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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 purposes1—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 a 45% CAGR and 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.
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) 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 on 30 June 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

1 syntheticbiology.org (accessed 28 December 2013).
2 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
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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,
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.3,4 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, 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 antimalarial drugs,
biofuels from non-food biomass, and rapid vaccine production.
As NSF support for Synberc ramps down, 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, and
have developed clear national strategies with large coordinated investments. Thus, the US 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.

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)
5 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for
Scholars. (2013)
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In July 2013, Synberc, with support from the Alfred P. Sloan Foundation (APSF), initiated a one-year
independent sustainability initiative led by Synberc and Nancy J Kelley & Associates (NJK&A) to develop
a strategic action plan to extend the efforts begun by Synberc and advance the field of synthetic biology
in the US. Through a structured set of activities, including participation in industry events, in-depth
interviews, extensive secondary research, and a series of strategy sessions and Working Group
meetings, NJK&A developed and published a detailed report in February 2014, Synberc Sustainability
Initiative: Initial Findings & Recommendations (hereafter, Sustainability Analysis).6
That report, made available to the public via the Synberc and NJK&A websites, 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.

6 Nancy J Kelley & Associates LLC. Synberc Sustainability Initiative: Initial Findings & Recommendations. http://bit.ly/NJKAsynbioreport
(2014).
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The report concluded with preliminary recommendations for a synbio NewOrg, along with a call-toaction for the Synberc community to support three interrelated follow-up plans that would help to
transition the current Synberc into the NewOrg:
•

Maintain Synberc and associated organizations through conclusion of NSF’s ERC funding of
Synberc

•

Stand up and transition to NewOrg

•

Develop US roadmap for synthetic biology

This document (Synberc Sustainability Initiative: Strategic Recommendations & Plan, hereafter, Sustainability
Plan) is meant to provide a blueprint for next steps that Synberc and the synbio community might take
to continue to support and grow the field:
•

2. Project Overview. Describes the Sustainability Initiative in detail, highlighting the process and
some of the key findings along the way (updated from Sustainability Analysis).

•

3. The Case for Sustainability. Provides a quick review of synbio’s early years and the role of
Synberc in this history.

•

4. Business Models for Sustainability. Presents organizations that were considered as possible
models for Synberc.

•

5. Vision for a Synbio NewOrg. Provides a reminder of what is needed for Synberc and
synthetic biology going forward.

•

6. Organizational Options. Details three approaches (low-medium-high) for a possible
successor to Synberc: Academic/Industry Interactions, Research Initiatives, Synbio NewOrg.

•

7. Defining a Synbio NewOrg. Details the critical components of a synbio NewOrg that fulfills
the vision outlined earlier.

•

8. Standing Up a Synbio NewOrg. Outlines the steps required over the next 1–2 years to plan
and implement the formation and launch of a NewOrg.

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 6

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
•

9. Supporting a Synbio NewOrg: US Roadmap Initiative. Provides an introduction to a related
initiative, to be funded by the National Science Foundation, which would shape the future of
synbio for the US and also serve as a foundation for NewOrg’s research agenda.

•

10. Next Steps. Identifies what must be done next.

The NSF, Synberc, and the entire synbio community have invested a tremendous amount of time and
resources to get this far. While the results have been impressive, the opportunity to build on those
results is tremendous. The Sustainability Initiative funded by APSF and Synberc has generated interest,
attention, and a preliminary commitment of resources by NSF, APSF, and a diverse set of corporate
partners. It is critically important – to Synberc, to synbio, and to the world – that this work continues.
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2. PROJECT OVERVIEW
In July 2013, Synberc, with support from the Alfred P. Sloan Foundation (APSF), initiated a one-year
independent sustainability initiative led by Nancy J Kelley & Associates (NJK&A) 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.
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.

2.1. Expected Outcomes
Five major outcomes were intended of the project:
1. Identification of path(s) forward toward a self-sustaining future for Synberc, obtaining approval
from the required institutional leadership. These paths were introduced in the Sustainability
Analysis, explored with the community over the following months, and are detailed in Sections
6–8.
2. A firmly defined operational plan for an evolved Synberc organization from 2016 through 2021:
this was developed in conjunction with Synberc leadership and a Leadership Task Force (see
Section 2.4.4.) and is detailed in Sections 7–8.
3. Identification of institutional partners (e.g., academic institutions, research institutions) needed
to execute the plan: these are highlighted throughout this Sustainability Plan, in particular in
Sections 7–8.
4. 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: NJK&A, in conjunction with Synberc leadership and the
Synberc Industrial Advisory Board (IAB) have been collaborating in 2014 to develop candidates,
which are described in Sections 7–8.
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5. Compilation and analysis of data (e.g., financial modeling, market research) to support the
project: preliminary data, including extensive market research, were included as part of the
Sustainability Analysis; more detailed financial modeling and scenario planning are included in
Sustainability Plan Section 6 and Appendix H.
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: these
goals have been central to discussions among the various Working Groups, Leadership Task
Force, and Industrial Advisory Board and are the foundation of the recommendations herein.

•

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): these are detailed in Sections 6 and 8 and
Appendix H.

•

Recommended legal structures (e.g., university-based, 501(c)(3), for-profit organization): these
are detailed in Sections 7–8.

•

Suggestions about governance, including best practices for advisory boards, lead institution(s), and
participation of partners in decision-making processes: these are detailed in Sections 7–8.

•

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. These goals have been central to discussions among the various Working
Groups, Leadership Task Force, and Industrial Advisory Board; while additional work is required
to formalize these agreements as part of a NewOrg, the framework can be found in Sections
7–8.

•

Guidelines for staffing levels and hiring processes: these are detailed in Sections 6–8.
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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 APSF.
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

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 series of Working Group, Leadership Task Force, and ad hoc meetings. An overview of these
relationships is illustrated in the diagram below.
Sustainability/Business Planning Team
Project Leadership
Jay Keasling
PI

Nancy Kelley

Project Management
Kevin Costa /
Megan Palmer

Dave Whelan

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

Initiative Working Groups
Synberc Team

Consulting Team

•
•
•
•
•

•
•
•
•
•
•

Peter Ackermann
Kevin Costa
Drew Endy
Leonard Katz
Megan Palmer
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Market Research
Meeting Facilitation
Strategy
Legal/IP
Economic Impact
Analysis
• …

•
•
•
•
•
•
•
•
•

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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2.3. Methodology
The findings contained in this Sustainability Plan, the earlier Sustainability Analysis, and related project
documents are the product of a broad range of primary and secondary research. Throughout the first
half of the process (July–December 2013), NJK&A 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. These were and continue to be augmented by numerous
follow-up conversations. The initial slate of interviewees was proposed by Synberc leadership, and
Paula Olsiewski at APSF.
Additional interviewees were recommended by other interviewees or participants in the process or
identified through other research activities. A complete list of 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 Sustainability Plan, the earlier Sustainability Analysis, and other
related documents.
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 in Sustainability Analysis).
From the beginning, the Sustainability Initiative was designed as a collaborative, inclusive, and flexible
process that integrated the expertise, opinions, and energy of the greater Synberc community.
Throughout the process, NJK&A, in conjunction with Synberc leadership, led a series of Working
Groups (see Section 2.4.3.), a Leadership Task Force (see Section 2.4.4.), and numerous strategy
sessions at Synberc retreats and as part of standalone meetings (see Section 2.4.4.).
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2.4. Project Plan
The Sustainability Initiative is divided into four phases: Kickoff, Initial Feasibility Planning, and Business
Planning (which concluded with draft release of the Sustainability Analysis), and a Follow-up/Execution
Phase running from January through June 2014, as outlined in the Table below:

Project Overview
Phase

Period

I.

Kickoff

July 2013

II.

Initial
Feasibility
Planning

August
September

Business
Planning

•
•
•
•
•

Final go-forward planning

January 2014
February
Follow-Up/
Execution

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

June

December

IV.

• SB6.0

May

November

March
April

Meetings & Events

Project plan and kickoff meetings
Baseline set of findings, along with initial
hypotheses, which will guide remainder of project

Alignment of business model under development
with priorities identified in Washington and at
other meetings to date
Preliminary business model vetted by trusted
external advisors and stakeholders
Presentation of draft recommendations
(Sustainability Analysis) and strategic planning
process for 2014
Refinement of Sustainability Analysis, using feedback
from community and discussions at leadership
community meeting (“Chicago Summit”)
Publication of Sustainability Analysis; initial
implementation of follow-up planning, including
Industry Strategy Meeting
Kickoff of Leadership Task Force to develop longterm recommendations and implementation plan,
initially piloted at Synberc Retreat
Refinement of long-term recommendations and
implementation plan
Presentation of Sustainability Plan (this document)

October
III.

Milestone

• Bay Area
Bay Area
Boston
Synberc Retreat
San Diego
NAS Forum on
Synthetic Biology
• iGEM
• SynBioBeta SF
• Bay Area
• Chicago Summit
• Industry Strategy
Meeting
• Leadership Task
Force (LTF)
• Synberc Retreat
• LTF
• LTF
• LTF
• Bay Area (TBD)

2.4.1. 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.
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2.4.2. 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 (see Table below),
served as the springboard for a three-hour brainstorming exercise on the final day of the retreat.

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

•
•
•
•
•
•

Open Infrastructure
Education
Commercialization

•
•
•

Policy & Regulation

•

Public Awareness

•

Funding
Location

•
•

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
Create environment where researchers would work on large-scale problems that
cannot be addressed by individual labs
Host visiting researchers from industry and academia
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
Continue and expand multidisciplinary education and leadership development
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
Be the voice of the community, with direct access to the White House, Congress,
agencies, and science advisors
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
Public, private, philanthropic, academic
One organization, two coasts
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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 (see Appendix C). The
output of this exercise enhanced or refined the strawman and serves as the basis for recommendations
throughout the remainder of the process. In fact, the recommendations and plan contained in this
Sustainability Plan are a consistent evolution and refinement of many of the concepts that surfaced
during this session. Following this exercise, the session attendees divided into breakout groups, which
served as a kickoff for a three-month Working Groups process (described below).

2.4.3. Working Groups (October–December 2013)
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 can be found in Appendix D.
The Working Groups were focused on the following areas, which collectively represent the critical
operational components required for a balanced organization:
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Working Group

Areas of Emphasis
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
Renewed, sustained investment in foundational tools and research; this includes building parts

Research Agenda and devices, ever-better methods in the design-build-test cycle, and developing a contextindependent framework for integrating biological components

Community &
Industry
Infrastructure
Intellectual
Property
Industry
Relations
Philanthropy &
Financial Viability
Education &
Public
Awareness
Regulatory &
Public Oversight
Global
Community

Definition of large, multi-institutional research projects with clear connections to commercial
applications
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
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
Align strategic research aims, spur economic development, promote commercialization of
academic research, and encourage new start-up ventures
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
Create tomorrow’s practitioners, educators, legislators, and regulators, and a workforce diverse
in socioeconomic background, discipline, and thought; to 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
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
Connecting internationally 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 were 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 E), 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 statem ent
of the Synberc com m unity regarding its vision for the future of synbio (see Appendix
F).
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It is anticipated that these groups will be reconvened later in 2014, to support both the stand-up of
NewOrg and to participate in an NSF-funded US roadmap initiative.

2.4.4. Business Planning (October–December 2013)
Following the initial presentation of findings based on Initial Feasibility Planning, and while the Working
Groups were meeting, 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

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 Sustainability
Analysis Section 8.3.) designed to highlight the current and possible near-future states of Synberc and
related organizations. These models ultimately would serve as a framework for more comprehensive
financial models for Synberc and a Synbio NewOrg (see Section 6 and Appendix H).
This Business Planning Phase concluded with the presentation of a draft Sustainability Analysis to the
Synberc core team in December 2013. Following two rounds of feedback from the Synberc team and
the greater Synberc community (e.g., PIs, SAB members, IAB representatives, other stakeholders), in
February 2014, the updated Sustainability Analysis was published, distributed to all participants involved
in the process and members of the greater synbio community (e.g., US government officials), and made
public via the Synberc and NJK&A websites.
Even prior to the release of the Sustainability Analysis, key members of the community began to look
toward the next steps and ways to refine and support the planning and implementation of a NewOrg.
The National Science Foundation (NSF) approached Keasling and Kelley with a request that Synberc
and NJK&A develop a proposal to lead a 6–12-month synbio roadmapping process for the US, with
preliminary approval for $500K in funding. This proposal has been drafted but not yet submitted. At the
same time, APSF committed $1 million (which would make its total investment in synbio $10 million)

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 16

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
as a challenge grant to seed NewOrg planning (including possible support for the US roadmapping
initiative).

2.4.5. Follow-up/Execution (January–June 2014)
The Execution Phase kicked off with a strategic planning meeting in Chicago on 21 January 2014
(Chicago Summit), with approximately 60 attending in person or via WebEx. The extended Synberc
leadership team was invited, including Synberc staff, PIs, SAB members, and IAB representatives, along
with select guests from APSF, iGEM, and other related organizations. This meeting was intended to
share and discuss the initial findings and recommendations contained in the Sustainability Analysis, while
discussing options for and developing a shared vision for three key strategic thrusts, which we
hypothesized were required to be implemented in an integrated manner to maximize the potential of
the NewOrg:
•

Maintain Synberc and associated organizations through conclusion of NSF’s ERC funding of
Synberc

•

Stand up and transition to NewOrg

•

Develop US roadmap for synthetic biology

In order to gauge the reactions of the attendees and develop a process for alignment, NJK&A
developed a leadership “heading check” survey that we asked each attendee (in person or over
WebEx) to complete, in order to help us facilitate the follow-up conversations. We asked for feedback
in a few areas: commitment to finding a path to success as an independent non-profit, appreciation of
the risks and challenges in front of the community, parallel investment in the three strategic thrusts
outlined above (Synberc steady state, NewOrg stand-up, US roadmapping), and an appreciation for the
shared leadership required to execute these initiatives.
In general, there was moderate to strong consensus across these areas, with the majority responding
favorably to the idea of finding a path to success as an independent non-profit research institute. Most
groups of attendees (PI, API, IAB, SAB) were strongly aligned on Mission (“Maintain US leadership in
synthetic biology; solve global challenges of energy, environment, health, and food”), with Staff and
Community neutral. The group agreed that additional discussion and clarification were needed around
some of these areas (Mission, Governance, Research, Operations, Infrastructure, Education, Policy).
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When asked about the risks and challenges, most indicated that personal fatigue, political maneuvering,
and lack of unified vision appear to be very real challenges. Technical fatigue scored more neutral, with
follow-up discussion indicating that science and technology challenges are what keep the community
motivated. We noted that the PIs and Staff appear to face personal fatigue more than other categories.
With regard to the three strategic thrusts (Synberc steady state, NewOrg stand-up, US roadmapping),
there was an almost unanimous support to invest in these three in parallel. Out of 43 respondents, only
two disagreed (1 “disagree” and 1 “strongly disagree”). Finally, there was strong agreement that
achieving success will require an extraordinary level of shared leadership and active participation, with
only two disagreeing out of 42 respondents.
A detailed summary of the response data can be found in Appendix G.
At the end of the day, we invited attendees to answer one final question: “Based on what we discussed
today and what is required to achieve the goals outlined, what role would you like to play: Be a Leader,
Be Involved, Stay Informed?” Of the 32 participants who answered this question, 16 responded “Be a
Leader,” 14 “Be Involved,” and only two “Stay Informed” (one of whom had a conflict that prevented
additional involvement at the time).
Both Kelley and Keasling followed up with Chicago Summit attendees after the meeting, with Keasling
holding one-on-one conversations with each of Synberc’s PIs to gauge their support for the plan
outlined during the discussion and to invite certain members to be part of a Leadership Task Force (see
below).
Following the Chicago Summit and Keasling’s one-on-one conversations with the PIs, an Industry
Strategy Meeting (special meeting of the IAB) was held at Synberc in February 2014. The purpose of
this meeting was two-fold:
•

Develop a coordinated strategy and plan for the IAB (and, more broadly, industry) to support
Synberc and the NewOrg in the future

•

Explore commitment for $10 million in funding to support Synberc steady state operations and
stand-up of NewOrg

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 18

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
Representatives of the IAB left this Industry Strategy Meeting with a commitment to identify funding
paths at their respective companies.
© 2014 Nancy J Kelley & Associates

DRAFT WORK IN PROCESS

43

Industry Strategy Meeting Call-to-Action, February 2014

So What Do We Need Today?

$p g
MONEY
TO SUPPORT
GROWTH

FROM COMPANIES
THAT BELIEVE IN
SYNBIO VISION

LED BY
CHAMPIONS
WITH PASSION

How do we work together to make this happen?

Another one of the actions emerging from the Chicago Summit in January 2014 was the creation of a
Leadership Task Force (LTF) that would synthesize the recommendations from the Synberc
community and develop a follow-up action plan to stand up the NewOrg. The LTF convened in March
2014, comprised of visionaries and leaders, representing the current Synberc PIs, APIs, and IAB,
recruited by Kelley and Keasling:

NewOrg Leadership Task Force (LTF), March 2014
•
•
•
•
•
•
•
•

Jay Keasling (PI Berkeley)
Wendell Lim (PI UCSF)
Tanja Kortemme (PI UCSF)
Ken Oye (PI MIT)
Pam Silver (PI Harvard)
Ron Weiss (PI MIT)
John Dueber (API Berkeley)
Julius Lucks (API Cornell)

•
•
•
•
•
•
•

Eli Groban (IAB Intrexon)
Steve Evans (IAB Dow)
Jon Chesnut (IAB Life)
Andrew Hessel (IAB Autodesk)
Steve Laderman (IAB Agilent)
Melissa Rhoads
(IAB Lockheed Martin)
Nancy J Kelley (NJK&A)

The LTF has been holding meetings once or twice per month and will ramp up these meetings as the
transition from Synberc to NewOrg continues.
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NJK&A participated in the Spring 2014 Synberc Retreat at UC Berkeley, delivering a progress update
to the Synberc community, including visiting NSF guests, and holding strategy sessions with IAB
representatives and the LTF. Five current Synberc IAB members (Autodesk, Dow, DSM, Lockheed
Martin, and Thermo Fisher Scientific [Life Technologies]) committed to approaching their senior
management for a total of $10 million to support the stand-up of NewOrg, with a target deadline for
completing these investments during 2014. Other companies, including L’Oreal and New England
BioLabs, may be candidates as well. Follow-up required here includes:
•

Refining the NewOrg value proposition and developing investment presentations for industry
partners

•

Working with IAB representatives and other champions to identify and approach corporate
leadership at appropriate levels

•

Creating invitation-only events and one-on-one meetings that bring together corporate and
Synberc leadership, to secure funding

The need for immediate action to support the ongoing activities of Synberc and the stand-up of
NewOrg is critical. This Sustainability Plan is designed to continue to move this important process
forward.
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3. THE CASE FOR SUSTAINABILITY
3.1. Synthetic Biology: The First 15 Years of a Vision7
3.1.1. Introduction
While research in synbio and adjacent fields has been under way for decades, the field emerged on its
own around the turn of the century with a few seminal events, including Blue Heron and GeneArt’s
launch of the gene-synthesis industry (1999), Jim Collins’ Nature paper on bacterial toggle switches
(2000), the initial sequencing of the human genome (2001), and the introduction of BioBricks concept
by Tom Knight (2003).
Since then, the pace of development has rapidly accelerated, with a cascade of research, funding, and
corporate activity. This is obvious from the publishing volume over this period: in 2003, fewer than 10
articles in the scientific literature related to synthetic biology; by 2011, that number had grown to
approximately 350, including articles, reviews, proceedings, etc. (see Figure).

7 An earlier version of this appeared in the Sustainability Analysis (Nancy J Kelley & Associates LLC. Synberc Sustainability Initiative:
Initial Findings & Recommendations. http://bit.ly/NJKAsynbioreport [2014]). This condensed version is based on: Nancy J Kelley &
Associates LLC. Industry Report: Engineering Biology to Address Global Problems: Synthetic Biology Markets, Needs, and
Applications. Industrial Biotechnology 10, (2014).
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Growth in Synthetic Biology Research

Synthet

(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)

The majority of these publications have stemmed from US research, but the field is growing rapidly
elsewhere. Recent UK investments should lead to even greater outputs, and European efforts are
gaining momentum. China, which intends to become a significant synbio player within 10 years,8 now
contributes 10% of all synthetic biology papers published.9
The timeline below highlights the cascade of developments in synbio over the past 15 years.

