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ABSTRACT

Synthetic biology has captivated scientists’ imagination. It promises answers to some of the grand challenges
society is facing: worsening climate crisis, insufficient food supplies for ever growing populations, and many
persisting infectious and genetic diseases. While many challenges remain unaddressed, after almost two decades
since its inception a number of products created by engineered biology are starting to reach the public. European
scientists and entrepreneurs have been participating in delivering on the promises of synthetic biology. Asso-
ciations like the European Synthetic Biology Society (EUSynBioS) play a key role in disseminating advances in
the field, connecting like-minded people and promoting scientific development. In this perspective article, we
review the current landscape of the synthetic biology community in Europe, discussing the state of related ac-
ademic research and industry. We also discuss how EUSynBioS has helped to build bridges between professionals

across the continent.

1. Introduction

Despite the concept being much older,' ® synthetic biology only
emerged as a discipline during the 2000s, thanks to the technical ad-
vances in the biotechnological and computational fields. Since then, the
field has exploded as extensively reviewed elsewhere.* © While there is
no universally accepted definition, synthetic biology is often charac-
terised as the application of engineering principles to the design and
development process of new biological functions or components.”*® This
is, in fact, the source of the term “synthetic”: components and functions
that can be designed, built, and operated according to known rules and
models. The digital revolution was born from the use of this exact pro-
cess to create circuit boards. In this context, synthetic biology is a

transversal field that applies its principles and methodology to address
challenges from different disciplines, ranging from agriculture to med-
icine, or from bioremediation to biomanufacturing.” Due to its broad
impact, synthetic biology is often said to be at the core and provide the
fuel for the biorevolution, the process that seeks to transition current
production paradigms towards a bioeconomy.'°

Markets that support the biorevolution in areas like biomolecules,
biosystems, biomachine interfaces and biocomputing are set for
continued strong growth. Together they are estimated to reach an
annual value of $4 trillion within the next two decades, providing
treatments to 45% of the world’s current disease burden and 60% of the
world’s physical inputs according to a recent McKinsey report.'’ Such
projections place the field amongst the most influential drivers of
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change for the 21% century, both from an economic and strategic
standpoint. The global importance of synthetic biology is clear from
governments long term program funding. Since 2017 the USA’s Engi-
neering Biology Research Consortium Roadmap has provided structure
for federal investments in the bioeconomy and synthetic biology.'? A
similar rapid growth is seen in Asia thanks to governments’ investments
and private-public partnerships.'® In Europe (defined in this article ac-
cording to its geographical definition), since its early days the UK has
spearheaded the development of synthetic biology, releasing early
governmental roadmaps by the Synthetic Biology Leadership Council in
2011 and 2016.'* At the same time, within the European Union (EU),
multiple assessments and opinions were provided to the European
Commission by different scientific committees. While many concerns
and risks arose, a roadmap for the development of the synthetic biology
field has not been officially released thus far and it is expected for Q2
2023.'° The general interest of governmental bodies into the develop-
ment of Synthetic Biology is clearly visible when examining the
composition of the current members of the Global Biofoundries Alliance
(GBA). The GBA is a network of non-profit laboratories willing “to share
experiences and resources and work together to overcome shared chal-
lenges and unmet scientific and engineering needs”.'® From the original
15 founding members in 2019, GBA has now grown to 32 members
(Fig. 1) across four continents: three from Australia, nine from North
America, eleven from Asia, and nine from Europe. Notably, out of the
nine European members, five are based in the United Kingdom (UK),
which has recently left the EU. In the rest of Europe, only Germany,
Denmark and Finland have proposed similar initiatives, illustrating how
the rest of the continent has been trailing behind the UK leadership in
the field.

