
 

 

Workshop 
Background 
Reading 
Recent Publications from 
National Security Commission on 
Emerging Biotechnology 
April 3-4, 2024 

 
Artificial Intelligence and Automated Laboratories for Biotechnology: 
Leveraging Opportunities and Mitigating Risks--A Workshop 
 
Standing Committee on Advances and National Security Implications of Transdisciplinary 
Biotechnology |  Board on Life Sciences | Division on Earth and Life Studies 



2024 Workshop Background Reading  

 

Contents 

Introduction to AI and Biotech 3 

Emerging Technologies 5  

Risks of AIxBio 7 

Policy Options for AIxBio 9 

Bioliteracy for the Age of Biology 11 

Interim Report 13 



Interested in learning more? Visit us at biotech.senate.gov 1

The use of artificial intelligence and machine learning 
(AI/ML) to enhance research and encourage break-
through discoveries in all areas of biotechnology (AIxBio) 
has advanced over the last several decades. These tools 
help researchers and developers understand and inter-
pret the genetic code, analyze images for farming and 
medical diagnostics, and run autonomous experimenta-
tion to increase the pace of cutting-edge research.

White Paper 1: Introduction to AI and Biotech
NSCEB White Paper Series on AIxBio

It is critical that the U.S. Government enacts policies that keep the United States at the forefront of the convergence of 
AI and biotechnology (AIxBio), while also encouraging responsible development and innovation. Recent advances in AI 
have spurred innovation in the field of biotechnology.

To seize on this innovation and to support policymakers around AIxBio decision-making, the National Security Com-
mission on Emerging Biotechnology is releasing a series of white papers in January 2024 to provide an introduction to 
AIxBio. To address the special technical and policy considerations associated with AIxBio, these white papers will cover 
the landscape and basic technical concepts of AIxBio, cover the opportunities and new advances in AI and biotechnol-
ogy, and explain potential risks that AI presents with respect to biosecurity.

What is AIxBio?

When discussing AIxBio, it is critical to understand the 
types of AI algorithms being considered. This paper 
specifically notes the difference between Large 
Language Model (LLM) chatbots such as ChatGPT and 
models that are built for use with biological information, 
called Biological Design Tools (BDTs).1 There are many 
other types of AI models, but these white papers will focus 
on LLMs and BDTs to effectively compare the benefits 
and risks of both as they relate to biotechnology 

Large Language Model chatbots vs.
Biological Design Tools

Large Language Model (LLMs) chatbots

LLM

Inputs: Vast 
amounts of written 

material, usually 
from the internet

Outputs: Plain 
language responses

User Requirements: LLM chatbots have interfaces so 
any user can query the model

Biological Capabilities: Currently have varying 
scientific capabilities, but can be helpful in specific 
scenarios such as experimental troubleshooting

ChatLLM
Proteins are large, complex 
molecules that play crucial roles in 
almost every biological process.

Proteins are essential to life, and understanding 
their structure can facilitate a mechanistic 
understanding of their function. Through an 
enormous experimental effort, the structures of 
around 100,000 unique proteins have been 
determined, but this represents a small fraction of 
the billions of known protein sequences. 

Biological Design Tools (BDTs)

BDT

Inputs: Biological data 
such as genetic sequenc-
es, microscope images, or 
biological 3-D structures

Outputs: Predictions, 
simulations, or a further 

understanding of biologi-
cal information

User Requirements: Using and developing BDTs 
require an understanding of biology and computer 
science, and BDTs are not accessible to untrained users

Biological Capabilities: BDTs can perform a wide 
range of biological predictive tasks because their 
algorithms are trained on biological data



2

Today, most large biotechnology companies use AI/ML in 
some part of their product development, and there are 
many start-ups dedicated to the development of AIxBio 
platforms for drug discovery and precision medicine, 
improved agricultural production, and enhanced fermen-
tation processes. These models have already provided 
researchers the opportunity to accurately predict the 3-D 
structures of cellular components such as proteins2 and 
RNA,3 expedited the development of countermeasures 
for pandemics,4 and interpreted information for precision 
farming practices5 (Please see White Paper #2 for more 
information on key examples of AIxBio). BDTs have 
already changed the way biologists perform experiments 
because AI models can make helpful predictions and 
suggestions that reduce experimentation time. The 
importance of AIxBio for research and innovation toward 
improving human and planetary health cannot be ignored. 

AIxBio is on the verge of a breakthrough moment where a 
model or suite of models revolutionizes all of biotechnolo-
gy, making the research and development of drugs, foods, 
and the fermentation of industrial chemicals faster and 
more accessible to industry experts. While AIxBio tools 
are currently used extensively, there has not yet been a 
ChatGPT moment for AIxBio like there was in the field of 
LLMs.6 

The United States has the potential to be at the forefront 
of such a breakthrough because of its advanced discov-
eries in computation. However, the United States must 
continue to encourage innovation in AIxBio and provide 
mechanisms for responsible development and innova-
tion. If innovation is not promoted in the United States, 
other countries are prepared to move forward in realizing 
the potential of AIxBio, which will cause the United States 
to cede enormous geopolitical advantage in relation to 
both economic and national security gain. 

Why is AIxBio important?

While there are a number of risks associated with AIxBio, 
this paper will highlight three key risks for consideration:

1) Not taking advantage of AI tools in the biotechnol-
ogy discovery process: AI tools have already 
shown the ability to expedite biotechnology 
discovery. If the United States does not promote 
and take advantage of these technologies, the 
country is at risk of delaying discoveries and 
breakthroughs and potentially ceding ground to 
strategic competitors.

2) Inaccurate outputs from AI models: AI models 
that have errors in their algorithms or are trained 
on biased or incomplete datasets could produce 
inaccurate outputs that waste time and resources 
on unsuccessful biological experiments

3) Development of a harmful biological agent: AI 
models could assist in the creation and distribu-
tion of a harmful biological agent. For this class of 
risk, it is important to carefully consider who the 
bad actor is (amateur vs. expert), what AI model 
the actor is using (LLM vs. BDT), and what 
resources are available. Currently, there is very 
little quantitative study or information on the abili-
ty of any actor to create or use a harmful biologi-
cal entity with the assistance of AI tools.

What are the risks associated with AIxBio?

What is the future of AIxBio?

White Paper #3 of this series will dive into specific risks, 
with a focus on what is understood about using AI models 
to develop a harmful biological agent. 

Sources
1. Table and descriptions adopted from Batalis, S. 

https://cset.georgetown.edu/publication/ai-and-biorisk-an-explaine

r/ 

2. https://alphafold.ebi.ac.uk/

3. https://atomic.ai/

4. https://engineering.llnl.gov/predictive-design-biologics

5. Brears. R.C. Precision Agriculture, AI, and Water Efficiency: The 

Future of Farming

6. https://www.forbes.com/sites/bernardmarr/2023/05/19/a-short-his

tory-of-chatgpt-how-we-got-to-where-we-are-today/?sh=2d6758

47674f

For any questions about this series of white papers, or the AIxBio work at 
the National Security Commission on Emerging Biotechnology, please 
contact us at ideas@biotech.senate.gov   

Staff at the National Security Commission on Emerging Biotechnology 
authored this paper with input from the expert Commissioners. The 
content and recommendations of this white paper do not necessarily 
represent positions officially adopted by the Commission.



White Paper 2: Emerging Technologies
NSCEB White Paper Series on AIxBio

Recent advances in artificial intelligence (AI) are revolutionizing biotechnology. This white paper, the second in a series 

of four AI-focused papers, provides a series of specific examples illustrating how AI is changing and advancing biotech-

nology today. The full potential impact of AI on biotechnology is far-reaching and touches fields including medicine, 

agriculture, and industrial production. Many of the following examples focus on health outcomes because the United 

States has historically made substantial investment in health, allowing for many different emerging technologies and 

interdisciplinary methods to find a starting place in health innovation. 

AI, in combination with synthetic biology, is opening new ways to 
produce food or to enhance the nutritional content of existing 
products. For example, the company Protera used AI to identify 
proteins that can be added to bread to increase its shelf-life and 
nutritional value.8

Proteins to address food security

AI-powered robots, such as those at Emerald Cloud Labs,6 are 
autonomously creating, analyzing, and validating the creation of 
biological components such as proteins and DNA. These new 
processes allow for a much larger range of experimentation and 
free up scientists to dedicate more time to original scientific 
creativity rather than repetitive experiments.7 

Autonomous biology labs

Farmers can use AI-enabled equipment such as drones from Agro-
Drone AI9 or tractors from John Deere10 to autonomously monitor 
and measure crop health or soil moisture. These new tools will help 
farmers optimize their water or nutrient use of their crops while 
reducing adverse environmental effects, and assist farmers in 
understanding what crop strains are thriving in a particular environ-
ment.

AI-enabled 21st century farming

The next pandemic could be prevented and countered using 
AI-enabled tools: researchers from Harvard Medical School and 
the University of Oxford developed a tool that can predict 
outbreaks and future variants of concern for viruses such as 
SARS-CoV-2, HIV, and influenza.11 Other algorithms, such as 
Lawrence Livermore National Laboratory’s GUIDE program, are 
designed to rapidly develop and validate antibodies to counter 
public health threats.12

New countermeasures for pandemics

Medical professionals are using AI-driven algorithms to analyze 
medical images such as MRIs, CTs, and X-Rays to more accurately 
detect and diagnose medical incidences such as aneurysms, 
cancer, and strokes.4 The FDA has already approved nearly 700 
AI-enabled medical devices in the United States.5 

More accurate medical diagnoses

Drug manufacturers are using AI algorithms to digitally screen 
millions of chemical compounds for potential new drugs. Other AI 
models are identifying new drug targets in the body. The use of 
these models reduces the time and cost of the drug discovery 
process and has the potential to create more effective treatments.1 
The ATOM Alliance, a public-private partnership, used one such AI 
platform to rapidly improve an existing cancer therapeutic.2 The 
first set of AI-designed drugs from different companies entered 
clinical trials over the past two years.3 

Improved drug discovery

Interested in learning more? Visit us at biotech.senate.gov 1



Sources
1. https://cms.wellcome.org/sites/default/files/2023-06/unlocking-th

e-potential-of-AI-in-drug-discovery_report.pdf

2. https://www.llnl.gov/article/48691/llnls-brase-discusses-advances-

atom-accelerating-drug-discovery-pipeline

3. https://www.nature.com/articles/s41591-023-02361-0

4. https://time.com/6227623/ai-medical-imaging-radiology/ 

5. https://www.fda.gov/medical-devices/software-medical-device-sa

md/artificial-intelligence-and-machine-learning-aiml-enabled-med

ical-devices

6. https://www.emeraldcloudlab.com/how-it-works/ 

7. https://www.nature.com/articles/s41586-023-06734-w

8. https://www.proterabio.com/approach/ 

9. https://agrodroneai.com/ai/ 

10. https://www.deere.com/en/autonomous/ 

11. https://hms.harvard.edu/news/ai-tool-can-help-forecast-viral-outb

reaks

12. https://engineering.llnl.gov/predictive-design-biologics 

13. https://www.nature.com/articles/s41746-018-0029-1 

14. https://inl.gov/integrated-energy/systems-engineering/

15. https://blog.salesforceairesearch.com/progen/  

16. https://www.tandfonline.com/doi/full/10.1080/19420862.2023.2220

149

17. https://www.nature.com/articles/s41392-023-01381-z

For any questions about this series of white papers, or the AIxBio work at 
the National Security Commission on Emerging Biotechnology, please 
contact us at ideas@biotech.senate.gov  

Staff at the National Security Commission on Emerging Biotechnology 
authored this paper with input from the expert Commissioners. The 
content and recommendations of this white paper do not necessarily 
represent positions officially adopted by the Commission.
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Biomanufacturing companies are combining AI with existing tools 
to improve the efficiency of the production line. For example, 
researchers from the pharmaceutical company Boehringer 
Ingelheim coupled their spectroscopy equipment with AI 
algorithms to conduct real-time, in-line quality control measure-
ments for biopharmaceutical production.16 

Enhanced sensors for biomanufacturing

Generative AI platforms like ChatGPT are known for producing 
information like text or images when trained on human language or 
imagery data. But generative AI platforms are also generating 
novel biological information, when they are trained on biological 
data. SalesForce Research’s ProGen platform, for example, can 
generate entirely new proteins that do not exist in nature and 
exhibit a specifically desired function as determined by the 
researcher. 15

Generative AI for biology

Researchers are using publicly available AI programs such as 
AlphaFold and RoseTTAFold to predict the 3-D structure of 
proteins.17 In addition to providing previously unknown information 
about basic cellular components, researchers can use protein 
structures to unlock information about protein function, which they 
can then use to develop treatments for cancer and other rare 
diseases. 

Accurately predicting protein structures
Researchers are using AI to clean, organize, and analyze the 
massive amounts of data generated in the healthcare system that 
would otherwise be too complicated for humans to assess. For 
example, researchers used a deep learning model to predict 
patient outcomes such as in-hospital mortality based on electronic 
health records.13

Novel insights into health data

Researchers at Idaho National Laboratory are using data from 
biorefineries to train an AI algorithm to optimize biomass process-
ing for energy production. These systems automatically respond 
and adjust to different biomass inputs so that refineries can use 
multiple different input sources to produce energy. Researchers at 
Idaho National Laboratory are planning to distribute these technol-
ogies to biorefineries around the United States.14 

Optimized biofuel production
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Each type of AI model and platform poses a different set 
of bio-related considerations and risks. This paper differ-
entiates the risks associated with two primary AI tools: 
Large Language Models (LLMs) and Biological Design 
Tools (BDTs).1 Popular, publicly-accessible tools such as 
ChatGPT (which is an LLM) have very different capabili-
ties and risks compared with a model that is specifically 
built for understanding and predicting biology (such as a 
BDT). Policymakers can assess the risk using the follow-
ing three factors:

1) The type of tool used (LLM vs. BDT)
2) The entity or person using the tool and the user’s 

skills with biological experimentation (from ama-
teur to expert); and

3) The intent of the user (good intentions vs. bad 
intentions)

The table2 to the right summarizes some key consider-
ations for different AI models and skills of the actor.

White Paper 3: Risks of AIxBio
NSCEB White Paper Series on AIxBio

Policymakers should carefully consider the nuances of the risks associated with artificial intelligence (AI) models that 
interact with biotechnology (AIxBio) when considering oversight mechanisms, like regulation, in order to promote safe 
and secure innovation without stifling advancement of the technology. This white paper provides a current snapshot of 
specific information related to AIxBio and risk and describes the concerns associated with different categories of AI 
tools. 

At this time, LLMs do not significantly increase the risk of 
the creation of a bioweapon as LLMs do not provide new 
information or information on how to conduct biological 
laboratory experiments, beyond what is already available 
on the internet.3,4  For example, while a bad actor may use 
an LLM to quickly determine what genetic mutation can 
increase the speed at which a virus spreads, that genetic 
mutation is not new information because it already is 
available in published papers.5 Additionally, the process of 
introducing a genetic mutation into a virus is complicated 
and requires extensive hands-on lab training that cannot 
be provided by an LLM. Before LLMs become more 

Overview of assessing AIxBio risks
LLMs BDTs

A
m

at
eu

r B
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te
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no
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st

Ex
pe

rt
 B

io
te

ch
no

lo
gi

st

Advantages:
• May help compile 

information
• Can summarize existing 

knowledge on pathogens 
and suggest known 
methods for development 
and dispersal

Risks
• Could make novice 

researchers believe they 
have the full knowledge 
needed for bioweapon 
development

Advantages:
• May help compile 

information or provide 
tips to troubleshoot 
biological experiments

• Could help brainstorm 
ideas for development or 
dispersal of new patho-
gens or toxins

Risks
• None of concern currently

Advantages:
• Likely inaccessible to 

amateur lacking deep 
biological and computer 
science expertise

Risks
• None of concern currently

Advantages:
• Ccould decrease 

research time by design-
ing more targeted 
experiments that quickly 
lead to positive results

Risks
• Could design more 

harmful pathogens
• Could design a pathogen 

with enhanced properties 
to evade screening or 
detection

• Small potential for 
unintentional design of 
harmful biological 
properties due to biases 
or inaccuracies in training 
data

Popularized by natural language programs such as 
ChatGPT, LLMs have varying levels of scientific capability 
where the models can sometimes provide very helpful 
scientific information and sometimes provide wildly inac-
curate information. 

Based on the current state of LLMs, these tools may be 
able to quickly assist both experts and amateurs with the 
collection and synthesis of biological information. This is a 
benefit to well-intentioned researchers who are trying to 
quickly learn about an area of study, better understand 
complex technical language, or troubleshoot an experi-
ment. However, this capability could also provide informa-
tion to a bad actor looking to create something harmful. 

Large Language Models (LLMs)
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While LLMs digest natural language data, BDTs digest 
biological data and produce biologically relevant predic-
tions and simulations. At the moment, using BDTs 
requires a substantial level of understanding of both 
biology and computer science, whereas using LLMs does 
not. 

Amateur users are unlikely to use a BDT, but experts who 
are bad actors could complement extensive scientific 
training with specific AI models to more effectively gener-
ate new pathogen designs, develop synthetic DNA 
strands that subvert screening guardrails, or improve the 
efficiency of bioweapon production.6 As with any AI 
system, BDTs rely on the quality of their training data, and 
sometimes the data can have significant limitations such 
as a lack of completeness or unintentional biases.

Biological Design Tools (BDTs)

While the intent of an individual using an LLM or BDT is 
difficult to determine, it is an important consideration 
when discussing guardrails or safety regulations. For 
example, in the case of both LLMs and BDTs, it is possible 
that an AI model could lead a well-intentioned user to 
accidentally create a more harmful biological entity by 
producing incorrect or biased information. If the models 
are not properly trained on complete datasets, which may 
result in specific biases in their outputs, there is the possi-
bility for accidental misuse. Future safeguards should 
balance the need to prevent misuse of AI models for 
biotechnology research while accounting for the possibili-
ty of incorrect information generated by these models.

Capturing intent

Much of the information on AI tools in biotechnology is 
derived from proofs-of-concepts conducted by 
researchers. There are few empirical studies that quantify 
the actual risk of specific LLMs and BDTs leading to the 
production of harmful biological agents.7 For example, 
BDTs have been used to digitally generate potentially 

Current gaps in risk assessments

sophisticated, it is important that programmers and 
developers think about early guardrails that might 
prevent the generation of new insights (rather than the 
presentation of existing, available information) that could 
pose new bio-related threats.

