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Letter from the Editors

Dear readers,

We write to you in these unprecedented times to commend iGEMers 
for continuing to advance the field of synthetic biology in the midst of a 
global pandemic. More importantly, we want to stress  the importance 
of biosafety and biosecurity in these times, the implementation of 
which is oftentimes incumbent upon the individual alone.

In this Special Issue of the iGEM Digest, we highlight iGEMers who 
have gone above and beyond in addressing biosafety and biosecurity 
issues. First, we present current biosafety and biosecurity regulatory 
practices from a global perspective by using key indicators. Next, 
we introduce teams that have taken biosafety and biosecurity into 
their own hands and have addressed these concerns, exceeding 
expectations, beyond the requirements of iGEM. Adding to this, we 
take a deeper dive into the idea of dual-use. Then, we drill down to 
the individual level, and interview 11 former iGEM Delegates who 
have participated in global biosafety and biosecurity conferences at 
the UN level. We conclude with a perspective from our own Safety 
and Security Committee, reminding us of the rules and regulations 
surrounding the current COVID-19 pandemic.

We remind our readers that individual actions can and do make a 
difference, and these actions can be taken at various levels whether 
it be from a top-down or bottom-up approach. Because safety and 
security are only as good as the weakest link, it is essential we 
communicate these best practices to ensure the continued responsible 
conduct of science.

Sincerely,
Hassnain Qasim Bokhari

Nannan Jiang
Marissa Sumathipala
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iGEM was my first exposure to the concepts of biosafety and biosecurity, 
and has fundamentally altered the trajectory of my career. It was 
through attending the Biological Weapons Convention as an iGEM 
Delegate that I realized how neglected biosecurity issues were and 
fully embraced the duty that scientists have to engage with policy-
makers. The ongoing COVID-19 pandemic also shines a harsh 
spotlight on the critical need to strengthen biosafety and biosecurity 
practices around the world. In this issue I hope that we are able to 
provide a look into biosafety and biosecurity issues related to iGEM 
at the global, team, and individual levels while featuring success of 
the past, ongoing work, and ways to contribute in the future. Science, 
synthetic biology, and global health security are cooperative endeavors 
and each of us has a role to play in making the world a safer place 
while safeguarding innovation. 

Beginning the issue, we have a global overview of legislation related 
to key concepts in biosafety and biosecurity that are relevant to iGEM. 
The article was informed by the Global Health Security Index and 
highlights that there is still work to be done on the international stage to 
protect the public and science itself from risks emerging from biology. 

Secondly, “Innovation in Biosafety and Biosecurity” takes a look at 
iGEM teams who have engaged with biosafety and biosecurity issues. 
Teams have an opportunity to make a real impact when they thoughtfully 
consider safety and security in their projects. It is my hope that this 
article will provide some inspiration for teams to refine or remix work 
that others have done in the biosafety and biosecurity space.

Following the teams article, “Uncharted Waters: the Experience of 
iGEM Delegates with Scientific Diplomacy” explores the experience 
of participants in the iGEM Delegate Program, addressing how they 
got there, how the experience of attending an international convention 
changes their career outlook, and what others who are interested in 
the intersection of science and policy can look forward to or what 
impactful actions they might take next. 

In the penultimate article “iGEM and the Value of Responsibility,” the 
authors take a deeper dive into the experience of the Bielefeld iGEM 
team and explore in greater detail the nuances of dual-use research. 

The final article, Dr. Piers Millet, the Vice President of Safety and 
Security, pens a letter on behalf of the Safety and Security Committee 
nicely summarizing the content of this issue: iGEMers are leaders 
and need to be involved in taking safety and security in biology to the 
next level. Guidance for teams wanting to work on COVID-19-related 
projects is also included. 

Letter from the Guest Editor

Sincerely,
Chris R. Isaac 

Guest Editor 
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I would like to thank each and every author who contributed material 
to this special issue of the iGEM Digest and express my gratitude to 
all those who graciously donated their time to be interviewed for the 
delegate article. Lastly, I would also thank you, the reader, for your 
interest in this issue. I hope that you will be able to take something 
away from the articles and elevate biosafety and biosecurity issues 
in your projects and communities. 

Chris currently volunteers on the Safety and Security 
Committee and works on the Bio team at the Nuclear Threat 
Initiative, a security-focussed non-profit in Washington, DC. 
The NTI | Bio team works to increase global health security 
capacity around the world and reduce the risk of a catastrophic 
biological event.
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The World of Biosecurity and Biosafety: An Overview

No country has been able to prevent SARS-CoV-2 from entering its 
borders. The COVID-19 pandemic is a global issue that has and will 
continue to disproportionately affect poor nations and disadvantaged 
communities. Even as countries scramble to contain the virus, the 
pandemic continues to create economic damage, harm to human 
health, and loss of life several months after the disease was first 
identified. Though naturally occuring, SARS-CoV-2 highlights the 
devastating risks posed by biology, and provides a striking reminder 
that scientists and synthetic biologists have a clear duty to prevent 
mistakes and misuse of our craft. 

As iGEMers, we participate in the iGEM Competition because 
we believe that synthetic biology is going to change the world. 
By harnessing the power of biology, we are attempting to disrupt 
conventional business and manufacturing practices and create 
new value in medical therapeutics and diagnostics, energy and 
environment, food and nutrition, and developing new technologies 
to unlock the full potential of living systems. We hope that a future 
based on biological innovation will be sustainable, safe, and just. 
However, it is clear that the road to that future is long, uneven, and 
winding. Recent events showcase how much more work there is to 
be done across social, political, and technical areas.

Contributed by: 
Chris Isaac
Member of the Lethbridge team 
2012 - 2019 and Advisor to the 
Lethbridge HS team from 2015 
to 2019

 
Photo credits:

Additional images:
Via Unspalsh - Chris Brignola, 
Christina Victoria Craft , 
NASA, CDC, Tingey Injury 
Law Firm,  Drew Hays, Cytonn 
Photography , Giammarco 
Boscaro

https://igem.org/Competition
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The World of Biosecurity and Biosafety: An Overview

Following the outbreak of the original SARS coronavirus and 
the subsequent epidemic from 2002-2004, the World Health 
Organization (WHO) revised the International Health Regulations 
(IHR) in 2005. The purpose of the IHR is to strengthen countries 
against public health emergencies and provide a legally-binding 
framework by which the 196 states-parties to the WHO resolve 
to prevent, protect against, control, and provide a public health 
response to the international spread of disease. Despite the progress 
made, COVID-19 has laid bare the inadequacy of the global effort to 
prevent the emergence of pandemic diseases. 

The Global Health Security Index* (2019) assessed the global 
health security capacities of 195 countries using open-source data. 
The average overall score for the world was a failing 40.2 out of a 
possible 100. Within the category of prevention, the average score 
was lower still: 34.8. In this article, we will provide a global overview 
of prevention-related indicators that are near and dear to iGEM: 
biosafety, which is the practice of protecting lab workers, the public, 
and the environment from infectious agents; biosecurity, which is the 
practice of preventing infectious agents from loss, theft, or misuse; 
dual-use, which are technologies that can be used for good and 
bad purposes; antimicrobial resistance, which is the accumulation 
of resistance factors in pathogenic organisms; and DNA synthesis, 
which is the assembly of nucleotides into meaningful sequences 
and the backbone of modern synthetic biology. 

Globally, standards for biosafety and biosecurity are not as 
thoroughly woven into national policy as they are into the iGEM 
Competition. Although variation exists within the category of 
prevention (Figure 1), it is apparent that no country is fully prepared 
to prevent a pandemic and that a gap in preparedness anywhere is 
a risk everywhere. Without national oversight, it falls to scientists to 
conduct their research safely and securely. As synthetic biologists 
are already engaging with issues of biosafety and biosecurity, it is 
critical for iGEMers to maintain an ethos of responsible science and 
carry it into the research cultures of their home nations.