Despite the significant potential synthetic biology has, the field still
retains political and ethical questions that need answers. Doubts from
the initial 1990s public debates over GMOs have continued to linger.!”
Despite a continuous slow shift towards acceptance of biotechnology in
EU countries,'® to this date a widespread scepticism permeates public
opinion worldwide in regards to GMOs.'? This scepticism, which in
Europe might be rooted in cultural elements,”” has contributed to a slow
down on regulatory innovation. In order to overcome these barriers,
stakeholders in synthetic biology including scientists, policymakers and
members of the public will have to work together to identify answers. To
facilitate connections and discussions between these interest groups
EUSynBioS was founded, along with a number of similar associations
throughout the world.?! In this article, we review the current European
synthetic biology ecosystem, highlighting achievement and challenges
in academic research and industry. We then showcase how EUSynBioS
has contributed to connect professionals through the continent, and
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describe the overall performance of European iGEM teams.
2. Academic research ecosystem of synthetic biology in Europe

Academic scientific research is of key importance for the foundations
of technological advancement. This is no different for synthetic biology,
despite its applied nature. The recent development of synthetic biology
can be tracked by the number of related publications, which started to
emerge in the early 2000s.”> Nowadays, thousands of scientific papers
are published worldwide on the topic every year (Fig. 2A). In this
context, scientists from European countries have been playing an
important role in progressing the field, as their contributions rival the
amount of literature produced in the USA and other parts of the world
(Fig. 2B). It should be noted that synthetic biology research in China,
India, and Australia has steadily been increasing in the last five years.

In Europe, the UK and Germany have been spearheading efforts in
the field with the highest publishing output, as they also account for the
largest scientific communities in the continent (Fig. 2C). However, when
normalising synthetic biology academic output by the overall absolute
scientific production, smaller countries emerge as driving hubs in syn-
thetic biology research, such as Denmark and Switzerland. It is impor-
tant to note that the research described here may be underestimated, as
it only takes into account explicit use of the term synthetic biology.
Considering a broader definition of synthetic biology, i.e. including
topics such as metabolic engineering or cell and gene therapies, these
results could be significantly affected. A similar trend can be observed
overall in European research and development (R&D), as these are
countries that invest the highest fraction of their gross domestic product
(GDP) into R&D.*

In the early 2000s, the UK was one of the earliest adopters and
promoters of synthetic biology research in Europe.?” The rest of the
continent followed with the EU continuing to increase funding for syn-
thetic biology research, since it formally started in 2005. Investment was
provided through the European Commission (EC) initiative on New and
Emerging Technologies (NEST), within the 6th framework programme
(FP6). This initial funding was intended to encourage synthetic biology
research in Europe that later would be supported by local funding
agencies.” Additional investments came as part of the Horizon 2020
Programme which ran from 2014 to 2020, offering a total of 21 grants
focused on synthetic biology.?> In parallel, the increasing interest in the
discipline has led to the establishment of a number of European meet-
ings and conferences. One of the most prominent of these is the Applied
Synthetic Biology in Europe conference (ASBE), a conference organised
by the European Federation of Biotechnology that has been held bien-
nially since 2012.%°

Number of

members

Fig. 1. Distribution of the current members of the Global Biofoundries Alliance (GBA). The size of the circle is proportional to the number of GBA members (also

when the map is not in scale). Data retrieved from: https://biofoundries.org/.
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Fig. 2. Analysis of “synthetic biology” publications as
an indicator of academic output. We refer as “Europe”
to its geographical definition and to the countries

comprised that way. A) Number of “synthetic
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National funding agencies continue to play an integral role in USA or China.

funding science in Europe. In those regards, funding agencies from the
UK and Germany stand out compared to other countries (Table 1) due to
the size of their economies and their research infrastructure. On the
other hand, it appears that the EU is currently funding most synthetic
biology research in the rest of the continent, importantly helping to
even-out the gap between countries. In summary, the European aca-
demic research ecosystem in synthetic biology appears to be overall
competitive at a global level, rivalling research efforts carried out in the

Table 1

Top funding bodies in Europe in the field of synthetic biology, based on ac-
knowledgments of funding in publications to date. Data was obtained by
querying Web of Science (www.webofscience.com) for scientific publications
that include “synthetic biology” in their titles, abstracts or keywords.