Sources
1. For a more in-depth explanation of LLMs and BDTs, see the 

Commission’s White Paper #1

2. Adopted from: 

https://cset.georgetown.edu/wp-content/uploads/20230047-AI-Bi

oRisk-Extended-Explainer-FINAL-v2.pdf

3. https://foreignpolicy.com/2023/11/05/ai-artificial-intelligence-chat

bot-bioweapon-virus-bacteria-genetic-engineering/

4. https://www.rand.org/pubs/research_reports/RRA2977-2.html

5. https://www.nti.org/analysis/articles/the-convergence-of-artificial-i

ntelligence-and-the-life-sciences/

6. https://cset.georgetown.edu/publication/ai-and-biorisk-an-explaine

r/ 

7. https://www.helenabiosecurity.org/

8. https://www.schumer.senate.gov/imo/media/doc/Alexander%20Tit

us%20-%20Statement.pdf

9. https://ir.recursion.com/news-releases/news-release-details/recur

sion-unveils-lowe-drug-discovery-software-jp-morgan

10. https://www.schumer.senate.gov/imo/media/doc/Sean%20McClai

n.pdf

For any questions about this series of white papers, or the AIxBio work at 
the National Security Commission on Emerging Biotechnology, please 
contact us at ideas@biotech.senate.gov 

Staff at the National Security Commission on Emerging Biotechnology 
authored this paper with input from the expert Commissioners. The 
content and recommendations of this white paper do not necessarily 
represent positions officially adopted by the Commission.

risky genetic sequences, but research has yet to show if 
the synthesized sequences could be used to create a 
harmful biological agent. Future policies or industry prac-
tices could establish safe and systematic ways to assess 
the risk posed by AI systems like LLMs and BDTs to lead 
to the actual creation of harmful biological agents.8  

Policymakers could also consider safeguards for future 
technologies that combine LLMs and BDTs. A future LLM 
chatbot could help both experts and amateur scientists 
program a more sophisticated BDT that generates risky 
protocols. While this scenario is still far from a reality, one 
company announced the first LLM chatbot interface to 
control a suite of BDTs, opening the possibility of those 
without computer science expertise to more easily use 
BDTs.9 However, the technology is proprietary and can 
only be used by people who work at the company.

As indicated by the rapid advancement of the field and 
the nuance in current technologies, addressing the 
various risks that the convergence of AI and biotechnolo-
gy poses requires a dynamic approach rather than a 
one-size-fits-all solution.10
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Establish infrastructure
Collect and standardize common biological data 
types: Congress or the President could establish a 
central office that would require agencies1 to coordinate, 
collect, manage, and store high-quality biological data 
and encourage wider data availability while protecting 
privacy and ensuring data security. Such an office would 
spur innovation by providing researchers and developers 
access to often-costly datasets. Access to often-costly 
diverse and high-quality biological data is also a key 
factor in the race to create a breakthrough moment in AI 
and biotechnology since all AI models are trained with 
data.

Dedicate high performance computing capabilities to 
AIxBio: Congress could direct an agency such as the 
Department of Energy (DOE) to build a new, or repurpose 
an existing, high performance computing cluster specifi-
cally dedicated to biotechnology and built with the inten-
tion of advancing AIxBio discovery.

Launch a National AI Research Resource for Biotech-
nology pilot program: A pilot program could be estab-
lished through the National Science Foundation (NSF) 
that provides a safe computational environment for 
advancing AI research specific for biotechnology. This 
would be similar to a pilot program that was launched 
through the White House Executive Order on AI2 but 
would provide infrastructure, models, and data that are 
specific to biology. This program could expand the 
current AI pilot program or be established as a separate 
and parallel pilot.

White Paper 4: Policy Options for AIxBio
NSCEB White Paper Series on AIxBio

To enable the convergence of artificial intelligence (AI) and biotechnology (AIxBio), policymakers could consider mech-
anisms that promote innovation while encouraging responsible development and continually assessing future risk. AI 
models are already transforming the way we use biology to produce pharmaceuticals, food, energy, and chemicals. The 
rapid advancement of AI used for biotechnology indicates that a breakthrough moment is likely in the near future. Com-
panies in the United States, China, and elsewhere are actively pursuing such a “ChatGPT moment” for biological design 
tools. The United States must lead in the invention and application of such technologies so that we may realize the enor-
mous benefit of AIxBio and lead in developing international norms for responsible innovation. 

This white paper lays out policy options to promote U.S. innovation, provide oversight of AI models for biotechnology, 
and assess future risk.  

Promoting U.S. innovation
Establish a national network of cloud labs: Research 
agencies including NSF and DOE could establish a 
network of cloud labs across the country where experi-
mental instrumentation for chemistry and biology could 
be accessed by external researchers. Current cloud 
labs3,4 show that these facilities could provide access to 
expensive laboratory infrastructure, accelerate the devel-
opment of AI-enabled autonomous experimentation, 
standardize data collection, and provide a safe and 
secure laboratory venue.5

Create partnerships
Develop an AIxBio consortium: An agency such as NIST 
could establish a consortium of stakeholders from 
government, industry, and academia to share best prac-
tices, provide a comprehensive understanding of which 
groups are funding AIxBio research and development, 
and increase access to critical data resources related to 
AIxBio. Similar consortia were established in past defense 
bills (e.g., the Consortium on Additive Manufacturing for 
Defense Capability Development)5 and the National 
Quantum Initiative Act (e.g., the Quantum Economic 
Development Consortium).6 

Establish an international working group focused on 
AIxBio: Congress could pass legislation to create an 
AIxBio working group within a multilateral body such as 
Five Eyes. Members have proposed the “Five AIs Act,” 
which develops an AI working group under the Five Eyes 
Framework, focused on collaboration to advance AI 
systems within member countries, implementing intelli-
gence gathering related to AI, and providing ethical 
frameworks for development.7 A specific AIxBio effort 



Sources

1. Agencies could include the Department of Defense, the 

Department of Health and Human Services, DOE, NSF, the 

Department of Agriculture, and the National Institute of Standards 

and Technology (NIST)

2. Executive Order on the Safe, Secure, and Trustworthy 

Development and Use of Artificial Intelligence, Sec. 5.2.(a)(i)

3. https://cloudlab.cmu.edu/

4. https://newscenter.lbl.gov/2023/04/17/meet-the-autonomous-lab-

of-the-future/

5. Pub.L. 118-31, Sec. 223

6. Pub. L. 115-368, Sec. 201

7. H.R. 6425. 188th Congress

8. H.R. 2739. 118th Congress

9. S. 1873. 118th Congress

For any questions about this series of white papers, or the AIxBio work at the 
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Initiate a regular intelligence assessment of future 
AIxBio risks and possible countermeasures: To assess 
complex future risks related to AIxBio, the IC could 
conduct annual assessments of emerging possible 
threats and countermeasures. These assessments would 
be unclassified, with the possibility of a classified annex, 

Publish standards for potentially harmful algorithms: 
Agencies such as DOD, NSF, DOE, and the National Insti-
tutes of Health (NIH) and other stakeholders could 
convene AI developers and scientific journals to create 
guidance on publishing the computer code from models 
that have the potential to be used for harm. This group 
could also establish guidance on guardrails for publicly 
available AI models that interact with biotechnology. 
Scientific publishers need to carefully consider what 
information is made available to the public.

Establish an independent group to conduct flexible 
risk assessments: Congress could authorize NIST, in 
consultation with the Intelligence Community (IC), to 
establish and oversee an independent group tasked with 
running risk assessments that would be both robust and 
flexible based on the type of AI model and the specific 
bio-related risks. Flexibility in oversight is critical because 
AI models are constantly advancing, which changes the 
risk profile as it relates to biotechnology. Importantly, such 
a group would need to be appropriately staffed with 
experts from academia and industry who understand 
both biotechnology and computer science. Additionally, 
such a group should be able to quickly and consistently 
assess models so as not to create a time-consuming 
process that might stifle innovation.

Oversight of AI models for biotechnology

Assessing future risk

could be included in this legislation or passed as a sepa-
rate act.

Support innovation
Establish an AI and biotechnology sandbox: Based on 
the idea of a Quantum Sandbox,8  the Department of 
Defense (DOD) could establish a public-private partner-
ship focused on the development of near-term use cases 
and pilot demonstrations of AI toward biotechnology for 
national security applications.

and performed in collaboration with academia and indus-
try experts. These assessments will provide justification 
for the establishment of different oversight consider-
ations and could also centralize information from different 
intelligence agencies related to AIxBio. These assess-
ments would also require that the IC bring in more individ-
uals who are trained in both AI and biotechnology.

Initiate a global competitive analysis focused on 
AIxBio: The Executive Branch could establish an office to 
conduct a competitive analysis to assess the state of 
biotechnology infrastructure and technological advance-
ment in the United States, compared to our strategic 
adversaries, with a focus on AIxBio. It is critical to under-
stand where the United States stands so that we can 
appropriately calibrate AIxBio oversight policies to 
prevent ceding any competitive advantage. Members 
have proposed S. 1873, which would establish an Office of 
Global Competitive Analysis to accomplish a similar 
purpose.9 



1Interested in learning more? Visit us at biotech.senate.gov

Bioliteracy for the Age of Biology

Bioliteracy is vital for Americans
Many of us already use and consume products and appli-
cations created with biotechnology in our everyday lives: 
life-saving medicines, nutritious foods, as well as bio-based 
alternatives for clothing, plastics, and detergents. A biolit-
erate citizenry is the next step in being able to take advan-
tage of the potential to use biotechnology intentionally and 
innovatively. 

Bioliterate citizens are equipped with knowledge and con-
fidence to engage with new concepts as biotechnology 
advances, and to deploy biotechnology solutions to enrich 
their lives. Additionally, as biotechnology opens doors to 
yet-to-be-known opportunities and risks, bioliteracy pro-
vides foundational knowledge for citizens to act respon-

What is bioliteracy?

“Bioliteracy” is the concept of imbuing people, 
personnel, or teams with an understanding of 
— and ability to engage with — biology and bio-
technology. The Commission believes that all 
Americans—including policymakers in the U.S. 
Government, students at all levels of education, 
current and future biotechnology workers, and the 
broader public—should one day be as comfortable 
using and engaging with biotechnology in the same 
way that they do with computers and software in 
their daily lives and within society.

NSCEB's vision for a bio-ready U.S. Govern-
ment and a bioliterate America
Bioliteracy gives American citizens the knowledge and 
skills to participate in and contribute to an increasingly 
technology-driven society and economy. In our December 
2023 Interim Report,1 the Commission outlines two main 
priorities for bioliteracy: 

•	 Promote biotechnology education to increase bio-
literacy and bolster the biotechnology workforce.

•	 Improve the bioliteracy of the U.S. Government 
workforce.

The next biotechnology innovation that will revolutionize 
the world will likely come from a student who was once in-
spired by biology in the classroom or laboratory. Biotech-
nology education lays the foundation for bioliteracy—pro-
moting understanding of fundamental biology principles, 
developing critical thinking skills to interpret the new con-
cepts and advances in biotechnology, and inspiring curios-
ity and lifelong learning. Education in biotechnology should 
not only include concepts and technical skills but also an 
understanding of how biotechnology could be deployed 
within our society and its potential for misuse. Widespread 
bioliteracy can be built by promoting biology and biotech-
nology education at all levels (K-12, undergraduate, and 
postgraduate) and creating accessible pathways to broad-
en participation from diverse groups. 

Education and bioliteracy are stepping stones for success 
in biotechnology careers. Education enables a pipeline of 
skilled workers to fill jobs within a growing U.S. biotechnol-
ogy industry and economy by 1) promoting awareness of 
biotechnology careers and developing talent within future 
workers, and 2) equipping the current biotechnology work-
force with necessary skills and qualifications to keep up 
with advances in biotechnology. Education and bioliteracy 
help sustain a robust biotechnology industry and economy 
with individuals who contribute their talents, ideas, and in-
novations. 

sibly as stewards of an emerging technology. Increased 
bioliteracy across all segments of the population will help 
Americans realize the potential of a robust U.S. biotechnol-
ogy ecosystem that maximizes the promises of biotech-
nology for the benefit of all citizens. 

Students 
think critically about 
biotechnology and  
pursue careers in 

the field.

Government 
invests in and regu-
lates biotechnology 
to address societal 

challenges.

Public
makes informed 

decisions when using 
biotechnology.

Workers 
contribute their 

talents, ideas, and 
innovations. 

Bioliterate
America

February 2024

https://www.biotech.senate.gov/press-releases/interim-report/
https://www.biotech.senate.gov/press-releases/interim-report/
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Bioliteracy in action across the United States

For any questions about this white paper, or the bioliteracy work at the Na-
tional Security Commission on Emerging Biotechnology, please contact us at 
ideas@biotech.senate.gov.

Staff at the National Security Commission on Emerging Biotechnology au-
thored this paper with input from the expert Commissioners. The content and 
recommendations of this white paper do not necessarily represent positions 
officially adopted by the Commission.

Different groups and organizations across our country are 
driving bioliteracy efforts and expanding access to biolo-
gy education, tools, and resources for the public, students, 
and workers. We see bioliteracy in action in workforce 
education centers, community workspaces, virtual class-
rooms, mobile biology labs and others. Some examples are 
below: 

The International Genetically Engineered Machine 
(iGEM) competition, run by the U.S. non-profit organization 
iGEM Foundation, has been the driver of creating the syn-
thetic biology community by attracting students and oth-
ers from over 60 countries to compete on interdisciplinary 
teams. Since its inception in 2004, iGEM has trained over 
75,000 participants and generated over 4,000 projects 

As seen with AI, emerging technologies are advancing 
more rapidly than governments can regulate and legis-
late. Biotechnology is no different. The U.S. Government is 
a prime target for bioliteracy development. For example, 
policymakers who develop the laws and rules to govern 
biotechnology should understand the fundamental prin-
ciples of how biotechnology functions. Bioliterate poli-
cymakers can more effectively develop laws and rules to 
govern biotechnology and make informed decisions about 
which biotechnology innovations receive government sup-
port and funding. In addition, strengthening bioliteracy 
within the Federal workforce can enable a bio-ready U.S. 
Government to act decisively to protect American citizens 
in the face of biological incidents and emergencies (e.g., 
outbreaks involving infectious pathogens, bioterrorism); to 
effectively forecast and harness biotechnology solutions 
to address national and global challenges; and to expand 
opportunities for widespread participation in the U.S.’s bio-
technology industry. 

We have entered the age of biology. We stand at the edge 
of a transformative biotechnological revolution, one that 
could yield countless innovations and bring advanced 
manufacturing to every part of America. The Commission 
envisions a near future in which biotechnology is widely 
understood as a growing technological field and students, 
workers, and citizens are more commonly equipped with 
a baseline understanding of the science behind it. A bio-
literate society would be empowered to make educated 
decisions about biotechnology products and applications, 
to participate in the biotechnology industry and economy, 
and to seek biotechnology solutions to meet societal chal-
lenges in this new era. 

that serve as proofs of concept in biotechnology innova-
tion.2

InnovATEBIO National Biotechnology Education Cen-
ter advances education of highly skilled technicians for the 
nation’s biotechnology workforce. InnovATEBIO encom-
passes a national network for biotechnology workforce 
education that includes 134 college programs across 39 
states, including Puerto Rico. The Center offers 38 bio-
tech-related degrees and certificates in biotechnology 
and biomanufacturing.3

BioBuilder is a non-profit that offers open source, free 
curricula to provide hands-on experiences in synthetic bi-
ology, empowering teachers and schools to better serve 
students and employers. Since 2011, BioBuilder has grown 
to partner with schools in almost every state, and around 
the world.4

The non-profit National Education Equity Lab, with sup-
port from Stanford Digital Education, offers an Introduc-
tion to Bioengineering online course to Title I high schools 
to enable low-income students across the country to learn 
about bioengineering. In 2023, the course was offered to 
10 Title I high schools in California, Colorado, Florida, New 
York, and South Carolina.5

BioBus helps K-12 and college students in New York City 
access biology, with a focus on students underrepresent-
ed in the scientific community due to factors such as race, 
gender, economic status, and physical access.  Since 2008, 
BioBus’s mobile labs have reached more than 900 schools 
and community organizations primarily in NYC public and 
charter schools and in New England.6 

1	 National Security Commission on Emerging Biotechnology Interim 
Report. https://www.biotech.senate.gov/press-releases/interim-report/

2	 International Genetically Engineered Machine. https://igem.org/
3	 InnovATEBIO. https://innovatebio.org/about
4	 BioBuilder. https://biobuilder.org/
5	 National Education Equity Lab. https://digitaleducation.stanford.edu/

news/stanford-professors-promote-bio-literacy-through-digital-
education

6	 BioBus. https://www.biobus.org/about/
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About the Commission 

Message from the Chair and Vice-Chair 

The United States has led biotechnology innovation for half a century. In 1978, a small American 

company called Genentech changed hundreds of millions of lives by producing synthetic human 

insulin, now one of the world’s most widely used medications. This discovery and development of 

tools to “program” biology at the level of its underlying DNA code marked the birth of biotechnology.  

Forty-five years later, the United States is still the global biotechnology leader. But today we are 

facing challenges from countries like China that are investing billions of dollars into domestic bio-

technologies with the intent of surpassing the United States. The stakes are high and time is short 

to secure American leadership. 

Biotechnology already supports our society through providing medicines, food, materials, and much 

more. But this is just the beginning – advances in biotechnology could transform the economy and 

provide solutions to global challenges like pandemics, food insecurity, supply chain vulnerability, and 

environmental issues. As the speed of innovation increases, supercharged by convergence with AI 

and other technologies, we cannot afford to forget the lessons of semiconductors and 5G while we 

wait to act. Biotechnology could be more powerful and consequential than these technologies, both 

to benefit society as well as to cause great harm. America’s leadership in advancing and safeguard-

ing biotechnologies can uniquely create a future that serves not just our country but the world. In 

contrast, our strategic competitors have shown they are willing to wield technical power to suppress 

and control rather than empower. 

Now is the time for us as a nation to unify across government, industry, academia and with our global 

allies and partners to drive biotechnology foward. Our Commission’s goal is simple but ambitious: to 

strengthen America’s longstanding leadership in biotechnology and take action to ensure that the 

U.S. can compete and succeed on the international stage. This Commission is already offering thor-

ough and actionable policy recommendations that will unlock new potential in the biotechnology 

industry in and beyond defense and national security that hold true to the values and opportunities 

that make this country an exceptional place to live and innovate.