*Global Health Security:

Measures that are 
required to reduce the 
risk and impact of health 
events that endanger 
populations around the 
world.

It is apparent that no 
country is fully prepared 
to prevent a pandemic 
and that a gap in 
preparedness anywhere is 
a risk everywhere.

https://www.who.int/
https://www.who.int/
https://www.who.int/ihr/publications/9789241596664/en/
https://www.ghsindex.org/
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The World of Biosecurity and Biosafety: An Overview

National Agencies of Biosecurity Legislation

The structure of an organization or institution speaks to its priorities. 
The presence of national agencies focused on “bio” issues indicates 
the acknowledgement of biosafety and biosecurity as important 
facets of a cohesive health security strategy. 

In particular, the GHS Index assesses countries on the presence 
or absence of an agency with the mission of preventing potentially 
dangerous organisms from going missing or falling into the wrong 
hands. Biosecurity practices are designed to minimize the risk that 
an organism is deliberately misused. 

Above: 
Figure 1
There are 196 countries that are 
party to the International Health 
Regulations. 
The Global Health Security 
Index assesses 195 countries 
who are party to the IHR. 
There are teams in iGEM 
representing 45 countries (in 
2019), but there are 0 countries 
that are fully prepared to 
prevent the emergence of novel 
diseases. 

The color of each nation 
represents their cumulative 
score in the category of 
Prevention. 

Left:
Figure 2
(GHS Index 1.3.1c) The Index 
asks: “Is there an established 
agency (or agencies) 
responsible for the enforcement 
of biosecurity legislation and 
regulations?”

https://blog.igem.org/blog/2020/4/1/the-igem-2019-annual-review
https://blog.igem.org/blog/2020/4/1/the-igem-2019-annual-review
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The World of Biosecurity and Biosafety: An Overview

According to Figure 2, overall, there are very few national agencies 
focused on ensuring the security of infectious organisms. The 
countries that have biosecurity agencies are: Australia, Bulgaria, 
Canada, Chile, China, Cuba, Czech Republic, Denmark, Estonia, 
France, Georgia, Hungary, Indonesia, Ireland, Israel, Japan, 
Netherlands, New Zealand, Norway, Singapore, Slovakia, South 
Korea, Sweden, Thailand, Ukraine, United Kingdom, and the United 
States. 

Biosafety Training

iGEMers, alumni or prospective participants, should know that 
working safely is a principal requirement of the iGEM process. The 
iGEM Rules of Conduct demand that teams assess and manage 
any and all risks associated with their project. 

iGEM also provides a detailed set of pages on the competition 
wiki with links to resources to help teams work safely and securely. 
Teams are also forbidden from working with especially dangerous 
pathogens. However, when it comes to national regulations regarding 
the most dangerous pathogens, there are very few countries that 
mandate standardized biosafety training. 

As seen in Figure 3, the countries that require standardized biosafety 
training are: Armenia, Belgium, Canada, Chile, Denmark,  Ecuador, 
Finland, France, Georgia, Germany, Greece,  Kazakhstan, Kenya, 
Netherlands, Norway, Singapore, Sweden, Slovenia, Thailand, 
Turkey, Uganda, and the United States. 

Right:
Figure 3
(GHS Index 1.4.2a) The 
Index asks, “Does the country 
require biosafety training, 
using a standardized, required 
approach, such as through 
a common curriculum or a 
train-the-trainer program, 
for personnel working in 
facilities, housing, or working 
with especially dangerous 
pathogens, toxins, or biological 
materials with pandemic 
potential?”  

https://2020.igem.org/Competition/Rules_of_Conduct
https://2020.igem.org/Safety/Working_Safely
https://2020.igem.org/Safety/Working_Safely
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The World of Biosecurity and Biosafety: An Overview

Biosecurity Training

Similarly, national requirements for biosecurity training are few 
and far between. Only Azerbaijan, Canada, Denmark, Germany, 
Kenya, Norway, Singapore, Sweden, Thailand, Turkmenistan, 
and the United States have mandated and standardized training 
to reduce risks from deliberate misuse of dangerous pathogens. 
Though many countries do not actively engage in research on 
especially dangerous pathogens, it is important that countries have 
plans to protect potentially infectious samples from patients with 
transmissible diseases like Ebola, influenza, or SARS-CoV-2.

According to Figure 4: Standardized and mandatory biosecurity 
training is required in: Azerbaijan, Canada, Denmark, Germany, 
Kenya, Norway, Singapore, Sweden, Thailand, Turkmenistan, and 
the United States.

Left:
Figure 4
(GHS Index 1.3.2a) The 
Index asks, “Does the country 
require biosecurity training, 
using a standardized, required 
approach, such as through 
a common curriculum or a 
train the-trainer program, 
for personnel working in 
facilities housing or working 
with especially dangerous 
pathogens, toxins, or biological 
materials with pandemic 
potential?”

Dual-Use Research of Concern

The desire to develop new technologies is at the heart of iGEM. But 
the development of new technologies can present the opportunity 
for promise and peril. For example, while research into designing 
proteins that effectively target cancer cells could be a very useful 
therapeutic, care must be taken to ensure that the technology does 
not also enable others to target healthy cells for malicious purposes.
 
In the context of research on pathogens, while there are great 
benefits to be had in understanding how these organisms cause 
disease, the same research could inform others on how to make 
pathogens more dangerous. Accordingly, considerations of dual-
use potential should be an important part of the research process. 

. . . It is important that 
countries have plans 
to protect potentially 
infectious samples 
from patients with 
transmissible diseases 
like Ebola, influenza, or 
SARS-CoV-2.
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As seen in Figure 5, despite the importance of dual-use risks, very 
few countries – Australia, Brazil, Canada, Thailand, Netherlands, 
Slovenia, Sweden, United Kingdom, and the United States – have 
legislation regarding dual-use oversight. 

Right:
Figure 5
(GHS Index 1.5.1b) The Index 
asks, “Is there legislation and/
or regulation requiring oversight 
of research with especially 
dangerous pathogens, toxins, 
pathogens with pandemic 
potential and/or other dual-use 
research?”

Antimicrobial Resistance Surveillance 

In iGEM, we commonly use antibiotic selection to ensure that our 
parts have been successfully incorporated into the genome, and 
that our organism has been transformed. This form of selection is 
cheap, effective, and convenient. 

However, antimicrobial resistance (AMR) in general poses a larger 
threat to conventional medicine itself. Increasing prevalence of 
multiple antibiotic resistances in organisms like Staphylococcus 
aureus makes infections very difficult to treat and results in loss of 
life. Pathogens with multiple antibiotic resistances are proliferating 
faster than new antibiotics are being developed. 

The last lines of antibiotics are being threatened. Excessive 
and irresponsible use of antibiotics is the principal driver of this 
phenomenon. Globally, there are very few countries conducting 
environmental surveillance to monitor for AMR indicators in the 
environment. 

According to Figure 6, the countries that do conduct surveillance for 
AMR characteristics are: Austria, France, Ireland, Japan, Jordan, 
Liechtenstein, Luxembourg, Netherlands, Sweden, Switzerland, 
Thailand, United Kingdom, and Vietnam.

The World of Biosecurity and Biosafety: An Overview

Pathogens with multiple 
antibiotic resistances are 
proliferating faster than 
new antibiotics are being 
developed.

-
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Left:
Figure 6
(GHS Index 1.1.1c) The Index 
asks, “Does the government 
conduct environmental detection 
or surveillance activities 
(e.g., in soil, waterways) for 
antimicrobial residues or AMR 
organisms?” 

DNA Synthesis Regulation 

As seen in Figure 7, no countries have legislation or regulation 
requiring that DNA synthesis orders be screened to prevent 
the synthesis of pathogens or toxins. These types of regulations 
are important to prevent the inadvertent synthesis of toxins or 
pathogens, thereby exposing unprepared or untrained researchers 
to harm, or to prevent the deliberate synthesis of a toxin or pathogen 
for nefarious uses. 