Figure 1. Publication Trends. Data from Web of Science topic search for synthetic biology or synthetic genomics or synthetic g
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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The emergence of synthetic biology has been accompanied by
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manner. We turn first to the exploration of the language used in
synthetic biology to describe this field.
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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 (DOE) invested $12 million in Craig Venter’s research as part
of its Genomes to Life Program, followed by the Department of Defense’s (DOD) Defense Advanced
Research Projects Agency (DARPA) investigation into the intersection of computing and biology. US
investment into synbio has totaled at least $500 million10 (by NJK&A estimates, up to $1 billion),
spanning multiple agencies and supporting numerous research efforts and institutions. The largest single
investment to date has been NSF’s support of the Synthetic Biology Research Engineering Center
(Synberc,), begun in 2006 by a handful of researchers from Berkeley, Harvard, MIT, UCSF, and Stanford,
and now a substantial community of researchers and industry partners nationwide.
Several institutional affiliates of Synberc have developed their own synbio-related programs and centers
over the past decade, with other US schools following suit. Meanwhile, numerous multinationals—from
Agilent, Life Technologies, BP, Dow, ExxonMobil, and Goodyear, to pharmas like GSK, Novartis, Merck,
Pfizer, Roche, and Sanofi-Aventis, to consumer products companies like L’Oréal and PepsiCo—are
integrating synbio research into their R&D processes. A number of start-ups are emerging from synbiorelated research activities and beginning to make their mark in the critically important areas of health,
energy, environment, and food: e.g., Ginkgo BioWorks in Boston (engineered organisms), San-Diegobased Genomatica (sustainable chemicals), and Amyris in Emeryville, California (energy and
pharmaceuticals).
With research moving forward quickly and industry capitalizing on these developments, government
regulatory bodies and funding agencies are struggling to keep up. The patchwork of US agencies and
regulations can be confusing to practitioners and regulators alike. Furthermore, while both the US and
the EU have established regulations to address synthetic biology, their approaches have 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, but
the US has remained conspicuously absent from these discussions, choosing not to sign on. It is
imperative that the synbio community continues its work with the US government to refine its
regulatory strategy, both domestically and globally.

10 Woodrow Wilson International Center for Scholars. Trends in Synthetic Biology Research Funding in the United States and Europe:
Research Brief 1. 2010.

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 24

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
Considering the lack of clarity at the government level, it is unsurprising that public perception toward
synthetic biology is mixed. Most Americans (roughly two-thirds) are in favor of synbio research,11 a
view shared by the UK public.12 However, most are unfamiliar with exactly what synthetic biology
entails, and their concerns only increase as they become more acquainted with the concept. 13
Questions about GMOs and environmental and biosafety risks are prevalent. Better communication
and education are required to support the growth of synbio research and products, especially those
with a direct consumer connection (e.g., pharmaceuticals, food).
Synberc has spearheaded numerous communication and education initiatives as well as fundamental
advances in synthetic biology. Synberc’s principal investigators have been critical to creating a formative
body of research, establishing synbio as an important and viable effort oriented to the public good.
Beyond this, the organization has created innovative educational programs to train future scientists and
leaders. The Synberc community now constitutes a national cadre of interdisciplinary researchers within
a focused, collegial community. It has also established the foundation of a unique industrial-academic
collaboration.
Synbio achievements to date (from the International Genetically Engineered Machines [iGEM]
competition, to BioBricks, to registries like iGEM’s Registry of Standard Biological Parts and the Joint
BioEnergy Institute Inventory of Composable Elements) are inextricably linked to Synberc’s mandate
and activities. This highlights the pivotal role of the US in the overall global success of synbio going
forward and the imperative for a strong central organizing force that will continue to support its growth
(both downstream and upstream markets), and mobilize researchers, industry, government, and
philanthropy.

11 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)
12 The Royal Academy of Engineering. Synthetic Biology: Public Dialogue On Synthetic Biology. (2009)
13 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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3.1.2. Market Overview
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 best to profit from the vast potential; and
synthetic biology’s products and applications have only begun to penetrate the many markets it stands
to disrupt.
Regardless, a significant global synthetic biology market, however immature, has established itself across
multiple fields. The sheer number and diversity of companies in the synbio space is telling. From 2009
to 2013, the estimated number of companies engaged in synbio worldwide more than tripled, from 61
to 192.14
Fig 1. Entities Conducting Research in Synthetic Biology, Worldwide
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Source: Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center
for Scholars. 2013.
Note: The categories “Military Lab,” "Hybrid Research Institution/Policy Center" and "Community Lab Space" were not tracked in
2009.

14 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for
Scholars. (2013)
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Two-thirds of these companies are in the US, where the number of synbio commercial entities grew
from 54 to 131 in the same 2009–2013 period; at least 43 European companies are engaged in synbio,
and 13 in Asia/Oceania. All regions are expected to see increases in the size of synbio-enabled
products markets through 2016, with North America continuing to lead the industry.15
There is a dearth of directly relevant market research on synthetic biology. NJK&A surveyed available
recent analyses16,17,18 and found that few comprehensively describe the synbio landscape; further, each
seems to include market characterizations that differ from each other and our observations. Despite
understandable challenges in sizing industrial biotechnology markets,19 there is a clear need for moreincisive market studies.
Nonetheless, some trends are evident. The global value of the synthetic biology market could grow
from $1.15 billion in 2010, to $10.84 billion in 2016. 20,21 This market can be divided into three
segments, each predicted to demonstrate sizable growth through the next decade: Enabling
Technologies (basic technologies upon which synbio relies), Core Technologies (those that define
synbio endeavors), and Enabled Products (products, services, or platforms resulting from or
incorporating the end results of, synbio processes or that include synbio components). 22 These
segments constitute a simple value chain.

15 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
16 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
17 Bünger, M. BioPunks and BioPatents: The Open-Source Battle Comes to Synbio IP. Lux Research. (2013)
18 Transparency Market Research. Synthetic Biology Market: Global Industry Size, Market Share, Trends, Analysis and Forecast, 20122018. (2012)
19 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>
20 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
21 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>)
22 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
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Synthetic Biology Product Value Chain

Enabling Technologies comprise tools and platforms necessary for, but not specific to, synbio (e.g.,
DNA synthesis, sequencing, specialty media, bioinformatics, data-management tools); their importance
is in their enablement of downstream production. Marked reductions in cost for certain enabling
technologies (specifically, synthesis and sequencing), together with rapid increases in the amount of
genomic information, are vastly increasing possibilities for industrial-scale synbio systems, expanding the
potential for market growth in the other segments.23,24
Core Technologies, including biological components (integrated systems, enzymes, DNA parts,
metabolic engineering platforms), constitute a pivotal market segment. Investment in this area will
catalyze development of more end-user products, and it is here that ongoing and future research
efforts will have the most impact.

23 As McKinsey Global Institute noted, the sequencing of the human genome cost $2.7 billion and took 13 years in the
groundbreaking first endeavor; some believe that, within the next decade, sequencing a whole human genome will cost $100 and
take one hour. McKinsey Global Institute. Disruptive technologies: Advances that will transform life, business, and the global economy.
(2013)
24 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
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Enabled Products are the dominant synthetic biology segment, valued at $1.4 billion in 2011,25 and
anticipated to grow to as much as $4.5 billion by 2015,26 and $9.5 billion in 2016.27 Enabled Products
can be further subdivided into several primary markets, discussed below.
Chemicals dominate the synbio industry; some estimates suggest up to 20% of the current $1.8 trillion
chemical industry could eventually be dependent upon synbio.28 Many available synbio chemicals are
important products in the traditional petroleum-refinery value chain: succinic acid (BioAmber, DSM),
1,3-propanediol (Tate & Lyle, Genencor/DuPont,), isobutanol (Gevo), D(-)lactic acid (Myriant), and 1,4butanediol (BDO; Genomatica/Tate & Lyle).29 In addition, enzymes have long constituted an important
industrial market in their own right, with numerous uses in consumer products and industrial
production processes (in textiles, pulp and paper treatments, detergents, etc.). Precision-designed
enzymes will become increasingly important, particularly for biofuels. Overall, end-use applications are
varied and pervasive (see Figure below).

25 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
26 Global Industry Analysts, Inc. Synthetic Biology—A Global Strategic Business Report. (2013)
27 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
28 Synthetic Biology Project. Trends in Synthetic Biology Research Funding in the United States & Europe. Woodrow Wilson
International Center for Scholars. (2010)
29 Synthetic Biology Project. Inventory of Synthetic Biology Products, Existing & Possible (draft). Woodrow Wilson International Center
for Scholars. (2012)
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Fig. 3. Breakdown of Specialty/Fine Chemical Applications, Worldwide
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Note: This chart is based on data collected for 31 designers/manufacturers that say they are focusing on specialty/fine chemical
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Energy. Much of the history of applied synthetic biology is commingled with biofuels, with the result
that disappointing shortfalls in anticipated targets for commercial-scale biofuels production30 have been
setbacks for both. Nonetheless, persistent US government interest in advancing next-generation (noncorn lignocellulosic, algae, and other) biofuels and biopower 31 is supporting continued efforts by
companies like Amyris, Solazyme, Qteros, Genencor/DuPont, Novozymes, and Algenol, to develop
biobased production platforms, feedstocks, and products. As many as 530 biorefineries, each with mean

30 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)
31 e.g., Office of Science and Technology Policy, Executive Office of the President. National Bioeconomy Blueprint. (April 2012)
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capacity of 40 million gallons annually,32 could 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 blended into national transportation fuel supplies by 2036.33
Agriculture. Engineering of complex traits in higher plants has yet to move beyond research endeavors.
The need for mass-volumes of biofeedstocks with high energy yields, lower input requirements, and
greater environmental hardiness, for large-scale production of chemicals and fuels, should drive
continued efforts for agricultural synbio. One possible nearer-term use may stem from Synberc
investigations to exploit the nitrogen-fixation capacity of Klebsiella oxytoca, with downstream potential
for management of soil nitrogen from chemical fertilizers.34
Other Markets. Synthetic biology stands to be massively disruptive in several other markets. Current
Diagnostics and pharmaceutical applications center on improving existing methods to produce onmarket drugs (e.g., Codexis’ directed evolution for optimized production for Merck, Pfizer, Teva, Roche,
DSM 35 ) and to facilitate vaccine production (Amyris and Sanofi-Aventis’ antimalarial precursor
production;

36

Novartis’ rapid-response H7N9 influenza vaccine 37 ). Future advances will include

synthetic self-amplifying mRNA vaccines38, cell-based therapeutics, and to-date-elusive personalized
medicines (including effective cancer treatments).39

32 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)
33 US Environmental Protection Agency. Renewable Fuels Standard (RFS). www.epa.gov/otaq/fuels/renewablefuels/index.htm
(accessed 28 December 2013)
34 Synberc Year Seven Report.. (20 February 2012)
35 Codexis Corporate Fact Sheet. www.codexis.com/documents/Codexis_FactSheet2013.pdf (accessed 28 December 2013).
36 Jain K. Synthetic biology and personalized medicine. Med. Princ. Pract. 22, 209-219 (2013)
37 Dormitzer, P. R. Synthetic Vaccinology at Novartis. National Academy of Sciences Forum on Synthetic Biology. Washington, DC. (21
October 2013).
38 Dormitzer, P. R. Synthetic Vaccinology at Novartis. National Academy of Sciences Forum on Synthetic Biology. Washington, DC. (21
October 2013).
39 Jain K. Synthetic biology and personalized medicine. Med. Princ. Pract. 22, 209-219 (2013)
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Designed microorganisms for environmental remediation have been demonstrated by Modular
Genetics (partnering with Iowa State University), which developed microorganisms that produce soybased biodispersants for oil-pollution management (e.g., the 2010 Deepwater Horizon oil spill,
supported by an NSF Rapid Response Grant of $200,000).40
The myriad sensing and response pathways of cells are being harnessed for development of biosensors,
for applications from food safety to bioterror-agent detection. The synbio-enabled capacity to detect
arsenic in drinking water was demonstrated by an iGEM team as early as 2006;41 a sophisticated
evolution of this concept is in implantable, bioresorbable biosensors for frontline military, a project
currently supported by DARPA.42
While the field still awaits a steady stream of successes, the market for synbio products is nonetheless
evolving and growing rapidly, indicated by the number of technologies moving synbio companies to
maturity, successful public offerings, and strategic ventures with established industry leaders and
government agencies.

3.1.3. Technology Readiness
The growth of these applications critically depends on availability of foundational and translational
technology. The US government has noted that synbio still requires “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.”43

40 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).
41 iGEM: University of Edinburgh 2006. http://2006.igem.org/University_of_Edinburgh_2006. (accessed 10 December 2013).
42 DARPA Small Business Innovation Research (SBIR) Proposal Submission Instructions.
http://www.acq.osd.mil/osbp/sbir/solicitations/sbir20131/darpa131.htm. (accessed 31 December 2013)
43 US Department of Energy. Synthetic Biology: Report to Congress. (July 2013)

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 32

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
A recent international survey 44 of approximately 150 self-identified synthetic biology researchers
revealed a breadth of options available to synbio researchers, including various public registries,
assembly standards, and software tools—many, well established and in the public domain, and others
available through non-exclusive licensing.

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

Still, several needs areas remain, pointing to the need for continued research investment. The DOE
identified critical fundamental knowledge gaps: in methods and technologies (e.g., genome-scale
engineering tools, DNA synthesis and assembly, analytical tools), biological platforms (e.g., biological
design principles, genetically tractable organisms/chassis, minimal cell and in vitro systems, tools for plant

44 Kahl L and Endy D. Survey of enabling technologies in synthetic biology. J. Biol. Eng. 7 (2013)
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systems, biocontainment), and computational tools and bioinformatics (e.g., information standards,
databases).45 Continued efforts must build on the foundational sciences established to date while
addressing these key research needs—a concept that governments worldwide are acknowledging.

3.1.4. Public Research Landscape
United States
Challenges must be overcome before the needed research developments described can occur. In the
US (and elsewhere), synbio research lacks a single, coordinated government funding plan. US funding is
spread among agencies, and industry analysts note that concrete numbers on US funding are difficult to
come by, due to missing information, an uncoordinated government approach, and varied definitions
for synthetic biology. Still, the US government has spent more money to support synthetic biology than
Europe or Asia46: at least $500 million by 201047 and as much as $140 million per year48 since the
field’s inception, by some estimates.
Important US agencies that impact the field include the NSF, DOE, Department of Health and Human
Services (including NIH), DOD (including DARPA), Department of Agriculture (USDA), US Navy, Air
Force, and National Aeronautics and Space Administration (NASA).
The White House Office of Science and Technology Policy (OSTP) is increasingly looking to
coordinate synthetic biology efforts across agencies. OSTP’s Technology and Innovation Division has
voiced a keen interest in synbio and adjacent disciplines (systems biology, bioprocessing, and
biomanufacturing) and has engaged with DARPA and other agencies to identify collaboration
opportunities. Still, a coordinated national effort on the scale of the National Nanotechnology Initiative
seems unlikely.

45 US Department of Energy. Synthetic Biology: Report to Congress. (July 2013)
46 Oldham, P., Hall, S., and Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012)
47 Woodrow Wilson International Center for Scholars. Trends in Synthetic Biology Research Funding in the United States and Europe:
Research Brief 1. 2010.
48 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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Regardless, while the US may lack a solidly coordinated, integrated research strategy, there is some
level of support for synthetic biology across many agencies that appears to be growing. A more
coordinated and defined research effort, properly communicated and managed by the synbio research
community, would likely translate into greater and more-coordinated government funding.
Conversations with government representatives consistently identified the lack of a collective US vision
for synbio, driven by research and commercial interests, to guide independent but aligned investments
from US agencies49—investments required to grow the base of foundational technologies that will
allow synthetic biology to fulfill its greatest promise.

European Union
European biosciences research is funded through a complex, tiered web of organizations and timelimited initiatives, at modest levels compared to the US (on the order of $10s of millions, versus the
$100 million scale of some US initiatives, like DARPA’s Living Foundries Programs50). We found no
central data repository that clearly explains the different European programs and the relationships
among them, which may indicate the level of bureaucracy of both research and regulatory initiatives in
the EU that include both overarching EU and individual Member State activities.
The take-away is that while synbio is becoming a cohesively orchestrated EU initiative it is still very
much in early development. A European Commission EU-funded project, Towards a European Strategy
in Synthetic Biology (TESSY), was used to outline a roadmap for European synthetic biology around
scientific milestones, knowledge transfer, funding and regulation. ERASynBio represents a major first
initiative through which national Member State funding bodies aim to support common goals.
ERASynBio is integrating emerging national activities into a coordinated European effort. Specific
objectives include development of research programs, strategies, and infrastructures that preempt
fragmentation of programs, regulatory frameworks, and policies; initiation and implementation of

49 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 disagree that the
name should be changed.
50 DARPA website, www.darpa.mil/our_work/ (accessed on 9 December 2013)
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transnational research funding; and coherence of a fragmented European research landscape. In April
2014, ERASynBio published a report, Next Steps for European Synthetic Biology: A Strategic Vision from
ERASynBio, which outlines its recommendations across five broad themes that encompass world-leading
research, responsible innovation, global community, skilled workforce, and open data.

United Kingdom
The UK is second only to the US in synthetic biology research (by publication activity51) and leads
Europe in the number of synbio companies and dedicated institutes.52 The country completed a synbio
roadmap in 2012, and synthetic biology became an area of formal focus for the UK government when
it was formally declared one of “eight great technologies” that will impel the country’s economic
growth.53 To date, maximum funding initiatives have typically been in the range of tens of millions of
dollars; however, a government commitment of over $133.5 million in the coming years was
announced in early 2013 by the country’s Ministry of State for Universities and Science.54 The two
main synbio funding councils, The Biotechnology and Biosciences Research Council (BBSRC) and The
Engineering and Physical Sciences Research Council (EPSRC), have demonstrated clear commitment to
advancing both fundamental and translational research. More recently, in April 2014, the BBSRC
announced investments of nearly $17 million to establish five DNA synthesis centers across the UK and
$3.4 million to enhance student training in synthetic biology.

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 could open opportunities for

51 Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012)
52 Synthetic Biology Project. Tracking Synthetic Biology in Europe. Woodrow Wilson International Center for Scholars. (2013)
53 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
nanotechnology; 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)
54 Gov.UK. £600 Million Funding Boost for Science and Research. www.gov.uk/government/news/600-million-funding-boost-for-scienceand-research (accessed 28 December 2013)
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synbio within the country and with other nations (China’s 12th Five-Year Program, announced 2010)
formally recognizes the need for openness and international collaboration.55)
China’s burgeoning citizenry of 1.3 billion represents one-fifth of the global population. Given urgent
needs in health, nutrition, and resources management, the Chinese government is motivated to have
synbio research advance to real-world applications. The country has drafted a strategic roadmap
outlining opportunities over the next 5, 10, and 20 years, with goals for comprehensive databases of
synthetic parts, and time frames both for commercial application of engineered parts and clinical
application of devices and systems.56 The Chinese Academy of Sciences (CAS) intends that synbio
research in China be “among the best in the world in 5–10 years,”57 a possible likelihood given China’s
clear commitment to R&D overall; the country intends to increase its R&D spending from 1.5% of its
GDP to 2.5% in 2020.58
Funding for Chinese synbio research comes from many sources, including the National Natural Science
Foundation of China, state-level laboratories, and the CAS Knowledge Innovation Program. Research
expenditures by the country total approximately $100 billion, though only $32.5 million is allocated
specifically for synthetic biology.59 Unlike in the US, much of the research financing is state-controlled;
China’s central party holds powerful sway over research directions, with large budgets at its disposal
allocated according to five-year R&D priority focuses in areas “of national urgency”.60

55 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)
56 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)
57Chinese 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)
58China calling. Nat. Biotechnol (editorial). 29. (7 February 2011)
59 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)
60 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)
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3.1.5. Regulatory Landscape
The regulatory landscape governing synbio is complex. International agreements are difficult to reach
and sometimes criticized for not being comprehensive. Governments differ in domestic approaches,
which may render compliance processes difficult and expensive to manage. Meanwhile, it is synbio
scientists who have been at the forefront in developing and recommending solutions to problems and
potential challenges arising as the field evolves.
Regulatory approaches have both top-down and bottoms-up aspects. Top-down regulations set
standards for proper laboratory use and environmental safety standards, establish weapons nonproliferation practices, and further humanitarian research. Bottoms-up approaches involve engineering
biological safeguards into organisms, screening and tracking orders for DNA sequences, and developing
safe and ethical laboratory practices.
The International Risk Governance Council (IRGC) has classified concerns of civic watchdog groups,
industry experts, lawyers, ethicists, and government organizations into seven themes:61
1. Insufficient basic knowledge about potential risks posed by designed and synthetic organisms62
2. Uncontrolled release (accidental or deliberate) of novel genetically modified organisms with
environmental or human health implications63
3. Bioterrorism, biological warfare, and construction of novel, hostile organisms
4. Emergence of a “bio-hacker” culture, with unregulated individuals developing dangerous
organisms.
5. Patenting of genetic material and creation of monopolies controlling these resources
6. Trade and global justice (exploitation of indigenous resources, or distortion of land-use agendas
for large-scale biomass feedstocks)64

61 International Risk Governance Council. Guidelines for the Appropriate Risk Governance of Synthetic Biology. (2010)
62 European Commission. Ethics of Synthetic Biology, Opinion of the European Group on Ethics in Science and New Technologies to the
European Commission. (2009)
63 Friends of the Earth. Synthetic Solutions to the Climate Crisis: The Dangers of Synthetic Biology for Biofuels Production. (2010)
64 Friends of the Earth. Synthetic Solutions to the Climate Crisis: The Dangers of Synthetic Biology for Biofuels Production. (2010)
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7. Creating artificial life and related philosophical and religious concerns65
The challenge is that, similar to the research-funding landscape, regulatory oversight is unclear and
disorganized across international, national, and regional levels. 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.”66 Critics, however, are quick to note that international agreements’
“slow consensual nature is not well suited to addressing unconventional risks posed by non-state
actors.”67
Additional international agreements have been negotiated, including the Convention on Biological
Diversity (CBD) Cartagena Protocol on Biosafety and subsequent Nagoya Protocol, and the World
Health Organization’s Biosafety Standards Manual.68 The US has signed but not ratified the CBD and is
therefore precluded from ratifying the Nagoya Protocol—preventing the country from assuming its
critical leadership in these important conversations.
Domestically, US synbio activity is subject to an overlapping but uncomprehensive patchwork of
regulations across multiple agencies. As Synberc and iGEM leadership have concluded, existing
regulations may not be either enforced or enforceable. This lack in oversight will be increasingly
important as synbio progresses and the more-inventive possibilities materialize (of heretofore
nonexistent genetic functions), especially in the hands of citizen researchers in the DIYbio movement.