To fulfill our goal, we want to include perspectives from all Americans and from friends and allies 

abroad, including academia and educators, private companies, research facilities, government 

agencies, military and service organizations, and more. We invite your engagement and feedback 

on this report and look forward to sharing more with you in the year ahead. 

Dr. Jason Kelly	 Dr. Michelle Rozo 

Chair	 Vice-Chair
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Commissioners

Dr. Jason Kelly, Chair Dr. Michelle Rozo,  
Vice Chair

Senator Alex Padilla Senator Todd Young

Representative  
Stephanie Bice 

Representative  
Ro Khanna

Paul Arcangeli Dr. Angela Belcher

Dawn Meyerriecks Dr. Eric Schmidt Dr. Alexander Titus Dr. Dov Zakheim

We, the Commissioners, want to give a special thanks to the Commission staff. This work 
would not be possible without your tireless effort to understand and improve the way the 

U.S. approaches biotechnology, and we are proud to work with you.
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The National Security Commission on Emerging Bio-

technology (“the Commission”) is exploring the oppor-

tunities and challenges facing the United States at 

the intersection of national security and emerging 

biotechnology. This interim report discusses our find-

ings thus far and the research plan that will inform our 

comprehensive policy recommendations to be issued 

in 2024. It also highlights the concrete actions we have 

already taken to advance emerging biotechnology in 

the United States. 

Most Americans already are aware of biotechnology 

through the drugs in our medicine cabinets or the 

crops in our fields. Yet recent advances in biotechnol-

ogy are unlocking the ability to program biology just 

as we program computers. Emerging biotechnologies 

could enable the world to improve human and plane-

tary health, secure food and energy production, ensure 

supply chain resiliency, and grow the economy at a 

massive scale. Biotechnology has the potential to bol-

ster economic development in every community. If we 

capitalize on this unique opportunity, we can make this 

century the age of biology. 

Congress has rightly recognized the growing poten-

tial of emerging biotechnology, including its applica-

tions for defense and national security. We can imag-

ine a future in which our warfighters are fed, fueled, 

equipped, protected, and healed on the battlefield, all 

thanks in part to biotechnology. This is not science fic-

tion; the research is happening today. 

Continued U.S. leadership in biotechnology devel-

opment is not guaranteed. Researchers, inventors, 

and investors agree that there are significant policy 

and investment roadblocks that could hinder bio-

technology growth and innovation in the United 

States. One such roadblock is U.S. Government over-

sight for biotechnology, which needs to be clarified 

and streamlined. Another roadblock is a lack of both 

physical infrastructure and the workforce required 

to operate it. An investment in both human capital 

and physical infrastructure is critical to continued U.S. 

leadership in biotechnology. This investment need 

not come just from government but should draw on 

both public and private sources of funding, as did the 

CHIPS and Science Act. 

The stakes are high as biotechnology, like all emerging 

technologies, can be misused. This makes it even more 

imperative that the United States, along with its allies 

and partners, continues to lead in the development of 

biotechnology and associated guardrails. 

If we do not lead, others will, and we risk a future in 

which biotechnology undermines, rather than sup-

ports, our security. Notably, the People’s Republic of 

China (PRC) intends to win the age of biology and is 

making serious investments and shrewd policy deci-

sions that could put it on track to outpace us. Our 

failure to seize this moment and act decisively could 

empower China and others to deploy biotechnolo-

gies for the surveillance of vulnerable populations, to 

Executive summary
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develop strangleholds on key supply chains, or to create weapons that 

could harm Americans.

The United States needs to work closely with our international friends and 

allies on a government-to-government level now. To have these informed 

conversations, the U.S. Government needs access to the technical exper-

tise required to understand biotechnology advancements. These conver-

sations will lead to development of international standards and norms 

that support our common goals. 

From the creation of our Commission to the issuance of a major Executive 

Order on advancing biotechnology and biomanufacturing innovation, 

U.S. policymakers have initiated fresh momentum in this area. Although 

many U.S. Government entities have already taken steps to advance bio-

technology, we must continue to set a blistering pace toward the future. 

We are nowhere near the finish line. The U.S. Government must continue 

to advance and embrace biotechnology to maintain our technological 

advantage. 

Congress and the Executive Branch can take meaningful actions to 

advance U.S. biotechnology policy. The Commission intends to explore 

bold policy considerations that can position us to lead as well as com-

mon-sense changes to existing legislation that can smooth the path for 

future innovation. 

A thriving biotechnology industry will enhance U.S. national security, 

strengthen and diversify the U.S. economy, and bolster a growing work-

force. The Commission’s recommendations, when implemented, will 

ensure that the United States continues to lead the world in biotechnol-

ogy development and deployment.



6    National Security Commission on Emerging Biotechnology  |  Interim Report

The United States, alongside the rest of the world, stands 

at the brink of a transformative biotechnological revolu-

tion, one that could yield countless innovations and bring 

advanced manufacturing to every part of America. Bio-

technology products already solve problems today, such 

as developing more targeted medications for cancer and 

other diseases, improving agricultural sustainability, and 

creating novel types of materials.

Biotechnology can help people live longer and health-

ier lives. Biotechnology-based products in development 

today could drastically reduce the global burden of dis-

ease (for examples of tools commonly used in biotech-

nology, see Figure 1). For example, precision medicine, 

like cell and gene therapies, can treat diseases that were 

previously considered incurable. Synthetic biology and 

genome editing make it possible for our bodies to learn 

to fight diseases with greater precision and efficacy than 

previously available treatments. Researchers are also using 

biotechnologies to create improved vaccines, including 

the advancement of mRNA vaccine platforms, that sig-

nificantly reduce the time from the emergence of a new 

pathogen or disease to treatment. 

In the food and agriculture sector, biotechnology can pro-

duce healthier and more accessible foods, such as fruits 

and vegetables with added nutrients or longer shelf life. 

Biotechnology-enabled plants and animals have the 

potential to increase crop yields, withstand pests, and 

endure weather events, improving the resilience of Amer-

ican agriculture. Advancements in biotechnology have 

led to engineered microbes that provide local nutrients 

to plants, potentially increasing yields while reducing the 

need for fertilizers that contribute to nutrient pollution. 

Engineered microbes are also being used to safely pro-

duce food ingredients from flavors and colors to needed 

vitamins and high-quality protein.

Biotechnology can also bring critical supply chains back 

to the United States. Biomanufacturing offers new ways 

to sustainably make the products we rely on for everyday 

life, including  plastics, packaging, clothing, detergents, 

tires, and much more. Engineered microbes can produce 

carbon building blocks that are molecularly identical to 

petrochemicals. Biotechnology can also enable more effi-

cient recycling and capture of critical minerals like rare 

earth elements, together addressing fragile supply chains. 

Environmental applications of biotechnology can help 

reduce and mitigate pollution. For example, microbes 

can be engineered to use waste as the starting mate-

rial for desired chemicals and materials. We can also 

use biotechnologies for environmental remediations: 

engineered microbes and plants can break down waste 

and remove contaminants from soil and water. Bio-

technologies can also aid with carbon capture from 

industrial plants and remove waste products created by 

manufacturing.

The Commission notes that biotechnologies could be 

misused to intentionally harm the United States and its 

partners and allies through creation of novel weaponry. 

However, emerging biotechnologies may also be the best 

Seizing the age of biology 

“Biotechnology presents tremendous 
opportunities for manufacturing, 
agriculture, defense, biomedicine, and 
many other fields. Preserving America’s 
leading role in biotechnology is essen-
tial for our long-term economic and 
national security and will open up new 
opportunities across our nation.”

— Senator Todd Young  
(Indiana)
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Figure 1. Common Tools used in Biotechnology

DNA reading, or sequencing, is the process of determining the order of 
individual bases in a sample of DNA. Determining the DNA sequence 
can help identify an organism or understand some of its properties.

DNA editing involves changing, adding, or removing bases of 
DNA. DNA editing can be used to change cellular properties 
that might enhance gene expression or eliminate disease.

T GCA

DNA Synthesizer

Bases
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GCAATGCAATTG
CAATGCATTGCAA
TGCAATTGCAATG
CATTGCAATGCA

DNA writing, or synthesis, builds custom genetic sequences for biological research and 
development. These genetic sequences can impart new properties into living organisms 

to create new materials such as biopharmaceuticals and more resilient crops.
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sample is generated
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modified

Section of the DNA is edited 
using a gene editing tool such as 

CRISPR-Cas9 or TALENs

DNA is repaired with new 
genetic sequence
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defense against that misuse, as these technologies could 

be used to develop on-demand diagnostics, therapeutics, 

and vaccines to defend against any attack. 

More needs to be done to arrive at the age of biology. It still 

takes too long and costs far more than it should to move a 

potential biotechnology product from the lab to the mar-

ketplace. More recently, financing has become more diffi-

cult to access. companies may not be able to develop bio-

technology products, particularly for defense applications, 

by means of market forces alone. 

Beyond wide civilian applications, biotechnology offers 

the potential to develop novel products that will better 

support our defense and intelligence professionals and 

can mitigate persistent Department of Defense (DoD) 

challenges. For defense capabilities, emerging biotech-

nology offers two promises. First, synthetic biology and 

biomanufacturing can provide alternative means of pro-

ducing chemicals and materials that our warfighters 

employ every day, increasing supply chain resilience. 

Second, emerging biotechnologies offer the means to 

improve products, from materials with novel properties 

to therapeutics with greater precision and efficacy.  

Our military’s ability to deter adversaries and protect 

servicemembers anywhere in the world depends on 

reliable logistics, particularly in a contested or austere 

environment. Small-scale, light-footprint production of 

commodity materials through biotechnology could be 

valuable to DoD. For example, small, table-top bioreactors 

could bring biomanufacturing anywhere, including con-

tested environments.1 This could make it possible to pro-

duce medicines closer to areas of operations to support 

wounded warfighters and medical personnel. While DoD 

has funded research into table-top bioreactors for the past 

decade, the technology is yet to be widely used. 

There are several other biotechnology use cases for 

defense. Biomaterials can satisfy existing needs, such as 

rocket fuel, and biomaterials for next-generation explo-

sives show promise in research.2 Biological systems can 

also produce novel products, such as materials that pre-

vent diffusion of toxic chemicals into cells by enveloping 

the chemicals in a tight membrane.3 Microbes engineered 

to digest waste, including plastics, could change the way 

that DoD manages waste disposal in forward operating 

environments, allowing DoD to reduce dependence on 

expensive, cumbersome disposal technologies and lessen 

environmental and human health impacts.4

As DoD seeks new ways to improve warfighter resilience, 

cutting-edge biotechnologies offer many enhanced tools. 

Novel material resembling spider silk, made with syn-

thetic biology, could make lighter, stronger, and more 

flexible body armor, allowing warfighters to operate under 

reduced physical strain.5 Biological sensors could recog-

nize a chemical or biological agent in real time, poten-

tially saving lives in the event of an attack. An engineered 

human enzyme could deactivate nerve agents (e.g., sarin) 

in blood. Medical synthetic biology research may enable 

the development of organisms that can produce treat-

ments inside the body. 

“California is the birthplace of the 
U.S. biotechnology industry and has 
long led the way in biotechnology 
research, patents, and innovation that 
save lives, stimulate our economy, 
and provide good-paying jobs. At this 
crucial moment in shaping the future 
of biotechnology, our Commission will 
continue to examine opportunities 
to ensure this sector promotes vital 
American priorities, such as managing 
global diseases, improving agricultural 
sustainability and food security, and 
protecting our national security.” 

— Senator Alex Padilla 
(California)
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Like the introduction of computers, the emergence of bio-

technology offers a tool with the potential to revolution-

ize a variety of different economic sectors. Even with the 

rapid pace of discovery, the United States can do more to 

integrate biotechnology across the domestic economy to 

ensure we are reaping the economic and security benefits 

that biotechnology can offer. 

Our nation is at an inflection point, with potential for a new 

age of opportunity to revitalize and transform our indus-

tries and our way of life using biology. The Commission is 

developing recommendations that, if enacted, will enable 

the U.S. Government, especially Congress, to seize this 

opportunity and ensure that the United States leads the 

coming age of biology.

Figure 2. Examples of Biotechnology

Cell-free synthesis

Using components of cells, like 
proteins or nucleic acids, to synthesize 

chemicals and materials such as 
pharmaceuticals or fragrances

Next-generation therapeutics

Therapeutics that involve new 
technologies like mRNA vaccines, 

monoclonal antibodies,  
and cell therapies

Biomanufacturing

Using microorganisms 
like yeast and bacteria for 
faster and more efficient 

manufacturing

Plants & animals

Engineering plants and 
animals for desired traits, 
such as disease resistance 
or improved performance
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Failing to meet this moment will have far-reaching con-

sequences. Countries like the People’s Republic of China 

(PRC) recognize that advancements in biotechnology, 

such as DNA synthesis, gene editing, and precision fer-

mentation, are essential to meeting the basic needs of 

their populations. In addition, these same countries could 

employ biotechnology for nefarious purposes. 

The PRC specifically is positioning itself as a leader in bio-

technology and plans to take advantage of the economic 

benefits and military advances biotechnology presents.6,7 

The PRC aims to close the gap in biotechnology through 

its top-down government strategy and coordination, tal-

ent recruitment programs, and relatively high research 

and development (R&D) spending. The PRC has prior-

itized biotechnology in its last three Five-Year Plans and 

invested billions of dollars in the sector.8 It seeks to control 

global supply chains and dominate key elements of the 

biotechnology industry. 

The PRC has expressly invested in biotechnologies that 

create military advantages. Under the national policy of 

“military-civil fusion,” PRC officials have blurred the lines 

between military and civilian applications. If the United 

States were to fall behind in biotechnology research, any 

advances that occur in other countries that do not share 

our values and interests could one day be used against the 

American people.9 

Ultimately, there is a risk that adversaries may develop 

and weaponize biotechnology against the United States. 

Military applications are no longer confined to the realm 

of science fiction and could pose threats to American 

forces in the not-too-distant future. There is an ongoing 

contest to determine who will shape global norms and 

values around research, development, and deployment 

of biotechnology. The United States must win to main-

tain Americans’ prosperity, health, and well-being and to 

ensure that development of biotechnologies aligns with 

democratic values. 

As with other technologies that have the potential for wea-

ponization, preventing misinterpretation of each other’s 

actions and intent is essential for the safe development of 

biotechnologies. For example, with the increased reliance 

on digital systems, nations have created normative and 

legal structures for optimizing the opportunities of the dig-

ital era while deterring cyberattacks.10 Though biotechnol-

ogy is significantly different from cybertechnology, there 

are commonalities with cybersecurity in that both tech-

nologies can be used for civilian and defense purposes, 

and agreement upon and understanding of state actors’ 

use of biotechnologies for civilian purposes can help pre-

vent misinterpretation that could lead to escalation. 

China’s sprint to close the gap
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Our mission and approach

Congress imbued the National Security Commission on 

Emerging Biotechnology (“the Commission”) with the 

responsibility of examining the critical intersection of 

emerging biotechnology and national security. When 

Congress created the Commission, it defined our formal 

mandate: to conduct a thorough review of how advance-

ments in emerging biotechnology and related technolo-

gies will shape current and future national defense activi-

ties, including activities of the DoD.11 

This interim report describes the Commission’s efforts as 

of December 2023 and our research plans for the dura-

tion of the Commission’s authority. The Commission will 

submit its comprehensive report to Congress in Decem-

ber 2024, including policy recommendations that align 

with our charge. The Commission will continue through 

June 2026 as we work to educate and expand upon our 

recommendations.

Within the context of biotechnology and national security, 

Congress specifically directed the Commission12 to con-

sider the following topics:

•	 global competitiveness; 

•	 ways to maintain and protect the United States’ 

technological advantage; 

•	 trends in international cooperation and 

competitiveness; 

•	 ways to foster research, development, and testing;

•	 incentives for workforce and education; 

•	 risks and threats of military use of biotechnologies;

•	 ethical, legal, social, and environmental 

considerations; 

•	 international standards for the tools of 

biotechnology;

•	 data sharing, both within and outside the U.S. 

Government; and

•	 biotechnology developments and biomanufactur-

ing innovation. 

The Commission recognizes that other advisory groups 

have done extensive work on biotechnology opportuni-

ties, challenges, and risks, including on biological weapons 

defense. To the extent that our work deals with biode-

fense policy, we will focus on the ways that technological 

advancements, particularly convergence of emerging 

technologies, may raise or lower barriers on either the 

development of biological weapons or the use of biotech-

nologies to cause harm. We will remain mindful of the risk 

that activities led by the United States to serve defense or 

The past year: establishing the  
Commission and taking action

Common definitions

Biotechnology: the application of science and 

engineering in the direct or indirect use of living 

organisms, or parts or products of living organ-

isms, including in modified forms.

Emerging biotechnology: the use of new knowl-

edge or the creative application of existing 

knowledge to create novel biotechnologies.

National security: the security and defense 

of the United States, encompassing national 

defense, economic competitiveness (including 

energy security, food security, and resilience of 

critical supply chains), and strategic geopolitical 

influence.
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civilian purposes could be misinterpreted by other nations, 

and we may consider ways to mitigate that risk.

The Commission aims to drive policy change and enhance 

our national security by supporting biotechnology discov-

ery, development, and deployment in the United States. 

We have and will continue to offer recommendations for 

Congressional and Executive action that align with these 

goals and our broad mandate. 

Our process

Since the Commission’s first official meeting in April 2023, 

the full Commission convened every four to six weeks 

to learn from subject matter experts and to shape its 

research plans. In addition to full Commission meetings, 

smaller groups of Commissioners met regularly on more 

focused research topics, such as identifying and mitigating 

chokepoints, evaluating risks for misuse, anticipating the 

future of biotechnology advances, and establishing part-

nerships to build a more bio-ready U.S. Government and 

a more bioliterate American public. These research topics 

respond to the policy considerations in our authorizing 

Chokepoints in the biotechnology industry

A chokepoint is a technical focus area that is both 

necessary and limited. For example, demand for 

high-fidelity DNA synthesis has exploded as the 

technology has become more accessible. Enzy-

matic DNA synthesis — a new way of writing DNA 

— holds the potential to revolutionize the mar-

ket that can create sequences that are longer, 

cheaper, and more accurate. The country or com-

pany that successfully develops this technology 

at scale may have a strategic position in the next 

era of DNA synthesis. The Commission is evaluat-

ing technologies like this to determine whether 

they are currently chokepoints or could become 

so in the future.

