accomplish a particular task. To accomplish this goal, it has developed: 1) a conceptual 
framework and the associated design and database software for designing small biological 
components (parts) that can be assembled into devices that will perform a well- 
characterized function under specified conditions; 2) a small number of chassis (assembly 
substrate and power supply) to host the engineered devices and to assemble several devices 
to accomplish a larger vision or goal; 3) a set of standards for the interactions of the parts 
and devices so that the devices can be built more readily and reproducibly; and 4) offered 
the parts, devices, and chassis as open source to those both formally and informally 
connected to Synberc. Synberc’s research program is supported by four thrusts: 1) Parts and 
Part Composition, 2) Devices and Device Composition, 3) Chassis, and 4) Practices. Four 
testbeds are driving the development of the parts, devices, and chassis and demonstrate the 
usefulness of these cellular components. 270 

The quality of this research is reflected in its output. 

Since inception, Synberc PIs have published 402 papers in peer-reviewed journals. Of those 
402 papers, 155 came directly from Synberc-supported research; the remaining 247 came 
from associated projects. Of the 155 Synberc publications, 119 were coauthored with 
students, 9 with industry, 56 had authors from multiple engineering disciplines, 13 were 
authored by individuals from both engineering and non-engineering fields, and 42 had 
authors from multiple institutions. 271 

                                                

 

 
269 Synberc Strategy Initiative, Working Group Kickoff Meeting Responses, 10/28/13-10/30/13 
270 Synberc Year Seven Report. Pages 14, 52-222. (2013); Synberc Strategy Initiative, Working Group Kickoff Meeting Responses, 
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See Appendix N for a full list of Synberc publications. 

Synberc PIs have over generated over $62.9 million in direct associated project funding. This 
associated project funding is three times that of the average manufacturing-based ERC. 
Much of this funding is for biofuels research, an important associated testbed for synthetic 
biology and an area where synthetic biology can have far-reaching impact. 272 

Synberc has built an infrastructure that supports collaboration, constructive competition, and the 

production of tools and knowledge needed to responsibly and productively exploit synthetic biology. 

Synberc is providing a repository for these open-source basic biological components, through 
its Web of Registries. 273 

Synberc is establishing a common infrastructure for those automation and screening 
technologies in high demand, by demonstrating proof of concept for an early biofab, 
establishing a distributed network of biofab (the Stanford BIOfab, the MIT Foundry, 
SynBIOSIS in Boston and the Berkeley lab) and developing bioCAD tools to automate and 
manage synthetic biology experiments.274 

Synberc is implementing an organizing framework in which to develop specific applications. 

Since inception, Synberc PIs filed 72 patent application;, 5 patents have been awarded. 
There have been 18 invention disclosures and 4 licenses issued [see Appendix O for a full 
list]. Since its inception, Synberc has spun out 5 start-up companies. 275 

Three potential products have been generated from the Microbial Chemical Factories 
Testbed. The Prather lab has produced new pathways for the biological synthesis of 3- 
hyrdoxybutyrolactone (3-HBL) and glucaric acid, and the Keasling lab has produced adipic 
acid. 3-HBL and glucaric acid have been licensed to Synberc start-up company Kallion. 
Kallion is in the process of applying for an NSF grant (12-543) for development of glucaric 
acid and is seeking funds for the development of 3-HBL. The Synberc/JBEI start-up Lygos 
has licensed adipic acid and will be developing this compound. In addition, a number of 
technologies from the Voigt lab have been licensed or are in development. A number of 
commercial enterprises and academic labs have licensed the Ribosome Binding Site 
Calculator. The refactored nitrogen fixation pathway in bacteria has been licensed to the 
Synberc start-up Pivot Bio, and the overexpressed type III secretion system in Gram negative 
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bacteria is being used by Refactored Materials, another Synberc start-up, to produce 
products developed by spider silk protein. While commercialization of the products 
mentioned here is still some distance away, the start-ups that have emerged from Synberc 
provide clear examples of the potential to commercialize the proof-of-concept products from 
the Synberc MCF testbed and devices thrust. 276 

Synberc is partnering with key companies that will transform the biotechnology, health, energy, 

chemical, and agricultural industries. 

Synberc has a strong—and steadily growing—industry program. Its Industrial Advisory Board 
has 29 organizations that represent a good blend of small, medium, and large firms. Synberc 
students have done internships at member companies, and Synberc researchers continue to 
develop strong working relationships with member and non-member companies in areas 
such as bio-instrumentation (Agilent), food processing (DSM), biotechnology (Life 
Technologies), and chemicals (Genomatica). 277 

Synberc has played a foundational role for what is expected to be an $11 billion market in the next five 

years278; it has seen a much faster rate of progression from lab to company from what is traditionally 

observed in industry.279 

Synberc has developed a strong “practices” program to examine and address safety, security, 

responsible conduct of research, and ethical, legal, and social implications of synthetic biology, as well as 

the intellectual property issues associated with synthetic biology research and industrial aspects. 280 

Synberc has developed an education program to educate future synthetic biologists and community 

leaders and has reached out to student populations underrepresented in the sciences.  

Synberc is developing a complementary education program to educate a new cadre of 
synthetic biologists (postdoctoral, PhD, and BS-level) capable of designing biological 
components, just as electrical engineers design and build integrated circuits. Part of this effort 
includes reaching out to K–12 students to pique their interest in a career in science, 
engineering, and synthetic biology. Synberc promotes synthetic biology through design classes 
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278 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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and competitions that provide students with hands-on experience. Target audiences for its 
educational programs include minority institutions, as well as local community colleges and 
high schools. These programs have been successful in increasing the participation of minority 
students in this emerging area. Synberc is also committed to developing outreach programs 
targeting both the general public and policymakers about the benefits and risks of synthetic 
biology. 281 

Within its education programs, Synberc PI’s have developed 33 new synthetic biology courses. 
A number of these are freely available on Open Wetware (www.openwetware.org) for use 
by Synberc and non-Synberc universities to develop their own synthetic biology curricula.282 A 
new synthetic biology textbook will be ready for publication in twenty-four months.  

Synberc graduated ten students with BS degrees, six students with MS degrees, and 44 
PhDs. Of these graduates, 8 have gone to industry and 23 to academic positions. Finally, 
nine Synberc students have had industry internships.283 

Many large-scale programs and institutions are growing up around Synberc (the Synthetic Biology 

Center at MIT, the Center for Systems and Synthetic Biology at UCSF, the Synthetic Biology Institute at 

UC Berkeley, and the iGEM Foundation, to name a few; see Section 8.2.) This suggests that Synberc 

has had tremendous impact in catalyzing this new field, with Synberc researchers and institutions at the 

center. 

Synberc allowed people to organize. Synberc gave people a place to experiment with 
organizational models. It supported the entrepreneurial development of the entire 
community. BIOFAB is one example. Synberc generally got the synthetic biology community 
moving together, coordinating activities of many groups and using that as a nucleus in order 
to start synthetic biology within the United States. 284 
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8.2. Synberc and the Synthetic Biology Ecosystem: “Letting a Thousand Flowers Bloom” 

Synberc Sponsored/Affiliated Initiatives 

“Synberc represents the nation’s largest investment in people and institutions driving the 
practice of synthetic biology. A recent publication analyzing the scientific landscape gives 
strong evidence that the NSF’s investment has helped to catalyze an entire field, with 
Synberc researchers and institutions figuring prominently in its center.”285 

The strategic approach taken by Synberc from its inception has been to allow the PIs (and now the 

Associate PIs) the freedom to exercise their creativity and pursue innovative ideas and organizational 

frameworks intended to extend Synberc’s community, concepts, and infrastructure. Together, Synberc 

and the Sloan Foundation have funded a variety of the best activities intended to establish, nurture, and 

grow the community. 
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International Genetically Engineered Machine Competition (iGEM) www.igem.org 

iGEM is dedicated to education and competition, advancement of synthetic biology, and the open 

community and collaboration and has fostered scientific research and education for almost a decade, 

through organizing and coordinating what has become the premier student synthetic biology 

competition in the world.286  

In 2012, iGEM spun out of MIT and became an independent nonprofit organization, called the iGEM 

Foundation, located in 5,000 sq ft lab and office facility in Cambridge, Massachusetts. The spin-out was 

intended to allow iGEM to raise additional funds and become a self-sustaining entity. As Synberc’s Year 

Seven Report states, “With iGEM’s independence and continued growth come the challenges of 

effectively supporting iGEM teams and participants while still maintaining a healthy bottom line.”287 

iGEM is run by Randy Rettberg and Meagan Lizarazo. Supporters include the Sloan Foundation, 

Synberc/NSF, Agilent, Autodesk, FBI, IDT, Mathworks, New England BioLabs, SGI-DNA, and Biomatters. 

History 

iGEM started modestly, growing out of MIT-sponsored design classes held in 2003 and 2004 during 

inter-term independent activity periods. Initially, it involved small teams of undergraduate and graduate 

students from both biology and non-biology majors. During a 2003 “Engineered Genetic Blinkers” class, 

students designed genetic oscillators with fluorescent reporters to function in E. coli. Within four weeks, 

the students had specified more than 60 parts, designed oscillators from these parts, and simulated and 

documented their results. The parts and related information were placed in a repository and registry at 

MIT, which formed the beginnings of the Registry of Standard Biological Parts. During the 2004 

“Engineered Genetic Polka Dots” class, student teams designed pattern-generating systems for fields of 

E. coli based on cell-cell signaling and chemotaxis. 288 This early work validated the use of biobricks: 

well-specified, standard and interchangeable biological parts. 
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Design Competition 

During the summer of 2004, with support from NSF, MIT initiated a five-school design competition 

including Boston University; California Institute of Technology; Princeton University; University of Texas, 

Austin; and MIT. Each school assembled teams of about 10 students for the summer. These teams 

designed and specified simple biological systems from standard, interchangeable parts in the Registry of 

Standard Biological Parts. 

As Jay Keasling described this early activity in the proposal to the NSF:  

These initial synthetic biology offerings have proven to be exceptionally motivating, producing 
an intense educational experience as demonstrated by their popularity. These courses 
appeal to a broad spectrum of students, from undergraduate to graduate and even to 
professors, from biologists to computer engineers and even to political science students. This 
approach was modeled after the Mead-Conway VLSI [Very-Large-Scale Integration] Design 
courses and the MIT Robotics Competitions that revolutionized the study of computer 
architecture and led directly to start-ups (such as Silicon Graphics and MIPS).289 

During the summer of 2005, with support from the MIT/Microsoft iCampus program, the design 

competitions expanded internationally to teams from 13 schools including University of California, 

Berkeley; California Institute of Technology; Cambridge University; Davidson College; ETH Zurich; 

Harvard University; University of Oklahoma; Penn State University; Princeton University; University of 

Toronto; University of California, San Francisco; University of Texas, Austin; and MIT. The participation 

of Davidson College exemplified a special emphasis on participation by undergraduate students. iGEM 

2005 (for “intercollegiate Genetically Engineered Machine”) was followed by iGEM 2006, with 

expansion to many more schools and participation from Asia.290 

Since then, with financial support from Synberc, the Design Competition has grown into a major 

international event. In 2012, 245 teams and over 2,000 students, faculty, and instructors participated. 
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The iGEM teams specify, design, build, and test biological systems made from interchangeable biological 

parts. 291 

Achievements from the 2012 competition include: 

• Second iGEM High School Division competition, with 25 active team participants 

• iGEM Collegiate Division with 190 teams from 32 countries 

• Pilot iGEM Entrepreneurship Division launched, with 15 teams competing in areas such as 
business plans, economic and business models, industry development, business and regulation 

• iGEM Labs program launched, with over 200 academic research laboratories registered for the 
program 

iGEM’s impact extends well beyond the students who participate in the Design Competition. Synberc’s 

Year 7 Annual Report states: 

As the competition has grown, the success of the student projects has dramatically increased, 
as has the intensity with which students devote themselves to their projects. iGEM has had 
a profound impact on the students who join the synthetic biology community via their 
participation in iGEM, as well as on the professors and instructors who take part in the 
competition, and on the institutions involved. iGEM also exposes the general public to 
synthetic biology and impacts public perception of the field as a whole. Finally, iGEM 
promulgates safe and sustainable practices within synthetic biology labs around the 
world.292 

 

The Registry of Standard Biological Parts 

As described above, the Registry of Standard Biological Parts was established originally at MIT to aid the 

work being done by student teams and academic researchers. Over the years, it has grown in scope 

and quantity. At the time of the submission of Synberc’s original proposal to the NSF in mid-2005, the 

Registry had ~300 registered users and contained 188 basic biological parts, including coding regions 

for proteins, protein-binding domains for transcriptional regulation, and more, as well as more than 350 
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composite parts or devices made from those parts; another 600 parts had been specified and were 

either being built or had been abandoned by their designers on completion of their design classes. The 

associated DNA repository of the Registry contained more than 500 of these parts and devices. The 

Keasling proposal stated: 

What started as a simple database for parts has become the central resource for an 
ongoing series of summer design competitions. It is also becoming the central parts 
database and repository for synthetic biology researchers. The Registry currently performs 
these functions: registry for information about parts, devices, chassis, and systems; repository 
for corresponding physical parts; sponsorship and operation of summer design competitions 
(iGEM); service for assembly of parts into devices and systems; and tools for finding parts 
and assembling them into devices and systems.  

Synberc will partner with the Registry of Standard Biological parts at MIT to build on and 
expand the recognized programs that were initiated at MIT to engage students from both 
science and engineering in the design and construction of engineered biological systems.293 

Today, the Registry of Standard Biological Parts contains short descriptions of these parts as well as 

long and detailed descriptions, sequences and features, categorization, measured parameters, identity of 

the designer, references, experience in using the component, and more. The registry works in 

conjunction with a DNA repository, as mentioned above, which holds the physical DNA for the 

components that have been submitted and makes periodic distributions. In the spring, the repository 

ships out a complete set of components to the iGEM teams. In return, iGEM teams send the parts that 

they create to the registry.  

The Registry now has over 21,000 parts and contains both online documentation for more than 3,000 

basic biological parts as well as hundreds of composite parts or devices made from those basic parts.294  

The BioBricks Foundation www.biobricks.org 

The BioBricks Foundation (BBF) is a public-benefit organization founded in 2006 by scientists and 

engineers to introduce standardized biological parts that are safe, ethical, cost-effective, and publicly 

accessible to create solutions to the problems facing humanity. Its mission is to ensure that the 
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engineering of biology is conducted in an open and ethical manner to benefit all people and the planet. 

BBF develops foundational tools (i.e., standardized biological parts) and provides these free for others 

to use so that synthetic biology can proliferate.295 

The Foundation focuses on four areas: Technology, Law, Education, and the Global Community, which 

it addresses through a technical program, the SBx.0 conference series, and an education program.  

The BioBricks Foundation was created by Drew Endy (Synberc PI and current Board President) and 

several close colleagues of Endy who are also scientific leaders in the synbio field. Others involved 

include: 

• Natalie Kuldell, PhD, a Synberc PI, and instructor in Biological Engineering at MIT 
• Pamela Silver, PhD, a Synberc PI and professor of Systems Biology at Harvard Medical School 
• David Singh Grewal, Associate Professor of Law at Yale Law School and a former Junior Fellow 

of the Harvard University Society of Fellows 
• Richard A. Johnson, Senior Counsel for legal and regulatory issues related to research and 

innovation, Arnold & Porter LLP 
• Thane Kreiner, PhD, Executive Director of the Center for Science, Technology, and Society at 

Santa Clara University 
• Jack D. Newman, PhD, Cofounder and Senior Vice President of Research, Amyris 

Biotechnologies 
• Mark A. Fischer, intellectual property lawyer at Suffolk University Law School 

History 

In June 2004, Drew Endy founded the first International Meeting on Synthetic Biology, SB 1.0. As the 

original Synberc proposal described this meeting, 

Synthetic Biology 1.0....was consciously designed to facilitate the emergence of a tight-knit, 
cooperative international community of synthetic biology researchers. UC Berkeley is 
organizing and setting the agenda for a second conference in spring, 2006, Synthetic Biology 
2.0. Because Synthetic Biology 2.0 will focus on applications (e.g., materials and drugs), it 
provides a natural forum for discussing both the promise and the potential threats of this 
new technology.296 
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Since that time, SBx.0 has evolved into the premier academic meeting for synthetic biology. In 2013, 

SB6.0 was held in London, attended by 2,200 participants from 31 different countries. 

Activities 

Since these early beginnings, Endy and others have expanded the scope of BioBricks’ activities. 

• BioBrick™	  Public	  Agreement	  (BPA): A free-to-use legal tool that allows individuals, companies, 

and institutions to make their standardized biological parts free for others to use. It was 

developed for sharing the uses of standardized genetically encoded functions (e.g., BioBrick™ 

parts). 

o The Agreement champions a new paradigm for research, advocating a “solutions-driven” 

research model and foundational tools that can be used to develop solutions for a 

variety of problems 

o The BPA encourages donation of basic bioengineering knowledge into the public 

domain, in order to accelerate innovation, collapse timelines, and speed time-to-market 

for inventive synthetic biology-based solutions while fostering ethical use of the 

technology.  

• Technical	  Request	  for	  Comment	  (TRC)	  Process	  

o The TRC process is a technical-standards-setting framework that serves as the driver 

and promoter of a high-quality technical-standards process for synthetic biology 

research. It aims to deliver: 

§ the framework for a standards setting process in synthetic biology  

§ an open, online platform that enables the standards-setting process by 

providing easy-to-use tools for communication, information sharing, broad 

participation, and dissemination of technical standards  

o The first BBF Request for Comments (RFC) was issued in November 2008 (BBF RFC: 

Instructions to BBF RFC Authors).  
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o Since then, 87 BBF RFCs have been published addressing various topics in synthetic 

biology research, from proposals for DNA assembly standards to best practices in 

vector design to information sharing. 

o BBF has developed the Synthetic Biology Open Language (SBOL), designated as the 

standard core data model from which design tools and databases developed in the 

DARPA Living Foundries Program are to be made compatible 297,298 

• www.openwetware.org	  	  

o Open Wet Ware (OWW) is a collaborative web resource providing biological 

researchers an online platform for storing, managing, and sharing research data and 

know-how. 

o Currently it includes over 9,000 users who have contributed more than 20,000 

individual resource pages. 

o By making available information, communication, and knowledge-management tools 

early in the research process (relative to the traditional peer-review based system), 

OWW supports the documentation and exchange of knowledge and information that 

is otherwise typically lost or never made inaccessible to begin with, (e.g., control 

experiments and data, negative results, etc.).  

o OWW aims to improve the process of scientific discovery by lowering technical 

barriers to sharing and dissemination of knowledge in biological research, building a 

community of researchers that values, practices, and innovates the open sharing of 

information, and by integrating into existing and future reward structures in research 
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• Stanford	  Biofab/	  Global	  Biofab	  Network	  (see	  www.biofab.org,	  below)	  

• SynBio	  Road	  Mapping	  Project	  

o The SynBio Road Mapping Project envisions a “Global Roadmap for Synthetic Biology” 

that will be an international effort of leading scientists, engineers, and practitioners in 

academia, industry, and government to present the grand challenges in synthetic biology. 

Results of such a road-mapping effort would include: 

o Evaluation of progress in key areas 

o Setting technical goals for the field over the next 15 years 

o Identification of resources that might be best used to ensure that the best technologies 

are developed, distributed, and utilized to meet those goals 

o Recommendations for operational metrics and standards to support efficiency and 

sharing in the field 

o Identified ways in which the field can incorporate safety, ethical, legal, and social impacts 

into its research and community vision 

• BioBricks	  Educational	  Program	  

• The BioBricks Educational Program addresses education for the professional synbio 

community, students (middle school, high school, and college), and the general lay public. 

www.syntheticbiology.org (Hosted on OpenWetWare) 

This site was originally started by Synberc PIs at MIT and Harvard. It is now supported by individuals, 

groups, and labs from various institutions who are committed to engineering biology in an open and 

ethical manner. The site can be edited by all members of the synthetic biology community. 

SyntheticBiology.org is currently working to:  

• Help specify and populate a set of standard parts that have well-defined performance 

characteristics and can be used (and reused) to build biological systems 
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• Develop and incorporate design methods and tools into an integrated engineering environment  

• Reverse engineer and redesign preexisting biological parts and devices in order to expand the 

set of functions that we can access and program 

• reverse engineer and redesign a “simple” natural bacterium  

• Minimize the genome of natural bacteria and build so-called protocells in the lab, to define the 

minimal requirements of living entities  

• Construct orthogonal biological systems, such as a genetic code with an enlarged alphabet of 

base pairs 

BioBuilder www.biobuilder.org; www.biobuilderfoundation.org 

BioBuilder, established in 2007, provides training programs for students and teachers. For students, it 

offers a comprehensive introduction on synthetic biology techniques through laboratory participation. 

In addition to designing new bacterial populations, students consider the social and ethical implications 

of their work. The culminating aspect of the program challenges students to use synthetic biology to 

address a real-world problem. For teachers, the program provides workshops and resources to help 

them enable their students to pursue inquiries in synthetic biology.  

Key persons involved in BioBuilder include: 

• Natalie Kuldell, PhD, a Synberc PI, and instructor in Biological Engineering at MIT 
• Drew Endy, PhD, a Synberc PI and Assistant Professor of Bioengineering at Stanford 
• Sherry Annee, high school science teacher 
• Isadora Deese, freelance writer and editor and an administrative assistant at MIT  
• Karen Katz, regional manager of the Venture Pipeline group, a DLA Piper business unit 
• Rebecca Millman, a Marketing and Sales Knowledge Expert in McKinsey’s Boston office 
• Gayle Allen, EdD, MBA, the Chief Learning Officer and Director of BrightBytes Labs at 

BrightBytes 
• David Birnbach, a Mentor in MIT’s Venture Mentoring Service and former CEO of a leading 

mobile technology firm 
• Donald Shobry,  centered on helping people make better decisions more rapidly 

Highlights of Biobuilder’s efforts include the following: 
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• Develops innovative curriculum and workshops for high school students. 

• Puts current research into the hands of teachers and students by converting exciting and 

ongoing research questions into teachable modules. 

• Goal of increasing interest, engagement, and understanding of science and engineering. 

• Lessons rely on design challenges delivered through web-based animations, in-class and 

laboratory activities. 

• Once completed, students and teachers return to an online forum where data and best 

practices are exchanged. 

BIOFAB www.biofab.org 

The BIOFAB International Open Facility Advancing Biotechnology (BIOFAB) was the world’s first 

biological design-build center. The professionally staffed public-benefit facility was founded in 2009, 

supported by a two-year supplemental grant from the National Science Foundation (NSF) based on 

Synberc’s original proposal and was led by bioengineers from UC Berkeley and Stanford University who 

are Synberc PIs. BIOFAB was operated in partnership with Lawrence Berkeley National Laboratory 

(LBNL), the BioBricks Foundation, and Synberc. 

BIOFAB aimed “to produce thousands of free, standardized DNA parts to shorten the development 

time and lower the cost of synthetic biology for academic or biotech laboratories”:  

The BIOFAB is raising additional funds to hire 29 full-time staff who will systematically refine, 
standardize and characterize the activity of each genetic control element in E. coli, so that 
large-scale collections of genetic parts can be treated more like standardized components. 
What the researchers learn will be applied to parts collections in other microbes and used to 
assemble engineered biological systems.299 
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The BIOFAB would also promulgate standards for technical and professional practice and would 

integrate ethics research within its production planning and operation, in order to ensure the 

development of open technology platforms that are safe and secure. 

As the BIOFAB website states, 

Biofab projects will be designed to produce broadly useful collections of standard biological 
parts that can be made freely available to both academic and commercial users, while also 
enabling the rapid design and prototyping of genetic constructs needed to support specific 
needs of partner efforts such as Synberc Testbeds. The BioFab will thus also represent the 
first significant focused investment in the development of open technology platforms 
underlying and supporting the next generation of biotechnology. Once fully operational the 
BIOFAB facility will be capable of producing tens of thousands of professionally engineered, 
high quality standard biological parts each year. 

The project builds on three years of work in Human Practices within Synberc. That mandate, 
broadly conceived, … has been to track the ethical ramifications of research programs and 
their venues. Such efforts orient inquiry into the problem of designing venues for the 
intersection of the life sciences, ethics, and security today—a problem which would seem to 
be a core challenge in the development of the BIOFAB. 

The BIOFAB is working closely with the Synthetic Biology Engineering Research Center 
(Synberc) to develop parts and devices as requested for Synberc testbed applications. We 
will make available a standing rapid prototyping service to all Synberc researchers so that 
any needed engineered genetic systems can be quickly and effectively designed, assembled, 
and tested. 

The leadership of the BIOFAB included:  

• Drew Endy, PhD, BIOFAB Co-Director, Synberc PI, and Assistant Professor of bioengineering 
at Stanford 

• Adam Arkin, BIOFAB Co-Director, a Synberc PI, Professor of Bioengineering at UC Berkeley, 
Director of the Synthetic Biology Institute (SBI) at UC Berkeley, Division Director of Physical 
Biosciences at Lawrence Berkeley National Lab 

• Jay Keasling, Chair of the BIOFAB Executive Committee, Director of Synberc, Hubbard Howe, 
Jr. Professor of Biochemical Engineering University of California Berkeley, Associate Director of 
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the Synthetic Biology Institute at UC Berkeley, Associate Laboratory Director of Biosciences for 
the Lawrence Berkeley National Laboratory, Chief Executive Officer Joint BioEnergy Institute300 

The two-year supplemental grant that funded this program expired in December 2011, and no 

additional funds were raised to continue this effort. Synberc’s Year Seven Report indicates that activities 

to extend this effort are ongoing at the Wyss Institute at Harvard, LBNL, Stanford, and globally.301 

Leadership Excellence Accelerator Program www.synbioleap.org 

The Synthetic Biology Excellence Leadership Accelerator Program (LEAP) was established in 2012, with 

the goal of catalyzing a community of emerging leaders in synthetic biology to create bold new visions 

and strategies for developing biotechnology in the public interest. Its goals were to: 

• Invest in the individuals that will ultimately shape and govern this diverse, growing and globally 

distributed technology 

• Provide emerging leaders with new tools, networks and commitments to action essential to 

achieving their visions for promoting innovation responsibly in practice  

• Act as a sustaining nexus of resources and support as leaders assume their roles  

The program aims to enhance capacities of practitioners to align technical and social agendas by 

providing (1) proficiency in the forces shaping biotechnology, (2) practice in devising real-world 

solutions, (3) a network of peers and partners across key organizations, and (4) productivity through 

seeing new ideas for scaling responsible practices developed, disseminated and committed to action.  

LEAP was piloted in 2012/2013 with the support of the Sloan Foundation (leading sponsor), NSF, 

Synberc, BioBricks Foundation and Woodrow Wilson Center; 20 inaugural LEAP Fellows were 

competitively selected from over 120 applicants solicited through an international call with a focus on 

North American institutions. LEAP Fellows included representatives across career stages (senior grad 

students to new group leaders), sectors (university, national labs, large industry, start-ups, think tanks, 
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government, and amateur/DIY communities) and disciplines (biosciences, engineering, social sciences, 

law). It is anticipated that a three-year follow-on program will be funded by Sloan, NSF, Synberc, and 

others. 

The follow-on program envisions, each year, about twenty Fellows—emerging leaders working in 

diverse areas of biotechnology. The program will center on a weeklong in-residence leadership 

workshop wherein Fellows collaborate to develop actionable strategies to address their top challenges 

for the practice of synthetic biology, under the guidance of world-class experts across disciplines and 

sectors. 

The outputs of this program would be: 

• Workshops: Intensive weeklong residential workshops that serve as a launch pad for the 

Fellows and their visions and plans 

• Strategic Action Plans: Collaboratively developed plans that propose new visions and strategies 

for responsibly advancing biotechnology 

• Network: A growing community of current fellows, program alumni, and world-class experts in 

the diverse disciplines shaping biotechnology 

• Catalysts: Strategic financial and/or nonfinancial support to accelerate the development of 

Fellows’ projects 

The leaders of the LEAP project are: 

• Megan Palmer, PhD, LEAP Executive Director and Synberc Deputy Director of Practices  
• Drew Endy, PhD, a Synberc PI and Assistant Professor of bioengineering at Stanford 
• Jay Keasling, PhD, Director of Synberc, Hubbard Howe, Jr. Professor of Biochemical Engineering 

University of California Berkeley, Associate Director of the Synthetic Biology Institute at UC 
Berkeley, Associate Laboratory Director of Biosciences for the Lawrence Berkeley National 
Laboratory, Chief Executive Officer Joint BioEnergy Institute 

• Holly Million, MA, former Managing Director of BioBricks Foundation 
• Kevin Costa, Managing and Administrative Director of Synberc 

The first class of twenty LEAP Fellows developed fourteen white papers describing their vision and 

plans in development. Topics included, among others, educational models, risk-research funding, global 
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health approaches, and standards development. Many of these early-career researchers have the tools 

and network needed to advance synthetic biology in diverse social and organizational contexts. 

The Sloan Foundation has approved follow-on funding, but the program must still raise additional 

matching funds.302 

Other Related Initiatives 

New initiatives unrelated to Synberc but connected by leadership and programs have also arisen in the 

synthetic biology ecosystem.  

The Synthetic Biology Project www.synbioproject.org 

The Synthetic Biology Project was established as an initiative of the Science and Technology Innovation 

Program of the Woodrow Wilson International Center for Scholars, supported by the Sloan 

Foundation. Its objective is to help ensure that, as synthetic biology moves forward, possible risks are 

minimized, and benefits, maximized. 

The Project aims to foster informed public and policy discourse concerning the advancement of 

synthetic biology by providing independent, rigorous analysis that can inform critical decisions affecting 

the research, commercialization, and use of synthetic biology. In collaboration with researchers, 

governments, industries, non-governmental organizations, policymakers, and others, the Synthetic 

Biology Project works to identify gaps in knowledge of the potential risks of synthetic biology, explore 

public perceptions towards the field, and examine governance options that will both ensure public 

safety and facilitate innovation. All research results, reports, and outcomes of meetings and programs 

are made broadly available through publications and over the Internet. 

Staff members of The Synthetic Biology Project (Todd Kuiken and Eleonore Pauwels) are heavily 

involved with Synberc’s security, policy, and ethics program (“Practices” thrust). Members of the 
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Synthetic Biology Project’s leadership serve on Synberc’s Strategic Advisory Board (David Rejeski) or 

are Synberc PIs (Kristala Jones Prather and Drew Endy).  

Accomplishments 

The Synthetic Biology project has published invaluable reports on governance, policy, and regulatory 

issues, public perceptions, ethics, and information for entrepreneurs.  

DIYBio.org www.dyibio.org 

DIYbio.org was founded in 2008 with the mission of establishing a vibrant, productive, and safe 

community of do-it-yourself biologists. Central to its mission is the belief that biotechnology and greater 

public understanding about it have the potential to benefit everyone. DIYBio.org’s work highlights the 

programs and operations of community laboratories distributed across the country. 

• Biocurious, founded in 2011 in San Francisco, provides a meeting place for citizen scientists, 

hobbyists, and students. It has a complete working laboratory and technical library ��� that enables 

entrepreneurs to cheaply access ���equipment, materials, and co-working space ���, together with a 

training center for biotechniques, with an emphasis on safety. 

Biocurious is the largest of the community labs and boasts a list of firsts:  

§ First community biotech lab to crowdfund its start-up costs  

§ First to build a bioprinter 

§ First to sprout a company that Kickstarted almost half a million dollars 

Biocurious may also become the first community lab to close. The lab is struggling to meet its 

meager monthly expenses of roughly $6,000 to $8,000. According to its founder, Kristina 

Hathaway, “Over the history of Biocurious, we lose money every month.”303 

 

                                                

 

 
303 Grushkin, D. DIY Biotech labs undergo makeovers. Scientific American (10 September 2013). 
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• Genspace, founded in 2009, is a nonprofit organization dedicated to promoting citizen science 

and access to biotechnology. It serves the greater New York area by providing educational 

outreach, cultural events, and a platform for science innovation at the grassroots level. In 

December 2010, Genspace opened the first-ever community biotechnology laboratory, a 

Biosafety Level One facility, in Brooklyn, New York. Its President, Ellen Jorgensen, PhD, 

participated in the first class of Synberc’s LEAP Fellows. 

Other Efforts 

In addition to those noted above, there are other organizations or initiatives in which Synberc PIs or 

community members have been instrumental in founding or leading. These include: 

• MIT SEED Academy 

• NONA Foundation 

• International BioDesign Automation Workshop Assoc (IWBDA) 

 

New Centers for Synthetic Biology at Synberc’s Core Participating Institutions 

Synberc’s principal investigators and core participating institutions have recently created new Centers 

for synthetic biology; other universities are following their example. 

Wyss Institute for Biologically Inspired Engineering (2008, 2009) www.wyss.harvard.edu 

• Members include Synberc PIs George Church and Pamela Silver. 

• The Institute was seed-funded by Harvard in January 2008; received $112 million in funding 

from Hansjörg Wyss in January 2009. 

• It uses nature's design principles to develop bioinspired materials and devices to 

transform medicine and create a more sustainable world. 

• The Wyss Institute is a working alliance among Harvard's Schools of Medicine, Engineering, and 

Arts and Sciences, and in partnership with Beth Israel Deaconess Medical Center, Boston 

Children's Hospital, Brigham and Women's Hospital, Dana Farber Cancer Institute, 

Massachusetts General Hospital, the University of Massachusetts Medical School, Spaulding 
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Rehabilitation Hospital, Tufts University, and Boston University, the Institute crosses disciplinary 

and institutional barriers to engage in high-risk research that leads to transformative 

technological breakthroughs 

• The Institute brings together world-leading researchers, theoreticians, and technical staff with 

clinicians and industrial collaborators, creating an environment that facilitates synergy among 

these investigators. 

• The Wyss Institute focuses on cross-cutting fundamental research that will produce completely 

unpredictable breakthroughs and lead to development of enabling technologies in the field of 

bioinspired engineering and their translation into useful products. These technologies will 

transform human healthcare, as well as industry, manufacturing, and the environment. 

• Within the institute, faculty from engineering, medicine, biology, and the physical sciences have 

begun to work together in entirely new ways. Unlike many bioengineering efforts, participants 

are not looking to make incremental near-term improvements in biomedical technologies; they 

have instead been challenged to carry out high-risk research that will lead to transformative 

change. 

• The Institute’s goal is to teach undergraduate, graduate, postdoctoral, and medical students 

how to carry out high-risk, interdisciplinary research that ranges from fundamental to applied, 

and to understand the unique challenges associated with technology translation. 

• A focus is on enabling technology platforms. 

• Facilities and equipment include: 

o Imaging core 

o Characterization core 

o Machine shop/3-D prototyping core 

o Computers and software 
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Synthetic Biology Center @ MIT (2011) www.synbio.mit.edu 

• Directors include Synberc PIs, Chris Voigt and Ron Weiss 

• The MIT Synthetic Biology Center is structured around three layered Thrusts: 

o Foundational Research Thrust, focused on creating an infrastructure of synthetic biology 

tools and capabilities 

o Systems Engineering Thrust, for engineering highly sophisticated biological systems rapidly, 

efficiently, and reliably, including: 

§ Genetic programming 

§ Genetic circuits 

§ Analog synthetic biology and systems biology 

§ DNA synthesis and assembly 

§ Simplifying genetics 

§ Genome design 

o Grand Challenge Applications Thrust, for select areas where synthetic biology provides 

unique opportunities and capabilities 

§ Medical 

§ Agriculture 

§ Materials 

§ Industrial 

 

Synthetic Biology Institute at Berkeley (2010) www.synbio.berkeley.edu 

• The Synthetic Biology Institute is led by Director Adam Arkin, Synberc PI. 

• It was established to clear a path to the widespread production of new biological systems to 

benefit society.  

• Through the combined effort of its researchers, partners, and Industry Members, SBI is 

developing standards and technologies to create transformative applications in energy, materials, 
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pharmaceuticals, chemicals, food products, security, and other industries that affect our daily 

lives. 

• An interdisciplinary institute in its essence, SBI draws on the work of researchers representing 

eight departments in four colleges at UC Berkeley and three divisions at nearby Lawrence 

Berkeley National Laboratory.  

• Agilent Technologies, Inc., based in Santa Clara, California, is SBI’s founding Industry Member. 

SBI is working to bring more companies into fruitful relationships with the institute.  

Center for Systems & Synthetic Biology at UCSF (2010) www.systemsbiology.ucsf.edu 

• Synberc Deputy Director, Wendell Lim, is Director of the Center for Systems and Synthetic 

Biology at UCSF; Synberc PI, Chris Voigt, is a core member. 

• The Center was funded as part of the NIH’s National Institutes of General Medical Sciences’ 

national centers for systems biology and serves as one node within a network of 15 national 

centers for systems biology (www.systemscenters.org). 

• It serves as a nucleus for interdisciplinary and quantitative explorations into how biological 

systems function. Major goals are to expand the systems biology community at UCSF and, 

scientifically, to understand the design principles of cellular networks. 

In addition to the Centers for Synthetic Biology at the core participating institutions, new Centers 

focused in this area are being created at other institutions: 

• Caltech Center for Biological Circuit Design 

http://www.eas.caltech.edu/engenious/three/cbcd 

• University of Washington Center for Synthetic Biology (March 2013) 

http://depts.washington.edu/uwcsb/ 

• Center for Integrated Life Sciences and Engineering at Boston University 
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8.3. Financial Analysis 

Synberc Standalone 

Revenues 

Synberc has three sources of revenue and funding: Industry sponsorship, the National Science 

Foundation, and Cost Sharing through its academic partnerships. Historically NSF funding has 

contributed 87% of Synberc annual revenue. Industry and Cost Sharing (university support) historically 

contributed 4% and 9%, respectively. In the 2011/2012 Synberc received a one-time additional $1.4 

million grant for the development of a biofab. 

Synberc Historic Sources of Funds (2006/2007 – 2013/2014) 

 

 
 

Expenditures 

Synberc has four categories of expenditure: Research, Education, Industry, and Management: 

• Research: Research expenditures include grants made to Principal Investigators from 

participating universities, research support expenses, registry development, yeast and industry 

testbed development, BioCAD and BioFAB seed funding, and automated cloning. 
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• Education: Education expenditures include Synberc education personnel, student workshops 

and courses, seminars, RET program, SEED Academy, BioBuilder expenses, iGEM support, and 

education activities of participating universities.  

• Industry: Industry expenditures include Synberc industry support personnel, travel and meeting 

expenses. 

• Management: Management expenses include Synberc management personnel, supplies and 

equipment, travel, website and communication, bi-annual retreats, SAB compensation, 

Ambassador program, and publication costs. 

Research expenditures have historically represented 73% of Synberc expenditures. Historically, Synberc 

has operated with lean management expenses, representing approximately 10% of average total 

expenditures. Education and Industry activities represent relatively limited expenditure categories in 

comparison to Research, representing 14% and 3% of total expenditures, respectively.  

In 2011/2012, Synberc received a $1.4 million one-time additional grant for the development of a 

biofab for which the associated expenses associated were booked in the 2010/2011 and 2011/2012 

academic years. 

In the 2013/2014 academic year, Research expenditures decreased from the historic average 73% of 

total expenditures to an amount equal to 59% of Synberc’s total annual expenditures. Multiple factors 

contributed to this decrease, including a decrease in funds allocated to the Principal Investigators, 

Registry Development, and Central Research expense categories for the 2013/2014 academic year. 

These Research expense categories were temporarily decreased in order to reallocate funds to 

testbed-related activities and central personnel for communications and practices functions. Research 

expense in these categories for years 2014/2015 and 2015/2016 are expected to return to expense 

levels consistent with the 2012/2013 academic year.  

In 2014/2015 and 2015/2016, the Synberc Research expenses associated with Research cost categories 

other than the Principal Investigators, Registry Development, and Central Research categories, were 

not impacted by the testbed-related capital requirements and reflect a straight-line of the 2013/2014 

level expenses. 

During the 2012/2013 and 2013/2014 academic years, the amount of Industry and Management 

expenditures increased significantly: Industry and Management expenditures in this period increased 
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from their historic average 3% and 10%, to 7% and 19% of Synberc’s total annual expenditures, 

respectively. 

Synberc Historic Uses of Funds (2006/2007 – 2013/2014) 

 

 
 

Funding Gap 

In the 2014/2015 and 2015/2016 academic years, Synberc is projected to receive approximately $6.2 

million in total revenue. During this period, Industry revenues are projected to be consistent with 

2013/2014 levels. Synberc’s NSF grant funding is currently budgeted to decrease 33% per year in both 

the 2014/2015 and 2015/2016 academic years and terminates at the end of the 2015/2016 academic 

year. In the 2014/2015 and 2015/2016 academic years, Cost Sharing revenues are projected to decline 

consistent with the projected decreases in NSF funding in the same period. 

Synberc Projected Revenues in 2014/2015 & 2015/2016  

 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 155 

In the 2014/2015 and 2015/2016 academic years, if Synberc performs Research expense activities at an 

activity level consistent with the 2012/2013 period, and if Synberc maintains its Education, Industry, and 

Management activities at the same expense levels experienced in the 2013/2014 academic year, it will 

have expenditures of $11.4 million. 

Synberc Projected Expenses in 2014/2015 & 2015/2016  

 
 

Synberc Projected Revenues & Expenses  
in 2014/2015 & 2015/2016 

 
 

In the 2014/2015 and 2015/2016 academic years, the projected Synberc revenues will be insufficient to 

support the expenses associated with maintaining Synberc’s activities at the same levels experienced in 

the 2013/2014 academic year. The overwhelming cause of the projected funding gap is the pending 

decrease and termination of Synberc’s current NSF grant. The funding required in order to extend 

Synberc’s activities through the 2014/2015 and 2015/2016 academic years at the 2013/2014 levels is 

approximately $5.2 million. 
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Synberc Funding Gap in 2014/2015 & 2015/2016  

 
 

Synberc Consolidated with Other Organizations 

As a guiding force in the synthetic biology community, Synberc already maintains close relationships 

with (and, in some cases, some financial support for) other organizations, including iGEM, LEAP, and 

BioBricks Foundation. In fact, both LEAP and BioBricks share leadership with Synberc. The community 

may benefit from the consolidation of or closer association with these organizations. The following 

analysis will assess a consolidated set of revenues and expenses and the resulting funding gap.  

Revenues 

A consolidated organization would gain the revenue streams associated with each of the three other 

organizations in addition to Synberc’s three core sources of revenue. When consolidating revenue 

streams from the 2013/2014 academic year, the revenues contributed by the added organizations 

would increase Synberc’s revenues by 57% and represent 36% of the total consolidated revenues. 

Consolidated Sources of Funds (2013/2014) 

 
 

2014-2015 2015-2016 Two-Year Period
Revenues 3,608,345        2,589,897              6,198,242              
Expenses 5,682,504        5,682,504              11,365,007            

Funding Gap (2,074,158)       (3,092,607)             (5,166,765)             
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Expenditures 

As with revenues, the consolidation of the three other organizations with Synberc increases the scope 

of activities, adds three additional expense categories, and diversifies the focus of overall expenditures 

from the 2013/2014 academic year. Synberc’s core Research remains the largest expense category, 

representing 36% of the total Synberc consolidated expenditures. However, other added expenditure 

categories represent a significant expansion in the mix of activities. iGEM would become the second 

largest expenditure category, representing 22% of the consolidated organization’s total annual 

expenditures. 

Consolidated Uses of Funds (2013/2014) 

 
 

Funding Gap 

In the 2014/2015 and 2015/2016 academic years, Synberc and other consolidated organizations are 

projected to receive approximately $11.2 million in total revenue. During this period Industry revenues 

are projected to be consistent with 2013/2014 levels. Synberc’s NSF grant funding is currently 

budgeted to decrease 33% per year in both the 2014/2015 and 2015/2016 academic years and 

terminate at the end of the 2015/2016 academic year. Cost Sharing revenues will follow the NSF 

funding decline from 2013/2014 levels. iGEM, LEAP, and BioBricks Foundation revenues are expected 
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to decrease slightly from 2013/2014 levels in the 2014/2015 and 2015/2016 academic years, as existing 

grants and other sources terminate.304 

Synberc & Other Consolidated Organizations Projected Revenues  
in 2014/2015 & 2015/2016 Academic Year 

 
 

In the 2014/2015 and 2015/2016 academic years, assuming Synberc Research, Education, Industry, and 

Management activities and the activities of iGEM, LEAP, and the BioBricks Foundation are maintained at 

the same levels experienced in the 2013/2014 academic year, the total expenditures are projected to 

be $17.5 million. 

Synberc & Other Consolidated Organizations Projected Expenses  
in 2014/2015 & 2015/2016 Academic Year 

 
 

                                                

 

 
304 BioBricks estimates are based on a simple “flat-line” annual budget, which does not reflect the highs and lows associated with a 
biennial conference. These estimates are derived from interviews and conversations with BBF, rather than detailed historical financial 
statements. 
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Synberc Projected Revenues & Expenses  
in 2014/2015 & 2015/2016 Academic Years 

 
 

In the 2014/2015 and 2015/2016 academic years, the projected revenues from Synberc and other 

consolidated organizations will be insufficient to support the expenses associated with maintaining their 

respective activities at the same expense levels experienced in the 2013/2014 academic year. The 

overwhelming cause of the projected funding gap is the pending decrease and termination of Synberc’s 

current NSF grant. The funding required to extend the activities of Synberc and other consolidated 

organizations through the 2014/2015 and 2015/2016 academic years at the 2013/2014 levels is 

approximately $6.3 million. 

Synberc Funding Gap in 2014/2015 & 2015/2016 Academic Years 

 
 

Conclusions  

• Synberc will require a minimum of an additional $5.2 million of funding in order to sustain its 

activities in the 2014/2015 and 2015/2016 academic years and avoid the fragmentation that would 

occur if Synberc were required to wind down its activities.  

• If Synberc were to consolidate LEAP, iGEM, and BioBricks activities to integrate its operations with 

the objective of continuing those programs for the synthetic biology community, approximately 
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2014-2015 2015-2016 Two-Year Period
Revenues 6,174,641        5,025,810              11,200,451            
Expenses 8,748,050        8,748,050              17,496,100            

Funding Gap (2,573,408)       (3,722,240)             (6,295,649)             
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$6.3 million in additional funding will need to be secured to sustain the activities of all of the 

organizations in the 2014/2015 and 2015/2016 academic years. 

• Consolidating community organizations into Synberc is not designed to be a cost saving (e.g., 

economies of scale, reduction of redundancies) activity. No material cost savings from consolidation 

are expected. Consolidation is intended to achieve greater coordination, collaboration, and 

continuity of efforts. The objective of consolidation is to form a more cohesive entity that will have 

the scope, mass, and financial resources to fill a leadership gap in the sector. Benefits from this 

consolidation will materialize when the consolidated organization can begin to invest in programs 

and resources that the individual organizations have been unable to do on their own, as well as to 

realize better coordination of the programs. 