Funding Agencies Location Publications
UK Research Innovation (UKRI) UK 1100
European Commission EU 994
Biotechnology And Biological Sciences Research UK 724
Council (BBSRC)
Engineering Physical Sciences Research Council UK 592
(EPSRC)
German Research Foundation (DFG) Germany 329
European Research Council (ERC) EU 325
Federal Ministry Of Education Research (BMBF) Germany 175
Novo Nordisk Foundation Denmark 169
Spanish Government Spain 154
Swiss National Science Foundation (SNSF) Switzerland 141
Max Planck Society Germany 131
French National Research Agency (ANR) France 107
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3. Entrepreneurship and industry in Europe

The scientific and technological developments around synthetic
biology - and life sciences in general - have led to the creation of many
companies in Europe.”>?’ In the last decade, we have seen a Cambrian
explosion of company creation and funding in life sciences,?’>*® which
was also reflected in synthetic biology companies. There is a large po-
tential for startup founding and growth due to a number of key factors: i)
a large pool of talents and academic research on the continent®?; ii)
increasing availability of private and public funding®”°; iii) freedom of
entrepreneurship and movement within countries part of the European
Economic Area.*’

However, European synthetic biology companies, just like others in
the life sciences, are facing many challenges. The European ecosystem is
heterogeneous and scattered across different cities, regions, and coun-
tries, in opposition to more concentrated hubs in the USA (i.e., Boston,
Silicon Valley) or China (i.e., Beijing, Shanghai, Shenzhen). The Euro-
pean synthetic biology ecosystem comprises companies concentrated
mostly in the UK, France, Germany, Switzerland, the Netherlands, and
Denmark.?**1*? This is partly due to economic, institutional, techno-
logical and cultural factors.>* The inherent challenges associated with a
scattered ecosystem may be partially solved by leveraging software and
lab-in-the-cloud technologies to allow startups and talents anywhere in
Europe to access synthetic biology technologies.

The major challenge for European synthetic biology companies,
beyond the creation of new startups, is continued growth and
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international independence. At the creation stage, most synthetic
biology companies are academic spinouts, which involves Intellectual
Property (IP) managed by universities’ technology transfer offices
(TTOs). When considering the number of awarded “synthetic biology”
patents, Europe is again trailing in comparison to the USA. Already in
2010 the USA were accounting for almost half of the synthetic biology
patents worldwide, with Japan following, and European countries
altogether accounting for about a quarter of the patents.>* In 2018 these
numbers did not change substantially, and there were just some differ-
ences within European countries, with Switzerland notably increasing
its share of synthetic biology patents.>> Unfortunately, universities in
Europe have taken the opposite initiative to those in the USA, and are
known for capturing large equity in created spin-outs, severely blocking
companies from growth and reducing the chances of becoming domi-
nant players.>® This has a tendency to encourage early company and
technology acquisition, or licensing of IP, instead of growth.

A recent pattern of successful European companies becoming ac-
quired by larger players, frequently based in the USA or China, has
developed.®”**® Depending on the acquisition, this can lead to a gain or
loss of know-how, but never leads to growth into a field leader. One
factor is the availability of funding for the growth phase which is lagging
behind the USA.?’ It has been highlighted that small and medium en-
terprises (SMEs) do not receive appropriate financial support,®® with
only 10% of European SMEs’ external financing (e.g., venture capital)
being significantly smaller than in the USA.*° There are clear differences
in commercial synthetic biology activities between Europe and the USA,
particularly in hubs like the Bay Area and Boston, which are home to
both established entities and an ever-growing number of startups. The
disparity between the continents is frequently explained by the much
larger size of investment made in the USA, estimated in 2019 by Syn-
BioBeta as $1.1 billion compared to a combined global total of $147
million.*! The vast difference in investment combined with tighter Eu-
ropean regulations on genetically engineered products has led to a sig-
nificant difference in the entrepreneurial space.’>** The EU is trying to
put in place initiatives to bridge this gap by providing SMEs with better
access to finance. The new SME strategy together with the European
Investment Fund (EIF) is launching ESCIALAR,44 a new investment
approach aiming to boost the size of venture capital funds and
encourage more private investment. Additionally, the new strategy aims
to create an SME Initial Public Offering (IPO) Fund and a gender-smart
finance initiative to stimulate funding for female-led companies.*®> An
example of a promising initiative is the Bio-based Industries Consortium
(BIC) and EU public-private partnership worth €3.7 billion called the
Bio-based Industries Joint Undertaking.® This group invests in inno-
vative technologies and biorefineries that aim to transform biological
residue waste streams into green products. There is a positive trend with
European and non-European funds that have been actively investing in
European synthetic biology companies; for example, investors dedicated
to synthetic biology have been now created in Europe, such as
eureKARE."”