Figure 3. Stakeholder Process

Strategic policy and deliberation 
forums

•	 Commission meetings

•	 Working groups

•	 Input from subject matter experts

Comprehensive and  
informed outcomes

•	 Recommendations

•	 Legislative action

•	 Policy implementation

Information gathering and outreach

•	 Public reports

•	 Interviews and engagements

•	 Conferences and events

Internal knowledge synthesis

•	 Draft recommendation generation

•   	 Consultations with subject matter 
experts
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statute and provide practical context for the Commission’s 

policy recommendations.

To develop these recommendations, we are: 

•	 engaging with the biotechnology industry so that 

the U.S. Government can partner with and learn 

from industry to meet national security needs;

•	 reviewing Federal biotechnology funding to ensure 

it is appropriately matched to U.S. needs and goals;

•	 reviewing the landscape of biotechnology policy, to 

ensure our work will both add value and promote 

good policy that has yet to be implemented; and

•	 requesting and analyzing information from Federal 

agencies and meeting with Federal agency officials 

to hear their perspectives.

We draw extensively on stakeholder expertise and input 

to shape our lines of inquiry (see Figure 3). The Commis-

sion solicits input by reaching out to experts across the U.S. 

Government (Appendix I), industry, national security, aca-

demia, international entities, and related expert groups. As 

of November 2023, the Commission has already engaged 

with approximately:

•	 60 Government departments, agencies, and offices;

•	 22 think tanks and federally funded research and 

development centers/national laboratories;

•	 174 companies and industry associations;

•	 33 colleges and universities; and 

•	 51 international entities.

Our actions so far 

In addition to our broader research strategy, the Commis-

sion will be proactive in offering expertise, analysis, and 

recommendations to policymakers as opportunities arise 

to advance emerging biotechnology and national secu-

rity. To date, we have proposed new legislation, endorsed 

existing legislation, and submitted formal requests to U.S. 

officials for specific action.

Earlier this year, Congress initiated the Farm Bill 

reauthorization, which sets U.S. agriculture policy. Recog-

nizing that food security and agricultural supply chains 

are key elements of national security, the Commission 

developed three legislative proposals intended for inclu-

sion in the Farm Bill reauthorization or other legislation. 

These nonpartisan, common-sense ideas were developed 

to lay the groundwork for further recommendations, par-

ticularly with regard to biotechnology regulation and 

coordination. Full bill text and additional explanation is 

provided in Appendix II.

•	 The Agriculture and National Security Act would 

improve connections between the U.S. Department 

of Agriculture (USDA) and national security agen-

cies by establishing a senior advisor for national 

security and requiring USDA to identify any gaps or 

limitations related to food and agriculture in exist-

ing national security efforts. 

•	 The Biotechnology Oversight Coordination Act 

would take important steps towards efficient, 

“Based on my experience working 
in many countries, food security is a 
primary concern within the United 
States and across the globe. Our 
continued excellence and global 
leadership in providing safe and 
abundant food mandate a serious 
commitment, reflected in judicious 
resource allocations and proactive 
governance. One of the primary 
duties of the Commission is to 
ensure we fulfill our societal and 
moral obligations to assure healthy 
and sustainable food supplies into 
the foreseeable future.” 

— Commissioner Dawn Meyerriecks



14    National Security Commission on Emerging Biotechnology  |  Interim Report

risk-proportionate biotechnology regulation in 

the United States through a formal coordination 

committee.

•	 The Agriculture Biotechnology Coordination Act 

would establish an Office of Biotechnology Policy 

within the USDA to coordinate agricultural bio-

technology activities across USDA agencies and 

between USDA and other Federal agencies..

In addition to the new bills described above, the Commis-

sion endorses the following existing pieces of legislation 

for inclusion in the Farm Bill reauthorization: 

•	 The Plant Biostimulant Act13 (sponsored by 

Commissioner Senator Padilla) would establish 

a Federal definition for plant biostimulant and 

exempt these products from regulation under pes-

ticide regulatory authorities. Biostimulants can help 

increase crop yields and improve a plant’s ability to 

survive under stressors such as drought or floods. 

•	 The Food Supply Chain Capacity and Resiliency 

Act14 (sponsored by Commissioner Representative 

Khanna) would reauthorize a USDA loan guaran-

tee program for infrastructure in the middle of food 

supply chains, including for companies using bio-

technology or biomanufacturing to manufacture or 

process food products.

•	 The Biomanufacturing and Jobs Act15 would reau-

thorize the BioPreferred Program, which helps to 

create and expand markets for biobased prod-

ucts through mandatory Federal purchasing 

Figure 4. Stakeholder Input

51 international 
entities

22 think tanks and federally funded 
research and development centers 

and national laboratories

174 companies and 
industry associations

60 Government 
departments and 

agencies

33 colleges and 
universities
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requirements and voluntary labeling for biobased 

products.

•	 The Synthetic Biology Advancement Act (spon-

sored by Commissioner Senator Young) would cre-

ate a Synthetic Biology Center under USDA, with a 

focus on the application of synthetic biology to food 

security and agriculture. 

We have also advocated for Congress and the Administra-

tion to prioritize biotechnology and biomanufacturing by 

using existing resources: 

•	 In September 2023, Commissioners urged the 

Secretary of Commerce to prioritize investment 

in biotechnology capacity during the Regional 

Technology and Innovation Hubs (Tech Hubs) 

award process. In October 2023, the Department 

of Commerce (DOC) announced 31 Tech Hubs, of 

which 11 are biotechnology-related.16 

•	 In October 2023, Commissioners urged the House 

and Senate Appropriations Committees to pro-

vide the highest funding possible for the Defense 

Production Act (DPA) account for Fiscal Year (FY) 

2024. Robust DPA funding would represent a sig-

nificant investment in the biomanufacturing econ-

omy that will benefit both our national defense and 

our economic competitiveness. However, both the 

House and Senate Appropriations Committees have 

proposed funding cuts to the overall DPA account. 

If the funding cuts to the DPA topline are signed 

into law, the DoD will likely reduce its investment in 

biomanufacturing.

•	 In November 2023, Commissioners urged the 

Secretary of Defense to prioritize biotechnology 

investments within the DPA account for FY24. 

Depending on the final enacted level of FY24 DPA 

funds, DoD may have to reprioritize its funds. If 

biotechnology is deprioritized, the Commission 

believes that the DoD will miss an invaluable oppor-

tunity to harness emerging biotechnology for long-

term national security goals.

The complete text of each letter is included in Appendix III.
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Prepare the U.S. Government for the age of 
biology

The U.S. Government has not yet positioned itself to shape 

the age of biology in ways that will support, rather than 

undermine, American security in a competitive landscape. 

While there is substantial enthusiasm for biotechnology 

across Federal departments and agencies, current inter-

agency coordination does not provide the ability to holis-

tically assess the U.S. position or to recommend paths 

forward, from R&D to regulation. Biotechnology lacks the 

institutional structures and growing workforce that other 

emerging technologies (like AI/ML or quantum) already 

enjoy. To prepare the U.S. Government, the Commission 

is considering the Government’s role both in oversight 

of biotechnologies and as a user of biotechnologies. We 

are also considering how the Government coordinates 

biotechnology activities internally, and how it works with 

industry, academia, and international partners and allies. 

For a timeline of some milestone Federal actions around 

biotechnology, see Figure 6.

There is a wealth of information that Congress and the 

Executive Branch can use to assess the United States’ posi-

tion, strengths, and weaknesses and to develop strategies 

that incentivize innovation and mitigate misuse. To gather 

and analyze this information, Federal agencies will need 

to make a concerted effort and collaborate with indus-

try, academia, and with international allies and partners. 

For instance, the intelligence community could prioritize 

the production of foreign competitive intelligence, the 

State Department could work with international groups 

for market intelligence and technology forecasts, and the 

Department of Commerce could convene CEOs from 

industry to inform analysis. Insufficient information on the 

state-of-play for the U.S. biotechnology industry hinders 

the United States’ ability to advance innovation, bolster 

the U.S. economy, and safeguard national security.

Harmonize the U.S. system for biotechnology prod-
uct oversight 

The United States uses existing laws (many of which pre-

date modern biotechnology advances) to give Federal 

agencies the authority to regulate biotechnology prod-

ucts. This approach, called the Coordinated Framework 

for Regulation of Biotechnology (“the Coordinated Frame-

work”), is unlike that of many countries that have passed 

specific laws for regulation of biotechnology products 

(such as Argentina,17 Australia,18 or South Africa19). Over 

time, the Coordinated Framework has resulted in dupli-

cative regulatory processes, particularly across the Animal 

and Plant Health Inspection Service (APHIS) within USDA, 

the U.S. Food and Drug Administration (FDA) within the 

Department of Health and Human Services (HHS), and the 

U.S. Environmental Protection Agency (EPA) (see Figure 5). 

Since the establishment of the Coordinated Framework in 

1986, the Office of Science and Technology Policy (OSTP) 

was instructed (but not statutorily required) to provide reg-

ulatory coordination.20 Coordination has been inconsistent 

across administrations, and criticisms of the Coordinated 

Framework have remained virtually unchanged since the 

framework’s early days.21 While there have been efforts to 

better coordinate biotechnology oversight, reduce bar-

riers to innovation, and improve Federal biotechnology 

outreach, we find that the regulatory framework is still too 

fragmented. Even plain-language descriptions of the sys-

tem remain complex. 22

In 2022, Executive Order (EO) 14081 ordered renewed 

efforts to improve the clarity and efficiency of regulatory 

processes for biotechnology products and to increase 

The Commission’s path forward
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coordination and communication between Federal regu-

latory agencies.23 A request for information associated with 

EO 14081 regarding ambiguities, gaps, or uncertainties in 

the Coordinated Framework  drew many comments call-

ing for improvement of U.S. Government biotechnology 

oversight.24, 25 

Reducing ambiguity in regulation and clarifying exemp-

tions may reduce regulatory burden both for developers 

and regulators. In addition, stakeholders have noted that 

insufficient agency staffing continues to be a concern, 

and we are considering options to facilitate higher staff-

ing levels. We identified that regulatory improvements 

are particularly necessary as genome editing and other 

emerging technologies lower barriers of entry and poten-

tially allow more companies to develop products intended 

for commercialization. We are considering policy options 

that would improve U.S. regulatory oversight of biotech-

nology products and have identified three potential paths 

thus far: 

•	 discrete changes to individual statutes to reduce 

redundancies and gaps in biotechnology oversight; 

•	 a single, unified regulatory process to assess any 

novel risks associated with biotechnology products 

relative to their conventional counterparts; and 

•	 a hybrid approach that legislatively mandates coor-

dination while facilitating individual agency review 

and risk assessment.

We seek additional feedback from regulators, industry, 

and other stakeholders about the best approach to accel-

erate innovation while protecting human health and the 

environment. 

Improve the bioliteracy of the U.S. Government 
workforce

Within the U.S. Government, the community of bioliter-

ate personnel or teams is relatively small, even as demand 

for expertise is growing. We routinely hear from agencies 

about work they could do if they had the appropriate per-

sonnel with the right skills, including technical experts, 

program managers, intelligence professionals, acquisi-

tion officers, foreign service officers, and others. Bolster-

ing biotechnology expertise within the U.S. Government 

would create a Federal workforce whose skills match 

agency needs. Such a workforce could enable the U.S. 

Government to keep up with advances in biotechnology 

and better leverage biotechnologies to safeguard national 

Figure 5. Examples of Overlapping Regulatory Authorities
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security and address global challenges.	

We plan to analyze different hiring and employment 

mechanisms across the U.S. Government. Some proposed 

strategies to recruit biotechnology talent to the U.S. Gov-

ernment include:

•	 devising new public-private partnerships for the 

exchange of talent across sectors; 

•	 establishing new fellowship programs to cultivate 

biotechnology talent; 

•	 better leveraging under-utilized Federal hiring 

authorities;

•	 expanding pathways for short- and long-term 

Federal employment, as well as facilitating move-

ment in and out of government where appropriate; 

and 

•	 creating new mechanisms that fast-track necessary 

security clearances for qualified experts.

Leverage international partners and allies

The vibrant U.S. innovation ecosystem has attracted 

researchers, entrepreneurs, and top science, technology, 

engineering, and mathematics (STEM) talent from across 

the globe for decades. We believe international engage-

ment and collaboration with friends, allies, and like-

minded countries are integral to U.S. national security and 

its continued leadership in biotechnology. We are identi-

fying existing bilateral and multilateral mechanisms that 

could be modernized to keep pace with advancements in 

biotechnology and developing recommendations for new 

partnership mechanisms (see Table 1). 

Common definitions

Bioliteracy: the concept of imbuing people, per-

sonnel, or teams with an understanding of and 

comfort with biology and biotechnology. We 

believe that in the near future, Americans should 

understand biology and biotechnology in the 

same way that they understand how computing 

interacts with their daily life.

Figure 6. Milestone Federal Actions Taken So Far

December 2021:

Congress creates the 
NSCEB through the 

National Defense 
Authorization Act

December 2022:

All NSCEB Commissioners appointed 
and begin work
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Biomanufacturing to Advance  

the Bioeconomy”
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Executive Office of the President  
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December 2022 

 

 

  

August 2022:

Congress enacts the CHIPS and  
Science Act and the Inflation  

Reduction Act

September 2022:

President issues Executive 
Order on Advancing Biotech-
nology and Biomanufacturing 

Innovation
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June 2023:

White House publishes 
Building the Bioworkforce 

of the Future

   
1                   B U I L D I N G  T H E  B I O W O R K F O R C E  O F  T H E  F U T U R E  

  
 

BUILDING THE 
BIOWORKFORCE 
OF THE FUTURE 
 
EXPANDING EQUITABLE PATHWAYS INTO  
BIOTECHNOLOGY AND BIOMANUFACTURING JOBS 
 
 
JUNE 2023 

  

December 2023:

NSCEB publishes 
Interim Report
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Table 1: Examples of bilateral and multilateral agreements and partnerships relevant to 
biotechnology

Agreement Description and pertinence to biotechnology Membership / 
Partners

Biological Weapons 
Convention (BWC)26

Disarmament treaty effective since 1975 that bans biological and 
toxin weapons by prohibiting their development, production, 
acquisition, transfer, stockpiling, and use.

185 States Parties,  
4 Signatory States  
(U.S. ratified)

United Nations Convention 
on Biological Diversity27

Multilateral treaty for the conservation of biological diversity. Its 
supplements, the Cartagena Protocol (2003) and the Nagoya 
Protocol (2014), seek to protect biological diversity from potential 
risks posed by living modified organisms and to enable fair and 
equitable sharing of the benefits arising out of the utilization of 
genetic resources.

196 nations (U.S. 
did not ratify)

Atlantic Declaration for a 
Twenty-First Century U.S.-U.K. 
Economic Partnership28

Modernized version of the Atlantic Charter originally issued in 
1941. The updated 2023 action plan describes 1) deepening U.S.-
U.K. cooperation on synthetic biology, including a joint workplan 
and improving supply chain pathways for biomanufacturing and 
biotechnologies, and 2) strengthening bilateral cooperation on 
biological and health security.

United States &  
United Kingdom

U.S.-Malaysia Trade and 
Investment Framework29,30

Bilateral agreement that supports technology improvements for 
trade and investments, and establishes a Joint Council on Trade 
and Investment, which is directed to consult on technologies, 
including biotechnology. There are a number of bilateral 
agreements like this one with a range of other countries.

United States & 
Malaysia

World Trade Organization 
(WTO) Agreement on Trade-
related Aspects of Intellectual 
Property Rights (TRIPS)31

Multilateral agreement among WTO members to protect 
intellectual property rights within international trade and 
promote technological innovation via transfer and development, 
with specific provisions for biotechnology.

All WTO members 
(164 nations, 
including the U.S.)

This table is not exhaustive and is not meant to include every agreement relevant to biotechnology.

March 2023:

White House publishes Bold Goals for  
U.S. Biotechnology and Biomanufacturing

DoD publishes Biomanufacturing Strategy

B O L D  G O A L S  F O R  U . S .  B I O T E C H N O L O G Y
A N D  B I O M A N U F A C T U R I N G   

BOLD GOALS FOR  
U.S. BIOTECHNOLOGY  
AND BIOMANUFACTURING 
HARNESSING RESEARCH AND DEVELOPMENT
TO FURTHER SOCIETAL GOALS 

MARCH 2023 

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED 

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED 

U.S. Department of Defense 
Biomanufacturing Strategy 

Office of the Under Secretary of Defense for Research and Engineering 

21 March 2023 

DISTRIBUTION A.  Approved for public release: distribution is unlimited.   

This timeline is not exhaustive and is not meant to include every Federal action. See Appendix IV for more details.
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We have identified these priority areas for international 

partnerships:

•	 aligning strategies for the use of biotechnology in 

defense and national security with allies and major 

organizations such as the North Atlantic Treaty 

Organization (NATO); 

•	 establishing shared international standards and 

norms for biotechnology that align with U.S. val-

ues and ethics, and that help prevent the misuse of 

biotechnologies;

•	 strengthening global biomanufacturing and bio-

technology supply chains for economic security and 

emergency preparedness;

•	 harmonizing biotechnology oversight across bor-

ders to promote market access and trade in bio-

technology products;

•	 developing international classifications of biomanu-

factured products to stimulate growth of the global 

biotechnology sector;

•	 collaborating on regional and global scale R&D  

projects (e.g., biobanking, genome analysis, and 

data governance and security); and

•	 sharing data to better leverage computation tools 

to advance biotechnology research, while protect-

ing privacy.

We are mapping U.S. advantages and gaps compared with 

those of other countries. When other countries with less 

developed biotechnology sectors look for leadership, the 

United States and our partners should be first in line, or we 

risk our competitors jumping at the opportunity to gain 

market access and setting the norms for use. For example, 

the PRC has a well-documented history of offering tech-

nological solutions, access to capital, and infrastructure 

more cheaply and with fewer legal or ethical requirements 

than the United States.32, 33 Strengthening existing bilateral 

and multilateral partnerships and strategically cultivating 

new partnerships to anticipate advances in biotechnology 

and shifts in geopolitics will enable greater security and a 

more robust global biotechnology industry for both the 

United States and our friends and allies.

Use biotechnology to solve government problems

The U.S. Government is a large purchaser of goods and 

services, especially innovative technologies that support 

national security missions. Biotechnology and biomanufac-

turing offer a variety of solutions to governmental problems 

and needs. The DoD requires chemicals, fuels, high-perfor-

mance materials, and food to support the warfighter, all of 

which can be produced using biotechnology. Engineered 

plants and microorganisms can also help remediate of pol-

lution, such as per- and polyfluoroalkyl substance (PFAS) 

contamination around DoD installations. 