65 Gibson, D.G. et al. Creation of a bacterial cell controlled by a chemically synthesized genome. Science 329, 52–6 (2010)
66 United Nations Office for Disarmament Affairs. Biological Weapons Convention
67 Organisation for Economic Co-operation and Development. The Bioeconomy to 2030: Designing a Policy Agenda. (2010)
68 World Health Organization. Laboratory Biosafety Manual, 3rd ed. Geneva, Switzerland. (2004)
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Furthermore, NIH guidelines (the most comprehensive available to date) are not binding on all
individuals conducting synbio research.”69 As one report states:
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…Differences in statutory mandates,
risk assessment methodologies, and agency cultures…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.70
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 advocacy, education, and
collaboration. Without this, ambiguous regulatory policies (as well as lack of capacity) may constrain the
full potential of synbio in the US and the world going forward.

3.1.6. Public Awareness
The ultimate success of synbio will depend on acceptance by public stakeholders, both as citizens and
consumers. Within the US, public opinion on synthetic biology is cautious but open: nearly two-thirds
of Americans surveyed believe synthetic biology research should continue rather than be banned, even
if its implications and risks are not fully understood.71 Similar opinions exist in the UK (although public
opinion there varies by the nature of the end product, means to achieving that product, and by gender,
region, and age72).
It is important to note that most Americans are unsure about what synthetic biology is. As the ultimate
stakeholders in any government regulatory decisions, consumers must be equipped with factual
information about the vast potential benefits of synthetic biology, as well as its risks, and the measures

69 Bar-Yam, S. et al. The Regulation of Synthetic Biology: A Guide to United States and European Union Regulations, Rules & Guidelines.
(2012)
70 Bar-Yam, S. et al. The Regulation of Synthetic Biology: A Guide to United States and European Union Regulations, Rules & Guidelines.
(2012)
71 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)
72 The Royal Academy of Engineering. Synthetic Biology: Public Dialogue on Synthetic Biology. (2009)
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being undertaken to address these. Public education and engagement are essential to the future growth
of this field.

3.2. Sustaining an Organization & Community
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.
Synberc was created with two audacious, and related goals:
• To create a new field of synthetic biology
• To build an industry around it
Within a very short period of time, it has accomplished both. Upon 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. 73, 74 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, 75 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 antimalarial drugs, biofuels from non-food biomass, and rapid vaccine production.

73 Oldham, P., Hall, S. & Burton, G. Synthetic biology: Mapping the scientific landscape. PLoS One. 7. e34368 (2012)
74 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
75 Synthetic Biology Project. Tracking the Growth of Synthetic Biology: Findings for 2013. Woodrow Wilson International Center for
Scholars. (2013)
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As noted in the Sustainability Analysis, 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 2016.76
From its early beginnings in 2006 advancing an unproven concept, with 12 principal investigators at UC
Berkeley, Harvard, MIT, UC San Francisco, and, later, Stanford, Synberc has gone on to: help shape the
research agenda of the field, advance numerous foundational technologies, serve as an important venue
for convening researchers throughout the synthetic biology community, develop programs to ensure
that science in this area is conducted safely and securely, attract industry support and participation, help
train many of today’s synthetic biology leaders and investigators, support the development of global
training initiatives (like iGEM), and highlight the viability of commercial applications for synbio
technology. Synberc has also built an infrastructure (through registries, repositories, “fabs” (biological
design-build facilities), 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.
Through these numerous achievements, Synberc now stands at the center of the synthetic biology field
and community. Its collaborative and educational work is accomplishing what would simply be
impossible through a narrow or individual approach. It has directed a communitywide effort to create a
transformative new discipline applying engineering design to the practice of biology and has brought
together and trained researchers from across multiple disciplines to work together in this effort.
The Sustainability Analysis contains a detailed review and assessment of Synberc’s history and operations.
The following key points are our primary conclusions.
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

76 BCC Research. Synthetic Biology: Emerging Global Markets. (2011)
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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 (the Founding PIs) 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 (e.g., BioBricks, iGEM, LEAP) has created
much value, but has opened the door to certain problems as well, including duplicative administrative
activities, interlocking board and 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 longterm strategy without more coordinated management.
The nature and scope of relations with industry must also be expanded and strengthened.
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 by federal agencies.
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
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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.
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.

3.3. The Time for Action is Now
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. Anything less than global leadership is a
wasteful outcome. 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.
If the growth in synthetic biology over the past 15 years is any indication, the growth over the next 15
stands to be even more significant. In the coming years, for the US to continue to make progress
toward Synberc’s original audacious goals and serve as a catalyst of synbio progress, the synthetic
biology community will need a strong central organizing force going forward that can support this
community, grow its leaders, and serve as a mobilizer of researchers, industry, government, and
philanthropy. This will require:
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•

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

•

Public engagements that inform and build support for the goals of the synthetic biology
community, nationally and globally

•

A shared vision with roadmaps and execution strategies to achieve these

•

Transparent regulatory environment that clarifies framework of regulation and reduces
the risk of synbio introduction, while protecting public values

•

International collaboration

Synberc 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. Its mission would be to
create “biologically engineered solutions for a sustainable future.” A new organization would engage in
pioneering research, in which scientists from many disciplines gather to collaborate on some of
science’s most challenging problems. It would provide a national and global resource to support diverse
stakeholders for the benefit of many programs.
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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 national and
global environments. This organization would need:
•

The right structure to manage and solve issues of the “commons” such as intellectual
property policies and guidelines

•

Incentives to provide solutions or capacity that will benefit the larger community

•

An extension of best practices from Synberc and other organizations, in a way that will
maximize value

•

A shared infrastructure to catalyze innovation for academic institutions and commercial
entities

•

A national roadmap to provide strategic direction that can be defined, implemented, and
reported on

•

Support for better coordinated funding among agencies such as NSF, NIH, DOE, DARPA,
and NIST.

Such a new organization 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.
Synthetic biology in the US is an undervalued asset in a field that has not yet approached, let alone
reached, its potential. Without continued strategic, financial, and intellectual investment, that value will
never be realized. Now is the time to engineer the future for the United States in this important field
and for the entire global synbio community.

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 46

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
A new national center for synthetic biology would represent a visible, stable, accountable, long-term
commitment to advancing synthetic biology in the public interest and maintaining US leadership in this
area. Work in the next six months should focus on broad-based roadmapping activities that will
develop a clear path forward for synthetic biology research, development, and commercialization in the
United States, built on a shared understanding that represents a broad cross-section of constituents,
including academic, commercial, government, philanthropic, and public interests. Such a roadmap would
provide strategic direction that could be implemented by the new center, other institutions, and
programs across the US.
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4. BUSINESS MODELS FOR SUSTAINABILITY
An earlier version of this section appeared in the Sustainability Analysis. It has been updated to reflect
feedback from Synberc leadership and the Synberc community, as well as an expanded research set.

4.1. 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 have been 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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4.2. 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 will 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, as part of our Sustainability Analysis, 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

•

Hansjörg 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:
•

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.
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•

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, were 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
•

Hansjörg 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 part of our continuing due diligence, at the request of Synberc leadership, we investigated four
additional organizations for the Sustainability Plan:
•

•

Industry-Driven Organizations
o CalCharge (www.calcharge.org)
o SEMATECH (www.sematech.org)
Philanthropy-Driven Organizations
o Allen Institute for Brain Science (www.alleninstitute.org)
o Joan and Irwin Jacobs Technion-Cornell Innovation Institute
(tech.cornell.edu/experience/jacobs-institute/)

Again, this is not meant to be a comprehensive list but rather a representative survey of some relevant
organizations. Other organizations that were considered for review include the Institute for Systems
Biology (research area is too similar to synthetic biology), Alfred Mann Foundation (funded by Alfred
Mann, organizing and funding principles in 1985 may not be as relevant today), the Ellison Medical
Foundation (funded by Larry Ellison, medical emphasis is too similar to Allen Institute), and the Schmidt
Ocean Institute (funded by Eric Schmidt, organization is too small).
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Highlights of these four organizations include:
•

CalCharge (www.calcharge.org)77
o Originally announced in May 2012, by CalCEF (California Clean Energy Fund,
www.calcef.org) and Lawrence Berkeley National Laboratory (www.lbl.gov), as a
consortium that would bring together start-up and established battery technology
companies with critical academic and government resources in California
o Public-private partnership vision was simple and powerful: “turning great ideas into
sellable products that help address our sustainable energy challenges”
o Additional founding partner organizations include: SLAC National Accelerator
Laboratory (slac.stanford.edu), San Jose State University (www.sjsu.edu), the
International Brotherhood of Electrical Workers (www.ibew.org), and the National
Electrical Contractor’s Association (www.necanet.org)
o Innovative IP strategy leverages Cooperative Research and Development Agreement
(CRADA) with LBNL that covers all organizational members without having to
negotiate individual agreements, reducing critical time required for companies
(especially budget- and schedule-constrained start-ups) to access national lab resources
o First corporate members, a mix of start-ups and established energy companies, were
announced in April 2014 (approximately one year later than originally anticipated):
Duracell, Hitachi, Volkswagen, LG, Eaton, Enovix, EnerVault, Farasis Energy,
Halotechnics, Leyden Energy, and Primus Power; additional members may be working
with CalCharge but have not yet been announced
o Operates as a wholly-owned subsidiary of CalCEF Catalyst [a 501(c)(6) trade
association] primarily funded by member dues and member contributions; as a
subsidiary of CalCEF, which does not make its financial statements available to the
public, there is no public information on CalCharge’s budget, but it is estimated to be
around $1 million

77 St. John, J. CalCharge: A Model for California Energy Storage Dominance. GreenTechGrid (2014). at
<http://www.greentechmedia.com/articles/read/calcharge-a-model-for-california-energy-storage-dominance>. CalCEF 990 filings.
CalCharge websites. NJK&A research.
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o Three tiers of membership are available
§

General ($2,500–50,000 annually, based on company headcount)

§

Charter: three-or-more-year commitments for companies that want to be part
of CalCharge’s governance and research programs (General Membership, plus
$25,000 annually)

§

Partner: opportunity to align interests, research, and funding on a permanent
basis (memberships are structured on a case-by-case basis)

•

SEMATECH (www.sematech.org)78
o Named for “SEmiconductor MAnufacturing TECHnology,” SEMATECH launched in
1988 as a public-private partnership with 14 US semiconductor manufacturers (AMD,
AT&T Microelectronics, DEC, Harris, HP, Intel, IBM, LSI Logic, Micron Technology,
Motorola, National Semiconductor, NCR, Rockwell, TI), as a way to compete with the
growing Japanese competition
o Initial funding and staffing support came from the founding companies ($100 million per
year for five years, with companies contributing according to their revenues), with
DARPA matching that $500 million investment during the same time period
o Founded in the Bay Area and originally headquartered in Austin, Texas, SEMATECH
relocated to Albany, New York in 2011, moving into SUNY Albany’s College of
Nanoscale Science and Engineering (www.sunycnse.com) $20 billion Albany NanoTech
Complex
§

Selection of Austin was driven by $62 million in Texas incentives; $100 million
expansion in early 2000s was supported by additional incentives

§

Long-term partnership with SUNY CNSE, which began in 2007, included $300
million in state funding over five years and a commitment of $300 million in
investments from SEMATECH, including $25 million in research funding to five
other centers in New York

78 Browning, L. D., Beyer, J. M. & Shetler, J. C. Building Cooperation in a Competitive Industry: SEMATECH and the Semiconductor
Industry. Academy of Management Journal 38, 113–151 (1995). SEMATECH 990 tax filings. SEMATECH websites. NJK&A research.
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o Focus shifted to global (US and non-US) manufacturers in the mid-1990s, with
additional dues coming in from these members to replace government funding, making
SEMATECH an industry membership organization rather than a public-private
partnership
o Current membership base is over 60 organizations, mainly semiconductor
manufacturers and suppliers, but also NIST (National Institute of Standards and
Technology), SUNY CNSE, and University College London
o Financial summary (FY2012, ending 31 December 2012)
§

Revenues: $77 million
•

$70 million membership dues

•

$4 million non-cash membership dues

•

$1 million government grants

•

$1 million nano workforce development

•

$0.6 million meeting registrations

§

Expenses: $84 million ($7 million loss, following $10 million loss for 2011)

§

ISMI program (International SEMATECH Manufacturing Initiative), the subsidiary
of SEMATECH dedicated to helping improve the productivity and cost
performance of semiconductor manufacturing operations, was established in
2004 and had a 2011 budget of roughly $14 million

•

Allen Institute for Brain Science (www.alleninstitute.org)79
o Seeded by Microsoft co-founder Paul Allen in September 2003, with a $100 million
contribution, to promote brain research by providing free tools to scientists and
students around the world
o Initial project was the groundbreaking Allen Mouse Brain Atlas, an interactive 3D map
of gene expression; additional project, such as the Allen Spinal Cord Atlas and the
Allen Human Brain Atlas, have followed

79 Allen Institute 990 tax filings. Allen Institute websites. NJK&A research.
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o Following the seed $100 million contribution, Allen has made additional $100 million
and $300 million donations, for a total of $500 million, one of the largest philanthropic
commitments to neuroscience research
o Other contributors to the institute’s research include: ALS Association, PVA Research
Foundation, Wyeth, PEMCO Insurance, National MS Society, and the International
Spinal Research Trust
o Financial summary (FY2012, ending 31 December 2012)
§

§
•

Revenues: $52 million, all from contributions and grants
•

$48 million non-government

•

$4 million government

Expenses: $42 million

Joan and Irwin Jacobs Technion-Cornell Innovation Institute80
(tech.cornell.edu/experience/jacobs-institute/)
o Cornell NYC Tech (tech.cornell.edu) was the first recipient of New York City
Economic Development Corporation’s Applied Sciences initiative, one of Mayor
Michael Bloomberg’s final technology investments before he left office; Cornell and
Israel’s Technion received $100 million in infrastructure investment, in addition to being
granted its $300 million Roosevelt Island site
o Unique graduate programs (MEng in Computer Science, MS in Information Systems,
one-year digital-focused MBA) are being offered in temporary facilities in Google’s
Manhattan offices, while the Roosevelt Island facility, which should open in 2017, is
being built
o Irwin Jacobs, co-founder of San Diego’s Qualcomm, and his wife Joan, both Cornell
grads and past supporters of Cornell and Technion, contributed $133 million in 2013
to name the Joan and Irwin Jacobs Technion-Cornell Innovation Institute, which will
offer master’s degrees, postdoctoral programs, and research programs

80 Cornell websites. Philanthropy.com. NJK&A research.
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§

Interdisciplinary focus spans three areas: “Connective Media, which focuses on
extracting and using information from a variety of media data sources; Healthier
Life, which will create better health care information systems, mobile health
care applications, and medical devices; and the Built Environment, which aims
to increase the efficiency and sustainability of urban environments at all scales,
including through the use of sensor-based data”

§

Industrial Affiliates program will support joint projects, sponsored research, and
technology transfer from the campus to New York industry

o Jacobs’ contribution followed an earlier significant donation of $350 million by Atlantic
Philanthropies, the foundation established by Cornell alumnus and DFS Group founder
Chuck Feeney – making a total investment of $483 million by two private philanthropic
donors

4.3. Model Assessment
As exemplified by the institutions cited, the four model categories share a number of characteristics:

Category
Academic
Center

Pros
Self-contained model part of larger
organizational structure
Leverages reputation of parent organization

•
•
•

•

•

Ability to reach 10s or 100s of thousands of
practitioners easily
Services can scale with membership

•
•

Built-in access to public funds
Government validation and collaboration

•
•

Membership
Organization

Public-Private
Initiative

Cons

•

•
•
•
•

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
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•
•

Subject to constraints of parent organization
Limited options to chart own course
Limited access by other academics and
institutions; limited opportunity for external
participation in governance and agendasetting
Limited opportunity to create
groundbreaking research
Limited funding opportunities
Limited interaction with industry
Possible reliance on one or a small number
of funding sources
Uncoordinated efforts across government
and community can make benefits hard to
measure
Endowment or significant funding may be
required to ensure stability and longevity
Corporate-level strategic planning may be
required to succeed
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Reviewing the examples cited above, some themes begin to emerge:
•

Strong public-private relationships can be critical for long-term success (e.g., CCC white paper
series, NNI impact on multiple fronts), but public funding should not be considered as the only
source of funding, especially with the current government funding environment and OSTP’s
opinion that another large multi-agency funding initiative like this is unlikely

•

Collaboration across multiple institutions can provide multiple sources of ideas, funding, and
people – most of the examples here are defined by heavy reliance on collaboration among
academic and industrial partners – however, collaboration can be more challenging in an
organization embedded within a single academic institution

A Case for Collaboration
Collaboration across multiple institutions has become increasingly important as a
strategy to seed innovation and maximize return on investment in the sciences and
technology, in particular in medical research and development (e.g., New York
Genome Center). FasterCures, one of the Milken Institute’s initiatives, has researched
this field extensively, noting that the number of new medical research consortia
launched each year has increased dramatically (averaging 4 per year in 1995–2004, and
averaging 27 per year in 2005–2012, with a record 51 new consortia formed in 2012):
We are demanding increased productivity from the R&D enterprise in an environment of
decreasing resources. This stress is forcing all stakeholders to innovate their processes, and a
growing number are finding creative ways to collaborate within open environments of data- and
knowledge-sharing.
Efforts to redefine this paradigm by consortia are centered on collaborative approaches that
leverage expertise and resources of a wide range of partners to create tools and knowledge that
advance the research objectives of all stakeholders…. This model of partnership provides a
neutral ground to coordinate the sharing of risks, costs, resources, data, and expertise in the
pursuit of a unified research mission, while addressing the differences in culture and expectations
that each participant brings to the partnership.

FasterCures also highlighted key collaborative characteristics of such consortia:
Integration of researchers from multiple sectors (academia, government, industry, nonprofit,
clinical care), particularly those including researchers from the same sector that normally
“compete” with each other.
Agreement on a mission that addresses a shared need with a strategic and milestone-driven
plan to achieve output that, in turn, can be broadly used by each stakeholder.
A governance structure that provides each stakeholder with an opportunity to provide input to
the partnership's strategic objectives and operations.
An integrated research plan that leverages the research resources and knowledge from each
stakeholder.
Source: FasterCures. Consortia-pedia: An In-Depth Look at the Research-by-Consortium Trend in Medical Research
and Development. (2013).
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•

Cutting edge research and commercialization requires a small number of engaged partners
rather than a large number of most passive members or subscribers (e.g., IEEE is known for
publishing, conferences, and standards, while SEMATECH and CalCharge are driving innovation
in their fields)

•

Organizations can develop and launch with a small number of large, committed, aligned
supporters (e.g., BP’s funding of EBI, Wyss funding at Harvard, Jacobs’ naming grant at Cornell
NYC Tech, BRAIN Initiative funding from Allen Institute and the Kavli Foundation)

An Opportunity for Philanthropy
As public funding for research and development has declined (witness the cuts in NIH
and NASA funding, among others), private support has been growing, spurred by the
Giving Pledge (www.givingpledge.org), an effort begun in 2010 by Bill and Melinda
Gates and Warren Buffet to encourage America’s wealthiest billionaires to commit to
donating the majority of their wealth to charity. Of the roughly 100 signers (out of 500
American billionaires), 40% desire to fund efforts in science, health, and the
environment.
The New York Times highlighted this trend and profiled some of these donors in early
2014:
American science, long a source of national power and pride, is increasingly becoming a private
enterprise. In Washington, budget cuts have left the nation’s research complex reeling. Labs are
closing. Scientists are being laid off. Projects are being put on the shelf, especially in the risky,
freewheeling realm of basic research. Yet from Silicon Valley to Wall Street, science philanthropy
is hot, as many of the richest Americans seek to reinvent themselves as patrons of social
progress through science research.
This is philanthropy in the age of the new economy — financed with its outsize riches, practiced
according to its individualistic, entrepreneurial creed. The donors are impatient with the
deliberate, and often politicized, pace of public science, they say, and willing to take risks that
government cannot or simply will not consider.
Last year, a coalition of leading science foundations announced a campaign to double private
spending on basic research over a decade — to $5 billion a year — as a counterweight to
money rushing into health and other popular fields.
Over the years, the flood of private money has also inspired something of a reversal. In gene
sequencing, in translational medicine, in the Obama administration’s Brain initiative and in other
areas, the federal government, instead of setting the agenda, increasingly follows the private
lead.