However, as already mentioned, in Europe there are not many major
winners in the synthetic biology space yet. In fact, large actors are
generally needed to grow a startup ecosystem by bringing specialised
funding, support, and mentoring to the next generation of companies. In
part, this lagging in ecosystem development could also be due to the
efforts being focused on filling the digital gap with the USA,*® with the
risk of missing the coming synthetic biology-driven innovation wave.
Further challenges for European synthetic biology companies are asso-
ciated with restrictive European and national laws and regulations, and
the generally adverse perception of the matter by the general public and
policymakers.*® Notably, these factors have a much higher impact on
early-stage or small enterprises that - in contrast to large multinational
groups - have reduced access to funding, lobbying power, foreign mar-
kets, and regulatory experts.

In order to foster the biotechnology industry and to advocate at the
European institution level for a more competitive science-based market,
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in 1996, the major biotechnology companies founded EuropaBio, the
European Association for Bioindustries. Among its members there are
also some of the large actors involved in the European synthetic biology
sector,”” as AB Enzymes, BASF, Corbion, DSM, Evonik, KeyGene, IFF,
Merck, Novartis, and Novozymes. While these kinds of companies do not
have a core business in synthetic biology, they are representative ex-
amples of enterprises that often apply synthetic biology principles and
techniques, or provide synthetic biology services and products. This is
also supported by the fact that some of these companies are among the
top assignees of synthetic biology patents worldwide.> Notably, Euro-
paBio organises the European Biotech Week, a diffused event to explain
and promote biotechnology among the general public.

Despite some challenges, the synthetic biology start-up ecosystem in
Europe is very active and thriving in many fields. As an example, there
are companies involved in the production of bioproducts both for in-
dustrial and food purposes, such as Biosyntia, AMSilk, Insempra, Mosa
Meat, Meatable, Biocleave, EVbiotech, Gourmey, and many others.
Another important sector is the one that evolved from the petrochemical
industry, thus the production of bioplastics, biopolymers, and biofuels,
as those being developed by: Carbios, Cambrium, and Avantium. With
the development of the field and the necessity for better tools, an
ecosystem of service providers has also emerged. They are mainly
focused on two areas; providing DNA and protein material, such as
Explora Biotech, DNAscript, Nuclera Nucleics, Evonetix, and Ribbon
Biolabs; or software tools such as LabGenious, Algorithmiq, and Syn-
thace. Arguably the largest part of the ecosystem in Europe is attributed
to the health sector, with many companies directly or indirectly using
synthetic biology to deliver medical solutions. The SARS-CoV2
pandemic led to the adoption of novel mRNA technology for vaccine
applications, pharmaceutical companies like BioNTech and CureVac
have used this synthetic biology innovation to provide medicines with
global impact. Also companies in cell & gene therapies are growing
across Europe, such as Cellectis, Genethon, Kiadis Therapeutics, Orchard
Therapeutics, CRISPR Therapeutics, or TreeFrog Therapeutics. More-
over, microbiome engineering and living therapeutics companies, such
as Eligo Bioscience, SNIPRBiome, EnteroBiotix and Prokarium, are also
expanding the applications of synthetic biology in health and medicine
through Europe.