We are considering how the U.S. Government, industry, and 

academia can more effectively work together to ensure 

that innovative biotechnology solutions are available to 

meet government needs, including, but not limited to, 

defense-related technologies. We plan to consider options 

to enhance communication and collaboration so that: 

•	 the U.S. Government clearly articulates R&D to 

industry and academia as appropriate; 

•	 the U.S. Government uses its buying power to cre-

ate demand for biobased products; 

•	 industry has the capability and resiliency to meet 

U.S. Government demand; and

•	 the U.S. Government, industry, and academia work 

“The United States must lead global 
biotechnology development, use, 
and governance. Yet we cannot do 
this without the closest partnership 
with our international allies, partners 
and friends. It is a national security 
imperative that we partner with 
like-minded nations to ensure safe, 
responsible use of biotechnology 
around the world.” 

— Commissioner Dov Zakheim 
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together to identify key technologies that should be 

protected. 

Increase DoD’s adoption and advancement of 
biotechnology 

The DoD recognizes that adopting emerging technologies 

is key to maintaining the United States’ military advan-

tage. Biotechnology is one of those critical technologies. 

However, not all elements of the DoD are positioning 

themselves to realize the full potential of biotechnology 

for the future of defense. While some DoD offices, such as 

the Office of the Under Secretary of Defense for Research 

and Engineering, are working to advance biotechnology, 

many DoD entities have yet to recognize or embrace its full 

potential. In much of DoD, any discussion of biotechnology 

focuses overwhelmingly on bioweapons. We contend that 

biotechnology, from biologically produced energetics to 

novel materials, has much more to offer DoD. 34

Over the next year, we will evaluate how DoD views, devel-

ops, and employs biotechnologies. We want to better 

understand both DoD’s objectives for advancing biotech-

nology and how biotechnology can help DoD reach its 

strategic objectives, including, but not limited to: 

•	 using biotechnology to address vulnerable supply 

chains;

•	 employing biotechnology to address DoD capability 

gaps; and

•	 maintaining U.S. leadership in emerging 

technologies. 

We will assess DoD’s metrics, where they exist, to measure 

progress towards its biotechnology goals. Additionally, we 

will examine how DoD manages biotechnology research 

and whether the current DoD structure empowers pro-

grams to advance DoD’s biotechnology goals. We plan to 

better understand the military’s biotechnology research 

portfolio and evaluate if DoD weighs the risks of failure 

commensurately against the potential benefits of nascent 

technologies. Finally, we want to ensure the DoD is set up 

for success and has appropriate agile governance struc-

tures in place to adapt to emerging technologies that can 

impact every aspect of the DoD’s mission, from warfight-

ing to personalized medicine. 

Improve interagency coordination 

Many Federal departments and agencies are involved 

both in formulating biotechnology policy and in sup-

porting biotechnology development. There is no single 

agency with primary or clear responsibility for developing 

and implementing a strategy for promoting and protect-

ing U.S. biotechnology advancements.35 Federal coordina-

tion is increasingly imperative as biotechnology advances 

and converges with other technologies, its applications 

broaden to a wider range of sectors, and its potential for 

misuse grows.36 

Improved coordination across Federal agencies would 

allow for cross-functional biotechnology projects that cap-

italize on strengths and reduce redundancy. For example, 

research agencies could assist regulatory agencies in hori-

zon scanning for novel products that may not fit within 

existing authorities. Coordination between research and 

regulatory agencies could also reduce bureaucratic bur-

den for developers. Regulatory agencies could alert trade 

and diplomatic agencies of biotechnology products that 

are nearing approval to prepare markets to receive the 

products. And, cooperation on outreach activities could 

improve consistency in how Federal agencies talk about 

biotechnology with the public.

We intend to identify necessary actions to ensure effective 

coordination across the U.S. Government on areas such 

as R&D, regulatory oversight, biosafety and biosecurity, 

norms and standards, education and workforce, outreach, 

Common definitions

Biological weapons (bioweapons):  living 

organisms, or substances made from living 

organisms, which are deliberately produced 

and used to cause harm.37
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and strategic planning. Toward that goal, we are identify-

ing frameworks that may serve as examples for Federal 

coordination, such as the National Quantum Initiative, the 

National Nanotechnology Initiative37,38 and the National 

Artificial Intelligence Initiative.39

Accelerate innovation and embrace 
biotechnology

The world has arrived at this critical moment for biotech-

nology following years of growth and innovation. Fifteen 

years of low interest rates40 allowed access to capital and 

supercharged private investment in biotechnology inno-

vation. Breakthrough discoveries and high degrees of 

public-private cooperation during the COVID-19 pandemic 

also contributed to the rapid pace of innovation. In 2020, 

global private investments in the biotechnology sector 

totaled more than $23 billion, a 60% increase from 2019.41 

These investments occurred alongside rapid develop-

ments in complementary fields, like artificial intelligence 

and machine learning (AI/ML), automation, robotics, and 

quantum computing. Viewed together, these develop-

ments can dramatically change the landscape of discov-

ery and accelerate the rate of innovation in biotechnology.

However, more recently, the financial environment has 

cooled, and there is less access to capital. Biotechnology 

discovery, development, and deployment are capital-in-

tensive and time-consuming. Researchers and financiers 

agree that it still takes too long and costs more than it 

could to get new products from the lab to the commercial 

market. We are considering ways the U.S. Government can 

reduce barriers at each stage.

The U.S. Government can foster innovation, for example, 

by supporting areas where biotechnology converges with 

other emerging technologies, such as AI and quantum. 

The U.S. Government already invests in both basic and 

applied R&D, and we are looking for unexplored areas 

where research may accelerate biotechnology discovery 

for specific defense and intelligence applications, particu-

larly where no other funder is likely to invest. 

The Government could support the development of flexi-

ble biomanufacturing infrastructure and other incentives 

to help lower production costs, ensuring what is invented 

here can be made here. The Commission is examining 

whether existing or new governmental tools and incen-

tives (e.g., loan guarantees, tax incentives, and public-pri-

vate ventures) are needed to stimulate industry invest-

ment in infrastructure and biomanufacturing capacity.  

We are also looking at ideas to increase American under-

standing of biotechnology, as well as ensure that Ameri-

cans who want to join the biotechnology workforce have 

access to needed skills training. 

Leverage convergence with other advancing 
technologies

Other emerging technologies such as automation, 

advanced computing, and additive manufacturing have 

the potential to enable and accelerate biotechnology 

development. For example, nanoscale quantum dots 

(extremely tiny crystals that can emit different colors of 

light), a discovery that led to the 2023 Nobel Prize in Chem-

istry,42 are being used as biosensors to detect selected 

pathogens.43

Similarly, biotechnology will play a critical role in support-

ing the maturation of other emerging technologies. For 

example, researchers are exploring DNA as a new form of 

high-density data storage as demand for storage is esti-

mated to increase by orders of magnitude by 2025.44 

The combination of different technologies and research 

areas with biotechnology is sometimes referred to as “bio-

convergence.”45 We find that U.S. Government agencies 

are not currently equipped with the policies and tools 

needed to adequately encourage, facilitate, and assess 

developments in bioconvergence to advance national 

security goals. While the U.S. Government supports several 

initiatives on emerging technologies including biotech-

nology, AI/ML, quantum, and nanotechnology, we believe 

more can be done to assess and encourage convergent 

and interdisciplinary R&D.

To successfully foster a future biotechnology landscape that 
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enables, and is enabled by, other emerging technologies, 

we will consider what policies or authorities are needed 

for agencies to more actively assess bioconvergence, fos-

ter innovation, and encourage collaboration. To guide our 

efforts, we have generated a list of emerging technologies 

and research areas of interest to explore how these may 

codevelop with biotechnology R&D (see Figure 7).

We will explore which technologies hold the greatest 

promise for codeveloping with biotechnology, and we 

will identify what policies are needed to unlock their full 

potential. These policies include promoting multidisci-

plinary research approaches and breaking down silos 

between technology areas. Ultimately, we aim to ensure 

that the U.S. Government remains the leader in biotech-

nology innovation by fully leveraging the opportunities 

presented by bioconvergence.

Support computation and data analytics for 
biology

Data analytics (e.g., AI/ML and its subdisciplines such as 

deep learning, large language models, and natural lan-

guage processing) are rapidly changing what is possible 

for research and discovery. By accurately predicting and 

modeling protein structures using AI/ML, developers can 

design molecules better, saving time and resources while 

creating more effective treatments. For example, AI/ML 

systems are accurately predicting protein structures from 

their corresponding genetic sequences,46,47 allowing drug 

developers to create more effective medications.48 

Many of these new systems for advanced data analytics 

are still in early phases of development and will continue 

to mature in sophistication and capability. We are explor-

ing whether and how these innovations raise national 

Figure 7. Convergence Areas

Computation

Enables biotech
•	 Quantum computers
•	 Human-machine 

training
•	 Advanced computing
•	 Quantum simulations

Enabled by biotech
•	 Biological computing
•	 Neural networks
•	 DNA data storage
•	 Neuromorphic 

computing
•	 Bioelectronics

Robotics

Enables biotech
•	 Automation and  

self-driving labs
•	 Precision control 

mechanisms

Enabled by biotech
•	 Nature-inspired robotics
•	 Biohybrid robots

Measurement

Enables biotech
•	 Virtual biological models
•	 Quantum sensors
•	 Physiological sensors
•	 DNA, RNA, and protein 

sequencing
•	 New sensing and 

analytical technologies
•	 Animal-free 

experimental models

Enabled by biotech
•	 Biological sensors

Advanced Manufacturing

Enables biotech
•	 Fit-for-purpose materials
•	 Virtual biological models
•	 Nanofabrication

Enabled by biotech
•	 Synthetic organs
•	 Synthetic organisms
•	 DNA, RNA, and protein 

synthesis
•	 Engineered microbes for 

chemical production
•	 Biological additive 

manufacturing
•	 Engineered organisms for 

production
•	 Bioengineered materials
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security concerns and are assessing policies to mitigate 

those concerns.49,50

Other U.S. Government entities have explored the prom-

ises and risks of AI/ML in depth.51 In contrast, we are spe-

cifically interested in policy mechanisms to help experts 

adopt advanced data analytics to responsibly accelerate 

the development of biotechnologies. We are considering 

several important components, including: 

•	 Encouraging development and implementation: 

AI/ML and other types of advanced computing can 

help many different components of biotechnology 

workflows but require collaboration and platform 

building for easier access to different tools. 

•	 Ensuring the quality and quantity of biological 

data: the data used to train algorithms will need to 

be of sufficient quality and diversity so that the soft-

ware can produce helpful results. 

•	 Exploring safeguards: advanced computing sys-

tems could be misused, and we need to understand 

what protections could or should be adopted.

Collect and leverage biological data for future 
innovation 

Biological data, including but not limited to genomic and 

other “-omics” data, phenotypic data, biological imag-

ing, and whole organism physiology, are the foundation 

of biotechnology discovery across medicine, agriculture, 

and other sectors. Such data are vital not only for initial 

discovery, but also for refining manufacturing processes, 

and gaining efficiencies along the research-to-product 

continuum. Further, data assets of adequate size, type, 

and biological diversity are necessary to realize AI/ML’s 

potential.

Biological data come with challenging policy consider-

ations that must balance openness and security. Open 

access to data is necessary for researchers to maximize 

the potential of their discoveries and accelerate innova-

tion. Data security and protection remain important for 

a variety of scenarios, including to protect personal infor-

mation, national security, and data that provide a strate-

gic economic advantage, such as company data related 

to the development of a new product. We are considering 

realistic steps to encourage innovation through findable, 

accessible, interoperable, and reusable biological data 

while also appropriately protecting information. To remain 

competitive globally, we are considering the following 

lines of investigation and policy actions:

•	 Data asset identification and sustainability: We 

are identifying and cataloging open-source, pri-

vately owned, and non-public U.S. Government 

data assets that are relevant to biotechnology and 

that contain information of value to national secu-

rity. Our goals are to identify gaps in data assets 

“The rapid progress in AI/ML 
and quantum technologies are 
propelling a significant surge in 
biotechnology advancement. 
This emerging wave of innovation 
will profoundly impact medicine, 
industry, agriculture, and defense. 
These developments will swiftly 
permeate every facet overseen 
by Congress. It is imperative for 
Congressional leaders to proactively 
address this impending wave, 
offering guidance and allocating 
necessary funding to navigate these 
changes effectively. By doing so, the 
United States can harness the full 
potential of these advancements 
for the benefit of its citizens and 
national interests.” 

— Commissioner Paul Arcangeli
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in which the U.S. Government could invest and to 

provide recommendations to improve access to 

datasets as appropriate. We also aim to offer rec-

ommendations that would promote sustained 

access to useful databases. 

•	 Interoperability: To facilitate interoperability, we 

want to understand the necessary tools to connect 

different databases. As government programs con-

tinue to generate and acquire data, it will be critical 

to ensure that data are compatible with and avail-

able for a variety of end uses.

•	 Partnerships: Data sharing collaboration is critical 

for continued and accelerated biotechnology inno-

vation. We plan to explore options to encourage 

robust relationships related to data, including pub-

lic-private, international, and government agencies 

partnerships.

•	 Security and protections: Through an analysis of 

the existing data landscape in the United States, 

we intend to consider what cybersecurity and pol-

icy tools are needed to ensure sufficient data pro-

tection. The U.S. Government maintains significant 

public databases of biotechnology-related data, 

but the use and integrity of these databases need 

attention.52 We will consider research into cyber 

attacks on private systems with valuable biologi-

cal data to identify patterns and threats.53 Specific 

data types (e.g., human genomic data, data from 

wearable digital health devices, and biomedical 

research data) pose security and privacy concerns 

and lack standards to promote safe storage and 

sharing.54 We plan to analyze if current privacy 

laws, such as the Health Insurance Portability and 

Accountability Act (HIPAA), are sufficient to ensure 

we are protecting critical information about every 

American. To inform our policy recommendations, 

we plan to review global policies on data sharing 

and research regarding data that do not fall under 

existing security frameworks. 5556575859

Scan the horizon for new and emerging 
technologies

To maintain a competitive advantage on the global stage, 

the U.S. Government must identify emerging biotech-

nologies and be prepared to act on opportunities those 

technologies create. Horizon scanning, a practice used to 

identify opportunities and risks associated with emerging 

technologies, can offer those insights. However, we have 

seen that horizon scanning practices and capacity are 

not always consistent and adequate across agencies, and 

existing biotechnology horizon scanning practices may 

not always be conducted in a way that is oriented toward 

specific goals or that helps an agency accomplish its mis-

sions. There are several groups that have elucidated meth-

odologies for horizon scanning,60,61,62 and  the U.S. Govern-

ment has also undertaken several efforts in science and 

technology horizon scanning.63

China’s data fusion 

The People’s Republic of China (PRC) has a holis-

tic, government-led approach to data generation, 

storage, and analysis. This coordination includes 

leveraging data from companies within the PRC, 

U.S. open-source resources, and data generation 

activities globally, including in low- and middle- 

income countries where there are significant 

data gaps.55, 56 For example, the BGI Group, which 

has a demonstrated history of collaboration with 

the PRC military,57 collected massive amounts 

of genetic information from around the world 

during the COVID-19 pandemic.58, 59 Stakeholders 

and U.S. Government officials note that it is diffi-

cult, if not impossible, to know how these data are 

being used and combined with other data by the 

PRC. As a result, it is challenging to understand 

the threats this data fusion may present.
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We and others have identified three deficiencies that may 

be addressed through future policy recommendations: 64,65

•	 Ineffectiveness of horizon scanning activities: 

Federal agencies do not consistently or effectively 

conduct horizon scanning to identify relevant 

opportunities presented by emerging biotechnol-

ogies. This limits the U.S. Government’s ability to 

prepare for technology advances and best position 

itself to take advantage of new capabilities. In addi-

tion, agencies do not always have visibility into, or 

awareness of, emerging biotechnologies that might 

address their national security concerns, especially 

when those technologies are developed without 

U.S. Government involvement.

•	 Lack of deliberation and planning when applying 

horizon scanning: Many Federal agencies have not 

identified specific situations where biotechnology 

horizon scanning will be effective and valuable, nor 

have they established end goals to justify horizon 

scanning. We want to ensure that U.S. Government 

agencies employ horizon scanning with intention.

•	 Lack of expert participation: We have heard the 

need for Federal agencies to engage with experts 

to develop national security recommendations. 

Appropriately incorporating non-governmental 

subject matter expertise will ensure that the U.S. 

Government has a complete set of information 

regarding research questions and opportunities.

Fund opportunities for innovative research

The Commission believes there is a thriving biotechnology 

innovation ecosystem in the United States that should 

not only be maintained but strengthened. We have heard 

from several sources that diverse U.S. Government funding 

opportunities to pursue groundbreaking biotechnology 

research are critical components of maintaining our cur-

rent pace of innovation. Several Federal agencies includ-

ing DoD, USDA, DOC, National Institutes of Health (NIH) 

within HHS, Department of Energy (DOE), and National 

Science Foundation (NSF) have specific research funding 

for biotechnology that include both basic research and 

technology-driven funding calls (see Table 2). 

“In the age of advanced computing, 
having access to biological data 
provides a critical strategic advan-
tage. The U.S. must make use of and 
maintain the data it has, incorporate 
new data into existing systems, and 
design systems with adaptability for 
future uses in mind.” 

— Commissioner Alexander Titus



National Security Commission on Emerging Biotechnology  |  Interim Report    27

Table 2: Illustrative Examples of Biotechnology Funding in the U.S. Government

Federal 
Agency

Funding Opportunity Description

DoD Defense Advanced Research Proj-

ects Agency (DARPA)-Biological 

Technologies Office (BTO)66

An end-goal driven funding mechanism where program staff pursue 

breakthrough research for DoD. Other Federal agencies have adopted 

the DARPA model, including HHS (Advanced Research Projects Agency 

for Health [ARPA-H]), DOE (Advanced Reseach Projects Agency-Energy 

[ARPA-E]), USDA (Agriculture Advanced Research and Development 

Authority [AgARDA]) and the Office of the Director of National Intelli-

gence (Intelligence Advanced Research Projects Activity [IARPA]). BTO 

harnesses biology to develop innovative technologies.

Multidisciplinary University 

Research Initiative (MURI) 

Program67

Meant to accelerate innovation through multidisciplinary research. 

The goal is to encourage convergent research that will have specific 

national security applications.