Currently, DNA synthesis providers that are part of the International 
Gene Synthesis Consortium voluntarily screen the DNA that they 
synthesize at personal cost of time, money, and energy. 

Left:
Figure 7
(GHS Index 1.5.2a) The Index 
asks, “Is there legislation and/
or regulation requiring the 
screening of synthesized DNA 
(deoxyribonucleic acid) against 
lists of known pathogens and 
toxins before it is sold?”

The World of Biosecurity and Biosafety: An Overview

These types of 
regulations are important 
to prevent the inadvertent 
synthesis of toxins or 
pathogens, thereby 
exposing unprepared or 
untrained researchers to 
harm, or to prevent the 
deliberate synthesis of 
a toxin or pathogen for 
nefarious uses. 

https://genesynthesisconsortium.org/
https://genesynthesisconsortium.org/
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Conclusion

There is a marked absence of regulations concerning biosafety 
and biosecurity around the world. Without national legislation and 
oversight, responsible conduct falls to individual scientists. iGEMers 
should carefully consider the biosafety and biosecurity aspects of 
their work and engage in their communities and nations to make sure 
that biosafety and biosecurity are priority issues moving forward. As 
iGEMers, we have a collective responsibility to make meaningful 
contributions to prevent synthetic biology from being misused. 

References
World Health Organization. International Health Regulations (2005). 
Nuclear Threat Initiative and Johns Hopkins Center for Health Security. 
Global Health Security Index (2019). 

The World of Biosecurity and Biosafety: An Overview

 As iGEMers, we have a 
collective responsibility 
to make meaningful 
contributions to prevent 
synthetic biology from 
being misused. 
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Innovation in Biosafety and Biosecurity:  
The iGEM Experience

Introduction 

iGEM is a sandbox of innovation in multiple areas, including in 
biosafety and biosecurity. Even though there is a lack of legislation 
around the world governing biosafety and biosecurity, some teams 
have taken it upon themselves to make improvements and conduct 
science responsibly, safely, and securely. Historically, iGEMers have 
done a tremendous job in addressing any biosafety and biosecurity 
concerns in their individual iGEM projects, despite biosafety and 
biosecurity being challenging issues to address at national levels.

In this article, we aim to briefly and non-exhaustively highlight teams 
who have done exemplary work in areas related to biosafety and 
biosecurity. We hope that readers will be inspired by their stories 
and integrate some of these practices into –or perhaps design novel 
ones – for their own projects and make a deliberate effort not only 
to comply with the safety and security criteria of iGEM, but also 
to innovate and develop new tools, ideas, and efforts to raise the 
bar for how iGEMers and the rest of the world consider safety and 
security in their projects. 

Contributed by: 
Chris Isaac,  
Marissa Sumathipala,  
Nannan Jiang, and  
Hassnain Q. Bokhari
 

 
Photo credits:
iGEM teams: 2013 Lethbridge, 
2018 Bielefeld,  2018 TU Delft, 
2012 Paris Bettencourt, 2014 
Aachen, 2019 Sáo Carlos, 2017 
SCUT-FSE-CHINA and 2017 
Manchester

Additional images:
Via Unspalsh - National Cancer 
Institute, Elena Mozhvilo
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Biosecurity

In 2013, the University of Lethbridge iGEM team investigated 
an RNA element called a pseudoknot. Pseudoknots are secondary 
structural motifs that can displace the ribosome during translation 
causing a frameshift. 

The team wanted to create pseudoknot elements that induced 
frameshifting at predictable frequencies. The pseudoknot-carrying 
constructs will then have the ability to “compress” double the 
amount of coding potential into a single DNA fragment, along with 
enabling proteins to be expressed with variable localization signals, 
purification tags, or other functional domains.

Prompted by the increasing prevalence of gene synthesis and the 
growing recognition of the power of that technology, the University 
of Lethbridge iGEM team sought to determine the extent to which 
its project could impact the screening practices of DNA providers. 

They suspected that bad actors might be able to evade screening and 
acquire toxins or other dangerous proteins by using pseudoknots to 
distribute a controlled sequence across different frames of translation. 
Unsure of whether or not the increased complexity could defeat 
screening practices, the team engaged DNA synthesis providers to 
investigate and test the system. 

The team designed several sequences using the pseudoknot element 
to adjust and distribute sequences of concern including ricin, Ebola 
matrix protein, open reading frames from Staphylococcus spp., 
and innocuous fluorescent protein. Major North American synthesis 
companies took the orders and subjected them to their screening 
practices. 

Top:
Members of the 2013 
Lethbridge team  

Below:
Logo for the iGEM 2013 
Lethbridge iGEM project

(The) team sought to 
determine the extent to 
which its project could 
impact the screening 
practices of DNA 
providers. 

Innovation in Biosafety and Biosecurity: The iGEM Experience

http://2013.igem.org/Team:Lethbridge
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One of the companies was able to identify all hazardous sequences, 
indicating that there is capacity to detect sequences shifted by 
pseudoknots. This is likely because the companies use all six frames 
of translation to BLAST the sequence and that the length of the tested 
sequences were long enough to make high-scoring alignments to the 
reference sequences. 

The team concluded that the largest biosecurity risk in DNA synthesis 
is the limited adoption of screening best practices. Though no security 
vulnerability was discovered, their work was positively received by the 
DNA synthesis community, and ultimately led to the team receiving 
the Security Commendation from iGEM. The team has continued to 
engage with DNA screening in their work, investigating the impact of 
codon reassignment in their 2018 project.

Even though there is a 
lack of legislation around 
the world governing 
biosafety and biosecurity, 
some teams have taken 
it upon themselves to 
make improvements 
and conduct science 
responsibly, safely, and 
securely.

Dual-Use Risks

The Bielefeld 2018 iGEM team identified a potential Dual-use 
research concern (DURC), while undertaking their project.They 
worked on developing a microbe that had the ability to extract metals 
from old electronics to help with recycling. Ideally, the bacterium 
would extract the metals and create metallic nanoparticles that 
could be used downstream, creating new value from the recycling 
process. 

However, the team noted the risk that their project could be misused 
to degrade useful electronics. They reasoned that even if the effect 
of the microbe was small and their original intentions were good-
natured, that the public might negatively perceive the project if 
framed as a weapon or actually misused. 

The consideration of their project as a fundamentally dual-use 
technology was the team’s first brush with dual-use, and they were 
concerned that none of the members of the team had previously 
encountered it before during their education or training.

Above:
The 2018 Bielefeld team 

Below:
Main visual for the 2018 
Bielefeld project

Innovation in Biosafety and Biosecurity: The iGEM Experience

http://2018.igem.org/Team:Bielefeld-CeBiTec
https://oir.nih.gov/sourcebook/ethical-conduct/special-research-considerations/dual-use-research#:~:text=Dual%20Use%20Research%20of%20Concern,to%20public%20health%20and%20safety%2C
https://oir.nih.gov/sourcebook/ethical-conduct/special-research-considerations/dual-use-research#:~:text=Dual%20Use%20Research%20of%20Concern,to%20public%20health%20and%20safety%2C
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Following that thread, the team dug in, researching issues of science 
communication, the legal landscape of dual-use research, integrating 
dual-use training into universities, and reaching out to other iGEM 
teams.

Notably, their outreach efforts to other teams included distributing 
slides on dual-use, giving presentations, and rewarding teams that 
participated with a “Dual-Use Awareness Button” to embed on their 
wikis. 

The purpose of the button was to showcase the team’s engagement 
with the concept of dual-use, acting as a mark of recognition that 
teams with the badge had assessed their project for dual-use risk and 
took the issue seriously. The inclusion of the badge on the wiki also 
served to introduce additional teams to the concept, broadly raising 
the level of awareness within the competition and beyond. 

More information about the experience of the Bielefeld teams can be 
found in “iGEM and the Value of Responsibility.” 

The consideration 
of their project as a 
fundamentally dual-use 
technology was the team’s 
first brush with dual-use, 
and they were concerned 
that none of the 
members of the team had 
previously encountered 
it before during their 
education or training.