Methodology 

To construct these simple profit and loss (P&L) financial models, we used a number of funding and 

expense data sources from Synberc, LEAP, iGEM, and BioBricks Foundation. We used guidance from 

key managers in each organization to project expected revenues and expenses for each organization 

and category for 2014/2015 and 2015/2016 academic years. A list of other data sources used in 

development of the P&L financial model include:  

• Synberc 9 Year Revenue and Expense Budget 
• Synberc Biofab Funding and Expense Report 
• Synberc NSF Funding and Cost Sharing Report 
• Synberc Management Funding Report 
• Synberc Interview Notes with Kevin Costa 
• iGEM 2012 Audited Financials 
• LEAP Proposal to Alfred P. Sloan Foundation 
• LEAP Interview Notes with Megan Palmer 
• BioBricks Interview Notes with Drew Endy 

 

More complete financial tables can be found in Appendix M. 
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9. SYNBERC EVALUATION 

9.1. Synberc Vision, Goals, and Deliverables 

Rationale for the Synthetic Biology Engineering Research Center 

Synberc’s proposal to the National Science Foundation by Jay Keasling as the principal investigator 

(“NSF Grant Application”), submitted in 2005, summarized the promise of developing new biological 

engineering tools designed to solve pressing global problems. 

The richness and versatility of biological systems make them ideally suited to solve some of 
the world’s most significant challenges, such as converting cheap, renewable resources into 
energy-rich molecules; producing high-quality, inexpensive drugs to fight disease; detecting 
and destroying chemical or biological agents; and remediating polluted sites. Over the years, 
significant strides have been made in engineering microorganisms to solve many of these 
problems. For example, microorganisms have been engineered to produce ethanol, bulk 
chemicals, and valuable drugs from inexpensive starting materials; to detect and degrade 
nerve agents as well as less toxic organic pollutants; and to accumulate metals and reduce 
radionuclides.  

However, these biological engineering challenges have long development times, in large part 
due to a lack of useful tools that would enable engineers to easily and predictably 
reprogram existing systems, let alone build new enzymes, signal transduction pathways, 
genetic circuits, and, eventually, whole cells. The ready availability of these tools would 
drastically alter the biotechnology industry, leading to less expensive pharmaceuticals, 
renewable energy, and biological solutions to problems that do not currently have sufficient 
monetary returns to justify the high cost of today’s biological research.305 

Mission and Goals 

To achieve this vision, Synberc was created with a bold and audacious goal: its efforts would be 

dedicated to creating a new field of synthetic biology and helping to build an industry around this area. 

A core component of this effort was to educate a new cadre of synthetic biologists and biological 

engineers capable of designing biological parts and useful biological systems. 

                                                

 

 
305 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 4. (2005) 
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As the initial grant application stated, 

Synthetic Biology will transform the field of biology into an engineering discipline by 
introducing into biology the concepts developed in other fields of engineering: ready access to 
off-the-shelf parts and devices with standard connections; a substrate onto which one can 
assemble the parts and devices and a power supply for the devices; standards for the basic 
components to enable their ready integration into a larger functional system; and open-
source availability of parts, devices, and chassis. These developments will make the 
engineering of biology easier and more predictable…  

Synthetic biology (catalyzed by Synberc) will transform the biotechnology, high-technology, 
pharmaceutical, and chemical industries, as well as suppliers of genetic tools and custom 
DNA synthesis companies. Synberc will partner with key companies in these sectors to invite 
applications for and advice on our research program, to provide internships for 
undergraduate and graduate students, to speed technology transfer, and to develop Synberc 
funding.306 

Over the years, Synberc’s standard mission statement became: 

• To develop the foundational understanding and technologies to build biological 
components and assemble them into integrated systems to accomplish many particular 
tasks 

• To train a new cadre of engineers who will specialize in synthetic biology 

• To develop and share best practices for the safe and ethical development of the field 

In essence, we want to make biology easier to engineer.307  

 

To accomplish this, Synberc would pursue activities in three major areas: 

Research 

The research program would develop the foundational understanding and technologies to build 

biological components and assemble them into an integrated system to accomplish a particular task. 

                                                

 

 
306 Keasling, J. Synberc Proposal to the National Science Foundation. Section 2. Page 1. (2005) 
307 Keasling, J. Presentation: Overview of the Center. (28 March 2012) 
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The Center’s specific research aims were: 

1) To develop a conceptual framework for designing small biological components (parts) 
that can be assembled into devices that will perform a well-characterized function under 
specified conditions 

2) To develop a small number of chassis (stable, robust bacterial hosts with known 
responses) to host the engineered devices and to assemble several devices to 
accomplish a larger vision or goal 

3) To develop a set of standards for the interactions of the parts and devices so that the 
devices can be built more readily and reproducibly  

4) To offer the parts, devices, and chassis as open source to other researchers and 
companies308 

It was hoped that well-characterized standard biological parts and larger devices made from 
such parts would make biological engineering more predictable and allow construction and 
integration of larger systems than was currently possible. 309 

These objectives were to be achieved through three “thrust” areas.  

1. Parts and Part Composition, defined as any genetically encoded, basic biological 
function (e.g., a ribosome-binding site, transcription terminator, or phosphorylation 
motif). A key component in the “parts thrust” was developing a framework for parts 
design that took into account part function, and part-part interactions.310 

2. Devices and Device Composition, defined as collections of parts that perform one or 
more human-specified functions under defined conditions (e.g., a Boolean logic 
operation, a feedback control loop, or a chemical transformation). Important 
components of this work include specifying device families; specifying device-device 
signal carriers, levels, and timing; developing and applying standard analytical, 
computational and experimental methods for device modeling and characterization; 
and designing and building devices to use in testbed applications.311 

3. Chassis Design, Construction, and Characterization. Overall goals required the 
construction of parts, devices, and systems that work inside living cells. In an 

                                                

 

 
308 Keasling, J. Synberc Proposal to the National Science Foundation. Section 2. Page 1; Section 4. Page 7. (2005) 
309 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 4. (2005) 
310 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 8. (2005) 
311 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 9. (2005) 
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engineering sense, the cells must act as “power supplies” and “chassis,” providing 
materials, energy, and other basic resources that are needed for proper system 
function. Thus, Synberc would develop and characterize a small number of “naïve” 
cellular power supplies and chassis that can be used to sustain the proper operation 
of any synthetic biological system over a range of defined operation conditions. As a 
result, systems engineers will be able to focus on system design, and cell engineers 
will be able to focus on the design of cells as power supplies and chassis.312 

Each of the thrusts would have common elements, including standardization, models and methods, 

composability, evolution, and open access. 

Two Testbed applications would drive development of the thrusts; these testbed applications would 

serve as vehicles for accomplishing overall goals of biological engineering and design.  

The underlying goal of the research is not just to deliver systems that fulfill these two testbed 
applications, but rather to develop the foundational infrastructure that is needed to make 
routine the design and construction of any engineered biological system. 313 

The resulting parts, devices, and chassis would be managed through a distributed Web of Registries of 

Standard Biological Parts. All analytical methods, design software, and data would be made available as 

open-source to the non-profit research community and companies that were members of the industrial 

consortium314 In fact, standards and open-source availability were important ideological principles 

underpinning the research effort.  

Standards. Biologists and engineers have not yet defined the standards for the various parts 
that might allow them to build larger biological devices. The design and construction of new 
devices (genetic control systems, for example) would benefit greatly from a set of standards 
that would govern how the various parts (regulatory proteins, promoter, ribosome-binding 
sites, for example) should interact and be assembled. Setting a standard will, in turn, 
encourage manufacturing firms to develop parts as well. Synberc315 

Open Source. Biological engineering is hindered by the fact that many of the most effective 
biological parts (promoters, genes, plasmids, etc.) have been patented and are available only 
to those companies that can afford the royalty payments, which increases the cost of drug 

                                                

 

 
312 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 9. (2005) 
313 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 9. (2005) 
314 Keasling, J. Synberc Proposal to the National Science Foundation. Section 2. Page 1; Section 4. Page 9. (2005) 
315 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 4. (2005) 
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development and hampers the development of new biological solutions to problems where 
the eventual monetary payoff is not significant (basically anything other than drug 
development). Open-source biological parts, devices, and eventually whole cells will decrease 
the cost of engineering biological systems, make biological engineering more predictable with 
less guesswork, and encourage the development of novel biological solutions to some of our 
most challenging problems. The development of open-source biological technology will lead 
to better awareness of, and minimization of possible future biological risks, in the same way 
that open-source software tends to promote a constructive and responsive community of 
users and developers.316  

 

Education 

Synberc planned to offer a complementary education program that would: 

1) Educate a new cadre of biological engineers (postdoctoral, PhD and BS level) capable of 
designing biological components, just as electrical engineers design and build integrated 
circuits  

2) Educate the general public about the benefits and possible risks of synthetic biology,  

3) Educate public policy students and policymakers about the benefits and real threats of 
synthetic biology  

4) Educate K-12 students about the opportunities offered by careers in science, 
engineering, and synthetic biology  

Coupled with a strong outreach program to minority institutions and local community colleges and high 

schools, Synberc aimed to increase the participation of minority students in this emerging area and 

encourage high school students to enter this exciting new area of engineering.317 
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Practices: The Synthetic Biology Security, Policy and Ethics Program 

In the NSF Grant Application, Keasling succinctly summarized the promise and risks of synthetic biology 

and the need for a new paradigm to monitor, regulate, and protect this emerging field, while 

acknowledging the challenges the community faced. 

The new field of synthetic biology offers powerful tools for addressing some of our most 
pressing global problems. However, the same advances could also make it easier for 
terrorists to construct weapons of mass destruction.  

The definitive statement of both the problem and possible solutions is found in the National 
Research Council’s forthcoming volume entitled “Biotechnology Research in an Age of 
Terrorism: Confronting the Dual Use Dilemma.” The study’s principal conclusions include 
1) that America and the world must take prompt action to develop guidelines and best 
practices that address the misuse of biotechnology (including synthetic biology) for military 
and terrorist purposes; 2) that biologists should be educated through a “regular series of 
meetings and symposia” about possible misuse and scientists’ moral obligation to minimize 
risks; 3) that expert advisory committees should be established to provide advice, guidance, 
oversight, and review both generally and for specific “experiments of concern”; 4) that 
scientists and policymakers should work to foster international consensus on worldwide 
guidelines so that measures undertaken in the United States are not undercut abroad; and 
5) that America must “develop new channels of sustained communication” between 
biologists and national security professionals.  

Current communities and institutions are not likely to achieve these goals. The basic problem 
is that an effective response will require input from multiple experts scattered across the 
biology, public policy, and national security communities. Unfortunately, traditional academic 
boundaries make such communication both difficult and inefficient.318 

Consequently, Synberc would establish the Synthetic Biology Security, Policy, and Ethics Program (now 

called Practices). This focus of the Center would enable the Synberc community to consider and 

develop leading examples of responsible synthetic biology in practice, including: 

1) Learning materials and programs advancing best practices in biosafety 

2) Basic and applied research in areas of strategic need: sharing and innovation, 
containment, and risk 

3) Emerging needs and opportunities 
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4) Fostering a diverse community working together to best advance synthetic biology 

5) Supporting the creation of technical innovations to safeguard human health and the 
environment319 

 

Industrial Collaboration and Technology Transfer 

In addition to the three programmatic areas described above, Synberc was required by the NSF’s ERC 

program to develop a strong relationship with industry in order to translate foundational findings 

through technology transfer into applications with real-world impact.  

In support of its proposal, Synberc assembled a diverse portfolio of companies from the 
biotechnology, high-technology, pharmaceutical, and chemical industries as well as suppliers 
of genetic tools, custom DNA synthesis companies, and venture capital firms. It was hoped 
that the biotechnology, chemical, and pharmaceutical companies would provide the 
important applications for the biological parts/devices/chassis developed by Synberc. DNA 
synthesis and genetic tools companies would be the first users of its technologies. Finally, 
venture capital firms would keep Synberc abreast of new developments and recently funded 
companies that may become members of Synberc, as well as provide an avenue for 
aggressive technology transfer. At all times, Synberc would strive to balance the membership 
from all industry sectors.320 

In formulating the proposal, Synberc had been advised by a core group of corporate 
representatives on the scope of the industrial partnership program, the development of the 
model agreement for the corporate consortium, and the research and education directions 
by scientists from biotechnology and high-tech companies as well as venture capital firms.321 

 

Synberc as a “Virtual” Center 

Keasling and colleagues understood the difficulty of such an undertaking, recognizing early on that 

overcoming the scientific and engineering challenges inherent in synthetic biology would require a 

collective rather than individual effort. 
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Many foundational and engineering challenges must be solved in order to make the 
engineering of biology routine. Actual progress on these foundational challenges requires the 
work of many investigators via a coordinated and constructive Center environment.322 

The construction of biological device families provided a good example where individual scientific 

discovery would not be sufficient, given that solutions required interdisciplinary skill sets. 

Working as isolated individuals, Synberc investigators have not yet been able to invent 
generally useful signal carriers for the “post-translational” and “metabolism and material” 
device families. Synberc, by bringing together a number of practical metabolic and protein 
engineers with engineering theorists, will provide a best-case environment for defining desired 
device families, and inventing still others.323 

Consequently, Synberc was established as a “virtual” center.  

Synberc would harness the intellectual resources of the University of California campuses at 
Berkeley and San Francisco, Massachusetts Institute of Technology, Harvard University, and 
Prairie View A&M University. [Note: Prairie View has since become an Affiliated 
Outreach Institution, and Stanford University joined the initial consortium as a Core 
Partner Institution.] Through integrated research and education programs, Synberc would 
train future scientists and engineers in all the technologies and methods necessary for 
engineering biological parts and devices into higher-order systems that may reside in an 
existing organism or result in the creation of a largely new one.  

Synberc would also provide a central place for biological engineers to congregate to 
exchange ideas; establish a common infrastructure for automation and screening 
technologies that biological engineers engaged in these areas commonly need; provide a 
repository for these open-source biological components; and implement an organizing 
framework in which to develop specific applications.  

The Synberc framework would lead to new synergies, where collaboration would achieve 
what cannot be accomplished through a narrow or individual approach. 324 

The geographic location of these research institutions effectively established two core research and 

education centers, one in the San Francisco Bay Area and the other in the Boston area.  

Together, these institutions comprised a West Coast and East Coast hub for the Center.325 
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Institutional Framework for Synberc 

The core and outreach partner institutions were chosen for their expertise in synthetic biology.   

• The University of California, Berkeley assumed the leadership role in establishing 
Synberc. UCB had investigators established in the area of synthetic biology: Arkin 
(computational biology and design), Bustamante (part characterization), Keasling (device 
development and metabolic pathway engineering), and Marqusee (part [protein] design).  

• Massachusetts Institute of Technology was the recognized leader in synthetic biology. 
Investigators at MIT had established much of the underpinnings for synthetic biology: Endy 
(part and device design as well as education), Knight (part and chassis design as well as 
education), Prather (in device design and metabolic pathway engineering), and Rettberg 
(synthetic biology education). 

• The University of California, San Francisco, would be a Synberc core partner in the San 
Francisco Bay Area. UCSF had established investigators in the area of synthetic biology: 
Kortemme (part and device design), Lim (part and device engineering), and Voigt (device 
and chassis engineering). 

• Harvard University was a Synberc core partner in the Boston area. Harvard’s Church was 
an established leader in chassis engineering and characterization. 

• Prairie View A&M University, historically serving an African American population, would 
participate as an outreach affiliate and be an active participant in research, outreach, and 
education activities. Two investigators at Prairie View had experience in synthetic biology: 
Cuero (chassis engineering) and Gyamerah (chassis engineering).326 

 

                                                                                                                                                       

 

 
325 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 38. (2005) 
326 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 38. (2005) 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 170 

The Synthetic Biology Community and the Structure of Synberc 

Investigators 

In order to accomplish its mission, Synberc brought together many pioneers (biologists and engineers 

from world-class institutions) of synthetic biology to work together to lay the foundation for this 

nascent field. Twelve investigators, each a world-class scientist who had been at the forefront of 

synthetic biology, would collaborate on the further development of this important field. The NSF Grant 

Application lists the individuals and contributions, indicating a solid foundation from which to build. 

These contributions were focused on: 

• Education 
• Construction of biological parts and devices 
• Open-source tools 
• Parts registry and repository 
• Computational tools 
• Standards 
• Experimental tools 
• Applications of synthetic biology 
• Service to the scientific community327 

 

Organizational Structure of Synberc 

Lead and Partner Institutions 

UC Berkeley would serve as the lead institution for Synberc. The California Institute for 
Quantitative Biomedical Research (QB3) at UC Berkeley would provide its administrative 
home since it had expertise in administering large-scale interdependent science programs. 
Consequently, Synberc would have access to the QB3 business support structure including a 
human resources specialist, a large-scale grants management office, and technical 
support.328 

MIT, Harvard, and UC San Francisco would be core institutions participating in all research, 
education, and knowledge transfer activities.  
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Prairie View A&M, an outreach affiliate, would participate in the research, education, and 
outreach programs.  

Synberc also planned to partner with community colleges and high schools located in the 
proximity of the core institutions. Partnerships would be developed in the Western hub with 
Laney Community College, Contra Costa Community College, San Francisco Unified School 
District, and Salesian High School, and in the Eastern hub with Cambridge Public School 
District and Boston Public Schools. These outreach affiliates served financially disadvantaged 
and underrepresented communities.329 

 

Leadership Team 

In order to ensure effective communications, management, and oversight, the Center instituted a 

distributed organizational structure, with a small internal staff located at Berkeley. 

Center Director. Professor Jay Keasling would serve as the Director of Synberc. He had an 
established record running large-scale programs as the Director of the Physical Biosciences 
Division at Lawrence Berkeley National Laboratory (LBNL) and the founding Head of 
LBNL’s Synthetic Biology Department in the Physical Biosciences Division—the first 
department of its kind. He was currently directing a major core project of the Genomes to 
Life Program (DOE) at LBNL coordinating 30 researchers from 6 different institutions. He 
had also served as Director of the BIOSTAR Program, a University of California systemwide 
program for biotechnology, providing grants that forge partnerships among businesses, UC 
scientists, and students. 

The Center Director would report through UC Berkeley’s Dean of the College of Engineering. 
At Synberc, he would be responsible for the implementation of research and education goals, 
administration of all programs, and fiscal oversight; would implement the long-term plans; 
and would be responsible for achievement of all Center goals including scientific objectives, 
milestones, and budget performance. He would provide the overall scientific vision and 
technical goals to the component programs and would represent the Center to the NSF and 
the scientific community-at-large. He would convene monthly meetings of personnel, 
supervise the Administrative Director, and ensure an effective quality assurance program. 
Day-to-day operations would also be managed by the Director, who could delegate as 
appropriate to the Deputy Director and the Administrative Director.  

It was anticipated that the Center Director would serve an initial term of five years. A 
substantive review of the Director would be performed by the Executive Committee after the 
initial two years of the Center and subsequently every two years thereafter. The Executive 
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Committee would appoint an ad hoc committee to perform a search and recommend a 
new Director at the end of each Director’s term. The recommendation would be made to 
the NSF for approval reflecting the role of the Director as the Principal Investigator.330 

Deputy Director. Professor Wendell Lim would serve as the Synberc Deputy Director and 
would assist with Center management, oversight, and leadership.331 

Administrative Director. Crucial to the Center’s management strategy and success would be 
the full-time employment of an Administrative Director. Under the direction of the Center 
Director, this individual would be responsible for monitoring progress, resource allocations, 
staffing levels, budget and milestone performance, and work plans; coordinating work within 
and among Center component programs; reporting project status monthly to the Center 
Director; working with the Executive Committee to ensure annual plans are prepared for 
review by the Scientific Advisory Board; implementing communications systems and 
processes to ensure timely data release, science and technology information dissemination, 
and effective interaction among component programs; and managing the process by which 
project changes, such as scope of work, budget, schedule, are controlled. An employee at 
QB3 was appointed to serve as the interim Administrative Director until a search has been 
completed.332 

Industrial Collaboration and Technology Transfer Director. This position would be housed at 
UC Berkeley and would work closely with the technology transfer offices from each institution 
to develop and coordinate industrial involvement, industrial support, and technology transfer. 
This individual would work to streamline IP issues and would act as a liaison between 
researchers, industry members, and campus technology transfer professionals.333 

Director for Education and Training. Professor Susan Marqusee was tasked with the 
development and implementation of the educational and training program, including the 
development of graduate groups, summer school courses, annual symposia, and seminars. 
She would ensure that all education and training programs would align with Synberc’s 
diversity goals, and act as the senior faculty mentor to the Student Leadership Council 
(SLC).334 
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Director for BioThreats/BioEthics. Professor Michael Nacht, Dean of UC Berkeley’s School of 
Public Policy, would be responsible for the Bioethics program. He would oversee the 
undergraduate and graduate bioethics courses and bioethics research projects and 
coordinate bioethics internships and the Bioethics Advisory Committee.335 

Support Staff. The Center staff would be supervised by the Administrative Director and 
would include an Education/Industry Outreach Specialist and an Administrative Coordinator. 
The Center intended to receive support from QB3 including technical assistance to support 
video conferencing, educational program assistance for the summer courses and annual 
symposium, human resource support services, administrative management oversight for 
business services provided by the QB3 Deputy Director, and administrative back-up 
services.336 

Research Thrust Leaders. Each of the Thrust and Testbed teams were to be led by a 
scientific leader chosen from investigators across the Core Partner Institutions, who would 
collaborate to achieve Center goals. The scientists acting as Thrust Leaders would be 
responsible for ensuring that the scientific objectives of each Thrust area are met and that 
these objectives further the goals of the Center. Each Thrust Leader would be responsible for 
representing their specific research area in a manner that broadly covered all area activities; 
would develop annual work plans for project milestones, budgets, and schedules to support 
scientific goals; and would report to the Center Director through the Administrative Director, 
on a quarterly basis to the Center Executive Committee, and on an annual basis to the 
Scientific Advisory Board. Between Executive Committee meetings, Thrust Leaders would 
communicate regularly with each other to coordinate activities, identify issues needing 
resolution, and facilitate interaction with other topics. 337 

 

Diversity 

Synberc pledged that it would support the diversity objectives of the NSF by including all members of 

society regardless of race, ethnicity, or gender in all Center activities. 338 

Synberc already had appointed a diverse faculty membership included three women 
(Kortemme [UCSF], Marqusee [UCB], and Prather [MIT]) and four underrepresented 
minorities (Bustamante [UCB], Cuero [PVAMU], Gyamerah [PVAMU], and Prather [MIT]). In 
addition, five faculty members (Arkin, Endy, Kortemme, Prather, Voigt) were assistant 
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professors. Synberc committed itself to replicating and increasing this diversity in its graduate 
and undergraduate students, postdoctoral researchers, and outreach participants.339 

In order to further demonstrate this commitment to diversity, Synberc would create a 
Diversity Advisory Board (DAB) to review and advise Synberc in all aspects of diversity 
including workforce, outreach, and student diversity. The DAB would help ensure that 
Synberc fostered the participation of all citizens in science and engineering with a 
commitment to the goals of:  

• Involving individuals from underrepresented groups as Synberc faculty members and as 
students and researchers actively engaged in Synberc activities  

• Increasing the numbers and ensuring the success of women and underrepresented 
students and faculty in mathematics, science, and engineering from pre-college through 
graduate school  

• Integrating faculty and students from disparate disciplines in physical sciences and 
engineering, quantitative, biological, and social sciences into all Center programs 

• Involving participants from institutions serving underrepresented students in Synberc 
programs; engaging pre-college underrepresented students and teachers serving these 
communities through connections with Synberc’s outreach programs.340 

Specifically, Synberc would:  

• Partner with institutions serving historically underrepresented communities in all aspects 
of its program (research, education, training, and outreach) 

• Take advantage of funding programs supporting diversity at NSF and other agencies 

• Make broad outreach, recruitment, and retention efforts in all HR programs 

• Institute hiring practices to attract diverse qualified applicant pools for professional 
researchers, postdoctoral fellows, technical staff and support staff 

• Target recruiting efforts to the national pool of minority candidates for graduate and 
postdoctoral training positions 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• Provide training for minority students in synthetic biology and encourage them to pursue 
advanced degrees 

• Implement a curriculum with strong diversity components 

• Demonstrate a commitment to mentoring postdoctoral fellows and young faculty 

• Provide undergraduate research opportunities in academia and industry partners with 
established diversity programs at each core university to identify women and 
underrepresented minority participants for Synberc activities341 

 

Center Headquarters and Equipment Infrastructure 

In keeping with its planned existence as a “virtual” Center, Synberc utilized space at its core 

participating institutions to launch its operations.  

Headquarters  

The headquarters of Synberc would be housed in approximately 36,000 square feet of 
common laboratory and administrative space that already housed the majority of the faculty, 
graduate students, and postdoctoral fellows employed engaged in synthetic biology at UCB. 
Synberc headquarters would include offices for the Center Director and support staff. The 
space included facilities for video conferencing as well as two conference rooms. The 
laboratory space was equipped with refrigerators, freezers, centrifuges, analytical equipment, 
and the latest molecular biology equipment for all experiments.342 

In addition, Synberc intended to establish three core facilities that would support its efforts: 

1) Synthetic Microbial Characterization Facility. This facility would be used for high-
throughput screening, cultivation, and characterization of newly constructed 
microorganisms and naturally occurring microbes from which new activities will be 
recruited. The equipment would include high-throughput cultivation equipment at various 
scales (96-well and 384-well cultivation devices), microscopes, bioreactors of various 
scales equipped with various monitoring devices, and molecular profiling equipment 
(DNA arrays, proteomics, metabolomics). Synberc anticipated hiring one technician to 
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run the equipment in this facility and to help Synberc researchers use the equipment. 
This facility would be located at Berkeley.343 

2) Synthetic Biology Computational Design Lab. This facility would be used to construct 
computer designs for new cells, proteins, and biomaterials before they are synthesized in 
the laboratory. The equipment would include a medium-sized cluster computing for 
comparative genomics and cell simulation (64–128 nodes), a fast, secure automated 
backup system, fiber optic network/Internet II connectivity, as well as large-format 
screens and printers for examining very large data sets. Synberc anticipated hiring a 
computer systems operator to maintain the computer equipment in this facility and to 
help users with design software. This facility would also be located at Berkeley.344 

3) Registry of Standard Biological Parts. This facility would consist of a registry and a 
physical repository of biological parts/devices/systems/chassis. It would provide support 
for DNA synthesis, assembly of parts into devices and systems, part characterization, 
and modification. Equipment would include a capillary electrophoresis machine and a 
robotic fluid handler for device and system assembly, [and] laboratory sample 
management systems for tracking of parts and samples. Synberc anticipated that 
additional technicians would be hired to support the Synberc user community. Additional 
programmers would be hired to support the Registry software. The Registry of Standard 
Biological Parts would continue to be housed at MIT where it originated, with planned 
extension to a new hub at Berkeley.345 

 

Financial Plan and Support 

Synberc planned to identify opportunities to procure additional funding for its programs from federal 

programs, state opportunities, and targeted foundations. Synberc would assist investigators in proposal 

submissions, work to expand industry membership, increase membership levels of participating 

companies, and develop opportunities for industry to directly fund research projects.346 
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Goals and Deliverables 

Research 

The NSF Grant Application laid out specific goals and deliverables in each of the Thrust areas: 

1. Parts and Part Composition 

The most basic unit in the design of synthetic biological systems are parts—pieces of DNA, 
RNA, or protein that encode and/or can carry out a defined biological function(s)—binding 
to another molecule or catalyzing a reaction. Parts can be assembled in combination to 
make devices that carry out more-complex functions. Thus, a core thrust of the proposed 
center was the design and manipulation of standard biological parts.	 

Goals and specific aims:.347 

The goal of this thrust was to develop a large set of parts with specified properties that can 
be functionally linked together for the construction of complex biological systems. Thus, the 
specific aims of this thrust were: 

• To collect a large repository of parts  

• To quantitatively characterize the functional specifications of these parts 

• To redesign or modify these parts for new or optimized functions  

• To optimize parts composability348 

The list of the major classes of parts to be collected in the repository, which was not 
intended to be exhaustive, included: expression control parts, degradation parts, sensors, 
post-translational regulatory parts, transporters, metabolic enzymes, adhesion/targeting parts, 
and mechanical/structural parts.349 

Since one of the “most critical elements” in the Center would be the ability to rapidly 
custom-modify parts, the Center anticipated the development of a computational framework 
for the redesign of proteins, as well as the development of standard methods and metrics for 
quantifying the properties of each part type. Synberc also anticipated using barcodes 
embedded in the DNA of parts to establish a culture of accountability in synthetic biology, 

                                                

 

 
347 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 11. (2005) 
348 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 11. (2005) 
349 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 11. (2005) 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 178 

which would also help to with detection of the presence or absence of parts as well as the 
avoidance of imaginable future biological risks.350 

The deliverables for the Parts and Part Composition Thrust were as follows: 	  

• Computational framework for design of proteins with novel binding or enzymatic 
function 

• Standardized metrics for part behavior (e.g., promoter output in units of polymerases per 
second) and composability and experimental protocols for their measure 

• Novel parts, including: 

o Proteins with altered ligand specificity (protein-protein interactions and DNA- or 
RNA-element interactions) 

o Novel, treatable promoters 
o Novel, treatable translational control elements  
o Enzymes that carry out novel chemical transformations  
o RNA riboswitch structures that bind to small molecules altering transcription or 

translation 
  

All Synberc parts would be collected and maintained within the Registry of Standard 
Biological Parts. Synberc parts would be open-source (available to all), including parts 
optimized for physical and functional linkage. The behavior and limits of parts would be 
described using standard metrics.351 

 

2. Devices and Device Composition 

As a core thrust of the proposed center, Synberc intended to reorganize natural biological 
functions, captured as standard biological parts, in order to design and build engineered 
biological devices.  

The goal of this thrust was to invent, design, build, and characterize sets of engineered 
biological devices. Devices would be designed for use in combination with one another 
(device families), which would require them to be physically and functionally compatible. The 
families of devices thought to be most useful to the development of synthetic biology were 
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gene expression devices, post-translational devices, cell-signaling devices, and metabolic and 
material devices.352 

Specifically, Synberc would: 
  

(i) Define different biological device families based on family-specific device boundaries and 
device-device signal carriers 

(ii) Specify device-device signal levels using computational models of device performance 

(iii) Design and build devices specific to our test-bed applications  

(iv) Develop and apply standard analytical, computational, and experimental methods that 
support the design, fabrication, characterization, and tuning of sets of reliable, 
functioning devices 

In order to engineer biology, Synberc scientists needed to learn how to best design and build 
biological devices. Synberc would facilitate this process by providing scientists with basic 
knowledge as part of the foundational infrastructure necessary to make the engineering of 
reliable biological systems routine, such as general definitions of device families, family-
specific signal carriers, relevant device properties, and methods of device measurement and 
characterization.353 

The deliverables for the Devices and Device Composition Thrust were as follows: 

• General specifications and basic computational models for the:  
o Gene Expression device family 
o Post-Translational device family 
o Cell Signaling device family 
o Metabolism and Materials device family  

• Standard protocols for measuring device characteristics such as: 
o Device input and output levels 
o Device latency 
o Device operating conditions  
o Device failure rate (and failure rate due to evolution) 

• Experimental methods for: 
o Screening and selection of device characteristics 
o Assembling devices in combination 
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o Porting a device from one chassis organism to another 

• Specific devices:  
o Metabolism and materials devices for the production of plant alkaloids in 

microorganisms 
o Cell signaling devices for creation of a tumor-seeking bacterium  
o Boolean logic devices for the gene expression and post- translational families 
o Devices that link the Boolean devices to the cellular sensing devices in different 

logical arrangements 
o Sets of orthogonal chemical and light-sensing, cell-signaling devices 

• Device repository via the Registry of Standard Biological Parts:  
o Information specifying devices and device characteristics would be available and 

searchable online 
o Physical material encoding devices will be available via an open-source 

license.354 

3. Chassis 

A cellular chassis would be required into which Synberc scientists could add the devices 
constructed in the Devices and Device Composition Thrust and integrate signals from each 
of these subsystems to enable complex cellular function. Required characteristics of the 
cellular chassis were as follows: The cellular chassis must supply all of the components 
necessary for cell growth and device function; it must have standard connections so that 
devices generated to a particular standard can be readily integrated into it, and must be 
robust enough that it can and will be used by our industrial partners for various engineering 
projects.355 

Escherichia coli was selected as the chassis of focus due to the fact that it an extremely well 
developed genetic system, it is robust under a variety of growth conditions and can be 
cultivated on minimal media, its physiology is extremely well studied so that any deviations 
in physiology that result from the introduction of an engineered device can be easily detected, 
and various measurement techniques (transcript, protein, metabolite, and metabolic flux 
profiling as well as many others) have been developed allowing one to pinpoint changes in 
physiology due to the introduced device. These features would help synthetic biologists 
predict the likely results when cells are loaded with real circuitry. 356 

The goal of this thrust was to develop a limited number of chassis that should serve a wide 
range of activities (testbeds). Specifically, Synberc scientists would: 
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(i) determine the components of a chassis necessary to be removed or altered to support 
our testbeds and devices;  

(ii) develop robust (industrial) chassis based on Escherichia coli;  

(iii) develop a second chromosome for E. coli that would allow one to integrate large 
sequences of DNA into the cell and isolate their function from the cell’s native 
chromosome;  

(iv) develop a series of safety control mechanisms on the chassis; and  

(v) develop analytical methods to assay for chassis function and high efficiency and fidelity 
functioning of devices within the chassis. 357 

The Chassis Thrust would require the creation of a good deal of new knowledge and 
technology. For all parts engineered into chassis, scientists would need to characterize how 
strongly they affected chassis physiology and viability. Host-responses would need to be 
characterized through growth, gene expression, and other molecular profiling assays. If 
necessary, the chassis might need to be re-engineered to improve host viability.  

In order to accomplish this, scientists would need to develop software, hardware, and 
wetware for DNA-chip-based gene and genome assembly and automation and improve 
physical and protein based correction of synthetic DNA errors. Additionally, they would need 
a large collection of sequence-specific integrases and excisionases for genome engineering, 
as well as different plasmids and integration loci so that parts and devices can be efficiently 
added to chassis cells with the knowledge that any defect in cell viability was introduced only 
by the new additions. 358 

Deliverables for the Chassis Thrust were as follows: 

• A series of modified E. coli cells bearing the modifications mentioned above with 
different metabolic dependences, antibiotic susceptibilities, different safety systems and 
the ability to accept different plasmid/integration element system insertion platforms 
without major change in viability or function. 

• A series of modified chassis that are engineered to show very low population 
heterogeneity.  
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• A series of modified chassis that are eliminated for conditionally non-essential systems. 
The components of these eliminated systems would then be available for use in devices 
and systems with lessened chance of cross-reaction with the chassis.  

• A series of chassis with high fidelity uptake and maintenance of heterologous DNA, i.e. 
no restriction systems or transposable elements and supporting homologous 
recombination. 

• An E. coli chassis with genes for catabolic pathways and population heterogeneity 
removed.  

• Chasses repository via the Registry of Standard Biological Parts specifying chassis 
characteristics will be available and searchable online.  

• Physical material encoding chassis will be available via an open-source license.359 

 

4. Testbed Applications 

Two testbed applications were to drive the development of the thrusts. 

• One of the testbeds for Synberc would design and engineer modules that would be 
integrated to construct a bacterium capable of moving to and attacking a chemical or 
biological entity; for example, a tumor or a chemical warfare agent. 360 

• Another would create a microbial drug factory to provide a set of easily connectable 
devices that could be used to produce a large range of natural or un-natural products in 
a simple bacterial host. 361 

This would allow, among other things, production of existing or novel antibiotics to combat 
potential bioterror agents and a wide variety of chemicals, including some of the most 
complicated natural products that are used by the pharmaceutical industry. For novel natural 
products discovered in rare, protected, or uncultivable organisms, these biosynthetic devices 
would alleviate the need for complicated and/or environmentally- harmful chemical synthesis 
and could reduce the cost of drugs by orders-of-magnitude. 362 

The NSF Grant Application stated that,  
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synthetic biology would find its greatest utility in the design and assembly of novel 
biosynthetic pathways for the production of specialty chemicals, utilizing various parts, for 
integration into a universal chassis. The second testbed would provide proof of concept for 
the application of synthetic biology to de novo metabolic pathway design. 363 

It would also provide a second bacterial chromosome and convenient integration system for 
combining modules that will result in novel cell function. 364 

5. Registries and Repositories 

Recognizing that the parts, devices, and chassis designed and built during its program would be a critical 

resource for the synthetic biology research community, Synberc intended to make information about 

these parts, their function, characteristics and design openly available on the Internet, through the parts 

data book at the Registry of Standard Biological Parts.  

The Registry of Standard Biological Parts. The Registry of Standard Biological Parts, piloted 
at MIT over the previous three years, would transition to a new “Web of Registries,” with 
Synberc resources being used to support a second node at UC Berkeley; through this web, 
the information, tools, and services needed to engineer biology would be made freely 
available to all.365 

But the scope and structure of the current registry were not robust enough to support the academic 

and commercial revolution in engineering biology envisioned. Therefore, the Registry must expand in 

many dimensions simultaneously.  

• First, it must be able to support a wider variety of device families beyond the current 
gene expression devices. 

• Second, it must be able to support parts that operate in a greater variety of organisms 
with more finely detailed variety of phenotypes.  

• Third, it must support a growing and increasingly diverse community of interests, abilities, 
and requirements. This community will demand that the Registry support new research 
directions while offering researchers a broader marketplace for their ideas and 
innovations.  
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• Finally, the Registry must become “my Registry” to everyone, everywhere. In the age of 
the Internet, the Registry must evolve into an open Web of Registries providing 
specialized resources and specialized services in a context of compatibility, 
interoperation, and cooperation.366 

A Web of Registries. Synberc intended to partner with the Registry of Standard Biological 
Parts to become the first node on the Web of Registries outside of MIT. The Registry node at 
Synberc would offer local support to researchers on the West Coast and another point of 
view on the directions and opportunities provided by synthetic biology. It was expected that 
the MIT and Synberc nodes would be joined by nodes in Europe and Asia and eventually by 
nodes at research organizations in academia and industry around the world. The technical 
and organizational approaches taken by the MIT Registry and the Synberc Registry would 
determine the evolution of the Web of Registries.367 

Education 

The education program was intended to be multi-disciplinary with an emphasis on hands-on design.  

• It would provide scientists opportunities to learn about engineering ideas and physical and 
quantitative problems in biology and engineers the opportunity to learn about biology by 
pursuing their natural inclination to build.  

• Synberc would work to foster education at all levels of training.  

• Curriculum and program content would continually evolve as research advances and 
technology innovation occurred.  

• The education program would include components to reach and meet the needs of the 
various constituent populations including graduate and undergraduate students, women and 
underrepresented minorities, the K-12 community, the community college population, and 
the general biological sciences and engineering research communities.  

• To monitor the impact of the education program, Synberc would track participants and 
would perform impact assessments for the various component programs throughout the life 
of the Center.368 
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Graduate Education 

Synthetic biologists would require training in enzyme engineering, genetic control system 
engineering, cell biology and mechanics, biological material properties, and bioinformatics. 
The goal of the graduate education program was to prepare students for a career in 
synthetic biology, in academics, industry, or government. The key components of the 
graduate program would be:  

1) New graduate courses in synthetic biology  

2) The opportunity to rotate among laboratories across the disciplines representing 
synthetic biology 

3) A graduate group in synthetic biology at each institution  

4) Weekly seminar series369 

Four courses would become standard courses for upper division undergraduates and lower 
division graduate students at both the East Coast and West Coast hubs. These were: 

• Synthetic Biology I: Design 

• Synthetic Biology II: Construction 

• Comparative and Functional Genomics 

• Synthetic Biology Risk/Threat Assessment 

• Ethics 

All curriculum developed would be shared among the Core Partner Institutions, as well as 
with the Affiliated Outreach Institutions. Through open courseware, the curriculum would be 
made available to the broader academic audience. 370 

In addition, Synberc planned to partner with the Registry of Standard Biological Parts at MIT 
to build on and expand the recognized programs that were initiated at MIT to engage 
students from both science and engineering in the design and construction of engineered 
biological systems. This program later became known as iGEM (Intercollegiate Genetically 
Engineered Machine). Synberc would partner with the Registry to expand the iGEM design 
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competitions in future years and to involve Affiliated Outreach Institutions and participating 
companies.371 

 

Undergraduate Education 

The goal of the Synberc undergraduate education program was to prepare undergraduates 
for a career in synthetic biology, either as graduate students or in industry. The key 
components of the undergraduate education would be:  

1) New undergraduate courses in synthetic biology much like those offered in the graduate 
program with the addition of an introductory seminar course on synthetic biology 
including ethics and industry speakers 

2) industry-sponsored internships  

3) undergraduate research opportunities 

In addition, Synberc research would be used to inform and support new courses that were 
being developed in support of the Biological Engineering course of study at MIT, the first new 
course of study at MIT in 29 years. Synberc resources such as parts available via the Registry, 
and device models, measurement, and analysis tools will be used in support of BE.109 
(Laboratory Fundamentals), BE.180/181 (Programming & Computation), and BE.113 
(Genetics). 372 

In the first year, Synberc planned to place 10 students in internships. Synberc planned to 
expand the program to include participating institutions with undergraduate programs, 
hoping to cultivate the participation of its industry partners to provide both placement 
opportunities and fellowship funding. All costs for the student internships would be borne by 
the participating companies.373 

In order to attract the best talent, recruiting was an early priority for Synberc. The Center 
planned to work with MIT’s Summer Research Program (MSRP) to attract promising 
undergraduate students of African-American, Mexican-American, Native-American, and 
Puerto Rican descent. Outstanding college sophomores and juniors were recruited nationwide 
to apply for admission to the 10-week program, and participants would be required to 
present their work in both oral and written form at the conclusion of their tenure. Synberc 
students recruited from this program were to be designated “Synberc Fellows” and would 
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participate with the Synberc investigator research groups during their time in the program. In 
addition, Synberc’s planned to partner with outreach programs at the Core Partner 
Institutions and would design its K-12 outreach program to identify, attract and retain the 
best of these students.374 

 

Education of Scientists and the General Public 

Synberc’s goal was to become the world’s foremost program in this area. It planned to 
educate scientists around the world through: 

1) Publications in high-profile, peer-reviewed journals  

2) A short (week-long) intensive summer course for industrial and academic scientists and 
engineers open to all PhD researchers, postdoctoral fellows and graduate students in the 
appropriate academic and research communities 

3) An annual symposium and regular seminars which would include Center scientists, 
industry scientists, scientists from governmental agencies and renowned scientists from 
around the world 

4) Participation in the QB3 Reporting Science Program, designed to promote depth, 
accuracy, and excellence in science reporting  

5) An electronic quarterly newsletter and press releases describing important discoveries, 
the achievement of critical milestones, and the development and availability of new tools 
and technologies.375 

In particular, through the Reporting Science Program, Synberc hoped to renew the country’s 
excitement and interest in the study and advancement of science, and ultimately, to help 
reshape the nation’s scientific public discourse from one of reflexive response to one of 
informed dialogue. Two ongoing workshops were planned in this area:  

• Scientific Frontiers: Reality is Better than Fiction—Workshops on cutting-edge topics 
that scientists are thinking about today that might be front-page news tomorrow.  

• Rapid Response Symposia and Resource Development—Rapid response to scientific 
breakthroughs and topics that are poised to hit the headlines.376 
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K-12 and Community College Outreach 

Synberc planned to partner with Bay Area and Boston Area high schools and community 
colleges, specifically targeting those serving underrepresented minorities to provide research 
and educational programs for local high school teachers as well as high school and 
community college students. 

This program would include: 

1) Visiting lectures at participating high schools and community colleges 

2) Teacher training to engage pre-college teachers in a substantive and meaningful way  

3) A Day in Science that would invite high school and community college students to visit 
and shadow students as they worked in the lab or attended class 

4) Summer internships with graduate students and faculty in synthetic biology  

5) Curriculum development, with specific focus on the SEED (Saturday Engineering 
Enrichment and Discovery) Academy at MIT377 

 

Synthetic Biology Ambassadors Program 

Given the significant ethical, economic, legal, and societal implications of synthetic biology, 
Synberc created a network of “Ambassadors” that would help Synberc increase its 
interaction with different disciplines, economic sectors, and stakeholders. Ambassadors would 
have privileges similar to the members of the Scientific Advisory Board and the corporate 
consortium. Their role would be to provide advice and technical assistance, help organize 
workshops, suggest and help develop additional collaborations to expand the scope of 
Synberc’s activities, and give lectures at Synberc sites. This program would pair every 
Ambassador with a designated Synberc investigator to ensure broad participation in 
addressing the societal implications of synthetic biology. This activity would be supported 
with a budget for travel and one “seed” project per year, to be allocated by the Synberc 
Executive Committee.  
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Ambassadors were to serve as catalysts for attracting additional funding to responsibly 
promote the benefits and address the risks of synthetic biology. The initial team of 
Ambassadors included: 

• Biodefense: Tara O’Toole, PhD, CEO, Center For Biosecurity, University of Pittsburgh  

• Civic Scientists: Neal Lane, PhD, Rice University. Former Director of OSTP and NSF  

• Global Health: Victoria Hale, PhD, CEO, Institute for One World Health 

• Industrial Biotechnology: Brent Erickson, Executive VP, Biotechnology Industry 
Organization 

• Intellectual Property/Ethics: Pillar Ossorio, University of Wisconsin, Professor of Law and 
Medical Ethics 

• Social Sciences/Humanities: Paul Rabinow, PhD, UC Berkeley; author of ethnographies 
on Celera Diagnostics and development of PCR378 

 
Synthetic Biology Security, Policy, and Ethics Program 

The long-term goals of this program included:  

1) Hosting communications across disciplines so that biology and policy experts could 
exchange information aimed at identifying the main scientific dangers posed by 
synthetic biology together with a menu of possible solutions  

2) Providing a vehicle where biologists and social scientists could perform and publish high-
quality interdisciplinary research needed to develop elegant and effective solutions  

3) Making the most important research results available to the broader biology community, 
evaluating feedback, and taking steps to foster the good will and “buy-in” that effective 
solutions require  

4) Making the most important research results available to corporations, government 
leaders, and the broader society through public lectures and similar outreach programs, 
so that the promise of synthetic biology is not short-circuited by hasty or ill-informed 
regulation  
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5) Attracting and training a new class of “civic scientists” who possess the unique subset of 
graduate-level biology and policy skills that governments urgently need to set effective 
policy in this area  

6) Fostering international communication and ultimately consensus responses so that US, 
European, and other world standards do not undercut one another379 

This program would be launched with a one-day workshop, chaired by two international 
leaders (one from security policy and one from synthetic biology) where biology and public 
policy faculty and students could exchange information and lay the basis for further 
interdisciplinary research collaborations. Individuals from around the world would be invited 
to attend the workshop, which would be simulcast over the Internet. 

The goals would be accomplished through: 

• Faculty and graduate seminars and lectures 

• A new graduate-level course in synthetic biology risk/threat assessment 

• Special sessions on security policy issues to be presented at the biannual international 
synthetic biology conference, including a half-day session that would expose the 
community to the security and policy implications of their work, and 

• The development of a framework for scientist and public policy experts to review and 
regulate research done by synthetic biologists380 

Acknowledging that its proposal would establish Synberc as one of the first organizations to 
present and highlight these challenges, since it would have a high concentration of individuals 
working in synthetic biology, Synberc would serve as a testbed for this framework.  