NSF Regional Innovation Engines68 A program within the Directorate for Technology, Innovation and Part-

nerships (TIP), each Engine is built to foster regional innovation in tech-

nology development and partnerships across sectors. As of December 

2023, 14 development awards were given to biotechnology-related 

consortia, and two proposed biology-related Engines were selected as 

finalists. 

DOC Regional Innovation and  

Technology Hubs (Tech Hubs)69￼  

A program within the Economic Development Administration that is 

meant to fund regional capacity toward emerging industries such as 

biotechnology. Through capacity building, the programs spur regional 

innovation, manufacturing, and deployment of new technologies.

Manufacturing USA70 Within Manufacturing USA, three Manufacturing Innovation Institutes 

(MIIs) are specifically focused on biotechnology: BioFabUSA, working 

on methods related to cell and tissue culture; 71 the National Institute 

for Innovation in Manufacturing Biopharmaceuticals (NIIMBL); 72  and 

the Bioindustrial Manufacturing and Design Ecosystem (BioMADE).73 

The MIIs work with and fund interested public and private entities to 

advance innovative manufacturing. The DoD provides funding for Bio-

FabUSA and BioMADE; the DOC provides funding for NIIMBL.

This table is not meant to be exhaustive and does not include all funding calls or mechanisms that exist.
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We continue to learn about new mechanisms that can be 

adopted to encourage a strong biotechnology innovation 

ecosystem or address research gaps. We are particularly 

interested in exploring innovation models that have been 

successful in more discrete areas, such as engaging with 

foreign partners, investing at the state and regional level, 

partnering with philanthropies, and providing opportuni-

ties within biotechnology incubators.747576

Protect sensitive technological information import-
ant to U.S. national security 

Innovation and technology maturation rely on protection 

of intellectual property to assure ownership, control, and 

returns on intellectual capital. The evolution of knowledge, 

scientific findings, and intellectual property from dis-

covery to application requires a careful balance between 

security and collaboration.77 

Intellectual property protection takes on additional impor-

tance when critical technologies, like biotechnologies, are 

lost to foreign competitors and threaten U.S. economic 

competitiveness and national security.78 The illicit trans-

fer of intellectual property disincentivizes innovation as 

individuals and companies no longer benefit from their 

original work. Intellectual property theft of emerging tech-

nologies and national security assets could also lead to for-

eign military advantages.

For example, the PRC has targeted American critical 

technology and established a variety of methods to gain 

access to technologies critical to national security. The licit 

and illicit means of technology transfer include foreign 

direct investment, venture capital investments, joint ven-

tures, licensing agreements, cyber espionage, and talent 

acquisitions.79

We plan to further examine how discoveries are captured 

by competitors and whether new policies may be neces-

sary to protect biotechnology innovations. We will eval-

uate means of intellectual property protection and their 

limitations, including export controls, foreign investment 

restrictions, visa controls, research security, and others.

Build an ecosystem conducive to innovation 

Scaling a discovery into a final product is difficult, and 

many novel ideas do not transition into commercial 

products. The process to create a new product or tech-

nology involves several steps, including discovery, devel-

opment of prototypes, scaling, and sustained production 

(see Figure 8).

We plan to examine the necessary attributes of ecosys-

tems in which more innovators can discover, scale, and 

commercialize novel ideas. Stakeholders confirmed to us 

that scientists, management professionals, and investors 

must collaborate for a product to find success.

Even with the right combination of sound science, good 

management, and sufficient funding, other hurdles may 

stand in the way of commercial success. We intend to 

examine these bottlenecks, whether they result from 

the pace of regulatory decisions, market failures, or other 

causes. We also plan to examine current mechanisms 

that support the transition from discovery through com-

mercialization and whether these mechanisms are ade-

quately resourced. For example, the CHIPS and Science 

Preserving data for posterity

Some valuable government data assets are not 

accessible due to lack of continued funding. One 

example is the multi-omic, multi-species data 

from the Defense Advanced Research Projects 

Agency (DARPA) Technologies for Host Resilience 

(THoR) and Prometheus programs.69, 70 DARPA 

ended the programs without transferring data to 

an organization with persistent resources to sup-

port their preservation. The DoD has stated that 

once a DARPA program ends, any acquired data 

should not be submitted into open or govern-

ment-sponsored data repositories, therefore lim-

iting the ability to maintain important datasets.71
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Act supports technology transfer offices, the creation of 

Collaborative Innovation Resource Centers, and work-

force development for entrepreneurial students and 

faculty.

Expand domestic infrastructure 

As more biotechnologies mature and come to market, 

we will need increased manufacturing infrastructure. 

We have learned that companies need different types 

of infrastructure at each scale and that each process 

must be tested and proven at different scales. This infra-

structure varies by sector, as vaccine production infra-

structure is different from food or chemical production 

infrastructure. 

We learned that access to appropriate infrastructure is a 

recurring challenge for many companies. For example, 

companies looking to secure financing must demon-

strate success on a pilot scale, but American companies 

often go overseas to test their products before scaling up 

production due to scarcity of domestic pilot-scale facili-

ties.80,81 We are exploring recommendations that would 

enable both more pilot- and commercial-scale production 

in the United States. 

Create a resilient supply chain through 
biomanufacturing

Domestic biomanufacturing can improve resilience by 

creating redundancies within the supply chain and secur-

ing U.S. access to essential chemicals.82 Major U.S. chem-

ical manufacturing companies are already embracing 

biotechnology to provide alternative pathways to mak-

ing critical materials with novel properties and lower car-

bon footprints. Building biomanufacturing facilities near 

sources of biomass reduce the need to move supplies 

throughout the supply chain,83 making supply chains 

more efficient for domestic biomanufacturing. 

U.S. Government action in support of domestic biomanu-

facturing could help ensure American innovations create 

American economic opportunity and increase resilience 

to geopolitical shocks. 

We have found that biomanufacturing faces barriers to 

innovation because of regulatory questions, inefficient 

biological yields, lack of standardization, and difficult scal-

ing processes (see Figure 9 on page 31).84,85 Recent failures 

and stagnation in certain sectors highlight the need for 

manufacturing that will optimize processes, lower cost, 

and enable the workforce.86,87 We are evaluating how to 

improve manufacturing in the U.S. biotechnology indus-

try, including:

•	 development of standards and metrics in 

biomanufacturing;88

•	 smart manufacturing and computer modeling;89

•	 research into bioprocess optimization and scaling;90

•	 standardization and automation of equipment;91

•	 data sharing between processes and facilities;92

•	 increasing biomanufacturing infrastructure and 

capacity;

•	 non-model organism R&D;93 and 

•	 shifting infrastructure models from large, single 

production facilities to smaller, regional, or more 

flexible facilities.

“Advancing biomanufacturing in the 
United States is key to strengthening 
our national security. Biomanufac-
turing can scale up the innovations 
happening in laboratories across 
America, diversify our supply chains, 
and provide good paying jobs 
to workers with diverse skill sets 
throughout the country.” 

— Representative Ro Khanna 
(California, District 17)
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Promote biotechnology education to increase bio-
literacy and bolster the biotechnology workforce

As biotechnology usage expands, building widespread 

bioliteracy will stimulate interest in biotechnology careers. 

Expanded bioliteracy will also help consumers to make 

educated assessments about biotechnologies for a wide 

range of applications. We plan to identify best practices to 

engage and educate the public about the benefits of bio-

technology and to examine U.S. Government partnerships 

with public libraries, museums, national parks, and other 

spaces to expand opportunities for community engage-

ment and education. 

Our goals of enabling growth in the biotechnology sector 

and increasing public bioliteracy require intentional devel-

opment of a talent pipeline, from K-12 education to pro-

fessional training (including whether an individual seeks 

vocational training or pursues graduate studies). The U.S. 

education system, at all levels, should recognize biology 

instruction as our earliest opportunity to train future bio-

technology sector workers and to raise the overall level of 

national bioliteracy. 

Various reports have highlighted the importance of build-

ing capacity for training a larger U.S. biotechnology work-

force.94,95,96 However, quantitative data on the number of 

current jobs in the biotechnology industry, and the avail-

ability of qualified applicants to fill them, are limited and 

insufficient to make informed estimates on future work-

force needs. We are looking at ways to catalog and quan-

tify the types of jobs and workers needed across different 

biotechnology sectors (including health, medicine, agri-

culture, environment, and energy) to better understand 

the current workforce for each sector, make projections 

for future needs, and develop specific and strategic policy 

recommendations.

After engaging with education experts and practitioners, 

we are identifying talent development strategies and 

learned that promoting student awareness and interest 

in biotechnology careers starts with early engagement at 

Figure 8. Production Process: From Idea to Products

Discovery Development Prototype Scale

Defining the biotechnology workforce

The National Center for Science and Engineering 

Statistics recently expanded its definition of the 

STEM workforce and estimated that of the 146.4 

million people in the U.S. workforce, 34.9 million 

(24%) were employed in STEM occupations in 

2021.89 The Bureau of Labor Statistics employs 

North American Industry Classification System 

(NAICS) codes to collect data on workforce, but 

codes for biotechnology and biomanufacturing 

are not comprehensive. Developing NAICS codes 

specific to the biotechnology industry will more 

accurately capture the current number of jobs 

across different sectors of biotechnology and 

inform projections for the future workforce needs. 
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the K-12 level. Experts and professionals have shared how 

internships and apprenticeships provide students with 

opportunities for meaningful hands-on training and learn-

ing experiences and provides a pathway to biotechnology 

careers. We are considering how to support biotechnology 

training programs to build critical talent pipelines for the 

biotechnology industry. Moreover, we plan to hear from 

academic institutions, including community colleges, 

vocational and technical schools, minority-serving insti-

tutions, and land-grant universities about how to best 

engage students and amplify opportunities to develop 

talent for future biotechnology careers. 

Workforce development experts have reported challenges 

training the next generation of skilled technical workers 

to support the biotechnology industry. We are examin-

ing strategies to cultivate domestic biotechnology talent 

across different geographic regions of the United States as 

well as strategies to attract and retain foreign STEM talent. 

We understand that an overall lack of training programs 

for bioprocessing and biomanufacturing severely limits 

the number of skilled technical workers available to fill 

jobs in those spheres. For instance, while there are asso-

ciate degree programs for entry-level technician jobs in 

small molecule manufacturing, there are few such degree 

or certification programs for cell and gene therapy man-

ufacturing. There is also a limited number of qualified 

bioprocessing and biomanufacturing instructors in U.S. 

academia, contributing to a skills mismatch in industry 

when students ultimately enter the workforce.

We plan to explore how the U.S. can expand existing pub-

lic-private partnerships such as BioMADE, BioFabUSA, 

and NIIMBL. We will also explore opportunities to bolster 

industry-academia collaboration that can improve train-

ing and education, build capacity where needed, and 

develop a skilled biotechnology workforce. As techniques 

and methodologies evolve, providing workers with train-

ing opportunities to up-skill or re-skill will create a nim-

ble workforce that can advance with the industry. We are 

also considering options for increased Federal support for 

biotechnology apprenticeships and training programs at 

community colleges, technical, and vocational schools. 

Figure 9. Potential Barriers for a Company Seeking to Scale a Biotech Product

“Biomanufacturing is the next great 
American industry. A vibrant private 
sector and thriving bioeconomy will 
create jobs, power innovation, and 
ensure sustainability. By capitalizing 
on new biotechnology opportunities, 
we’ll be able to tackle challenges 
facing our nation and our security.” 

— Commissioner Eric Schmidt

Workforce skills 
may not meet 

current or future 
biotechnology 

needs

Manufacturing 
capacity in the 
United States is 

limited

Regulatory 
pathways may be 

unclear or slow

Financing 
shortfalls exist 

for scaling 
infrastructure

Raw materials 
could have quality 
or quantity issues

Technology to 
develop product 

may be inaccessible 
or immature



32    National Security Commission on Emerging Biotechnology  |  Interim Report

Protect against misuse and promote norms 
for responsible use 

As new biotechnologies emerge and paint an exciting 

picture for the future, it is important to recognize that this 

technology can cause harm, both through its misuse and 

through unintended consequences. With a responsibility 

to protect the American people, the United States should 

be at the forefront of global efforts to anticipate, prevent, 

and mitigate harm stemming from advancements in bio-

technologies. Existing forms of oversight are insufficient 

to address ethical and legal considerations; for exam-

ple, human genome editing or the redrawing of the line 

around what constitutes a bioweapon. The Commission 

believes that continued, proactive conversations on the 

responsible development and use of biotechnologies are 

warranted to prevent harm and to ensure that our nation 

realizes the technology’s many opportunities.

The Commission has collected a variety of perspectives 

about how governance and regulatory frameworks must 

evolve to responsibly advance and secure the develop-

ment of biotechnologies, biomanufacturing, and associ-

ated technologies. As we consider any changes in the U.S. 

governance landscape for emerging biotechnology, we 

will focus on how to prevent the misuse of biotechnolo-

gies while also identifying and promoting norms around 

responsible innovation. 

Prevent, detect, and respond to misuse

The Commission is examining the potential ways that mis-

use of emerging biotechnologies may strain existing gov-

ernance capabilities, such as by lowering barriers to access 

to technology that could be used to cause harm, or that 

increase the likelihood of the creation of bioweapons.97 

Changes may be needed to strengthen governance sys-

tems to deter, detect, and defend against the deliberate or 

accidental misuse of these technologies. We are engaging 

with a broad set of stakeholders to determine what spe-

cific organizational changes or policy options would help 

the United States prepare for a variety of threat vectors. 

Emerging technologies may themselves provide the tech-

nical capabilities to preempt, detect, and mitigate mis-

use concerns, and we are actively exploring ways that the 

Commission may further encourage the development 

and implementation of these technologies. For example, 

wastewater surveillance could help with early detection of 

biological threats. 

We plan to explore best practices for responsible innova-

tion that prevents misuse. For example, there are currently 

no codified best practices for DNA synthesis screening or 

development of hardware and software safeguards within 

synthesizers. We plan to assess options for codifying those 

best practices, including identifying private and govern-

ment stakeholders responsible for implementing the best 

practices.

Promote reasonable and responsible governance 

While rapid growth in biological data, knowledge, and 

technologies comes with a host of opportunities, wider 

accessibility presents unique risks. These risks are exacer-

bated by factors ranging from cybersecurity concerns98 

to decreasing input costs for technologies such as DNA 

synthesis. 

Earlier in this report, we articulated the Commission’s 

interest in convergence of nascent technologies. During 

initial conversations with a broad cross-section of stake-

holders, we learned about the risks associated with the 

convergence of biology and other emerging technolo-

gies and the significance of the United States’ strategic 

competition with other countries in this space such as 

the PRC.99 

The proliferation of biotechnologies featuring smaller 

footprints could make centralized oversight more difficult, 

underscoring the importance of surveillance methods 

that may be more effective despite wider distribution. In 

this context, the Commission recognizes the importance 

of the United States’ leading the international community 

in a cooperative effort designed to promote peaceful, safe, 

and secure uses of biotechnology. 
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We are considering paths forward including:

•	 collaborating with industry and federal leaders 

to build more resilience and self-sufficiency into 

domestic supply chains and data storage systems; 

and

•	 connecting with allies and partner countries on leg-

islative approaches to biotechnology misuse cases, 

highlighting common challenges, and encouraging 

international dialogue.

Engage with those guiding innovation

Threats to the United States arising from advances in 

biotechnology come not only from foreign state and 

non-state actors but also from accidents that will inevi-

tably occur as the technology is developed and deployed. 

Moreover, apart from the risk of accidental or malicious 

misuse of biotechnologies, our current governance sys-

tems may fail to prevent harming, marginalizing, or 

leaving behind vulnerable people.100,101,102 Tensions with 

countries like the PRC around emerging biotechnology 

are not only about who leads innovation in this field but 

also reflect a competition over different beliefs regarding 

what good innovation looks like and how and what types 

of societies it serves.103 

As the landscape of emerging biotechnology continues to 

shift and grow, the Commission believes in the need for 

governance systems to evolve appropriately alongside it. 

To do so, we first plan to better understand the relation-

ship between public trust and the means and methods 

of biotechnology innovation, and use that understanding 

to build policy and legislative options to strengthen trust 

between biotechnology developers, the public, and oth-

ers. Our potential paths forward include:

•	 understanding the unintended past and potential 

harms of biotechnology, particularly to populations 

who may have experienced disproportionate levels 

of harm; 

•	 identifying specific examples where ethical guard-

rails may be needed in biotechnology research or 

application; and

•	 evaluating specific incentives for biotechnology 

users, researchers, and developers to participate in 

governance development and implementation.

Ensure governing frameworks are adaptable

We intend to highlight the real-world experience of prac-

titioners who carry out the day-to-day tasks of governing 

misuse. As we explore potential recommendations to mit-

igate misuse and encourage responsible innovation, we 

will seek to incorporate the expertise of all relevant prac-

titioners, from lab bench workers and operations manag-

ers to academic researchers and intelligence community 

professionals.

We have learned that companies and research groups in 

areas of emerging biotechnology are actively testing ways 

to create adaptive governing capacity on biosafety, biose-

curity, and ethical concerns, even without Federal incen-

tives to do so. One example is the development of systems 

for screening gene sequences being synthesized to check 

“Much of the fundamental biotech-
nology used in the world today 
was catalyzed by innovations in the 
United States. In order to remain 
leaders as the field of biotechnology 
continues to advance in ways that 
affect so many aspects of our lives, 
from health to energy and the 
environment, it is imperative that we 
continue to engage the public sector 
and encourage the future workforce 
in this emerging field and economy.” 

— Commissioner Angela Belcher
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not only for known pathogens but also other “sequences 

of concern.” 

Over the next year, we will examine how biotechnologies 

or other emerging technologies impact the ease of misuse 

scenarios. We will also consider scenarios to test how exist-

ing proposals and recommendations could fail, including 

cases of insufficient resources, oversight, and coordination 

between and within government agencies. 

“The United States has high ethical 
and moral standards, and it is crucial 
that these are applied to the fields 
of biotechnology and the emerging 
bioeconomy. The United States must 
be a leader in this area as we work 
to secure threats to our national 
security.”

— Representative Stephanie Bice 
(Oklahoma, District 5) 
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Looking ahead 

The Commission recognizes its unique platform as a leg-

islative entity with the authority to not only gather and 

analyze information but also to produce substantive pol-

icy reports and recommendations. For the remainder of 

our authorization, we intend to drive the U.S. Government 

towards policies and practices that best leverage Ameri-

can biotechnology and biomanufacturing to bolster our 

national security. 