For synthetic biology companies in Europe to reach their full po-
tential, we need efficient markets, financing, and clear regulations.
Additionally, it is important to connect the sparse European hubs to
create an integrated ecosystem. This will allow all the companies
involved to benefit from the advantages of a clustered hub. Connecting
and promoting the different synthetic biology hubs in Europe is one of
EUSynBioS’ many missions. This has started with academics across
Europe, and it is now naturally expanding toward early-stage and large
companies, frequently founded by the same academics as part of this
ecosystem.

4. The European Synthetic Biology Society

The European Synthetic Biology Society is a European non-profit
association with the goal of promoting the Synthetic Biology discipline
and its principles, as well as functioning as a reference point for the
community of Europeans interested in the discipline.

4.1. History and organisation of the European Synthetic Biology Society

A few years after Synthetic Biology started to gain momentum in the
USA, the lack of any dedicated organisation in Europe led to the
founding, in 2014, of “The European Association of Synthetic Biology
Students and Postdoc” (EUSynBioS), a student association based in
Cambridge (UK).”! The association was initially strongly rooted in the
UK due to the location of most founding members. After a few years,
EUSynBioS organised its first Symposium at the Imperial College London
(UK) in 2016.°? The event tried to offer scientific content as well as an
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informal meeting-ground for people interested in Synthetic Biology. In
the following years, the association increased its activities in continental
Europe, expanding its Steering Committee (SC) with members located
across all Europe and organising Symposia in Spain, France and Czech
Republic. In 2019, EUSynBioS obtained a legal status as a non-profit
association registered in France and renamed into “The European Syn-
thetic Biology Society”,” with the goal of bringing together all people
interested in the field. The association is managed by its executive team,
the Steering Committee (SC), formed by volunteers, either synthetic
biology experts or enthusiasts are welcome. Every year, applications are
open and new members are elected by the previous SC. Each member
has an assigned function for 2 years, that is later revised or modified.
Leaving SC members usually offer support to new members, ensuring a
smooth transition and ensuring continued operations of the association.
Throughout its 8 years of existence, 25 people based in 9 different
countries and of 14 different nationalities have actively contributed to
the cause of EUSynBioS, most of them early career researchers (ECRs).
Moreover, the association relies on an Advisory Board composed by 15
leading experts in the field working in 9 different countries. The support
of such a distinguished Advisory Board and uninterrupted operations of
the association since 2014 to date have led EUSynBioS to become a
reference point for European Synthetic Biology enthusiasts. At the pre-
sent time, EUSynBioS can count on several thousands of people
following its activities on social media platforms and on several hun-
dreds people registered as community members (Fig. 3), of which
around 41% are based in the United Kingdom. This over-representation
can be explained by the large size of the UK research community in
synthetic biology, and by its prevalence in the first years of the associ-
ation. Financially, the association has operated strictly as a non-profit
organisation. The volunteer-based nature of the SC and the mostly
web-based presence of the association has enabled an agile management
of resources, in which only basic operational costs need to be covered. In
those regards, donations provided by sponsors have been crucial to
support activities of the organisation.

4.2. Event organisation

EUSynBioS has relied on event organisation as one of the main tools
for outreach. The main series of events so far has been the Symposia,
which have taken place annually in up to 4 different European countries.
The first EUSynBioS Symposium was held at the Imperial College in
London in 2016, as a follow-up event to SynBioBeta London, a confer-
ence that brings together companies commercialising cutting edge
research within the field of synthetic biology. The event consisted of
different formats such as scientific talks and poster presentations, dis-
cussion panels and breakout sessions. The second Symposium took place

United Kingdom
Germany
Spain
Netherlands
Denmark
Belgium
France
Switzerland
Italy

Finland
Slovenia
Portugal
Sweden

Czech Republic
[ Austria

I Other

Oo0oDo0E0O00O00Om

Fig. 3. country of residence of EUSynBioS community members. Under “Other”
are included other countries as well as members that did not specify their place
of residence.