It planned to establish a Bio-Ethics and Threats Advisory Committee (BETAC), comprising 
three experts in various aspects of bioethics, biothreats, and public policy, which would meet 
annually to review research and education in the center.  

With NSF support, BETAC would advise the Center’s director and associate directors on 
ethical and threat issues surrounding current or anticipated synthetic biology research, 
organize and participate in panel discussions for the public, and make recommendations 
regarding effective outreach opportunities.381 
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Ethics would be a weekly, one-hour course required of all students in the first semester of 
the Synberc program. The course would have both lectures and case studies.382 

 

Industrial Collaboration and Technology Transfer 

Synberc’s industrial program was designed to meet multiple goals:  

1) To build an active partnership with relevant companies to provide advice to focus 
Synberc research on questions of science and technology that are critical to industry  

2) To provide applications for Synberc research  

3) To provide input into the development of education and outreach programs  

4) To speed the transfer of technologies and innovation to industry  

5) To increase industry access to research results, publications, tools, graduate students, 
faculty, and facilities  

6) To provide research internships for undergraduate and graduate students  

7) To encourage industrial support and grants to support educational and research 
activities within Synberc 

8) Provide venture capitalists critical information that will allow them to fund new 
companies in the area of synthetic biology, potentially around technology developed in 
Synberc383 

Synberc Corporate Partnership Program 

Corporate partnership in Synberc would require an annual cash commitment and an 
optional in-kind commitment. Two levels of membership were created for large and small 
companies, with three levels of support within each class; the benefits would scale with the 
contribution. 

Membership Level   ≥100 employees  <100 employees 

Founding Member    $50K    $25K 
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Sustaining Member    $25K    $12.5K 

Supporting Member   $10K    $5K 

In return for membership in the Center, companies would derive the following benefits: 

 

Supporting, Sustaining, and Founding Members:  

1) The right to jointly submit proposals to federal programs such as SBIR/STTR wherein 
university-corporate partnerships are encouraged. Rights to inventions arising under such 
participation would be granted according to the regulations of member institutions and 
federal program guidelines.  

2) Corporate Members would receive one copy of all Synberc publications. A Synberc 
publication was any publication or presentation abstract, including a thesis or paper 
appearing in peer-reviewed literature, that was funded wholly or in part by Membership 
Fees paid by Synberc participants and other funds directed to the Synberc program.  

3) Opportunity to meet and interact with Synberc Faculty Members, students, and 
postdoctoral scientists at Synberc meetings and functions to discuss current research 
problems, results, and opportunities and to establish contact with potential future 
Corporate Member employees.  

4) The right to use, by Corporate Member for its internal non-commercial research and 
evaluation, all reports, data, and information made available by Synberc, so long as 
Synberc is acknowledged as the source of this information and confidential information is 
protected.  

5) Opportunity to receive placement of student interns.  

6) Attendance at annual research review meetings held on the UC Berkeley campus to 
review recent, not yet published, research results. Attendance at these meetings was 
limited to five employees of Corporate Member.  

7) The opportunity to sponsor dedicated research projects with Synberc Faculty Members 
after mutual agreement in writing. Intellectual property rights to inventions arising under 
such sponsorship would follow member university policies. Research sponsored by 
California-based companies will be matched by the University of California Discovery 
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Grant Program, an industry-university cooperative research program that matches grants 
from California-based companies to University of California scientists.384 

 

Additional Rights for Sustaining and Founding Members:  

8) Early access to intellectual property developed by Synberc as a result of the research 
conducted in whole or in part, using the Membership Fees paid by Corporate Member 
and other Synberc Participants and other Synberc-administered funds.  

9) Opportunity to interview Center undergraduate, graduate, and postdoctoral fellows.  

10) By arrangement, on-campus access to team meetings of Synberc research teams.385 

 

Additional Rights for Founding Members:  

11) Opportunity for industrial sabbaticals (bench fee may apply).  

12) Membership on the Synberc Industry Advisory Committee or Venture Capital Advisory 
Board providing the opportunity to suggest research directions and opportunities.386 

 

The Industrial Advisory Board and Venture Capital Advisory Boards 

At the recommendation of its core industry members, Synberc planned to establish two corporate 

advisory boards—the Industrial Advisory Board and the Venture Capital Advisory Board. Each board 

would meet semi-annually to discuss the Synberc research and education plan and to advise Synberc 

scientists on future research directions. Specifically, the committees would:  

1) Review the research and education directions of Synberc and make recommendations 
on future directions  

2) Advise Synberc leadership on recruiting new corporate members into Synberc  
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3) Perform a strengths, weaknesses, opportunities, and threats (SWOT) analysis annually  

4) Review technology-transfer mechanisms and recommend improvements387 

 

Knowledge and Technology Transfer between Synberc and its Corporate Partners 

In order to encourage commercialization of technologies developed by Synberc that would result in 

new products, services, and jobs, the Center planned to encourage active knowledge transfer both 

from Synberc to industry and vice versa. This knowledge transfer program consisted of several 

components:  

• Each of the corporate advisory boards would meet semi-annually to advise Synberc 
participants about research projects relevant to industry needs and training for Synberc 
students. The Industrial Advisory Board meeting would feature presentations and posters 
by Synberc-associated faculty and students. 

• Synberc would coordinate a one-and–a-half-day corporate retreat for industry partners. 
The retreat would be funded by industry sponsorships and fees from the corporate 
membership program. 

• Students and postdoctoral fellows would have the option of doing internships in 
participating companies. During their internships, the students and postdoctoral fellows 
would communicate with the affiliate company about current research in Synberc. In 
addition, students and postdocs would learn techniques at the company that will be 
useful for their Synberc research. 

• Preprints of publications would be made available to affiliated companies prior to 
submission. Affiliated companies would have 30 days to review preprints for potential 
patentability. 

• Patent disclosures submitted by Synberc scientists to their campus technology licensing 
offices would be circulated to the affiliated companies to review for patentability. 

In addition, Synberc would support a Visiting Industry Scientists Program that would provide the 

opportunity for scientists from affiliated companies to spend time in a Synberc academic laboratory, 
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learn specific techniques, and gain insight into ongoing Synberc research, and take that knowledge back 

to their affiliated companies. 

Synberc planned to sponsor one-week summer courses for corporate partner scientists, organized by 

Synberc investigators. Courses would cover computational design of parts and devices as well as 

methods for constructing and testing modified or new parts and devices. 

A quarterly newsletter will highlight Synberc events and research progress. Each edition would highlight 

a Synberc researcher and a private sponsor.388 

 

Evolution of the Synberc Vision 

Synberc’s research agenda has shifted in response to developments in biotechnology, the 

recommendations of Synberc’s industrial partners, and the NSF’s changing expectations of an ERC over 

the course of its lifetime. Here are some ways in which Synberc’s research agenda has changed over 

time compared to the original proposal. 

1. Registries and Repositories 

From the start, it was recognized that the parts, devices, and chasses designed and built during the 

Synberc program would be a critical resource for the synthetic biology research community. The 

infrastructure to share larger and larger libraries of parts and connect them to the design tools needed 

to compute over them has become just as important as the parts themselves. Synberc originally looked 

to the MIT Registry of Standard Biological Parts as a model for sharing data about Synberc parts and 

their function, characteristics, and design. The MIT Registry had been piloted for three years at the time 

of Synberc’s launch, primarily through the iGEM program. It was envisioned that the MIT Registry would 

transition into a node into a new “Web of Registries,” with Synberc resources being used to support a 

second node at UC Berkeley. 
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It proved difficult to develop an API for the MIT Registry’s wiki-based system to talk to other systems. 

There were also challenges in combining the iGEM-generated parts (which sometimes lacked 

characterization data and reliability) with more professionally developed Synberc parts. Synberc decided 

to develop its own registry based on the ICE (Inventory of Composable Elements) platform developed 

at JBEI. This registry is compliant with the standards developed by the SBOL (Synthetic Biology Open 

Language) community for sharing part information. Synberc has collaborated with computational 

biologists at JBEI, led by Synberc Affiliate Investigator Nathan Hillson, to develop the ICE platform as a 

peer-to-peer sharing tool, allowing any users of the ICE platform to share their parts with others. As 

this functionality is rolled out, Synberc anticipates that the Web of Registries concept will begin to take 

hold in a standards-compliant fashion. Furthermore, non-ICE registries such as the MIT Registry could 

also ultimately link into the Web of Registries as they develop SBOL-compliant interfaces. 

2. Testbeds 

The research testbeds of Synberc have changed in response to feedback from industry and the 

completion of proof-of-concept projects. For example, Synberc began with a Tumor Destroying 

Bacterium testbed. This ambitious project, led by Chris Anderson at UC Berkeley, aimed to develop an 

E. coli-based chassis organism that would sense and migrate toward tumor environments, where it 

would release tumor-destroying chemicals before killing itself. Despite enormous technical challenges, 

this project was successfully carried to the proof-of-concept stage in mice before being sunsetted by 

Synberc. Funding could not be secured to develop the project to the full commercial level. 

In 2009–2010, in response to feedback from industry partners to develop industrially relevant tools, 

Synberc initiated the Advanced Fermentation Organism testbed. Led by Christopher Voigt at MIT, this 

testbed aimed to integrate a number of sensors relevant to industrial fermentation processes (e.g., 

lactate, oxygen, osmolarity, temperature) into a “smart” microbe that could up- or down-regulate its 

own metabolic processes in response to conditions during fermentation. Over the course of three 

years, this project developed the ability to integrate sensors with sophisticated logic systems, and 

culminated in a DMS-Synberc joint project to test these systems in industrial settings before ending in 

2013. 
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3. Practices 

The Synberc Practices program (formerly Human Practices) was originally conceived to examine the 

ways that economic, political, and cultural forces affect the development of synthetic biology, as well as 

ways that synthetic biology may affect security, health, and welfare. The original emphasis was on 

intellectual property, security, environmental risks, ethics, and ontology. In 2010, the NSF encouraged 

Synberc to shift the emphasis away from ethical and ontological research and focus on the more direct 

issues of safety and security. Synberc did so, and its emphasis now is on developing a network of 

researchers within and outside of Synberc to advance the practice of synthetic biology responsibly, to 

the benefit of all people and the planet. Current efforts are geared toward helping members of the 

synthetic biology community consider and develop leading examples of responsible synthetic biology in 

practice. This is best represented by LEAP (Leadership Excellence Accelerator Program), which has 

grown into a quasi-independent effort supported by Synberc and a coalition of sponsors and 

supporters. LEAP aims to provide early-career investigators with the tools, networks, and support 

needed to achieve their visions for promoting innovation responsibly in practice. Synberc has also been 

instrumental in supporting the iGEM Safety Program, which cultivates a sense of safety and 

responsibility within this formative program, and develops best practices for safety and practices 

screening. 

4. “Moon Shot” Projects 

At Synberc’s Fall 2012 retreat, participants discussed sustainability. 

The outcome of that discussion was three white papers, developed by Synberc in collaboration with 

industry, describing “moon shot” projects in synthetic biology that represented new research directions 

for Synberc, beyond the original NSF proposal. These projects were intended not only to advance the 

technological envelope, but also could form the bases of large-scale funding proposals to sustain 

Synberc beyond NSF support. 

Brief summaries of the three white papers follow on the next page: 
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The Future of Green Biotechnology and the Role of the Synthetic Biology Engineering Research 
Center389 

• Development of tools broadly enabling the engineering of complex traits in plants 
• Development of thrusts relating to plant metabolism or transkingdom interactions 
• Advancement in the fundamental understanding of the impact of designed or redesigned 

organisms on the ecosystem 

A Fab for Identifying, Characterizing, and Redesigning Natural Biosynthetic Enzymes390 
• Computational tools 
• Chip-based DNA synthesis and standard chassis 
• Lysate assay and metabolomics platform 

The Synthetic Cell: Synthetic Biology and the Development of Engineered Medicinal Cells391 
• Design engineered human cells to sense, compute and respond to conditions in patients 

requiring intervention 
• Disease areas include cancer (T-cell chassis), diabetes (B-cell chassis), IBDs (microbiome 

approach), and degenerative diseases (engineered tissues) 

 

                                                

 

 
389 Groban, E. et al. The Future of Green Biotechnology and the Role of the Synthetic Biology Engineering Research Center [unpublished 
draft white paper]. (Synberc, 2013) 
390 Kelly, J. et al. A Fab for Identifying, Characterizing, and Redesigning Natural Biosynthetic Enzymes [unpublished draft white paper]. 
(Synberc, 2013) 
391 Fero, M. et al. The Synthetic Cell: Synthetic Biology and the Development of Engineered Medicinal Cells [unpublished draft white 
paper]. (Synberc, 2013) 
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9.2. Synberc Assessment 

Vision and Mission 

Again, Synberc was created with two bold and audacious goals: 

• To create a new field of synthetic biology  

• To build an industry around this area 

Assessment 

Much progress has been made towards these goals as detailed throughout this report. While not all of 

the activity can be directly tied to Synberc, much of the foundational work done by Synberc Principal 

Investigators helped to ignite this progress.  

For example, many of the Synberc Principal Investigators were central in the early work of laying the 

intellectual foundation for the field of synthetic biology and demonstrating proof of concept through 

the first eight years of Synberc’s existence. Synberc and its investigators helped to shape the research 

agenda of the field, developed numerous foundational technological advances, served as an important 

venue for convening researchers throughout the synthetic biology community, developed programs to 

ensure that science in this area is conducted safely and ethically, attracted industry support and 

participation, helped train many of today’s synthetic biology investigators, supported the development 

of global training initiatives like iGEM, built infrastructure (such as new centers for synthetic biology, 

biofabs and registries), and highlighted the viability of commercial applications for the technology.  

In short, Synberc laid the groundwork in the US for an industry that is projected to grow to nearly $11 

billion by 2016.392 

As the scientific field of synthetic biology has developed, new products have been created in three 

major categories:  

                                                

 

 
392 BCC Research. Synthetic Biology: Emerging Global Markets (2011) 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 200 

• Enabling technologies (such as next-generation sequencing, computational modeling and design 

tools, bioinformatics, data storage and mining for large data sets, and more-efficient protein 

expression systems). These products and services are necessary for the development of 

synthetic biology products (though they need not be specific to synthetic biology). 

• Core technologies, which are the synthetic biology components and processes that are used 

to make products. 

• Enabled products such as specialty chemicals that are being introduced in end markets such as 

diagnostics and pharmaceuticals, chemicals, agriculture, energy and research. 

The companies active in creating these products include both large multinationals, such as Novartis, 

Pfizer, GSK, BASF, Dow, Goodyear, and DuPont, as well as smaller companies such as Solazyme, LS9, 

and Synthetic Genomics, that have emerged over the last decade. In addition, new applications are 

emerging in arts and entertainment (photographic bacterial plates, DIY design projects), defense 

(biosensors, anti-bioterror agents), and the environment (bioremediation and biosensors). 

Market Segmentation 
Market 
Segment 

Description Representative Companies 

Diagnostics & 
Pharmaceuticals 

Medical, including currently marketed pharma 
compounds produced via synbio processes 
(biocatalysis, etc.) and diagnostic assays 
  

Novartis, Pfizer, GSK, DSM, 
Evolva, Merck, Roche, Sanofi-
Aventis, Viral Genetics 

Chemicals 
Bulk and specialty chemicals, industrial 
intermediates (nonpharma) Amyris, BASF, DuPont, Dow, 

Goodyear, Solazyme 
Agriculture Plant crops and end products 

Energy Transportation fuels; includes biomass Amyris, BP, Codexis, Gevo, 
LS9, Solazyme, SGI 

Research 
Nonprofit academic, government, or institute 
research  

Source: BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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New product development surrounding core technologies is also continuing to occur in nonprofit 

academic, government, and research institutes around the country.393 

The end result of this early product development is a rapidly growing market for synthetic biology 

products. The global value of the synbio market in 2010 was just over $1 billion. By 2016, BCC 

Research projects that the global market for synthetic biology will reach nearly $11 billion, with an 

annual compounded growth rate of 45.8% per year.394 Other estimates have suggested much higher 

numbers.395 Specialty chemicals, energy, and diagnostics and pharmaceuticals will represent the largest 

growth areas.  

Current indicators of growth confirm the vibrancy of the marketplace. Foundational technologies for 

synthetic biology are beginning to mature, with 13-plus publicly available and numerous additional 

private registries, 60-plus computational design and software tools, and 18-plus standards396 (which 

Synberc has been heavily involved in developing). Large-company investment and acquisitions have 

confirmed the established market for enabling technologies as exemplified by the acquisition of 

GeneArt by Life Technologies in 2010, and investment by Agilent in the Berkeley Synthetic Biology 

Institute and the Wyss Institute at Harvard. 

In addition, emerging company activity is growing. From 2009 to 2013, the number of companies 

engaged in synbio research of some kind more than tripled, growing from 61 to 192. Two-thirds of 

these companies (131) are US-based, 42 are in Europe, and 13 are in Asia. Many of these companies 

are involved in synbio research and development focused on specialty/fine chemical, medical and 

biofuels applications, which is consistent with the revenue estimates reported above.397 

                                                

 

 
393 BCC Research. Synthetic Biology Emerging Global Markets. (2011) 
394 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
395 BCC Research. Synthetic Biology Emerging Global Markets (2011); Carlson, R. “The U.S. Bioeconomy in 2012 reached $350 
billion in revenues, or about 2.5% of GDP.” Synthesis. (2014). at <http://www.synthesis.cc/2014/01/the-us-bioeconomy-in-
2012.html>; Lux Research. Synthetic Biology’s Commercial Roadmap (2009); Synthetic Biology Project. Trends in Synthetic Biology 
Funding in the United States and Europe. Woodrow Wilson International Center for Scholars (2010) 
396 Kahl, L. J. & Endy, D. A survey of enabling technologies in synthetic biology. J. Biol. Eng. 7, 13 (2013) 
397 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for 
Scholars. (2013) 
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All of this activity has resulted in commercial products that are gaining traction in the marketplace. 

Select Commercialized Products, In Development or Commercialized 
• Isoprene rubber (DuPont & Goodyear) 
• Bioacrylic acid (Dow Chemical & OPX 

Biotech) 
• Bioadipic acid (Verdezyne) 
• Biosurfactants (Modular Genetics) 

• Biodiesel (LS9, Solazyme, Gevo) 
• Chemicals, vitamins, antibiotics (DSM) 
• Succinic acid (Myriant) 
• Microorganisms (Synthetic Genomics, Ginkgo 

BioWorks) 
Source: Biotechnology Industry Association. Current Uses of Synthetic Biology for Renewable Chemicals, Pharmaceuticals, and 
Biofuels. (2013). 
 

Some of the commercial success stories described elsewhere in this report (see Section 4.5.) are 

capturing significant attention, with several of the recently formed companies concluding very successful 

initial public offerings and others concluding strategic alliances with large companies or investments by 

the public sector to finance their work.  

In sum, due in part to Synberc’s work and existence, the scientific field of synthetic biology has been 

established and a synthetic biology industry has emerged and is growing, demonstrating the potential to 

revolutionize the nation’s economy, through innovation and economic development. 

Research, Education, Safe and Ethical Development of Synthetic Biology 

Research 

Through its research programs, Synberc intended to develop the foundational understanding and 

technologies to build biological components and assemble them into integrated systems to accomplish 

many particular tasks. NSF expected that: 

The near-term impact of the outcome of the proposed research [would be the creation of] 
the biological “factories” of the future, advancing the speed of the development of new 
products and services.398 

The aim was to apply engineering concepts to biology for product development—develop and 

assemble standard parts into devices, and integrate them into systems for use in engineered organisms 

                                                

 

 
398 National Science Foundation and Synberc. Cooperative Support Agreement. (19 July 2006) 
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(chassis) designed to deliver a desired task. As Jay Keasling described these aspirations, “We can reduce 

the cost and time to engineer biological systems and increase their reliability by developing well-

characterized, standard components and design tools.”399 

Synberc planned to focus on synthetic microorganisms constructed from E. coli to serve as proof-of-

concept testbeds for a microbial drug factory and microbial agents that can seek and destroy tumors. 

An open-source registry (or Web of Registries) would define, describe and store basic parts already in 

use or newly designed, well characterized through the standardization of physical connections, 

functional connections and performance.  

Assessment 

It is clear that Synberc and its investigators served a critical role in articulating the scientific potential for 

synthetic biology. In the early 2000s, the notion of engineering biology in this way was novel, and 

Synberc helped to raise awareness of the field by explaining its fundamental elements and complexities 

to the scientific community. 

This report is not designed to be a scientific compilation/evaluation of the research that Synberc has 

done but does highlight that Synberc’s work resulted in fundamental advances in the infrastructure of 

synthetic biology, such as highly multiplexed genome engineering, rational design tools, computer 

programs, standardized parts and registries, biofabs, and engineered cell traits. Scientists throughout the 

field can now use these tools, methods, and processes to create their own parts, devices, and 

organisms, differentiating the work from genetic engineering which would not be replicable and 

demonstrating that biotechnology tools could be utilized to solve important problems. 

The quality of Synberc’s research is reflected in the number of high-impact papers published by Synberc 

PIs, as well as the number of papers on which Synberc PIs collaborated (Appendix N). 

By creating greater control over the design/build/test cycle, Synberc began to demonstrate reduced 

time and cost of biological engineering and increased predictability, allowing rapid prototyping that 

                                                

 

 
399 Keasling, J. Presentation: Overview of the Center. (9 September 2013) 
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could not be accomplished previously. As one scientist described it, “Eight years ago, it was very hard 

to engineer an organism. The environment is much different today.”400  

In short, Synberc created the vision, tools, applications, and methods that other scientists are using. It 

fulfilled its original mission of establishing a field of engineering biology with the notion of parts that can 

be pieced together to create important new organisms or molecules. Its work provided the foundation 

for an industry that has established products or products in development, including specialty chemicals, 

enzymes, synthetic genes and other DNA parts, pharmaceuticals, biofuels, and chassis microorganisms. 

And early commercial successes are setting the stage for continued market penetration, including 

microbially produced malaria drugs, biofuels from non-food biomass, and rapid vaccine production. 

Yet despite this success, there is much left to do to fulfill the original vision of reducing the cost and 

complexity of engineering biology. Scientists throughout Synberc acknowledge that their successes to 

date are a matter of degree: they have made progress on reducing the cost and complexity but they 

need to make more progress in developing foundational technologies that will continue to advance the 

end goal of a thriving synthetic biology industry. As Jay Keasling described the complexity in this area: 

Unlike many other areas of engineering, biology is incredibly nonlinear and less predictable, 
and there is less knowledge of the parts and how they interact. Hence, the overwhelming 
physical details of natural biology (gene sequences, protein properties, biological systems) 
must be organized and recast via a set of design rules that hide information and manage 
complexity, thereby enabling the engineering of many-component integrated biological 
systems. It is only when this is accomplished that designs of significant scale will be 
possible.401 

In some respects, accomplishment of the original Synberc vision will just need more time. As one 

scientist commented, “Synberc’s goal was to create a culture of engineering. Its development projects 

are not ten-year projects but sustaining projects. It is typical for there to be [lags] in reducing cost and 

complexity.”402 

                                                

 

 
400 NJK&A interviews. 
401 Keasling, J. Synberc Proposal to the National Science Foundation. Section 4. Page 35. (2005) 
402 NJK&A interviews. 
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The need for continued investment in foundational research is evident. Furthermore, Synberc should 

consider expanding its programs into foundational areas not yet focused on such as the manipulation of 

plant genomes. 

In order to generate the investment needed to continue foundational research, it will be critical for 

Synberc’s investigators to link this research to applied projects that would address the grand global 

challenges the planet currently faces—in energy, the environment, agriculture, and health. Those within 

the field well understand the promise of the technology to potentially solve many pressing global 

problems with tools not otherwise available today. Appealing to the need to fuel, feed, and heal the 

world would excite public imagination and justify continued large investments by federal agencies, the 

private sector, and philanthropic communities.  

Moon-shot projects should articulate game-changing deliverables and their impact by sector. They 

should be long-term in nature and unachievable except by a large, multi-investigator, multi-institutional 

effort within a decade. Synberc has produced three white papers that are a good start in this area, 

focusing on green biotechnology, biofabs and the synthetic cell.403 Additional papers should be written 

by industry sector. 

Finally, much progress has been made in establishing a web of publicly available registries since the 

Registry of Standard Biological Parts was first established at MIT. These registries are becoming the parts 

databases and repositories for synthetic biology researchers, collecting information about parts, devices, 

chassis, and systems. Proof of concept has been demonstrated—but there is much left to do before 

these are robust enough to support the original vision and end goals of synthetic biology and to 

establish common procedures for professional management. The development of standards should also 

be a continued focus. At present, there are insufficient quality standards and protocols for the ordering 

                                                

 

 

403 Kelly, J. et al. A Fab for Identifying, Characterizing, and Redesigning Natural Biosynthetic Enzymes [unpublished draft white paper]. 
(Synberc, 2013); Groban, E. et al. The Future of Green Biotechnology and the Role of the Synthetic Biology Engineering Research Center 
[unpublished draft white paper]. (Synberc, 2013); Fero, M. et al. The Synthetic Cell: Synthetic Biology and the Development of Engineered 
Medicinal Cells [unpublished draft white paper]. (Synberc, 2013) 
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and distribution of Registry parts. This work should proceed in order to strengthen the registries as a 

critical asset created by Synberc. 

 

Education 

The goals of Synberc’s education programs were to: 

• Educate a new cadre of biological engineers who will specialize in synthetic biology 

• Educate K-12 students about synbio opportunities 

• Educate the general public about the risks and benefits of synthetic biology 

• Educate public policy students and policymakers about the risks and benefits of synthetic 

biology 
Assessment 

Many of Synberc’s aspirations in the educational area have been successfully achieved. New courses, 

workshops, and outreach programs to underrepresented students at all levels of the educational system 

have been created, with many of the undergraduate and graduate offerings focusing on the 

fundamentals that any synthetic biologist must master. 

Curricula to train teachers in primary and secondary schools have been developed. The publication of a 

textbook is under way. Internships with industry partners have proven quite popular both for students 

and for members of the Industrial Advisory Board. A summer internship program, iCLEM (Introductory 

College Level Experience In Microbiology), developed in partnership with Berkeley and JBEI, offers 

students the opportunity to work in research laboratories.  

Hands-on design comprises an important element of many of Synberc’s offerings, with iGEM providing 

teams of students throughout the world (from the high school level through graduate school) the 

opportunity to vision, design, test, and build in synthetic biology projects. iGEM is a model of 

experiential learning, engaging students from both science and engineering in the design and 

construction of engineered biological systems. The iGEM safety program has served as an adaptive 

program for teaching the next generation of synthetic biologists about biosafety and biosecurity. It has 

also served as a testbed for biosafety and biosecurity governance research.  
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Synberc Education Summary (2006–2014) 
Graduate 
• Grad/undergrad courses: Synberc PIs have created or modified 47 courses with ERC content; the majority of 

these courses are now embedded into curriculum at Synberc campuses 
• Students and faculty led the development of Synthetic Biology Working Groups in the Bay Area and Boston, 

bringing together the synbio research community at regular intervals to share research and ideas 
• Synberc-IAB Mentoring Program pairs grad students and postdocs with industry partners to provide mentoring 

and professional development to young researchers 
• Opportunities in teaching, curriculum development, and project management for 40+ grad students and postdocs 

each year through education programs 
Undergraduate 
• iGEM, the foremost synthetic biology training program for undergraduates worldwide, has spawned a vibrant 

community of over 4000+ young researchers 
• PIs led design and implementation of an undergraduate Synthetic Biology Concentration at UC Berkeley 
• Synthetic Biology Learning Trail by Synberc PI Chris Anderson, is a suite of interactive and interconnected training 

materials targeted at undergraduate through graduate level; incorporated in Clotho 3.0 
• Research Experiences for Undergraduates has provided paid research opportunities to 80+ undergraduates since 

2007 (47% URM) 
• Lab Fundamentals Bootcamp created by Synberc, now institutionalized at Berkeley, trains 40+ first-time undergrad 

researchers each year 
• Bioengineering Concentration was launched at Prairie View A&M University with technical support and funding 

from Synberc 
Primary & Secondary 
• Biobuilder interactive training materials, workshops, and lab kits have impacted thousands of teachers and students 

at high schools nationwide over past three years 
• Research Experiences for Teachers has provided in-depth research experiences to 47 teachers since 2008; RET 

teachers produce standards-based lessons to connect research with classroom teaching 
• Three high school programs—iCLEM, SEED Academy, and the UCSF iGEM program—have provided hands-on 8-

10 week research experiences to 184 high school students since 2007; 99% have gone to college, and 74% have 
majored in a STEM field 

• Synberc-sponsored outreach events, such as Science Cafes, Engineering Career Panels, community presentations, 
lab tours, and field trips, impact nearly 1000 students, teachers, and community members each year 

Source: Synberc internal documents 
  

An impact assessment of Synberc’s educational initiatives would be useful to provide evidence of their 

usefulness as well, as the benefits of expanding these programs to institutions in the broader synthetic 

biology community and for incorporation into science/technology/engineering/medicine (STEM) 

educational initiatives at lower educational levels. Such an assessment and evaluation may also prove 

critical to acquire future supportive funding for expansion. 

Synberc’s goals to educate the general public and policymakers have not enjoyed the same success as 

in its formal education efforts, despite Synberc’s vision “to become the world’s foremost program in 

this area.” Originally, Synberc envisioned a variety of highly innovative programs to achieve this goal, 
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including publications, a short intensive summer course, an annual symposium that would include 

multidisciplinary experts, workshops designed to promote excellence in science reporting, and a rapid-

response system designed to allow Synberc to respond to scientific breakthroughs and newsworthy 

topics. A Synthetic Biology Ambassador’s Program was intended to promote the benefits and address 

the risks of synthetic biology. 

These programs have not been developed, perhaps for a lack of resources and the management 

bandwidth to undertake them. Synberc hired a Communications Director who might have developed 

these programs, but that person left the position shortly after being hired. This position will be a key 

hire on a future senior management team. The lack of ability in the synthetic biology community to 

truly engage the public on the benefits and risks of this field could present the greatest risk of all to its 

continued successful growth and development. 

Similarly, educating policymakers about the science and its applications, as well as the need for a clear 

and transparent regulatory regime, will be important for the future. 

Practices: Synthetic Biology Security, Policy and Ethics Program 

Making biology easier to engineer in an open-source environment presents dangers—both anticipated 

and unanticipated. How such dangers can be effectively addressed presents a challenge for the entire 

community. Work in this research area was intended to draw together all of Synberc’s researchers 

within a framework that would produce safety, security, and preparedness, as a by-product of technical 

goals. 

The goals of Synberc’s security, policy, and ethics program was to foster a community of responsible 

practice that would engineer for safety, convene, and orient actors and decision makers and assist in 

earning the field of synthetic biology public and private support. Proposed methods included basic and 

applied research, new learning materials and programs, the creation of a diverse community working 

together to best advance synthetic biology, and the creation of technical innovations to safeguard 

human health and the environment.  
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Assessment 

Synberc’s greatest contribution in the area of security, policy, and ethics is the original decision to focus 

on these as a major component of its program. There are few other examples of “big” science 

programs that have done so; iGEM, in particular, has served as an important testbed in real practice for 

educating students and engaging policymakers around responsible behavior, biosafety, and biosecurity. 

The development and operation of the security, policy, and ethics program, however, has been uneven 

and has had setbacks along the way. Many of the original products and forums envisioned (including the 

creation of a Bio-Ethics and Threats Advisory Committee) have not been created. In particular, Synberc 

has had very little role in fostering the international communication and consensus it originally 

envisioned to ensure that disparate global standards would not interfere with the responsible 

development of the industry. Given the changing scientific and international environment in synthetic 

biology, this should be a focus in the future. It is critical for public engagement and policy development 

for this research to continue and be strengthened. 

Industrial Collaboration & Technology Transfer 

From the beginning, Synberc envisioned forging strong industry relations with companies that would be 

early technology adopters and that would develop applications for new products related to health, 

energy, specialty chemicals, and agriculture. This would require the creation of strong venture capital 

relationships, an aggressive technology transfer operation, and the identification and negotiation of 

sponsored research funding opportunities.  

 

Assessment 

Synberc has been quite successful at establishing strong industry relationships, with 29+ companies, 

large and small, across the spectrum of enabling technologies, core technologies, and enabled products.  
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Synberc Industrial Advisory Board 
 
29 Established and Start-up Companies 
Across Multiple Industry Segments 

• Tools, Software & Service Providers 
• Industrial Biotechnology (chemicals, 

fuels, materials) 
•  Agribiotechnology 
•  Flavors, Fragrances & Cosmetics 
•  Health care & Nutrition 
•  Research Organizations 

  
 Additional Companies Under Consideration 

 
Source: Internal Synberc documents 
 

An Industrial Advisory Board has been established that allows members to participate in Synberc 

retreats twice annually, engage students/postdocs through internship programs, gain early access to 

intellectual property, and participate in a visiting scientist program, amongst other benefits, as described 

above. In return, members of the IAB review annually submitted research proposals, provide regular 

feedback to Synberc at its semi-annual retreats (through SWOT analyses and discussions), suggest new 

testbeds and projects, and participate in the development of white papers with the community. Several 

members of the Industrial Advisory Board sponsor a variety of Synberc activities and support student 

involvement. 

Most of the participants on the Industrial Advisory Board are at the mid-level management level, with 

spending authority over the current level of membership fees charged (from $10,000 to $50,000; see 

Governance below). This has encouraged active participation from industry with “boots on the ground” 

managers interfacing with scientists at all levels. However, the current composition of the IAB does not 

encourage the development of multimillion sponsored research programs, which are usually considered 

and handled at the executive level (chief scientific officer or chief executive officer). More work should 

be undertaken to engage and establish deeper relationships with IAB members at this level.  

In addition, although most members of the IAB indicate satisfaction and excitement with their 

involvement with Synberc, a large number have also indicated they would like to strengthen the 

process of integrating and incorporating feedback from the IAB in Synberc’s research and direction. 
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One method of accomplishing this might be to define a joint university/industry “roadmap” that would 

identify the most important research directions in synthetic biology, to encourage applications 

development across industries. Such a roadmap would be created in parallel to, and ultimately 

incorporated into, the overall scientific roadmap created by Synberc each year. 

Aggressive technology transfer, one of Synberc’s primary goals in order to translate the development of 

foundational technologies into benefits for the planet, has not been successful.  

In part, this is due to the way Synberc was organized. Under the current framework, intellectual 

property is owned by the university that employs the inventor (PI), and each university has its own 

policies with regard to how IP is developed, prosecuted, and licensed. Hence, Synberc does not own 

intellectual property, and there is no sharing of proceeds to Synberc for licensed IP developed by 

Synberc-funded investigators. This policy represents a challenge for Synberc’s self-sufficiency and 

sustainability.  

Under the current framework, the individual Technology Transfer Officer at each of the universities 

notifies the IAB of all intellectual property developed in Synberc. The broader scientific and industrial 

community is made aware of available intellectual property through a listing of the inventions on the 

Synberc website. Parties interested in licensing intellectual property are directed to the appropriate 

university-based licensing offices. 

Within Synberc, there is also widely shared agreement on the need for common ownership of 

infrastructure, including registries of parts for basic research, as well as on the advantages of private 

ownership of designs of devices ripe for commercialization. The views of individual investigators within 

Synberc vary as to where precisely to draw the line on public versus private ownership of parts—

something made more complex given that, often, multiple investigators have worked on parts and 

other technologies.404 

In practice, these conditions have created an environment in which it is very difficult for industry to sort 

out or evaluate what rights are contained in technology and exactly what technology is available. This 

                                                

 

 
404 Synberc Response to NSF Year Three Site Visit Report. Pages 3-4. (2009) 
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situation is a gating problem that must be examined immediately, with a goal towards rationalizing the 

system so that technology transfer works and benefits all parties. 

Institutional Framework 

Early on, researchers understood the difficulty of establishing the intellectual framework for synthetic 

biology as well as the scientific and engineering challenges to be overcome to establish this field. They 

concluded that synthetic biology would require a collective effort by many labs working together in a 

way that could not be achieved by any one investigator working alone.  

Therefore, the original proposal for Synberc envisioned that a “virtual” research center would be 

formed that would marshal the efforts of the key leaders in synthetic biology at the University of 

California campuses at Berkeley and San Francisco, MIT, Harvard, and Prairie View A&M University.405 

 This “virtual center” would provide a central place for investigators to exchange ideas, establish a 

common infrastructure, which would support the broader community, educate future scientists and 

lead to synergies from collaboration.  

The plan effectively established a research center, with headquarters located at UC Berkeley serving as 

the hub, and the spokes of the center extending to individual PI labs, who were key leaders in synthetic 

biology, at their respective institutions on both the East and West Coasts of the United States. 

Assessment 

The research center concept has proven to be an important organizing principle for the development 

of the synthetic biology community (see following section), as well as for establishing the intellectual 

foundation and commercial development for the field (as discussed earlier in this report). 

The “virtual” research center established a mechanism for organizing the work of multiple investigators 

and drawing them into a process for advancing the research that would provide proof of concept for 

synthetic biology. The center concept serves as a venue for bringing researchers from the same and 

                                                

 

 
405 Prairie View A&M University later became an Affiliated Outreach Institution, and Stanford University joined the initial 
consortium as a core partner institution once Drew Endy left MIT to join Stanford. 
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closely allied fields together in sustained conversation, building trust and understanding. At semi-annual 

retreats, all of the original founding investigators congregated to review the work that had been done 

with respect to initial goals and to suggest new avenues of research that needed to be pursued. These 

discussions resulted in an annual call for proposals from Synberc “central”, which were evaluated by 

multiple researchers, the IAB, and ultimately, NSF. Proposals were funded after assessment as to how 

they might advance the original goals of Synberc as well as the synthetic biology field at large. 

 

Without a “virtual” center to serve as an organizing principle, it is doubtful that any of the founding PI 

individual laboratories alone could or would have established the foundation for either synthetic biology 

as a field or the growing industry that is resulting from their efforts. The center concept as an organizing 

principle has resulted in a foundational body of research for synthetic biology, a nucleus of 

interdisciplinary researchers leading the field, and the foundation for industrial-academic collaboration, 

which has spawned a new industry that, as discussed elsewhere in this report, is actively addressing 

many pressing global challenges in energy, the environment, health, agriculture, and other fields.  

We thus argue that it is imperative to retain the “center” concept as an organizing principle. 
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Yet, over the years, an East/West “gap” has arisen, with some participants concerned both about the 

lack of a central location (or locations) and the cumbersomeness of having Synberc operations situated 

within UC Berkeley. Any new governance structure should address this concern, and a new 

organization should take this into consideration when making decisions with respect to location.  

In addition, with the development of both the science and the growing industry, the environment has 

changed. A new cadre of synthetic biologists has graduated from the core founding PI laboratories, 

establishing laboratories of their own, and a growing number of “non-Synberc” investigators and their 

related institutions are establishing efforts in the field. There is the need to broaden the original 

scientific investigation begun by Synberc leaders to include more investigators from the broader 

community. This must be done in a way that preserves the culture of the original Synberc community 

(see below), while allowing broader scientific input, both domestically and internationally. The necessity 

of broader inclusiveness in both funding and participation extends to investigators who are now 

Associate PIs, to schools beyond the core participating institutions of Synberc’s original efforts, and to 

international collaborations that may emerge from changes in the global environment. 

Finally, due to the developments previously described, there is an emerging need for a center 

addressing national policy and regulatory issues, distributed across the broader national research effort. 
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The Synberc Community 

As just discussed, Synberc was intended to bring together synbio pioneers who would lay the 

foundation for a nascent field, in part through a central place where they could share ideas. 

Assessment 

The community that Synberc built is truly one of its greatest assets. From 12 original founding PIs, the 

community is now 400+ strong, as postdocs have graduated from the founding labs and established 

labs of their own. There has been remarkable continuity amongst the founding PIs: many of their 

students have become Associate PIs of Synberc, and the community reaches thousands more through 

the iGEM competition and educational outreach. 

Due to the close relationships that have been formed, it is well known within the community what is 

being done where, and scientists feel free both to share results as well as struggles with things that are 

not working. The result is a culture that is open, public-spirited, free-thinking, and unbounded. As one 

member of the IAB stated, “Synberc is comprised very much of out-of-the-box thinkers. They don’t 

know what they can’t do. We are very attracted to that.”406 

In addition, innovative programs to foster continued development of both the community and culture 

have been created, such as the Leadership Excellence Accelerator Program (LEAP) Workshop, which 

held its inaugural event in October 2012. Nineteen early-career participants in this meeting developed 

action plans for individually and collectively advancing the field and community of synthetic biology. The 

participants come from diverse social and organizational backgrounds, offering Synberc the chance to 

advance synthetic biology in a broader way.  

At a time when the Synberc community is growing and diversifying, as is the broader synthetic biology 

field, the challenge will be to find ways to become more inclusive while maintaining the collegiality and 

connection that currently exists. This could be accomplished by creating an organizational structure 

with different groups of investigators and with a variety of activities, some designed to continue to 

                                                

 

 
406 NJK&A interviews. 
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foster the original Synberc community and others, like the SBx.0 conference, that would include the 

broader community as well. 

 
Governance & Organizational Structure 

Synberc is led by a group of full-time and part-time administrators, several of whom also hold PI roles. 

The Synberc Executive Committee is comprised of: 

• Synberc Director: Jay Keasling (PI) 
• Deputy Director: Wendell Lim (PI) 
• Education Director: Susan Marqusee (PI) 
• Practices Director: Drew Endy (PI) 
• Practices Deputy Director: Megan Palmer 
• Director of Research & Industry Relations: Leonard Katz 
• Managing Director: Kevin Costa 
• Education & Outreach Manager: Kate Spohr 
• Industry Liaison Officer: Peter Ackermann 
• Program Officer: vacant 

 

Margaret Dick served as Director of Communications until Spring 2013. The communications role is 

not being managed actively as this time. 

Considering the current scope of Synberc and related activities, the Executive Committee is at times 

overextended, with many individuals holding multiple roles inside and outside Synberc—leading to, at 

best, time and scheduling constraints, and, at worst, perceived or real conflicts of interest. For Synberc 

to sustain, thrive, and grow, additional staff resources and a new organizational structure will be 

required to create adequate managerial support. 

The Executive Committee is augmented by the leaders of Thrusts and Testbeds, each of whom is a 

Principal Investigator: 

• Parts Thrust: Tanja Kortemme 
• Devices Thrust: Chris Voigt 
• Chassis Thrust: Chris Anderson 
• Practices Thrust: Drew Endy 
• Glucaric Acid Production Testbed: Kristala Prather Jones 
• Nitrogen Fixation Testbed: Chris Voigt 
• Programmable Organoids Testbed: Ron Weiss 
• Yeast Testbed (associated): Jay Keasling 
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In fact, only four PIs do not hold a named leadership role at Synberc: Adam Arkin, George Church, Ken 

Oye, and Pam Silver. While Synberc’s Executive Committee has a decidedly West Coast orientation, it 

should be noted that all three of the “official” Testbed programs are based not just in the Northeast 

but at MIT. 

The Thrust and Testbed leadership plus the Executive Committee comprise the Synberc Management 

Committee (see figure below):407 

 

 
 

                                                

 

 
407 Synberc internal documents (August 2013) 
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The “Synberc Participant Tables” (Appendix J) details organizations and individuals who are involved 

with Synberc. Note that this document was current as of 20 February 2013, with an update to be 

available soon. We have provided more recent information below and in the appendices (Appendix K: 

Synberc Strategic Advisory Board and Appendix L: Synberc Industrial Advisory Board). 

Council of Deans 

The Management Committee—and, in particular, Synberc Director Jay Keasling—reports to a Council 

of Deans (CoD) from Synberc’s member institutions: 

• Shankar Sastry, Dean of College of Engineering, UC Berkeley (chair) 
• Fiona Doyle, Executive Associate Dean of College of Engineering, UC Berkeley (co-chair) 
• David Golan, Dean of Graduate Education, Harvard University 
• Douglas Lauffenberger, Head of Biological Engineering, MIT 
• Jim Plummer, Dean of School of Engineering, Stanford 
• Keith Yamamoto, Vice Chancellor for Research and Executive Dean of Medicine, UCSF 

 

Historically, the Council of Deans has not been actively and directly involved in Synberc, leaving the 

administration to the Executive Committee and the science to the Principal Investigators. Despite this 

lack of involvement, one member of the CoD indicated that his institution would have to seriously 

evaluate participation in the event of continued external support for Synberc (or a successor 

organization), given the importance of synthetic biology for the world and for the future of science. He 

stated that all institutions would need to leverage their own investments by combining them with 

others.  

Over the past few years, the CoD has provided some direct guidance to Synberc, most recently as part 

of the March 2012 NSF site visit to Synberc. This guidance (see below) demonstrates both a 

connection between institutional priorities and Synberc initiatives, and an ongoing need to improve the 

effectiveness of synbio programs across all the member institutions.408  

 

                                                

 

 
408 Synberc internal documents (March 2012) 
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In addition to the Council of Deans, Synberc has attracted and developed a diverse group of advisory 

boards over the past several years. 
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Industrial Advisory Board 

The Industry Advisory Board (IAB) comprises 29 established and start-up companies across multiple 

industry segments: 

• Tools, Software & Service Providers 
• Industrial Biotechnology (chemicals, fuels, materials) 
• Agribiotechnology 
• Flavors, Fragrances & Cosmetics 
• Health care & Nutrition 
• Research Organizations 

As of 1 December 2013, the IAB members (Appendix L) are:409 

• Agilent Technologies Inc. 
• Amyris 
• Autodesk Inc. 
• BP Biofuels Advanced Technology Inc. 
• Braskem SA 
• Conagen 
• Dow AgroSciences LLC 
• DSM Food Specialties BV 
• E. I. du Pont de Nemours and Company 
• Gen9 Inc. 
• GeneForge Ltd. 
• Genomatica Inc. 
• Ginkgo BioWorks Inc. 
• Givaudan Flavors Corp. 
• GlaxoSmithKline LLC 

• International Park of Creativity 
• Intrexon Corp. 
• Kalion Inc. 
• L’Oreal SA 
• Life Technologies Corp. 
• Lockheed Martin 
• Lygos Inc. 
• Micro Aerospace Solutions 
• Monsanto Company 
• Pivot Bio Inc. 
• Refactored Materials Inc. 
• Synthetic Genomics 
• TeselaGen Biotechnology Inc. 
• VTT Technical Research Centre of Finland 

 

A handful of additional companies that attended the Fall 2013 Synberc Symposium are expected to 

join the IAB by early 2014. 

IAB members pay a modest annual fee of either $10K or $25K, based on the size of the organization 

(whether less than, or greater than, 500 employees). As described elsewhere in this report, IAB 

membership confers the following benefits: early access to Synberc IP, access to student interns, 

                                                

 

 
409 Synberc internal documents 
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participation in retreats (two per year) and NSF site visits, participation in research meetings, 

opportunities for research sponsorships, and other usage rights for select Synberc findings. 