Right:
The 2018 Bielefeld team meets 
with experts to discuss Dual-Use

Biosafety

The 2018 Delft University of Technology iGEM Team took a 
scalable approach in targeting the accessibility of biosafety training 
itself. The team produced an interactive virtual reality (VR) 
laboratory to conduct basic biosafety training. 

In doing so, the team hypothesized that using VR technology can 
reduce financial, temporal, and spatial constraints due to laboratory 
instrumentation, training time, and consumables, while providing 
training without exposure to real risks. 

Ultimately, the goal of every iGEM project is to provide some sort of 
real-world benefit, and in some cases, that envisioned benefit can 
only be realized if the engineered organism is released into the wild.
iGEM has an extremely strict Do Not Release policy forbidding 
teams from testing their organisms outside the lab.

Innovation in Biosafety and Biosecurity: The iGEM Experience

iGEM has an extremely 
strict Do Not Release 
policy forbidding teams 
from testing their 
organisms outside the lab.

https://2018.igem.org/Team:TUDelft
http://2018.igem.org/Team:TUDelft/HumanPractices/EducationandEngagement#VRLab-scroll
https://2020.igem.org/Safety/Do_not_Release
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However, some teams are preparing for a future in which policies 
would allow for the environmental release of engineered organisms 
under strict safety guidelines and clear, predictable consequences. 

In regards to environmental protection through containment, the 
2012 Paris Bettencourt team designed an entire system called 
the bWARE containment module to protect natural organisms 
from horizontal gene transfer from GMOs. Their system would 
hopefully allow for the introduction of engineered organisms into the 
environment without contaminating the existing genetic biodiversity. 

The team began by engineering a programmed delay in gene 
expression that disables an antitoxin gene, thus compromising 
viability of their genetically modified host through a colicin kill-switch. 
Using this same restriction enzyme approach, the team not only 
regulated the cleavage of key genes, but also of whole plasmids. 
 
Next, the 2012 team introduced a semantic containment system 
to include a premature stop codon in specific proteins, which can 
be overcome by a suppressor system engineered within the host 
organisms. Lastly, the team used physical encapsulation of their 
genetically engineered hosts in gel beads to prevent further spread 
into the environment. This system is one of many small steps that 
may take us closer to safe and controlled environmental applications.

Innovation in Biosafety and Biosecurity: The iGEM Experience

Above:
The 2018 TU Delft team

Their system would 
hopefully allow for 
the introduction of 
engineered organisms 
into the environment 
without contaminating 
the existing genetic 
biodiversity. 

Below: 
The 2012 Paris Bettencourt team

http://2012.igem.org/Team:Paris_Bettencourt
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Though most microbes are harmless, pathogenic bacteria pose a 
considerable threat to human health. With this in mind, the 2014 
Aachen iGEM Team developed a recombinant biosensor system 
centered around their measuring device “WatsOn.” The instrument 
identifies the contents of a chip, specifically targeting Pseudomonas 
aeruginosa, by using a genetically modified reporter strain that 
responds by quorum sensing. Realizing that they were dealing with 
GMOs and opportunistic human pathogens, the team went to great 
lengths to address their biosafety concerns upfront.

The WatsOn device was designed as an overall closed system, which 
prevents unintentional contamination outside the measurement device. 
Single-use sensor chips further reduce risk of contamination and 
are sterilized following use. The team conducted a risk assessment 
and determined a low risk assessment even in the event of improper 
handling of the chip or measuring device. 

iGEM Teams also serve as catalysts to develop knowledge and 
create resources for new frontiers. Last year, the iGEM São-Carlos 
team undertook a project to facilitate the production of ethanol and 
fermented food on Mars. They used synthetic biology techniques to 
display a protein anchoring system on yeast, which uses melanin as 
an armor to protect the cell from UV radiation. 

Innovation in Biosafety and Biosecurity: The iGEM Experience

Above:
The 2014 Aachen team

Below:
The 2019 São Carlos project 
logo and  team members

http://2014.igem.org/Team:Aachen
http://2014.igem.org/Team:Aachen
https://2019.igem.org/Team:Sao_Carlos-Brazil/Safety
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They proposed testing their system in the stratosphere–which has 
radiation signatures similar to ones recorded on Mars–within a 
stratospheric probe. The probe would consist of a high-altitude helium 
balloon attached to a box that contains the engineered system to be 
tested in the stratosphere.

Given the nature of their test, it was difficult for them to evaluate 
whether the launch system comes under the scope of environmental 
release or not, and what kind of safety regulations they have to be 
wary of for a stratospheric experiment.
They reached out to a diverse set of experts both locally and 
internationally to help them understand containment regimens, and 
regulations for conducting testing of genetically engineered organisms 
in the stratosphere. 

Their effort helped identify the current gaps in literature relevant to 
their project, and the lack of both national and international publicly 
available guidelines. You can see a detailed documentation of their 
effort on the team’s wiki.

Other collaborative efforts took a bird’s eye view from a policy 
perspective and consolidated the current regulatory landscape of 
GMOs. Realizing that biosafety would become an increasing issue 
as the world moves from industrial factories to cellular ones, the 
2017 South China University of Technology and Northwestern 
Polytechnical University iGEM teams looked at GMO regulations 
from an emissions standpoint across China, the EU, and the US.

The teams detailed their findings in their report available here. Along 
similar lines, the 2017 University of Manchester iGEM Team 
instigated a 10-team collaborative effort to expand their analysis of 
GMO regulations across 10 nations. Using their results, the team 
was able to identify and prioritize locations for bioremediation efforts.

Innovation in Biosafety and Biosecurity: The iGEM Experience

...the teams that address 
biosafety and biosecurity 
issues with intent increase 
the sustainability and 
regulatory compliance of 
their projects in the long 
run.

Citation:

Whitford CM, Dymek S, Kerkhoff 
D, März C, Schmidt O, Edich 
M, Droste J, Pucker B, Rückert 
C, Kalinowski J. Auxotrophy to 
Xeno-DNA: an exploration of 
combinatorial mechanisms for a 
high-fidelity biosafety system for 
synthetic biology applications. 
Journal of biological engineering. 
2018 Dec 1;12(1):13.

Conclusion

It is clear that safety and security are playing larger roles as projects 
become more sophisticated. It is oftentimes easier to focus on the 
experimental results of a project, but the teams that address biosafety 
and biosecurity issues with intent increase the sustainability and 
regulatory compliance of their projects in the long run. 

Other teams that have made contributions to the safety and security 
ecosystem of iGEM are mentioned in Table 1, which is adapted from 
Whitford et al. 2018. Moving forward, we applaud past teams and 
hope that additional current and future teams expand on the ideas 
above and bring their own unique perspectives and expertise to 
the thoughtful design of future projects. By ensuring that we can do 
synthetic biology more safely, we can expand the range.

Above:
The iGEM 2017 SCUT-FSE-
CHINA and Manchester teams

https://2019.igem.org/Team:Sao_Carlos-Brazil/Human_Practices
http://2017.igem.org/Team:SCUT-FSE-CHINA
http://2017.igem.org/Team:NPU-China
http://2017.igem.org/Team:NPU-China
https://2017.igem.org/wiki/images/4/44/T--SCUT-FSE-CHINA--Biosafety_Report.pdf
http://2017.igem.org/Team:Manchester
http://2017.igem.org/Team:Manchester/Collaborations
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Innovation in Biosafety and Biosecurity: The iGEM Experience

Table 1

A list of iGEM teams who have contributed to increasing safety and security of iGEM by working on projects 
that consider novel technical approaches to improving biosafety and biosecurity. The teams listed below 
were identified by Whitford et al., in 2018.