58

Biotechnology Notes 3 (2022) 54-61

in Madrid, at the National Center for Biotechnology (CNB—-CSIC)"* while
the third Symposium was organised in Toulouse in collaboration with
BioSynSys, the French Research Group on Synthetic Biology.”>°° The
last in-person Symposium to-date took place at the Brno Planetarium
(Czech Republic), in collaboration with the Biomania student associa-
tion.”” The following year EUSynBioS established a collaboration with
the European Federation of Biotechnology, organising its Symposium as
a joint meeting with the 5th Applied Synthetic Biology in Europe,”®
which was held online due to the COVID-19 pandemic.

4.3. Online presence

Due to the high internationalisation and decentralisation of its ex-
ecutive team, EUSynBioS has relied heavily on its internet presence. The
official website has played a central role to communicate the vision and
activities of the association. The website hosts a blog covering in-
terviews with ECRs, iGEM teams, conference reports and opinion pieces.
Social media have been used since the early days of the association to
advertise its activities. In particular, EUSynBioS has been actively
engaging its community on Twitter, expanding to LinkedIn and Insta-
gram in recent years.

Apart from the Symposia, EUSynBioS organises a wide range of
smaller online events. The EUSynBioSeminars series gives early career
researchers the opportunity to present their research to the community
with videos of the presentations published after online.>” The EUSyn-
BioS Entrepreneurship series, highlighted examples of technology
generated with synthetic biology, and how the application of entrepre-
neurship could lead to startup creation.®” In 2021 EUSynBioS hosted an
event targeting the audience of a specific European country, by organ-
ising an online discussion panel on Biofoundries in Italy, an event part of
the Italian Bioeconomy day.®! In particular, due to the onset of the
COVID-19 pandemic, online seminars and online content have proven
particularly successful in keeping the community active and engaged.
Overall, EUSynBioS has been leveraging its online presence to connect
people throughout Europe, producing original content and fostering
discussions over synthetic biology.

4.4. Other associations and initiatives in Europe

Apart from EUSynBioS, other initiatives have started to emerge on
the European scene in the last few years. National associations have
successfully been founded to better represent the interest of stakeholders
from specific European countries. The first national associations were
founded in 2017, such as the German Association for Synthetic Biology
(GASB),%” and Synthetic Biology UK (SynBioUK). GASB has proven
particularly active organising, among others, public dissemination
events in German language,®” the annual German Conference on Syn-
thetic Biology (GCSB)°* now in its 6th edition, an industry networking
event (SynBio World Cafe) now in its 3rd edition and releasing content
and publications.®” SynBioUK is also involved in coordinating the ac-
tivities of the various clubs and initiatives across the country, such as
SynBio Oxford, SynBIC, and others. The wealth of organisations present
in the UK is a good testament to the scale of the synthetic biology
community in the country. More recently, similar associations were
founded, in France, Association Francaise de Biologie de Synthese
(AFSB), and in the Netherlands, the Synthetic Biology Associations of
the Netherlands (SynBioNL). Interestingly, in many countries that host a
considerable SynBio community such as Denmark, Switzerland, and
Spain, similar widely known associations have not been founded yet.

The European Molecular Biology Organisation (EMBO) has also
organised a series of activities aimed at disseminating the field of syn-
thetic biology, such as the recurrent EMBO course “Synthetic biology in
action”®® and an EMBO Workshop “Creating is Understanding: Synthetic
Biology Masters Complexity” in 2019.%° Additionally, the European
Synthetic Cell Initiative (SynCellEU)°” has been active in connecting
academic researchers and industry in the context of synthetic cells
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research and applications.