While the level of corporate engagement varies across the IAB members, there is almost universal 

support for and appreciation of the value of Synberc (and Synberc membership) by the members. IAB 

member representatives have identified a number of key strengths of the Synberc-IAB relationship: 

• One-stop access to synbio pioneers and leaders—networking, opportunities for collaboration 

• High degree of interaction and sharing at Synberc retreats (although this is sometimes 
unidirectional, with some IAB members reluctant to share proprietary information) 

• Linkages between Synberc research and commercial opportunities (although closer 
communication is needed here) 

• Opportunities to match Synberc-related grad students and IAB internships or full-time positions 

 

NSF feedback has been similar: “The Center has engaged and cultivated an excellent Industrial Advisory 

Board, providing focus and assistance in defining the testbeds and practical applications of this emerging 

technology. An example includes the development of a new testbed focusing on yeast, as well as the 

involvement of the IAB members in the evaluation of research proposals within Synberc. Not only does 

the ERC benefit from the IAB, the IAB members provide compelling examples of how this ERC has 

begun to transform their industries.”410 

Companies as diverse in size as Genomatica and Agilent have indicated that Synberc research and 

resources have been used to accelerate or improve the development of their products. Other 

companies have emerged directly from Synberc research: Kalion, Lygos, Refactored Materials, Pivot Bio, 

and Ginkgo BioWorks. 

One of the key challenges for IAB members is access to IP generated through Synberc-affiliated 

projects. Currently, IAB members (or other companies) must negotiate licenses with each involved 

institution for each development. IAB members and others in the greater community have expressed 
                                                

 

 
410 National Science Foundation. Synberc Seventh Year Review (2013) 
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an interest in seeing Synberc pay a more central role in the development of IP such as to make it easier 

for companies to leverage the developments. Another challenge, as indicated earlier, is a stronger voice 

for IAB members in setting research directions for the center. 

One opportunity is to leverage Synberc as a central hub—from infrastructure and human capital 

standpoints—to develop common technologies that could be shared across the IAB and perhaps 

licensed to other organizations. Furthermore, the diverse experiences of the IAB companies could help 

to define additional “moon-shot” projects at Synberc that might not be easily visible to a single 

academic/research organization without a vibrant network of industry connections. 

Strategic Advisory Board 

The Strategic Advisory Board (SAB) was formed originally as the Scientific Advisory Board. 

“The SAB will consist of six experts in various scientific aspects of the Center; will meet on a 

yearly basis to review the Center’s research and education accomplishments; and will provide 

broad advice to the Executive Committee both informally and through a formal annual review 

process….The SAB will also review proposals for new projects and will submit their reviews 

and recommendations to the Executive Committee for final selection.”411 

The current members of the SAB (also found in Appendix K) are: 
• Richard Baltz (CognoGen Biotechnology Consulting) 
• Jef Boeke (Institute for Systems Genetics at NYU Langone Medical Center) 
• Jim Collins (Boston University) 
• Maitreya Dunham (University of Washington) 
• Susan Ehrlich (JD, LLM [biotechnology & genomics]) 
• Brent Erikson (Biotechnology Industry Organization) 
• John Glass (J. Craig Venter Institute) 
• George Khushf (University of South Carolina) 
• David Rejeski (Woodrow Wilson Center) 
• Martin Rosenberg (Promega Corporation) 
• Marc Salit (National Institute of Standards & Technology) 
• Edward You (ex-officio) (Federal Bureau of Investigation) 
• Laurie Zoloth (Northwestern University)  

                                                

 

 
411 Keasling, J. Synberc Proposal to the National Science Foundation, (2005) 
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The SAB appears to have struggled over the years, with significant turnover, infrequent meetings, and 

lack of a firm connection to Synberc’s operations. In 2012, the NSF commented, “The SAB does not 

appear to have extended its contribution to the intellectual life of the ERC beyond participation in the 

annual review of proposals for project funding.”412 

Synberc has attempted to make strides to address these shortcomings.  

In 2012, Synberc changed the name to Strategic Advisory Board “to better reflect the composition of 

the SAB (not solely scientific experts) and the SAB’s role in advising Synberc in matters beyond a 

strictly scientific nature (e.g., science policy, sustainability, social implications, and so on).”413 Synberc 

also added additional members to the SAB, with backgrounds in standards, bioethics, and law, in 

addition to the existing synthetic biology subject-matter experts. 

Despite these changes, the SAB continues to struggle, with no clear direction. In fact, more than one 

member commented that they are not sure what the SAB is for or even why they are part of it. The 

potential of the SAB and its members, together and as individuals, has not been realized. Because it has 

no role in practice other than the annual review of proposals, it meets infrequently and has a 

suboptimal governance structure. 

Clearly, there is room for improvement in defining the role of this Board and setting a firm agenda for 

their activities that will be integrated with other activities at the center. 

                                                

 

 
412 Synberc Year Seven Report. (2013) 
413 Synberc Year Seven Report. (2013) 
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Other Advisory Boards 

There are a few other advisory boards that support Synberc: 

• Student and Postdoc Association (SPA): The SPA comprises students from Synberc-affiliated labs, 

including those of affiliate PIs. The SPA is responsible for student engagement and community 

building, as well as connecting synbio students to IAB companies. 

• Venture Capital (VC) Advisory Board: A VC-focused advisory board was originally contemplated 

for Synberc but never formed. As Synberc moves into its next chapter, the concept of bringing 

members of the investment community onto the SAB or some kind of advisory board seems 

worthy of renewed consideration. 

Assessment 

As the activities of Synberc have grown and developed, it has become nearly impossible for the small 

administrative team at Synberc to manage its activities properly. The administrative team is understaffed, 

underfunded, and overcommitted. There are also evident gaps in certain administrative functions (e.g. 

public communications, for example). Moving into the future, the proper composition and operation of 

a professional management team will need to be thought through. Clear lines of authority and 

responsibility must be delineated. 

The organizational oversight of Synberc is also confused. The Council of Deans is not fully engaged, the 

Strategic Advisory Board is not fully defined or engaged, and the Industrial Advisory Board needs 

certain structures in place to permit a greater role in defining industry/scientific interaction. 

Additional Advisory Boards should be considered to bring in experts from the investment community 

and biosecurity, as originally contemplated. 

In addition, a new center’s success will depend on a clearly defined intellectual property strategy that 

will facilitate interaction with industry and permit the development of new applications. 
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Center Infrastructure 

The virtual nature of Synberc made it very easy for the effort to launch, by leveraging the laboratory 

and administrative space available at Berkeley, together with the administrative support infrastructure. 

Similarly, each of the founding PIs had laboratories that could accommodate the scientific work to be 

done. 

Synberc also envisioned that the following additional infrastructure would be built and made available 

to support and accelerate the broader community’s scientific efforts: 

• Synthetic Microbial Characterization Facility (Biofab) 

• Synthetic Biology Computational Design Lab (BioCAD) 

• Registry of Standard Biological Parts 

Assessment 

As Synberc grows, develops, and moves in different directions, an independent, more flexible 

infrastructure may be required, which would allow greater responsiveness to stakeholders and to the 

scientific, political, and global environment. 

In addition, although the additional infrastructure was developed as a “proof of concept”, each of these 

elements needs to made more robust and sustainable, or there is a real risk of losing critical 

functionality for the community and setting back the entire collaborative effort. 

Together, centralized headquarters and common infrastructure should be developed over time and 

linked to other community resources across the country in order to be accessible to all.  

Financial Plan and Support 

In addition to the underlying ERC funding that it would receive from NSF, Synberc originally anticipated 

that it would raise funds from other public, private, and philanthropic sources. Specifically, through its 

relationships with industry, it anticipated expanding industry membership, but also entering sponsored 

research agreements with industry. In addition, it expected to assist Synberc PIs in obtaining funding for 

additional project proposals. 
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Assessment 

To date, Synberc has been successful in assisting its PIs in attracting associated project funding, with $63 

million in such funding received over the last eight years.414 This funding has come from a variety of 

sources and the amount of associated project funding that Synberc PIs have received, exceeds the 

amount achieved by other ERCs. 

Nevertheless, Synberc has not raised additional revenue streams from the public, private, and 

philanthropic sectors for its own internal program. Eighty-seven percent of its total funding to date has 

come from NSF. The lack of sponsored research relationships, in particular, presents a good 

opportunity now, to anticipate the organizational structure and industry/scientific interactions that could 

bring new revenues in to a successor organization.  

In addition, a large percentage of the money that Synberc received was directed toward research, as 

was necessary in order to demonstrate the feasibility of engineering biology and advancing the field. 

Now, more funds must be expended to support the infrastructure needed to support that research 

and to achieve the results promised by the foundational technologies. The areas for future investment 

should include: the development of a professional management team, public engagement, and the 

development of intellectual property standards, policy development, and regulations. It should also 

include monies to professionalize, strengthen, and make accessible the infrastructure (registries, 

repositories, design labs, biofabs) necessary to further expand and support the community. 

 

                                                

 

 
414 Synberc Year Seven Report. (2013) 
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9.3. Conclusions 

With the establishment of Synberc in 2006, NSF made the nation’s largest investment in synthetic 

biology at that time. This resulted in: 

• A formative body of research in the new field of synthetic biology 

• A cadre of interdisciplinary researchers who built a focused, collegial community 

• A foundation for a unique industrial-academic collaboration 

• The education of future synthetic biologists and leaders 

• Establishment of synthetic biology as an important and viable field, oriented to the public 
good415 

In short, as noted several times throughout this report, Synberc has made significant contributions to 

the advancement of synthetic biology and laid the foundation for an emerging industry that is expected 

to grow to $11 billion by 2016.416 

The synthetic biology landscape has changed since 2006. Synberc’s community has grown and become 

more diverse. Members share a common language and culture and have developed strong industry 

relationships. However, the entrance of Affiliated PIs suggests that the pool of funded PIs needs to 

expand. In addition, as new investigators and institutions enter the field, the community as is may prove 

to be too self-contained, and it may not be taking advantage of potentially valuable interactions and 

collaborations with investigators at Institutions outside the virtual Center. 

At the same time, there is a continuing need for committed participation by the innovative scientific 

leaders that created this community. It was their vision that fueled the development of the science and 

the industry, at a time when few others believed in the integrity of the approach.  

The proliferation of affiliated and overlapping organizations has created much value, but has opened the 

door to certain problems as well, including duplicative administrative activities, interlocking board and 
                                                

 

 
415 Keasling, J. Presentation: Overview of the Center. (9 September 2013) 
416 BCC Research. Synthetic Biology: Emerging Global Markets. (2011) 
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management structures, drains on scientific time, and the potential for real or perceived conflicts of 

interest. The activities collectively managed by the various synthetic biology organizations has grown to 

the size that it is now difficult for the community to execute a long-term strategy without more 

coordinated management.  

The distributed nature of the assets that Synberc has created (registries, repositories, biofabs, etc.) puts 

them at risk of attrition or diminishment unless adequate funding and coordination are achieved. Future 

funding for many of these initiatives is unclear, with many seeking funding from the same sources. The 

additional infrastructure created by new Centers for synthetic biology at Synberc-related institutions has 

strengthened the effort of moving synthetic biology forward, but this has also diluted the capacity for 

one voice to speak coherently on behalf of the community to garner the resources and support 

needed for the continued development of foundational tools, or large, multi-institutional grand 

challenge projects. 

And the public sector is waiting to hear what the community needs. They are looking for a coordinated 

effort driven by the synthetic biology community rather than being driven from the top.  

Synberc’s central structure was designed and built to address ERC program requirements. 

Organizationally, the ERC structure, with its precise measures of output, imposes some serious 

limitations on the continued growth and development of the organization. Furthermore, as a virtual 

Center, Synberc sits within a large university bureaucracy that, while having helped establish its 

operations, is now cumbersome and difficult to manage within. The current global synthetic biology 

research environment demands more flexibility and agility. Within Synberc today, limited organizational 

resources make it difficult for the organization to respond appropriately to opportunities. Governance 

oversight must evolve to help the synthetic biology community meet its larger mission, with the 

opportunity to generate broad-based resources and support. 

The components of the infrastructure Synberc has created must be strengthened and further 

developed in order to serve the community more effectively, and these should be made broadly 

available to the broader synthetic biology community. Problems of the commons, like the treatment of 

intellectual property, must be resolved. 

The nature and scope of relations with industry must also be expanded and strengthened. 
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Confusion around jurisdiction and/or authority in the regulatory sector must be clarified. More research 

into the impact of synthetic biology is needed. And there must be a stronger interface between the 

scientific community and regulatory agencies to allow program managers to more clearly understand 

the science and the risks of synthetic biology. 

Finally, there is much work to do in engaging the public in a meaningful dialogue about the risks and 

benefits of synthetic biology. 

All of this suggests that Synberc, the synthetic biology community, and the United States must continue 

to lead and invest in this area. This field was created in the US; the US government has provided the 

bulk of the funding, and a growing industry has emerged here. Next-generation synthetic biology will 

provide nations with broad techno-economic and competitive advantages. The creation of new future 

industries and jobs is at stake. While the rest of the world organizes, neither Synberc nor the broader 

community can afford to fall behind. 

In order to effectively lead, however, Synberc must change the way it has operated, to shape the future 

more decisively. It must think bigger. And it must build deeper relationships across academia (beyond 

member schools), government (across multiple agencies), industry (across multiple sectors), and 

philanthropy. 

Synberc needs to reimagine its future in order to provide a continuing venue that allows this growing 

community and its resources to address the social and technical needs of synthetic biology on a scale 

no other venue can match. This future would include: 

• A research community that continues to lead the development of both foundational tools 
and applications 

• A growing portfolio of commercial successes and industrial collaborations 

• Funding for projects that maximally advance the field and mechanisms that connect these 
projects 

• Another generation of researchers and advocates 

• A research community trained in responsible innovation 
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• Public engagements that inform and build support for the goals of the synthetic biology 
community, both nationally and globally 

• A shared vision, roadmaps, and execution strategies to achieve all of this417 

The next steps for Synberc should be to identify the key characteristics of a sustainable venue for 

synthetic biology (design principles), evaluate the structures that will best allow synthetic biology to 

proceed through the next ten years, raise the resources to support this organization, and mobilize the 

efforts of the Working Groups to create practical to-do lists of the technical and programmatic steps 

needed to realize this vision.  

                                                

 

 
417 Keasling, J. Synberc: Overview of the Center. (2013) 
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10. BUSINESS MODELS FOR SUSTAINABILITY 

10.1. Design Principles 

Through Working Group meetings, interviews with Synberc and synbio community members, and 

numerous discussions with Synberc leaders, a number of themes have emerged. These themes have 

been organized into design principles, which will be used to assess possible business models for a 

successor to Synberc: 

• Big vision: Global energy, environment, health, and food challenges 

• Research agenda that balances moon-shot ideas with foundational applications 

• Maintain US leadership while building global bridges 

• Cultural preservation: Open, public-spirited, free-thinking, unbounded 

• Inclusiveness of institutions, PIs, and students, while maintaining the leadership, commitment, 

and vision of original investigators 

• Collaboration among academia, industry, government, and philanthropy 

• Preserve the “center” concept 

• Independence 

• Ability to secure and sustain adequate funding 

• Robust governance 

• Adequate organizational capacity 

• IP and technology transfer foundation 

• Public awareness and education (be the “synbio brand”) 

• Clear and transparent regulatory policy (role in Washington) 
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10.2. The ERC Program 

The National Science Foundation Engineering Research Centers program was launched in 1984, as 

an effort to beef up American competitiveness in global markets by bringing together industry and 

academia to solve challenging technical problems. This program is defined by five core operating 

principles:418 

• A guiding strategic vision for a transformational engineered system and the development of an 

innovative, globally competitive engineering workforce 

• A strategically planned, systems-motivated cross-disciplinary research program spanning from 

fundamental research to proof-of-concept systems testbeds 

• Education programs strategically designed to produce creative, innovative engineers by engaging 

students in all phases of the research and innovation process 

• Partnerships with middle and high schools aimed at bringing engineering concepts to the classroom 

and attracting young students to college-level engineering degree programs and into engineering 

careers 

• Partnerships with industry, local government agencies, and local-level organizations devoted to 

accelerating technology transfer, translational research, and innovation 

 

ERCs are categorized into four competitive award areas: 

• Advanced Manufacturing (Synberc is in this category) 

• Biotechnology and Health Care 

• Energy, Sustainability, and Infrastructure 

• Microelectronics, Sensing, and Information Technology 

 

                                                

 

 
418 National Science Foundation. Engineering Research Centers: Linking Discovery to Innovation. http://erc-
assoc.org/sites/default/files/ERC%20Overview%20Fact%20Sheet_2012-final.pdf (accessed 28 December 2013) 
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Clear information about the status of ERCs following graduation from the 10-year program can be 

difficult to assemble. While some programs are easily visible in their original form, others may have 

rebranded, merged, or dissolved. A 2010 report from SciTech Communications, Post-Graduation Status 

of National Science Foundation Engineering Research Centers, provides some background, which was 

augmented by informal online research by our team. As such, the data are meant to be viewed as 

estimates. 

There are 20 current ERCs (five per area) and 44 former program participants. Of those 44, half of 

them (23) are operating in some fashion, 11 appear to be defunct, and 10 are unknown (but suspected 

to be inactive). While 23 are operational, only 16 are considered to be active graduated ERCs, meaning 

that they are operating at the same scale and with the same vision as they did during the ERC program. 

Only a few seem to have robust activity, with rigorous ongoing research backed by strong industry and 

government partnerships. 

 

 
 

Active	   Devolved	  

Transitioned	   Defunct	  

Under	  Review	  
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There are several factors shared by successful, active graduated ERCs:419 

• Broad involvement of faculty, staff, industrial partners, and university administration in transition 

planning 

• Institutional factors—degree of university commitment; whether Center is prized; whether policies 

are supportive of cross-disciplinary research and education 

• Education program sufficiently valued by faculty and students that it will be maintained 

• Commitment and interest of core group of faculty 

• Active industrial support and continuation of industrial membership and industrial advisory board 

guidance 

• Effective implementation of a realistic transition strategy that builds on and enhances the center’s 

strengths 

• Quality of leadership of the management team 

 

Of course, access to funding is also a critical factor. Most graduated ERCs (80%) reported reduced 

annual funding (some as low as $300K), with a few maintaining NSF-level funding, and fewer still 

reporting increases. Funding strategies vary, with diverse sources of funds appearing to be more 

effective than a small number:420 

• State funding 

• Increased industrial collaboration 

• Increased funding from federal agencies 

• Becoming more aggressive and active in submitting proposals and identifying funding opportunities 

• Higher industrial membership fees 

• Cost-shared research projects 

• Broader membership, including accepting more foreign firms as members 

                                                

 

 
419 Williams J.E., and Lewis, C.S (for National Science Foundation Directorate for Engineering). Post-Graduation Status of National 
Science Foundation Engineering Research Centers: Report of a Survey of Graduated ERCs. (2010) 
420 Williams J.E., and Lewis, C.S (for National Science Foundation Directorate for Engineering). Post-Graduation Status of National 
Science Foundation Engineering Research Centers: Report of a Survey of Graduated ERCs. (2010) 
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• Increased income from patents and spin-offs 

• Increased user fees for laboratories, testbeds, and facilities 
• Increased return of indirect cost recovery 
 

10.3. Alternative Models 

Synberc has demonstrated the ability of an ERC to make a tremendous impact in a new field, creating 

or inspiring research advances, companies, jobs, and new products. There is much to admire about the 

ERC structure, but as we have indicated, for Synberc to grow and thrive in the long term, it may need 

to investigate an alternative structure that leverages the best of the ERC model while adapting 

characteristics of other organizations. 

In order to determine possible options, we investigated several institutions and initiatives in fields similar 

to or adjacent to Synberc: 

• Computing Community Consortium 

• EMBO (European Molecular Biology Organization) 

• Energy Biosciences Institute 

• IEEE (Institute of Electrical and Electronics Engineers) 

• MIT Media Lab 

• National Nanotechnology Initiative 

• J. Craig Venter Institute 

• Hansjorg Wyss Institute for Biologically Inspired Engineering at Harvard University 

 

As we researched these, we identified some broad patterns of flexibility and scale. Flexibility, in this case, 

refers to an organization’s ability to adjust its activities or mission based on the needs of its constituents, 

without the burden of an administrative system to slow it down. Scale, as we are using it here, refers to 

an organization’s reach and capabilities, based on infrastructure, influence, or community mission. 

Using these two measures, we constructed a four-quadrant map (see next page) to help categorize 

these institutions and initiatives: 
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• Academic Center (less flexibility, less scale): Research center based at or associated with an 

academic institution. Examples: MIT Media Lab. Wyss Institute. 

• Membership Organization (more flexibility, less scale): Professional association for a particular 

discipline, largely funded by membership dues and/or journal subscription fees. Examples: IEEE, 

EMBO. 

• Public-Private Initiative (less flexibility, more scale): Large-scale national initiative supported by a 

mix of public and private dollars. Examples: National Nanotechnology Initiative, Computing 

Community Consortium. 

• Independent Non-Profit (more flexibility, more scale): Non-profit organization that leverages its 

independence and can draw its funds largely from philanthropy and the public and private sectors. 

Examples: Energy Biosciences Institute, J. Craig Venter Institute. 
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The examples noted here, and described below, are intended to be representative of these categories 

(not a comprehensive survey of comparable organizations). In most cases, each of these examples 

shares some characteristics with two or more other categories and could perhaps be classified 

differently. Furthermore, both flexibility and scale should be considered as points along a spectrum 

rather than as binary measures. 

• Computing Community Consortium (http://www.cra.org/ccc/) 

o Founded in 2006 as part of Computing Research Association, with funding from National 

Science Foundation ($6 million over three years) 

o Led by 18-member volunteer council drawn from academic and corporate circles 

o Leads research visioning process for computing community, including Global Environment 

for Networking Innovations (GENI) Project 

o Developed a well-received series of white papers (Computing Research Initiatives for the 

21st Century) at the request of OSTP’s Tom Kalil 

o Developing outreach and communications strategy to connect computing research 

community with others 

• EMBO (European Molecular Biology Organization) (http://www.embo.org) 

o Membership organization serving over 1,500 life sciences researchers around the world 

o Founded in 1964 with funding from Volkswagen Foundation 

o Provides funding to young researchers through a set of grant programs 

o Leads a variety of courses, workshops, and conferences around the world 

o Publishes four journals: EMBO Journal, EMBO Reports, EMBO Molecular Medicine, and 

Molecular Systems Biology 

o Helps to shape European science policy 

• Energy Biosciences Institute (http://www.energybiosciencesinstitute.org) 

o Founded in 2007 with a 10-year, $500 million investment from BP 

o Unique collaboration between UC Berkeley, Lawrence Berkeley National Laboratory, 

University of Illinois at Urbana-Champaign, and BP 

o Developing a cutting-edge research program around cellulosic fuels and fossil fuel 

microbiology 

o Co-location with UC Berkeley, but with an approach that borders on independence 
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• IEEE (Institute of Electrical and Electronics Engineers) (http://www.ieee.org) 

o World’s largest professional association dedicated to advancing technological innovation 

and excellence for the benefit of humanity 

o Founded in 1963 as the merger of American Institute of Electrical Engineers (1884) and 

Institute of Radio Engineers (1912) 

o Supports over 425,000 members (116,000 student members) across multiple societies and 

affinity groups 

o Develops standards, publishes numerous magazines and journals, and sponsors 1,300 

conferences 

o Honors members as IEEE Fellows: leaders in the field nominated by peers and approved by 

IEEE Board of Directors 

• MIT Media Lab (http://media.mit.edu) 

o Founded in 1985 as part of MIT’s School of Architecture and Planning 

o Unique lab structure at MIT comprises both a degree-granting Program in Media Arts and 

Sciences and a research program 

o $45 million annual budget largely supported by 70 members that include corporations in a 

variety of industries: electronics to entertainment, furniture to healthcare, greeting cards to 

telecommunications 

• National Nanotechnology Initiative (http://www.nano.gov) 

o Multi-agency nanotechnology innovation effort launched in 2001, coordinating resources of 

20 US federal departments and agencies 

o Informs and influences individual budgets and planning processes rather than providing 

direct funding; total investment since 2001 is over $20 billion 

o Provides support for academic, government, and industry labs across the US 

o Coordinates ongoing working groups, workshops, symposia, and public forums 

• J. Craig Venter Institute (http://www.jcvi.org) 

o Formed in October 2006, through the merger of several Venter organizations: The Institute 

for Genomic Research (TIGR), The Center for the Advancement of Genomics (TCAG), 

The J. Craig Venter Science Foundation, The Joint Technology Center, and the Institute for 

Biological Energy Alternatives (IBEA) 
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o Supported by endowment contributions from Craig Venter, grants (NIH, DOE, NSF, 

DARPA), and collaborative research with the for-profit Venter company Synthetic 

Genomics (a Synberc IAB member) 

o Leads diverse research efforts at centers in Rockville, Maryland, and San Diego, California 

o Influences synthetic biology- and genomics-related policy development 

o Leads extensive education and training programs 

• Hansjorg Wyss Institute for Biologically Inspired Engineering at Harvard University 

(http://wyss.harvard.edu) 

o Seeded in 2005 by a Harvard challenge to envision the future of bioengineering across the 

entire university 

o Funded in 2009 by a $125 million gift to Harvard, the largest in its history 

o Alliance among Harvard’s Schools of Medicine, Engineering, and Arts and Sciences; in 

partnership with Beth Israel Deaconess Medical Center, Boston Children’s Hospital, 

Brigham and Women’s Hospital, Dana Farber Cancer Institute, Massachusetts General 

Hospital, the University of Massachusetts Medical School, Spaulding Rehabilitation Hospital, 

Tufts University, and Boston University 

As exemplified by the institutions cited, these four model categories share a number of characteristics: 

Category Pros Cons 
Academic 
Center 

• Self-contained model part of larger 
organizational structure 

• Leverages reputation of parent organization 

• Subject to constraints of parent organization 
• Limited options to chart own course 

Membership 
Organization 

• Ability to reach 10s or 100s of thousands of 
practitioners easily 

• Services can scale with membership 

• Limited opportunity to create 
groundbreaking research 

• Limited funding opportunities 
• Limited interaction with industry 

Public-Private 
Initiative 

• Built-in access to public funds 
• Government validation and collaboration 

• Possible reliance on one or a small number 
of funding sources 

• Uncoordinated efforts across government 
and community can make benefits hard to 
measure 

Independent 
Non-Profit 

• Flexibility to raise funds from a variety of 
sources: government, philanthropic, 
corporate, etc. 

• Ability to set unique vision 
• Ability to respond flexibly to environment 
• Can serve as pass-through funding for 

research 

• Endowment or significant funding may be 
required to ensure stability and longevity 

• Corporate-level strategic planning may be 
required to succeed 

 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 240 

In order to assess the relevance of these four models to a next-generation Synberc, we evaluated each 

of them against the Design Principles presented above. The scorecard for this evaluation is presented 

on the following page. While it is clear from this assessment that an approach like an Independent 

Non-Profit is most closely aligned to the Design Principles, the ultimate solution is one that will 

leverage the best practices and resources from each of these four models, as well as others as 

appropriate. 
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Scorecard 
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Big vision: global energy, environment, health, and food 
challenges 2 2 4 4 

Research agenda that balances moon-shot ideas with 
foundational applications 2 1 4 4 

Maintain US leadership while building global bridges 1 2 4 3 

Cultural preservation: open, public-spirited, free-thinking, 
unbounded 2 3 0 4 

Inclusiveness of institutions, PIs, and students, while 
maintaining the leadership, commitment, and vision of 
original investigators 

2 3 2 4 

Collaboration among academia, industry, government, and 
philanthropy 2 2 4 4 

Preserve the “center” concept 2 0 2 4 

Independence 2 4 0 4 

Ability to secure and sustain adequate funding 2 3 3 4 

Robust governance 2 4 4 4 

Adequate organizational capacity 2 3 3 3 

IP and technology transfer foundation 2 2 4 4 

Public awareness and education (be the “synbio brand”) 0 4 3 4 

Clear and transparent regulatory policy (role in Washington) 1 4 4 4 
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11. PRELIMINARY RECOMMENDATIONS 

1. Formalize a new synbio center as an independent non-profit research institute – a center for 

excellence and innovation in synthetic biology – supported through a unique collaborative 

partnership amongst researchers, industry, government, and the philanthropic sectors. 

2. The governance and operation of the Center would be designed to preserve those cultural 

attributes that have made the Synberc community unique: open, public-spirited, freethinking, 

and unbounded, while ensuring the continued commitment and participation of the founding 

principal investigators. 

a. Independent nonprofit research institute 

b. Governance 

i. Board of Directors: 

• Business and Investment Leaders 

• Founding Principal Investigators 

• Founding Industrial Members 

• Founding Philanthropic Partners 

• Founding Academic Institutions 

• Key Government Advisors 

ii. Scientific Advisory Board (By-Laws) 

iii. Strategic Advisory Board (By-Laws) 

iv. Industrial Advisory Board (By-Laws) 

v. Associate Member Advisory Board (By-Laws) 

vi. Public Oversight (e.g., Institutional Biosafety Committees, Institutional Review 

Boards) 

c. Research 

i. Scientific Director 

ii. Founding Principal Investigators 

iii. Associate Investigators 

iv. Resident Researchers 

v. Visiting Industry Scientists 

vi. Visiting Government Regulators 
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d. Operations 

i. Executive Director 

ii. Experienced Senior Management Team (Finance, Legal, HR) 

iii. Research 

iv. Innovation Center 

v. Common Infrastructure 

vi. Industrial Partnerships 

vii. Practices 

viii. Education 

ix. Public Relations 

x. Policy Development 

xi. International Outreach 

e. Centralized location with presence on the East and West Coasts and in Washington 

3. The mission/ goals/ activities of the Center would be to:  

a. Solve global energy, environment, health and food challenges 

b. Maintain US leadership internationally in the development and growth of the field of 

synthetic biology and a new industry 

c. Strengthen and unify the national synthetic biology research community by providing a 

central place to congregate and exchange ideas 

i. Conferences, workshops, meetings, retreats 

d. Create coordinated national research and policy roadmaps, which would be updated 

annually 

i. Continue to develop the foundational infrastructure needed to make routine 

the design and construction of engineered biological systems (e.g., Parts, 

Devices, Chassis) 

ii. Create a joint university/industry roadmap that would identify the most 

important research directions to enable applications such as energy, the 

environment, health, and agriculture 

iii. Identify moon-shot projects that will provide big, audacious goals to move the 

field forward and excite public interest and support 

iv. Define common infrastructure necessary for moving the synthetic biology 

community forward and linkages between participating institutional resources 
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v. Suggest a policy roadmap for the development of pubic oversight and 

regulation 

vi. Identify and advance work and debate on the ethical, economic, legal, and 

societal implications of synthetic biology 

e. Fund foundational and applied research in synthetic biology, including the coordination 

of large-scale inter-institutional projects 

i. Hub-and-spoke model between Center and participating institutions providing 

support for established programs, promote interaction and facilitate 

collaboration 

f. Establish and strengthen a common infrastructure that is open to and supports the 

efforts of the national and international synthetic biology community. This would 

include a fully integrated, rapid design and prototyping infrastructure that spans design 

tools and includes scalable, automated and parallelized design fabrication, high-

throughput evaluation, and validation that will close the gap between the laboratory 

and commercial application. 

i. Registries 

ii. Web of Registries 

iii. Repositories 

iv. Biofab 

v. Network of Biofabs 

vi. Standards 

vii. Intellectual Property Registry 

viii. Intellectual Property Policies and Guidelines 

ix. BioCAD 

g. Strengthen industry collaboration and technology transfer 

h. Build on the educational accomplishment of Synberc in order to create next 

generations of scientific researchers and leadership for synthetic biology  

i. Graduate Education 

ii. Textbook 

iii. Courses 

iv. Undergraduate Education 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 245 

i. Raise public awareness by renewing national interest in the study and advancement of 

science and educating the public about the benefits of synthetic biology 

j. Conduct research into the impact of synthetic biology in order to identify risks; work 

with regulators to envision and implement clear and transparent regulatory regimes. 

k. Participate in international research and policy efforts to solve global challenges 

4. Consolidate critical initiatives whose management and funding would be best served by a larger 

institution with established resources and fundraising programs 

a. iGEM 

b. LEAP 

c. BioBricks Foundation 

d. Others (TBD) 
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12. NEXT STEPS 

In order to realize the vision set forth above, the Synberc community will need to accomplish three 

complementary goals: 

• Achieve consensus and initial funding for planning process 

• Maintain Synberc and the associated organizations at steady state for the next two-plus years 

• Build up a new organization to which Synberc and the associated organizations will transition 

The long-term strategy to achieve this is depicted below: 

 

Action must be taken immediately to shore up the funding and operations for Synberc and related 

initiatives (e.g., BioBricks Foundation, iGEM, LEAP). Once systems and resources are in place to manage 

those in a steady state for the next couple of years (until Synberc’s ERC program funding is depleted), a 

strategic initiative to fuel the next-generation Synberc (a NewOrg) will commence. In parallel, more 

comprehensive and more-inclusive processes to develop a US synthetic biology roadmap must be 

implemented. 

In order to prepare for the complex coordination required to manage the above initiatives successfully, 

the following milestones must be met: 
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Appendix A: Biography of NJK&A Team Members  
 

Nancy J. Kelley, JD, MPP 
Nancy J. Kelley is a nationally recognized executive and lawyer who has driven key strategic initiatives in 

the business, government, nonprofit, and academic sectors for over twenty years. Most recently, Ms. 

Kelley was the Founding Executive Director of the New York Genome Center. Her leadership history 

includes work in scientific institutions, life science companies, and life science real estate development. 

She was a leader of the East River Science Park project in Manhattan and has overseen major 

development projects for the National Institutes of Health, Johns Hopkins University, the Massachusetts 

Institute of Technology and Boston University/ Boston Medical Center. Ms. Kelley currently serves or 

has served on boards for The Jackson Laboratory, Beth Israel Deaconess Medical Center, and the 

Whitehead Institute. She holds a BA in economics from Yale College, a JD from Harvard Law School, 

and a MPP from the Harvard Kennedy School. 

 

David J. Whelan, MBA 
David J. Whelan has devoted his career to building successful businesses, from strategic, operational, 

financial, and human capital standpoints with an emphasis on business strategy, marketing and branding, 

and operations. Most recently, he served as Senior Vice President, Business Development & Chief 

Strategy Officer for New York Genome Center. His experience also includes roles as acting chief 

operating officer for a specialty chemicals distribution and laboratory services business, and product 

management and channel strategy for Apex Fitness Group, a division of 24 Hour Fitness. Mr. Whelan 

began his career with a biotechnology incubator in San Francisco and he has worked in and on behalf 

of numerous industries throughout his career, including aerospace and defense, telecommunications, 

software and hardware, biotechnology, manufacturing, consumer products and retail, entertainment, 

and not-for-profit organizations. He holds an MBA with Honors from the UCLA Anderson School and 

a BS in Symbolic Systems from Stanford University.  

 

Trever Acers, MBA 
Trever F. Acers has more than fifteen years of acquisition, finance and business management 

experience. Mr. Acers founded Objective Capital Partners, which provides investment banking and 

strategic advisory services exclusively tailored for owners of mid-size companies with revenues of $15M 

to $200M. Mr. Acers has also served as a Director at TGG Capital where he led TGG’s financial and 
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strategy consulting operations. Prior to TGG Capital, Mr. Acers was Director of The Oxford 

Investment Group’s Western US private equity activities including acquisition evaluation, transaction 

structuring, negotiation and oversight of portfolio companies. Mr. Acers holds a MBA from the UCLA 

Anderson School with a finance concentration and a Bachelor’s degree with high honors in Business 

Administration from the University of San Diego. Mr. Acers holds FINRA Series 79 and Series 63 

Licenses and is a Registered Representative of BA Securities LLC, Member FINRA SIPC. 

 

Aidan Apel, BSc Candidate 
Aiden Apel is skilled in business research and analysis. In Mr. Apel’s professional experience, he has 

written and edited white papers and managed market research and data compilation. In the Oberlin 

Business Scholars Program, Mr. Apel was selected by faculty and peers in a rigorous application process 

to represent Oberlin in a professional networking tour. He also created a pricing plan and marketing 

strategy for a Minor League Baseball team, which was a Harvard Business Case Study. Mr. Apel is a 

community service advocate, raising money for charitable, social and environmental causes. Mr. Apel is 

a B.S. candidate at Oberlin College, where he is studying economics and politics. 

 

Robyn Beliveau, BSc  
Robyn Beliveau has over twenty years experience in Operations, Project and Event Management. Ms. 

Beliveau has developed significant programs in the biotechnology and life sciences industry, most 

recently as the Director of Events at the New York Genome Center. Past work includes marketing, 

branding and event administration with Parexel, The Jackson Laboratory, Nature Publishing Group and 

Alexandria Real Estate Equities. Ms. Beliveau holds a BSc in Psychology from the University of 

Massachusetts, Boston. 

 

Tom Curren, MBA 
Tom Curren has a depth of expertise in strategy execution with substantive work in business 

sustainability and health care. He founded Hawthorne Consultants, an organization that partners with 

CEOs and top teams to set direction, implement change and build capacity to boost performance. As a 

Fellow at the McKinsey Change Center in New York, Mr. Current helped develop leading edge 

techniques to improve the implementation of major change initiatives. Mr. Curren holds an MBA in 

Finance and Marketing from Wharton Graduate Division, University of Pennsylvania.  
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Ellyn Kerr, MSc 
Ellyn Kerr has extensive experience in biosciences and technical marketing communications (chemicals, 

materials, bio/pharma), including the role of Founding Editor of Industrial Biotechnology and Assistant 

Managing Editor of Genetic Engineering & Biotechnology News. Ms. Kerr holds an MSc in Cell Biology and 

a BSc in Biology from McGill University. She also has a Postgraduate Diploma in Journalism (Print & 

Broadcast) from Concordia University.  

 

Rachael Scanlon, BSc 
Rachael Scanlon is a seasoned project and administration manager with expertise in the development 

and implementation of support systems and communications. Ms. Scanlon has been with the NJK&A 

team since the development of the New York Genome Center. Prior to that, Ms. Scanlon worked in 

the Transplantation Biology Research Center at Massachusetts General Hospital. Ms. Scanlon holds a 

BSc in Business Communication from Bentley College (now University). 
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Appendix B: Interviews Conducted (as of 31 January 2014) 
 

Name Organization Title Interview 
Date 

Synberc Core Team 
Peter Ackermann Synberc Industry Liaison Officer Multiple 
Kevin Costa Synberc Managing Director Multiple 
Linda Kahl Stanford University Legal Scholar 8/8/13 
Leonard Katz Synberc Research & Industry Relations Director Multiple 
Megan Palmer Synberc Deputy Practices Director Multiple 
Principal Investigators 
Chris Anderson UC Berkeley Assistant Professor Scheduling 

Adam Arkin University of California, 
Berkeley Director, Synthetic Biology Institute 9/12/13 

George Church Harvard Professor of Genetics Scheduling 
Drew Endy BioBricks Foundation Board President Multiple 
Jay Keasling Synberc Director Multiple 

Tanja Kortemme UCSF Dept. of Bioengineering & Therapeutic 
Sciences 8/8/13 

Natalie Kuldell MIT Biological Engineering 9/3/13 
Wendell Lim Synberc Deputy Director 8/8/13 

Susan Marqusee UC Berkeley 
Eveland Warren Endowed Chair 
Professor of Biochemistry, Biophysics & 
Structural Biology 

9/12/13 

Ken Oye MIT Political Science & Engineering Systems 9/6/13 
Kris Prather MIT Chemical Engineering 9/16/13 
Pamela Silver Harvard Medical School Systems Biology 9/24/13 
Ron Weiss MIT Biological Engineering 9/5/13 
Affiliated Principal Investigators 
Douglas Densmore Boston University Assistant Professor, Department of 

Electrical & Computer Engineering Multiple 

Karmella Haynes Arizona State University Assistant Professor, Synthetic Biology Multiple 

Nathan Hillson UC Berkeley 

Biochemist Staff Scientist, Berkeley Lab; 
Director of Synthetic Biology, Joint 
Bioenergy Institute; Program Lead of 
Genome Engineering, Joint Genome 
Institute 

7/11/13 

Farren Isaacs Yale University Assistant Professor of Molecular, 
Cellular, and Developmental Biology 7/9/13 

Howard Salis Penn State University 
Assistant Professor, Chemical 
Engineering and Agricultural & 
Biological Engineering 

7/10/13 
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Strategic Advisory Board 
Richard Baltz CognoGen Chief Scientific Officer 8/30/13 

Susan Ehrlich  (J.D., LL.M. [biotechnology & 
genomics]) 9/3/13 

John Glass JCVI Leader, Synthetic Biology Group 8/28/13 

David Rejeski  Woodrow Wilson Center Director, Science and Technology 
Innovation Program 9/5/13 

Martin Rosenberg Promega Corporation Chief Scientific Officer 9/3/13 

Marc Salit National Institute of 
Standards and Technology Group Leader Multiple 

Laurie Zoloth Northwestern University Director, Center for Bioethics, Science 
and Society Multiple 

Industrial Advisory Board 
Roel Bovenberg DSM Food Specialties BV Corporate Scientist Biotechnology 9/10/13 
Jon Chesnut Life Technologies Sr. Director, Synthetic Biology R&D 10/11/13 
Stephanie Culler Genomatica Inc Research Scientist II 9/26/13 
Jeffrey Dietrich Lygos CTO, Co-Founder 8/8/13 

Steve Evans Dow AgroSciences LLC Scientist, Advanced Technology, 
Bioanalytical Chemistry 9/23/13 

Dan Gibson SGI-DNA, Inc Principal Scientist 7/11/13 

Eli Groban Intrexon Corp. Director, Metabolic Engineering and 
Systems Biology 9/13/13 

Andrew Hessel Autodesk, Inc. Distinguished Researcher Multiple 
Jason Kelly Ginkgo BioWorks CEO 10/31/13 
Stephen Laderman Agilent Laboratories Director, Molecular Tools Laboratory 9/13/13 
Carlos Olguin Autodesk, Inc. Product Designer 8/9/13 

Caroline Peres E. I. du Pont de Nemours 
and Company Senior Scientist 8/29/13 

Todd Peterson Synthetic Genomics 
Vaccines, Inc 

Senior Vice President, Research & 
Development 10/10/13 

Darren Platt Amyris Principal Scientist 7/10/13 

Hans Roubos DSM Biotechnology 
Center 

Principal Scientist, Bioinformatics & 
Modeling 7/9/13 

Reshma Shetty Ginkgo BioWorks Co-Founder 7/9/13 
Mark Stevenson Life Technologies President & Chief Operating Officer 10/11/13 
Jeff Ubersax Amyris Director of Biology 8/7/13 
Dan Widmaier Refactored Materials CEO 9/13/13 
Harry Yim Genomatica Inc Director of Strain Engineering 9/26/13 
Government Leaders 

Robbie Barbero Office of Science and 
Technology Policy 

AAAS Science and Technology Policy 
Fellow 10/22/13 

Susanne von 
Bodman 

National Science 
Foundation Program Director 10/22/13 

Nancy Burgess Defense Threat Reduction 
Agency (DTRA) Science and Technology Manager 7/30/13 
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Parag Chitnis National Science 
Foundation 

Division Director, Molecular & Cellular 
Biosciences 10/22/13 

John Cumbers UC Santa Cruz / NASA 
Ames Space Synthetic Biologist 8/9/13 

Dan Drell US Department of Energy Program Manager, Joint Genome 
Institute 7/30/13 

Theresa Good National Science 
Foundation Program Director 10/22/13 

Masood Haki NASA Ames Research 
Center Synthetic Biology 12/12/13 

Tom Kalil Office of Science and 
Technology Policy 

Deputy Director for Technology and 
Innovation 10/22/13 

Laura Lewis NASA Ames Research 
Center Project Manager, Synthetic Biology 8/9/13 

Michael Marlaire NASA Ames Research 
Center Director, NASA Research Park 8/9/13 

Gary Martin NASA Ames Research 
Center 

Director, New Ventures & 
Communications Directorate 12/12/13 

Pablo Rabinowicz US Department of Energy Program Manager, Office of Biological 
and Environmental Research 7/30/13 

Sarah Richardson Joint Genome Institute Distinguished Postdoctoral Fellow in 
Genomics 7/11/13 

Eddy Rubin Joint Genome Institute Director 9/12/13 

Friedrich Srienc National Science 
Foundation 

Program Director, Biotechnology, 
Biochemical and Biomass Engineering 10/22/13 

Chuck Wessner The National Academies Director, Technology, Innovation and 
Entrepreneurship 8/28/13 

Libby White US Department of Energy 
Program Manager, Protection of 
Human Research Participants, Biological 
Systems Science Division 

7/30/13 

Pete Worden NASA Ames Research 
Center Center Director 12/12/13 

Angela Wray UC Santa Cruz Head of NASA University Affiliated 
Research Center 8/9/13 

Philanthropic Leaders 
Paula Olsiewski Alfred P. Sloan Foundation Program Director Multiple 
Academic Leaders 

Christina Agapakis UCLA 
Postdoctoral Researcher, Department 
of Molecular, Cellular, and 
Developmental Biology 

7/10/13 

Sam Evans 
UC Berkeley Center for 
Science, Technology, 
Medicine & Society 

Associate Director, Research 9/12/13 

David Grewal Yale Law School Associate Professor 7/10/13 

Gigi Gronvall Center for Biosecurity of 
UPMC Senior Associate 7/10/13 
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Richard Murray Caltech Professor of Control & Dynamical 
Systems and Bioengineering Multiple 

Gordon Ringold UC Santa Cruz  Head of Silicon Valley Initiatives 12/12/13 

Christina Smolke Stanford University Associate Professor, Department of 
Bioengineering 7/10/13 

Keith Yamamoto UCSF 
Vice Chancellor for Research and 
Executive Dean of Medicine, Synberc 
Dean 

9/23/13 

Financial & Research Leaders 
Spencer Adler SynBio Investors CEO Multiple 
Rob Carlson Biodesic Principal Multiple 
Geoff Duyk TPG Biotech Partner & Managing Director 8/30/13 
Lindy Fishburne Thiel Foundation SVP Investments 11/14/13 

Todd Kuiken Woodrow Wilson Center Senior Program Associate, Science and 
Technology Innovation Program 7/11/13 

Meagan Lizarazo iGEM Foundation Vice President Multiple 

Eleonore Pauwels Woodrow Wilson 
International for Scholars 

Program Associate, Science & 
Technology Innovation Program 79/13 

Randy Rettberg iGEM President 10/31/13 

Laura Woznitski BioMed Realty Senior Director, Leasing & 
Development 8/12/13 

Research Lab Leaders 
Mark Adams J. Craig Venter Institute Scientific Director 10/10/13 
Caroline Ajo-
Franklin 