Auxotrophy systems in 
the iGEM competition

Bielefeld 2013

Bielefeld 2014 

Kill switch: plasmid 
retention and cell 

destruction

Physical containment 

Temperature Sensor

Light Regulated Gene 
Expression

BYU Provo 2014 Amsterdam 2015

UC Berkeley 2007

LMU Munich 2012

Bielefeld-Germany 2013

Wageningen UR 2014

UC Berkeley 2008

TUM 2013

TU Eindhoven 2014

University of Maryland 2015

NTU Taida 2012

Paris Bettencourt 2012

Valencia UPV 2014

Kill switch: 
DNA destruction

NTU LIHPAO Taiwan 2015HKU Hongkong 2015

Application of 
xenobiology-based 

containment in the iGEM 
competition

Paris Bettencourt 2012

Bielefeld-CeBiTec 2017

Austin Texas 2014 TU Darmstadt 2016

Minimal genome ETH Zurich 2008 Alberta 2009 UESTC 2015 Software

Edinburgh 2015

Lethbridge 2017

Exeter 2015 Freiburg 2015Cell-free systems

Paris Bettencourt 2012 Paris Saclay 2015

TU Delft 2008 NCTU Taiwan 2011

Cornell 2011 Uppsala 2011

http://2013.igem.org/Team:Bielefeld-Germany
http://2014.igem.org/Team:Bielefeld-CeBiTec
http://2014.igem.org/Team:BYU_Provo
http://2015.igem.org/Team:Amsterdam
http://2007.igem.org/Berkeley_UC
http://2012.igem.org/Team:LMU-Munich
http://2013.igem.org/Team:Bielefeld-Germany
http://2014.igem.org/Team:Wageningen_UR
http://2008.igem.org/Team:UC_Berkeley
http://2013.igem.org/Team:TU-Munich
http://2014.igem.org/Team:TU_Eindhoven
http://2015.igem.org/Team:UMaryland
http://2012.igem.org/Team:NTU-Taida
http://2012.igem.org/Team:Paris_Bettencourt
http://2014.igem.org/Team:Valencia_UPV
http://2015.igem.org/Team:NTU-LIHPAO-Taiwan
http://2015.igem.org/Team:Hong_Kong_HKU
http://2012.igem.org/Team:Paris_Bettencourt
http://2017.igem.org/Team:Bielefeld-CeBiTec
http://2014.igem.org/Team:Austin_Texas
http://2016.igem.org/Team:TU_Darmstadt
http://2008.igem.org/Team:ETH_Zurich
http://2009.igem.org/Team:Alberta
http://2015.igem.org/Team:UESTC_Software
http://2015.igem.org/Team:Edinburgh
http://2017.igem.org/Team:Lethbridge
http://2015.igem.org/Team:Exeter
http://2015.igem.org/Team:Freiburg
http://2012.igem.org/Team:Paris_Bettencourt
http://2015.igem.org/Team:Paris_Saclay
http://2008.igem.org/Team:TUDelft/Team
http://2011.igem.org/Team:NCTU_Formosa
http://2011.igem.org/Team:Cornell
http://2011.igem.org/Team:Uppsala-Sweden
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Uncharted Waters: the Experience of iGEM Delegates 
with Scientific Diplomacy

In 2016, iGEM Foundation started the After iGEM Delegate 
Program, for iGEMers to engage in the international policy dialogue 
on synthetic biology, experience the setting, and learn about treaties 
and protocols which influence how scientists conduct, share, access, 
and support research. 

Through this program, iGEM Foundation has participated in three 
United Nations events: the 2016 and 2018 Conventions on Biological 
Diversity (CBD), and the 2017 Biological Weapons Convention 
(BWC), with each event attended by about five iGEMers.

We reconnected with the iGEM Delegates for this special issue of 
iGEM Digest to hear about their journey in science policy, lessons 
learned for future iGEMers, and how the Delegate Program impacted 
them.

Contributed by: 
Alan Pacheco, Aiswarya 
Prasad, Carlos Gustavo da 
Silva, Ediner Fuentes, Janina 
Lüders, Justin Vigar, Nina 
Jerala, Pablo Vargas, Ronit 
Langer, Saylee Jangam, 
Tessa Alexanian, Chris Isaac, 
Hassnain Q. Bokhari, Marissa 
Sumathipala, Nannan Jiang, 
and Ana Sifuentes
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Getting Started

The Delegates came from all aspects of iGEM, from high school 
iGEMers, to undergraduates, to fully-fledged principal investigators. 
Nina Jerala and Chris Isaac became involved in iGEM as early 
as high school, while Carlos Gustavo was a principal investigator 
in Brazil looking for opportunities to get his students involved in a 
genetic engineering competition when he discovered iGEM and “fell 
in love with the approach.” Isaac says he was drawn to iGEM for its 
“opportunities to explore, learn skills, and do.”

Indeed, a distinguishing characteristic of iGEM is that it empowers 
scientists to grapple with the larger picture, engaging with the 
implications of their work outside the lab. For most of the Delegates, 
the Delegate Program was their first foray into science policy. Jerala 
discovered her interest in how research intersects with policy during a 
tropical medicine summer program in Indonesia, where she realized 
“the way we tackle these diseases is very much affected by the policy.” 
Ronit Langer competed in Model United Nations in high school, but 
it was only after joining MIT iGEM and working on a CRISPR project 
that she started to think about how her two interests in policy and 
genetics might intersect in issues such as genetic sequence ownership.

When we sat down with the Delegates to discuss their experience, 
a common theme quickly emerged: the stark underrepresentation 
of scientists at the conventions. In many of the breakout rooms, the 
only scientists there were the iGEM Delegates, according to Alan 
Pacheco. At the Convention on Biological Diversity, Aiswarya Prasad 
says there was little representation from the scientific community, 
despite synthetic biology being an item on the agenda. She says “the 
strongest representation at CBD was non-governmental organizations 
(NGOs), who were working for the causes of local communities, 
and conservation-based organizations, and organizations who were 
pushing very hard for entirely natural solutions who wanted to ban 
scientific solutions.” Representation from local community members 
was a surprising, but important aspect of the convention. Jerala was 
moved by the words of a Philipino farmer, which she described as a 
“rare opportunity to see somebody who works not in research but is 
directly affected by the product of that research.” 

A diversity of voices in policy discussion informs the way countries 
move forward on issues. “Engagement brings fresh energy to old 
issues and really highlights that these are causes that still matter. The 
worst thing is to stand by and allow these hard-won treaties to fall 
into disrepair and decay, losing their normative power,” says Isaac. 

Consensus across NGOs, community stakeholders, lawmakers, and 
scientists is a constant challenge. “We need to share our data, we need 
to share our skills and our knowledge...we need to prepare policies 
with some flexibility in mind,” says Jerala. “I think it is very important 
for scientists to get involved in policy making, because who is going 
to listen to us if we are not there talking?” says Janina Lüders. 

Photo credits:
Ana Sifuentes

Additional images:
Via Unspalsh - Mat Reding

“Engagement brings fresh 
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is to stand by and allow 
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“I think it is very 
important for scientists 
to get involved in policy 
making, because who is 
going to listen to us if we 
are not there talking?” 
says Janina Lüders. 
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pushing very hard for 
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According to Saylee Jangam, science policy “will drive your research,” 
and shapes how governments prioritize research. Taking a deep dive 
into science policy “highlights how important that research or science 
is for the overall benefit of the country”. Policy carries clear funding 
implications, and “having that realization is extremely important early 
on in your career as a scientist,” Jangam advises. Ultimately, Langer 
reminds us: “you need to understand science to make good policy.”
 

Post-Delegate Program

The lessons learned about bridging the gap between science and policy 
impacted the Delegates far beyond the two or three day conference, 
influencing their perspectives on policy and their careers.