Several of the billionaire donors cited in the article or as part of the Giving Pledge are
individuals that have been discussed as potential candidates to fund a synbio NewOrg:
Paul Allen, Jeff Bezos, Richard Branson, Sergey Brin, Steve Case, John Doerr, Bill Gates,
Craig McCaw, Gordon Moore, Elon Musk, Jim Simons, Mark Zuckerberg
Source: Broad, W. J. Billionaires With Big Ideas Are Privatizing American Science. The New York Times (2014).
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•

Large efforts take time to stand up and achieve their goals (e.g., CalCharge members came on
board and were announced a year later than anticipated), which suggests that independence
and diverse funding sources are ideal to provide adequate runway and flexibility

•

Location can be a bargaining chip and funding source (e.g., SEMATECH’s two headquarters
moves over 25 years)

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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Academic
Center

Membership
Organization

Public-Private
Initiative

Independent
Non-Profit

Scorecard

2

2

4

4

2

1

4

4

1

2

4

3

2

3

0

4

2

3

2

4

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

Design Principles

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
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5. VISION FOR A SYNBIO NEWORG
As we shared above, in order for synthetic biology to continue to grow and for the US to continue to
maintain its leadership role in the field, it is important that Synberc evolve into an organization that can
meet the needs of and guide this growing community. The alternatives, allowing Synberc to fold or to
scale back, are not acceptable.
The community needs a NewOrg that provides the following:
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
• Public engagements that inform and build support for the goals of the synthetic biology
DRAFTcommunity,
WORK IN PROCESS
13
nationally and globally © 2014 Nancy J Kelley & Associates
• A shared vision with roadmaps and execution strategies to achieve these
• Transparent regulatory environment that clarifies framework of regulation and reduces
the risk of synbio introduction, while protecting public values
• International collaboration
•

NewOrg Vision Concept

This NewOrg would need to have the breadth, depth, and reach to champion a bold new vision:

BIOLOGICALLY ENGINEERED SOLUTIONS
FOR A SUSTAINABLE FUTURE
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In our Sustainability Analysis, we proposed a concept for a NewOrg that could fulfill the objectives
outlined above:
•

Independent non-profit research institute

•

Unique collaborative partnership: researchers, industry, government, philanthropy

•

Preservation of Synberc culture: open, public-spirited, freethinking, and unbounded

•

Continued commitment and participation of founding PIs

•

Well-defined mission and activities

•

Coordination of critical initiatives: BBF, iGEM, LEAP

We continue to recommend such a NewOrg. The remainder of this Sustainability Plan outlines
potential options (and financial assumptions), the critical components that are required, and a roadmap
to implement such an organization.
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6. ORGANIZATIONAL OPTIONS
6.1. Introduction
At the second session of the NewOrg Leadership Task Force (18 March 2014), the LTF discussed
three go-forward options, based on earlier feedback from Keasling and others that a single NewOrg
concept might be considered too aggressive without reviewing alternatives.
The three options, from smallest to largest (i.e., least to most complex) are:
•
•
•

Model A: Academic/Industry Interaction
Model B: Research Initiatives
Model C: Synbio NewOrg

After discussing these models at that meeting, we presented refined versions at the Spring 2014
Synberc Retreat at UC Berkeley. Using feedback from those sessions, along with follow-up
conversations with Synberc leadership, we further refined them for comparison.
In the basic budgets that are presented here, we have used the following categories to represent broad
spending areas:

Budget Framework: Budget by Category
Research Programs
Non-Research
Programs

Infrastructure &
CapEx
Human Resources
Operating Expenses

Funding for research programs (e.g., Associate Foundational and Applied
Research Programs, Center-Level Research Programs, Moonshot Programs);
lab operations support costs for research programs
Community & Leadership Development programs (e.g., retreats and
conferences, support for external programs [e.g., BioBricks, BioBuilder, iGEM,
LEAP], public outreach activities); Education & Workforce Development
programs; other events (e.g., international, development); support costs for
these programs
Facilities build-out, including furniture and fixtures; office and research
equipment
Salaries and benefits for all personnel
Rent and related overhead (e.g., utilities); professional services (e.g., legal,
accounting, outsourced HR and IT services); communications (e.g., website,
PR); travel
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We built each of our models around a five-year timeline, beginning with Year 1 (July 2014–June 2015)
and concluding with Year 5 (July 2018–June 2019). This timeline, depicted below, reflects two years of
planning and transition before Synberc’s conclusion in June 2016, during which Synberc and the
NewOrg will be able to develop their plans, raise funding to support it, and change course as needed
to respond to external factors. An independent NewOrg (or smaller evolution of Synberc) would
launch officially in July 2016, move into an operational mode in 2017–2018, and continue to grow in
2018–2019.

Summary Timeline: Phased Approach to Standing Up NewOrg

6.2. Model A: Academic/Industry Interactions
6.2.1. Overview
An almost universal request throughout this process is to keep the retreats, which are central to
Synberc’s success. The retreat culture was cited as something of which the Synberc community is
particularly proud. This message was made clear in the “Community Collective Statement” (see
Appendix F) that emerged from the Working Groups process:
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
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(not necessarily obvious) [arise]. Being together in an integrated way [makes] the retreats
… so rich and valuable. [emphasis ours]
A baseline requirement for any successor to Synberc is the continuation of the semi-annual retreat
(Synberc Symposium), which we have designated the Academic/Industry Interactions model.

6.2.2. Assumptions
In developing Model A, we used the following assumptions:

Research Programs:
•

n/a

Non-Research Programs:
•

Semi-annual retreats similar to those being held by Synberc: two per year beginning in Y3 (after
Synberc funding ends), $60K per retreat

Infrastructure & CapEx
•

Office furniture, fixtures, equipment, and supplies, including AV and teledata: leased where
possible, $48K total over Y2–5 (assumption is that operation will be virtual in Y1–2, moving to
an office space in Y3)

Human Resources
•
•
•
•
•

Director (responsible for leading organization as CEO and administrator): part-time in Y2 at
$100K, full-time in Y3–5 at $200K
Industry Liaison (responsible for securing and managing industry relationships and funding): fulltime in Y3–5 at $125K
Academic Liaison (responsible for managing relationships with academic institutions and
researchers): full-time in Y3–5 at $125K
Administrative Assistant (supports Director and rest of team): full-time in Y3–5 at $75K
Benefits: 20% of salary

Operating Expenses
•

•

•
•

Office rent, operations & maintenance, and utilities: $54K per year in Y3–5 (this could be
reduced by continuing to use a shared office space like Synberc does today, or by moving to a
“virtual organization” with team members housed at their sponsor academic institutions)
Human resources, including payroll and insurance administration: outsourced to Professional
Employer Organization (PEO) like Insperity (www.insperity.com), $250 per FTE per month in
Y3–5
Accounting and bookkeeping: outsourced, $6K per month in Y3–5
Legal (minimal needs with organization like this): outsourced, $5K per year in Y3–5

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 67

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014
•
•
•
•
•
•
•

Website: outsourced design, development, maintenance, and minimal social media: $25K per
year in Y3–5
Public relations: n/a
Transition event to promote transition from Synberc to NewOrg: $25K in Y3 (one-time
expense)
IT management: outsourced, $1K per month in Y3–5
Technical (e.g., helpdesk) support: outsourced, $100 per FTE per month in Y3–5
Office supplies: $100 per month in Y3-5
Travel: $15K per year in Y2, $60K per year in Y3–5

6.2.3. Financial Model
A basic cash expenditure summary for Model A is in the table below:

Pro Forma Cash Expenditure Summary – Model A: Academic/Industry Interactions
	
  

Year 1
2014-15

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

Research Programs
Non-Research Programs
Infrastructure & CapEx
Human Resources
Operating Expenses

$0
$0
$0
$0
$0

$0
$0
$6,000
$220,000
$16,200

$0
$120,000
$42,000
$1,155,000
$270,600

$0
$120,000
$0
$1,155,000
$245,600

$0
$120,000
$0
$1,155,000
$245,600

$0
$360,000
$48,000
$3,685,000
$778,000

0%
7%
1%
76%
16%

Total

$0

$242,200

$1,587,600

$1,520,600

$1,520,600

$4,871,000

100%

In this baseline model, most of the expenses are dedicated to human resources, covering the salaries
and benefits for four individuals over 3.5 years. Those, along with operating expenses, might be able to
be reduced by sharing resources with another existing organization at Berkeley or elsewhere.

6.2.4. Assessment
Model A keeps the Synberc name alive, by maintaining a valued Synberc asset, the semi-annual retreats.
However, its viability is questionable. The annual budget of $1.5 million is 3-4 times the current Synberc
revenues from IAB members. Synberc would need to dramatically increase both corporate
memberships and corporate membership fees in order to support a budget of this size. At the same
time, with a scaled-back organization offering only retreats, the value proposition to industry would
have diminished, making securing and maintaining those memberships ever more difficult. Long-term
sustainability seems even less likely, as the community might splinter or lose interest due to the loss of
other programs and the lack of centralized focus or activities to keep it together.
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6.3. Model B: Research Initiatives
6.3.1. Overview
Model B is an incremental extension of Model A, restoring some of the research and education
programs present in the current Synberc model. In this model, which we have designated Research
Initiatives, the organization would provide a research budget for PIs similar to what Synberc offers
today, with the possibility of providing additional API funding. Model B also includes support for
education and development programs currently funded by Synberc, including BioBricks, BioBuilder,
iGEM, as well as LEAP and other programs.

6.3.2. Assumptions
Model B shares many of the same assumptions as Model A, with adjustments made for additional
programs and slightly expanded staffing:

Research Programs:
•

PI (and API) research funding: $4 million per year in Y3–5, comparable to current Synberc
levels of $3.7 million, with some additional funding allocated for new researchers

Non-Research Programs:
•
•
•
•
•

Semi-annual retreats similar to those being held by Synberc: two per year beginning in Y3, $60K
per retreat
BioBricks program funding: $250K per year in Y3–5 (comparable to current funding)
iGEM program funding: $100K per year in Y3–5 (comparable to current funding)
BioBuilder program funding: $100K per year in Y3–5 (comparable to current funding)
Other program funding: $500K per year in Y3–5 to support LEAP and other programs
(comparable to current funding)

Infrastructure & CapEx
•

Office furniture, fixtures, equipment, and supplies, including AV and teledata: leased where
possible, $72K total over Y2–5 (assumption is that operation will be virtual in Y1–2, moving to
an office space in Y3)

Human Resources
•
•

Director (responsible for leading organization as CEO and administrator): part-time in Y2 at
$100K, full-time in Y3–5 at $200K
Grants Manager (responsible for identifying, securing, and managing outside funding, for both
research and non-research programs): full-time in Y1–5 at $125K (serves as acting director and
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•
•
•
•
•

sole fundraiser in Y1, before director comes on board, due to the importance of securing
research funding early)
Industry Liaison (responsible for securing and managing industry relationships and funding): fulltime in Y3–5 at $125K
Academic Liaison (responsible for managing relationships with academic institutions and
researchers): full-time in Y3–5 at $125K
Administrative Assistant (supports Director and rest of team): full-time in Y3–5 at $75K
Retreat Manager (manages planning and execution of semi-annual retreats): part-time in Y3–5
at $50K
Benefits: 20% of salary

Operating Expenses
•

•

•
•
•
•
•
•
•
•
•
•

Office rent, operations & maintenance, and utilities: $80K per year in Y3–5 (this could be
reduced by continuing to use a shared office space like Synberc does today, or by moving to a
“virtual organization” with team members housed at their sponsor academic institutions)
Human resources, including payroll and insurance administration: outsourced to Professional
Employer Organization (PEO) like Insperity (www.insperity.com), $250 per FTE per month in
Y3–5
Accounting and bookkeeping: outsourced, $6K per month in Y3–5
Legal (minimal needs with organization like this): outsourced, $5K per year in Y3–5
Branding and marketing: outsourced design, development, and execution, $10K per year in Y3–
5
Website: outsourced design, development, maintenance, and minimal social media, $25K per
year in Y3–5
Public relations: outsourced media relations to drive exposure and attract funders, $90K per
year in Y3–5
Transition event to promote transition from Synberc to NewOrg: $25K in Y3 (one-time
expense)
IT management: outsourced, $1K per month in Y3–5
Technical (e.g., helpdesk) support: outsourced, $100 per FTE per month in Y3–5
Office supplies: $100 per month in Y3-5
Travel: $60K per year in Y3–5
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6.3.3. Financial Model
A basic cash expenditure summary for Model B is in the table below:

Pro Forma Cash Expenditure Summary – Model B: Research Initiatives
	
  

Year 1
2014-15

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

Research Programs

$0

$0

$4,000,000

$4,000,000

$4,000,000

$12,000,000

56%

Non-Research Programs

$0

$0

$1,070,000

$1,070,000

$1,070,000

$3,210,000

15%

Infrastructure & CapEx
Human Resources
Operating Expenses

$0
$275,000
$0

$18,000
$495,000
$0

$54,000
$1,540,000
$325,400

$0
$1,540,000
$300,400

$0
$1,540,000
$300,400

$72,000
$5,390,000
$926,200

0%
25%
4%

Total

$275,000

$513,000

$6,989,400

$6,910,400

$6,910,400

$21,598,200

100%

Model B is focused on Research Programs, with over half of its five-year, $22 million budget dedicated
to research. While $12 million is budgeted for Research Programs ($4 million per year in Y3–5), this is
contingent spending, meaning that these costs would be incurred only if revenues (e.g., grants) were
available to support the spending. For example, the total five-year, $22 million budget could be reduced
to $16 million if Research Programs were cut in half.

6.3.4. Assessment
Model B offers the same benefits as Model A (keeping the brand alive, maintaining the community
through retreats), while also maintaining some of Synberc’s core collaborative research and education
components. Like Model A, its sustainability is dependent upon industry dues and successful grants
initiatives, with the bar being raised significantly to fund a meaningful research program. Long-term
sustainability may be particularly challenging, since the lack of a large research agenda may make it
difficult to excite interest from researchers and funders, the latter of which are reluctant to fund
foundational research without a larger vision. Model B also does not invest in common infrastructure
that can be used to benefit the entire community, nor address issues of the “commons” like IP, or the
need for regulatory cooperation and public engagement.
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6.4. Model C: Synbio NewOrg
6.4.1. Overview
Model C, the Synbio NewOrg, is designed as a ground-up organization that builds on the successes of
Synberc and the entire synbio community. As described earlier, it is designed as a platform that will
provide:
•
•
•
•
•
•
•
•
•

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
Public engagements that inform and build support for the goals of the synthetic biology
community, nationally and globally
A shared vision with roadmaps and execution strategies to achieve these
Transparent regulatory environment that clarifies framework of regulation and reduces
the risk of synbio introduction, while protecting public values
International collaboration

6.4.2. Assumptions
Research Programs:
•

•

•

$59 million research budget that encompasses programs of varying size, complexity, and
collaboration:
o Funded Associate Investigators (foundational & applied)
§ 25 in Y3, growing to 50 in Y5, at $200K per year
§ $5 million in Y3, growing to $10 million in Y5
o Center-Level Grants: $5 million per year in Y3–5
o Moonshot Projects: $10 million per year in Y4–5
Facilities and staffing support for visiting scientists
o Visiting Industry Scientists: 5 in Y3, growing to 7 in Y5
o Visiting Government Regulators: 2 in Y3, growing to 6 in Y5
Scientific Executive Committee: $10K per year per member (up to 10) in Y3–5

Non-Research Programs:
•

Community & Leadership Development
o Semi-annual retreats similar to those being held by Synberc: two per year beginning in
Y3, $60K per retreat
o Partnership workshop series: $75K per year in Y3–5
o Topical events: $50K per year in Y3–5
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•

•
•

o iGEM program funding: $200K per year in Y3–5 (increase over current funding)
o BioBuilder program funding: $100K per year in Y3–5 (comparable to current funding)
o BioBricks program funding: $250K per year in Y3–5 (comparable to current funding)
o Public outreach activities: $250K per year in Y3–5
o LEAP program funding: $275K per year in Y3–5
Education & Workforce Development
o Video production: $360K total in Y3–5
o Other education program funding: $500K in Y3, growing to $750K in Y5
International Collaboration
o International event: $50K per year in Y4–5
Development
o Philanthropic event: $40K per year in Y1–5 (kicking off prior to transition from Synberc
to begin to raise awareness and funding)

Infrastructure & CapEx
•

•

•

Significant investment in permanent facility in Y3–5
o Square footage: 75K by Y5 (based on scaling of labs, offices, and personnel)
o Accommodates offices, labs, classrooms, and common areas for employees and visitors
o Provides ability for flexible and cost-effective expansion
Significant investment in a BioCommons Infrastructure
o Research labs: $15 million investment over Y3–5
o Support labs: $5 million investment over Y3–5
o Biofab: $7 million investment over Y3–5
o Design lab: $2 million investment over Y3–5
o Registry/repository: $1 million investment over Y3–5
o Software development: $1 million investment over Y3–5
Office furniture, fixtures, equipment, and supplies, including AV and teledata: $1.6 million total
over Y2–5 (assumption is that operation will be virtual in Y1–2, moving to a facility in Y3, and
growing into additional space as needed)

Human Resources
•

•

Research
o Scientific Director: full-time in Y2 at $300K
o Industry/Government Scientific Liaison (to support visiting scientists): 4 in Y3 growing
to 7 in Y5, at $65K per person per year
o Senior Resident Researchers: 2 in Y3 growing to 6 in Y5, at $250K per person per year
(plus associated teams of Assistant Resident Scientists, Post Docs, Grad Students, and
Technicians)
BioCommons Infrastructure
o Technical Programs Director (responsible for leading entire BioCommons effort,
including recruiting of management team by Y3): full-time in Y2 at $200K
o Design Lab Manager: full-time in Y3 at $125K
o Registry/Repository Manager: full-time in Y3 at $125K
o Software Tools Manager: full-time in Y3 at $125K
o Innovation Center Manager: full-time in Y3 at $125K
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•

•

•

•

•

•

•

•

o Biofab Manager: full-time in Y3 at $125K
Commercialization
o Industrial Relations Manager: full-time in Y3 at $150K
o Commercialization Manager: full-time in Y3 at $150K
o Sponsored Research Manager: full-time in Y3 at $150K
o Business Development Director: full-time in Y4 at $200K
o Incubator Manager: full-time in Y4 at $150K
International Collaboration
o International Collaborations Director: full-time in Y3 at $150K
o International Outreach Managers: 2 in Y4 at $125K
Public Policy & Practices
o Public Policy & Practices Director: full-time in Y3 at $150K
o Policy & Government Relations Manager: full-time in Y3 at $125K
o Practices Manager: full-time in Y3 at $125K
Education & Workforce Development
o Education Director: full-time in Y2 at $150K
o Curriculum Development Manager: full-time in Y3 at $100K
o Vocational Training Programs Manager: full-time in Y3 at $100K
Community & Leadership Development
o Community & Leadership Development Director: full-time in Y2 at $150K
o Academic Liaison: full-time in Y3 at $100K
o LEAP Manager: full-time in Y3 at $100K
o Community Outreach Manager: full-time in Y3 at $100K
Development (grants & philanthropy)
o Development Director: full-time in Y1 at $250K
o Grants Manager: full-time in Y2 at $125K
Lean Leadership Team
o NewOrg Executive Director: full-time in Y1 at $500K
o Chief Operating Officer (operations & strategy): full-time in Y1 at $300K
o Social Media Manager: part-time in Y1 at $125K, full-time in Y2
o Accountant: full-time in Y2 at $75K
o Office Manager: full-time in Y2 at $75K
o Marketing & Communications Director: full-time in Y3 at $200K
o Events Manager: full-time in Y3 at $125K
o PR Manager: full-time in Y3 at $125K
o General Counsel: full-time in Y3 at $250K
o Chief Financial Officer: full-time in Y3 at $250K
o HR Director: full-time in Y3 at $200K
o IT Director: full-time in Y3 at $200K
Benefits: 20% of salary
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A summary of anticipated team growth over Years 1–5, including all support staff, can be found in the
table below:

Headcount Plan – Model C: Synbio NewOrg

Operating Expenses
•
•
•
•
•
•
•
•
•
•
•
•

Office rent, operations & maintenance, and utilities: $2 million in Y3, growing to $4.2 million in
Y5 (assumes virtual offices in Y1 and temporary offices in Y2)
Human resources, including payroll and insurance administration: outsourced to Professional
Employer Organization (PEO) like Insperity (www.insperity.com), $250 per FTE per month
Accounting and bookkeeping: outsourced, $6K per month
Legal: outsourced, $750K in Y1, $350K per year in Y2–5
Branding and marketing: outsourced design, development, and execution, $50K in Y1
Website: outsourced design, development, maintenance, and minimal social media, $25K in Y1,
$50K per year in Y2–5
Public relations: outsourced media relations to drive exposure and attract funders, $120K in Y2,
$180K per year in Y3–5
Launch event to promote transition from Synberc to NewOrg: $100K in Y2 (one-time
expense)
IT management: outsourced, $5K per month in Y3–5
Technical (e.g., helpdesk) support: outsourced, $100 per FTE per month
Office supplies: $30K per year
Travel: $215K per year in Y1, growing to $1.1 million in Y5
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•

•
•

Site Development Project Management (responsible for design, sourcing, and development of
permanent facility in Y3): $250K in Y1, $500K in Y2, and $750K in Y3 (plus $250K architecture
& lab design in Y2)
Move & Relocation: $500K per year
Recruiting: $2.4 million total over Y1-5 (based on compensation of recruited individuals)

6.4.3. Financial Model
The cash expenditure summary for Model C is as follows:

Pro Forma Cash Expenditure Summary – Model C: Synbio NewOrg
	
  

Year 1
2014-15

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

Research Programs
Non-Research Programs
Infrastructure & CapEx
Human Resources
Operating Expenses

$0
$40,000
$250,000
$1,438,000
$2,221,000

$0
$40,000
$963,000
$3,060,000
$2,379,000

$10,220,000
$1,615,000
$20,353,000
$13,678,000
$9,612,000

$22,840,000
$1,790,000
$16,473,000
$18,354,000
$11,035,000

$25,660,000
$1,915,000
$11,357,000
$21,375,000
$11,276,000

$58,720,000
$5,400,000
$49,396,000
$57,905,000
$36,523,000

28%
3%
24%
28%
18%

Total

$3,949,000

$6,442,000

$55,478,000

$70,492,000

$71,583,000

$207,944,000

100%

While Model C dramatically increases Research Programs over Model B, it also makes significant
investments in BioCommons Infrastructure and facilities, leading to a more “balanced” model of a
freestanding organization. Like Model B, Research Programs ($59 million over Y3–5, or roughly $20
million per year) represent contingent spending, meaning that these costs would be incurred only if
revenues (e.g., grants) were available to support the spending. Were research spending to grow more
slowly than modeled here, there could be some commensurate decreases in Infrastructure & CapEx,
Human Resources, and perhaps Operating Expenses. Likewise, no other revenues (e.g., corporate
memberships, services, licensing, commercialization) are assumed, only costs. Not only does this keep
the model simpler, but it serves to highlight the total financial support required to build the organization.
The pro forma P&L below represents budgeted spending across the organization’s eight P&L centers,
where organizational spending (e.g., Management & Administration, Human Resources, Operating
Expenses, Overhead) has been allocated to each P&L area.