Lawrence Berkeley 
National Lab Staff Scientist, Molecular Foundry 7/11/13 

Bob Bower 
Center for Extreme 
Ultraviolet Science & 
Technology 

Industrial Liaison Officer 8/28/13 

Peter Carr MIT Lincoln Laboratory Synthetic Biology Center 11/1/13 

Roger Falcone 
Lawrence Berkeley 
National Laboratory 
Advanced Light Source 

Director 9/19/13 

Bob Friedman J. Craig Venter Institute Deputy Director 10/10/13 

Susan Jenkins Energy Biosciences 
Institute Managing Director 8/8/13 

Joanne Kamens Addgene Executive Director 11/1/13 

David Kong MIT Lincoln Laboratory Technical Staff, Bioengineering Systems 
& Technologies 11/1/13 

Mary Maxon Lawrence Berkeley 
National Lab 

Head of Strategic Planning & 
Development, Biosciences Lab 9/3/13 

Cyrus Shahabi Integrated Media Systems 
Center Director 8/14/13 
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Synbio Community Members 

Andrew Carmen Illumina Associate Director, Corporate 
Development 10/11/13 

Tom Evans New England BioLabs DNA Enzymes Division Head 10/31/13 
Farzad Haerizadeh Life Technologies Synthetic Biology Lead R&D Specialist 10/11/13 
Rick Johnson Arnold & Porter LLP Senior Counsel 7/9/13 
Reg Kelly QB3 Director 9/13/13 
Michael Koeris Sample 6 Founder and VP Operations 9/30/13 
Michael Raab Agrivida President 11/1/13 
Kent Redford Archipelago Consulting Principal 7/10/13 

Sal Russello New England BioLabs Associate Director, Global Business 
Development 10/31/13 

Dave Trinkle UC Berkeley Director, Berkeley Research 
Development Office 8/27/13 

Renee Wegrzyn Booz Allen Hamilton Lead Associate 8/1/13 

Stacie Young Illumina Associate Director, Business 
Development 10/11/13 
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Appendix C: Fall 2013 Synberc Retreat Organizational Strawman 
 

• Synberc as the nucleation for a bigger center 
• Nexus of intellectual integration for molecular biology, engineering, synthetic biology, 

medicine, bioenergy, stem cell research, and biological computation 
•  Research 

• Define the research agenda with a long-term vision 
• Fund focused collaborative projects for broader set of investigators 
• Establish core set of PIs that would rotate in and out of open center 
• Establish core set of PIs that would rotate in and out of open center 
• Create environment where researchers would work on large-scale problems that 

cannot be addressed by individual labs 
• Host visiting researchers from industry and academia 

•  Open Infrastructure 
• Create innovation center for new approaches and framing new questions in biological 

sphere 
• Create applications laboratory for standardized organisms, automation, and 

computation – ongoing technology/infrastructure development 
•  Education 

• Continue and expand multidisciplinary education and leadership development 
•  Commercialization 

• Serve as a starting point for prototypes and commercial ventures, with a supportive 
technology transfer office and opportunities for training in business, law, manufacturing, 
and intellectual property  

•  Policy & Regulation 
• Be the voice of the community, with direct access to the White House, Congress, 

agencies, and science advisors 
•  Public Awareness 

• Set the standard for ethical, open, clear communications and education to the public, 
which serves as platform to advance the field rather than confuse or frighten 

•  Funding 
• Public, private, philanthropic, academic 

•  Location 
• One organization, two coasts 
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Appendix D: Fall 2013 Synberc Retreat Breakout Results 
 

Proud (to keep) 

• Good on diversity 
• Provocative mindsets 
• Embrace the struggle of what is useful 
• Inter-institutional 
• Education of policymakers 
• Structured role for ethics/policy at beginning not end 
• Responsive to input/change 
• Accessibility of science to uninformed via iGEM 
• Will to keep group together 
• Strong community with damn good science 
• New generation of scientists 
• Strongly collaborative language and culture 
• High student involvement/role 
• Virtual mentorship network 
• Friendly discussion of alternate views 
• Broad yet well defined group 
• Decentralized leadership leading to individual creativity 
• Inspirational actions 
• Addressing issues of enduring social worth 
• Friendly atmosphere 
• Diverse connection to industry 
• Being funded 
• Painting optimistic vision of new biology 
• Self awareness and reflection 
• Strongly collaborative language 
• Unique mix of academics and industry 
• Retreat culture 
• Visibility for students into future of industry 
• Desire to create commons 
• Productive tension between basic and applied 
• Developing novel tools and standards 
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Problems (to solve) 

• No strategy with DIYBIO community 
• Affiliate PI infrastructure 
• Lack of articulation of strategy to maintain tribe 
• Public perception issues/landscape (now and future) 
• Dwindling government advocates 
• Synberc is incestuous 
• Closed community 
• Murky value proposition 
• Unclear organizational structure/voice 
• Lack of funding for young labs 
• Poor connection to past biotech success 
• Poor investor interface (e.g., NSF) 
• Have not communicated moonshot 
• Faculty pulled many directions with respect to funding 
• Core PIs are growing past Synberc organization 
• Lack of true software bricks 
• Lack of coherence of education and research across institutions 
• Consensus based leadership with no clear mandate 
• Not enough industry engagement 
• Insufficient connection to adjacent disciplines 
• Unclear definition of synbio 
• Fiscal cliff 
• IP problems not addressed 
• Unclear investment horizon 
• Closed community vs. large diffuse community 
• Elitism 
• Have not achieved vision of true engineering discipline 
• Accept that biology is a messy system 
• Limited leverage of knowledge of group 
• No credible moonshot 
• Ability to adequately address diversity concerns 
• Competing interests of universities 
• Lack of US national strategy for synbio 
• Opaqueness as to decisions 
• Educate capital markets on synbio 
• Lack of capacity to respond 
• Undervalue longer-term research 
• Overlapping and directly competing projects in lab 
• Unclear research guidance for industry interface 
• Insufficient communication to public 
• Students don't understand role 
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Vision (to create) 

• Synberc as brand to synbio, DIY, government, and public 
• Synbio hits people's kitchens, etc. 
• Synberc is society with good, open conference 
• Stop climate change catastrophe 
• Freedom to develop basic engineering science 
• Space for new PIs to grow 
• Center as nucleation for international synbio 
• Public communications plan in face of disaster 
• Self-regulation proactively 
• Sustaining place to develop strategy 
• Honest about failures 
• Innovative governance structure 
• "Pre-school iGEM" 
• Science to benefit underprivileged – preferential option, e.g. Davy Lamp 
• Telling success story of synthetic vaccines 
• Culture of quality science 
• Policy move toward advanced manufacturing and connecting engineering biology to manufacturing 
• Feed/fuel/heal/... the world, ultimately leading to sustainable economy 
• Leader to enable good to great transition 
• Better communication of intent to reduce competition 
• Transform agriculture 
• Great visiting scholars program 
• Core PIs graduate to steering committee 
• Next generation leaders get the big picture 
• Density of minds like Bell Labs 
• Conversion to a selected/elite scientific society 
• Practices/science as part of common discipline 
• Serious process of real public engagement 
• Tripling of funding from multiple sources 
• Funding for younger PIs 
• Sponsor policy 
• Large physical center with moonshot unlimited funding (e.g., Janelia Farm) 
• Highly effective commons 
• International leadership 
• Become "DARPA for synbio": high risk, high reward 
• Sustainably fulfilling human needs 
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Concerns (to avoid) 

• Public perception declines (e.g., GMOs in Europe) 
• Funding declines lead to fatalism 
• Openness ultimately leads to additional secrecy 
• Balkanization of synbio community 
• Loss of intellectual forum 
• Too geographically localized 
• Failure to translate to commercial value 
• New synbio lexicon leads to safety issues 
• Complacency around risks 
• Friction between university centers and Synberc centers 
• Isolation from public policy community 
• "Pretend China doesn't exist" 
• Can't distinguish individual actions 
• Too much focus on industry relevance 
• Undersell success 
• Biodigital divide – preventing everyone in society from taking active role 
• Failure to have any impact 
• Increased competition for fewer resources, leading to divide 
• Education/practices falls off NSF fiscal cliff 
• If it aint broke, don't fix it 
• Terrorist use of constructed biological device 
• Too much administrative burden, so scientists don't want to participate 
• Lack of action items to implement near-term and/or long-term 
• Unintended consequences from synbio pandemic 
• Losing coolness, interest of young researchers 
• Making sure all stakeholders, including students, get value 
• Failure to engage in policy decisions 
• Core PIs get shoved out 
• Ending up a personality driven organization 
• Core defined so that mission is too diverse 
• Failure to listen to public concerns 
• Mediocrity through overabundance of synthetic biologists 
• Defining membership in a way that blocks peer review 
• Becoming outpaced/useless to industry 
• Overregulation 
• Default to majority rules vs. minority voice 
• Unrealistic timelines/overselling 
• Ignoring global nature of field and other biology disciplines 
• Being overly seduced by marketplace 
• When everything is synbio, is anything synbio? 
• Risk of not sharing latest research as we grow 
• Government misuse of biological terrorism 
• Lack of clear vision 
• Lack of communication tools in short-term (e.g., website) 
• Lack of differentiation – PI goals vs. community unity 
• Getting blindsided due to not being engaged in long-term policy discussion 
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Concerns (to avoid) 

• Development of IP 
• Failure to address problems of commons 

 

After the Exercise, What’s Clearer Now? 

• Hard job 
• Need prioritization 
• Competing goals, not sure we have unified goal 
• Nuclear boundary between Synberc and synbio community 
• Short on specifics 
• May need two organizations 

 Synberc today as advisor 
 Second organization 

• Need leadership to address priorities 
• Funding is unclear 
• People may be disgruntled – need to manage message 
• US-centric position could reduce credibility to become leader 
• Some things are viewed as assets and liabilities 
• Passionate involved individuals 
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Appendix E: Working Groups 
 

Steering Committee 

• Geoff Duyk (TPG Biotech) 
• Susan Ehrlich (J.D., LL.M. [biotechnology & 

genomics]) 
• Drew Endy (Synberc/BioBricks) 
• Steven Evans (Dow AgroSciences) 
• Eli Groban (Intrexon) 
• Andrew Hessel (Autodesk) 
• Jay Keasling (Synberc) 
• Nancy Kelley (NJK&A) 
• Tanja Kortemme (UCSF) 
• Natalie Kuldell (MIT) 
• Steve Laderman (Agilent) 

• Paula Olsiewski (Sloan Foundation) 
• Kenneth Oye (MIT) 
• Megan Palmer (Synberc) 
• David Rejeski (Wilson Center) 
• Marc Salit (National Institutes of Standards & 

Technology) 
• Pamela Silver (Harvard Medical School) 
• Virginia Ursin (Monsato) 
• Chris Voigt (MIT) 
• Ron Weiss (MIT) 

 

Research Agenda 

• Adam Arkin (UC Berkeley)  
• Richard Baltz (CognoGen)  
• Jenn Brophy (MIT) 
• Cynthia Collins (Rensselaer Polytechnic 

Institute)  
• Doug Densmore (Boston University)  
• John Dueber (UC Berkeley) 
• Mary Dunlop (University of Vermont) 
• Andrew Ellington (University of Texas) 
• Ryan Gill (University of Colorado)  
• Jussi Jantti (VTT Technical Research Centre of 

Finland) 
• Mike Jewett (Northwestern University) 
• Leonard Katz (Synberc)  
• Julius Lucks (Cornell) 
• June Medford (Colorado State University) 

• Himadri Pakrasi (Washington University)  
• Merja Penttila (VTT Technical Research 

Centre of Finland) 
• Brian Pfleger (University of Wisconsin)  
• Darren Platt (Amyris)  
• Hans Roubos (DSM Biotechnology Center)  
• Jeffrey Sampson (Agilent)  
• David Savage (UC Berkeley) 
• Jacqueline Shanks (Iowa State University) 
• Jeff Tabor (Rice)  
• Willy Voje (University of Washington) 
• Huimin Zhao (University of Illinois at Urbana-

Champaign)  
• Laurie Zoloth (Northwestern University) 
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Community & Industry Infrastructure 

• Peter Ackermann (Synberc)  
• Janet Adams (Intrexon)  
• Adam Burja (BP Biofuels Advanced 

Technology)  
• Stephanie Culler (Genomatica)  
• John Glass (JCVI) 
• Ben Gordon (MIT-Broad Foundry)  
• Nathan Hillson (TeselaGen/JBEI)  
• Klaus Heumann (Biomax Informatics) 

• Mike Jewett (Northwestern University) 
• Sarah Munro (Stanford)  
• Carlos Olguin (Autodesk)  
• Kris Prather (MIT)  
• Randy Rettberg (iGEM)  
• Axel Trefzer (Life Technologies) 
• Huimin Zhao (University of Illinois at Urbana-

Champaign) 

 

Intellectual Property 

• Peter Carr (MIT Lincoln Laboratory)  
• Jon Chesnut (Life Technologies)  
• Linda Kahl (Stanford)  
• Reg Kelly (QB3)  
• Ken Oye (MIT)  

• Todd Peterson (Synthetic Genomics Vaccines) 
• Howard Salis (Penn State)  
• James Schroeder (The Gene Forge)  
• Sean Ward (Synthace) 

 

Industry Relations 

• Roel Bovenberg (DSM Food Specialties) 
• Andrew Ellington (University of Texas) 
• Ryan Gill (University of Colorado) 
• Chad Hansen (Givaudan)  
• Jim Hollenhorst (Agilent)  
• David Israel (GSK)  
• Leonard Katz (Synberc) 
• Steve Laderman (Agilent)  

• Ling Li (BP Biofuels Advanced Technology) 
• Marty Rosenberg (Promega)  
• Karsten Temme (Pivot Bio)  
• Annie Tsong (Amyris)  
• Mylavarapu Venkatramesh (Dow)  
• Dan Widmaier (Refactored Materials)  
• Harry Yim (Genomatica)  
• Erika Yoshida (Ajinomoto) 

 

Philanthropy & Financial Viability 

• Spencer Adler (SynBio Investors)  
• Rob Carlson (Biodesic)  
• John Cumbers (UC Santa Cruz / NASA 

Ames)  
• Geoff Duyk (TPG Biotech)  
• Eli Groban (Intrexon)  

• Andrew Hessel (Autodesk) 
• Paula Olsiewski (Alfred P. Sloan Foundation) 
• Dave Rejeski (Woodrow Wilson Center) 
• Gordon Ringold (UC Santa Cruz) 
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Education & Public Awareness 

• Chris Anderson (UC Berkeley)  
• Kevin Clancy (Life Technologies)  
• Kevin Costa (Synberc)  
• Guillaume Cottarel (Intrexon)  
• Matt Davis (UC Berkeley)  
• Mike Fero (TeselaGen)  

• Karmella Haynes (Arizona State University) 
• Todd Kuiken (Woodrow Wilson Center)  
• Natalie Kuldell (MIT)  
• Susan Marqusee (UC Berkeley)  
• Kate Spohr (UC Berkeley) 

 

Regulatory & Public Oversight 

• Evan Appleton (Boston University)  
• Sam Evans (UC Berkeley Center for Science, 

Technology, Medicine & Society) 
• Susan Ehrlich (J.D., LL.M. [biotechnology & 

genomics]) 
• George Khushf (University of South Carolina) 
• Todd Kuiken (Woodrow Wilson Center)  
• Susan Marqusee (UC Berkeley) 

• June Medford (Colorado State University) 
• Kenneth Oye (MIT) 
• Megan Palmer (Synberc)  
• Kent Redford (Archipelago Consulting)  
• Melissa Rhoads (Lockheed Martin)  
• Marc Salit (National Institute of Standards & 

Technology) 

 

Global Community (in formation) 

• Richard Kitney (Imperial College) 
• Himadri Pakrasi (Washington University) 

• Keith EJ Tyo (Northwestern University) 
• Huimin Zhao (University of Illinois at Urbana-

Champaign) 
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Appendix F: Working Groups Questions 
 

• What are the key accomplishments of Synberc to date? Include work done at all partner academic 

institutions. 

• Has Synberc fulfilled its vision of reducing the cost and complexity of engineering biology? Has it 

met its original goals or hypothesis? 

• What are the key opportunities, the accomplishment of which, will advance the field of synthetic 

biology, both short-term and long-term? What are the promised break-throughs that this field 

could accomplish that will excite interest in investment? Discuss both foundational tools and moon 

shot projects. 

• What are the technical challenges that remain to be solved to advance the field of synthetic 

biology? What are the top needs to advance this field? 

• How might we organize ourselves to create a series of white papers that describe these 

opportunities and technical challenges? 

§ What are the seminal papers or manifestos that we should use as models? 

• What are the regulatory challenges to achieving these accomplishments and technical 

breakthroughs? (Process and technical level) 

• If there was a parallel interagency process at the White House level, what are the two or three 

issues that we would like the agencies to address in order to move the field of synthetic biology 

forward? 

§ White House Office of Science and Technology Policy 

§ U.S. Department of Agriculture 

§ U.S. Department of Commerce 

• National Institute of Standards & Technology 

§ U.S. Department of Defense 

• Defense Advanced Research Projects Agency 
• Office of Naval Research 
• Defense Threat Reduction Agency 

§ U.S. Department of Energy 

§ U.S. Department of Health and Human Services 

• National Institutes of Health 
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• Food & Drug Administration 
• Centers for Disease Control & Prevention 

§ U.S. Department of Homeland Security 

§ U.S. Department of Justice 

• Federal Bureau of Investigations 

§ National Science Foundation 

§ Environmental Protection Agency 

• What can we learn from the organizing efforts of the international community? (EU, China, India, 

others?) 
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Appendix G: Working Groups Output  
Community Collective Statement 

 

1. What are the key accompl ishments of Synberc to date? 
 

• Articulation of what the potential and opportunities of SB are. In the beginning, thinking about 
organisms from an engineering mindset was new. Synberc brought awareness to the field of 
SB, explaining the complexity of it to scientific community and the public. Synberc has been 
THE voice for defining the area and for promoting its opportunities. Definition of what Synbio 
is and what it is not - can be an even more important role for communicating w/public. 
Demonstrated organization and success in explaining how difficult SB is and what one can 
expect over time. 

 
• Synberc acted as a convener for the people interested in Synbio. Created SB community, 

characterized by:  
 
• New Scientific Culture. 

 
• Open, Collaborative, Supportive Science. Showed the collaborative possibilities of 

diverse PIs at diverse institutions. Produced contributions among various labs and 
among various people – helps society as a whole. The networks that have been 
created (human capital that has been created). Synberc is looked at for guidance. 
Sense of community – very high profile, high quality of PIs, inside the fence, not 
fighting with each other. Safe environment, intellectual freedom & creativity can 
thrive. Collaboration of individuals, labs, institutions, society. Different model.  

 
• Out of the Box Thinking. Different perspective of thinking (outside the box). Seeing how 

different researchers approach problems and using that as a model for trying to attack 
some of the problems. Made us rethink completely how we do projects. Way projects 
are being run – more efficient. Completely redefined recombinant DNA technology. 

 
• Industry Participation/Collaboration. Pulling together an industry group that is incredibly 

supportive of the science and education and all that the SB community is trying to do. 
 

• Educates industry and managers. Fosters framework of understanding amongst 
industry participants. 
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• One of the clear contributions by bringing together the PIs and industry 
representatives is that industry (practitioners and managers) are informed in an up-
to-date way in this field. Not only brings knowledge into the companies, but levels 
the understanding amongst the participants who are now talking to each other. 
Richer and more substantive conversations (not necessarily obvious). Being together 
in an integrated way is why the retreats are so rich and valuable 

 
• Active Development of Next Generation of Scientific Leaders. Numbers of young people are 

coming into synthetic biology. Driven by wanting to make a difference, have an impact on the 
world. Significant. 

 
• Scientific output. Very good productivity exemplified by high impact papers. How many of 

these papers represent collaborations between Synberc PIs. Compared to other ERCs, 
Synberc has a very good productivity for generating high impact papers. 

 

• Created tools and methods that others are using. If didn’t have this, most of research would 
have been applications which is like genetic engineering. Not replicable. 

 
• Technology Development Enzymes, biocad tools, registries, refactored materials. Can 

now use biotechnology tools together in meaningful ways in order to solve important 
problems. Developed portfolio of parts, products, software, computer applications. List of 
Tools and Resources on website 
• MAGE and MAGE related activities make engineering of biology easier 
• Ribosome Binding Site Calculator 
• Metabolic engineering. Automated platforms. 
• CAS9/CRISPR 
 

• Engineering Process Improvements to Support Innovation. 
• Gain knowledge and experience in how to perform Synbio. 
• Increased predictability. Standardization of parts, processes that has allowed us to 

build things cheaper and quicker. 8 years ago, very hard to engineer an organism. 
Very different today. 

 
• Metabolic engineering project – valuable automation platforms 

 
• Manufacturing, Software - Have developed a portfolio of products and software and 

applications that has served members of industry in different ways – a list of these would 
be useful 
 

• Enzymes, biocad tools, registries & different design principles we’ve started - High level 
things that Synberc has done – revolves around idea of people talking to one another 
and figuring out how to use these different emerging/advanced biotechnologies together 
in meaningful ways that address important problems 
 

• Greater control over the design/build/test cycle. Ability to reduce time, cost and increase 
predictability. Allows them to do rapid prototyping which actually works.  
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• Bringing that engineering mindset to Life Sciences has been invaluable. Those outside can 

relate a lot more and get involved a lot more. 
 

• Interest has emerged as Synbio has brought more of an engineering and development 
and design mindset to the field of life sciences 

 
• Required people to organize. Synberc gave people a place to do that and to experiment with 

organizational models. Supported entrepreneurial development of entire community. Synberc 
gave a place to reorganize and experiment w/ not just technological pursuits but also the 
organizational models. Biofab is one example. Generally getting the Synbio community moving 
together, coordinating activities of many groups and using that as a nucleus in order to start 
Synbio within the US 

 
• There are now institutes being formed around doing things that were goals. Would it 

have happened had this focused effort not happened? 
 

• Organizing Practices. Practices activities are unique in the United States and important to the 
way science is being done. Creates discussion that moves us forward in trying resolve social 
issues. Raised visibility of questions in labs, how do we use the technology safely, how do we 
implement these technologies w/in our labs, how do we teach other people?  
 

• Rapid Development of the community. Explosive growth of the community. Globally 
distributed. Affiliated PI program. The community has grown, number of young people at 
academic institutions that come in excited about Synbio (almost all are driven by wanting to 
make a difference – how can you have a positive impact on the world). Retreats draw a 
significant number of people who do not have a direct relationship w/ the center. (How do 
you quantify that?) 
 

• Dynamism of Community. What about impact on broader biotech deals? Licensing deals. 
Spin-off deals. Growth of IGEM. Number of start-up companies spawned from these PI labs 
around Synbio. Companies and number of jobs being created. 
 

• Education. Catalyst for educating new generations of synthetic biologists - Education of 
graduate/student population that is well versed in these technologies and applications. 
Education and outreach program Synberc has – Investigators are creating a lot of the core 
teaching materials that are available, drafts of a textbook have been written, videos and 
course materials now out there. 
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• If you look to education, the outreach to High Schools, Synberc & IGEM really do stand 
out as education activities and have attracted a lot of favorable attention. Creating 
infrastructure in the education sense. Making a huge splash with NSF. 

 
• Democratization of biology. Now a high school kid can transform ecoli and make it glow 

green. See it develop the next generation of scientists and getting people in the US/ kids 
excited about science again. Breaking things down into component parts and increasing the 
ability to write DNA and reducing the cost of writing DNA and giving the layperson the 
ability to work with DNA. Not a DIY bio thing , see it as an education thing. 

 
• Foundational role in what is expected to be a $11 billion market in the next five years.  

• Much faster rate of progression from lab to company from what we traditionally see. 
• Synberc has helped Genomatica in the development of their product - Variety of 

technologies that Genomatica has employed experimentally but also that are used on a 
routine basis for training and engineering purposes. 

• Agilent – leveraged some Synberc research in kits and products and instrumentation in 
the last few years. Also Life Technologies. 

• In manufacturing, cost of goods for small and even large molecule – some obvious 
applications that have immediate interest.  

• The artemesin is a success story should be publicized better. This approach - a much 
improved process is a good story. 

• Trying to get away from animal testing in the discovery process is another one for 
Pharma. 

 
• What would happen if Synberc went away? 

 
• By creating Synberc, NSF franchised a group of scholars to interact w/others to be 

addressing issues. Also need to think about what happens if that goes away? Who will 
be at the table, who won’t? Consequences of Synberc disappearing 
 

• Researchers would not collaborate and communicate. 
 

• If Synberc went away, the US could lose edge in Synbio. If the funding goes away, this 
whole field could decline. Out of all the major impact papers – a high % of them are 
participating in Synberc. Lab will go separate ways, won’t talk to each other as much. 
Productivity will drop. - Europe is getting involved – UK has leadership council, France 
and China are doing work,– need to stay on top of Synbio in the US 
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• In terms of funding in core research of Synbio, look at number of publications that have 
come out of Synberc PIs and Synberc funded projects is biggest success. Look at how 
many of those papers represent collaborations between Synberc PIs that would not 
have happened (arguably) had Synberc not existed. 
 

• Tying together the strategic brain of Synbio and being a collective venue to talk about 
how the research really intersects and how biotech works in an ecosystem and industry 
has been really important in designing and sustaining a venue. It would be a great loss 
to lose that venue 

 
2 .  Has Synberc fu l f i l led i ts  v is ion of reducing the cost and complexity of synthet ic 
b io logy? 
 

• Goal – to create a culture of engineering. These are not 10 year projects, but sustaining 
projects. Typical for there to be a bit of a lag in reducing cost and complexity. 
 

• Too early to pass judgment on that. Matter of degree. Progress on reducing costs. We are on 
the path, but we haven’t gotten to where we need to be. Gotten a start on it, still doing 
things we said we would do when started, but so much more to do. 
 

• Problem that we have is that the Synberc vision, the foundational tech and the notion of 
modularity in which it was premised initially, are things that don’t pay off in the first few yrs – 
they pay off after the infrastructure is created. Synberc created the infrastructure, but there 
are timing problems. Need realistic time lines. 
 

• Creating the tools, applications and methods that others are using – its not moon shot, but its 
infrastructure. Incremental steps that will eventually get us to the moon shot.. Not Moon 
Shots, but necessary for success of Moon Shots. 
 

• If Synberc wasn’t around – very different environment today. What would the current 
environment be if Synberc had not been created? 

1. Can’t do the control experiment! 
2. We’ve enabled so much in terms of talking about the area. 
3. Easier w/ the education and outreach programs and things like practices. Don’t think 

a lot of that would exist had it not been for Synberc 
 

• Fulfilled its original mission of establishing a field of engineering bio w/ the notion of parts that 
can be pieced together that can create important new organisms or molecules. How do you 
describe the progress in that area while still acknowledging the challenges? 
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• Acknowledge that these things take time, need timelines, but also indirectly point to advances 
of reducing cost and complexity by defining the emerging history that is coming out of this.- 
192 new companies in the last 4 yrs. The foundation for an industry that will be an $11 Billion 
dollar industry by 2016. If you look back to when Synberc was first formed, none of that was 
around. 
 

• Have to make links from the scientific research to the reduction of cost and complexion of 
engineered biology. This has to be shown through the accomplishments in order to get 
funding for large scale project/institution 
 

• What are the results that encourage us that the vision will be attainable from further effort. 
Reason to think it could happen. Good way to rephrase the issue – there’s now 192 
companies laying the foundation for an $11 billion industry in 2016. You know there’s 
something important being developed here across a # of applications. 
 

• Move into the area of education in the nation –combo of how IGEM has moved out, and 
how tech has been disseminated 

 
3 .  What are the key opportunit ies that wi l l  advance the f ie ld of synthet ic b io logy in 
both the short and long-Term? 
 
Educat ion 
 

• Low level of scientific literacy. Find ways to communicate sophisticated science concepts in 
simple terms. 

• Need to listen to public perceptions and engage in dialogue (elementary schools, public 
forums, science libraries, trusted spokespersons) 

• Important to have a unified voice 
• Focus on SB as a body of knowledge that is part of a continuum in scientific development 

over decades. Technologies rooted in genetic engineering are in a new phase. Relate SB to 
well-known processes of fermentation. Biology is all about change. 

• Focus on potential of SB to improve lives 
• Embrace limitations of the technology and highlight ways that past mis-steps have informed 

and changed the field. 
• Need new research programs in “biomaterials” synthesis 

 
Technologies 

 
• Additional platform organisms 
• Multi-cellularity 
• Microbial communities 
• Computer modeling/design 
• Improved DNA synthesis and gene assembly 
• Bioinformatics 
• Biocontainment 
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• Any technologies that still needs to be developed to get these done. There’s underlying 
scientific knowledge that needs to be discovered as well 

 
• Manipulation of plant genomes. Huge technical challenge. 
 
• Idea of being able to put genes into plants and doing it efficiently and being able to control 

where they go. That’s a technology based project and you would make applications around 
that, but the idea is to develop that as a core technology. 

 
• In the last couple of years, Synberc has begun to shift its emphasis and support towards 

understanding better and better processes in the yeast systems. As that continues to develop 
that may spin out some substantial capabilities out of Synbio 

 
• Something around design/test/build rapidly sped up to hours rather than months. It seems the 

core technology of DNA synthesis has been largely ignored by the community yet it’s 
essential for doing the work. Cost of getting DNA synthesized is still costly and turn-around is 
still weeks. What is going to bring the cost of DNA synthesis down? 

 
• One of the things that is limiting the exploration of Synbio is the accessibility and cost of 

making synthetic constructs 
 
• Biofab on a chip, reduced cost with multiple applications, moon shot enabler  
 
• Broadly applicable sensors, measurement tools & technologies (George Church, Tonya 

Kortemme) 
 
• Engineering of viruses – phages 
 
• Rapid vaccine development (Novartis, SGI) 
 
• Hybrid chassis systems, both biotic and abiotic 
 
• Identify fundamental technologies that enable SB that everyone needs access to. What is IP 

around those technologies and how to make it broadly accessible? 
 
• Moving metabolic engineering toward dealing with a larger, more diverse set of enzymes that 

can be put into a pre-engineered chassis. 
 
• Ability to rapidly synthethize, characterize DNA. Figure out rules for how genes are expressed, 

how to put together genetic modules and devices, carry out simulations that allow scientists 
to design DNA to solve a particular problem 

 
• Design/Build/Test may not be the biggest bottleneck in industry so is it a viable moon shot? 

And if you speed up the process it’s going to fill up the inbox of the EPA, FDA, etc faster 
(could it create more bottleneck). Scale up for industrial products can take years. 
Design/build/test are not always limiting factors. 
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• Need to publicize the white papers that have moon shots. 
 
• Being able to manipulate plant genomes. Huge technical challenge that Synberc is prepared to 

take on 
 
• Massive amount of genome sequencing of microorganisms going on today 
 
• Huge numbers of secondary metabolite biosynthetic pathways in microorganisms that are 

untapped 
 
• There’s a whole field of combinatorial biosynthesis that was taken to a certain level by 

companies but not to a high enough level to make it a robust, productive discovery machine. 
In next 5-10 years, a huge opportunity to hone methodologies for combinatorial biosynthesis 
to really make that a robust field 

 
• Exploration and discovery of that vast number of untapped products (natural products) is 

now going to be viable 
 
• Organ systems to get away from animal testing for drugs. 
 
• Focus on breakthroughs, understanding the translation from lab to commercialization, not 

work better done in industry 
 

• Lack of out-of-box thinking in using photosynthetic organisms such as plants. Theres a lot 
more things we could do with them in terms of manufacturing. Tremendous potential with 
plants. Unlike microbes, they can generate their own energy. We won’t have a lot of ethical 
issues (like with animals). 

 
• Need new screening and selection approaches to evaluate new designs. 

• Develop products that have a clearly articulated and well understood public good. 
• Developing synbio tools that would halt the amphibian decline due to chytrid fungal 

infections, or synbio tools that could be used to restore degraded soils, both for 
agriculture and ecological restoration 

 
• Need approaches to decouple engineering process objectives and 

cellular evolutionary objectives. 
• Current biomanufacturing efforts are limited by the need to balance the tug-of-war 

that exists between the cell’s physiological and evolutionary objectives and the 
engineer’s process objectives. We need novel enabling technologies that avoid this 
constraint.  
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• Need new approaches to merge synthetic chemistry with synthetic biology  
• Specifically, ways to marry biological operators (pathways we can activate in cells or 

cell-free systems to make molecules) with chemical operators (synthetic organic 
reactions) would be developed to achieve new and or existing useful molecules at 
unimaginable speeds and yields.  

 
• Cell-free systems 

• These systems are becoming increasingly important for biomanufacturing and for 
prototyping. For example, at present there is exponential growth in these systems 
because of their tremendous advantage for high performance screening and also their 
ultrahigh yields and productivities 

 
• Scaling (volumetric) biomanufacturing systems 

• Platforms must be put in place that allow for distributed biomanufacturing on demand 
at necessary scales (100mL, 1L, 10L, 100L??). The need would exist for both cell-free 
systems as well as in vivo based production platforms. Cell-free systems made of large 
enzyme ensembles have few examples of larger scales (but in one instance have linear 
scalability over a 10^6 range), whereas biofermentation at moderate volumes differs 
vastly from industrial scale pipelines which slows the time to industrial 
commercialization of laboratory engineered strains. 

 
• Scaling (complexity) 

• To solve the many dimensions of scaling the complexity of systems that can be 
engineered, we need: (i) novel approaches for separating microbial growth objectives 
from cellular objectives (e.g., cell-free systems, insulation, etc.), (ii) tailored selections 
that permit accelerated engineering and self-selection of new desired phenotypes, (iii) 
more biological parts with independent and compatible biochemistry, (iv) rules for 
composing parts such that they behave as expected (e.g., CRISPR), (v) frameworks for 
measuring and matching signal levels, and (vi) strategies to decouple content (i.e., 
signal) from mechanism.  

 
• Integrating metagenomics with synthetic biology to harness under-sampled biological diversity 

for identifying new molecules and biopolymers and identifying materials assembly paradigms 
• We need to be able to take advantage of metagenomic sequencing information and 

channel the vast genomic diversity of microorganisms into functional pathways that 
confer new behaviors into organisms that comprise industrial biotechnology pipelines. 

 
In frastructure 
 

• Reduce barriers to entry for SB. Need accessible infrastructure so everyone can bring 
products to market. 

 
• Having access to a lab or contract research to advance it forward. Want to automate and 

streamline most of these processes to make them really democratized and accessible so we 
can get a lot more industry players coming in. Want to reduce the barrier to entry into this 
field. 
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• Capabilities/physical infrastructure to do things that can’t be done alone. Core facility – 
industry comes to it. Accessible to all universities in US, freedom to operate. Funding is 
earned through contract work, either for government sponsored projects or from industry. 

 
• DNA bank.  
 
• Parts registry. Data in well curated forms. 
 
• Repository. 
 
• BioFAB with automated design, build, test cycle. Technology development bridging lab to 

commercial applications. 
 
• Biomanufacturing initiative. Innovation in manufacturing where biological systems can play 

important role. 
 
• Establishing an independent and trusted body of scientists and/or industry folks who don’t 

appear to serve the scientific communities agenda. Brain trust to speak to Synbio in a 
reasoned and informed way 

 
• Professional capacity to do public relations/public education. How do we talk about the 

science to the public audience in a way that will address concerns and not stir up unfounded 
issues. Helpful to have unified voice/message when answering questions. How communities 
decide on controversial issues – the notion that you can flood a community w/information 
and that will convert that community to your way of thinking. Not working out well. Public 
opinion crisis. – connection with trusted individuals in the communities (teachers, doctors) 
Have what you are doing integrated into the roots of the community. 

 
• Staffing side? Enough bandwidth to communicate. 
 
• Two sides – PR side: media relations, fielding the calls and set up pieces in the popular press 

that have been the most successful way dealing with public. REAL Public engagement: – public 
participation, inform the research agenda based on public needs and values. Whose 
responsibility is it? Need a certain level of resources to do that. 

 
• Create fair and reasonably licensable commons with a clear intellectual property framework 

to enable collaboration and commercialization. Should include IP structures around 
fundamental technologies that will allow broad access. 

• Well curated catalogue of IP on Synberc work. Database to access IP that has been 
published so far. (Website/Annual Reports) 

 
• Create forum for open, ongoing relationship between academia and industry to determine 

research that is commercially relevant and establish feedback mechanisms.  
• Participation could be on a tiered level, with those companies wishing deeper 

collaborations making larger contributions 
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• Build a cadre of next generation practitioners who can serve as effective brokers across 
organizations to foster a culture of innovation and social responsibility 

 
• Having a multi-tiered system for people to gain exposure to the community would be really 

valuable especially in light of the regulatory challenges – if you want to educate people in 
government and they are interested in understanding Synbio, it would beneficial to expand 
the scope of people who participate (making it a more open community in some ways). 
There are a lot of questions from people out of the Synberc community that could be 
answered if there was a widening of the circle 

 
Mult i - Inst i tut ional  Projects 
 

• One large project in each of the areas: health, agriculture, environment & energy 
 

• Agriculture side: moon shot already prepared - led to the platform around the test bed for 
nitrogen fixation. Has to be developed and refined. DOW Ag and Monsanto have good ideas 
of how to engineer plants, but we would need to get more PIs in that area to develop that 
program from within. 

 
• Is there something easy to understand that could provide that could provide a decade long 

multi-institutional project – looking for 3-5 to work on? 
 

• Ideas happen when someone sees connections between two different fields that no one saw as 
connected before. Finding the intersection of problem and possibility requires a willingness to 
work with partners in different fields and venues to do so 

 
Funding 
 

• Lack of long term, stable funding where high risk, high reward projects can be undertaken over 
a ten year period 

 
• Need to separate who is going to fund this? What are we looking to fund, how are we looking 

to fund it and who are the funders going to be and how do we pitch that to a possible funder? 
 

• Funding from whom? Industry. Government. Philanthropy. Academia. 
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• Needs: 
• Transitional funding: Maintain current levels through 2016 
• Longer term funding to create infrastructure required to fund activities described 

above, e.g. research, education, community building and public relations etc. 
• Directed funding streams allocated for synthetic biology that are focused on 

foundational tools and critical infrastructure development are necessary to support 
continued innovation among an increasingly distributed practitioner community 

• Invest in mechanisms that drive high-risk, high-reward research as an essential part of 
our national and international research strategy. 

• New funding models that (i) cross disciplines and nations, (ii) connect young 
investigators and (iii) focus on scaling, development and industrialization of synthetic 
biology processes and techniques. This will require (re-)prioritizing existing resources 
to support these activities.  

• Models: 
• Endowment: $1 billion kicks out $50m/year 
• Establish ten year pre-competitive funding model that transitions to industry funding 
• Government Contracts 
• Sponsored Research 

 
4 .  What are the moon shots for synthet ic b io logy? What are the promised 

breakthroughs that might exc ite interest in investment in synthet ic b io logy? 
 

• Moon shots must be important projects that people understand and care about. “Worthy of 
Grandeur”. Provide an ethical and rational space for Synbio development – will make a 
difference in public engagement. Issues: Health (medicine), food security, energy, the 
environment. 

 
• These projects need to address issues that have been addressed by traditional biology. And 

they have to do it more efficiently, quicker and with a higher technical degree of success. 
 

• Moon shots determine funding. Articulate game changing deliverables and their impact, perhaps 
by sector. They should not be achievable without a massive effort within a decade. 

 
• White Papers: 

• The Future of Green Biotechnology and the role of SynBERC 
• A FAB for Identifying, Characterizing and Redesigning Natural Biosynthetic Enzymes 
• The Synthetic Cell: Synthetic Biology and the Development of Engineered Medicinal 

Cells 
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• Projects: 
• Re-useable technologies for metabolic engineering 
• Creation of 1,000 new molecules 
• Adoptive immunity through T-cell engineering. (Wendell Kim) 
• Phage therapies (Jim Collins) 
• Microbial inflammation in Krome’s Disease (Adam Arkin) 
• Waste Water Treatment 
• Nitrogen fixation (Chris Voight) 
• Building organs to do drug testing (Ron Weiss) 
• Agricultural engineering. Don’t have something in Synberc yet. 
• Exploration and discovery of huge number of natural products 
• Viral vaccine candidates 

 
5 .  What are the technica l  cha l lenges that remain to be so lved to advance the f ie ld 

of Synbio? 
 

• Integrated measurement of high throughput scale. Need to develop standards. Can’t say we 
made anything unless you can find, detect and measure it. Analytical chemistry and diagnostics 
is important for us. 
 

• Balance between more fundamental research and applications. The application stuff is more 
attractive and easier to explain to government officials. 
 

• Thinking about hybrid chassis systems that are both biotic and a-biotic 
 

• Bio-manufacturing initiative, bigger context for innovation in manufacturing for many areas – 
biological systems can play an important role, and then you have to select the proper platforms 
and then build the technology toolbox around these 
 

• The future of Synbio will be on demand generation, on demand design of all the parts you 
would ever need to solve a particular problem. 
 

• Key word: Engineering. Revolution is recognizing that biology is information. We can build 
models from a forward and reverse modeling basis and better understand it that makes 
engineering more predictable. 

 
6 .  What are the regulatory cha l lenges to achiev ing these accompl ishments?  
 

• Transparency, accountability and consistency most important. 
 

• There’s a struggle for understanding why Synbio is important? Is it important and dangerous or 
is this a typical lab experiment that we let happen? Maybe part of the outreach is figuring out 
how to educate these organizations and/or provide tools that would allow them to easily get 
these Qs answered until they become expert enough and feel confident they can do the job. 

 
• Understanding current SB definitions and defining strategy for future definitions 
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• Need to strike a balance between fundamental research (foundational) and target driven 

research (applications) 
 

• Ambiguous Jurisdiction and Regulatory Environment. Currently set up to regulate physical 
materials – and what we have in Synbio is information. And materials that are produced could 
fall under more than one agency. 

 
• Lack of well informed policy and regulatory organizations. Need informed regulatory oversight. 

General lack of deep knowledge about synthetic biology across the agencies 
 

• To have a risk assessment framework that is meaningful, need established consortium 
of experts that meet routinely and know enough about what’s going on to identify 
those efforts of concern. Evaluate risk, update on continuous basis as biological 
sciences proceeds. 

 
• Plan for resolving regulatory uncertainty and influencing future regulation of SB  

 
• Process to address enduring regulatory advancements through expertise, research, influence 

 
• What’s going to be the appropriate framework in the release of Synbio organisms into the 

environment – risk factors, etc 
 

• On agriculture side – any new product is going to have to be introduced into the environment 
in some way – the notion of how that gets approved and evaluated over time is an important 
issue. 

 
• What happens with nitrogen fixation. Are you going to do this through spraying 

microorganisms out in the environment. Some concern vs. putting some genetic traits in plants. 
To approach getting funding that Q has to be addressed and answered. We have to anticipate 
that we will have to deal with this – way beyond anything Synberc has done before. 

 
• Need regulatory agencies to participate as a partner in assuring public that SB is a safe, clever 

and sustainable way to go 
 

• Predictability and clarity. Transparent. Coordinated regulatory framework.  
 

• Qualified regulators who really understand the technologies. 
 

• Database of genes that should not be synthesized. How does the community govern itself? 
 