Isaac says his experience at the 2017 Biological Weapons Convention, 
“altered the entire course of my academic and professional life.” His 
work at a non-profit now focuses on “reducing risks associated with 
biological weapons and emerging technologies.” Langer immersed 
herself in biosecurity following the convention, taking policy classes 
and even organizing an After iGEM biosecurity conference. 
She was invited by the Geneva Disarmament Platform for a panel, 
representing the youth perspective on the issue. Today, she’s a 
recipient of the renowned Scoville Fellowship working at the Carnegie 
Endowment, spearheading dialogues at the intersection of biosecurity 
and cybersecurity.  Aiswarya Prasad, Tessa Alexanian, and Pablo 
Vargas realized that there are opportunities for students like them 
in the policy world.

Uncharted Waters: the Experience of iGEM Delegates with Scientific Diplomacy
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Above:
After iGEM Delegates at the 
2017 Biological Weapons 
Convention
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Prasad states, “the Delegate Program was pivotal in opening that door 
for her, so that she could understand how global policy works.” That 
in part motivated her to engage with local science policy experts in 
India to understand more about science policy issues and how they 
are being managed. Alexanian, in addition to joining the iGEM Safety 
and Security Committee, started “a meetup with some friends where 
[they’d] do readings and give talks to learn more about biosecurity.” 

According to Vargas, who still has the physical pamphlet from the 
2016 Convention on Biological Diversity, the iGEM Delegate Program 
“sparked my interest in [a] more international view of policy.” This 
newly discovered perspective helped him attend the United Nations 
(UN) Sustainable Development Goals (SDG) conference in Bern, 
Switzerland, as a delegate. 

As for Ediner Fuentes, his experience of being a part of the Zamorano 
2014 iGEM Team coupled with his Delegate Program, prepared him to 
contribute towards policy and practices in biological risk assessment, 
both locally and in the region. He was a Delegate of the Ministry of 
Environment of Panama which he represented at the next Conference 
of the Parties to the Convention on Biological Diversity (COP14) (CP 
/ MOP9) (NP / MOP3) in Egypt, coordinating the areas of Genomic 
Editing, Digital Sequence Information, Synthetic Biology, Gene Editing, 
Gene Drive, GMO Risk Assessment, Socioeconomic Considerations, 
among others related to Biotechnology.

Uncharted Waters: the Experience of iGEM Delegates with Scientific Diplomacy

Above:
Delegates at the 2016 
Convention on Biological 
Diversity 

Below:
Delegates at the 2018 
Convention on Biological 
Diversity 
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Advice for iGEMers

The Delegates shared insightful and actionable advice for iGEMers 
to encourage more engagement in science policy:

“There is no reason not to engage with things that you find interesting,” 
Isaac recommends. Jangam reminds us that “having an awareness 
of everything that feeds into science is just as important as the 
science itself.”

Alexanian suggests “thinking seriously about the implications of your 
scientific work is asking whether, at some point, you will need to reach 
out to the policy community.” She stresses the need for scientists to 
“make themselves available to provide context for policy-makers.” 

Vargas agrees, saying “I think it’s our responsibility also as scientists 
to put ourselves as a service to serve the people who are making 
policy.” Vargas advises that scientists shouldn’t “stay hidden in our 
labs,” since “we [] have been privileged with so much knowledge, we 
cannot keep for ourselves.” Isaac cautions that “there are real issues 
to grapple with in order to make sure that all of the gains that we’ve 
made [in synthetic biology] aren’t swept away by reckless behavior.”

Prior to diving into the world of science policy, Jerala recommends 
we “take full advantage of the training and discussions beforehand, 
because the issues are complex and multifaceted.” It “can be a little 
paralyzing to see how much everyone and everything is affected by the 
discussions that happen in those rooms,” she says. Without scientists 
in science policy, “we are passive actors of history,” says Vargas.

Jangam shares additional personal gains, saying an experience in 
science policy will “open your eyes [to] a field that you may not have 
had exposure to in the past,” and “make you a more well-rounded 
scientist.” Vargas says that science policy is closely tied to science 
communication skills, because “if you want to make sure you really 
understand a topic, you need to be able to explain it in the simplest 
terms.”

What can iGEMers do? In a world where issues can be plagued with 
stagnation, Langer recommends that an iGEMer’s simple willingness 
to talk “can be inspiring for people who have been doing this for a 
long time.” From her experiences in biosecurity following the Delegate 
Program, she realized she could “bring this youthful energy to people 
who have lost that enthusiasm somewhere along the way.” With time, 
Langer learned the importance of writing and became able to put 
her ideas on paper, saying, “even if they weren’t revolutionary, they 
started conversations.”

Uncharted Waters: the Experience of iGEM Delegates with Scientific Diplomacy
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Closing Remarks
 
International policy is a living document. It is created through dialogue 
and is a testament of what cooperation between countries can achieve. 
Policymakers, delegates, government officials, and stakeholders 
work together to create global guidelines and regulations with the 
input of non-profit organizations, academics, and scientists. All share 
a common goal of properly regulating the use of new technologies 
without limiting research. This type of regulation makes it possible 
for the global community to share the benefits of synthetic biology 
to create a better world. 

The iGEM Foundation strives for the same goal as the United Nations, 
having a positive impact in the world. Both of these organizations also 
share similar values: integrity, respect, honesty, and cooperation. The 
After iGEM Delegates are selected to represent the iGEM Community 
and exemplify the values of the Foundation. They are essential to 
iGEM’s successful participation in these events and their dedication 
and commitment have allowed iGEM to have a positive voice in the 
global conversation.

Being the Coordinator for the Delegate Program has been a privilege, 
working together with Delegates has been one of the most impactful 
projects of my career. Not only on a professional level but in a general 
sense of understanding that everyone involved in policy had an 
essential thing in common, being human. At the end of the day, we 
all needed to communicate in order to find common ground and we 
all wanted to create a better tomorrow. 

To close, I would like to share the main lesson that I have obtained 
from this program: through dialogue and exchange we enrich both 
our experience and our understanding and in turn become better 
scientists and better people. 

Uncharted Waters: the Experience of iGEM Delegates with Scientific Diplomacy
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iGEM and the Value of Responsibility

Every year, hundreds of teams from around the world participate in 
the iGEM Competition. The projects these teams work on are just as 
diverse as the participating iGEMers themselves, and clearly reflect 
the different backgrounds and local influences teams bring to the 
projects. As the teams develop and design their projects, they have 
to consider how their projects affect the world, and how the world 
affects their projects as part of Human Practices. 

This analysis is multilayered and each project is individual in its 
application, scope, and local background, which usually ends up 
being a great part of each project. Teams need to analyze possible 
implications of their projects which include, among others, societal, 
ethical, and safety & security issues. 

This is one of the greatest lessons iGEMers can learn from participating 
in the competition. How do you analyze and understand the implications 
of your project? How can you increase public beneficence while 
minimizing possible negative implications? 

Given the continuous participation of Bielefeld-CeBiTec in the iGEM 
Competition since 2011, extensive experience in this area was gained 
by iGEMers from Bielefeld University over the years and passed on 
to following teams. Two papers dealing with synthetic biology ethics 
at iGEM, biosafety systems and how iGEM teams have contributed 
to them, and the membership of several alumni in iGEM committees 
are a few examples how of Bielefeld-CeBiTec has engaged with the 
social issues of synthetic biology and how iGEM has taught us the 
importance of “thinking beyond the lab.”

Contributed by:
 
Svenja Vinke, Christopher 
M. Whitford, and Hassnain 
Qasim Bokhari

Photo credits:
iGEM teams: Tec-Chihuahua 
2019, Calgary 2019,  
Ruia-Mumbai 2018, TU Delft 
2017,  Bielefeld CeBiTec2017, 
SCUT FSE 2017, UR 
Wageningen 2019

Below:
Cotton field in Chihuahua, 
Mexico. Team Tec-Chihuahua 
2019 interviewed stakeholders 
to fight a fungal disease 
harming local crops. 
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But how does iGEM create awareness for the importance of responsible 
research and innovation and how to evaluate the implications of one’s 
project? And why does iGEM play such an important role in teaching 
students this importance and the required tools?
 