As we continue our work, we invite you to engage 

with us and share feedback to inform our recom-

mendations. To contact the Commission, please 

visit https://www.biotech.senate.gov or email us at 

ideas@biotech.senate.gov.

https://www.biotech.senate.gov
mailto:ideas@biotech.senate.gov
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The Commission initiated a concerted stakeholder 

engagement effort in May 2023. As of mid-November 

2023, that effort included contact with the following Fed-

eral government entities. We assert that this contact is just 

the beginning of an extensive effort to meet and work with 

a wide range of Federal, state, and international govern-

ment entities, as well as entities in industry, academia, and 

elsewhere, to further our understanding of biotechnology 

opportunities and challenges in order to form our recom-

mendations. This outreach will continue throughout the 

duration of the Commission.

Department of Defense 

•	 United States Army

•	 Department of the Navy

•	 Office of the Secretary of Defense (DoD 

Manufacturing Technology Program) 

•	 Office of the Undersecretary of Defense (Acquisition 

and Sustainment)

•	 Office of the Undersecretary of Defense 

(Intelligence and Security)

•	 Office of the Undersecretary of Defense (Research 

and Engineering)

•	 Office of Net Assessment

•	 Defense Intelligence Agency

•	 Defense Innovation Unit

•	 Defense Sciences Board 

•	 Joint Program Executive Office for Chemical, 

Biological, Radiological and Nuclear Defense

Department of State 

•	 Bureau of Intelligence and Research

•	 Bureau of International Security and 

Nonproliferation

•	 Office of Science and Technology Cooperation

•	 Office of the Special Envoy for Critical and Emerging 

Technology

Department of Justice

•	 Federal Bureau of Investigation

Department of Agriculture

•	 Agricultural Research Service

•	 Foreign Agricultural Service

•	 National Institute for Food and Agriculture

•	 Office of the Secretary

•	 Office of the Chief Economist

•	 Office of the Chief Scientist

•	 Rural Business-Cooperative Service

Department of Commerce

•	 Economic Development Administration

•	 National Institute for Standards and Technology

•	 Bureau of Industry and Security

Department of Health and Human Services

•	 Administration for Strategic Preparedness & 

Response

•	 Food and Drug Administration

•	 National Institutes of Health

•	 Advanced Research Programs Agency for Health

Department of Energy

•	 Lawrence Berkeley National Laboratory

Appendix I: NSCEB Federal agency 
engagement 
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•	 Lawrence Livermore National Laboratory

•	 Los Alamos National Laboratory

•	 National Renewable Energy Laboratory

•	 Office of Energy Efficiency and Renewable Energy

•	 Pacific Northwest National Laboratory

•	 Sandia National Laboratories

Department of Homeland Security

•	 Cybersecurity and Infrastructure Security Agency

Environmental Protection Agency

•	 Office of Pesticide Programs

Executive Office of the President

•	 Office of Management and Budget 

•	 Office of the United States Trade Representative

•	 Office of Science and Technology Policy

•	 National Security Council

Office of the Director of National Intelligence

Central Intelligence Agency

National Science Foundation
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Recognizing that food security and agricultural supply chains are key elements of national security, the Commission devel-

oped the following three legislative proposals: the Agriculture and National Security Act, the Biotechnology Oversight Coor-

dination Act, and the Agricultural Biotechnology Coordination Act. These proposals are intended to lay the groundwork for 

further recommendations. 

Securing agricultural production and supply chains

Designated as critical infrastructure104, U.S. agricultural systems are complex, integrated networks that have many potential 

failure points and that are often a target of efforts by the People’s Republic of China to strengthen its own agricultural sys-

tems.105 This bill recognizes the importance of identifying and mitigating threats to food and agriculture, particularly with 

regard to emerging technologies, by instructing the U.S. Department of Agriculture (USDA) to identify and resolve any gaps 

or limitations related to food and agriculture in existing Federal national security efforts. Specifically, the bill has USDA con-

sider such issues as the influence of state-owned enterprises; foreign acquisition of intellectual property, agricultural assets, 

and land106,107; and supply chain and trade disruptions. 

The bill would also establish a Senior Advisor for National Security in the USDA Office of the Secretary to work in partnership 

with the USDA Office of Homeland Security to elevate these issues, interact with national security agencies, and advise the 

Secretary of Agriculture. While some previous USDA Senior Advisors have had national security in their portfolio, this would 

be the first time such a position would be required in statute. 

The Agriculture and National Security Act 

To improve connections between the Department of Agriculture and national and homeland security agencies, and for other 

purposes. 

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,

SECTION 1. SHORT TITLE.

This Act may be cited as the “Agriculture and National Security Act”.

SEC. 2. SENSE OF CONGRESS RELATING TO AGRICULTURE AND NATIONAL SECURITY.

It is the sense of Congress that there are increasingly robust federal activities to address homeland security vulnerabilities 

across the food and agriculture sector, including with regard to agriculture and food defense, critical infrastructure, emer-

gency management, and high consequence and catastrophic events; however, additional efforts are needed to identify 

national security vulnerabilities related to food and agriculture, particularly with regard to emerging technologies. 

SEC. 3. NATIONAL SECURITY.

(a)	 In General.—In recognition that food and agriculture are critical to the national security of the United States, the 

Appendix II: Proposed legislative text
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Secretary of Agriculture (referred to in this Act as the “Secretary”) shall prioritize national security in addition to 

homeland security in the Department of Agriculture (referred to in this Act as the “Department”), including by 

increasing the number of staff at the Department with security clearances and access to classified systems and 

networks.

(b)	 Senior Advisor for National Security.— 

(1)	 Appointment.—Not later than 180 days after the date of enactment of this Act, the Secretary shall—

(A)	 establish within the Office of the Secretary the position of Senior Advisor for National Security (referred to in 

this Act as the “Senior Advisor”); and

(B)	 appoint an individual to the position of Senior Advisor.

(2)	 Duties.—The Senior Advisor shall, in coordination with and complementary to the duties of the Office of 

Homeland Security of the Department— 

(A)	 serve as the principal advisor to the Secretary on national security;

(B)	 act as the primary liaison on behalf of the Department with the National Security Council and other Federal 

departments and agencies in activities relating to national security;

(C)	 coordinate national security activities across the Department, including to ensure that national security 

concerns are integrated into the Department’s homeland security activities, wherever appropriate; and

(D)	 communicate with stakeholders to identify national security vulnerabilities and risk mitigation strategies 

relevant to food and agriculture.

(c)	 Interagency Coordination.—Section 221(e) of the Department of Agriculture Reorganization Act of 1994 (7 U.S.C. 

6922(e)) is amended by adding at the end the following:

“(3) Detailees authorized.—The Secretary may provide detailees to and accept and employ personnel detailed from 

defense, national and homeland security, law enforcement, and intelligence agencies, with or without reim-

bursement, to improve information sharing, vulnerability identification, and risk mitigation related to food and 

agriculture.”.

(d)	 Biennial Reports.—Section 221 of the Department of Agriculture Reorganization Act of 1994 (7 U.S.C. 6922) is 

amended by adding at the end the following:

“(f) Biennial Reports.—Not later than 180 days after the date of enactment of this subsection, and not less frequently 

than once every 2 years thereafter, the Secretary shall submit to Congress and the National Security Council a report 

that includes—

(1)	 from the Department’s perspective, an assessment of any gaps or limitations in national security efforts related 

to food and agriculture in the United States, including—

(A)	 influence of foreign state-owned enterprise; 

(B)	 control of and access to agricultural data; 

(C)	 foreign acquisition of intellectual property, agricultural assets, and land; 

(D)	 agricultural input shortages and dependance on foreign-sourced inputs; 

(E)	 supply chain and trade disruptions; 

(F)	 science and technology cooperation; 



National Security Commission on Emerging Biotechnology  |  Interim Report    41National Security Commission on Emerging Biotechnology  |  Interim Report    41

(G)	 unequal investments in research, development, and scale-up; 

(H)	 incongruent regulatory policies; and 

(I)	 other vulnerabilities throughout food and agriculture, particularly with regard to emerging technologies; 

(2)	 the actions taken by the Secretary to address any gaps or limitations identified under paragraph (1), including 

through interagency coordination, threat information sharing, and stakeholder outreach; 

(3)	 policy recommendations, including recommendations for executive actions and legislative proposals— 

(A)	 to reduce any gaps or limitations identified under paragraph (1), and 

(B)	 to address any identified vulnerabilities with respect to the gaps or limitations identified under paragraph 

(1); and

(4)	 resources the Department requires to address current and future national security vulnerabilities related to 

food and agriculture.”

Coordinating regulation of biotechnology products

Biotechnology developers have cited a longstanding need for regulatory efficiency and clarity. This bill would, for the first 

time in the nearly 40-year history of U.S. biotechnology regulation, require in statute that the Office of Science and Tech-

nology Policy coordinate biotechnology oversight. The bill would establish a coordination committee across Federal agen-

cies responsible for biotechnology oversight, building toward a truly coordinated U.S. regulatory system for biotechnology. 

Through this coordination committee, agencies would provide Congress with information needed for further regulatory 

improvement. The bill would instruct the committee to develop a unified process for regulation of biotechnology products 

that could have occurred naturally or with conventional breeding, and to consider how to incorporate this unified process into 

agency oversight. The bill would also instruct the committee to identify characteristics that may reduce risk of producing sub-

stances intended for extraction (i.e., molecular farming and precision fermentation) in plants, animals, and microorganisms. 

As described above, the Commission is considering further recommendations to improve the U.S. biotechnology regulatory 

system and how regulation by trading partners affects U.S. biotechnology companies. 

The Biotechnology Oversight Coordination Act 

To establish an interagency committee to coordinate activities of the Federal Government related to biotechnology oversight, 

and for other purposes. 

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,

SECTION 1. SHORT TITLE.

This Act may be cited as the “Biotechnology Oversight Coordination Act”.

SEC. 2. FINDINGS, PURPOSE.

(a)	 Findings.—Congress finds that— 

(1)	 biotechnology harnesses the power of biology to create new products and provides opportunities to grow the 

United States economy, provide jobs for a skilled workforce, improve resilience of supply chains, and improve 

the quality of human lives and the environment; and 
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(2)	 a science-based, risk-proportionate, predictable, efficient, and transparent system to support the safe use of 

products of biotechnology will enable the United States to continue to be a world leader in biotechnology 

research and development.

(b)	 Purpose.—The purpose of this Act is to coordinate and enhance the efforts of the Federal Government under the 

Coordinated Framework for Regulation of Biotechnology to protect health and the environment while enabling 

development, commercialization, and safe use of products derived from plants, animals, and microorganisms 

developed with biotechnology.

SEC. 3. BIOTECHNOLOGY OVERSIGHT COORDINATION COMMITTEE.

(a)	 Establishment of Committee.—

(1)	 In General.—The President, acting through the Office of Science and Technology Policy and the Office of 

Management and Budget, shall establish an interagency committee to coordinate activities of the Federal 

Government related to biotechnology-specific regulation and oversight (in this section referred to as the 

“Committee”).

(2)	 Charter.—Not later than 90 days after the date of the enactment of this Act, the Committee shall make pub-

licly available on the Unified Website for Biotechnology Regulation developed pursuant to Executive Order 

13874 (relating to modernizing the regulatory framework for agricultural biotechnology products) (in this sec-

tion referred to as the “Unified Website”) a ratified charter for the operation of the Committee; this initial charter 

may be expanded upon or modified by the Committee as needed.

(b)	 Membership.—The Committee shall be composed of the heads, or their designees, of agencies responsible for bio-

technology oversight, including—

(1)	 the Animal and Plant Health Inspection Service, the Agricultural Marketing Service, and the Food Safety and 

Inspection Service of the Department of Agriculture;

(2)	 the Food and Drug Administration and the National Institutes of Health of the Department of Health and 

Human Services;

(3)	 the Environmental Protection Agency;

(4)	 the Office of Management and Budget;

(5)	 the Office of Science and Technology Policy; and

(6)	 other Federal agencies or entities as determined appropriate by the Chair of the Committee.

(c)	 Chair.—The Director of the Office of Science and Technology Policy shall serve as the Chair of the Committee.

(d)	 Regulatory Streamlining.—The Committee shall expand build upon efforts to coordinate biotechnology oversight, 

including through measurable steps to:

(1)	 align or clarify regulatory timelines, approaches, and data requirements;

(2)	 facilitate information sharing between regulatory agencies, notwithstanding other provisions of law; 

(3)	 identify an initial point of contact for each type of biotechnology product, including emerging products, and 

clear hand-offs from one process or agency to another;

(4)	 identify and minimize any areas of delay relative to established timeframes, including by reducing duplicative 

review and building upon prior reviews to the maximum extent possible; and
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(5)	 conduct periodic horizon scanning for emerging biotechnology processes and products to ensure appropriate 

oversight.

(e)	 Report to Congress.—Not later than one year after the date of the enactment of this Act, and annually thereafter, 

the Committee shall submit to Congress and make publicly available on the Unified Website the following:

(1)	 Measurable actions taken and next steps to address paragraph (c), with description of successes, specific staff-

ing and resource needs, and recommendations for removing any identified barriers, including changes to stat-

utes, regulations, or guidance.

(2)	 A summary of oversight duration from initial contact with the developer to a decision for biotechnology prod-

ucts during a minimum of five fiscal years preceding the date of the report, indicating the type of product, 

type(s) of review, and the agency or agencies that reviewed that product, with explanation of timelines where 

needed.

(f)	 Unified Process.—Not later than 180 days after the date of the enactment of this Act, and annually thereafter, the 

Committee shall submit to Congress and make publicly available on the Unified Website the following:

(1)	 A singular, unified process to identify whether a plant, animal or microorganism produced with biotechnology 

could reasonably have occurred naturally or been developed by conventional means (i.e., resulting in genetic 

sequences that are present in the organism’s gene pool or that could have arisen through natural mutation 

mechanisms), taking into account existing agency assessments where appropriate.

(2)	 Measurable actions the Committee and any member of the Committee will take to implement or consider 

the unified process in subparagraph (1) in their oversight of biotechnology products, taking into account that 

organisms identified via the process in subparagraph (1) would continue to be regulated with product-specific 

oversight.

(3)	 Actions taken and progress made with respect to subparagraph (2).

(g)	 Molecular Farming and Precision Fermentation.—Not later than 180 days after the date of the enactment of this 

Act, and annually thereafter, the Committee shall submit to Congress and make publicly available on the Unified 

Website the following:

(1)	 Characteristics of organisms that may increase risk pathways or otherwise hinder production of substances 

intended for extraction.

(2)	 Characteristics of organisms that may reduce risk pathways associated with production of substances intended 

for extraction.

(3)	 Conditions that are useful for containing or segregating organisms produced with biotechnology that may 

reduce risk pathways associated with production of substances intended for extraction.

(4)	 Examples of organisms that fit some or all of the characteristics under subparagraph (2) and that are amenable 

to some or all of the conditions under subparagraph (3).

(5)	 Measurable actions the Committee and any member of the Committee will take to implement or consider the 

characteristics under subparagraph (2) and the conditions under subparagraph (3) into their oversight of bio-

technology products.

(6)	 Actions taken and progress made with respect to subparagraph (5).

(h)	 Coordination and Consultation.—
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(1)	 Coordination.—The Committee shall coordinate, as appropriate, with other working groups and committees of 

the Federal Government and with other relevant agencies.

(2)	 Consultation.—The Committee shall regularly consult in a coordinated fashion regarding biotechnology oversight, 

including with respect to the reports in paragraph (d), with States, Indian Tribes, territories, local governments, bio-

technology developers and relevant industries, academic institutions, nongovernmental organizations, and other 

stakeholders.

(i)	 Executive Secretariat.—The U.S Department of Agriculture shall appoint an Executive Secretary to serve 

the Committee, who shall be a permanent employee of and remain in the employ of that Department; the 

Department of Health and Human Services, and the Environmental Protection Agency may similarly appoint one 

employee each to the Executive Secretariat.

(j)	 Comptroller General Review.—The Comptroller General of the United States shall—

(1)	 not later than one year after the date of the enactment of this Act, begin a review to assess the efficacy of inter-

agency coordination and other activities conducted by the Committee; 

(2)	 not later than 18 months after the date of the enactment of this Act, brief to Congress the initial findings of the 

Comptroller General with respect to the activities of the Committee; and

(3)	 not later than 24 months after the date of the enactment of this Act, provide a report to Congress describ-

ing the current statutory authorities and oversight processes applicable to biotechnology-specific regulation 

of products derived from plants, animals, and microorganisms developed with biotechnology, including a 

description of opportunities to reduce gaps, duplication, overlap, and fragmentation.

(k)	 Exclusions.—This Act shall not apply to human medical research and products that are regulated solely by the Food 

and Drug Administration. 

Coordinating agricultural biotechnology within the Department of Agriculture

Within the USDA, biotechnology policies and activities span multiple agencies, including research and development (R&D), 

extension and education, regulatory oversight, labeling, and trade. This bill would establish a USDA Office of Biotechnology 

Policy, similar to the Office of Pest Management Policy that was established in the 1998 Farm Bill.108 This Office of Biotechnol-

ogy Policy would be responsible for coordinating agricultural biotechnology activities within USDA and across the U.S. Gov-

ernment and would serve as a point of contact for biotechnology developers, academics, agricultural producers, and other 

entities that may be affected by biotechnology policies at the state, Federal, or international level.

The Agricultural Biotechnology Coordination Act

To establish an Office of Biotechnology Policy in the Department of Agriculture, and for other purposes. 

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,

SECTION 1. SHORT TITLE.

This Act may be cited as the “Agricultural Biotechnology Coordination Act”.

SEC. 2. OFFICE OF BIOTECHNOLOGY POLICY.

(a)	 In General.—The Secretary of Agriculture (referred to in this section as the “Secretary”) shall prioritize biotechnol-

ogy in the Department of Agriculture (referred to in this section as the “Department”) by providing for the effective 
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coordination of policies and activities with respect to biotechnology, biomanufacturing, synthetic biology, and 

related emerging technologies.

(b)	 Establishment.—The Secretary shall establish within the Department an Office of Biotechnology Policy (referred to 

in this section as the “Office”). 

(1)	 Director.—The Office shall be headed by a Director, who shall report directly to the Secretary or a designee of 

the Secretary.