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 76

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014

Pro Forma Profit & Loss Summary – Model C: Synbio NewOrg
	
  
Year 1
2014-15
Research
BioCommons Infrastructure
Commercialization
International Collaboration
Public Policy & Practices
Education & Workforce Development
Community & Leadership Development

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

Development (grants & philanthropy)

$0
$0
$0
$0
$0
$0
$0
$3,948,750

$1,331,840
$648,420
$0
$618,420
$618,420
$0
$0
$3,012,100

$20,469,700
$11,748,807
$1,086,108
$1,836,478
$2,691,920
$1,146,108
$332,036
$1,680,181

$38,040,452
$13,577,783
$1,411,071
$2,176,286
$2,941,500
$2,191,500
$1,171,071
$1,421,071

$46,444,311
$14,185,561
$1,341,209
$2,217,450
$2,843,692
$2,093,692
$1,101,209
$1,351,209

$106,286,303
$40,160,571
$3,838,389
$6,848,634
$9,095,532
$5,431,301
$2,604,316
$11,413,311

57%
22%
2%
4%
5%
3%
1%
6%

Total

$3,948,750

$6,229,200

$40,991,339

$62,930,735

$71,578,333

$185,678,357

100%

The total P&L for five years is $186 million, which is less than the $208 million indicated in the cash
expenditures table above. The reason for this is the Cash Expenditures Summary reflects the total
amounts of cash required to fund operational activities, as well as equipment and infrastructure
purchases. The Profit & Loss Summary similarly reflects the amounts of cash required to fund
operations activities, but the P&Ls only include the depreciation expenses associated with the
equipment & infrastructure purchases, not the full cash amount required for the purchases. From an
accounting standpoint, the NewOrg’s financial statements might resemble the P&L, but from a
budgeting and funding standpoint, the larger number is the one to use as a target. Detailed P&L
statements for Model C can be found in Appendix H.

6.4.4. Assessment
As highlighted throughout this document (as well as the earlier Sustainability Analysis), a synbio NewOrg
at this scale addresses the needs of the community, providing a number of benefits:
•
•
•
•
•
•
•
•

Right structure to manage and solve issues of the “commons”
Incentives to provide solutions or capacity that will benefit the larger community
Extension of best practices from Synberc and other organizations, in a way that will maximize
value
Shared infrastructure that can catalyze innovation for academic institutions and commercial
entities
Ability for national roadmap to be defined, implemented, and reported on
Support for better coordinated funding efforts among agencies such as NSF, NIH, DOE,
DARPA, and NIST
Diverse funding sources that will attract additional resources
Platform for international collaboration
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A large funding effort will be required to build this NewOrg, hence the early investment in
development and planning. The $10 million investment maintains Synberc status quo during its final two
years while funding the planning and early implementation of NewOrg and providing runway to raise
the additional funds required. If during those two years, the vision for NewOrg shifts, this model can be
adjusted or rescaled, including scaling back to something more like Model A or Model B.

6.5. Recommendation
While there has been some trepidation by the Synberc community to commit to Model C, there is a
clear desire by the community to maintain and even grow the foundation that Synberc has created. As
we have posited throughout this process, the concept of “sustaining” Synberc is nothing more than
delaying the ultimate wind-down or gradual obsolescence of the organization.

Models A and B appear to head down that path. For Synberc to remain relevant and grow in influence
over the coming years, the years that will likely show significant returns on investment in synbio, a true
NewOrg presents an appealing vision. An early investment to develop something like Model C ($10
million from industry partners and APSF) will provide an opportunity for Synberc to continue its
current operations while supporting the stand-up of this NewOrg. Continuing to plan and stand up a
NewOrg will not be easy, but it is possible, as the following figure suggests:
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Proof of Principle: The Case for Synbio NewOrg

$!

The funding is out there

Close academic-industrial
relationships, from concept
to product, are possible

Programs can scale
over time, while
maintaining
PI independence
and free thinking

A NewOrg for synthetic biology is big. It is challenging. It requires commitment on the part of many
stakeholders. Nevertheless, it is not impossible. Others, from the Venter Institute to BE-Basic, have
charted this territory before. Years ago, HHMI set the standard for funding the world’s great medical
scientists. As FasterCures indicates, we have entered a heyday of scientific and medical consortia and
collaboration.81 There is precedent, but more importantly, there is opportunity. With the early support
of APSF and some of Synberc’s current IAB members, the seeds have been sown. The next sections
will demonstrate the approach to reap the rewards.

81 FasterCures. Consortia-pedia: An In-Depth Look at the Research-by-Consortium Trend in Medical Research and Development. (2013).
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7. DEFINING A SYNBIO NEWORG
7.1. Overview
As we have stated earlier, if the growth in synthetic biology over the past 15 years is any indication, the
growth over the next 15 stands to be even more significant. During the coming years, for the US to
continue to make progress toward Synberc’s original audacious goals and serve as a catalyst of synbio
progress, the synthetic biology community will need a strong central organizing force going forward that
can support this community, continue its research, grow its leaders, strengthen commercial
collaborations, rationalize policy, and serve as a mobilizer of researchers, industry, government and
philanthropy
With the foundation laid by Synberc, the time is now to formalize a national center for synthetic
biology (the NewOrg as an independent non-profit research institute – a center for excellence and
innovation in synthetic biology – that brings together and is funded by a unique collaborative
partnership amongst researchers, industry, government, and the philanthropic sectors, as described
below.
Such a NewOrg would be a pioneering research center where scientists from many disciplines and
from industry will gather to collaborate on solving some of science’s most challenging problems. It will
also be a national/global resource to support diverse stakeholders for the benefit of many existing and
future programs. Planning and development for the NewOrg would begin now and continue
incrementally through 2015, with a launch of the NewOrg in mid-2016, as Synberc’s funding comes to
an end (see Section 8.1 below).
The goal of this strategic plan is to provide structure and clarity to the concept of the NewOrg in order
to guide and inform its creation and implementation. But its mission, activities, leadership structure,
operating units, and implementation strategies are subject to review and revision according to the
synbio community’s needs, as defined in the roadmapping process.

7.2. Mission
The mission of the NewOrg would be to develop, promote and sustain Biologically Engineered Solutions
for a Sustainable Global Future with a focus on energy, agriculture, the environment, and health.
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This forum would provide an organizing vehicle for synbio domestically, and also support continued US
leadership internationally, which will have important implications for future US economic growth and
competitiveness. The objective would be to create a forum for participation by the entire synbio
community (while maintaining and strengthening the unique characteristics of the current Synberc
community); a place that will generate data, tools, and resources to benefit all partners and the greater
research community, within an open environment of knowledge and data sharing.
The NewOrg would play an important role in defining and implementing a national roadmap that
would help to coordinate US activities amongst existing synbio institutions, as well as bettercoordinated funding efforts amongst federal agencies (see Section 9 below.). It would serve as a catalyst
for industry and government to work together to define practical and transparent regulatory regimes
for the oversight of new technologies and the introduction of new products. It would bring interested
parties together to work on and resolve problems of the “commons”, such as pre-competitive efforts,
intellectual property protection, and effective licensing procedures. And it would provide an interface
with the international community for both research collaboration and the development of global
policies.

7.3. Activities
The NewOrg would engage in a number of activities, each managed through eight operating units (as
described below). The strategic direction for these activities would be defined during the next year as
part of a national roadmapping effort (see Section 9 below).
It would:
•

Strengthen and unify the national synthetic biology research community by providing a central
place to congregate and exchange ideas, through conferences, workshops, meetings, and
retreats.

•

Develop coordinated national research and policy roadmaps, which would be updated annually

•

Fund foundational and applied research in synthetic biology, including the coordination of largescale inter-institutional projects, and launch of moon shot projects
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•

Establish and strengthen a common infrastructure that is open to and supports the efforts of
the national and international synthetic biology community

•

Strengthen industry collaboration and technology transfer

•

Educate, train and promote the next generations of scientific researchers and leaders for
synthetic biology

•

Raise public awareness by renewing national interest in the study and advancement of science
and educating the public about the benefits and risks of synthetic biology

•

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, and

•

Participate in international research and policy efforts to solve global challenges

The NewOrg could also play an important role in supporting and coordinating programs and funding
for existing activities and organizations such as BioBricks, iGEM, and LEAP.
Such a NewOrg would not supplant the activities of existing resources and institutes, but would serve
as a coordinating mechanism, where existing programs could be leveraged to promote the goals of the
greater community. In effect, the relationship between the NewOrg and existing institutions would be a
“hub-and-spoke” relationship with the NewOrg providing support for established programs, promoting
interaction and facilitating collaboration.
It could also provide a means of initiating a new funding mechanism, like the center-level grants
distributed by government agencies, whereby the NewOrg could apply for funds on behalf of existing
institutions on larger projects no one institution could achieve alone, in order to secure multi-year
funding for collaborative projects.

7.4. Core Operating Areas
The NewOrg would operate through eight functional areas, each designed to address a key challenge
for the synbio community over the next decade and beyond. Each of these functional areas would
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incorporate some of the successful elements contained in the Alternative Business Models, examined
and described in Section 4 above.
We are proposing a model with defined functional characteristics in order to model such an
organization financially and estimate the amount of capital that would be required (see Section 6 and
Appendix H), but these characteristics could be redefined by the Leadership Task Force and other
interested parties (e.g., member institutions, industry partners, the research community). The financial
model is flexible enough to incorporate changes and to reflect revised revenues and costs associated
with these changes accordingly. Each of the operating units has been financially modeled with its own
P&L, so that the timing of the initiation of these activities is also flexible.
The eight core operating areas are:
•
•
•
•
•
•
•
•

Research
Commercialization
BioCommons Infrastructure
Public Policy & Practices
Education & Workforce Development
Community & Leadership Development
International Collaboration
Development (Grants & Philanthropy)

7.4.1. Research
Research at the NewOrg would be led by a full-time Scientific Director, supported by a Scientific
Executive Committee of up to 10 people from multiple institutions and disciplines, each of whom
would receive an honorarium and travel reimbursement for their service. Research programs would be
implemented by both internal researchers and external “affiliated” investigators, some of whom could
apply for joint appointment between their home institution and the NewOrg. Categories of
investigators could include the following:
•

NewOrg Associate Investigators who are affiliated with external academic institutions, and
who apply and are given appointments. These investigators would remain at their home
institutions but would participate in and receive funding (up to $200,000) from research
programs established at the NewOrg. They would also be eligible for joint appointments and
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could spend time on-site at the NewOrg for a specified amount of time in order to work more
closely with resident researchers or to use the facilities in the BioCommons. All of Synberc’s
Principal Investigators and Affiliated Principal Investigators would become NewOrg Associate
Investigators in 2016.
•

Resident Researchers who are recruited by the Scientific Director and Scientific Executive
Committee and work full-time on NewOrg research programs.

•

Early Career Scientists who apply and could spend up to a year or more as part of a postdoctoral fellowship working on promising or novel projects.

•

Visiting Industry Scientists, representing Founding Corporate Members of the NewOrg, who
spend a year working on joint research programs defined by the industry representative and
NewOrg scientific leadership, which could include pre-competitive research designed to
advance the adoption of synthetic biology in that industry. Compensation is covered by their
home corporation.

•

Visiting Government Regulators who spend a year working alongside scientists in order to
gain a deeper understanding of the science and state of the technology, so they can be more
effective program directors when they return to their federal agencies. Compensation is
covered by their home agency.

•

International Scholars who either apply or are invited to pursue collaborative research at the
NewOrg.

Research programs at the NewOrg (and with its affiliated researchers) would be multi-disciplinary
programs, designed to advance work in the following core areas both begun by Synberc and identified
as needed in the earlier Sustainability Analysis:
•
•
•
•
•
•

Foundational and applied research, including pre-competitive research
Center-level government-funded projects
Moon shots funded by government and industry
International strategic alliances
Coordination with established programs (e.g., 1000 Molecules)
Coordination with Practices around public interest, safety, security, and ethical considerations

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 84

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014

Possible scientific research topics identified in Synberc 2013 moonshot whitepapers and NJK&A
interviews are:
•
•
•
•
•
•
•
•
•
•
•

Green biotechnology
Biosynthetic enzyme fab
Synthetic cells
Reusable technologies for metabolic engineering
Adaptive immunity through T-cell engineering
Phage therapies
Wastewater treatment
Nitrogen fixation
Building organs to do drug testing
Agricultural engineering
Viral vaccines

Accordingly, the roadmapping process described in Section 9, which would help to establish the
strategic direction of such activities, would be focused on the following areas, amongst others:
•
•
•
•
•
•

A roadmap for the foundational research and infrastructure needed to make routine the design
and construction of engineered biological systems (e.g., Parts, Devices, Chassis)
A joint university/industry roadmap that would identify the most important research directions
to enable applications such as energy, the environment, health, and agriculture
Moon-shot projects that would provide big, audacious goals to move the field forward and
excite public interest and support
Definition of common infrastructure necessary for moving the synthetic biology community
forward as well as linkages between existing institutional resources
A policy roadmap for the development of public oversight and regulation, and
Methods for advancing work on the ethical, economic, legal, and societal implications of
synthetic biology

As described below, these roadmaps would lay out a national agenda as defined by a broad crosssection of the community, which leverages the research resources and knowledge from various
stakeholders. Public progress reports and annual updates measured against clear goals would be
broadly used by all stakeholders to monitor performance. Proposals sought from NewOrg investigators
and the scientific community would be for projects consistent with the direction and goals of the
roadmap.
All funded projects would include a Practices component, to ensure that projects serve the public
interest and to account for safety, security, and ethical considerations.
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Research: Resources

Planned Research Resources

Funded Associate
Investigators

25

50

Year 3

Y5

$5 million

$10 million

Y3

Y5

Center-Level Grants

$5 million

$5 million

Y3

Y5

Moonshot Projects

$10 million

$10 million

Y4

Y5

Associate Project
Funding
(foundational & applied)

Visiting Industry
Scientists

5

7

Y3

Y5

Visiting Government
Regulators

2

6

Y3

Y3

7.4.2. Commercialization
Industry participation and collaboration has been a key part of Synberc’s success in developing a vibrant
community and jump-starting a new industry. The NewOrg would build on this success by focusing on
the following areas:
•

Industry Relations & Recruitment. This function would operate much as it does today, with
additional activities targeted toward recruiting new members.

•

Intellectual Property Policies & Guidelines. In the past, Synberc has had limited influence over
how intellectual property has been tracked and licensed by its individual founding institutions.
As a result, many industry partners have found it difficult to identify and negotiate licenses for
technologies created. The NewOrg could play an important role in creating a registry for
intellectual property and coordinating information and activities between universities as a start.
Further work in this area between NewOrg and licensing universities could promote faster
commercialization and ensure IP generated with/by NewOrg is free from legal entanglements.
This will be important as more emphasis is placed on developing applications for use in industry.
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•

Technology Collaboration (Pre-Competitive) & Sponsored Research Programs. Members of
the Industrial Advisory Board and Corporate Members of the NewOrg (see Section 7.5.2),
would have the opportunity to identify collaborative research programs that could be
undertaken by Resident Researchers and Visiting Industry Scientists.

•

Innovation Center (for further development of promising technologies)

•

Data Contribution and Access (including standards for sharing data)

•

Commercialization
o Licensing Activities
o Investment Community Outreach to ensure that venture capitalists and financial
analysts understand the technology and the state of the industry
o Incubator to foster synthetic biology startup creation and job growth
o Support of SynBioBeta

7.4.3. BioCommons Infrastructure
Since its inception, many of Synberc’s Founding Member Institutions (UC Berkeley, MIT, Harvard, UC
San Francisco, and Stanford) have established their own research centers or institutes focused on
synthetic biology, with the associated infrastructure to advance this important field. Some, like the Wyss
Institute at Harvard, could serve as models for establishing a BioCommons infrastructure for the
NewOrg. The National Laboratories also have well-defined user facility programs.
Many other research institutions throughout the United States have not built out this infrastructure, and
consequently their investigators do not have access to the types of specialized tools and equipment to
advance their work in synthetic biology. The same is true for many companies who are interested in
commercialization in this area over the long run. So in addition to using this infrastructure to support
internal NewOrg research, the NewOrg should offer access to the required BioCommons
Infrastructure for these individuals, on a fee-for-service basis, perhaps coordinating access and its
activities with other established resources throughout the country.
The BioCommons Infrastructure at the NewOrg would provide the resources so that universities,
companies, and knowledge institutions from all over the world can investigate in this facility to design
new parts, devices, and chassis, as well as examine how production processes respond and can be
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scaled up. This department would also professionalize, strengthen, link up, and make available the
infrastructure (e.g., registries) pioneered by Synberc and others, which is necessary to further expand
and support the community.
Assets would include:
•

Registries (freely available parts, devices, etc.)

•

Web of registries

•

Repositories.

•

Synbio distribution and tracking system.

•

BioCAD

•

Biofab

•

Network of biofabs

•

Metrology and standards development

•

IP registry

•

Standardized biological distribution and tracking system

The objective would be to develop 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. By
interfacing with those programs already built or to be built (e.g., 1000 Molecules program), the
BioCommons at the NewOrg would represent an extra node in a network of such facilities throughout
the country.
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7.4.4. Public Policy & Practices
As discussed at length in the Sustainability Analysis, there is an urgent need for a more rational,
transparent, and appropriate regulatory structures regarding synthetic biology. In addition, it will be
important to continue the work of developing, promoting, and moderating safe and ethical applications
of new technology developments. The Policy & Practices component of the NewOrg would engage
leading social scientists and institutions such as the Woodrow Wilson Center and the Hastings Institute
in its activities, as it focuses in the following areas:
•

Government relations

•

Public policy

•

Regulation

•

Advocacy

•

Responsible innovation
o Security
o Biosafety and containment
o Social and ethical issues

Of particular importance will be the articulation of a clearly defined roadmap for the community, that
can serve as a focal point to foster increased and more coordinated government grants and programs.