For this, it is important to emphasize that iGEM is for many students 
the first time they are solely responsible for an entire project. This 
in itself is very unique and very few students get this chance during 
their normal studies. Most projects students participate in during 
their studies were planned by PhD students, PostDocs or PIs, and 
students usually are not responsible for analyzing the societal, ethical, 
and biosafety and biosecurity issues associated with such projects. 

Furthermore, most iGEM projects are trying to solve real-world 
problems, and many iGEM teams already developed detailed go-
to-market strategies. Hence, iGEMers are often working on projects 
that are designed to make the leap out of the laboratory and into a 
real-world application. 

In addition, some believe that the iGEMers of today will be important 
voices in the synthetic biology field in the future, and hence will play an 
important part in shaping the future of this emerging field of research. 
To teach students the importance of analyzing the impacts of their 
projects and how to ensure that they are safe and good for the world 
is one of the best tools to ensure that future synthetic biology projects 
will be able to have a positive impact on the world. 

Therefore, it is important that each iGEM team analyzes how its project 
affects the world, and how the world affects the project. This is being 
done within the Human Practices framework, which sets clear rules 
for how teams need to perform this analysis, but also offers clear 
guidelines teams can follow. 

First introduced in 2008, it has been 12 years since Human Practices 
has become an integral part of the iGEM Competition. Over these 
12 years, not only has Human Practices constantly evolved, but by 
incentivizing the efforts of teams in its helm, iGEM has been able to 
promote a more holistic approach to good molecular biology research. 

The term Human Practices was first coined by the Synthetic Biology 
Engineering Research Center (Synberc) as a defining part of its 
policy and practices thrust. In 2008  it was introduced as a gold 
medal criterion and a special prize. 

In order to further engage teams and acknowledge their efforts in 
coupling the technical and social elements of synthetic biology, a 
silver medal element of Human Practices was introduced in 2013. 
In 2015, the Human Practices special prize was separated into two 
distinct but related prizes: Best Integrated Human Practices and 
Best Education & Public Engagement and in 2017 it became an 
integral part of the judging criteria.

iGEM and the Value of Responsibility
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Above:
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http://2008.igem.org/Judging/Judging_Criteria
http://2008.igem.org/Judging/Judging_Criteria
http://2013.igem.org/Judging/Awards
http://2015.igem.org/Judging/Awards
http://2015.igem.org/Judging/Awards
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Most iGEM projects focus on solving important real-world problems, 
while some develop new technologies without a previously identified 
use case. In both cases, teams are required to deal with the societal 
implications of their projects through the Human Practices part of the 
competition. This involves reaching out to stakeholders, which usually 
includes experts and the general public, risk assessments, and the 
evaluation of environmental, economical, ethical, and societal impacts. 

As stated in the guiding principle, “Human Practices is the study of 
how your work affects the world, and how the world affects your work,” 
engaging in Human Practices is not a one way street. Instead, teams 
are encouraged to adapt the design of their projects along with their 
Human Practices work, based on stakeholder feedback, surveys, 
and evaluation of societal impacts. 

Many teams also start their projects based on unmet needs identified 
through Human Practices, which then evolves as more feedback is 
gathered. A great example for this is the Human Practices work of 
team TU Delft 2017. The team learned about a disease on nearby 
cow farms and worked closely with farmers, researchers, and 
veterinarians to design a diagnostic tool that could be used by the 
farmers themselves for on-site testing. 

For many teams, ethical considerations become a big part of 
their Human Practices work. This can be observed especially for 
teams developing new foundational technologies. The Bielefeld-
CeBiTec 2017 team worked on expanding the genetic code through 
incorporation of two new unnatural base pairs and non-canonical 
amino acids. 

iGEM and the Value of Responsibility
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To understand the ethical implications of this kind of research, 
the team reached out to many scientists, bioethics experts, 
philosophers, as well as religious representatives, to discuss the 
implications of an expanded genetic code. Furthermore, a survey 
was conducted to include the opinion of the general public. All these 
results were summarized in a report on the risks and implications 
of an expanded genetic code. Members of the same iGEM team 
later published a paper titled “Synthetic Biology Ethics at iGEM: 
iGEMer Perspectives,” describing how synthetic biology ethics 
are approached through the Human Practices work in the iGEM 
Competition and highlighting how the iGEM Competition inspires 
participants to engage with these topics beyond the competition.  

Another area in which iGEM promotes responsible research and 
innovation through its activities is Biosafety and Biosecurity. The Biosafety 
and Biosecurity part of iGEM is not just submitting the safety form.  
We need to go beyond! Something iGEMers from Bielefeld and all 
over the world have proven several times in the competition.

One of the examples of how Bielefeld contributed in this field is the 
paper “Auxotrophy to Xeno-DNA: an exploration of combinatorial 
mechanisms for a high-fidelity biosafety system for synthetic 
biology applications” which was a review on the biosafety systems 
developed and applied by the students participating in the iGEM 
Competition and others found in literature.  
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https://www.sciencedirect.com/science/article/abs/pii/S0167779918301689
https://www.sciencedirect.com/science/article/abs/pii/S0167779918301689
https://jbioleng.biomedcentral.com/articles/10.1186/s13036-018-0105-8
https://jbioleng.biomedcentral.com/articles/10.1186/s13036-018-0105-8
https://jbioleng.biomedcentral.com/articles/10.1186/s13036-018-0105-8
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Synthetic Biology has seen rapid progress during the last decade. As 
the field continues to grow, important questions pertaining to “biological 
circuits” and “biological chassi,” which may potentially have harmful 
consequences, have risen. The risks involve the accidental release 
of infectious agents, toxins, or the horizontal gene transfer of parts 
which may contaminate the gene pool.
 
The paper looked at different biological containment systems which, 
in part, have been developed by iGEM teams over the last few years 
to ensure safe development and use of not only artificial auxotrophies, 
but also more sophisticated systems such as complicated kill switches, 
minimal genomes and xenobiology-based containment systems. The 
work of many iGEM teams was highlighted and all biosafety parts in 
the Registry of Standard Biological Parts are summarized in one table.

For example, the 2013 Bielefeld team developed a D-alanine auxotrophy 
biosafety system, which the 2014 team later used for antibiotic-free 
selection. Lastly, few projects that highlighted the application of 
xenobiology by iGEM teams in the review articles included Paris 
Bettencourt 2012 team’s development of a semantic containment part 
based on an amber (UAG) mutation in the gene conferring kanamycin 
resistance (BBa_P1003) to prevent the horizontal gene transfer of the 
kanamycin gene and Bielefeld CeBiTec 2017 team’s project in which 
they incorporated isoguanosine (isoG), and 5-methyl-isocytosine 
(isoCm), and non-canonical amino acids in the genomic code.

But not only is Biosafety of high importance to the teams. The iGEM 
Teams from Bielefeld-CeBiTec 2015 & 2018 highlighted the importance 
of the awareness on Dual-Use Research of Concern, an important 
part of Biosecurity. 
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Dual-Use Research of Concern (DURC) describes work in the life 
sciences that can be directly misused by third parties to cause extensive 
harm to humans, animals, plants, or the environment. The team from 
2018 created several outreach programs to raise the awareness of 
DURC to help prevent the risks of loss of trust in scientists, unwitting 
publication of critical content, and the stricter regulation of research. 

When it comes to Human Practices, one of the biggest advantages 
of the competition becomes one of the biggest challenges: the 
complexity of the competition. iGEM teams usually have a very tight 
timeframe to realize their projects, forcing them to prioritize certain 
aspects. This could cause some teams to focus on the wetlab part 
of their project and as a result have limited bandwidth to pursue as 
thorough a Human Practices component as they might have wished.

The complexity of Human Practices and the fact that most iGEMers 
deal with these aspects for the first time within the iGEM competition, 
might be a challenge on its own for teams with no iGEM alumni. 