5. iGEM in Europe
Another interesting proxy to evaluate the Synthetic Biology Euro-
pean landscape is the International Genetically Engineered Machine
(iGEM) competition.®®®” It is a major and well-known event in synthetic
biology where teams of students from all over the world compete in
designing living systems. During the short period of the summer break,
the participants get to know synthetic biology principles and tools with
the aim to design and build a project for real-world application. More-
over, since its beginning, the iGEM organisation has encouraged all
teams to share and educate the public about their projects and synthetic
biology via local outreach activities. In a way, that makes iGEM one of
the greatest platforms to showcase synthetic biology. In many different
countries, the iGEM competition actually remains the only existing
educational activity to learn about synthetic biology’®’' and serves as
an incubator to develop national synthetic biology communities.®%”?
For its first edition in 2004, the iGEM competition counted 5 teams
from North America; since then, it has encountered a phenomenal suc-
cess leading to a continuously increasing number of teams joining the
competition each year (with only one massive dropout in 2020, which
can be linked to the COVID-19 outbreak). For its latest edition in 2021,
343 teams from all around the world participated, of which 82 teams
from Europe (Fig. 4A). We can observe that European participation in
the competition promptly but timidly started by two teams for the sec-
ond edition (2005) and raised quickly until stabilising at around 25% of
the total participation, corresponding to around 78 + 4 teams per year
(for the last five years disregarding the 2020 dropout with 62 teams;
Fig. 4A). This indicates that synthetic biology has become increasingly
widespread and has attracted attention worldwide and across Europe.
The first two European teams to participate were from the UK and
Switzerland (Fig. 4B) in 2005. This is probably because these countries
already had, at the time, a strong academic background with the first
synthetic biology studies conducted, and a synthetic biology ecosystem.

A C

Biotechnology Notes 3 (2022) 54-61

Over the following years, the representation of European countries
increased until reaching 20 + 1 countries (Fig. 4C), of which most
missing ones are from Eastern Europe. Unsurprisingly, the leading
countries, in terms of participation and number of teams, are those with
a strong academic infrastructure such as the UK, France, and Germany
(Fig. 4B). However, the number of team participation is not completely
correlated with the number of “Grand Prize” winners. Although, high
participation countries have won the prize multiple times, such as
Germany - six times -, UK - two times -, and France - two times-, smaller
countries with less teams participation sometimes hit above their
weight, such as the Netherlands - four times -, Slovenia - three times -
and Lithuania - two times -. Finally, two other European teams, from
Spain and Switzerland, were awarded in previous years.

Since 2009, teams attending iGEM started to compete in particular
categories called tracks. The trend and popularity of the categories
seems similar either in Europe or worldwide (Fig. 3D), but there are
exceptions. The “high school” track refers to the category that high
school teams compete in, and a clear difference between the world and
Europe is observed in this category. 215 Chinese teams (~15 teams per
100 M) and 60 US teams (~18 teams per 100 M) competed in this track
by 2022. On the other hand, in the diagnostic track, the attendance from
European teams was 30% higher than for teams from the rest of the
world, whereas, in the software track, the world’s attendance doubled
the one from Europe. The stronger synthetic biology infrastructures of
European institutions might have led the teams to gain more wet-lab
experience compared to the rest of the world, as similar trends are
also seen in other similar tracks such as information processing.

In the early years of the competition, the participating teams were
only from universities. Teams from USA high schools attended the
competition for the first time in 2011. European countries were also
represented at the high school level the following year. Since then, 41
teams from European high schools have participated in the iGEM
competition. Turkey has been the leading country with 15 high school
teams, and the UK followed with 9 teams. Also Spain, Hungary, Ger-
many, and Greece sent high school teams to the competition multiple
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times. This suggests that synthetic biology has reached younger gener-
ations in many countries across Europe. In 2014, community labs were
also encouraged to attend the competition, allowing amateur biologists
and non-institutional scientists to compete in iGEM. Up to the present
date, 22 community lab teams have taken part in the competition.
However, only the UK and Russia sent two teams and one team,
respectively, from Europe. Recently, iGEM announced that the com-
mercial bodies that serve academic institutions or recruit members from
these institutions should compete as commercial teams. Although only
Asian teams attended in this category in 2021, more commercial teams
from Europe are expected to participate in the contest. Still, expectedly,
collegiate teams are dominating the attendance lists. Nevertheless, this
variety also shows an increasing interest in synthetic biology from
different segments of society.