• Avoid unintended consequences of regulation designed to prevent abuse 
 

• Code of conduct amongst practitioners one of the most important things that can be done  
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Appendix H: Inventory of Synthetic Biology Products 
Source: Synthetic Biology Project. Inventory of Synthetic Biology Products, Existing—

Existing and Possible (Draft–July 27, 2012). (2012) 
 

 

Product Matrix 
 

 
       

Near- 

 Market Status1
 

 
Medium- Long- 

  
On the 

 

Category  Product  Organization Timeframe Term  Term  term  Horizon  
Biofuel Algal Biofuels (Bio-oil) Synthetic Genomics/ExxonMobil Long-term      3   

 
 
 

Biofuel 

Diesel alternatives (a fatty 
acid methyl ester (biodiesel 
ASTM 6751) and an alkane 
(ASTM D975) from sugar) 

 
 
 

LS9 (San Fransico, CA) 

 
 
 

Long-term 

     3   

 
 

Biofuel 

Diesel and other 
"Electrofuels" (Biofuels from 
Electricity and CO2) 

 
 

Ginko Bioworks (Boston, MA) 

 
 

Long-term 

     3   

Biofuel Ethanol from Hybrid Algae Algenol (Bonita Springs, FL) Long-term      3   
 
 

Biofuel 

Algal Biofuels (Bio-oil) 
(Green Crude) 
(Fermentation) 

 
 

Sapphire Energy (San Diego, CA) 

 
 

Medium-term 

   2     

 

 
Biofuel 

 

 
Butanol 

  

 
Butamax/DuPont (Wilmington, DE) 

 

 
Medium-term 

   2     

 

 
Biofuel 

 

 
Diesel - Helioculture 

 

 
Joule Unlimited (Cambridge, MA) 

 

 
Medium-term 

   2     

 
 

Biofuel 

Ethanol - Cellulosic 
(Mascoma Grain 
Technology) 

 
 

Mascoma 

  
 

Medium-term 

   2     

 
 

Biofuel 

Algal Biofuels SolaJet, 
SolaDiesel (bio-oil jet fuel, 
diesel) (Fermentation) 

 
 

Solazyme (San Francisco, CA) 

 
 

Near-term 

 1       

Biofuel Biofuel Feedstock Chromatin (Chicago, IL) Near-term  1       
 
 
 

Biofuel 

Biofuel Feedstock - 
Accellerase TRIO (enzymes 
for rapid breakdown of 
cellulose feedstocks) 

 
 
 

Genencor (Rochester, NY) 

 
 
 

Near-term 

 1       

 
Biofuel 

Ethanol - Cellulosic (Process 
Licenses) 

 
Qteros (Marlborough, MA) 

 
Near-term 

 1       
 

Biofuel 
Renewable Diesel and Jet 
Fuels 

 
Amyris (Emeryville, CA) 

 
Near-term 

 1       

Chemicals D(-) Lactic Acid Myriant (Quincy, MA) Near-term  1       
Chemicals Isobutanol Gevo (Englewood, CO) Near-term  1       
Chemicals Squalane  Amyris (Emeryville, CA) Near-term  1       
Chemicals Succinic Acid BioAmber (Minneapolis, MN) Near-term  1       
Chemicals 1,4-butanediol BioAmber (Minneapolis, MN) Long-term      3   

 
Chemicals 

Adipic Acid (nylon 
precursor) 

 
BioAmber (Minneapolis, MN) 

 
Long-term 

     3   
 

 
Chemicals 

 
Bio-dispersants (useful for 
oil spill cleanup) 

 

 
Modular Genetics, Inc. (Woburn, MA) 

 

 
Long-term 

     3   

Chemicals butadiene  Genomatica (San Diego, CA) Long-term      3   
 

 
Chemicals 

 

 
Fatty Acid, acrylamide 

 

 
OPX Biotechnologies (Boulder, CO) 

 

 
Long-term 

     3   

 

 
Chemicals 

 

 
Isobutene 

 

 
Global Bioenergies (Evry, France) 

 

 
Long-term 

     3   

 

 
Chemicals 

 

 
l-Methionine 

 
Metabolic Explorer (Clermont Ferrand, 
France) 

 

 
Long-term 

     3   

Chemicals Pomecin B (Anti-fungal) Evolva (Reinach, Switzerland) Long-term      3   
Chemicals Succinic Acid DSM (Heerlen, Netherlands) Long-term      3   

 

 
Chemicals 

 

 
Sufactants 

 
LS9 (San Fransico, CA)/Proctor & 
Gamble (Cincinnati, OH) 

 

 
Long-term 

     3   

 
 
 

Chemicals 

 
 
 

1,4-butanediol (Bio-BDO) 

 
 

Genomatica (San Diego, CA)/Tate & Lyle 
(London, UK)/Novamont (Novara, Italy) 

 
 
 

Medium-term 

   2     

 
Chemicals 

Adipic Acid (nylon 
precursor) 

 
Verdezyne (Carlsbad, CA) 

 
Medium-term 

   2     
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Category Product Organization Timeframe 
Market Status1

 

 

 
Chemicals 

 

 
BioAcrylic 

 

 
OPX Biotechnologies (Boulder, CO) 

 

 
Medium-term 

 2   

Chemicals Plasticizers (phtlate free) BioAmber (Minneapolis, MN) Medium-term  2   
Chemicals Succinic Acid Myriant (Quincy, MA) Medium-term  2   

 

 
 
 
 

Chemicals 

Sufactants (myristoyl 

glutamate - used for 
cleaners, paints, coatings, 

their version is 10x more 

effective than conventional 

versions) 

 

 
 
 
 

Modular Genetics, Inc. (Woburn, MA) 

 

 
 
 
 

Medium-term 

 2   

 
 
 

Chemicals 

 
 

1,3-propanediol (Bio- 

PDO™) 

 
 

DuPont (Wilmington, DE)/Tate & Lyle 

(London, UK)/Genecor (Pao Alto, CA) 

 
 
 

Near-term 

1    

 
Chemicals 

Biofene (Farnesene) 
Engineered Yeast 

 
Amyris (Emeryville, CA) 

 
Near-term 

1    
 

Chemicals 
 

Bacterial "tracking history" 
 

Ginko Bioworks (Boston, MA) 
On The 

Horizon 
   4 

 
Chemicals 

H2S sourced fuels and 

organic compounds 

 
Ginko Bioworks (Boston, MA) 

On The 

Horizon 
   4 

 
Chemicals 

 
Mandelic Acid 

 
Chinese Academy of Sciences 

On The 

Horizon 
   4 

 
Energy 

Microbial Fuel Cells 

efficiency improvement 

Nanyang Technological University 

(Singapore) 

On The 

Horizon 
   4 

Food Vanillin Evolva (Reinach, Switzerland) Medium-term  2   
 
 

Food 

Animal Feed Proccesing 

Yeast (Mascoma Grain 

Technology) 

 
 

Mascoma 

 
 

Near-term 

1    

 
 
 

Food 

 
 
 

Valencene (Citrus Flavoring) 

 
 

Isobionics (Geleen, Netherlands)/DSM 

and Allylix (San Diego, CA) 

 
 
 

Near-term 

1    

 
 
 

Food 

Improvements and 

modifications to 

fermentation for food and 

beverages 

 
Kluyver Centre for Genomics of 

Industrial Fermentation (Delft, 

Netherlands) 

 
 
 

Long-term 

  3  

Food Stevia (Artificial Sweetner) Evolva (Reinach, Switzerland) Long-term   3  
 
 

Food 

Sun-driven microbial 

synthesis of chemicals in 

space 

 
 

Harvard/NASA 

 
 

Long-term 

  3  

 
 
 
 

Materials 

 
 
 

Isoprene (Synthetic Rubber 

precursor) 

 
Goodyear (Akron, OH)/Genencor 

(Rochester, NY), Amyris (Emeryville, 

CA)/Michelin (Boulogne-Billancourt, 

France) 

 
 
 
 

Medium-term 

 2   

Materials PHA (plastics) Metabolix (Cambridge, MA) Medium-term  2   
 

 
Materials 

 
Modified polybutylene 

succinate (mPBS) (Plastic) 

 

 
BioAmber (Minneapolis, MN) 

 

 
Near-term 

1    

 

 
Medicine 

 
Engineered Insect Strains for 

population/disease control 

 

 
Oxitec (Oxford, UK) 

 

 
Medium-term 

 2   

 
 
 

Medicine 

 
 

Attenuated Virus Cultures 

for vaccine production 

 
 

Novartis (Basel, Switzerland)/Synthetic 

Genomic Vaccines (Rockville, MD) 

 
 
 

Medium-term 

 2   

 
Medicine 

Antibiotic - Improved 

process for Cephalexin 

 
DSM (Heerlen Netherlands) 

 
Near-term 

1    
 
 

Medicine 

A1AT deficiency treatment - 

Intrexon-Alpha 1- 

Antitrypsin 

 
Intrexon (Blacksburg, VA)/Halozyme 

(San Diego, CA) 

 
 

Long-term 

  3  

 
Medicine 

Antibiotic - EV-035 (lab 

testing) 

 
Evolva (Reinach, Switzerland) 

 
Long-term 

  3  
 

 
Medicine 

 
Arsenic water 

contamination sensor 

 
Lumin Sensors/iGEM (Team Edinburgh 

2006) 

 

 
Long-Term 

  3  
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Category Product Organization Timeframe Market Status1 

 
 Medicine 

 
pulmonary arterial 
hypertension (PAH) therapy 

 
   Intrexon (Blacksburg, VA)/Synthetic    

Genomics (formerly Adeona 
Pharmaceuticals) (La Jolla, CA) 

 
 

Long-term 

  3  

Medicine Recombinant Antibodies Fabrus (La Jolla, CA) Long-term   3  
 

 
 
 
 

Medicine 

Cancer Theraputics ZIN 
ATI-001 (Ad-RTS-IL-12 + 
AL) (INXN 2001/1001) and 
ZIN-CTI-001 (DC-RTS-IL- 
12 + AL) (INXN 3001/1001) 
ati phase I cti phase Ib 

 
 
 
 

ZIOPHARM (New York, NY)/Intrexon 
(Blacksburg, VA) 

 

 
 
 
 

Medium-term 

 2   

 
Medicine 

Diabetes drug - EV-077 
(phase Iia) 

 
Evolva (Reinach, Switzerland) 

 
Medium-term  2   

 
Medicine 

Artemisinin – Anti-malarial 
Therapeutic 

 
Amyris (Emeryville, CA) 

 
Near-term 

1    
 
 
 

Medicine 

 
 

Diabetes drug - Improved 
manuf process for Sitagliptin 

 
 

Codexis (Redwood City, CA)/Merck 
(Darmstadt, Germany) 

 
 
 

Near-term 

1    

 
Medicine 

 
Synthetic lantibiotics 

Intrexon (Blacksburg, VA)/Oragenics 
(Tampa, FL) 

On The 
Horizon 

   4 

 
 
 

Medicine 

Antibiotics - Nicin variants - 
New variety of antibiotics 
(that potentially avoid 
standard drug resistance) 

 
 
 

Carrolll, et. Al. (Cork, Ireland) 

 
 

On The 
Horizon 

   4 

 
 

Medicine 

Bacteriophage treatment as 
antibiotic alternative or 
supplement 

 
 

Harvard/BU 

 
On The 
Horizon 

   4 

 

 
Medicine 

 
Electrical-Organic interfacing 
efficiency 

 
Lawrence Berkeley National 
Laboratory/HHMI 

 
On The 
Horizon 

   4 

 
 

Medicine 

EnLact probiotics - VT301 
for inflammatory bowel 
disease 

 
ViThera Pharmaceuticals (Cambridge, 
MA) 

 
 

Long-term 

  3  

 

 
Medicine 

 
Using engineered gut 
bacteria to prevent cholera 

 

 
Cornell (Ithaca, NY) 

 
On The 
Horizon 

   4 

 
Other 

Tissue-engineered 
biomimetic jellyfish 

 
Caltech/Harvard 

On The 
Horizon 

   4 

 
  Other 

 
Cyberplasm (small 

swimming robot) 

Northeastern University, University of 
Alabama, MIT and Newcastle University 
U.K. 

 
 
 

  
 

   4 

 
 
 
Some representative Projects from the International Genetically Engineered Machines Competition (iGEM) 
 
We include iGEM projects separately as examples of possible future directions for the field.   These iGEM projects have been 
selected on the basis of the following criteria: 
 

- Finalists in the competitions 
- Relatively recent 
- Have been able to demonstrate a particular real-world application 
- Sounded interesting or novel 

 
However, because these are student projects and often thinly resourced, predicting their commercial viability, time to 
market, and impact is difficult. 
 
More at: http://2012.igem.org/Main_Page 
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Appendix I: Putting the Bioeconomy Blueprint to Work 
Source: Executive Office of the President of the United States.  

Putting the Bioeconomy Blueprint to Work. (2012) 
 

1. Expanding the biobased products purchasing program: The BioPreferred program was established 

by Congress to increase Federal procurement of biobased products.  

2. Building support for biofuel production facilities to create jobs and expand the use of alternative 

energy.  

3. Transforming the FDA archives into a driver of discovery and development: The Food and Drug 

Administration (FDA) currently houses one of the largest known repositories of clinical data, 

including safety, efficacy, and performance information, and an increasing amount of post- 

market safety surveillance data. Integrating and analyzing these data, with appropriate patient 

privacy protections, could revolutionize the development of new patient treatments and allow 

researchers to address fundamental scientific questions about how different patients respond to 

a therapy. 

4. Training the power of induced pluripotent cell technology on blood-related and neurological diseases: 

The National Institutes of Health (NIH) recently launched its new Intramural Center for 

Regenerative Medicine (NIH CRM) to support advancement of iPS cell technologies. Building 

on that foundation, NIH CRM and its partners are exploring the development of iPS cell 

therapies to treat blood-related diseases, such as leukemia and metabolic diseases, including the 

devastating lysosomal storage diseases that affect children. 

5. Growing the economy and rural jobs by supporting biomass production: Rural America will play a 

significant role in transition[ing from fossil- and petroleum based fuels] since the raw materials 

needed to grow the biobased products industry are largely produced on farms and forests.  

6. Forging new relationships to provide FDA device review staff with real-world knowledge.  

7. Expanding Medicare’s evidence development program to drive innovation: Under the Coverage 

with Evidence Development (CED) program, Medicare pays for promising new technologies 

that do not currently meet the evidence threshold for broader coverage. The CED program 

furnishes payment while simultaneously requiring the collection of more evidence to determine 

the full potential impact of a new health care technology. Although the CED authority has 

existed for more than a decade, it has been applied sparingly. The Centers for Medicare & 

MedicaidServices (CMS) is now poised to implement a new phase of CED by better defining 
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the parameters and guidance for CED so it can be used more widely and effectively as a driver 

of innovation.  

8. Creating a step-by-step guide to turning discoveries into treatments: The NIH’s newest center, the 

National Center for Advancing Translational Sciences (NCATS), recently teamed up with Eli 

Lilly to create a step-by-step playbook to help researchers from all sectors translate their basic 

findings into potential treatments for patients.  

9. Collaborating to reduce the need for nitrogen fertilizer inputs: The National Science Foundation 

(NSF) has developed an “Ideas Lab” collaboration with the United Kingdom’s Biotechnology 

and Biological Sciences Research Council (BBSRC) to identify novel approaches to design and 

engineer agricultural systems that will maintain or increase crop yields with minimal input of 

nitrogen fertilizers. 

10. Improving homeland security through biological research: The Department of Homeland Security’s 

Science and Technology Directorate (DHS S&T) is developing a genomics-based approach to 

microbial forensic analysis to allow identification and characterization of any microbial organism, 

including “unknown” organisms such as emerging, chimeric, or synthetic organisms. The largest 

impediment to the success of this approach remains the lack of an adequate comparative 

genomics database. 
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Appendix J: Synberc Participant Tables (as of 20 February 2013) 
Source: Synberc. Synberc Year Seven Report, Volume 1. (2013) 

 

 

  

SynBERC Year Seven Report 
 

  
Page 5 February 20, 2013 
 

3 Participant Tables 
Synthetic Biology Engineering Research Center 
Lead Institution University of California, Berkeley Berkeley CA 
Core Partner Institutions Massachusetts Institute of Technology Cambridge MA 
 University of California, San Francisco San Francisco CA 
 Harvard University Cambridge MA 
 Stanford University Stanford CA 
    
Affiliated Institutions Arizona State University Tempe AZ 
 Boston University Boston MA 
 Cornell University Ithaca NY 
 Georgia Tech Atlanta GA 
 Harvard Business School Cambridge MA 
 Penn State University University Park PA 
 Rice University Houston TX 
 University of Washington Seattle WA 
 Washington University St. Louis MO 
    
Collaborating Outreach 
Institutions 

Prairie View A&M University Prairie View TX 

 Joint BioEnergy Institute (Lawrence Berkeley National 
Laboratory) 

Emeryville CA 

 California Institute of Quantitative Biosciences (QB3) Berkeley CA 
 Sharon High School Sharon MA 
 Contra Costa Community College, Center for Science 

Excellence 
San Pablo CA 

 Abraham Lincoln High School San Francisco CA 
 Oakland Unity High School Oakland CA 
 Industry Initiatives for Science and Math Education 

(IISME) 
Sunnyvale CA 

 Cal Teach Science and Math Teacher Education 
program 

Berkeley CA 

 Biotech Partners Emeryville CA 
 SEED Academy, MIT Cambridge MA 
 Techbridge Oakland CA 
 UC Berkeley Transfer Alliance Project (TAP) Berkeley CA 
 Science@Cal Berkeley CA 
 
Leadership Team 
Director Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

Deputy Director Wendell Lim Cell. & Mol. Pharma./ Biochem. & 
Biophysics 

UCSF 

Education Director Susan Marqusee Molecular & Cell Biology, 
California Institute for Quantitative 
Biosciences (QB3) 

UCB 

Director of Research and 
Industrial Relations 

Leonard Katz California Institute for Quantitative 
Biosciences (QB3) 

UCB 

Administrative Director Kevin Costa California Institute for Quantitative 
Biosciences (QB3) 

UCB 

Communications Director Margaret Dick California Institute for Quantitative 
Biosciences (QB3) 

UCB 
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SynBERC Year Seven Report 
 

  
Page 6 February 20, 2013 
 

Parts Thrust Leader Tanja Kortemme Bioengineering & Therapeutic Sciences UCSF 
Devices Thrust Leader Christopher Voigt Biological Engineering MIT 
Chassis Thrust Leader J. Christopher Anderson Bioengineering UCB 
Practices Thrust Leader Drew Endy Bioengineering Stanford 
Microbial Chemical 
Factories Testbed Leader 

Kristala Jones Prather Chemical Engineering MIT 

Advanced Fermentation 
Organism Testbed Leader 

Christopher Voigt Biological Engineering MIT 

Mammalian Testbed 
Leader 

Ron Weiss Biological Engineering / Electrical 
Engineering 

MIT 

Yeast Testbed Leader Jay Keasling Chemical and Biomolecular 
Engineering, Bioengineering 

UCB 

    
 
Affiliated Investigators 
James Carothers Chemical Engineering University of Washington (Seattle) 
Michelle Chang Chemical and Biomolecular 

Engineering 
UC Berkeley 

Douglas Densmore Electrical and Computer 
Engineering 

Boston University 

John Dueber Bioengineering UC Berkeley 
Karmella Haynes Biological and Health Systems 

Engineering 
Arizona State University 

Farren Isaacs Molecular, Cellular & 
Developmental Biology 

Yale University 

Julius Lucks Chemical and Biomolecular 
Engineering 

Cornell University 

Tae Seok Moon Energy, Environmental & Chemical 
Engineering 

Washington University (St. Louis) 

Gautam Mukunda Organizational Behavior Harvard Business School 
Pamela Peralta-Yahya Chemistry and Biochemistry Georgia Tech 
Howard Salis Agricultural and Biological 

Engineering 
Penn State University 

David Savage Molecular & Cell Biology, Chemistry UC Berkeley 
Jeff Tabor Bioengineering Rice University 
Danielle Tullman-Ercek Chemical and Biomolecular 

Engineering 
UC Berkeley 

Fuzhong Zhang Energy, Environmental & Chemical 
Engineering 

Washington University (St. Louis) 

 
Investigators 
Parts & Part Composition 
Thrust Leader Tanja Kortemme Bioengineering & Therapeutic Sciences UCSF 
Faculty Members Chris Anderson Bioengineering UCB 
 Adam Arkin Bioengineering UCB 
 Drew Endy Biological Engineering Stanford 
 Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

 Wendell Lim Cell. & Mol. Pharma./ Biochem. & 
Biophysics 

UCSF 

 Susan Marqusee Molecular Cell Biology UCB 
 Christopher Voigt Pharmaceutical Chemistry UCSF 
 Ron Weiss Biological Engineering / Electrical MIT 
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SynBERC Year Seven Report 
 

  
Page 7 February 20, 2013 
 

Engineering 
    
Devices & Device Composition 
Thrust Leader Christopher Voigt Biological Engineering MIT 
Faculty Members Adam Arkin Bioengineering UCB 
 Drew Endy Biological Engineering Stanford 
 Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

 Wendell Lim Cell. & Mol. Pharma./ Biochem. & 
Biophysics 

UCSF 

 Kristala Jones Prather Chemical Engineering MIT 
 Pamela Silver Systems Biology Harvard 
 Ron Weiss Biological Engineering / Electrical 

Engineering 
MIT 

Chassis 
Thrust Leader Chris Anderson Bioengineering UCB 
Faculty Members Adam Arkin Bioengineering UCB 
 George Church Genetics Harvard 
 Drew Endy Biological Engineering MIT 
 Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

 Kristala Jones Prather Chemical Engineering MIT 
 Pamela Silver Systems Biology Harvard 
 Chris Voigt Biological Engineering MIT 
Practices 
Thrust Leader Drew Endy Biological Engineering Stanford 
Deputy Thrust Leader Megan Palmer Biological Engineering Stanford 
Faculty Members J. Christopher Anderson Bioengineering UCB 
 George Church Genetics Harvard 
 Kenneth Oye Engineering Systems, Political Science MIT 
 Jay Keasling Chem. Eng & Bioengineering UCB 
 Kristala Jones Prather Chemical Engineering MIT 
 
Microbial Chemical Factories Testbed 
Testbed Leader Kristala Jones Prather Chemical Engineering MIT 
Faculty Members Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

 Pamela Silver Systems Biology Harvard 
 Christopher Voigt Biological Engineering MIT 
Industrial Testbed: Advanced Fermentation Organism 
Testbed Leader Christopher Voigt Biological Engineering MIT 
IAB Leader Todd Peterson VP of Synthetic Biology R&D Life 

Tech-
nologies 

Faculty Members Tanja Kortemme Bioengineering & Therapeutic Sciences UCSF 
 Wendell Lim Cell. & Mol. Pharma./ Biochem. & 

Biophysics 
UCSF 

 Susan Marqusee Molecular & Cell Biology UCB 
 Kristala Jones Prather Chemical Engineering MIT 
 
Mammalian Testbed 
Testbed Leader Ron Weiss Biological Engineering / Electrical 

Engineering 
MIT 
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SynBERC Year Seven Report 
 

  
Page 8 February 20, 2013 
 

Faculty Members J. Christopher Anderson Bioengineering UCB 
 Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

 Tanja Kortemme Bioengineering & Therapeutic Sciences UCSF 
 Wendell Lim Cell. & Mol. Pharma./ Biochem. & 

Biophysics 
UCSF 

 Pamela Silver Systems Biology Harvard 
    
Yeast Testbed 
Testbed Leader Jay Keasling Chemical and Biomolecular 

Engineering, Bioengineering 
UCB 

Faculty Members J. Christopher Anderson Bioengineering UCB 
 George Church Genetics Harvard 
 Douglas Densmore Electrical and Computer Engineering  Boston 
 John Dueber Bioengineering UCB 
 Wendell Lim Cell. & Mol. Pharma./ Biochem. & 

Biophysics 
UCSF 

 Kristala Jones Prather Chemical Engineering MIT 
 Pamela Silver Systems Biology Harvard 
 Danielle Tullman-Ercek Chemical and Biomolecular Engineering UCB 
 Ron Weiss Biological Engineering / Electrical 

Engineering 
MIT 

    
BIOFAB: International Open Facility Advancing Biotechnology 
Co-Directors Drew Endy 

Adam Arkin 
Biological Engineering 
Bioengineering 

Stanford 
UCB 

 
Education and Outreach Team 
Education Director Susan Marqusee Molecular & Cell Biology UCB 
Associate Education 
Director, MIT 

Natalie Kuldell Biological Engineering MIT 

Faculty Liaison, PVAMU Felecia Nave Chemical Engineering PVAMU 
Education & Outreach 
Manager 

Kate Spohr QB3 UCB 

Education & Outeach 
Manager, UCSF 

Veronica Zepeda Cellular & Molecular Pharmacology UCSF 

 
Scientific Advisory Board 
Richard Baltz Executive Director of Research CognoGen Biotechnology Consulting 
Jef Boeke Molecular Biology and Genetics Johns Hopkins University School of Medicine 
James J. Collins Center for Biodynamics Boston University 
Maitreya Dunham Genome Sciences University of Washington 
Michael Elowitz Biology and Applied Physics Caltech 
Brent Erikson Exec. VP, Industrial & 

Environmental Sector 
Biotechnology Industry Organization (BIO) 

Susan Erlich Judge (retired), and Former 
Member 

Arizona Court of Appeals, and NSABB 

Eri Gentry Founding President & CEO BioCurious 
John Glass Professor and Group Leader of 

Synthetic Biology 
J. Craig Venter Institute 

George Khushf Bioethics and Medical Humanities University of South Carolina 
David Rejeski Director, Science & Technology 

Innovation Program 
Woodrow Wilson Center 
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SynBERC Year Seven Report 
 

  
Page 9 February 20, 2013 
 

Martin Rosenberg Chief Scientific Officer Promega Corporation 
Marc Salit Leader, Multiplexed Biomolecular 

Science Group 
National Institute of Standards and 
Technology 

Edward H. You (ex-
officio) 

Special Agent, Biological 
Countermeasures Unit 

Federal Bureau of Investigation (FBI) 

Laurie Zoloth Professor of Medical Humanities 
and Bioethics 

Northwestern University 

 
 
Industrial Advisory Board 
Company  Location IAB Member  Title 
Agilent Technologies Santa Clara, CA Stephen Laderman 

(IAB Vice-Chair) 
Director, Molecular Tools 
Laboratory 

Autodesk San Francisco, CA Carlos Olguin Product Designer 
BP Biofuels San Diego, CA Adam Burja Director, Synthetic Biology 
Braskem, SA Sao Paulo, Brazil Mateus Lopes Director, Technology 
Codexis Redwood City, CA Lori Giver VP, Systems Biology 
Dow AgroSciences Indianapolis, IN Steve Evans (IAB Chair) Fellow, Technology 
DSM Zionsville, IN Roel Bovenberg Corporate Scientist 
Dupont / Genencor Delft, Netherlands Karl Sanford VP, Technology Development 
Gen9 Cambridge, MA Marty Goldberg Chief Operating Officer 
Genomatica Palo Alto, CA Harry Yim Associate Director, Molecular 

Biology 
Gingko Bioworks Boston, MA Jason Kelly VP 
Givaudan Flavors Cincinnati, OH Ping Zhong VP, Technology Alliance 
GlaxoSmithKline Collegeville, PA Murray Brown Manager, Data Interpretation 

and Business Process 
Integrated DNA 
Technologies 

San Jose, CA Adam Clore Scientific Applications 
Specialist, Genes & NGS 

International Park of 
Creativity 

Manizales, Colombia Lina Sanchez CEO 

Intrexon Blacksburg, VA Eli Groban Senior Scientist 
Life Technologies Carlsbad, CA Todd Peterson (IAB 

Past-Chair) 
VP, Cloning and Protein 
Expression 

L’Oreal Paris, France Kenneth Lee Director, Strategic Foresight 
Lygos Berkeley, CA Jeffrey  Dietrich Co-Founder and CSO 
Monsanto Mystic, CT Virginia Ursin Technology Prospecting Lead, 

Science Fellow 
Pivot Bio San Francisco, CA Karsten Temme Founder and CEO 
Pronutria Cambridge, MA Rajeev Chillakuru SVP, Biological Sciences 
Refactored Materials San Francisco, CA Dan Widmaier Founder and CEO 
TeselaGen 
Biotechnology 

San Francisco, CA Michael Fero CEO 

VTT Technical Research 
Centre of Finland 

Helsinki, Finland Merja Penttila Research Professor 
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Appendix K: Synberc Strategic Advisory Board 
 

Richard Baltz (CognoGen) 

Jef Boeke (Institute for Systems Genetics at NYU Langone Medical Center) 

Jim Collins (Boston University & Howard Hughes Medical Institute) 

Maitreya Dunham (University of Washington) 

Susan Ehrlich (J.D., LL.M. [biotechnology & genomics]) 

Brent Erickson (Biotechnology Industry Association) 

John Glass (J. Craig Venter Institute) 

George Khushf (University of South Carolina) 

David Rejeski (Woodrow Wilson Center) 

Martin Rosenberg (Promega Corporation) 

Marc Salit (National Institute of Standards & Technology) 

Edward You (FBI) 

Laurie Zoloth (Northwestern University) 
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Appendix L: Synberc Industrial Advisory Board 
 

Agilent (Stephen Laderman) 

Amyris Inc. (Jeff Ubersax) 

Autodesk (Carlos Olguin) 

BP Biofuels Advanced Technology Inc. (Adam Burja) 

Braskem SA (Mateus Lopes) 

Conagen Inc. (Oliver Yu) 

Dow AgroSciences LLC (Steve Evans) 

DSM Food Specialties BV (Roel Bovenberg) 

E.I. du Pont de Nemours and Company  

Gen9 Inc. (Martin Goldberg) 

GeneForge Ltd. (James Schroeder) 

Genomatica Inc. (Stephanie Culler) 

Ginkgo BioWorks Inc. (Jason Kelly) 

Givaudan Flavors Corp. (Ping Zhong) 

GlaxoSmithKline LLC (Murray Brown) 

International Park of Creativity (Lina Sanchez) 

Intrexon Corp. (Eli Groban) 

Kalion Inc. (Neal Connors) 

Life Technologies (Jon Chestnut) 

Lockheed Martin Corp. (Melissa Rhoads) 

Lygos Inc. (Jeff Dietrich) 

Micro Aerospace Solutions  

Monsanto Company (Virginia Ursin) 

Pivot Bio Inc. (Karsten Temme) 

Refactored Materials Inc. (Dan Widmaier) 

Synthetic Genomics Inc. (Todd Peterson) 

TeselaGen Biotechnology Inc. (Mike Fero) 

VTT Technical Research Centre of Finland (Merja Pentilla) 
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Appendix M: Financial Models  
 

Synberc ToBe Financial Model Summary Reports 
 

Synberc Standalone Summary Reports 

Synberc Historic Revenue & Expenses 2006/2007 – 2013/2014 

 

Synberc Projected Revenue & Expenses 2014/2015 – 2015/2016 

2014-‐2015	   2015-‐2016	  
	  

Revenue	  
  

Industry	   343,000	   343,000	  
NSF	   2,865,826	   1,910,551	  
Cost	  Sharing	  (cash,	  not	  in	  kind)	   399,519	   336,346	  

Total	  Revenue	   3,608,345	   2,589,897	  
	  

Expenses	  
  

Research	   3,716,258	   3,716,258	  
Education	   702,147	   702,147	  
Industry	   339,469	   339,469	  
Management	   924,630	   924,630	  

Total	  Expenses	   5,682,504	   5,682,504	  

 

Synberc Projected Funding Gap 2014/2015 – 2015/2016 

2014-2015 2015-2016 Two-Year Period 
Revenues 3,608,345 2,589,897 6,198,242 
Expenses 5,682,504 5,682,504 11,365,007 

Funding Gap (2,074,158) (3,092,607) (5,166,765) 
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Synberc Standalone Detailed Historic Reports 

Synberc Historic NSF Revenues 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  
NSF	   Revenue	  
NSF	  

Base	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Growth	  supplement	  
ERC	  REU	  
EU	   US	  Data	   Standard	  Workshop	  Segovia	  
An	  Open	   Source	   Data	   Collection	   System	  
Industry	  meeting	  
AD	  meeting	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Ars	  Synthetica	   (Rabinow)	  
BioFab	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
iGEM	  supplement	  
Web	  of	  Registries	  supplement	  	  	  	  	  	  	  	  	  
Yeast	  testbed	  supplement	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
NSF	  Synthetic	  Biology	  of	  Yeast	  Program	  

	  
	  
	  

3,167,969	  

	  
21,875	  

	  
	  
	  

3,448,739	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

100,000	  

	  
	  
	  

3,798,739	  
	  
	  
	  
	  
	  
	  
	  
	  

74,902	  

	  
	  
	  

3,798,739	  
	  
	  
	  
	  
	  
	  
	  

25,950	  

	  
	  
	  

4,298,739	  
250,000	  

	  
39,910	  
14,736	  
24,714	  
30,085	  

	  
	  
	  

4,298,739	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

1,400,000	  

	  
	  
	  

4,298,739	  
	  

	  
	  
	  
	  
	  

30,000	  
	  

	  
	  
	  
	  
	  

199,864	  
497,498	  

	  
	  
	  

4,298,739	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	  

Total	   Revenue	   3,189,844	   3,548,739	   3,873,641	   3,824,689	   4,658,184	   5,698,739	   5,026,101	   4,298,739	  

 

Synberc Historic Industry Revenues 2006/2007 – 2013/2014 

2006-‐2007	  	  	  	   2007-‐2008	  	  	  	   2008-‐2009	  	  	  	   2009-‐2010	  	  	  	   2010-‐2011	  	  	  	   2011-‐2012	  	  	  	   2012-‐2013	  	  	  	   2013-‐2014	  
Industry	   Revenue	           
Industry	  Sponsorship	           
IntAct	  Labs,	  LLC	     5,000	   	  	   	  	   	  	   	  	   	  	  
Cargill,	  Inc.	     10,000	   21,667	   10,000	   10,000	   	  	   	  	  
Aguas	  de	  Manizales	     10,000	   17,500	   10,000	   	  	   	  	   	  	  
Givaudan	  Sa	     25,000	   39,583	   25,000	   25,000	   25,000	   	  	  
DSM	  Food	  Specialities	     10,000	   16,667	   10,000	   	  	   6,667	   25,000	  
MASTER	  FUND	     	  	   	  	   	  	   	  	   	  	   	  	  
Casa	  Luker	     10,000	   14,167	   10,000	   13,333	   	  	   	  	  
Life	  Technologies	  (Invitrogen)	     25,000	   37,500	   25,000	   	  	   	  	   25,000	  
Codexis	  /	  Maxygen	     25,000	   25,000	   25,000	   25,000	   25,000	   	  	  
Verenium	  	   Corporation	     25,000	   33,333	   	  	   	  	   	  	   	  	  
Genomatica	     	  	   13,333	   5,000	   5,000	   5,000	   10,000	  
Dow	  Agroscience	     10,417	   25,000	   25,000	   25,000	   25,000	   25,000	  
Novo	  Nordisk	     	  	   35,417	   25,000	   	  	   	  	   	  	  
International	  Park	     	  	   5,000	   7,083	   5,000	   	  	   5,000	  
ITI	  Scottland	  Limited	     	  	   5,833	   	  	   	  	   	  	   	  	  
Team	  S.A.	     	  	   7,500	   	  	   	  	   	  	   	  	  
Agilent	  Technologies	     	  	   35,416	   25,000	   25,000	   25,000	   25,000	  
Danisco	  USA,	  Inc.	     25,000	   25,000	   25,000	   25,000	   25,000	   25,000	  
Autodesk,	  Inc.	     	  	   	  	   	  	   	  	   25,000	   25,000	  
TeselaGen	  Biotech.	     	  	   	  	   	  	   	  	   	  	   	  	  
Lygos,	  Inc.	     	  	   	  	   	  	   	  	   1,000	   1,000	  
GlaxoSmithKlline	     	  	   	  	   	  	   	  	   25,000	   25,000	  
Gen9	     	  	   	  	   	  	   	  	   1,000	   	  	  
VTT	  Tech.	  Centre	     	  	   	  	   	  	   	  	   5,000	   5,000	  
Monsanto	  Company	     	  	   	  	   	  	   	  	   25,000	   25,000	  
Pronutria,	  Inc.	     	  	   	  	   	  	   	  	   3,000	   	  	  
Integrated	  DNA	  Tech.	     	  	   	  	   	  	   	  	   10,000	   	  	  
Amyris	     	  	   	  	   	  	   	  	   3,000	   10,000	  
Gingko	     	  	   	  	   	  	   	  	   	  	   2,000	  
Lockheed	     	  	   	  	   	  	   	  	   	  	   25,000	  
Refactored	  Materials	     	  	   	  	   	  	   	  	   2,000	   	  	  
BP	  Group	     	  	   	  	   	  	   31,250	   25,000	   25,000	  
Intrexon	  Corporation	     	  	   	  	   	  	   10,000	   10,000	   10,000	  
Braskem	     	  	   	  	   	  	   20,833	   25,000	   25,000	  
L'Oreal	     	  	   	  	   	  	   20,833	   25,000	   25,000	  

Total	  Revenue	   -‐	   -‐	   180,417	   357,916	   227,083	   241,249	   321,667	   343,000	  
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Synberc Historic Cost Sharing Revenues 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  
Cost	  Sharing	  Revenue	           
Cost	  Sharing	  (cash,	  not	  in	   kind)	           UCB	   181,442	   250,000	   244,514	   284,279	   284,279	   284,279	   284,279	   284,279	  

UCSF	   50,000	   50,000	   78,615	   50,000	   81,424	   46,066	   50,000	   50,000	  
PVAMU	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Harvard	   50,000	   21,990	   26,468	   50,000	   50,000	   50,140	   50,000	   50,000	  
MIT	   50,000	   52,000	   91,077	   50,000	   78,202	   60,000	   60,000	   60,000	  
Stanford	   	  	   	  	   	  	   50,000	   50,000	   50,000	   50,000	   50,000	  

Total	  Revenue	   331,442	   373,990	   440,674	   484,279	   543,905	   490,485	   494,279	   494,279	  

 

Synberc Historic Research Expenses 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  

 Research	  Expenses	           
Research	           Principal	  Investigators	           Harvard	   334,332	   220,181	   220,181	   357,793	   440,361	   418,343	   440,361	   359,340	  

MIT	   1,131,810	   1,017,072	   1,017,072	   656,688	   613,453	   782,374	   1,029,871	   855,820	  
PVA&MU	   193,123	   225,766	   225,766	   	  	   	  	   	  	   	  	   	  	  
UCB	   824,969	   987,240	   1,192,482	   1,221,304	   1,016,120	   770,459	   790,578	   663,560	  
UCSF	   603,081	   590,396	   590,396	   639,595	   541,196	   381,321	   457,410	   332,840	  
Stanford	   	  	   	  	   	  	   216,933	   296,248	   325,400	   401,424	   175,683	  
Arizona	  State	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   81,620	  

Principal	   Investigators	  
	  

Research	  Support	  &	  Foundational	  
Central	  Research	  Costs	  	   	   	   	  
Registry	  Development	  	  	  	  	  	  	  	  	  	  	  	  
Yeast	  Testbed	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Industry	  Testbed	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
BioCAD	  Seed	  Funding	  	  	  	  	  	  	  	  	  	  
BioFAB	  Seed	  Funding	  	   	  
Automated	  Cloning	  (Anderson)	  
Scenario	  Planning	  (Rabinow)	  
Practices	  (Central	  Support)	  
BIOFAB	  (Synberc	  Portion)	  

	  
NSF	  Synthetic	  Biology	  of	  Yeast	  Pr	  

NSF	  Synthetic	  Biology	  of	  Yea	  

3,087,315	  
	  
Expenses	  

13,680	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  	  

	  
ogram	  
st	  Program	   	  	  

3,040,654	  
	  
	  
	  

67,118	  
215,800	  

	  	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  	  

	  
	  
	  

	  	  

3,245,896	  
	  
	  
	  

57,305	  
215,800	  

	  	  
	  	  
	  	  
	  	  

100,000	  
50,000	  

	  	  
	  	  

	  
	  
	  

	  	  

3,092,313	  
	  
	  
	  

101,169	  
100,000	  

	  	  
196,799	  

	  	  
	  	  
	  	  
	  	  
	  	  
	  	  

	  
	  
	  

	  	  

2,907,378	  
	  
	  
	  

134,696	  
49,849	  

	  	  
196,799	  

	  	  
663,285	  

	  	  
	  	  

6,041	  
	  	  

	  
	  
	  

	  	  

2,677,897	  
	  
	  
	  

107,297	  
24,925	  

	  	  
	  	  
	  	  

736,707	  
	  	  
	  	  

34,748	  
227,325	  

	  
	  
	  

	  	  

3,119,645	  
	  
	  
	  

190,979	  
107,817	  
431,268	  

	  	  
	  	  
	  	  
	  	  
	  	  
	  	  

40,000	  
	  
	  
	  

	  	  

2,468,863	  
	  
	  
	  

141,352	  
21,995	  

	  	  
	  	  
	  	  
	  	  
	  	  
	  	  

216,197	  
	  	  

	  
	  
	  

	  	  
NSF	  Synthetic	  Biology	  of	  Yeast	  Pr	   ogram	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Total	  Expenses	   3,100,995	   3,323,572	   3,669,001	   3,490,280	   3,958,048	   3,808,899	   3,889,709	   2,848,407	  

 

Synberc Historic Education Expenses 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  
Education	  Expenses	           
Education	           SynBERC	  Central	  Education	   245,480	   245,480	   286,875	   355,813	   402,861	   391,022	   536,327	   562,897	  

MIT	  Education	   53,440	   53,760	   95,760	   99,600	   91,300	   41,500	   	  	   	  	  
UCSF	  Education	   	  	   	  	   75,750	   75,750	   75,750	   38,625	   58,688	   39,250	  
iGEM	  Program	   	  	   100,000	   100,000	   250,000	   300,000	   285,000	   208,325	   100,000	  
PVAMU	  Research	  Education	   	  	   	  	   	  	   53,489	   74,563	   	  	   	  	   	  	  

Total	  Expenses	   298,920	   399,240	   558,385	   834,652	   944,474	   756,147	   803,339	   702,147	  

 

Synberc Historic Industry Expenses 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  
Industry	   Expenses	           

Industry	           
Personnel	  (salary	  and	  benefits)	   	    56,908	   67,500	   78,750	   113,816	   200,913	   200,913	  
Industry	  meeting	  (e.g.,	  yeast)	   8,000	    	   5,000	   10,000	   10,000	   10,000	   10,000	  
Travel	   	    	   3,600	   6,000	   6,000	   6,000	   6,000	  
Indirect	  Costs	  for	  Industry	   4,160	    30,161	   40,714	   50,691	   69,452	   120,387	   122,556	  
Industry	  Share	  to	  SynBERC	  
faculty	  

	    17,500	   22,500	   45,000	   25,000	   -‐	   -‐	  

Total	   Expenses	   12,160	   -‐	   104,569	   139,314	   190,441	   224,268	   337,300	   339,469	  
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Synberc Historic Management Expenses 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  
Management	   Expenses	           
Management	           

Personnel	  (salaries	  and	  benefits)	   87,500	   87,500	   205,500	   205,500	   172,500	   172,500	   375,252	   349,158	  
Supplies/materials	   5,000	   5,000	   5,000	   5,000	   5,000	   5,000	   5,000	   5,000	  
Equipment	   	  	   	  	   2,000	   5,000	   2,000	   2,000	   2,000	   2,000	  
Travel	   3,000	   3,000	   3,000	   4,800	   4,800	   4,800	   4,800	   7,200	  
Website	  design	  and	  communications	   2,000	   2,000	   2,000	   	  	   	  	   8,000	   15,000	   15,000	  
Sustainability	  planning	  &	  support	           Travel	  and	  admin	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   50,000	  

Consultant	  costs	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   100,000	  
Meetings	  (IWBDA,	  ad	  hoc)	   5,000	   5,000	   	  	   4,000	   10,000	   10,000	   10,000	   10,000	  
Bi	  annual	  retreats	   14,000	   14,000	   20,000	   20,000	   56,000	   56,000	   56,000	   56,000	  
Student	  travel	  to	  retreats	   	  	   	  	   	  	   43,200	   43,200	   48,000	   48,000	   48,000	  
SAB	  compensation	           travel	   	  	   	  	   	  	   16,800	   16,800	   16,800	   16,800	   16,800	  

honoraria	   	  	   	  	   	  	   7,000	   7,000	   7,000	   7,000	   14,000	  
Ambassador	  Program	           Seed	  funding	   10,000	   10,000	   10,000	   	  	   	  	   	  	   	  	   	  	  

Travel	   6,000	   6,000	   6,000	   	  	   	  	   	  	   	  	   	  	  
Publication	  Costs	   2,000	   2,000	   	  	   	  	   2,000	   2,500	   2,500	   2,500	  
Indirect	  Costs	  for	  Management	   69,940	   69,940	   134,355	   166,546	   170,826	   52,216	   170,581	   248,972	  

Total	  Expenses	   204,440	   204,440	   387,855	   477,846	   490,126	   384,816	   712,933	   924,630	  
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Synberc Consolidated with Other Organizations Summary Reports 

Synberc & Other Related Organization’s Historic Revenues & Expenses 2006/2007 – 2013/2014 

2006-‐2007	   2007-‐2008	   2008-‐2009	   2009-‐2010	   2010-‐2011	   2011-‐2012	   2012-‐2013	   2013-‐2014	  

	  
Revenue	  

        
Industry	   	  	   	  	   180,417	   357,916	   227,083	   241,249	   321,667	   343,000	  
NSF	   3,189,844	   3,548,739	   3,873,641	   3,824,689	   4,658,184	   5,698,739	   5,026,101	   4,298,739	  
Cost	  Sharing	  (cash,	  not	   in	   kind)	   331,442	   373,990	   440,674	   484,279	   543,905	   490,485	   494,279	   494,279	  
iGEM	   	  	   	  	   	  	   	  	   	  	   	  	   1,730,792	   1,730,792	  
LEAP	   	  	   	  	   	  	   	  	   	  	   	  	   153,716	   264,170	  
BioBricks	   Foundation	   	  	   	  	   	  	   	  	   	  	   	  	   950,000	   950,000	  

Total	  Revenue	   3,521,286	   3,922,729	   4,494,732	   4,666,884	   5,429,172	   6,430,473	   8,676,555	   8,080,980	  
	  
	  

Expenses	  

        

Research	   3,100,995	   3,323,572	   3,669,001	   3,490,280	   3,958,048	   3,808,899	   3,889,709	   2,848,407	  
Education	   298,920	   399,240	   558,385	   834,652	   944,474	   756,147	   803,339	   702,147	  
Industry	   12,160	   	  	   104,569	   139,314	   190,441	   224,268	   337,300	   339,469	  
Management	   204,440	   204,440	   387,855	   477,846	   490,126	   384,816	   712,933	   924,630	  
iGEM	   	  	   	  	   	  	   	  	   	  	   	  	   1,730,792	   1,730,792	  
LEAP	   	  	   	  	   	  	   	  	   	  	   	  	   194,411	   350,872	  
BioBricks	   Foundation	   	  	   	  	   	  	   	  	   	  	   	  	   950,000	   950,000	  

Total	  Expenses	   3,616,515	   3,927,252	   4,719,810	   4,942,091	   5,583,088	   5,174,129	   8,618,483	   7,846,318	  

 

Synberc & Other Related Organization’s Projected Revenue & Expenses 2014/2015 – 2015/2016 

	   2014-‐2015	   2015-‐2016	  
Revenue	   	   	  
Industry	   343,000	   343,000	  
NSF	   2,865,826	   1,910,551	  
Cost	  Sharing	  (cash,	  not	  in	  kind)	   399,519	   336,346	  
iGEM	   1,670,792	   1,670,792	  
LEAP	   195,504	   65,121	  
BioBricks	  Foundation	   700,000	   700,000	  

Total	  Revenue	   6,174,641	   5,025,810	  
Expenses	   	   	  
Research	   3,716,258	   3,716,258	  
Education	   702,147	   702,147	  
Industry	   339,469	   339,469	  
Management	   924,630	   924,630	  
iGEM	   1,730,792	   1,730,792	  
LEAP	   384,754	   384,754	  
BioBricks	  Foundation	   950,000	   950,000	  

Total	  Expenses	   8,748,050	   8,748,050	  

 

Synberc & Other Related Organization’s Projected Funding Gap 2014/2015 – 2015/2016 

2014-2015 2015-2016 Two-Year Period 
Revenues 6,174,641 5,025,810 11,200,451 
Expenses 8,748,050 8,748,050 17,496,100 

Funding Gap (2,573,408) (3,722,240) (6,295,649) 
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iGEM Historic & Projected Revenues 2013/2013 – 2013/2014 

2012-‐2013	   2013-‐2014	  
	  

iGEM	  Revenue	  
  

iGEM	  Program	  Fees	   1,165,175	   1,165,175	  
Sponsorships	   385,833	   385,833	  
Grants	   160,000	   160,000	  
Interest	  Income	   946	   946	  
Contributed	  Services	   18,838	   18,838	  

Total	  Revenue	   1,730,792	   1,730,792	  

 

LEAP Historic & Projected Revenues 2013/2013 – 2013/2014 

2012-‐2013	  	  	  	  	  	   2013-‐2014	  
LEAP	  Revenue	     
Industry	   	  	   	  	  
Conference	   	  	   10,000	  
Grants	   153,716	   254,170	  

Total	  Revenue	   153,716	   264,170	  

 

BioBricks Foundation Historic & Projected Revenues 2013/2013 – 2013/2014 

2012-‐2013	   2013-‐2014	  
	  

BioBricks	  Foundation	  Revenue	  
  

Core	  Budget	   250,000	   250,000	  
Conference	  Revenues	   700,000	   700,000	  

Total	  Revenue	   950,000	   950,000	  

 

iGEM Historic & Projected Expenses 2013/2013 – 2013/2014 

2012-‐2013	   2013-‐2014	  
iGEM	  Expenses	     
iGEM	  	  Competition	   1,372,422	   1,372,422	  
Administrative	  	   Expenses	   340,754	   340,754	  
Excess	   Funds	   17,616	   17,616	  

Total	   Expenses	   1,730,792	   1,730,792	  

 

LEAP Historic & Projected Expenses 2013/2013 – 2013/2014 

2012-‐2013	   2013-‐2014	  
LEAP	  Expenses	     
Management	   	  	   69,955	  
Participant	  Support	   	  	   20,000	  
Consultant	  /	  Contractor	  Services	   100,000	   101,000	  
Other	  Direct	  Costs	   50,700	   81,250	  
Indirect	   43,711	   78,667	  

Total	  Expenses	   194,411	   350,872	  
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BioBricks Foundation Historic & Projected Expenses 2013/2013 – 2013/2014 

2012-‐2013	   2013-‐2014	  
BioBricks	  Foundation	  Expenses	     
Management	   125,000	   125,000	  
Support	  &	  Program	  Costs	   125,000	   125,000	  
Conference	  Production	  Costs	   700,000	   700,000	  

Total	  Expenses	   950,000	   950,000	  

 
Synberc ToBe Financial Model Assumptions 

Synberc Industry Revenue 
Data Source Historical Synberc Industry Revenue data was used from 2008/2009 through 2013/2014. The 

source of the historical Synberc Industry Revenues data is the Synberc Industry Funding Report, 
which details Synberc’s internally audited Industry Revenues.    
 