Especially for new teams, it can be difficult to understand the concepts 
behind Human Practices, which in some cases results in teams barely 
meeting the required deliverables, instead of using Human Practices 
to lift their project to the next level. Both the Human Practices and 
the Safety and Security Committee try to tackle these challenges by 
providing outreach projects, contact persons, and highlighting previous 
iGEM projects as examples. These efforts are definitely necessary 
to ensure that all iGEM participants learn the value of responsibility 
through the Human Practices component of the competition.

All in all, iGEM makes us better scientists in–and beyond–the lab. 
Through the Human Practices part of the competition, participants 
are encouraged to design projects that are responsible and good for 
the world, which is a lesson most young researchers would not learn 
to this extent in a conventional educational environment. 

The several examples of good Human Practices work from young 
researchers from Bielefeld University and all over the world highlight 
how iGEM inspires the next generation of synthetic biology researchers 
to engage in this area. By doing so, iGEM helps to teach students 
an important aspect of modern research: the value of responsibility.
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Training ground for today and tomorrow:  
The iGEM Safety and Security Program

iGEM is built on the idea of local people solving local problems, through 
the power of synthetic biology. As a member of the iGEM community, 
you are tasked with building the better world of tomorrow in which we 
all want to live. You will be the leading scientists, engineers, titans 
of industry, or policymakers that will make that world a reality. If you 
look back at what teams have attempted in the past, you will see 
thousands of people motivated to improve the human condition; a 
world where more people have access to improved ways of doing 
and making things. Our teams want to be part of the solution – not 
part of the problem!

All synthetic biology and modern biotechnology come with some 
potential to cause harm. Most of the time, especially for those still 
studying, these risks are managed by someone else. Someone has 
planned what you will use, and what you will do with it. They make sure 
that there are procedures and practices in place to minimize potential 
harm – whether that be to you, your colleagues, your community, or 
to the environment. 

iGEM believes that a good synthetic biologist is also a safe, secure, and 
responsible biological engineer. That means you are responsible for 
doing what you can to make sure there are no accidental or deliberate 
risks. These may be important skills for the future, regardless of 
whether you plan to be running a lab or a company. In either case, 
you will need to sign off that such risks are being managed.

Training ground for today and tomorrow:  The iGEM Safety and Security Program
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To be able to do this, you will need to understand why and how. Of 
course, identifying and managing risks from synthetic biology can 
be a career of its own. It is noteworthy that several of the After iGEM 
delegates interviewed in this issue have gone on to work specifically 
on safety and security issues. 

iGEM works hard to support you in being safe and secure. Thanks 
to a grant from Open Philanthropy, we have a comprehensive and 
active Safety and Security Program. To make it clear exactly what 
we expect from you, we have put together a set of Safety and Security 
Rules. We have a series of Policies that address specific issues like: 
not releasing your project from your lab, human experimentation, 
human subjects research, gene drives, antimicrobial resistance, and 
the use of animals in projects. 

Throughout the year we want you to tell us about any hazards you 
have identified from your work, and what procedures and practices 
you are using to manage these risks. To help you, we provide you 
tools, like the White List, which helps you identify organisms, parts, 
or activities that might pose an elevated risk. We also provide a wide 
range of safety and security resources and links for you to learn 
more about these issues. 

For example, we organized a session on Maximizing Benefits, 
Minimizing Risks during Opening Weekend and are hosting 
an ongoing Values and Risks workshop series with the After 
iGEM Ambassadors. You are also supported by the Safety and 
Security Committee, made up of members from all over the world, 
with expertise in laboratory biosafety, biosecurity, contained use, 
bioethics, animal use, dual-use, as well as current and former 
regulators. They are ready to help you identify and manage risks.

Training ground for today and tomorrow:  The iGEM Safety and Security Program
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https://2020.igem.org/Safety/Workshops
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When most teams are beginning to move from the planning stage 
into the lab, and again when many teams are moving from the lab 
into putting together their talks, posters, and wikis, we ask you to 
complete our Safety and Security Form. You use this to tell us about 
potential hazards and how you are managing them. Those forms 
are reviewed by internationally certified biorisk professionals. They 
ensure all relevant hazards have been identified and appropriate 
risk management is in place. 

We use these forms to help identify teams that might need more 
support. Any time a team wants to use or do something that might 
pose a greater than normal risk (i.e., not covered by our White 
List), we want you to tell us about your plans in advance, using the 
Check-In Form. 

These are reviewed by our Safety and Security Committee to 
make sure that the risks are being appropriately managed. Any 
time a team wants to use vertebrates (e.g., rats, mice, guinea pigs, 
hamsters), or higher order invertebrates (e.g., cuttlefish, octopus, 
squid, lobster) in their project, they need to get permission from 
the Safety and Security Committee using the Animal Use Form. 
Together, these forms also provide a lasting, open record of how the 
iGEM community manages risks from projects. This is critical to help 
build and maintain public trust in our work!

Over the years we have had numerous teams excel in their efforts 
to keep their work safe and secure. As a result, we created a special 
prize to reward such excellence. In 2018, the Bielefeld-CeBiTec 
team won this award for identifying a dual-use biosecurity concern 
in a project not involving pathogens. They went further, consulting 
with the community and developing resources to help other teams 
think about this issue. They collaborated with other teams to test 
their tool and found an innovative way to reward efforts. This project 
helped iGEM improve how it deals with these issues. 

Two years earlier, the 2016 Arizona State team won the award 
for a White Paper on the use of parts and context-specific risk 
assessment. They explored how risks associated with parts in their 
project might change if they were to come into contact with different 
organisms. 

They then implemented this in their own institution. Back in 2011, 
the IIT Madras team won the award for their work to identify 
alternative selection markers. They were actively looking for ways 
to remove the use of antibiotic resistance from iGEM and synthetic 
biology to support international efforts to reduce the risks posed by 
antimicrobial resistance. We are looking forward to seeing how 
teams this year will surprise us and help make the world safer and 
more secure.

Of course, things are a little different this year. Many teams will not 
make it into the lab. Still, more will have very limited time to pursue 
their projects.
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 We are all having to create new ways of doing things. The current 
COVID-19 pandemic has impacted us all.

We were expecting (and have been pleased that) many teams 
would want to help confront this global challenge. Because we 
knew that some of you would want to work on projects to help 
detect, diagnose, treat, or prevent this disease, we created specific 
COVID-19 rules to help you do that safely and securely. If you are 
working on a COVID-19-related project, make sure you are familiar 
with these rules. But the impact of COVID-19 goes beyond those 
teams working on it. Social distancing, and other measures put in 
place to control this disease, will have an impact on most projects. 
It can change what responsible interactions look like – and that 
will certainly be important for most teams with any Human Practices 
component!

Looking to the future, there are some major challenges for us to work 
on together. If we are ever going to be able to use synthetic biology 
to help solve local problems, we will need a way to be sure we use it 
safely, securely, and responsibly outside of containment. While this 
is banned in iGEM today, we can help to build better tools and policy 
for tomorrow. 

In the past, teams have done excellent work building safety and 
security tools. For example, in 2012 the Paris Bettencourt team won 
the special prize for a three-level biological containment system 
designed to prevent horizontal gene transfer or a modified organism 
from becoming an invasive species. But what has happened to this 
tool? How well would it work in other organisms? How long will it 
continue to function? Perhaps we need a dedicated track to help us 
engineer better tools – one that will enable incremental improvement 
towards a stated goal (like having biological containment tools with 
proven efficacy). 

Equally, we can start to discuss in our own community what we think 
it means to use synthetic biology safely, securely, and responsibly 
outside of containment. We could begin to develop and catalogue 
conditions for release that we could then discuss with others. We 
could help start and sustain a discussion about how, in reality, local 
people could solve local problems, using synthetic biology. 

Whether you are interested in working on diseases like COVID-19, 
or helping to solve tomorrow’s problems and helping to unlock the 
full potential of synthetic biology, starting a career in identifying and 
managing risks, or just looking forward to the next steps in a career 
in academia or industry, there are opportunities for you in your safety 
and security work this year. We are keen and ready to work with you 
on these issues.
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