(c)	 Duties of the Office.—The Office shall be responsible for—

(1)	 the development and coordination of policies, activities, and services of the Department with respect to bio-

technology and related topics, including research and development; communication, extension, and education; 

regulation and labeling; and commercialization, use, and trade;

(2)	 assisting other offices and agencies of the Department in fulfilling their responsibilities related to biotechnol-

ogy under applicable law; and

(3)	 carrying out such other duties as may be required under law or as determined by the Secretary.

(d)	 Interagency Coordination.—In support of the duties required under subsection (c), the Office shall provide leader-

ship to ensure coordination of interagency activities with the Environmental Protection Agency, the Food and Drug 

Administration, and other Federal and State agencies.

(e)	 Outreach.—In carrying out the duties of the Office under this section, the Office shall consult as necessary with bio-

technology developers, academics, agricultural producers, and other entities that may be affected by biotechnolo-

gy-related activities or actions of the Department or other Federal or State agencies.
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September 15, 2023 

The Honorable Gina Raimondo	
Secretary of Commerce	
U.S. Department of Commerce 	
1401 Constitution Avenue, NW 
Washington, DC 20230 

Dear Secretary Raimondo,	

As members of the bipartisan National Security Commission on Emerging Biotechnology (NSCEB), we write to 
urge that the Department of Commerce prioritize investment in biotechnology capacity during the Regional Technology 
and Innovation Hub (Tech Hub) award process. Greater adoption of biotechnology has the potential to reduce supply 
chain risk, create R&D and manufacturing jobs across our country, and yield benefits for human health and the 
environment. Biotechnology has myriad applications important for our national security, including for health, food, and 
energy security as well as advanced capabilities for our warfighters and intelligence professionals. The United States 
must continue to invest in biotechnology discovery and deployment to maintain our technological advantage as other 
countries rapidly invest to close the gap.  

We believe the Tech Hub award process presents an important opportunity to maintain the U.S. advantage in this 
rapidly growing sector and provide significant economic impact. One or more biotechnology-focused Tech Hubs across 
the country will expand the regional reach of bioeconomy-related prosperity. A biotech Tech Hub designation will also 
attract additional investment of federal and private funds for regional economies outside that have not previously been 
centers of biotechnology and biomanufacturing work.  

The global economic impact of the biotechnology sector, including advances in biotechnologies, bio-based 
products, services, and related life sciences processes, is projected to scale in value to $4 trillion per year over the next 10 
years according to a McKinsey report published in 2020. With its key technology focus area in biotechnology, the 
Department of Commerce can support domestic economic and national security interests by awarding Tech Hub 
designations to eligible biotechnology-focused consortia. 

We appreciate your consideration of our request and welcome the opportunity to discuss future initiatives by the 
Department of Commerce that are aimed at enhancing biotechnology commercialization, job creation and federal 
investment in maintaining national competitiveness in biotechnology innovation.  

Sincerely, 

_______________________ 
Dr. Jason Kelly, Chair 

_______________________ 
Dr. Michelle Rozo, Vice-Chair 
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_______________________ 
Sen. Alex Padilla, Commissioner 

______________________ 
Sen. Todd Young, Commissioner 

_______________________ 
Rep. Stephanie Bice, Commissioner 

______________________ 
Rep. Ro Khanna, Commissioner 

_______________________ 
Paul Arcangeli, Commissioner 

_______________________ 
Dr. Angela Belcher, Commissioner 

_______________________ 
Dawn Meyerriecks, Commissioner 

_______________________ 
Dr. Eric Schmidt, Commissioner 

_______________________ 
Dr. Alexander Titus, Commissioner 

_______________________ 
Dr. Dov Zakheim, Commissioner 
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October 19, 2023 

The Honorable Patty Murray 
Chair 
Committee on Appropriations 
United States Senate 

The Honorable Kay Granger  
Chair 
Committee on Appropriations 
United States House of Representatives 

The Honorable Jon Tester 
Chair 
Subcommittee on Defense Committee 
on Appropriations 
United States Senate 

The Honorable Ken Calvert 
Chair 
Subcommittee on Defense Committee 
on Appropriations 
United States House of Representatives 

The Honorable Susan Collins 
Vice Chair 
Committee on Appropriations 
United States Senate 

The Honorable Rosa DeLauro 
Ranking Member 
Committee on Appropriations 
United States House of Representatives 

The Honorable Susan Collins 
Ranking Member 
Subcommittee on Defense 
Committee on Appropriations 
United States Senate 

The Honorable Betty McCollum 
Ranking Member 
Subcommittee on Defense 
Committee on Appropriations 
United States House of Representatives 

Dear Chair Murray, Vice Chair Collins, Chair Granger, Ranking Member DeLauro, Senator 
Tester, Representative Calvert, Representative McCollum: 

Scaling up biotechnology manufacturing affords the U.S. the opportunity to create high paying 
jobs across the country, shore up supply chains of key goods like chemicals, materials, and fuel, 
and create better performing products with fewer associated environmental impacts. As members 
of the National Security Commission on Emerging Biotechnology, we urge you to consider 
providing the highest amount possible for the Defense Production Act (DPA) account for Fiscal 
Year (FY) 2024. 

The Department of Defense (DOD) proposed a robust budget for DPA for FY24, including a 
significant investment to support a jump-start to the biomanufacturing economy that will be 
beneficial to both our national defense and our economic competitiveness in this rapidly growing 
sector. China is rapidly closing the technology gap by investing in biotechnology research, 
development, and production across sectors. We cannot afford to lose a step to China in scaling 
our biomanufacturing capacity by failing to prioritize these investments in a moment when they 
are urgently needed. 
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In 2022, DOD announced plans to invest $1 billion in domestic manufacturing infrastructure for 
the biotechnology industry over the next five years. This approach is consistent with work across 
administrations to harness the potential of advanced biotechnology capabilities that meet 
warfighter needs. Accordingly, the FY24 President’s Budget for DPA purchases included $200M 
for biomanufacturing capacity development. 

As we have canvassed the biotechnology industry and engaged with DOD, we have learned two 
things: First, biomanufacturing has the potential to address a range of DOD capability gaps and 
supply chain vulnerabilities in a cost-effective and environmentally responsible manner. 
Innovators are routinely developing and scaling biotech alternatives to existing products as well 
as developing products with novel properties. 

Second, biomanufacturing infrastructure is capital intensive to develop, just like any 
manufacturing infrastructure. We have met with several biotechnology companies that are ready 
to scale that cannot find appropriate infrastructure in the U.S. do so. For example, we recently 
heard from a U.S. company that is using biotechnology to lessen our dependence on China for 
the Active Pharmaceutical Ingredients that go into all of our small molecule medicines. This 
company is currently manufacturing in Europe because there was not adequate infrastructure in 
the U.S. for their needs. 

The U.S. stands to lose scale-up and commercial production capacity to other countries, 
including in Europe and Asia, that are investing more rapidly and intentionally in 
biomanufacturing infrastructure than we are. The DPA funding intended for biomanufacturing 
represents a timely opportunity to inject much-needed government capital into a sector that holds 
enormous potential for meeting national defense needs and creating jobs across our country, 
especially near feedstock sources in the U.S. heartland. 

Given these considerations, we ask you to consider providing historic, robust DPA funding in 
any final FY24 appropriations package and to support critical investments in biomanufacturing 
infrastructure. This demonstration of commitment to this critical industry will support the 
important work of scaling up biomanufacturing infrastructure as planned, maintaining our 
technological edge over China, providing certainty to this important industry, and realizing the 
enormous job-creating potential of this technology. We would be glad to provide the Committee 
with any additional information that you require and thank you for your consideration of our 
views. 

Sincerely, 

__________________ 
Dr. Jason Kelly, Chair 

__________________ 
Dr. Michelle Rozo, Vice-Chair 
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__________________ 
Sen. Alex Padilla, Commissioner 

__________________ 
Sen. Todd Young, Commissioner 

__________________ 
Rep. Ro Khanna, Commissioner 

__________________ 
Paul Arcangeli, Commissioner 

__________________ 
Dr. Angela Belcher, Commissioner 

__________________ 
Dawn Meyerriecks, Commissioner 

__________________ 
Dr. Eric Schmidt, Commissioner 

__________________ 
Dr. Alexander Titus, Commissioner 

__________________ 
Dr. Dov Zakheim, Commissioner 
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November 30, 2023 

The Honorable Lloyd J. Austin III 
Secretary of Defense 
1000 Defense Pentagon 
Washington, D.C. 20301-1000 

Dear Secretary Austin: 

As a critical emerging technology, biotechnology can help ensure US economic and national 
security by strengthening our domestic manufacturing abilities. Biomanufacturing provides new 
opportunities to create jobs, onshore supply chains, and create novel products for our military. 
The Department of Defense (DoD) is uniquely positioned to support the growth of US 
biomanufacturing capabilities and secure our competitive leadership in biotechnology. As 
members of the National Security Commission on Emerging Biotechnology, we urge you to 
prioritize funding for biotechnology within the Defense Production Act (DPA) account for Fiscal 
Year (FY) 2024. 

The Commission is supportive of DoD’s proposed budget for biomanufacturing investments 
through DPA for FY24. If appropriated, these funds would support emerging biotechnology 
investments that will address vulnerabilities in critical supply chains. This significant investment 
in US biomanufacturing comes at an opportune time for securing our economic and 
technological competitiveness, and for taking advantage of the convergence of other emerging 
technology fields. International competitors, such as the People’s Republic of China, are 
increasingly encroaching on our leadership in the industry through considerable investments in 
their own biotechnology research, development, and production.  

We understand the FY24 funding levels being considered by the Congressional Appropriations 
Committees for the DPA Purchases account, while notably higher than the FY23 enacted level, 
are not to the full level of the FY24 President’s Budget request for this account. In any scenario, 
DoD will have both unobligated funds from prior fiscal years and some FY24 funding to invest 
in biomanufacturing. It would be a mistake for the Department to deprioritize biotechnology 
relative to other uses of DPA funds, regardless of the final enacted level for FY24. We urge you 
to maintain plans to prioritize DPA funding for biomanufacturing in FY24.  

In 2022, DoD announced plans to invest $1 billion over five years into the domestic 
biomanufacturing infrastructure. These goals are consistent with our nation’s policies across 
administrations in harnessing the potential of biotechnology. Innovations in biomanufacturing 
can address various DoD capability gaps and supply chain vulnerabilities while creating jobs 
domestically. We ask that DoD adhere to its long-term investments into domestic 
biomanufacturing capabilities to meet national defense needs by prioritizing funding for 
biotechnology in FY24. 
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Moreover, this investment in biomanufacturing comes at a critical time; this funding combined 
with advancements in other emerging technologies like artificial intelligence (AI), automation, 
and robotics, create an environment conducive to supporting an accelerated pace of innovation 
and biomanufacturing. We also face threats to our supply chain, and the funding line for 
biomanufacturing is for the explicit purpose of scaling “emerging biotechnology for critical 
materials and precursors.” It is critical for our economic and national security that we harness 
this unique time and grasp the potential of emerging biotechnology. 

Given these concerns, we urge the Department to prioritize biotechnology investments. These 
investments in biotechnology are critical to scaling US biomanufacturing infrastructure, securing 
critical supply chains, meeting DoD capability gaps, and maintaining our competitive leadership 
in the industry. Thank you for your consideration of our views, and we look forward to working 
with you on this important issue. 

__________________ 
Dr. Jason Kelly, Chair 

__________________ 
Dr. Michelle Rozo, Vice-Chair 

__________________ 
Sen. Alex Padilla, Commissioner 

__________________ 
Sen. Todd Young, Commissioner 

__________________ 
Rep. Stephanie Bice, Commissioner 

__________________ 
Rep. Ro Khanna, Commissioner 

__________________ 
Paul Arcangeli, Commissioner 

__________________ 
Dr. Angela Belcher, Commissioner 

__________________ 
Dawn Meyerriecks, Commissioner 

__________________ 
Dr. Eric Schmidt, Commissioner 
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__________________ 
Dr. Alexander Titus, Commissioner 

__________________ 
Dr. Dov Zakheim, Commissioner 

Identical Letter Sent to: 

Honorable Michael J. McCord 
Honorable Dr. William A. LaPlante 
Honorable Heidi Shyu 
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There is a long history of executive actions and programs 

around biotechnology and biomanufacturing. Several key 

actions include:

•	 National Bioeconomy Blueprint: Released in 2012, 

this report from the Obama White House outlined 

an initial roadmap for developing the U.S. bioeco-

nomy, defined in the report as “economic activity 

that is fueled by research and innovation in the bio-

logical sciences.”109

•	 BioPreferred Program: Established in the 2002 

Farm Bill, expanded by the 2014 Farm Bill,110 and 

operated by the U.S. Department of Agriculture 

(USDA), this program helps to create and expand 

markets for biobased products through mandatory 

Federal purchasing requirements and voluntary 

labeling for biobased products.

•	 Billion-Ton Reports: The Bioenergy Technologies 

Office (BETO) within the Department of Energy 

(DOE) has led the development of reports to under-

stand the amount of biomass in the U.S. The first 

study was completed in 2005,111 with updates in 

2011,112 2016,113 and a new update expected in 2023.114

•	 Precision Medicine Initiative: In 2015, the Obama 

White House launched the Precision Medicine 

Initiative aimed at increasing funding to diagnose 

and treat complicated human diseases through 

innovative new technologies.115 

•	 Modernizing the Regulatory System for 

Biotechnology Products: This 2015 memorandum116 

from the Obama White House instructed the USDA, 

the U.S. Environmental Protection Agency (EPA), 

and the U.S. Food and Drug Administration (FDA) 

to “improve predictability, increase efficiency, and 

reduce uncertainty in their regulatory processes 

and requirements” for biotechnology. In response, 

the agencies worked with the Office of Science 

and Technology Policy (OSTP) to develop a national 

strategy for biotechnology regulation in 2016,117 

and an update to the Coordinated Framework for 

Regulation of Biotechnology in 2017.118 

•	 Agile Biofoundry: Established in 2016 under BETO, 

the Agile Biofoundry is a distributed consortium of 

national laboratories that could create and analyze 

biobased products.119

•	 Manufacturing USA’s Manufacturing Innovation 

Institutes: The U.S. Government established three 

different Manufacturing Innovation Institutes that 

are specifically focused on biotechnology. In 2016, 

the Department of Commerce (DOC) National 

Institutes of Standards and Technology (NIST) estab-

lished NIIMBL120 to advance innovative biopharma-

ceutical manufacturing and the Department of 

Defense (DoD) established BioFabUSA121 to advance 

regenerative medicine. In 2020, DoD established 

the BioIndustrial Manufacturing and Design 

Ecosystem (BioMADE) to specifically focus on 

biomanufacturing.122

•	 Modernizing the Regulatory Framework for 

Agricultural Biotechnology Products: In 2019, the 

Trump White House issued Executive Order (EO) 

13874, which instructed the USDA, EPA, and FDA to 

continue work described in the 2015 memorandum 

on modernizing biotechnology regulations, with a 

focus on agricultural biotechnology.123

•	 National Virtual Biotechnology Laboratory (NVBL): 

DOE established NVBL in 2020 to mobilize compu-

tational research toward understanding and treat-

ing SARS-CoV-2.124 

Appendix IV: Federal actions taken so far
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•	 Operation Warp Speed: In 2020, the Trump 

White House initiated this public-private partner-

ship between multiple Federal agencies and vac-

cine manufacturers to expedite the discovery and 

production of medical countermeasures against 

SARS-CoV-2.125 

Recently, the U.S. Government has increased its efforts 

to advance biotechnology and biomanufacturing in the 

United States, in response to the Biden White House issu-

ance of EO 14081, Advancing Biotechnology and Bioman-

ufacturing Innovation for a Sustainable, Safe, and Secure 

American Bioeconomy, in 2022.126 This EO established 

the need for a U.S. biotechnology and biomanufacturing 

strategy and highlighted key prerequisites to advance bio-

technology and biomanufacturing, including government 

coordination, research and development (R&D), data, pro-

curement, workforce, regulation, measurement of the bio-

technology industry, threat assessment, and international 

engagement. The resulting executive agency publications 

include:

•	 Biomanufacturing to Advance the Bioeconomy: In 

December 2022, the President’s Council of Advisors 

on Science and Technology (PCAST) released a 

report on “how to maintain United States competi-

tiveness in the global bioeconomy.”127.

•	 Bioeconomy Lexicon: In December 2022, DOC 

published a lexicon of terms related to biotechnol-

ogy and biomanufacturing that was developed by 

an interagency working group and that considered 

relevant domestic and international definitions.128

•	 Bold Goals for U.S. Biotechnology and 

Biomanufacturing: In March 2023, OSTP released 

a strategy document that outlined specific areas 

of innovation for biotechnology and biomanu-

facturing, with sections by DOE, USDA, DOC, the 

Department of Health and Human Services (HHS), 

and the National Science Foundation (NSF) that 

describe specific innovations necessary to use bio-

technology and biomanufacturing to address socie-

tal goals.129 

•	 Developing a National Measure of the Economic 

Contributions of the Bioeconomy: In March 2023, 

DOC released a report that analyzes the “feasibil-

ity, scope, and costs” of measuring contributions of 

biotechnology and biomanufacturing to the U.S. 

economy.130

•	 Building the Bioworkforce of the Future: In June 

2023, OSTP released a report which outlined a road-

map for strategic development of a skilled work-

force for biotechnology that includes individuals of 

all education and skill levels.131

•	 DoD Biomanufacturing Strategy: In March 2023, 

DoD released a strategy that “supports a self-sus-

taining domestic biomanufacturing ecosystem” and 

outlines investments in U.S. biomanufacturing.132

•	 Biotechnology Regulation: In November 2023, the 

USDA, EPA, and FDA published133 a report sum-

marizing stakeholder outreach about ambiguities, 

gaps, and uncertainties in biotechnology regulation, 

134 and a report containing plain-language informa-

tion about the U.S. biotechnology regulatory sys-

tem. 135 

In addition to the above executive actions, recent legisla-

tion included mandates related to biotechnology: 

•	 The Inflation Reduction Act: This law supports bio-

technologies that can reduce greenhouse gas emis-

sions and expand production of renewable energy 

through a variety of mechanisms such as grants, tax 

credits, and loans. Eligible biotechnologies include 

biofuels, biomass, and bioprocessing equipment, 

among others.136

•	 The CHIPS and Science Act: This law supports 

biotechnology by funding domestic semiconduc-

tor manufacturing, investing in science, technol-

ogy, engineering, and mathematics (STEM) talent, 

and supporting R&D in the biotechnology indus-

try. For example, the National Engineering Biology 

Research and Development Initiative tasks the 

OSTP with advancing biotechnology R&D through-

out government.137 
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