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc Industry 
Revenue data and developing forward-looking Synberc Industry Revenue projections. 
 

ToBe Model 
Assumptions 

Synberc Industry Revenues are maintained at 2013/2014 levels through in 2014/2015 and 
2015/2016. 
 

How to Adjust Synberc Industry Revenues are adjustable by changing the blue colored variables in the “Rev – 
Industry” tab.  
 

 
 

Synberc NSF Revenue 
Data Source Historical Synberc NSF Revenue data was used from 2006/2007 to 2013/2014. The source of 

the historic data is Synberc NSF Funding and Cost Sharing Report, which details Synberc’s 
internally audited NSF funding and expenses. 
 
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc NSF Revenue 
data and developing forward-looking Synberc NSF Revenue projections. 
 

ToBe Model 
Assumptions 

Synberc NSF Revenues in 2014/2015 are reduced to 66% of the 2013/2014 funding level.  
 
Synberc NSF Revenues in 2015/2016 are reduced to 66% of 2014/2015 funding level. 
 
Synberc NSF Revenues do not include any revenue from the Synthetic Biology Yeast Program 
grant, as it is a related activity, not specifically a Synberc grant. This line item can be turned on or 
off in the “Scenarios” tab. 
 

How to Adjust Synberc NSF Revenues are adjustable by changing the blue colored variables in the “Rev – NSF” 
tab.  
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Synberc Cost Sharing Revenue 
Data Source Historical Synberc Cost Sharing Revenue data was used from 2006/2007 to 2013/2014. The 

source of the historic data is Synberc NSF Funding and Cost Sharing Report, which details 
Synberc’s internally audited NSF funding and expenses. 
 
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc Cost Sharing 
Revenue data and developing forward looking Synberc Cost Sharing Revenue projections. 
 

ToBe Model 
Assumptions 

Synberc Cost Sharing Revenue from UCB will decrease in 2014/2015 to 66% of 2013/2014 
funding level and decrease in 2015/2016 to 66% of 2014/2015 funding level. 
 
Synberc Cost Sharing Revenue from other academic institutions will be maintained at 2013/2014 
levels through 2015/2016. These amounts are assumed to be straight-lined and will not decrease 
1/3 per year similar to Berkeley’s Cost Sharing Revenue. 
 

How to Adjust Synberc Cost Sharing Revenues are adjustable by changing the blue colored variables the “Rev – 
Cost Sharing” tab. 
 

 
 
iGEM Revenue 
Data Source Historic iGEM Revenue data was used for the 2013 fiscal year. The source of the historic data is 

the iGEM 2012 Audited Financial Report.   
 
iGEM operates on a calendar fiscal year, not the academic fiscal year used by Synberc. Revenue 
from iGEM’s 2012 Audited Financial Report was mapped to the 2012/2013 academic fiscal year 
used in the ToBe model. 
 

ToBe Model 
Assumptions 

iGEM Revenue from Program Fees, Sponsorship, Interest Income, and Contributed Services are 
maintained at 2013/2014 levels in 2014/2015 and beyond. 
 
iGEM Revenue from Other Grants terminates in 2014/2015 and beyond. 
 
iGEM Revenue from Synberc Grants are consistent with the Synberc iGEM Expense in the 
Synberc Education Expense section of the ToBe model. 
 

How to Adjust iGEM Revenues are adjustable by changing the blue colored variables the “Rev – iGEM” tab. 
 
iGEM Revenues can be excluded from the model by turning the iGEM Revenues on or off in the 
“Scenarios” tab. 
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BioBricks Foundation Revenue 
Data Source Historic BioBricks Revenue data was used for the 2012/2013 fiscal year. The source of the 

historic data is notes from an interview with Drew Endy on 6 September 2013. 
 

ToBe Model 
Assumptions 

BioBricks Revenue from Conferences is maintained at 2012/2013 levels in 2014/2015 and 
beyond. 

 
BioBricks Revenue from Core Budget is maintained at 2012/2013 levels in 2013/2014 and 
terminated in 2014/2015 and beyond. 
 

How to Adjust BioBricks Revenues are adjustable by changing the blue colored variables the “Rev – BioBricks” 
tab. 
 
BioBricks Revenues can be excluded from the model by turning the BioBricks Revenues on or 
off in the “Scenarios” tab. 
 

 
 

LEAP Revenue 
Data Source Projected LEAP Revenue data was used for the 2013/2014 and 2014/2015 fiscal years. The 

source of the projected data is LEAP’s Sloan Proposal Application, which has projected 
execution dates of 1 July 2013 and 31 December 2015. 
 

ToBe Model 
Assumptions 

LEAP Revenue from Conferences and Corporate Sponsorships is maintained at 2014/2015 
levels in 2015/2016. 

 
LEAP Revenue from NSF, Sloan, and Other Grants is terminated in 2015/2016. 
 
LEAP Revenue from Synberc Grants is consistent with the Synberc LEAP Expense in the 
Synberc Research Expense section of the ToBe model. 
 

How to Adjust LEAP Revenues are adjustable by changing the blue colored variables the “Rev – LEAP” tab. 
 
LEAP Revenues can be excluded from the model by turning the LEAP Revenues on or off in the 
“Scenarios” tab. 
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Synberc Research Expense 
Data Source Historical Synberc Research Expense data was used from 2006/2007 to 2013/2014. The source 

of the historic data is Synberc Year 9 Budget, which details Synberc’s internally reported research 
expenses. 
  
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc Research 
Expense data and developing forward-looking Synberc Research Expense projections. 
 

ToBe Model 
Assumptions 

Synberc Research Expenses in 2014/2015 and 2015/2016 reflect a straight-line of the 2012/2013 
level expenses with the exception of the yeast test bed and BIOFAB expenses, which are not 
projected to occur in the 2014/2015 and 2015/2016 periods. Synberc Research Expenses in the 
2013/2014 academic year were temporarily decreased in order to reallocate the capital to 
testbed related activities. Research expenses for years 2014/2015 and 2015/2016 are expected 
to return to 2012/2013. 
 
Synberc Research Expenses do not include any expenses associated with the Synthetic Biology 
Yeast Program grant as it is a related activity, not specifically a Synberc grant. This line item can 
be turned on or off in the “Scenarios” tab. 
 

How to Adjust Synberc Research Expenses are adjustable by changing the blue colored variables the “Exp – 
Research” tab. 
 

 
 
Synberc Education Expense 
Data Source Historical Synberc Education Expense data were used from 2006/2007 to 2013/2014. The 

source of the historic data is Synberc Year 9 Budget, which details Synberc’s internally reported 
education expenses. 
  
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc Education 
Expense data and developing forward-looking Synberc Education Expense projections. 
 

ToBe Model 
Assumptions 

Synberc Education Expenses for 2014/2015 and 2015/2016 reflect a straight-line of 2012/2013 
level expenses.   
 

How to Adjust Synberc Education Expenses are adjustable by changing the blue colored variables the “Exp – 
Education” tab. 
 

 
 
Synberc Industry Expense 
Data Source Historical Synberc Industry Expense data was used from 2006/2007 to 2013/2014. The source 

of the historic data is Synberc Year 9 Budget, which details Synberc’s internally reported industry 
related expenses. 
  
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc Industry 
Expense data and developing forward-looking Synberc Industry Expense projections. 
 

ToBe Model 
Assumptions 

Synberc Industry Expenses for 2014/2015 and 2015/2016 reflect a straight-line of 2012/2013 
level expenses. 
 

How to Adjust Synberc Industry Expenses are adjustable by changing the blue colored variables the “Exp – 
Industry” tab. 
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Synberc Management Expense 
Data Source Historical Synberc Management Expense data was used from 2006/2007 to 2013/2014. The 

source of the historic data is Synberc Year 9 Budget, which details Synberc’s internally reported 
Management related expenses. 
  
Synberc’s Kevin Costa provided guidance in selecting appropriate historic Synberc Management 
Expense data and developing forward-looking Synberc Management Expense projections. 
 

ToBe Model 
Assumptions 

Synberc Management Expenses for 2014/2015 and 2015/2016 reflect a straight-line of 
2012/2013 level expenses. 
 

How to Adjust Synberc Management Expenses are adjustable by changing the blue colored variables the “Exp – 
Management” tab. 
 

 
 
Synberc iGEM Expense 
Data Source Historic iGEM Expense data was used for the 2013 fiscal year. The source of the historic data is 

the iGEM 2012 Audited Financial Report. 
 
iGEM operates on a calendar fiscal year, not the academic fiscal year used by Synberc. Expenses 
from iGEM’s 2012 Audited Financial Report were mapped to the 2012/2013 academic fiscal year 
used in the ToBe model. 
 

ToBe Model 
Assumptions 

iGEM Expenses for 2013/2014, 2014/2015, and 2015/2016 reflect a straight-line of 2012/2013 
level expenses. 
 

How to Adjust iGEM Expenses are adjustable by changing the blue colored variables the “Exp – iGEM” tab. 
 
iGEM Expenses can be excluded from the model by turning the iGEM Expenses on or off in the 
“Scenarios” tab. 
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Source: Synberc annual reports 

2006 
Anderson JC, Clarke EJ, Arkin AP, Voigt CA. 2006. Environmentally controlled invasion of cancer cells by engineered bacteria. Mol 
Biol. 2006 Jan 27;355(4):619-27. Epub 2005 Nov 14. 
 

2007 
Anderson JC, Voigt CA, Arkin AP. 2007. Environmental signal integration by a modular AND gate. Mol Syst Biol. 2007;3:133. Epub 
2007 Aug 14. 
 
Temme K, Salis H, Tullman-Ercek D, Levskaya A, Hong SH, Voigt CA. 2008. Induction and relaxation dynamics of the regulatory 
network controlling the type III secretion system encoded within Salmonella pathogenicity island 1. J Mol Biol. 2008 Mar 
14;377(1):47-61. Epub 2007 Dec 28. 
 

2008 
Lee SK, Chou H, Ham TS, Lee TS, Keasling JD (2008) Metabolic engineering of microorganisms for biofuels production: from bugs 
to synthetic biology to fuels. Curr Opin Biotechnol 19: 556-563. 
 
Leonard E, Nielsen D, Solomon K, Prather KJ (2008) Engineering microbes with synthetic biology frameworks. Trends Biotechnol 26: 
674-681. 
 
Lucks JB, Qi L, Whitaker WR, Arkin AP (2008) Toward scalable parts families for predictable design of biological circuits. Current 
Opinion in Microbiology 11: 567-573. 
 
Humphris EL, Kortemme T (2008) Prediction of protein-protein interface sequence diversity using flexible backbone computational 
protein design. Structure 16: 1777-1788. 
 
Steen EJ, Chan R, Prasad N, Myers S, Petzold CJ, et al. (2008) Metabolic engineering of Saccharomyces cerevisiae for the production 
of n-butanol. Microb Cell Fact 7: 36 
 
2009 
Bayer TS, Widmaier DM, Temme K, Mirsky EA, Santi DV, et al. (2009) Synthesis of methyl halides from biomass using engineered 
microbes. J Am Chem Soc 131: 6508-6515. 
 
Beltrao P, Trinidad JC, Fiedler D, Roguev A, Lim WA, et al. (2009) Evolution of phosphoregulation: comparison of phosphorylation 
patterns across yeast species. PLoS Biol 7: e1000134. 
 
Bennett G, Gilman N, Stavrianakis A, Rabinow P (2009) From synthetic biology to biohacking: are we prepared? Nat Biotechnol 27: 
1109-1111. 
 
Bischofs IB, Hug JA, Liu AW, Wolf DM, Arkin AP (2009) Complexity in bacterial cell-cell communication: quorum signal integration 
and subpopulation signaling in the Bacillus subtilis phosphorelay. Proc Natl Acad Sci U S A 106: 6459-6464. 
 
Bower DM, Prather KL (2009) Engineering of bacterial strains and vectors for the production of plasmid DNA. Appl Microbiol 
Biotechnol 82: 805-813. 
 
Burnett JC, Miller-Jensen K, Shah PS, Arkin AP, Schaffer DV (2009) Control of stochastic gene expression by host factors at the HIV 
promoter. PLoS Pathog 5: e1000260. 
 
Carothers JM, Goler JA, Keasling JD (2009) Chemical synthesis using synthetic biology. Curr Opin Biotechnol 20: 498-503. 
 
Carr PA, Church GM (2009) Genome engineering. Nature biotechnology 27: 1151-1162. 
 
Czar MJ, Anderson JC, Bader JS, Peccoud J (2009) Gene synthesis demystified. Trends Biotechnol 27: 63-72. 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 330 

Dietrich JA, Yoshikuni Y, Fisher KJ, Woolard FX, Ockey D, et al. (2009) A novel semibiosynthetic route for artemisinin production 
using engineered substrate-promiscuous P450(BM3). ACS Chem Biol 4: 261-267. 
 
Dueber JE, Wu GC, Malmirchegini GR, Moon TS, Petzold CJ, et al. (2009) Synthetic protein scaffolds provide modular control over 
metabolic flux. Nat Biotechnol 27: 753-759. 
 
Farny NG, Kedersha NL, Silver PA (2009) Metazoan stress granule assembly is mediated by P-eIF2alpha-dependent and -
independent mechanisms. RNA 15: 1814-1821. 
 
Fuller CW, Middendorf LR, Benner SA, Church GM, Harris T, et al. (2009) The challenges of sequencing by synthesis. Nat 
Biotechnol 27: 1013-1023. 
 
Good M, Tang G, Singleton J, Remenyi A, Lim WA (2009) The Ste5 scaffold directs mating signaling by catalytically unlocking the 
Fus3 MAP kinase for activation. Cell 136: 1085- 1097. 
 
Groban ES, Clarke EJ, Salis HM, Miller SM, Voigt CA (2009) Kinetic buffering of cross talk between bacterial two-component sensors. 
J Mol Biol 390: 380-393. 
 
Hurt JA, Obar RA, Zhai B, Farny NG, Gygi SP, et al. (2009) A conserved CCCH-type zinc finger protein regulates mRNA nuclear 
adenylation and export. J Cell Biol 185: 265-277. 
 
Kelly JR, Rubin AJ, Davis JH, Ajo-Franklin CM, Cumbers J, et al. (2009) Measuring the activity of BioBrick promoters using an in vivo 
reference standard. J Biol Eng 3: 4. 
 
Kirby J, Keasling JD (2009) Biosynthesis of plant isoprenoids: perspectives for microbial engineering. Annu Rev Plant Biol 60: 335-355. 
 
Kuldell N (2009) Genome Refactoring. In: Amos M, editor. Synthesis Lectures on Synthetic Biology: Morgan Claypool. 
 
Lee JH, Park IH, Gao Y, Li JB, Li Z, et al. (2009) A robust approach to identifying tissuespecific gene expression regulatory variants 
using personalized human induced pluripotent stem cells. PLoS Genet 5: e1000718. 
 
Lee S, Dudley, A., Drubin, D., Ludlow, C., Shales, M., Silver, PA., Krogan, NJ, Pe’er, D. and Koller, D. (2009) Analysis of individual 
expression variation reveals a posttranscriptional network. PLoS Genet. 
 
Leonard E, Runguphan W, O'Connor S, Prather KJ (2009) Opportunities in metabolic engineering to facilitate scalable alkaloid 
production. Nat Chem Biol 5: 292-300. 
 
Levskaya A, Weiner OD, Lim WA, Voigt CA (2009) Spatiotemporal control of cell signaling using a light-switchable protein 
interaction. Nature 461: 997-1001. 
 
Lun DS, Rockwell G, Guido NJ, Baym M, Kelner JA, et al. (2009) Large-scale identification of genetic design strategies using local 
search. Mol Syst Biol 5: 296. 
 
Ma W, Trusina A, El-Samad H, Lim WA, Tang C (2009) Defining network topologies that can achieve biochemical adaptation. Cell 
138: 760-773. 
 
Martin L, Che A, Endy D (2009) Gemini, a bifunctional enzymatic and fluorescent reporter of gene expression. PLoS One 4: e7569. 
 
Martin CH, Nielsen DR, Solomon KV, Prather KL (2009) Synthetic metabolism: engineering biology at the protein and pathway 
scales. Chem Biol 16: 277-286. 
 
Martin CH, Prather KLJ (2009) High-titer production of monomeric hydroxyvalerates from levulinic acid in Pseudomonas putida. 
Journal of Biotechnology 139: 61-67. 
 
Moon TS, Yoon SH, Ching MJTM, Lanza AM, Prather KLJ (2009) Enzymatic assay of Dglucuronate using uronate dehydrogenase. 
Analytical Biochemistry 392: 183-185. 
 
Moon TS, Yoon SH, Lanza AM, Roy-Mayhew JD, Prather KL (2009) Production of glucaric acid from a synthetic pathway in 
recombinant Escherichia coli. Appl Environ Microbiol 75:589-595. 
 
Nielsen DR, Leonard E, Yoon SH, Tseng HC, Yuan C, et al. (2009) Engineering alternative butanol production platforms in 
heterologous bacteria. Metabolic Engineering 11: 262-273. 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 331 

 
Nielsen DR, Prather KJ (2009) In situ product recovery of n-butanol using polymeric resins. Biotechnol Bioeng 102: 811-821. 
  
Oliveira PH, Prather KJ, Prazeres DM, Monteiro GA (2009) Structural instability of plasmid biopharmaceuticals: challenges and 
implications. Trends Biotechnol 27: 503-511. 
 
Ouellet M, Adams PD, Keasling JD, Mukhopadhyay A (2009) A rapid and inexpensive labeling method for microarray gene 
expression analysis. BMC Biotechnol 9: 97. 
 
Oye Kenneth A. RW (2009) The Intellectual Commons and Property in Synthetic Biology. In: Schmidt M, editor. Synthetic biology: 
The technoscience and its societal consequences. 
 
Oye KA (2009) Future Imperfect: Technology and Freedom in an Uncertain World. Issues in Science and Technology 26: 91-93. 
 
Prather KLJ, Jaramillo A (2009) Editorial: Focus on synthetic biology. Biotechnology Journal 4: 1367. 
 
Price MN, Dehal PS, Arkin AP (2009) FastTree: computing large minimum evolution trees with profiles instead of a distance matrix. 
Mol Biol Evol 26: 1641-1650. 
 
Purnick PE, Weiss R (2009) The second wave of synthetic biology: from modules to systems. Nat Rev Mol Cell Biol 10: 410-422. 
 
Rabinow Paul GB, Stavrianakis Anthony (2009) Prosperity, Amelioration, Flourishing: From a Logic of Practical Judgment to 
Reconstruction - An Account of his Work with Synberc. Law & Literature 21: 471-479. 
 
Rabinow P, Bennett G (2009) Synthetic biology: ethical ramifications 2009. Syst Synth Biol 3: 99-108. 
 
Rivera GM, Vasilescu D, Papayannopoulos V, Lim WA, Mayer BJ (2009) A reciprocal interdependence between Nck and PI(4,5)P(2) 
promotes localized N-WASp-mediated actin polymerization in living cells. Mol Cell 36: 525-535. 
 
Ross J, Arkin AP (2009) Complex systems: from chemistry to systems biology. Proc Natl Acad Sci U S A 106: 6433-6434. 
 
Salis, H. M., E. A. Mirsky, et al. (2009). "Automated design of synthetic ribosome binding sites to control protein expression." Nature 
biotechnology 27(10): 946-950. 
 
Salis H. AT, Voigt C.A. (2009) Engineering bacterial signals and sensors. In: M Collin RS, editor. Bacterial sensing and signaling. New 
York, NY: Karger. pp. 194-225. 
 
Silver P (2009) Indirect immunofluorescence labeling in the yeast Saccharomyces cerevisiae. Cold Spring Harbor protocols 2009: 
pdb prot5317. 
 
Skerker J, Lucks J, Arkin A (2009) Evolution, ecology and the engineered organism: lessons for synthetic biology. Genome Biology 10: 
114. 
 
Tabor JJ, Salis HM, Simpson ZB, Chevalier AA, Levskaya A, et al. (2009) A synthetic genetic edge detection program. Cell 137: 
1272-1281. 
 
Tang YJ, Martin HG, Dehal PS, Deutschbauer A, Llora X, et al. (2009) Metabolic flux analysis of Shewanella spp. reveals evolutionary 
robustness in central carbon metabolism. Biotechnol Bioeng 102: 1161-1169. 
 
Tang YJ, Sapra R, Joyner D, Hazen TC, Myers S, et al. (2009) Analysis of metabolic pathways and fluxes in a newly discovered 
thermophilic and ethanol-tolerant Geobacillus strain. Biotechnol Bioeng 102: 1377-1386. 
 
Tseng HC, Martin CH, Nielsen DR, Prather KL (2009) Metabolic engineering of Escherichia coli for enhanced production of (R)- and 
(S)-3-hydroxybutyrate. Appl Environ Microbiol 75: 3137-3145. 
 
Tsuruta H, Paddon CJ, Eng D, Lenihan JR, Horning T, et al. (2009) High-level production of amorpha-4,11-diene, a precursor of the 
antimalarial agent artemisinin, in Escherichia coli. PLoS One 4: e4489. 
 
Waks Z, Silver PA (2009) Engineering a synthetic dual-organism system for hydrogen production. Appl Environ Microbiol 75: 1867-
1875. 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 332 

Wang HH, Isaacs FJ, Carr PA, Sun ZZ, Xu G, et al. (2009) Programming cells by multiplex genome engineering and accelerated 
evolution. Nature 460: 894-898 
 
Weiss R, Panke S (2009) Synthetic biology-paths to moving forward. Curr Opin Biotechnol 20: 447-448. 
 
Wellhausen R, Mukunda G (2009) Aspects of the political economy of development and synthetic biology. Syst Synth Biol 3: 115-
123. 
 
Widmaier DM, Tullman-Ercek D, Mirsky EA, Hill R, Govindarajan S, et al. (2009) Engineering the Salmonella type III secretion system 
to export spider silk monomers. Molecular Systems Biology 5: -. 
 
Widmaier DM, Tullman-Ercek D, Mirsky EA, Hill R, Govindarajan S, et al. (2009) Engineering the Salmonella type III secretion system 
to export spider silk monomers. Molecular Systems Biology 5: -. 
 
Yadav SS, Yeh BJ, Craddock BP, Lim WA, Miller WT (2009) Reengineering the signaling properties of a Src family kinase. 
Biochemistry 48: 10956-10962. 
 
Yoon SH, Lee SH, Das A, Ryu HK, Jang HJ, et al. (2009) Combinatorial expression of bacterial whole mevalonate pathway for the 
production of beta-carotene in E. coli. J Biotechnol 140: 218-226. 
 
Zeke A, Lukacs M, Lim WA, Remenyi A (2009) Scaffolds: interaction platforms for cellular signalling circuits. Trends Cell Biol 19: 
364-374. 
 

2010 
 
Afonso, B., P. A. Silver, et al. (2010). "A synthetic circuit for selectively arresting daughter cells to create aging populations." Nucleic 
acids research 38(8): 2727-2735. 
 
Agapakis CM, Ducat DC, Boyle PM, Wintermute EH, Way JC, et al. (2010) Insulation of a synthetic hydrogen metabolism circuit in 
bacteria. Journal of biological engineering 4: 3. 
 
Aldaye FA, Senapedis WT, Silver PA, Way JC (2010) A structurally tunable DNA-based extracellular matrix. Journal of the American 
Chemical Society 132: 14727-14729. 
 
Anderson, J. C., J. E. Dueber, et al. (2010). "BglBricks: A flexible standard for biological part assembly." Journal of biological 
engineering 4(1): 1. 
 
Andrews, S. S., N. J. Addy, et al. (2010). "Detailed simulations of cell biology with Smoldyn 2.1." PLoS computational biology 6(3): 
e1000705. 
 
Bashor, C. J., A. A. Horwitz, et al. (2010). "Rewiring cells: synthetic biology as a tool to interrogate the organizational principles of 
living systems." Annual review of biophysics 39: 515-537. 
 
Beller HR, Goh EB, Keasling JD (2010) Genes involved in long-chain alkene biosynthesis in Micrococcus luteus. Applied and 
environmental microbiology 76: 1212-1223. 
 
Burrill, D. R. and P. A. Silver (2010). "Making cellular memories." Cell 140(1): 13-18.  
 
Carothers, J. M., J. A. Goler, et al. (2010). "Selecting RNA aptamers for synthetic biology: investigating magnesium dependence and 
predicting binding affinity." Nucleic acids research 38(8): 2736-2747. 
 
Chau AH, Walter JM, Gerardin J, Tang C, Lim WA. Designing synthetic regulatory networks capable of self-organizing cell 
polarization. Cell. 2012 Oct 12;151(2):320-32. doi: 10.1016/j.cell.2012.08.040. Epub 2012 Oct 4.. PMID: 23039994. 
http://www.sciencedirect.com/science/article/pii/S009286741201121X 
 
Che, A. J. and T. F. Knight, Jr. (2010). "Engineering a family of synthetic splicing ribozymes." Nucleic acids research 38(8): 2748-2755. 
 
Clancy, K. and C. A. Voigt (2010). "Programming cells: towards an automated 'Genetic Compiler'." Current opinion in biotechnology 
21(4): 572-581. 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 333 

Collins JJ, Endy D, Hutchison CA, 3rd, Roberts RJ (2010) Editorial-synthetic biology. Nucleic acids research 38: 2513. 
 
Dehal, P. S., M. P. Joachimiak, et al. (2010). "MicrobesOnline: an integrated portal for comparative and functional genomics." Nucleic 
acids research 38(Database issue): D396- 400. 
 
Densmore, D., T. H. Hsiau, et al. (2010). "Algorithms for automated DNA assembly." Nucleic acids research 38(8): 2607-2616. 
 
Dietrich, J. A., A. E. McKee, et al. (2010). "High-throughput metabolic engineering: advances in small-molecule screening and 
selection." Annual review of biochemistry 79: 563-590. 
 
Drmanac R, Sparks AB, Callow MJ, Halpern AL, Burns NL, et al. (2010) Human genome sequencing using unchained base reads on 
self-assembling DNA nanoarrays. Science 327: 78-81. 
 
Dunlop MJ, Keasling JD, Mukhopadhyay A (2010) A model for improving microbial biofuel production using a synthetic feedback 
loop. Systems and synthetic biology 4: 95-104. 
 
Fischer CR, Tseng HC, Tai M, Prather KL, Stephanopoulos G (2010) Assessment of heterologous butyrate and butanol pathway 
activity by measurement of intracellular pathway intermediates in recombinant Escherichia coli. Applied microbiology and 
biotechnology 88: 265-275. 
 
Frey Daniel D. PH, Wijnia Ype, Subrahmanian Eswaran, Katsikopoulos Konstantinos, Clausing Don, de Neufville Richard, Oye 
Kenneth A., and Greitz Edward (2010) Research in Engineering Design: The Role of Mathematical Theory and Empirical Evidence. 
Research in Engineering Design. 
 
Friedland, G. D. and T. Kortemme (2010). "Designing ensembles in conformational and 
sequence space to characterize and engineer proteins." Current opinion in structural biology 20(3): 377-384. 
 
Holtz, W. J. and J. D. Keasling (2010). "Engineering static and dynamic control of synthetic pathways." Cell 140(1): 19-23. 
 
Jeng ES, Nelson JD, Prather KLJ, Strano MS (2010) Detection of a Single Nucleotide Polymorphism Using Single-Walled Carbon-
Nanotube Near-Infrared Fluorescence13. Small 6: 40-43. 
 
 
Kirby J, Nishimoto M, Park JG, Withers ST, Nowroozi F, et al. (2010) Cloning of casbene and neocembrene synthases from 
Euphorbiaceae plants and expression in Saccharomyces cerevisiae. Phytochemistry 71: 1466-1473. 
 
Lauck, F., C. A. Smith, et al. (2010). "RosettaBackrub--a web server for flexible backbone protein structure modeling and design." 
Nucleic acids research 38(Web Server issue): W569-575. 
 
Leonard E, Ajikumar PK, Thayer K, Xiao WH, Mo JD, et al. (2010) Combining metabolic and protein engineering of a terpenoid 
biosynthetic pathway for overproduction and selectivity control. Proceedings of the National Academy of Sciences of the United 
States of America 107: 13654-13659. 
 
Lim, W. A. (2010). "Designing customized cell signalling circuits." Nature reviews. Molecular cell biology 11(6): 393-403.  
 
Liu, C. C. and A. P. Arkin (2010). "Cell biology. The case for RNA." Science 330(6008): 1185-1186. 
 
Lim, W. A. and T. Pawson (2010). "Phosphotyrosine signaling: evolving a new cellular communication system." Cell 142(5): 661-667. 
 
Loh YH, Hartung O, Li H, Guo C, Sahalie JM, et al. (2010) Reprogramming of T cells from human peripheral blood. Cell stem cell 7: 
15-19.  
 
Lunshof JE, Bobe J, Aach J, Angrist M, Thakuria JV, et al. (2010) Personal genomes in progress: from the human genome project to 
the personal genome project. Dialogues in clinical neuroscience 12: 47-60. 
 
Martin CH, Wu D, Prather KL (2010) Integrated bioprocessing for the pH-dependent production of 4-valerolactone from levulinate 
in Pseudomonas putida KT2440. Appl Environ Microbiol 76: 417-424. 
 
Mattozzi Mde L, Keasling JD (2010) Rationally engineered biotransformation of p- nitrophenol. Biotechnology progress 26: 616-621. 
 
McCray Lawrence, KAOaACP (2010) Planned Adaptation in Risk Regulation: An Initial Survey of U.S. Environmental, Health, and 
Safety Regulation. Technological Forecasting and Social Change. 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 334 

 
Mitchell R, J.D. Yehudit, and N. Kuldell (2010) Experiential Engineering Through iGEM—An Undergraduate Summer Competition in 
Synthetic Biology. Journal of Science Education and Technology. 
 
Moon, T. S., J. E. Dueber, et al. (2010). "Use of modular, synthetic scaffolds for improved production of glucaric acid in engineered E. 
coli." Metabolic engineering 12(3): 298-305. 
 
Moore, M. J., Q. Wang, et al. (2010). "An alternative splicing network links cell-cycle control to apoptosis." Cell 142(4): 625-636. 
 
Mosberg JA, Lajoie MJ, Church GM (2010) Lambda red recombineering in Escherichia coli occurs through a fully single-stranded 
intermediate. Genetics 186: 791-799. 
 
Niederholtmeyer H, Wolfstadter BT, Savage DF, Silver PA, Way JC (2010) Engineering cyanobacteria to synthesize and export 
hydrophilic products. Applied and environmental microbiology 76: 3462-3466. 
 
Nielsen DR, Yoon SH, Yuan CJ, Prather KL (2010) Metabolic engineering of acetoin and meso-2, 3-butanediol biosynthesis in E. coli. 
Biotechnology journal 5: 274-284. 
 
Nielsen DR, Amarasiriwardena GS, Prather KL (2010) Predicting the adsorption of second generation biofuels by polymeric resins 
with applications for in situ product recovery (ISPR). Bioresource technology 101: 2762-2769. 
 
Novichkov PS, Laikova ON, Novichkova ES, Gelfand MS, Arkin AP, et al. (2010) RegPrecise: a database of curated genomic 
inferences of transcriptional regulatory interactions in prokaryotes. Nucleic Acids Res 38: D111-118. 
 
Oh, J., E. Fung, et al. (2010). "A universal TagModule collection for parallel genetic analysis of microorganisms." Nucleic acids research 
38(14): e146. 
 
Peisajovich, S. G., J. E. Garbarino, et al. (2010). "Rapid diversification of cell signaling phenotypes by modular domain recombination." 
Science 328(5976): 368-372. 
 
Prach L, Kirby J, Keasling JD, Alber T (2010) Diterpene production in Mycobacterium tuberculosis. The FEBS journal 277: 3588-3595. 
 
Price, M. N., P. S. Dehal, et al. (2010). "FastTree 2--approximately maximum-likelihood trees for large alignments." PloS one 5(3): 
e9490. 
 
Ratcliff, K. and S. Marqusee (2010). "Identification of residual structure in the unfolded state of ribonuclease H1 from the moderately 
thermophilic Chlorobium tepidum: comparison with thermophilic and mesophilic homologues." Biochemistry 49(25): 5167-5175. 
 
Rutherford BJ, Dahl RH, Price RE, Szmidt HL, Benke PI, et al. (2010) Functional genomic study of exogenous n-butanol stress in 
Escherichia coli. Applied and environmental microbiology 76: 1935-1945. 
 
Savage, D. F., B. Afonso, et al. (2010). "Spatially ordered dynamics of the bacterial carbon fixation machinery." Science 327(5970): 
1258-1261. 
 
Shank, E. A., C. Cecconi, et al. (2010). "The folding cooperativity of a protein is controlled by its chain topology." Nature 465(7298): 
637-640. 
 
Silver PA (2010) Knowing when to change: reprogramming (my) life. Nature cell biology 12: 730. 
 
Smith, C. A. and T. Kortemme (2010). "Structure-based prediction of the peptide sequence space recognized by natural and 
synthetic PDZ domains." Journal of molecular biology 402(2): 460-474. 
 
Sommer MO, Church GM, Dantas G (2010) A functional metagenomic approach for expanding the synthetic biology toolbox for 
biomass conversion. Molecular systems biology 6: 360. 
 
Steen EJ, Kang Y, Bokinsky G, Hu Z, Schirmer A, et al. (2010) Microbial production of fattyacid-derived fuels and chemicals from 
plant biomass. Nature 463: 559-562. 
 
Sullivan GJ, Hay DC, Park IH, Fletcher J, Hannoun Z, et al. (2010) Generation of functional human hepatic endoderm from human 
induced pluripotent stem cells. Hepatology 51: 329-335. 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 335 

Tseng HC, Harwell CL, Martin CH, Prather KL (2010) Biosynthesis of chiral 3- hydroxyvalerate from single propionate-unrelated 
carbon sources in metabolically engineered E. coli. Microbial cell factories 9: 96. 
 
Wang C, Yoon SH, Shah AA, Chung YR, Kim JY, et al. (2010) Farnesol production from Escherichia coli by harnessing the 
exogenous mevalonate pathway. Biotechnology and bioengineering 107: 421-429. 
 
Wellenhausen R, Oye K. (2010) The Intellectual Commons and Property in Synthetic Biology. In: Markus Schmidt AK, Agomoni 
Ganguli-Mitra and Huib Vriend, editor. Synthetic biology: the technoscience and its societal consequences. 
 
Widmaier, D. M. and C. A. Voigt (2010). "Quantification of the physiochemical constraints on the export of spider silk proteins by 
Salmonella type III secretion." Microbial cell factories 9: 78. 
 
Wintermute EH, Silver PA (2010) Emergent cooperation in microbial metabolism. Molecular systems biology 6: 407. 
 
Zaranek AW, Levanon EY, Zecharia T, Clegg T, Church GM (2010) A survey of genomic traces reveals a common sequencing error, 
RNA editing, and DNA editing. PLoS genetics 6: e1000954. 
 
Zhou A, He Z, Redding-Johanson AM, Mukhopadhyay A, Hemme CL, et al. (2010) Hydrogen peroxide-induced oxidative stress 
responses in Desulfovibrio vulgaris Hildenborough. Environmental microbiology 12: 2645-2657. 
 

2011 
Bernstein Rachel, Kierstin L. Schmidt, Pehr B. Harbury, Susan Marqusee. Structural and kinetic mapping of side-chain exposure onto 
the protein energy landscape. Proc Natl Acad Sci U S A. 2011 June 28; 108(26): 10532–10537. Published online 2011 June 13. doi: 
10.1073/pnas.1103629108 PMID: 3127945. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3127945/?tool=pmcentrez 
 
Bokinsky G, Peralta-Yahya PP, George A, Holmes BM, Steen EJ, Dietrich J, Soon Lee T, Tullman-Ercek D, Voigt CA, Simmons BA, 
Keasling JD. Synthesis of three advanced biofuels from ionic liquid-pretreated switchgrass using engineered Escherichia coli. Proc Natl 
Acad Sci U S A. 2011 Dec 13;108(50):19949-54. doi: 10.1073/pnas.1106958108. Epub 2011 Nov 28.. PMID: 22123987. 
http://www.ncbi.nlm.nih.gov/pubmed/22123987 
 
Bonacci W, Teng PK, Afonso B, Niederholtmeyer H, Grob P, Silver PA, Savage DF. Modularity of a carbon-fixing protein organelle. 
Proc Natl Acad Sci U S A. 2012 Jan 10;109(2):478-83. doi: 10.1073/pnas.1108557109. Epub 2011 Dec 19. PMID: 22184212. 
http://www.pnas.org/content/109/2/478.long 
 
Boyle PM, Silver PA. Parts plus pipes: synthetic biology approaches to metabolic engineering. Metab Eng. 2012 May;14(3):223-32. 
doi: 10.1016/j.ymben.2011.10.003. Epub 2011 Oct 25. PMID: 22037345. 
http://www.sciencedirect.com/science/article/pii/S1096717611001042 
 
Carothers JM, Goler JA, Juminaga D, Keasling JD. Model-driven engineering of RNA devices to quantitatively program gene 
expression. Science. 2011 Dec 23;334(6063):1716-9. doi: 10.1126/science.1212209. PMID: 22194579. 
http://www.sciencemag.org/content/334/6063/1716.long 
 
Clarke, E. J. and C. A. Voigt (2011). "Characterization of combinatorial patterns generated by multiple two-component sensors in E. 
coli that respond to many stimuli." Biotechnology and bioengineering 108(3): 666-675. 
 
Conrado RJ, Wu GC, Boock JT, Xu H, Chen SY, Lebar T, Turnšek J, Tomšič N, Avbelj M, Gaber R, Koprivnjak T, Mori J, Glavnik V, 
Vovk I, Benčina M, Hodnik V, Anderluh G, Dueber JE, Jerala R, DeLisa MP. DNA-guided assembly of biosynthetic pathways 
promotes improved catalytic efficiency. Nucleic Acids Res. 2012 Feb;40(4):1879-89. doi: 10.1093/nar/gkr888. Epub 2011 Oct 22. 
PMID: 22021385. http://nar.oxfordjournals.org/content/40/4/1879.long 
 
Ducat DC, Way JC, Silver PA. Engineering cyanobacteria to generate high-value products. Trends Biotechnol. 2011 Feb;29(2):95-
103. doi: 10.1016/j.tibtech.2010.12.003. Epub 2011 Jan 5. Review. PMID: 21211860 
 
Eudes A, Baidoo EE, Yang F, Burd H, Hadi MZ, et al. (2011) Production of tranilast [N-(3',4'-dimethoxycinnamoyl)-anthranilic acid] 
and its analogs in yeast Saccharomyces 
cerevisiae. Applied microbiology and biotechnology 89: 989-1000. 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 336 

Gonçalves GA, Bower DM, Prazeres DM, Monteiro GA, Prather KL. Rational engineering of Escherichia coli strains for plasmid 
biopharmaceutical manufacturing. Biotechnol J. 2012 Feb;7(2):251-61. doi: 10.1002/biot.201100062. Epub 2011 Sep 13.. PMID: 
21913330. 
http://onlinelibrary.wiley.com/doi/10.1002/biot.201100062/abstract?systemMessage=W 
iley+Online+Library+will+be+disrupted+on+15+December+from+10%3A00- 
13%3A00+GMT+%2805%3A00-08%3A00+EST%29+for+essential+maintenance 
 
McAndrew RP, Peralta-Yahya PP, DeGiovanni A, Pereira JH, Hadi MZ, Keasling JD, Adams PD. Structure of a three-domain 
sesquiterpene synthase: a prospective target for advanced biofuels production. Structure. 2011 Dec 7;19(12):1876-84. doi: 
10.1016/j.str.2011.09.013. PMID: 22153510. 
http://www.sciencedirect.com/science/article/pii/S096921261100325X 
 
Tabor, J. J., A. Levskaya, et al. (2011). "Multichromatic control of gene expression in Escherichia coli." Journal of molecular biology 
405(2): 315-324. 
 
Ty M. Thomson, Kirsten R. Benjamin, Alan Bush, Tonya Love, David Pincus, Orna Resnekov, Richard C. Yu, Andrew Gordon, 
Alejandro Colman-Lerner, Drew Endy, Roger Brent. Scaffold number in yeast signaling system sets tradeoff between system output 
and dynamic range. Proc Natl Acad Sci U S A. 2011 December 13; 108(50): 20265–20270. PMID: 3250143. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3250143/?tool=pmcentrez 
 

2012 
 
Agapakis CM, Boyle PM, Silver PA. Natural strategies for the spatial optimization of metabolism in synthetic biology. Nat Chem Biol. 
2012 May 17;8(6):527-35. doi: 10.1038/nchembio.975.. PMID: 22596204. 
http://www.nature.com/nchembio/journal/v8/n6/full/nchembio.975.html 
 
Batth TS, Keasling JD, Petzold CJ. Targeted proteomics for metabolic pathway optimization. Methods Mol Biol. 2012;944:237-49. doi: 
10.1007/978-1-62703-122-6_17.. PMID: 23065621. http://link.springer.com/protocol/10.1007%2F978-1-62703-122-6_17 
 
Bonnet J, Subsoontorn P, Endy D. Rewritable digital data storage in live cells via engineered control of recombination directionality. 
Proc Natl Acad Sci U S A. 2012 Jun 5;109(23):8884-9. doi: 10.1073/pnas.1202344109. Epub 2012 May 21. PMID: 22615351. 
http://www.pnas.org/content/109/23/8884.long 
 
Bower DM, Lee KS, Ram RJ, Prather KL. Fed-batch microbioreactor platform for scale down and analysis of a plasmid DNA 
production process. iotechnol Bioeng. 2012 Aug;109(8):1976-86. doi: 10.1002/bit.24498. Epub 2012 Mar 30.. PMID: 22422584. 
http://onlinelibrary.wiley.com/doi/10.1002/bit.24498/abstract?systemMessage=Wiley+O 
nline+Library+will+be+disrupted+on+15+December+from+10%3A00- 
13%3A00+GMT+%2805%3A00-08%3A00+EST%29+for+essential+maintenance 
 
Bower DM, Prather KLJ. Development of new plasmid DNA vaccine vectors with R1-based replicons. Microb Cell Fact. 2012 Aug 
13;11:107. doi: 10.1186/1475-2859-11-107.. PMID: 22889338. http://www.microbialcellfactories.com/content/11/1/107 
 
Boyle PM, Silver PA. Parts plus pipes: synthetic biology approaches to metabolic engineering. Metab Eng. 2012 May;14(3):223-32. 
doi: 10.1016/j.ymben.2011.10.003. Epub 2011 Oct 25.. PMID: 22037345. 
http://www.sciencedirect.com/science/article/pii/S1096717611001042 
 
Boyle PM, Burrill DR, Inniss MC, Agapakis CM, Deardon A, Dewerd JG, Gedeon MA, Quinn JY, Paull ML, Raman AM, Theilmann MR, 
Wang L, Winn JC, Medvedik O, Schellenberg K, Haynes KA, Viel A, Brenner TJ, Church GM, Shah JV, Silver PA. A BioBrick 
compatible strategy for genetic modification of plants. J Biol Eng. 2012 Jun 20;6(1):8. [Epub ahead of print]. PMID: 22716313. 
http://www.jbioleng.org/content/6/1/8/abstract 
 
Burrill DR, Inniss MC, Boyle PM, Silver PA. Synthetic memory circuits for tracking human cell fate. Genes Dev. 2012 Jul 
1;26(13):1486-97. doi: 10.1101/gad.189035.112.. PMID: 22751502. http://genesdev.cshlp.org/content/26/13/1486.long 
 
Cardinale S, Arkin AP. Contextualizing context for synthetic biology--identifying causes of failure of synthetic biological systems. 
Biotechnol J. 2012 Jul;7(7):856-66. doi: 10.1002/biot.201200085. Epub 2012 May 31. Review. 
PMID: 22649052 [PubMed - indexed for MEDLINE] Free PMC Article 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 337 

Carr PA, Wang HH, Sterling B, Isaacs FJ, Lajoie MJ, Xu G, Church GM, Jacobson JM. Enhanced multiplex genome engineering 
through co-operative oligonucleotide co-selection. Nucleic Acids Res. 2012 Sep 1;40(17):e132. Epub 2012 May 25. PMID: 
22638574. http://nar.oxfordjournals.org/content/40/17/e132.long 
 
Chau AH, Walter JM, Gerardin J, Tang C, Lim WA. Designing synthetic regulatory networks capable of self-organizing cell 
polarization.Cell. 2012 Oct 12;151(2):320-32. doi: 10.1016/j.cell.2012.08.040. Epub 2012 Oct 4. PMID: 23039994. 
http://www.sciencedirect.com/science/article/pii/S009286741201121X 
 
Chen AH, Afonso B, Silver PA, Savage DF. Spatial and Temporal Organization of Chromosome Duplication and Segregation in the 
Cyanobacterium Synechococcus elongates PCC 7942. PLoS One. 2012;7(10):e47837. doi: 10.1371/journal.pone.0047837. Epub 
2012 Oct 24. PMID: 23112856. 
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0047837 
 
Chen AH, Silver PA. Designing biological compartmentalization. Trends Cell Biol. 2012 Dec;22(12):662-70. doi: 
10.1016/j.tcb.2012.07.002. Epub 2012 Jul 27. PMID: 22841504. 
http://www.sciencedirect.com/science/article/pii/S0962892412001122 
 
Chen AH, Afonso B, Silver PA, Savage DF. Spatial and Temporal Organization of Chromosome Duplication and Segregation in the 
Cyanobacterium Synechococcus elongatus PCC 7942 PLoS One. 2012;7(10):e47837. doi: 10.1371/journal.pone.0047837. Epub 
2012 Oct 24. PMID: 23112856. http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0047837 
 
Chen D, Arkin AP. Sequestration-based bistability enables tuning of the switching boundaries and design of a latch. Mol Syst Biol. 
2012 Oct 23;8:620. doi: 10.1038/msb.2012.52. PMID: 23089683. 
 