The impact of iGEM in Europe can be seen beyond the competition,
with iGEM projects that can sometimes contribute directly or indirectly
to the creation of companies.”® In Europe, many founders of successful
synthetic biology startups have been part of an iGEM team. Some major
ones were the Imperial College London 2014 team project that directly
contributed to the creation of Puraffinity. Similarly, the University
College London 2013 team created Bento Lab. The following teams had
among their members future founders: DTU Denmark 2009 with Lab-
ster, Paris Liliane Bettencourt 2010 with Eligo Bioscience, Imperial
College London 2011 with LabGenius, Cambridge 2009 with Colorifix,
Paris 2007 and Evry 2012 with PILI and LA PAILLASSE, and Imperial
College London 2009 with BioBright. The iGEM competition has created
a unique worldwide network of alumni with founders, scientists, and
many other people with a common interest in synthetic biology; this
network is now starting to show an impact on the European startup
ecosystem. This effect is likely to expand in Europe with the Grand
Jamboree now organised in Paris in 2022 (Boston then remote before
2022). As the Grand Jamboree will be based in Europe, the easy access
and lower price associated with travelling could make the competition
more attractive for many smaller European teams, building an even
larger European alumni base.”*

6. Conclusions and future perspectives

As the discipline of synthetic biology reaches its teenage years, the
potential economic, environmental and health implications of the field
are starting to be recognised by governments and importantly, by the
global population. For example, during the COVID-19 pandemic, tools
and technologies developed by synthetic biologists were used to combat
the virus by providing treatments, vaccines, testing capacity and
manufacturing processes.””’” As for every emerging scientific field,
fostering community, education and research is of prime importance.
The iGEM competition has become one of the first cornerstones of
synthetic biology and is one of the first instances in which students get
exposed to the discipline before they start their scientific careers.
Increasing participation from European countries in the iGEM compe-
tition draws attention and leads to a remarkable success, even though its
popularity is relatively low at the high school level compared to other
countries, such as the US and China. While European academic research
on the topic seems to be highly competitive at a global level, this is not
the case for the translation of fundamental research into application.
One indicator for this is the considerably lower number of patents
awarded in Europe compared to the USA. Moreover, Europe is still
trailing the USA in regards to the amount of capital invested into
innovation, with the consequences of wasting the knowledge generated
and thus causing financial losses.

Within Europe, there are also differences in the state of the field
between different countries. The UK has been a leading actor in Europe,
and this can be also observed when looking at the numbers of estab-
lished biofoundries, the compositions of the EUSynBioS members and
iGEM teams. With ‘Brexit’ now fully achieved, the EU has lost its leading
member. Thus, it remains to be seen what will be the EU’s strategy to
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increase its competitiveness in this crucial scientific field, whether the
UK will retain its status as a major European hub for synthetic biology
and whether any of this will have an impact on the European continent
as a whole.”®

In order for European synthetic biology innovation to reach its full
potential, both private and public institutions in Europe will have to
provide an important contribution, both within the economical and, for
the latter, also legislative frameworks. In the meanwhile, communities
like EUSynBioS act as nucleating points for early stage researchers (and
beyond) to meet like-minded people, analyse cutting edge research and
develop their network. Such spaces are fundamental to discuss new
scientific breakthroughs, to foster the dissemination and application of
novel ideas. Moreover, considering the inherently applied overlook of
synthetic biology, a fundamental element is the creation of bridges be-
tween the academic and industrial environments. Connecting the scat-
tered European scientific ecosystem will contribute in maintaining the
competitiveness of Europe in the field of synthetic biology.
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