7.4.5. Education & Workforce Development
Many of Synberc’s aspirational goals in the educational area have been successfully achieved through
programs and innovation in the following areas:
•

Graduate education

•

Textbooks

•

Courses

•

Undergraduate education

The Education & Workforce Development operating unit would continue work in this area,
coordinating efforts amongst universities and nonprofits to educate and train future scientists, while also
creating vocational programs that would train scientists and technicians to work in the private sector.
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Work in this area could include:
•

Academic relations: member and non-member institutions

•

Coordinated national curriculum

•

Industrial training and internship programs

•

Remote learning programs

•

Existing and new educational programs

7.4.6. Community & Leadership Development
As stated in the Sustainability Analysis, citizens and consumers are the ultimate stakeholders in the
development of synthetic biology, since so many lives will be affected by its promise and risks. The
public must be equipped with factual information about the vast potential benefits of synthetic biology
and its risks, as well as the meaningful measures being undertaken to address these issues. Furthermore,
consumers must be actively engaged in the ongoing discussions to establish intelligent, effective
oversight of synbio technologies. In addition, there is an ongoing need to educate journalists covering
this science and industry and to engage the DIY community in a meaningful way.
This area of the NewOrg would be responsible for communicating the mission and activities to the
public and actively creating a direct and ongoing dialogue with the community, either as physical townhall style forums or through social media tools such as blogs, Facebook, and Twitter.
It would engage in the following activities:
•

Community building: coordination with and support for community organizations and initiatives
o iGEM, BioBuilder, BioBricks, LEAP, International Biodesign Automation Working Group

•

Communications and advocacy
o Public outreach and engagement
o Interface with DIYbio community
o Short intensive summer course for journalists
o Rapid response system for scientific breakthroughs, newsworthy topics

•

Conferences and meetings
o Synbio Leadership Retreat (which would involve the Founding PIs, their students, and
members of the Scientific Advisory Board)
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o Synberc Semiannual Symposium
o SBx.0 Conference

7.4.7. International Collaboration
The development of synthetic biology has become increasingly a global endeavor. International
research, funding, and regulation will have a great influence on the direction of the science and the
industry over the next ten years. This operating unit of the NewOrg would seek to develop an
affiliation with international initiatives (e.g., the Flowers Consortium, ERASynBio), in order to foster
international communication and consensus and support for uniform global standards and registries.
The NewOrg could participate in international research partnerships and funding initiatives and host an
international conference.

7.4.8. Development (grants & philanthropy)
All of this activity will require approximately $208 million in capital over a five-year period, as described
in Section 6 and Appendix H. The Development unit of the NewOrg will set specific goals for
fundraising from a broad array of funders, since a diversified funding base is less susceptible to changes
in donor priorities and other external circumstances. Funders could include:
•

Industry

•

Philanthropy: (individual donors, business leaders, foundations)

•

Academia (university endowment funds)

•

Venture capital

•

Government

•

Technology collaborators

An additional $10 million will be required to maintain Synberc at steady state during a transition period
to the NewOrg. This funding could be secured from industry and philanthropy. Potential funders have
already been identified (five members of the IAB and APSF).
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Creating a Global Network
7.5. Organization

philanthropy
academic
institutions

international
collaboration
other
government
community
agencies
organizations

«NEWORG»
industry
partners

general
public

are the
defining
entities? industry, government,
Advancing the field of What
synthetic
biology
willrelationships
require all among
sectorsthese
– academia,

nonprofits and philanthropy – to work together in order to:
•

Advance the knowledge of synthetic biology

•

Discover new technologies that can be broadly used to accelerate innovation

•

Create broadly used tools, such as standards, methods, and technologies, that can be used by
all stakeholders to advance their own research

•

Leverage the resources of multiple sectors to advance the development of new products or
classes of products in the energy, agriculture, environmental, and health industries, among
others

The NewOrg will provide a neutral ground to coordinate the sharing of risks, costs, resources, data,
and expertise in pursuit of a unified research mission, while addressing the differences that each
member brings to the partnership. Therefore, it will be important to identify and leverage the unique
strengths and resources that each partner can contribute. It will also be important to define the value
proposition for each of the stakeholders, which will justify investment in the NewOrg and help to track
the return. The value proposition will be different for each of the different groups.
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7.5.1. Value Proposition for Various Stakeholders
Public Sector
•

Address challenges in synthetic biology by sharing the costs of developing broad-based tools
and methods with other investors

•

Continue support of new research opportunities at the foundational, pre-competitive, and
applied levels

•

Support process that will inform governmental agencies and assist in formulating more effective
federal funding process

•

Leverage funding from the private sector to augment public investment

•

Engage in scientific discourse that can inform regulatory policies in a forum that is not part of a
formal regulatory process

•

Encourage the professional development and retention of effective program managers

•

Maintain US leadership and competitiveness in an important and growing industry

•

Stimulate and sustain economic vitality through the creation of new companies and jobs

Industry
•

Share the risk of creating broad-based tools and methods that can be used to increase the
speed and/or lower the costs of their own development processes

•

Cost-share the risk of entering new research opportunities

•

Coordinate the expertise and resources in academia and the private sector around applications
for each of the industrial sectors

•

Address jointly technical limitations in tools and infrastructure by supporting pre-competitive
initiatives
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•

Clarify and resolve issues of the commons such as those surrounding the protection of
intellectual property and licensing

•

Obtain early review of developing novel techniques and technologies; gain preferred access to
IP through sponsorship programs or membership participation

•

Ensure that research activities focus in part on industry needs

•

Develop partnerships that could lead to additional resources both inside and outside of their
industry

•

Leverage funding from the public and philanthropic sectors

•

Participate in public/private efforts to create rational regulatory regimes for synthetic biology

•

Highlight new products that can be used by academia or others, to advance the work of
synthetic biology

Academia
•

Accelerate the translation of basic research findings to applications that meet an identified need

•

Access alternative non-government sources of funding, which could make funding more stable

•

Access technology development resources, such as registries, repositories, and bioCAD and
biofab facilities, which may not otherwise be available

•

Access research tools and methodologies that are validated by consensus in the synbio
community

•

Participate in collaborative efforts that place the institution/scientist at the forefront of synbio
science and development

•

Link professional and institutional programs to a larger effort which could attract additional
resources and launch new programs

•

Enable data sharing and collaboration amongst researchers
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•

Develop partnerships outside the center that could lead to additional partnerships

Philanthropy
•

Leverage funding from the private and public sectors towards programs in line with mission of
philanthropy

•

Provide new opportunities to fulfill philanthropic missions with new solutions

7.5.2. Membership
In order to attract commitment and financial support from the highest levels in each of the four
segments, we are proposing that two levels of membership in the NewOrg be created: Founding
Members and Associate Members.
Founding Members could include:
•

Founding Academic Institutions. These could include each of the five academic institutions
whose scientists pioneered this work: UC Berkeley, UCSF, Harvard, MIT, and Stanford.

•

Founding Corporate Members. These would include at least one representative, and maybe
more, from each of the following segments: Tools, Technologies, Energy, Agriculture, Health,
Environment, and Specialty Chemicals.

•

Founding Philanthropic Members. Led by APSF, these would include some of the young,
forward-looking philanthropies and others (e.g. Google, Gates, etc.)

Founding Members would be expected to make a cash investment in the NewOrg up front, with a
minimal annual dues payment following. In exchange, they would participate in the establishment and
governance of the NewOrg, as well as having favored access to programs and technology.
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Membership
FOUNDING MEMBERS

ASSOCIATE MEMBERS

ACADEMIA

INDUSTRY

PHILANTHROPY

$!

$!

$!

$!

+ other academic &
community
organizations

TECHNOLOGY COLLABORATORS

Associate Members would include other academic, nonprofit, and community organizations that would
pay a much smaller membership fee to join the NewOrg, with smaller annual dues payments. Associate
Members would have preferred access to programs, resources, and the facilities of the NewOrg and
would participate in Advisory Board meetings.
Finally, a third category for support would be sought from Technology Collaborators. These are
companies that contribute significant in-kind contributions to the formation and operation of the
NewOrg and the BioCommons, which may include staffing, and access to research resources
(equipment and supplies) at discounted rates or free of charge.
Enthusiasm and sign-off at the highest leadership level of a sponsoring organization is an essential
element for acquiring significant investment through memberships. In constructing the terms of the
Membership & Technology Collaborator Agreements, it will be important to consider the following
questions:
•

What assets and resources can each partner bring to the effort?

•

What resources can augment existing resources and programs of the NewOrg, and how can
those resources be accessed?

•

What is the relationship between NewOrg and other institutions operating in the synbio
environment? How can we ensure that programs are not duplicative or overly bureaucratic?
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Governance

7.6.1. Governance

FOUNDING PRINCIPAL
INVESTIGATORS

BOARD OF DIRECTORS
•
•
•
•
•

Business and Investment Leaders
Founding Industrial Members
Founding Philanthropic Partners
Founding Academic Institutions
(Key Government Advisors)

SCIENTIFIC
ADVISORY BOARD

INDUSTRIAL
ADVISORY BOARD

Evolution to include additional
scientists outside current Synberc

Current Synberc members
and newly recruited members

The formal governance structure for the NewOrg will be important for creating an environment of
trust and transparency, as well as providing each stakeholder with an opportunity to provide input to
the NewOrg’s strategic objectives and operations. It is also important to ensure accountability to the
government and the general public.
In addition, the governance and operation of the NewOrg should 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.

Board of Directors
The Board of Directors refines the mission of the NewOrg and provides oversight to all NewOrg
activities. It would include representatives from all of the Founding Members, typically representing the
highest level of leadership from each organization, as well as subject matter experts. Members may
include:
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•

Business & Investment Leaders. These are passionate individuals who will donate their time and
energy to NewOrg’s efforts, because they believe in the space. Their participation also provides
validation and confidence that can motivate other leaders to participate. Representative
individuals might include:
o Elon Musk
o Richard Branson
o Greg Lucier
o Steve Jurvetson
o Tim Draper
o Richard Roberts
o Peter Thiel
o Gordon Ringold

•

Founding Industrial Members

•

Founding Philanthropic Partners

•

Founding Academic Institutions

•

Key Government Advisors

•

Social Scientists

•

Distinguished Public Representatives

Advisory Committees
In addition, there would be two advisory Committees that would inform the Board of Directors. These
Committees would be responsible for developing the scientific and strategic plans to guide the
NewOrg. The Advisory Boards would include:
•

Founding Principal Investigators. The Founding Principal Investigators would meet twice a year
to review ongoing projects and to ensure projects are on track and pre-determined objectives
are being met. They would also help to steer the annual roadmap updates. Members of their
group would be selected to represent this important constituency on the Board and would
provide support and direction to the Scientific Director in setting scientific priorities for the
NewOrg.
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•

Industrial Advisory Board. This Advisory Board would operate in a manner similar to the
current Synberc IAB. Its members would provide mid-level leadership that have more technical
expertise and time to assess the progress of the NewOrg.

A clear definition of goals and a formalized governance structure that outlines decision-making
authorities and management responsibilities will help to build confidence amongst the participants and
ensure a return on investment of time and resources invested in the NewOrg.

7.6.2. Management
Lean Management Team
The management of the NewOrg would consist of a lean, professional support team, designed to
augment the operations of the NewOrg and to ensure that scientists can spend as much time as
possible on their research. It would consist of a NewOrg Executive Director, an experienced senior
management team (e.g., Finance, Legal, HR, Development, Business Development, Communications),
and operational leaders of each of the core operation units.
The following two diagrams indicate the proposed path forward: start small and virtual, then transition
and scale up as resources are assembled and money is raised. In Year 1, five people would work
virtually to organize the center and plan for future transition and growth. This team does not grow
significantly until Year 3, when NewOrg formally launches.
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Lean Management Team
• Year 1 requires a small team of 4-5 to organize and plan

for transition and launch
• Fundraising
• Recruiting
• Modeling
• Business Formation
• Branding/Web/Messaging
• Financial Planning

• Site Development (Project Management)
• Philanthropic Event

• Additional leaders come on in Years 2-3, as growth

requires and fundraising supports
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Recruitment
Year

Key Staff Onboarding

Headcount

Y1 (2014-15)
Planning

Executive Director, Strategy/Operations Director, Development Director,
Social Media Manager

5

Y2 (2015-16)
Transition

Scientific Director, Technical Programs Director,
Community & Leadership Development Director,
Education Director, Grants Manager, Philanthropy Manager, Accountant

16

Y3 (2016-17)
Launch

• Design Lab Manager, Registry/Repository Manager, Software Tools
Manager, Innovation Center Manager, BioFab Manager
• Curriculum Development Manager, Vocational Training Programs
Manager
• Academic Liaison, LEAP Manager, Community Outreach Manager
• Industrial Relations Manager, Sponsored Research Manager
• International Collaborations Director
• Marketing & Communications Director, Events Manager, PR Manager
• General Counsel, CFO, Facilities Manager, HR Director, IT Director

97

Y4 (2017-18)
Operations

Business Development Director, Incubator Manager, research and
technical support teams

138

Y5 (2018-19)
Growth

Additional research and technical support teams

166
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Accountability Measures to Track Progress & Impact
What accountability measures must be in place to track progress and impact? Metrics suggested by
FasterCures include:82
•

Equitable and timely contributions of effort and resources from all participants

•

Scientific milestones on research projects

•

Strategic milestones on overall progress toward the mission

•

Other strategic measures and mission-driven considerations

•

Procedures to ensure return-on-investment to participants and sponsors

•

Surveys from community participants

Whatever metrics are chosen, there is a clear need to move beyond metrics traditionally used by
academics to assess the impact of interdisciplinary collaborations, such as the number of patents,
number of publications, quality of the journals, and the number of citations. In addition to these,
quantitative measures of output must be included that are meaningful to the audiences interested in
the NewOrg.
Examples of some outcomes that might be of interest:
•

Accelerating development of foundation tools and infrastructure to advance synthetic biology

•

Accelerating development of new companies, applications and products that will accelerate the
translation of synthetic biology science into products for the public good

•

Creation of economic growth

82 FasterCures. Consortia-pedia: An In-Depth Look at the Research-by-Consortium Trend in Medical Research and Development. (2013).
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7.7. Location
Finally, it has been suggested to NJK&A during the interview process that such a NewOrg should have
a presence on both the East and West Coasts and in Washington. This is further discussed under “Site
Selection”(Section 8.2.9.).
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8. STANDING UP A SYNBIO NEWORG
8.1. Introduction & Principles
The planning and implementation for the NewOrg would be introduced in a phased approach over a
five-year period beginning in 2014–2015, which would allow flexibility and the ability to reshape plans
during the final two years of Synberc’s operations.

The objective would be to raise $10 million to keep Synberc’s activities (and those of related entities
like iGEM, BioBuilder, BioBricks, and LEAP) at a steady state, in terms of funding, programs, and
operations over the next two years, while also providing the funding required to further plan and
implement the NewOrg. The support for this number was presented earlier in the Sustainability Analysis,
and potential funding sources have been identified (five members of the Synberc IAB and APSF, along
with additional corporate candidates) to support it. It would also allow time for the roadmapping
activities to be completed, which will provide the strategic direction for the research and operations of
the NewOrg over the next ten years.
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Achieving this objective would keep the Synberc community intact, focused on its research and
educational activities, and working together, while calming some of the current fears about future
funding and activities. It would also provide two years in which to transition some of Synberc’s current
programs into the NewOrg, while determining how they would interface with new programs identified
in the road mapping exercise described below.
The operating principles during this period would be as follows:
•

Think big, but start small in order to allow flexibility as developments unfold

•

Work backwards from the vision and goals to plan

•

Consider the ongoing needs and interests of all stakeholders

•

Leverage Synberc and other best practices when possible

•

Act quickly and decisively, but be prepared to course-correct (e.g., if funding for the NewOrg
does not appear to be meeting its goals, adjust operational plans and objectives as necessary)

The following chart shows how this transition and implementation period would unfold. The launch of
the NewOrg would take place in 2016–2017, nearly three years from now, providing ample time for
further definition, fundraising, and transition.

Summary Timeline: Phased Approach to Standing Up NewOrg
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8.2. Laying the Foundation
In many ways, Synberc was a “proof of principle” exercise, during which the science in a new field of
synthetic biology was defined, and in which a new industry was seeded, focused on solving many of the
world’s most pressing problems. As discussed earlier, both of those goals have been achieved, and the
next ten years will be about building on the foundation laid to date in order to recognize the promise
of earlier achievements, while maintaining US leadership in this important field.
The mission of the NewOrg will help to accomplish this by communicating the vision, enlarging the
Synberc community to include the national community of synthetic biology, defining a national roadmap
to chart the next ten years of synbio’s development, recruiting and enlisting multiple new forms of
support from a diverse stakeholder group, working on the problems of the “commons”, strengthening
the infrastructure to support both the science and the development of new applications, engaging the
public to mobilize support for this future direction, and providing a venue for policy and practices to
evolve, while collaborating with the larger and expanding global initiatives that have emerged.
The following sections describe the activities that will be needed to realize this vision during the next
year.

8.2.1. Leadership
The Leadership Task Force, led by Keasling and Kelley, would provide the initial leadership for NewOrg
during Year 1. This leadership could transition during Years 2–3 as a Scientific Director and NewOrg
Executive Director are recruited. The rest of the four staff members needed during this period would
be contracted with. In effect, the initial management team for the NewOrg would operate as a virtual
team until operational and funding details became clearer.

8.2.2. Legal Formation, Governance & Membership
The organizational and legal work must be done in order to formalize the NewOrg and create a
cohesive governance structure that will allow NewOrg to serve the needs of a diverse membership
base, while protecting the interests of the Founding Members and NewOrg.
The following must be drafted, reviewed, executed, and implemented by the Leadership Task Force
and other NewOrg leadership, in order for initial operations to commence:
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•

Legal formation
o Organizational documents (Charter, By-Laws, Application for 501(c)(3) tax exempt
status)

•

Clear understanding of value propositions for each membership group

•

Definitions of membership categories and rights and responsibilities

•

Governance structure

•

Board recruitment

•

Membership and collaboration
o Obtain commitments from the Founding Members and other academic, research,
nonprofit, industry, and philanthropic members to affiliate with NewOrg
o Execute Affiliation Agreements with Founding and Associate Member Institutions

8.2.3. Core Operating Structure
Further due diligence on the structure, needs, and costs of each of the core operating units would be
undertaken. The Leadership Task Force would work closely with Synberc leadership to determine
which activities and programs should be transitioned to NewOrg.

8.2.4. Financial Modeling
All of this information would be used to refine the financial model in order to accomplish additional
scenario planning, budgeting, and revised baseline capital requirements. The financial model would then
be expanded into an operational model for the beginning of Year 2.

8.2.5. Funding Strategy
Effective fundraising from a variety of diversified sources would begin immediately, managed by a
Development Director. The goal would be to develop a strategy, approach, and contact base that will
yield $100 million in grants and philanthropic contributions by the NewOrg launch in Year 3. Sources
would include:
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•

Private philanthropists and foundations. For example, APSF could approach 5-10 foundations
asking them to match APSF’s $10 million investment and become Founding Philanthropic
Members.

•

Founding Corporate Members. Discussions would proceed beyond the preliminary discussions
with the five members of the IAB in order to explore the possibility of creating a strong
industry consortium.

•

Founding Academic Institutions. Individual academic institutions may be willing to invest in
NewOrg in order to obtain access to facilities and resources they could not build on their own
for that cost. Similarly, academic endowment funds might consider making a program-related
investment.

•

Technology Collaborators. Companies that are interested in becoming technology partners
with NewOrg in order to build out a state-of-the-art infrastructure would be approached to
obtain support.

•

Low interest equipment financing could be obtained on both equipment and data storage
requirements.

•

Discounted rent and leasehold improvement financing would be sought to support the buildout of the facility in Year 3.

•

Government grants. The definition of the national roadmap could promote a more
coordinated federal funding policy that might present opportunities for funding for NewOrg.
Additional funding could be sought from state and global governments.

•

State economic development grants in each of the states in which NewOrg will have an
operation.

•

Fund raising event in Year 1 that would help to raise visibility, excitement and support for
NewOrg.

In addition to these sources of investment, other sources of revenue would be explored, such as
sponsored research, user fees, sponsorships for conferences, and education and training programs.
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Since NewOrg will have a national and global presence, this will open up additional sources of support
for sponsorship.
The investment story would expand on and incorporate the pilot that was Synberc, leveraging the
science and expertise that has been developed in the last eight years in order to create a vision for the
future, unique and important to each partner approached.
Efforts would focus on obtaining firm commitments for the seed funding of $10 million in Year 1,
followed by commitments for sustainable funding over the next four years.

8.2.6 Branding, Messaging & Web Development
An important vehicle for raising awareness, enlisting participation, and generating excitement will be the
skillful use of social media and an engaging website. Branding, including naming and logo development,
will also be activities that need to be pursued.