Chen J, Densmore D, Ham TS, Keasling JD, Hillson NJ. DeviceEditor visual biological CAD canvas.J Biol Eng. 2012 Feb 28;6(1):1. doi: 
10.1186/1754-1611-6-1. PMID: 22373390. http://www.jbioleng.org/content/6/1/1 
 
Chou HH, Keasling JD. Synthetic pathway for production of five-carbon alcohols from isopentenyl diphosphate. Appl Environ 
Microbiol. 2012 Nov;78(22):7849-55. doi: 10.1128/AEM.01175-12. Epub 2012 Aug 31.. PMID: 22941086. 
http://aem.asm.org/content/78/22/7849.long 
 
Church GM, Gao Y, Kosuri S. Next-generation digital information storage in DNA. Science. 2012 Sep 28;337(6102):1628. Epub 
2012 Aug 16. PMID: 22903519. http://www.sciencemag.org/content/337/6102/1628.long 
 
Conrado RJ, Wu GC, Boock JT, Xu H, Chen SY, Lebar T, Turnšek J, Tomšič N, Avbelj M, Gaber R, Koprivnjak T, Mori J, Glavnik V, 
Vovk I, Benčina M, Hodnik V, Anderluh G, Dueber JE, Jerala R, DeLisa MP. DNA-guided assembly of biosynthetic pathways 
promotes improved catalytic efficiency. Nucleic Acids Res. 2012 Feb;40(4):1879-89. doi: 10.1093/nar/gkr888. Epub 2011 Oct 22. 
PMID: 22021385. 
http://nar.oxfordjournals.org/content/40/4/1879.long 
 
Cordero P, Lucks JB, Das R. An RNA Mapping DataBase for curating RNA structure mapping experiments. Bioinformatics. 2012 
Nov 15;28(22):3006-8. doi: 10.1093/bioinformatics/bts554. Epub 2012 Sep 12.. PMID: 22976082. 
http://bioinformatics.oxfordjournals.org/content/28/22/3006.long 
 
Delebecque CJ, Silver PA, Lindner AB. Designing and using RNA scaffolds to assemble proteins in vivo. Nat Protoc. 2012 
Oct;7(10):1797-807. doi: 10.1038/nprot.2012.102. Epub 2012 Sep 6. PMID: 22955695. 
http://www.nature.com/nprot/journal/v7/n10/full/nprot.2012.102.html 
 
Douglas SM, Bachelet I, Church GM. A logic-gated nanorobot for targeted transport of molecular payloads. Science. 2012 Feb 
17;335(6070):831-4. doi: 10.1126/science.1214081. PMID: 22344439. 
http://www.sciencemag.org/content/335/6070/831.long 
 
Ducat DC, Avelar-Rivas JA, Way JC, Silver PA. Rerouting carbon flux to enhance photosynthetic productivity. Appl Environ 
Microbiol. 2012 Apr;78(8):2660-8. doi: 10.1128/AEM.07901-11. Epub 2012 Feb 3. PMID: 22307292. 
http://aem.asm.org/content/78/8/2660.long 
 
Ducat, DC, Siver PA. Improving carbon fixation pathways. Curr Opin Chem Biol. 2012 Aug;16(3-4):337-44. doi: 
10.1016/j.cbpa.2012.05.002. Epub 2012 May 29. PMID: 22647231. 
http://www.sciencedirect.com/science/article/pii/S1367593112000634 
 
Eames M, Kortemme T. Cost-benefit tradeoffs in engineered lac operons. Science. 2012 May 18;336(6083):911-5. doi: 
10.1126/science.1219083.. PMID: 22605776. http://www.sciencemag.org/content/336/6083/911.long 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 338 

 
Eichler H.G., Oye K.A. et al. 2012. "Adaptive Licensing: Taking the Next Step in the Evolution of Drug Approval," 2012. Nature 
Clinical Pharmacology & Therapeutics. 2012. 345, p. 426- 437. http://www.ncbi.nlm.nih.gov/pubmed/22336591 
 
Garg A, Lohmueller JJ, Silver PA, Armel TZ. Engineering synthetic TAL effectors with orthogonal target sites. Nucleic Acids Res. 
2012 Aug;40(15):7584-95. doi: 10.1093/nar/gks404. Epub 2012 May 11. PMID: 22581776. 
http://nar.oxfordjournals.org/content/40/15/7584.long 
 
Gonçalves GA, Bower DM, Prazeres DM, Monteiro GA, Prather KL. Rational engineering of Escherichia coli strains for plasmid 
biopharmaceutical manufacturing. Biotechnol J. 2012 Feb;7(2):251-61. doi: 10.1002/biot.201100062. Epub 2011 Sep 13. PMID: 
21913330. 
http://onlinelibrary.wiley.com/doi/10.1002/biot.201100062/abstract?systemMessage=W 
iley+Online+Library+will+be+disrupted+on+15+December+from+10%3A00- 
13%3A00+GMT+%2805%3A00-08%3A00+EST%29+for+essential+maintenance 
 
Gonçalves GA, Prazeres DM, Monteiro GA, Prather KL. De novo creation of MG1655-derived E. coli strains specifically designed for 
plasmid DNA production. Appl Microbiol Biotechnol. 2012 Aug 12. [Epub ahead of print]. PMID: 22885693. 
http://link.springer.com/article/10.1007%2Fs00253-012-4308-5 
 
Ham TS, Dmytriv Z, Plahar H, Chen J, Hillson NJ, Keasling JD. Design, implementation and practice of JBEI-ICE: an open source 
biological part registry platform and tools. Nucleic Acids Res. 2012 Oct;40(18):e141. doi: 10.1093/nar/gks531. Epub 2012 Jun 19. 
PMID: 22718978. http://nar.oxfordjournals.org/content/40/18/e141.long 
 
Haynes KA, Ceroni F, Flicker D, Younger A, Silver PA. A sensitive switch for visualizing 
natural gene silencing in single cells. ACS Synth Biol. 2012 Mar 16;1(3):99-106. Epub 2012 
Feb 29. PMID: 22530199. 
Heinemann IU, Rovner AJ, Aerni HR, Rogulina S, Cheng L, Olds W, Fischer JT, Söll D, Isaacs FJ, Rinehart J. Enhanced phosphoserine 
insertion during Escherichia coli protein synthesis via partial UAG codon reassignment and release factor 1 deletion. FEBS Lett. 2012 
Oct 19;586(20):3716-22. doi: 10.1016/j.febslet.2012.08.031. Epub 2012 Sep 13. PMID: 22982858. 
http://www.sciencedirect.com/science/article/pii/S0014579312007016 
 
Humphris-Narayanan Elisabeth, Akiva Eyal, Varela Rocco, Ó Conchúir Shane, Kortemme Tanja. Prediction of Mutational Tolerance 
in HIV-1 Protease and Reverse Transcriptase Using Flexible Backbone Protein Design. PLoS Comput Biol. 2012 August; 8(8): 
e1002639. Published online 2012 August 23. doi: 10.1371/journal.pcbi.1002639. 
PMID: 3426558. http://www.ncbi.nlm.nih.gov/pubmed/22927804 
 
Isaacs FJ. Synthetic biology: Automated design of RNA devices. Nat Chem Biol. 2012 Apr 17;8(5):413-5. doi: 10.1038/nchembio.942. 
PMID: 22510661. http://www.nature.com/nchembio/journal/v8/n5/full/nchembio.942.html 
 
Juhas M, Eberl L, Church GM. Essential genes as antimicrobial targets and cornerstones of synthetic biology. Trends Biotechnol. 2012 
Nov;30(11):601-7. doi: 10.1016/j.tibtech.2012.08.002. Epub 2012 Aug 30.. PMID: 22951051. 
http://www.sciencedirect.com/science/article/pii/S0167779912001291 
 
Kahl L.J. and D. Endy. A Survey of Enabling Technologies in Synthetic Biology. 2012. Submitted. 
 
Kapp GT, Liu S, Stein A, Wong DT, Reményi A, Yeh BJ, Fraser JS, Taunton J, Lim WA, Kortemme T. Control of protein signaling 
using a computationally designed GTPase/GEF orthogonal pair. Proc Natl Acad Sci U S A. 2012 Apr 3;109(14):5277-82. doi: 
10.1073/pnas.1114487109. Epub 2012 Mar 7. PMID: 22403064. 
http://www.pnas.org/content/109/14/5277.long 
 
Kapp GT, Liu S, Stein A, Wong DT, Reményi A, Yeh BJ, Fraser JS, Taunton J, Lim WA, Keasling JD. Synthetic biology and the 
development of tools for metabolic engineering. Metab Eng. 2012 May;14(3):189-95. doi: 10.1016/j.ymben.2012.01.004. Epub 2012 
Feb 1..PMID: 22314049. 
http://www.sciencedirect.com/science/article/pii/S1096717612000055 
 
Keasling JD. Synthetic biology and the development of tools for metabolic engineering. Metab Eng. 2012 May;14(3):189-95. doi: 
10.1016/j.ymben.2012.01.004. Epub 2012 Feb 1. PMID: 22314049. 
http://www.sciencedirect.com/science/article/pii/S1096717612000055 
 
Kittleson, J. T., DeLoache, W., Cheng, H-Y. "Scalable Plasmid Transfer using Engineered P1- based Phagemids," ACS Syn. Biol., 2012 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 339 

Kittleson, J. T., Wu, G. C., Anderson, J. C. "Successes and failures in modular genetic engineering," Curr. Opin. Chem. Biol. 16(3-
4):329-36, 2012. 
 
Kortemme T. Control of protein signaling using a computationally designed GTPase/GEF orthogonal pair. Proc Natl Acad Sci U S A. 
2012 Apr 3;109(14):5277-82. doi: 10.1073/pnas.1114487109. Epub 2012 Mar 7.. PMID: 22403064. 
http://www.pnas.org/content/109/14/5277.long 
 
Kumar S, Hahn FM, Baidoo E, Kahlon TS, Wood DF, McMahan CM, Cornish K, Keasling JD, Daniell H, Whalen MC. Remodeling the 
isoprenoid pathway in tobacco by expressing the cytoplasmic mevalonate pathway in chloroplasts. Metab Eng. 2012 Jan;14(1):19-28. 
doi: 10.1016/j.ymben.2011.11.005. Epub 2011 Nov 21. PMID: 22123257. 
http://www.sciencedirect.com/science/article/pii/S1096717611001212 
 
Lee H, DeLoache WC, Dueber JE. Spatial organization of enzymes for metabolic engineering. Metab Eng. 2012 May;14(3):242-51. 
doi: 10.1016/j.ymben.2011.09.003. Epub 2011 Sep 18. PMID: 21946160. 
http://www.sciencedirect.com/science/article/pii/S1096717611000930 
 
Lim WA, Alvania R, Marshall WF. Cell biology 2.0. Trends Cell Biol. 2012 Dec;22(12):611-2. doi: 10.1016/j.tcb.2012.10.004. Epub 
2012 Nov 8.. PMID: 23142093. http://www.sciencedirect.com/science/article/pii/S0962892412001821 
 
Lin C, Jungmann R, Leifer AM, Li C, Levner D, Church GM, Shih WM, Yin P. Submicrometre geometrically encoded fluorescent 
barcodes self-assembled from DNA. Nat Chem. 2012 Oct;4(10):832-9. PMID: 23000997. 
 
Liu CC, Qi L, Lucks JB, Segall-Shapiro TH, Wang D, Mutalik VK, Arkin AP. An adaptor from translational to transcriptional control 
enables predictable assembly of complex regulation. Nat Methods. 2012 Nov;9(11):1088-94. doi: 10.1038/nmeth.2184. Epub 2012 
Sep 30. PMID: 23023598. http://www.nature.com/nmeth/journal/v9/n11/full/nmeth.2184.html 
 
Lohmueller JJ, Armel TZ, Silver PA. A tunable zinc finger-based framework for Boolean logic computation in mammalian cells. 
Nucleic Acids Res. 2012 Jun;40(11):5180-7. doi: 10.1093/nar/gks142. Epub 2012 Feb 9.. PMID: 22323524. 
http://nar.oxfordjournals.org/content/40/11/5180.long 
 
Lou C, Stanton B, Chen YJ, Munsky B, Voigt CA. Ribozyme-based insulator parts buffer synthetic circuits from genetic context. Nat 
Biotechnol. 2012 Nov;30(11):1137-42. doi: 10.1038/nbt.2401. Epub 2012 Oct 3. PMID: 23034349. 
http://www.nature.com/nbt/journal/v30/n11/full/nbt.2401.html 
 
McKee AE, Rutherford BJ, Chivian DC, Baidoo EK, Juminaga D, Kuo D, Benke PI, Dietrich JA, Ma SM, Arkin AP, Petzold CJ, Adams 
PD, Keasling JD, Chhabra SR. Manipulation of the carbon storage regulator system for metabolite remodeling and biofuel production 
in Escherichia coli. Microb Cell Fact. 2012 Jun 13;11:79. PMID: 22694848. http://www.microbialcellfactories.com/content/11/1/79 
 
Miller M, Hafner M, Sontag E, Davidsohn N, Subramanian S, Purnick PE, Lauffenburger D, Weiss R. Modular design of artificial tissue 
homeostasis: robust control through synthetic cellular heterogeneity. PLoS Comput Biol. 2012;8(7):e1002579. doi: 
10.1371/journal.pcbi.1002579. Epub 2012 Jul 19. PMID: 22829755. 
http://www.ploscompbiol.org/article/info%3Adoi%2F10.1371%2Fjournal.pcbi.1002579 
 
Moon TS, Lou C, Tamsir A, Stanton BC, Voigt CA. Genetic programs constructed from layered logic gates in single cells. Nature. 
2012 Nov 8;491(7423):249-53. doi: 10.1038/nature11516. Epub 2012 Oct 7. PMID: 23041931. 
http://www.nature.com/nature/journal/v491/n7423/full/nature11516.html 
 
Mosberg JA, Gregg CJ, Lajoie MJ, Wang HH, Church GM. Improving lambda red genome engineering in Escherichia coli via rational 
removal of endogenous nucleases. PLoS One. 2012;7(9):e44638. doi: 10.1371/journal.pone.0044638. Epub 2012 Sep 5. PMID: 
22957093. http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0044638 
 
Mukunda G., Great leaders don't need experience. Harv Bus Rev. 2012 Oct;90(10):30-1. PMID: 23074862. 
http://hbr.org/2012/10/great-leaders-dont-need-experience/ar/1 
 
Mukunda G. Indispensible: When Leaders Really Matter. Harvard Business Review Press 2012. http://hbr.org/product/indispensable-
when-leaders-really-matter/an/11129-HBKENG 
 
Mutalik VK, Qi L, Guimaraes JC, Lucks JB, Arkin AP. Rationally designed families of orthogonal RNA regulators of translation. Nat 
Chem Biol. 2012 Mar 25;8(5):447-54. doi: 10.1038/nchembio.919.. PMID: 22446835. 
http://www.nature.com/nchembio/journal/v8/n5/full/nchembio.919.html 
 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 340 

Olson EJ, Tabor JJ. Post-translational tools expand the scope of synthetic biology. Curr Opin Chem Biol. 2012 Aug;16(3-4):300-6. 
doi: 10.1016/j.cbpa.2012.06.003. Epub 2012 Jul 4. PMID: 22766485. 
http://www.sciencedirect.com/science/article/pii/S1367593112000750 
 
Ortiz ME, Endy D. Engineered cell-cell communication via DNA messaging. J Biol Eng. 2012 Sep 7;6(1):16. doi: 10.1186/1754-1611-
6-16. PMID: 22958599. http://www.jbioleng.org/content/6/1/16 
 
Oye K. et al in Schmidt M. (editor), "Regulatory Frameworks for Synthetic Biology," Synthetic Biology: Industrial and Environmental 
Applications. Wiley, 2012.  
http://www.wiley-vch.de/publish/en/books/forthcomingTitles/BE00/3-527-33183-2/?sID=70srgh2srq08r1bstktv48f410 
 
Oye K., et al. Managing the Rough Beast: Biosecurity Regimes and Synthetic Biology. Paper Presented at International Studies 
Association Convention, April 2012. 
 
Oye K.A., Kuiken T., and P. Millet. iGEM Safety and Security Screening: A Testbed for Addressing Biosecurity Issues. 2012. 
http://igem.org/Security 
 
Oye K.A., et al. Concise Guide to US and EU Regulations Governing Synthetic Biology. 2012. 
http://Synberc.org/sites/default/files/Concise%20Guide%20to%20Synbio%20Regulation 
%20OYE%20Jan%202012_0.pdf 
 
Oye K.A. Proactive and Adaptive Governance of Emerging Risks: DNA Synthesis and Synthetic Biology. Paper presented to 
International Risk Governance Council, Conference on Public Governance of Emerging Risks, September 14, 2012. Draft accepted 
by IRGC Working Paper Series. 
 
Ozaydın B, Burd H, Lee TS, Keasling JD. Carotenoid-based phenotypic screen of the yeast deletion collection reveals newgenes with 
roles in isoprenoid production. Metab Eng. 2012 Aug 17. [Epub ahead of print] PMID: 22918085. 
http://www.sciencedirect.com/science/article/pii/S109671761200081X 
 
Park JI, Steen EJ, Burd H, Evans SS, Redding-Johnson AM, Batth T, Benke PI, D'haeseleer P, Sun N, Sale KL, Keasling JD, Lee TS, 
Petzold CJ, Mukhopadhyay A, Singer SW, Simmons BA, Gladden JM. A thermophilic ionic liquid-tolerant cellulase cocktail for the 
production of cellulosic biofuels. PLoS One. 2012;7(5):e37010. doi:  
10.1371/journal.pone.0037010. Epub 2012 May 23. PMID: 22649505. 
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0037010 
 
Peralta-Yahya PP, Zhang F, del Cardayre SB, Keasling JD. Microbial engineering for the production of advanced biofuels. Nature. 
2012 Aug 16;488(7411):320-8. doi: 10.1038/nature11478. PMID: 22895337. 
http://www.nature.com/nature/journal/v488/n7411/full/nature11478.html 
 
Qi L, Haurwitz RE, Shao W, Doudna JA, Arkin AP. RNA processing enables predictable programming of gene expression. Nat 
Biotechnol. 2012 Oct;30(10):1002-6. doi: 10.1038/nbt.2355. Epub 2012 Sep 16. PMID: 22983090. 
http://www.nature.com/nbt/journal/v30/n10/full/nbt.2355.html 
 
Qi L, Lucks JB, Liu CC, Mutalik VK, Arkin AP. Engineering naturally occurring trans-acting non-coding RNAs to sense molecular 
signals. Nucleic Acids Res. 2012 Jul;40(12):5775-86. doi: 10.1093/nar/gks168. Epub 2012 Mar 1.. PMID: 22383579. 
 
Rios X, Briggs AW, Christodoulou D, Gorham JM, Seidman JG, Church GM. Stable gene targeting in human cells using single-strand 
oligonucleotides with modified bases. PLoS One. 2012;7(5):e36697. doi: 10.1371/journal.pone.0036697. Epub 2012 May 14.. PMID: 
22615794. http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0036697 
 
Satoh Y, Tajima K, Munekata M, Keasling JD, Lee TS. Engineering of a tyrosol-producing pathway, utilizing simple sugar and the 
central metabolic tyrosine, in Escherichia coli. J Agric Food Chem. 2012 Feb 1;60(4):979-84. doi: 10.1021/jf203256f. Epub 2012 Jan 
20. PMID: 22225426. http://pubs.acs.org/doi/abs/10.1021/jf203256f 
 
Singh P, Batth TS, Juminaga D, Dahl RH, Keasling JD, Adams PD, Petzold CJ. Application of targeted proteomics to metabolically 
engineered Escherichia coli. Proteomics. 2012 Apr;12(8):1289-99. doi: 10.1002/pmic.201100482. PMID: 22577029 
 
Slusarczyk AL, Lin A, Weiss R. Foundations for the design and implementation of synthetic genetic circuits. at Rev Genet. 2012 May 
18;13(6):406-20. doi: 10.1038/nrg3227. PMID: 22596318. http://www.nature.com/nrg/journal/v13/n6/full/nrg3227.html 
 
Slusarczyk AL, Weiss R. Understanding signaling dynamics through synthesis. Sci Signal. 2012 Apr 17;5(220):pe16. doi: 
10.1126/scisignal.2003092.. PMID: 22510466.  



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 341 

http://stke.sciencemag.org/cgi/content/abstract/sigtrans;5/220/pe16 
 
Smith CA, Shi CA, Chroust MK, Bliska TE, Kelly MJ, Jacobson MP, Kortemme T. Design of a Phosphorylatable PDZ Domain with 
Peptide-Specific Affinity Changes. Structure. 2012 Nov 13. pii: S0969-2126(12)00381-4. doi: 10.1016/j.str.2012.10.007. [Epub ahead 
of print] PMID: 23159126. http://www.sciencedirect.com/science/article/pii/S0969212612003814 
 
Solomon KV, Sanders TM, Prather KL. A dynamic metabolite valve for the control of central carbon metabolism. Metab Eng. 2012 
Nov;14(6):661-71. doi: 10.1016/j.ymben.2012.08.006. Epub 2012 Sep 28. PMID: 23026120. 
http://www.sciencedirect.com/science/article/pii/S109671761200095X 
 
Solomon, K.V., Moon, T.S., Ma, B., Sanders, T.M., and K.L.J. Prather. 2012. Tuning primary metabolism for heterologous pathway 
productivity. ACS Synth. Biol. DOI: 10.1021/sb300055e 
 
Tabor JJ. Modular gene-circuit design takes two steps forward. Nat Methods. 2012 Nov;9(11):1061-3. doi: 10.1038/nmeth.2217. 
PMID: 23132116. http://www.nature.com/nmeth/journal/v9/n11/full/nmeth.2217.html 
 
Temme K, Hill R, Segall-Shapiro TH, Moser F, Voigt CA. Modular control of multiple pathways using engineered orthogonal T7 
polymerases. Nucleic Acids Res. 2012 Sep 1;40(17):8773-81. Epub 2012 Jun 28. PMID: 22743271. 
http://nar.oxfordjournals.org/content/40/17/8773.long 
 
Temme K, Zhao D, Voigt CA. Refactoring the nitrogen fixation gene cluster from Klebsiella oxytoca. Proc Natl Acad Sci U S A. 
2012 May 1;109(18):7085-90. doi: 10.1073/pnas.1120788109. Epub 2012 Apr 16. PMID: 22509035. 
http://www.pnas.org/content/109/18/7085.long 
 
Thakuria JV, Zaranek AW, Church GM, Berry GT. Back to the future: from genome to metabolome. Hum Mutat. 2012 
May;33(5):809-12. doi: 10.1002/humu.22073. PMID: 22431014. 
http://onlinelibrary.wiley.com/doi/10.1002/humu.22073/abstract?systemMessage=Wile 
y+Online+Library+will+be+disrupted+on+15+December+from+10%3A00- 
13%3A00+GMT+%2805%3A00-08%3A00+EST%29+for+essential+maintenance 
 
Thompson KE, Bashor CJ, Lim WA, Keating AE. SYNZIP Protein Interaction Toolbox: in Vitro and in Vivo Specifications of 
Heterospecific Coiled-Coil Interaction Domains. ACS Synth Biol. 2012 Apr 20;1(4):118-129. Epub 2012 Feb 2. PMID: 22558529. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339576/ 
 
Torrance A.W. and Kahl L.J. 2012. Synthetic Biology Standards and Intellectual Property, a report prepared for The National 
Academies’ Board on Science, Technology, and Economic Policy, October 2012. 
http://www.Synberc.org/sites/default/files/Torrance%20&%20Kahl_Syn%20Bio%20Sta 
ndards%20and%20IP_NAS%20Report%202012.pdf 
 
Tseng HC, Prather KL. Controlled biosynthesis of odd-chain fuels and chemicals via engineered modular metabolic pathways. Proc 
Natl Acad Sci U S A. 2012 Oct 30;109(44):17925-30. doi: 10.1073/pnas.1209002109. Epub 2012 Oct 15. PMID: 23071297. 
http://www.pnas.org/content/109/44/17925.long 
 
Voigt C.A.. 2012. Genetic Circuit Performance under conditions Relevant for Industrial Bioreactors. ACS Synth. Biol. 1: 555-564. 
 
Voigt CA. Synthetic biology: Bacteria collaborate to sense arsenic. Nature. 2012 Jan 4;481(7379):33. doi: 10.1038/481033a. PMID: 
22222744. 
http://www.nature.com/nature/journal/v481/n7379/full/481033a.html 
 
Walker MC, Wen M, Weeks AM, Chang MC. Temporal and fluoride control of secondary metabolism regulates cellular 
organofluorine biosynthesis. ACS Chem Biol. 2012 Sep 21;7(9):1576-85. Epub 2012 Jul 6. PMID: 22769062. 
http://pubs.acs.org/doi/abs/10.1021/cb3002057 
 
Wang HH, Kim H, Cong L, Jeong J, Bang D, Church GM. Genome-scale promoter engineering by coselection MAGE. Nat Methods. 
2012 Jun;9(6):591-3. doi: 10.1038/nmeth.1971. Epub 2012 Apr 8. PMID: 22484848. 
http://www.nature.com/nmeth/journal/v9/n6/full/nmeth.1971.html 
 
Wang L, Wang X, Samoilov MS, Arkin AP. Inference of gene regulatory networks from knockout fitness data. Bioinformatics. 2012 
Dec 27. [Epub ahead of print] PMID: 23271269 [PubMed - as supplied by publisher] 
 
Weeks AM, Chang MC. Catalytic control of enzymatic fluorine specificity. Proc Natl Acad Sci U S A. 2012 Nov 27;109(48):19667-
72. doi: 10.1073/pnas.1212591109. Epub 2012 Nov 12. PMID: 23150553. http://www.pnas.org/content/109/48/19667.long 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 342 

 
Wei P, Wong WW, Park JS, Corcoran EE, Peisajovich SG, Onuffer JJ, Weiss A, Lim WA. Bacterial virulence proteins as tools to 
rewire kinase pathways in yeast and immune cells. Nature. 2012 Aug 16;488(7411):384-8. doi: 10.1038/nature11259. PMID: 
22820255. http://www.nature.com/nature/journal/v488/n7411/full/nature11259.html 
 
Westfall PJ, Pitera DJ, Lenihan JR, Eng D, Woolard FX, Regentin R, Horning T, Tsuruta H, Melis DJ, Owens A, Fickes S, Diola D, 
Benjamin KR, Keasling JD, Leavell MD, McPhee DJ, Renninger NS, Newman JD, Paddon CJ. Production of amorphadiene in yeast, 
and its conversion to dihydroartemisinic acid, precursor to the antimalarial agent artemisinin Proc Natl Acad Sci U S A. 2012 Jan 
17;109(3):E111-8. doi: 10.1073/pnas.1110740109. Epub 2012 Jan 12. PMID: 22247290. 
http://www.pnas.org/content/109/3/E111.long 
 
Whitaker WR, Davis SA, Arkin AP, Dueber JE. Engineering robust control of two-component system phosphotransfer using 
modular scaffolds. Proc Natl Acad Sci U S A. 2012 Oct 30;109(44):18090-5. doi: 10.1073/pnas.1209230109. Epub 2012 Oct 15. 
PMID: 23071327. http://www.pnas.org/content/109/44/18090.long 
 
Xie X, Kirby J, Keasling JD. Functional characterization of four sesquiterpene synthases from Ricinus communis (castor bean). 
Phytochemistry. 2012 Jun;78:20-8. doi: 10.1016/j.phytochem.2012.02.022. Epub 2012 Mar 27. PMID: 22459969. 
http://www.sciencedirect.com/science/article/pii/S003194221200101X 
 
Yuzawa S, Chiba N, Katz L, Keasling JD. Construction of a Part of a 3-Hydroxypropionate Cycle for Heterologous Polyketide 
Biosynthesis in Escherichia coli. Biochemistry. 2012 Nov 28. [Epub ahead of print] PMID: 23181847. 
http://pubs.acs.org/doi/abs/10.1021/bi301414q 
 
Yuzawa S, Kim W, Katz L, Keasling JD. Heterologous production of polyketides by modular type I polyketide synthases in Escherichia 
coli. Curr Opin Biotechnol. 2012 Oct;23(5):727-35. doi: 10.1016/j.copbio.2011.12.029. Epub 2012 Jan 13. PMID: 22244790. 
http://www.sciencedirect.com/science/article/pii/S0958166911007725 
  
Zalatan JG, Coyle SM, Rajan S, Sidhu SS, Lim WA. Conformational control of the Ste5 scaffold protein insulates against MAP kinase 
misactivation. Science. 2012 Sep 7;337(6099):1218- 22. doi: 10.1126/science.1220683. Epub 2012 Aug 9. PMID: 22878499. 
http://www.sciencemag.org/content/337/6099/1218.long 
 
Zhang F, Müller KM, Woolley GA, Arndt KM. Light-controlled gene switches in mammalian cells. Methods Mol Biol. 2012;813:195-
210. doi: 10.1007/978-1-61779-412-4_12.. PMID: 22083744. http://link.springer.com/protocol/10.1007%2F978-1-61779-412-4_12 
 
Zhang F, Carothers JM, Keasling JD. Design of a dynamic sensor-regulator system for production of chemicals and fuels derived from 
fatty acids. Nat Biotechnol. 2012 Mar 25;30(4):354-9. doi: 10.1038/nbt.2149. PMID: 22446695. 
http://www.nature.com/nbt/journal/v30/n4/full/nbt.2149.html 
 
Zhang F, Ouellet M, Batth TS, Adams PD, Petzold CJ, Mukhopadhyay A, Keasling JD. Enhancing fatty acid production by the 
expression of the regulatory transcription factor FadR Metab Eng. 2012 Nov;14(6):653-60. doi: 10.1016/j.ymben.2012.08.009. Epub 
2012 Sep 28 PMID: 23026122. http://www.sciencedirect.com/science/article/pii/S1096717612001012 
 

2013 (incomplete) 
 
Endy D., You E. and and M.J. Palmer. US National Paper to UN Bioweapons Convention Meeting of Experts, August 2013. In 
Review. 
 
More-Behrens G.H.G., Davis R., and and K.A.Haynes. Preparing Synthetic Biology for the World. Frontiers in Microbiology. 2013. 
http://www.ncbi.nlm.nih.gov/pubmed/23355834 
  



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 343 

Appendix O: IP Developed by Synberc PIs 
Source: Synberc annual reports 

 

Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 
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butyrate and 3-hydroxy-butyrolactone. 

LICENSED 

Sponsored 2013 

Invention Disclosure 

UCB 2013-048 

Microbial Biosynthesis of 2- 

Pyrrolidone (Keasling) 

The discovery of a microbial synthetic 

pathway converting 4-aminobutyrate into 

2- pyrrolidone. 

Sponsored 2013 

US Prov. Patent App. 

61/603,397 

3HOP Industrial 

Applications of the 

Carbon-Fixing 3- 

Hydroxypropionate 

Pathway (Silver) 

We have expressed a novel proprietary 

synthetic pathway that allows carbon 

fixation by a non-carbon-fixing host 

bacterium expressing heterologous genes, 

and improved growth and carbon fixation 
in. 

Sponsored 2012 

US Prov. Patent App. 

61/616,882 

Anti-Sigmas for 

Programmable 

Transcriptional Regulation; 

Artificial Sigma Factors 

Based on Bisected T7 

RNA Polyerase (Voigt) 

 Sponsored 2012 

US Prov. Patent App. 

61/721,188 

Directed Evolution of 

Synthetic Gene Cluster 

(Voigt) 

 Sponsored 2012 

US Prov. Patent App. 

61/616,175 

Engineered Genetic 

Device for the Controlled 

Destruction of Genomic 

and Plasmid DNA (Voigt) 

LICENSED Sponsored 2012 

Int’l Patent App. 
PCT/US2012/05753 

A Converter Between 
Translation and 

Transcriptional Control 

(Arkin) 

Our patent describes a method for 
generating synthetic transcriptional control 

elements from translational control 

elements. 

Sponsored 2012 

Int’l Patent App. 

PCT/US2011/058660 

Hybrid Polyketide 

Synthases (Keasling) 

Making diacids in E. coli. Sponsored 2012 



 

SUSTAINABILITY INITIATIVE 
INITIAL FINDINGS & RECOMMENDATIONS 

4 FEBRUARY 2014 
 

   
© 2014 NANCY J KELLEY & ASSOCIATES  PAGE 344 

Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

Int’l Patent App. 

PCT/US2011/053787 

Producing Alpha-Olefins 

Using Polyketide Synthases 

(Keasling) 

Production of various olefins in E. coli. Sponsored 2012 

US Patent App. 
13/302,966 

Producing a 
Trimethylpentanoic Acid 

Using Hybrid Polyketide 

Synthases (Keasling) 

Production of fuels in E. coli. Sponsored 2012 
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PCT/US2011/030463 

Glucose Valve and Other 

Metabolite Valves (Prather, 

Moon) 

Methods to regulate carbon flux in E. coli 

are provided. 

Sponsored 2012 

Int’l Patent App. 

PCT/US2012/026577 

Microbial Production of 

3,4-Dihydroxybutyrate 

(3,4-DHBA), 2,3-

Dihydroxy-butyrate (2,3-

DHBA) and 3- 

Hydroxybutyrolactone (3-

HBL) (Prather) 

DHBA/3HBL production from glucose as 

sole carbon source. LICENSED  

Sponsored 2012 

Invention Disclosure 
MIT 

Transcriptional Sensors for 
Oxygen in E.coli (Voigt) 

LICENSED Sponsored 2012 

US Prov. Patent App. 

61/560,455 

Assembling Partial or 

Whole Genomes via Living 

Intermediates (Church) 
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US Prov. Patent App. 

61/560,425 

Assigning Codons Solely to 

Unnatural Functions 

Allowing Efficient 

Incorporation of 

Nonstandard Amino Acids 
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By reassigning codons to new function, we 

will be able to provide devoted channels 

for NSAA incorporation. 
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US Prov. Patent App. 

61/560,404 

Genetic Isolation Using a 

Reassigned Genetic Code 
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US Prov. Patent App. 

61/530,901 

Metabolic Engineering of 

the Shikimate Pathway Via 
Synthetic Operons 

(Keasling) 

Overproduction of tyrosine in E. coli. Sponsored 2011 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

US Prov. Patent App. 

61/468,518 

Microbial Production of 

Hydroxytyrosol and 

Tyrosol (Keasling) 

High-level production of compounds in E. 

coli. 

Sponsored 2011 

US Prov. Patent App. 
61/386,374 

Rapid Assembly and 
Delivery of Large Scale 

Genetic Circuits for 

Mammalian Cells (Weiss) 

 Sponsored 2011 

US Patent App. 

13/353,662 

Transcription-like Activator 

Effectors (Church) 

Provided herein are compositions, kits and 

methods useful in the construction of 

designer transcription activator-like effector 

(dTALE) polypeptides. 
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Int’l Patent App. 

PCT/US2009/035274 

Use of Synthetic Scaffolds 

for the Production of 

Biosynthetic Pathway 

Products (Dueber, 

Keasling) 

Development of scaffolds to assemble 

enzymes of metabolic pathways to improve 

titers of desired chemicals. 
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Int’l Patent App. 

PCT/US2009/042132 

Producing Biofuels Using 

Polyketide Synthases 
(Keasling) 

Use of polyketide synthase modules for 

production of biofuels. 
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Int’l Patent App. 

PCT/US2009/038831 

Producing Dicarboxylic 

Acids Using Polyketide 

Synthases (Keasling) 

Use of polyketide synthase modules for 

biological production of diacids, a 

component of polymers. 
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Int’l Patent App. 

PCT/US2009/002111 

Cellular Production of 

Glucaric Acid (Prather) 

Biological production of polymer unit 

though assembly of novel pathway. 
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PCT/US2009/002132 

Cellular Production of 

Hydroxyvalerates from 

Levulinate (Prather) 

Construction of a novel pathway to 

produce a series of hydroxyvalerates in E. 

coli. 

Sponsored 2011 

Int’l Patent App. 

PCT/US2011/053088 

Rapid Assembly of Multiple 

Arbitrary Length DNA 

Fragments (Weiss) 

Aspects herein relate to composition, and 

related methods, for isolating and 

assembling DNA molecules without 

intermediate cloning steps. 

Sponsored 2011 

Invention Disclosure 

UCB 2011-011-1 

Regulation of Transcription 

with Unnatural Amino 

Acid Molecules (Arkin) 

Development of RNA molecules to 

responsively regulate gene expression. 

Sponsored 2011 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

Invention Disclosure 

Harvard 4335 

Methods for Improving 

Multiplex Oligonucleotide 

Recombination (Church) 

We have modified the genome of the host 

MAGE strain EcNR2 {MG1655 

ΔmutS<>cat Δ(ybhB-bioAB)::[λcI857 

Δ(croea59):: tetR-bla] to enhance the allele 

conversion frequency during coselection 
MAGE (the effect 

Sponsored 2011 

Invention Disclosure 

UCB 2011-178 

Biosynthesis of Terminal 

Amino Acid and Lactam 

Polymer Precursors 

(Keasling) 

Modified polyketide synthase to make 

lactams. 

Sponsored 2011 

Invention Disclosure 

MIT 

BioBuilder.org Model for 

Education (Kuldell, Prather) 

 Sponsored 2011 

Invention Disclosure 

MIT 

Capture Diversity to 

Improve Random Access: 

Cooperating Base Stations 

(Voigt) 

 Sponsored 2011 

US Prov. Patent App. 

61/250,342 

Transcription Logic Device 

and Methods of Use 

Thereof (Arkin) 

A transcription logic device unit; and a logic 

device comprising a plurality of a subject 

transcription logic device unit. 

Sponsored 2010 

Int’l Patent App. 

PCT/US2010/033299 

Production of Fatty Acid 

Esters from Biomass 
Polymers (Keasling) 

Introducing genes to produce fatty acid 

ethyl esters in E. coli 

Sponsored 2010 

Int’l Patent App. 

PCT/US2008/085019 

Industrial Production of 

Organic Compounds Using 

Recombinant Organisms 

Expressing Methyl Halide 

Transferase (Voigt) 

Biological route to product of methyl 

halides are provided. 

Sponsored 2010 

US Patent App. 

12/946,604 

Bio-Field Programmable 

Gate Array and Bio-

Programmable Logic Array: 

Reconfigurable Chassis 

Construction (Weiss) 

Aspects of the invention relate to 

reconfigurable chassis that allow for rapid 

construction and optimization of biocircuits. 

Sponsored 2010 

US Patent Application 

PCT/US/2009/042132 

Producing Biofuels Using 

Polyketide Synthases 

(Keasling) 

Use of polyketide synthase modules for 

production of biofuels 

Sponsored 2009 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

US Patent Application 

PCT/US/2009/038831 

Producing Dicarboxylic 

Acids Using Polyketide 

Synthases (Keasling) 

Use of polyketide synthase modules for 

biological production of diacids, a 

component of polymers 

Sponsored 2009 

US Patent Application 
PCT/US/2009/002111 

Microbial Production of 
Glucaric Acid (Prather) 

Biological production of polymer unit 
though assembly of novel Pathway 

Sponsored 2009 

US Patent Application 

PCT/US/2009/002132 

Microbial Production of 

Hydroxyvalerates from 

Levulinate (Prather) 

Construction of a novel pathway to 

produce a series of hydroxyvalerates in E. 

coli 

Sponsored 2009 

US Patent Application 

PCT/US2009/0035274 

Use of Synthetic Scaffolds 

for the Production of 

Metabolic Pathway 

Products (Dueber, 

Keasling) 

Development of scaffolds to assemble 

enzymes of metabolic pathways to improve 

titers of desired chemicals 

Sponsored 2009 

Provisional US patent 

application filed 

Microbial production of 

3,4-dihydroxybutyrate and 

3- hydroxybutyrolactone 

from glucose (Prather) 

Construction of novel pathways to produce 

novel 4-carbon Compounds in E. coli.  

Sponsored 2009 

Provisional US patent 

application filed 

A Method of Determining 

a Noncoding DNA (RNA) 
Sequence that Yields a 

User-Selected production 

rate of a protein (Voigt) 

Development of method of controlling 

protein production rates in bacteria 

Sponsored 2009 

Provisional US patent 

application filed 

UV Blocker Protein 

(Cuero) 

Bacterial protein that absorbs UV light 

preventing UV damage to DNA 

Sponsored 2009 

Provisional US patent 

application filed 

Combinatorial Synthesis of 

Polyketides Using Synthetic 

Protein Scaffold to Control 

Assembly of Polyketides 

Synthase Modules 

(Dueber, Keasling) 

Development of method to assemble PKS 

modules for production of novel polyketide 

compounds 

Sponsored 2008 

Invention disclosure Layered Assembly of 

Standard Biological Parts 

(Anderson) 

Construction of large DNA-encoded 

genetic devices with applications in 

healthcare, bioenergy, chemical and 
materials production in biological cells 

Sponsored 2008 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

Invention Disclosure 

UCB 2013-004 

A Heterologous Fatty Acid 

Synthase for the 

Production of Fatty Acid 
Biofuels and Chemicals 

(Keasling) 

 Associated 2013 

Invention Disclosure 

UCB 2013-049 

Single Molecule in vitro 

Display (Marqusee) 

Methods for detecting and evolving single-

molecule phenotypes. 

Associated 2013 

US Prov. Patent App. 

61/679,397 

Method of Engineering 

Predictable Gene 

Expression Elements and 

Systems Using RISPR/Cas 

system (Arkin) 

Using a minimal RNA processing platform 

derived from a bacterial CRISPR pathway, 

we show that controlled RNA cleavage 

enables quantitative programming of gene 

expression by modular assembly of 

promoters, ribosome binding sites, and 

riboregulators in bacteria, and allows these 

components to be grouped into 

sophisticated regulatory functions. 

Associated 2012 

US Prov. 
Patent App. 

61/736,409 

Derivatization Agents for 
the Versatile Synthesis of 

Probes for High-

Throughput Enzyme 

Screening (Keasling) 

 Associated 2012 

US Prov. Patent App. 

61/735,507 

Method for Constructing 

Synthetic Transcription 

Factors 

 Associated 2012 

US Prov. Patent App. 

61/730,935 

Microbial Platform for the 

Production of 

Monoterpenes such as 

Pinene (Keasling) 

 Associated 2012 

US Patent App. 

13/267,470 

Methods of Making 

Ribosomes (Church) 

Methods for making in vitro assembled 

ribosomal subunits and in vitro assembled 

ribosomes are provided. 

Associated 2012 

US Patent App. 
13/399,744 

Transcription Factor-Based 
Biosensors for Detecting 

Dicarboxylic Acids 

(Keasling) 

The invention provides methods and 
compositions for detecting dicarboxylic 

acids using transcription factor biosensor. 

Associated 2012 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

US Patent 8,158,383 Methods of Generating 

Protein Variants (Keasling) 

The present invention provides methods of 

designing and generating polypeptide 

variants that have altered properties 
compared to a parent polypeptide. 

Associated 2012 

US Prov. Patent App. 

MIT 

Multiple Input Biological 

Classifier Circuits for Cells 

(Weiss) 

 Associated 2011 

Int’l Patent App. 

PCT/US2011/061900 

Host Cells and Methods 

for Producing Diacid 

Compounds (Keasling) 

Use of microbes to produce diacids. Associated 2011 

US Patent 7,183,089 

European Patent 

EP1765418 Int’l Patent 

App. 

PCT/US2005/017874 

Method for Enhancing 

Production of Isoprenoid 

Compounds (Keasling) 

Method to predict and change amino acids 

in enzymes to produce variants with 

altered properties. 

Associated 2011 

US Patent 7,927,794 

Int’l Patent App. 

PCT/US2004/032407 

Methods for Identifying a 

Biosynthetic Pathway Gene 

Product (Keasling) 

Method to manipulate intracellular levels of 

HMG-CoA to optimize mevalonate 

production. 

Associated 2011 

US Patent App. 
13/357,566 

Microbial Conversion of 
Plant Biomass to Advanced 

Biofuels (Keasling) 

The invention provides consolidated 
bioprocessing methods and host cells. 

Associated 2011 

US Patent App. 

12/587,994 

Detection and Destruction 

of Cancer Cells Using 

Programmed Genetic 

Vectors (Weiss) 

 Associated 2011 

Invention Disclosure 

UCB 2012-042 

A Novel Mutase for the 

Production of Isomeric 

Compounds (Keasling) 

Mutase interconverting acyl-CoAs. Associated 2011 

Invention disclosure 

UCB 2011-007-1 

Elimination of E. coli 

Diauxie for Biofuel 

Production (Keasling) 

Consolidated bioprocessing of plant 

cellulose to advanced biofuels. 

Associated 2011 

Invention 

disclosure UCB 2010-

131-1 

Geranylgeranyl Reductases 

for Reduction of 

Isoprenoids (Keasling) 

Manipulation of E. coli to utilize 5- and 6-

carbon sugars simultaneously.  

Associated 2011 

Invention Disclosure 
Harvard HU4136 

Conditional Replication, 
Integration and Expression 

Plasmid System (Silver) 

 Associated 2011 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

Invention Disclosure 

Harvard HU4070 

New in vivo Scaffolding 

Technology to Improve 

Yields of Enzymatic 
Pathways (Silver) 

 Associated 2011 

Invention Disclosure 

Harvard HU4217 

Redox Mediating Peptides 

for Electrofuels and 

Electrosynthesis (Silver) 

 Associated 2011 

US Patent 7,745,108 

Int’l Patent App. 

PCT/US2004/041876  

Methods for Identifying 

Terpene Synthase 

(Keasling)  

Modification of host cells to select for 

genes involved in a biosynthetic pathway.  

Associated 2010 

US Patent Application 

PCT/US2008/ 085013 

Industrial Production of 

Organic Compounds using 

Recombinant Organisms 

Expressing Methyl Halide 

Transferase (Voigt) 

Process to produce methyl halides from 

cellulose in bacteria 

Associated 2008 

US Patent Application 

PCT/US2008/ 085019 

Biological Systems for 

Production of 

Commercially Valuable 
Compounds (Voigt) 

Processes to produce novel biofuels and 

chemicals 

Associated 2008 

Provisional US patent 

application filed 

Method to Engineer MAPK 

Signaling Responses Using 

Synthetic Scaffold 

Interaction (Lim) 

Method to Engineer MAPK Signaling 

Responses Using Synthetic Scaffold 

Interactions and Scaffold-Mediated 

Feedback Loops 

Associated 2008 

US Patent Application 

20080318292 

Methods of Generating 

Protein Variants (Keasling) 

Method to predict and change amino acids 

in enzymes to produce variants with 

altered properties 

Associated 2008 

US Patent 7,183,089 Method for Enhancing 

Production of Isoprenoid 

Compounds (Keasling) 

Method to manipulate intracellular levels of 

HMG-CoA to optimize mevalonate 

production 

Associated 2007 

US Patent Application 

20070141574 

Method for Identifying a 

Biosynthetic Gene Product 

(Keasling) 

Modification of host cells to select for 

genes involved in a iosynthetic Pathway 

Associated 2007 

US Patent Application 

20070264632 

Methods for Identification 

of Enzymes (Keasling) 

Method to bind identifying ligand to 

samples containing purported enzymes and 
analysis to identify such enzyme 

Associated 2007 
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Patent No. / 
Reference Patent Title Brief Description  

of Technology 

Center 
Sponsored/ 
Associated 

Date 

US Patent Application 

20070276129 

Modular Molecular Clasps 

and Uses Thereof 

(Church) 

Design and use of protein-based DNA 

binding proteins for wide variety of uses 

Associated 2007 

US Patent Application 
20060160138 

Composition and Methods 
for Protein Design 

(Church) 

Rational methods to design proteins with 
desired functions 

Associated 2006 

Invention disclosure Biopolymer and Protein 

Production Using Type III 

Secretion Systems of Gram 

Negative [Systems] (Voigt) 

Using a type III secretion system as a 

biotechnology tool for protein secretion 

Associated 2006 
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