8.2.7. Technology Strategy
Efforts would be made to secure unique collaborative relationship with world-class technology and
data/IT companies

8.2.8. Recruitment
Plans must be put in place to attract the required scientific leadership and others, who will come on in
Year 2, just prior to launching NewOrg. An effective recruitment policy must be devised, as well as
© 2014
Nancy J Kelley & Associates
DRAFT
IN PROCESS
contracts put in place with
a WORK
professional
employee
organization
like Insperity,48which includes relocation

assistance and recruitment packages determined.

Recruitment
Year

Key Staff Onboarding

Headcount

Y1 (2014-15)
Planning

Executive Director, COO/Strategy, Development Director, Social Media
Manager

5

Y2 (2015-16)
Transition

Scientific Director, Technical Programs Director,
Community & Leadership Development Director,
Education Director, Grants Manager, Philanthropy Manager, Accountant

16

Y3 (2016-17)
Launch

• Design Lab Manager, Registry/Repository Manager, Software Tools
Manager, Innovation Center Manager, BioFab Manager
• Curriculum Development Manager, Vocational Training Programs
Manager
• Academic Liaison, LEAP Manager, Community Outreach Manager
• Industrial Relations Manager, Sponsored Research Manager
• International Collaborations Director
• Marketing & Communications Director, Events Manager, PR Manager
• General Counsel, CFO, Facilities Manager, HR Director, IT Director

97

Y4 (2017-18)
Operations

Business Development Director, Incubator Manager

Y5 (2018-19)
Growth
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8.2.9. Site Selection & Build-Out
Finally, a program team consisting of architects, engineers, and construction experts will be put together
to determine the programming, layout, and cost for a facility to be opened in Year 3, which will create
an environment to support world-class research and collaboration and allow for future growth. This
work will begin immediately, since it will take some time to choose a location, identify appropriate sites,
create a build-out budget, and negotiate lease terms.
NASA has indicated they are interested in providing some land or buildings at the NASA Ames
Research Center near the new Google campus. Another possibility is to construct a multi-city Request
2014 Nancy J Kelley
Associates to contribute 50
WORK IN PROCESS
for Proposals, DRAFT
in order
to determine which ©locations
are &willing
state and local

development funds in order to have NewOrg locate there (similar to the strategy undertaken by

Site Selection & Build-Out

SEMATECH in the 1990s).

• Need to determine

requirements, specs,
and costs
• Partner with state
and local resources
(e.g., NASA, multi-city
RFP)

Visible, stable, accountable long-term
commitment to advancing synthetic
biology in the public interest
•
•

•

•
•

VIRTUAL
OFFICE

Y1

INTERIM
OFFICE

Y2

Community infrastructure
Research facilities for resident and visiting
researchers (core labs and personnel,
biofab, computational resources, etc.)
Conference facilities: places for the
community to convene to share
developments and co-create a vision for
the future
Central training facilities for academic,
government, and industry researchers
Model research space for public science
(DIYbio) and teaching labs for K-14
students

PHYSICAL
INSTITUTE

~75K sqft

Y3

8.3. Path Forward
In order to realize the vision of NewOrg, work must begin immediately on proposals to both NSF and
APSF to obtain the proposed funding for the roadmapping process and the challenge grant. Investment
presentations must be put together for the five members of the IAB who indicated an interest in
participating in the seed funding; presentations will need to be made to senior management and
commitments obtained.
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9. SUPPORTING A SYNBIO NEWORG: US ROADMAP INITIATIVE
A crucial component to achieving the goals of the NewOrg, will be defining the strategic direction,
scientifically and with respect to other programs, needed to advance the synbio field over the next ten
years. This can only be accomplished through a roadmapping exercise that brings together the best and
most diverse viewpoints of the synbio community from across the US and throughout the world.
As indicated earlier, NSF and APSF have indicated they are willing to provide the financial support for
this exercise. NSF has committed $500K toward this process, with APSF indicating that it would make
some of the $1 million challenge grant for NewOrg stand-up to support some components of this
roadmap process. The proposal to NSF has been drafted but has not yet been submitted – follow-up
on that proposal should occur in parallel with the other NewOrg recommendations contained herein.

9.1. Roadmap Outline
With the support and at the request of the NSF, a United States Synthetic Biology Strategic Roadmap
(“Roadmap”) initiative shall commence in 2014 (target: September), led by a Roadmap Organizing
Team (“Roadmap Team”). The process is intended to be a 9–12-month effort; with a September 2014
start, the process would conclude in mid-2015, around the time that the NewOrg timeline progresses
from Year 1 to Year 2.
The goal of the Roadmap is to develop a clear path forward for synthetic biology research,
development, and commercialization in the United States, built on a shared language and understanding
that represents a broad cross-section of constituents, including academic, commercial, government,
philanthropic, and public interests. While focused on the US, the Roadmap will be highly international,
reflecting the global nature of synbio, the US’s role in the emerging field, and the ongoing synbio
strategy efforts around the world.
Specific outputs from the Roadmap process will include:
•

Clear indication of the importance that research and commercialization in synthetic biology has
for achieving the national goals described above
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•

Survey of research efforts underway, including significant results and potential future impacts

•

Roadmaps for research directions that highlight where the field of synthetic biology is going and
where public/private investment can have the most impact (both foundational research and
applied)

•

Suggestions for new multi-institutional research programs across multiple application areas

•

Survey of commercial efforts underway, including past successes and new areas of interest

•

Identifying growth markets and developing applications

•

Review of past and current government and philanthropic funding initiatives, within the US,
outside the US, and globally

•

Specific recommendations to maximize the value of the synbio ecosystem in the US,
encompassing research, infrastructure, policy and regulation, education and workforce
development, public engagement, societal impacts and participation in the global community

•

Specific recommendations for funding priorities and mechanisms, including government,
commercial, and philanthropic

•

Specific recommendations for fostering international cooperation in this area

The Roadmap process is driven by the following guidelines and operating principles:
•

Inclusive process that will engage leaders in synthetic biology throughout the US and the world,
with the goal to create a resource that will connect and support everyone throughout the US

•

Transparent process that will seek to make its activities and, more importantly, its results
available and accessible to a broad audience

•

Independent perspective that is not driven by any one organization or organizational
philosophy
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•

Collaborative planning that will engage and support a multitude of synthetic biology-related
organizations in the US

•

Iterative approach that will provide preliminary findings and guidance early and often, refining
the results with input from the greater community

9.2. Roadmap Team
The Roadmap Team will be led by Jay Keasling, Director, Synthetic Biology Engineering Research
Center (“Synberc”), and Nancy J Kelley, President, Nancy J Kelley & Associates (“NJK&A”). Keasling and
Kelley have been collaborating since July 2013 on the Synberc Sustainability Initiative. Together, they
have already assembled many of the resources required for the Roadmap Team and have organized
Working Groups (described below) that started to meet monthly in Fall 2013. This effort is closely
connected to and includes representatives from many of the most active organizations in synthetic
biology today: JBEI, BIO, LEAP, BioBricks Foundation, iGEM, the Wilson Center Synthetic Biology
Project, and the Flowers Consortium, amongst others.

9.3. Roadmap Process
The Roadmap is designed to be a community-driven process that brings together the best and most
diverse viewpoints from across the country and around the world. This will be managed through a
closely aligned and carefully managed set of activities, designed to flex as needed based on the data
obtained, market trends, and community feedback:
•

Roadmap Team: The Roadmap Team will lead the strategy, planning, and execution of the
entire Roadmap. Led by Keasling and Kelley, this small (lean and agile) team is responsible for
coordinating all of the Roadmap activities and managing the interface with NSF, other funding
entities, and parallel efforts underway in the US and internationally.

•

Working Groups: Focused Working Groups, drawn from the synbio community, will meet
monthly throughout the process to review

findings, discuss ideas, and propose

recommendations. Each Working Group will have a scientific leader, who will receive an
honorarium for his or her role in leading meetings and drafting relevant section(s) of the report.
The scientific leads will draw on academic and industry support (two “associate or deputy
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leads,” one representing each constituency) to move the groups forward. Each Working Group
discussion and output will contain strategic, scientific, and financial components, representing a
comprehensive vision of the topic. These Working Groups will be based on the following
topics (based on the Synberc Working Groups from late 2013):

Working
Group

Areas of Emphasis
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

I.

II.
III.
IV.
V.

Research

Public
Infrastructure &
Scaling
Policy
Development &
Regulation
Industry/
Academic
Collaborations
Education &
Leadership &
Workforce
Development

VI.

Public
Engagement

VII.

Global
Community

•

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
Definition of large, multi-institutional research projects with clear connections to
commercial applications
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 form of an open
resource facility available to the entire synthetic biology community to work together
in a pre-competitive environment; also includes existing infrastructure, coordination of
these resources, and new opportunities such as DARPA’s 1000 Molecules initiative.
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
Align strategic research aims, spur economic development, promote commercialization
of academic research (including relevant IP issues), and encourage new start-up
ventures
Creating tomorrow’s practitioners, educators, legislators, and regulators, and a
workforce that is diverse in socioeconomic background, discipline, and thought
Educate, inform, learn, and engage in a robust debate about how to create science that
is toward in the greatest public interest, and carried out in a transparent and
democratic manner
Connecting internationally 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

Community Meeting: A large, invitation-only meeting will be scheduled during the second half
of the process, bringing together the Roadmap Team, the Working Groups, and academic,
corporate, government, and philanthropic leaders who are involved in or interested in synthetic
biology. Each Working Group will have two hours to present their initial findings and
recommendations. Additional facilitated sessions, scientific presentations, and discussions will be
included in what is expected to be a three-day agenda. This meeting is anticipated to be held in
the Washington, DC area.
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•

Strategy Workshops: The Roadmap Team, in conjunction with the Working Groups, will lead
a series of Strategy Workshops, designed to pose, discuss, and answer specific questions that
emerge during the process. These workshops will be designed to be inclusive, bringing inputs
from the greater synbio community. We anticipate that these will be scheduled during the
middle of the process, after the Working Groups have had an opportunity to meet a few times.

•

Public Forums: The Roadmap Team will lead one or two events designed to engage the
general public. These could be pilot events for a much larger program that emerges from the
Roadmap recommendations. These are anticipated to be held following the Community
Meeting and Strategy Workshops, with one on the West Coast and one on the East Coast.
Video or audio footage will be made available to the general public following the events, to
facilitate additional discussion online.

•

Ad Hoc Meetings & Publications: As needed, the Roadmap Team will lead other meetings
and/or release interim findings to move the process forward efficiently.

9.4. Roadmap Timeline
This notional timeline provides a high-level view of the anticipated flow of the process. The process is
intended to be a 9–12-month effort; with a September 2014 start, the process would conclude in mid2015, around the time that the NewOrg timeline progresses from Year 1 to Year 2.
Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Roadmap
Team
Working
Groups
Community
Meeting
Strategy
Workshops
Public
Forums
Roadmap
Report
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10. NEXT STEPS
As we have demonstrated continuously throughout the Sustainability Analysis and this Sustainability Plan,
the NSF, Synberc, and the entire synbio community have invested a tremendous amount of time and
resources to develop the science of synthetic biology and seed an industry based on those efforts.
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 create new
opportunities to address many of the most pressing global challenges we face. It 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.
A new national center for synthetic biology would represent a visible, stable, accountable, long-term
commitment to advancing synthetic biology in the public interest and maintaining US leadership in this
area, with great potential to accelerate the research, development, and adoption of synthetic biology in
the United States and globally.
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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.
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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
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
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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.

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

Industry Liaison Officer
Managing Director
Legal Scholar
Research & Industry Relations Director
Deputy Practices Director

Multiple
Multiple
8/8/13
Multiple
Multiple

Synberc Core Team
Peter Ackermann
Kevin Costa
Linda Kahl
Leonard Katz
Megan Palmer

Synberc
Synberc
Stanford University
Synberc
Synberc

Principal Investigators
Chris Anderson
George Church
Drew Endy
Jay Keasling

UC Berkeley
University of California,
Berkeley
Harvard
BioBricks Foundation
Synberc

Tanja Kortemme

UCSF

Natalie Kuldell
Wendell Lim

MIT
Synberc

Susan Marqusee

UC Berkeley

Ken Oye
Kris Prather
Pamela Silver
Ron Weiss

MIT
MIT
Harvard Medical School
MIT

Adam Arkin

Assistant Professor
Director, Synthetic Biology Institute
Professor of Genetics
Board President
Director
Dept. of Bioengineering & Therapeutic
Sciences
Biological Engineering
Deputy Director
Eveland Warren Endowed Chair
Professor of Biochemistry, Biophysics &
Structural Biology
Political Science & Engineering Systems
Chemical Engineering
Systems Biology
Biological Engineering

Scheduling
9/12/13
Scheduling
Multiple
Multiple
8/8/13
9/3/13
8/8/13
9/12/13
9/6/13
9/16/13
9/24/13
9/5/13

Affiliated Principal Investigators
Douglas Densmore

Boston University

Karmella Haynes

Arizona State University

Nathan Hillson

UC Berkeley

Farren Isaacs

Yale University

Howard Salis

Penn State University

Assistant Professor, Department of
Electrical & Computer Engineering
Assistant Professor, Synthetic Biology
Biochemist Staff Scientist, Berkeley Lab;
Director of Synthetic Biology, Joint
Bioenergy Institute; Program Lead of
Genome Engineering, Joint Genome
Institute
Assistant Professor of Molecular,
Cellular, and Developmental Biology
Assistant Professor, Chemical
Engineering and Agricultural &
Biological Engineering

Multiple
Multiple
7/11/13

7/9/13
7/10/13

Strategic Advisory Board
Richard Baltz

CognoGen
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Name

Organization

Susan Ehrlich
John Glass

JCVI

David Rejeski

Woodrow Wilson Center

Martin Rosenberg

Promega Corporation
National Institute of
Standards and Technology

Marc Salit
Laurie Zoloth

Northwestern University

Title
(J.D., LL.M. [biotechnology &
genomics])
Leader, Synthetic Biology Group
Director, Science and Technology
Innovation Program
Chief Scientific Officer

Interview
Date
9/3/13
8/28/13
9/5/13
9/3/13

Group Leader

Multiple

Director, Center for Bioethics, Science
and Society

Multiple

Industrial Advisory Board
Roel Bovenberg
Jon Chesnut
Stephanie Culler
Jeffrey Dietrich

DSM Food Specialties BV
Life Technologies
Genomatica Inc
Lygos

Steve Evans

Dow AgroSciences LLC

Dan Gibson

SGI-DNA, Inc

Eli Groban

Intrexon Corp.

Andrew Hessel
Jason Kelly
Stephen Laderman
Carlos Olguin

Autodesk, Inc.
Ginkgo BioWorks
Agilent Laboratories
Autodesk, Inc.
E. I. du Pont de Nemours
and Company
Synthetic Genomics
Vaccines, Inc
Amyris
DSM Biotechnology
Center
Ginkgo BioWorks
Life Technologies
Amyris
Refactored Materials
Genomatica Inc

Caroline Peres
Todd Peterson
Darren Platt
Hans Roubos
Reshma Shetty
Mark Stevenson
Jeff Ubersax
Dan Widmaier
Harry Yim

Corporate Scientist Biotechnology
Sr. Director, Synthetic Biology R&D
Research Scientist II
CTO, Co-Founder
Scientist, Advanced Technology,
Bioanalytical Chemistry
Principal Scientist
Director, Metabolic Engineering and
Systems Biology
Distinguished Researcher
CEO
Director, Molecular Tools Laboratory
Product Designer

9/10/13
10/11/13
9/26/13
8/8/13

Senior Scientist

8/29/13

Senior Vice President, Research &
Development
Principal Scientist
Principal Scientist, Bioinformatics &
Modeling
Co-Founder
President & Chief Operating Officer
Director of Biology
CEO
Director of Strain Engineering

9/23/13
7/11/13
9/13/13
Multiple
10/31/13
9/13/13
8/9/13

10/10/13
7/10/13
7/9/13
7/9/13
10/11/13
8/7/13
9/13/13
9/26/13

Government Leaders
Robbie Barbero
Susanne von
Bodman
Nancy Burgess

Office of Science and
Technology Policy
National Science
Foundation
Defense Threat Reduction
Agency (DTRA)
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Name
Parag Chitnis
John Cumbers
Dan Drell
Theresa Good
Masood Haki
Tom Kalil
Laura Lewis
Michael Marlaire
Gary Martin

National Science
Foundation
UC Santa Cruz / NASA
Ames
US Department of Energy
National Science
Foundation
NASA Ames Research
Center
Office of Science and
Technology Policy
NASA Ames Research
Center
NASA Ames Research
Center
NASA Ames Research
Center

Pablo Rabinowicz

US Department of Energy

Sarah Richardson

Joint Genome Institute

Eddy Rubin

Joint Genome Institute
National Science
Foundation

Friedrich Srienc

Title

Interview
Date

Division Director, Molecular & Cellular
Biosciences

10/22/13

Organization

Space Synthetic Biologist

8/9/13

Program Manager, Joint Genome
Institute

7/30/13

Program Director

10/22/13

Synthetic Biology

12/12/13

Deputy Director for Technology and
Innovation

10/22/13

Project Manager, Synthetic Biology

8/9/13

Director, NASA Research Park

8/9/13

Director, New Ventures &
Communications Directorate
Program Manager, Office of Biological
and Environmental Research
Distinguished Postdoctoral Fellow in
Genomics
Director
Program Director, Biotechnology,
Biochemical and Biomass Engineering
Director, Technology, Innovation and
Entrepreneurship
Program Manager, Protection of
Human Research Participants, Biological
Systems Science Division

12/12/13
7/30/13
7/11/13
9/12/13
10/22/13

Chuck Wessner

The National Academies

8/28/13

Libby White

US Department of Energy

Pete Worden

NASA Ames Research
Center

Center Director

Angela Wray

UC Santa Cruz

Head of NASA University Affiliated
Research Center

8/9/13

Alfred P. Sloan Foundation

Program Director

Multiple

UCLA

Postdoctoral Researcher, Department
of Molecular, Cellular, and
Developmental Biology

7/10/13

Associate Director, Research

9/12/13

Associate Professor

7/10/13

7/30/13
12/12/13

Philanthropic Leaders
Paula Olsiewski

Academic Leaders
Christina Agapakis
Sam Evans
David Grewal

UC Berkeley Center for
Science, Technology,
Medicine & Society
Yale Law School
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Name

Organization

Gigi Gronvall

Center for Biosecurity of
UPMC

Richard Murray

Caltech

Gordon Ringold

UC Santa Cruz

Christina Smolke

Stanford University

Keith Yamamoto

UCSF

Title
Senior Associate
Professor of Control & Dynamical
Systems and Bioengineering
Head of Silicon Valley Initiatives
Associate Professor, Department of
Bioengineering
Vice Chancellor for Research and
Executive Dean of Medicine, Synberc
Dean

Interview
Date
7/10/13
Multiple
12/12/13
7/10/13
9/23/13

Financial & Research Leaders
Spencer Adler
Rob Carlson
Geoff Duyk
Lindy Fishburne

SynBio Investors
Biodesic
TPG Biotech
Thiel Foundation

Todd Kuiken

Woodrow Wilson Center

Meagan Lizarazo
Randy Rettberg

iGEM Foundation
Woodrow Wilson
International for Scholars
iGEM

Laura Woznitski

BioMed Realty

Eleonore Pauwels

CEO
Principal
Partner & Managing Director
SVP Investments
Senior Program Associate, Science and
Technology Innovation Program
Vice President
Program Associate, Science &
Technology Innovation Program
President
Senior Director, Leasing &
Development

Multiple
Multiple
8/30/13
11/14/13

Scientific Director

10/10/13

Staff Scientist, Molecular Foundry

7/11/13

Industrial Liaison Officer

8/28/13

Synthetic Biology Center

11/1/13

Director

9/19/13

Deputy Director

10/10/13

7/11/13
Multiple
79/13
10/31/13
8/12/13

Research Lab Leaders
Mark Adams
Caroline AjoFranklin

Joanne Kamens

J. Craig Venter Institute
Lawrence Berkeley
National Lab
Center for Extreme
Ultraviolet Science &
Technology
MIT Lincoln Laboratory
Lawrence Berkeley
National Laboratory
Advanced Light Source
J. Craig Venter Institute
Energy Biosciences
Institute
Addgene

David Kong

MIT Lincoln Laboratory

Bob Bower
Peter Carr
Roger Falcone
Bob Friedman
Susan Jenkins

Mary Maxon
Cyrus Shahabi

Lawrence Berkeley
National Lab
Integrated Media Systems
Center
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Managing Director

8/8/13

Executive Director
Technical Staff, Bioengineering Systems
& Technologies
Head of Strategic Planning &
Development, Biosciences Lab

11/1/13

Director

8/14/13

11/1/13
9/3/13
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Name

Organization

Title

Interview
Date

Synbio Community Members
Andrew Carmen

Illumina

Tom Evans
Farzad Haerizadeh
Rick Johnson
Reg Kelly
Michael Koeris
Michael Raab
Kent Redford

New England BioLabs
Life Technologies
Arnold & Porter LLP
QB3
Sample 6
Agrivida
Archipelago Consulting

Sal Russello

New England BioLabs

Dave Trinkle

UC Berkeley

Renee Wegrzyn

Booz Allen Hamilton

Stacie Young

Illumina
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Associate Director, Corporate
Development
DNA Enzymes Division Head
Synthetic Biology Lead R&D Specialist
Senior Counsel
Director
Founder and VP Operations
President
Principal
Associate Director, Global Business
Development
Director, Berkeley Research
Development Office
Lead Associate
Associate Director, Business
Development

10/11/13
10/31/13
10/11/13
7/9/13
9/13/13
9/30/13
11/1/13
7/10/13
10/31/13
8/27/13
8/1/13
10/11/13

PAGE 124

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014

Appendix C: 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 D: Working Groups & Membership
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)
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•
•
•
•
•
•
•
•
•
•
•
•

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 UrbanaChampaign)
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 UrbanaChampaign)

•
•
•
•

Todd Peterson (Synthetic Genomics Vaccines)
Howard Salis (Penn State)
James Schroeder (The Gene Forge)
Sean Ward (Synthace)

•
•
•
•
•
•
•
•

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)

•
•
•
•

Andrew Hessel (Autodesk)
Paula Olsiewski (Alfred P. Sloan Foundation)
Dave Rejeski (Woodrow Wilson Center)
Gordon Ringold (UC Santa Cruz)

Intellectual Property
•
•
•
•
•

Peter Carr (MIT Lincoln Laboratory)
Jon Chesnut (Life Technologies)
Linda Kahl (Stanford)
Reg Kelly (QB3)
Ken Oye (MIT)

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)

Philanthropy & Financial Viability
•
•
•
•
•

Spencer Adler (SynBio Investors)
Rob Carlson (Biodesic)
John Cumbers (UC Santa Cruz / NASA
Ames)
Geoff Duyk (TPG Biotech)
Eli Groban (Intrexon)

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 131

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014

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)

•
•
•
•
•
•

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)

•
•

Keith EJ Tyo (Northwestern University)
Huimin Zhao (University of Illinois at UrbanaChampaign)

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)

Global Community (in formation)
•
•

Richard Kitney (Imperial College)
Himadri Pakrasi (Washington University)
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Appendix E: 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
Food & Drug Administration
Centers for Disease Control & Prevention
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§

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 F: Working Groups Output
Community Collective Statement
1. W hat are the key accomplishments 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.

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 135

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014

•

One of the clear contributions by bringing together the PIs and industry
representatives is that industry (practitioners and managers) are informed in an upto-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
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•

•

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.

•

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.

© 2014 NANCY J KELLEY & ASSOCIATES

PAGE 137

SUSTAINABILITY INITIATIVE
STRATEGIC RECOMMENDATIONS & PLAN
9 MAY 2014

•

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.
•

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.
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•

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

•

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 fulfilled its vision of reducing the cost and complexity of synthetic
biology?
•

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. W hat are the key opportunities that will advance the field of synthetic biology in
both the short and long-Term ?
Education
•
•
•
•

•
•
•

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
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Technologies
•
•
•
•
•
•
•

Additional platform organisms
Multi-cellularity
Microbial communities
Computer modeling/design
Improved DNA synthesis and gene assembly
Bioinformatics
Biocontainment

•

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?
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•

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.

•

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.
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•

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.

•

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.
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•

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.

Infrastructure
•

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.

•

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.
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•

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

•

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

M ulti-Institutional 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
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4.

•

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.

•

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

W hat are the m oon shots for synthetic biology? W hat are the promised
breakthroughs that might excite interest in investment in synthetic biology?
•

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

•

Projects:
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•
•
•
•
•
•
•
•
•
•
•
5.

6.

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

W hat are the technical challenges that remain to be solved to advance the field
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.

W hat are the regulatory challenges to achieving these accom plishm ents?
•

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 G: Chicago Summit Results
W hat is Required to Move Forward?
1. We are committed to a path to success 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. Development
of each of these areas will be staged.
a. M ission: Maintain US leadership in synthetic biology; solve global challenges of energy,
environment, health, and food
b. Governance: Representation drawn from all constituent groups to help generate broadbased resources and support
c. Research: Focus on (i) continued development of foundational technologies, (ii) bridging the
gap from bench to commercialization, (iii) definition/coordination of large multi-institutional
projects, and (iv) social, ethical, and safety issues re synbio
d. O perations: Experienced executive management team operating in support of scientific
mission and other functions, including public engagement
e. Infrastructure: Upgrade, integrate, establish infrastructure of the commons to be available
to the entire community (registries, repositories, biofabs, standards, IP, bioCAD, innovation
center)
f. Education: Build on educational foundation to create next generation of scientific
researchers and leaders in synthetic biology
g. Policy: Work with regulators to identify risks of synbio and define clear and transparent
regulatory regimes; participate in international research and policy

Path to Success: Distribution of Responses!
30!
25!
20!
15!
10!
5!
0!

5 = strongly agree!

4 = agree!

2 = disagree!

1 = strongly disagree!
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2. We appreciate that this won’t be easy and that the following are significant risks or challenges that
need to be surmounted
a. Personal Fatigue
b. Technical Fatigue
c. Political Maneuvering
d. Lack of Unified Vision

Risks & Challenges: Distribution of Responses!
25!
20!
15!
10!
5!
0!
A. Personal fatigue! B. Technical fatigue!

C. Political
maneuvering!

5 = strongly agree!

4 = agree!

2 = disagree!

1 = strongly disagree!
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3. We must invest in three discrete yet interconnected initiatives (work streams) to support the Path:
a. Steady State (Synberc plus others): We cannot abandon Synberc during transition
b. N ew O rg Stand Up: We can't build a new organization by thinking incrementally
c. US Roadm apping: We can't act independently of unfolding national and global realities

Three Initiatives: Distribution of Responses!
20!
15!
10!
5!
0!
5 = strongly agree!

4 = agree!

2 = disagree!

1 = strongly disagree!
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4. All of this requires an extraordinary level of shared leadership and active participation from those in
the room, on the phone and here in spirit.

Shared Leadership: Distribution of Responses!
30!
25!
Strongest positive response
came from IAB

20!
15!
10!
5!
0!
5 = strongly agree!

4 = agree!

2 = disagree!

1 = strongly disagree!
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Appendix H: NewOrg Pro Forma P&L Statements
Master P&L

Research
BioCommons Infrastructure
Public Policy & Practices
Education & Workforce Development
Community & Leadership Development
Commercialization
International Collaboration
Development (grants & philanthropy)
Total

Year 1
2014-15
3,948,750
3,948,750

Year 2
2015-16
1,331,840
648,420
618,420
618,420
3,012,100
6,229,200

Year 3
2016-17
20,469,700
11,748,807
1,086,108
1,836,478
2,691,920
1,146,108
332,036
1,680,181
40,991,339

Year 4
2017-18
38,040,452
13,577,783
1,411,071
2,176,286
2,941,500
2,191,500
1,171,071
1,421,071
62,930,735

Year 5
2018-19
46,444,311
14,185,561
1,341,209
2,217,450
2,843,692
2,093,692
1,101,209
1,351,209
71,578,333

Total
5 Years
106286303.4
40,160,571
3,838,389
6,848,634
9,095,532
5,431,301
2,604,316
11,413,311
185,678,357

Year 1
2014-15

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

Research P&L

Expenses
Staff
Research Director
Industry/Government Scientific Liaison
Sr. Resident Researchers
Assistant Resident Scientist
Post Doc
Grad Student
Technicians
Executive Assistant
Administrative Assistant
Benefits
Other Expenses
Associate Foundational and Applied Research Programs
Center Level Research Programs
Moon Shot Programs
Lab Supplies
Research Lab Equipment
Research Lab Equipment Replacement
Travel - Research Director
Travel - Researchers
Travel - Scientific Executive Committee
Scientific Executive Committee
Overhead Allocation
Total Expense

© 2014 NANCY J KELLEY & ASSOCIATES

-

300,000
75,000
75,000

300,000
227,500
500,000
600,000
520,000
200,000
200,000
75,000
75,000
539,500

300,000
325,000
1,000,000
1,200,000
1,040,000
400,000
400,000
75,000
75,000
963,000

300,000
422,500
1,500,000
1,800,000
1,560,000
600,000
600,000
75,000
75,000
1,386,500

1,200,000
975,000
3,000,000
3,600,000
3,120,000
1,200,000
1,200,000
300,000
225,000
2,964,000

-

60,000
5,000
816,840
1,331,840

5,000,000
5,000,000
220,000
916,667
13,750
60,000
765,000
115,000
100,000
5,042,284
20,469,700

7,400,000
5,000,000
10,000,000
440,000
1,916,667
57,500
60,000
1,470,000
225,000
100,000
5,593,285
38,040,452

10,000,000
5,000,000
10,000,000
660,000
2,916,667
131,250
60,000
2,175,000
335,000
100,000
6,747,394
46,444,311

22,400,000
15,000,000
20,000,000
1,320,000
5,750,000
202,500
240,000
4,410,000
680,000
300,000
18,199,803
106,286,303
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BioCommons Infrastructure P&L
Year 1
2014-15
Expenses
Staff
Technical Programs Director
Design Lab Manager
Design Lab Tech
Lab Manager
Lab Tech
Registry/Repository Manager
Research Techs
Strain Archivists/Safety Assistant
Materials/Shipping Handlers
Software Engineers
Software Tools Manager
Software Tools Techs
Innovation Center Manager
Innovation Center Tech
BioFab Manager
Research Techs
Strain Archivists/Safety Assistant
Materials/Shipping Handlers
Software Engineers
Benefits
Other Expenses
BioFab
BioFab Equipment (Depreciation Expense)
Mass Spectrometer
Illumina Sequencer
Microscopy
Spectroscopy
Robotics
Informatics
Cold Storage
Laboratory Equipment
BioCommons Infrastructure Equipment Replacement
BioFab Equipment Service Agreements
BioFab Team Travel
BioFab Lab Consumables & Reagents
Design Lab
Design Lab Equipment (Depreciation Expense)
Design Lab Equipment
Design Lab Equipment Service Agreements
Design Lab Team Travel
Registry/Repository Lab
Registry/Repository Equipment & Software (Depreciation Expense)
Registry/Repository Equipment & Software
Registry/Repository Lab Equipment Service Agreements
Software Tools
Software Tools (Depreciation Expense)
Software Tools
Software Tools Service Agreements
Innovation Team Travel
Overhead Allocation
Total Expense

-

Year 2
2015-16

200,000
40,000

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

200,000
125,000
100,000
125,000
150,000
125,000
140,000
150,000
75,000
300,000
125,000
100,000
125,000
125,000
140,000
150,000
75,000
300,000
526,000

200,000
125,000
300,000
125,000
150,000
125,000
140,000
150,000
75,000
300,000
125,000
200,000
125,000
100,000
125,000
140,000
150,000
75,000
300,000
606,000

200,000
125,000
500,000
125,000
150,000
125,000
140,000
150,000
75,000
300,000
125,000
300,000
125,000
200,000
125,000
140,000
150,000
75,000
300,000
686,000

800,000
375,000
900,000
375,000
450,000
375,000
420,000
450,000
225,000
900,000
375,000
600,000
375,000
300,000
375,000
420,000
450,000
225,000
900,000
1,858,000

-

-

183,333
171,875
64,167
64,167
137,500
36,667
6,111
458,333
27,750
900,000
96,000
210,000

383,333
359,375
134,167
134,167
287,500
76,667
12,778
958,333
101,250
1,800,000
96,000
210,000

400,000
375,000
140,000
140,000
300,000
80,000
13,333
1,000,000
191,250
1,800,000
96,000
210,000

966,667
906,250
338,333
338,333
725,000
193,333
32,222
2,416,667
320,250
4,500,000
288,000
630,000

-

-

366,667
300,000
24,000

400,000
300,000
48,000

400,000
300,000
72,000

1,166,667
900,000
144,000

-

-

91,667
900,000

100,000
900,000

100,000
900,000

291,667
2,700,000

91,667
900,000
12,000
3,550,904
11,748,807

100,000
900,000
24,000
2,616,214
13,577,783

100,000
900,000
36,000
2,515,978
14,185,561

291,667
2,700,000
72,000
9,091,516
40,160,571

-

408,420
648,420

Commercialization P&L
Year 1
2014-15
Expenses
Staff
Business Development Director
Industrial Relations Manager
Commercialization Manager
Sponsored Research Manager
Incubator Manager
Commercialization Staffer
Administrative Assistant
Benefits
Other Expenses
Travel
Overhead Allocation
Total Expense
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Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

-

-

150,000
150,000
150,000
90,000

200,000
150,000
150,000
150,000
150,000
75,000
75,000
190,000

200,000
150,000
150,000
150,000
150,000
75,000
75,000
190,000

400,000
450,000
450,000
450,000
300,000
150,000
150,000
470,000

-

-

180,000
426,108
1,146,108

420,000
631,500
2,191,500

420,000
533,692
2,093,692

1,020,000
1,591,301
5,431,301
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International Collaboration P&L
Year 1
2014-15
Expenses
Staff
Director
International Outreach Manager
Development Staffer
Administrative Assistant
Benefits
Other Expenses
Travel
International Event
Overhead Allocation
Total Expense

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

-

-

150,000
30,000

150,000
250,000
75,000
75,000
110,000

150,000
250,000
75,000
75,000
110,000

450,000
500,000
150,000
150,000
250,000

-

-

10,000
142,036
332,036

10,000
50,000
451,071
1,171,071

10,000
50,000
381,209
1,101,209

30,000
100,000
974,316
2,604,316

Public Policy & Practices P&L
Year 1
2014-15
Expenses
Staff
Public Policy & Practices Director
Policy & Government Relations Manager
Practices Manager
Public Policy & Practices Staffer
Administrative Assistant
Benefits
Other Expenses
Travel
Overhead Allocation
Total Expense

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

-

-

150,000
125,000
125,000
80,000

150,000
125,000
125,000
75,000
75,000
110,000

150,000
125,000
125,000
75,000
75,000
110,000

450,000
375,000
375,000
150,000
150,000
300,000

-

-

180,000
426,108
1,086,108

300,000
451,071
1,411,071

300,000
381,209
1,341,209

780,000
1,258,389
3,838,389

Education & Workforce Development P&L
Year 1
2014-15
Expenses
Staff
Educational Director
Curriculum Development Manager
Vocational Training Programs Manager
iCLEM Coordinator
Education Staffer
Administrative Assistant
Benefits
Other Expenses
Travel
Video Services
Other Educational Programs
Classroom (Depreciation Expense)
Overhead Allocation
Total Expense

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

-

150,000
30,000

150,000
100,000
100,000
75,000
85,000

150,000
100,000
100,000
75,000
75,000
75,000
115,000

150,000
100,000
100,000
75,000
75,000
75,000
115,000

600,000
300,000
300,000
225,000
150,000
150,000
345,000

-

30,000
408,420
618,420

120,000
120,000
500,000
18,333
568,145
1,836,478

180,000
120,000
625,000
20,000
541,286
2,176,286

180,000
120,000
750,000
20,000
457,450
2,217,450

510,000
360,000
1,875,000
58,333
1,975,301
6,848,634

Community & Leadership Development P&L
Year 1
2014-15
Expenses
Staff
Community & Leadership Development Director
Academic Liaison
LEAP Manager
Community Outreach Manager
Synberc Retreat Coordinator
Staffer
Administrative Assistant
Benefits
Other Expenses
Retreats
Partnership Workshop Series
Synberc Organized Topical Event
IGEM Program Funding
BioBuilder Program Funding
BioBricks Program Funding
Public Outreach Activities
Travel
LEAP Program Expense
Overhead Allocation
Total Expense
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Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

-

150,000
30,000

150,000
91,667
91,667
91,667
45,833
94,167

150,000
100,000
100,000
100,000
50,000
75,000
75,000
130,000

150,000
100,000
100,000
100,000
50,000
75,000
75,000
130,000

600,000
291,667
291,667
291,667
145,833
150,000
150,000
384,167

-

30,000
408,420
618,420

120,000
75,000
50,000
200,000
100,000
250,000
250,000
140,000
275,000
666,920
2,691,920

120,000
75,000
50,000
200,000
100,000
250,000
250,000
210,000
275,000
631,500
2,941,500

120,000
75,000
50,000
200,000
100,000
250,000
250,000
210,000
275,000
533,692
2,843,692

360,000
225,000
150,000
600,000
300,000
750,000
750,000
590,000
825,000
2,240,532
9,095,532
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Development P&L
Year 1
2014-15
Expenses
Staff
Development Director
Philanthropy Assistant
Grants Manager
Administrative Assistant
Benefits
Other Expenses
Travel
Philanthropic Event
Overhead Allocation
Total Expense

Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

250,000
50,000

250,000
75,000
125,000
75,000
105,000

250,000
75,000
125,000
75,000
105,000

250,000
75,000
125,000
75,000
105,000

250,000
75,000
125,000
75,000
105,000

1,250,000
300,000
500,000
300,000
470,000

60,000
40,000
3,548,750
3,948,750

300,000
40,000
2,042,100
3,012,100

300,000
40,000
710,181
1,680,181

300,000
40,000
451,071
1,421,071

300,000
40,000
381,209
1,351,209

1,260,000
200,000
7,133,311
11,413,311

Management and Overhead P&L
Year 1
2014-15
Expenses
Staff
New Org Director
COO
General Counsel
IP Manager
Legal Assistant
CFO
Controller
Accountant
Facilities Manager
HR Director
Marketing & Communications Director
Social Media Manager
Events Manager
PR Manager
Editorial Assistant
IT Director
Enterprise Computing Manager
Technical Support Manager
Software Engineer
Office Manager
Receptionist
Executive Assistant
Benefits
Other Expenses
Payroll and Insurance - (Insperity)
Bookkeeping (Accounting Firm)
Financial Modeling & Consulting
Outside Counsel (Law Firm)
Initial Branding (Outsourced Agency)
Website
Public Relations (PR Firm)
Launch Event & Planning (Events Firm)
Tech Support (IT Services Firm)
Enterprise Computing
Supplies
Travel - NewOrg Director
Travel - Management Staff
Site Development Project Management
Move & Relocation
Recruiting Expense
Architect & Lab Design
Facility
Facility Rent
Facility O&M
Facility Utilities
Tennant Improvement (Depreciation Expense)
Office Furniture, Fixtures, Equipment & Supplies (Depreciation Expense)
A/V & TeleData Equipment (Depreciation Expense)
General Facility Replacement
Total Expense
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Year 2
2015-16

Year 3
2016-17

Year 4
2017-18

Year 5
2018-19

Total
5 Years

500,000
300,000
72,917
75,000
189,583

500,000
300,000
75,000
125,000
75,000
75,000
230,000

500,000
300,000
250,000
200,000
100,000
250,000
150,000
75,000
125,000
200,000
200,000
125,000
125,000
125,000
75,000
200,000
150,000
150,000
150,000
75,000
50,000
75,000
730,000

500,000
300,000
250,000
200,000
100,000
250,000
150,000
75,000
125,000
200,000
200,000
125,000
125,000
125,000
75,000
200,000
150,000
150,000
150,000
75,000
50,000
75,000
730,000

500,000
300,000
250,000
200,000
100,000
250,000
150,000
75,000
125,000
200,000
200,000
125,000
125,000
125,000
75,000
200,000
150,000
150,000
150,000
75,000
50,000
75,000
730,000

2,500,000
1,500,000
750,000
600,000
300,000
750,000
450,000
300,000
375,000
600,000
600,000
572,917
375,000
375,000
225,000
600,000
450,000
450,000
450,000
300,000
150,000
375,000
2,609,583

13,750
72,000
200,000
750,000
50,000
25,000
5,500
30,000
60,000
155,000
250,000
500,000
300,000
-

48,000
72,000
200,000
350,000
50,000
120,000
100,000
19,200
30,000
60,000
180,000
500,000
500,000
225,000
250,000

288,500
72,000
350,000
50,000
180,000
60,000
115,400
30,000
60,000
1,080,000
750,000
500,000
1,393,750
-

414,000
72,000
350,000
50,000
180,000
60,000
165,600
30,000
60,000
1,080,000
500,000
400,000
-

496,500
72,000
350,000
50,000
180,000
60,000
198,600
30,000
60,000
1,080,000
100,000
75,000
-

1,260,750
360,000
400,000
2,150,000
50,000
225,000
660,000
100,000
180,000
504,300
150,000
300,000
3,575,000
1,500,000
2,100,000
2,393,750
250,000

3,548,750

4,084,200

1,461,667
350,800
146,167
133,958
89,458
35,783
5,203
11,532,686

2,380,000
571,200
238,000
230,375
134,542
53,817
17,466
11,366,999

3,155,000
757,200
315,500
309,042
163,208
65,283
34,500
11,931,833

6,996,667
1,679,200
699,667
673,375
387,208
154,883
57,169
42,464,469
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