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Abstract: Synthetic Biology is considered as a key emerging technology.
Globally regulating risks in Synthetic Biology is a contentious issue.
Discussions on regulating Synthetic Biology and it’s relevance for various
treaties, conventions and protocols are on going in many fora, convened under,
inter alia, Convention on Biological Diversity. Given it’s ramifications, such
discussions are inevitable. Regulating biosafety and biosecurity, and, liability
for harm are key themes on which discussions are being held. This article
describes these developments and their importance. In India the XII th Five Year
Plan considered harnessing synthetic biology for national development and
regulating it. India has a biotechnology regulatory regime. But develop a robust
policy for synthetic biology, foresight and analysis are needed. The global
developments on regulating synthetic biology are relevant for development
and regulation of synthetic biology in India.

Keywords: Convention on Biological Diversity, Biosafety, Harm and Liability,
risk assessment

Brief Introduction

Synthetic biology is one of the top ten breakthrough technologies as part of
the “forth industrial revolution” that are “most likely to change the world”
(Brownsword, 2008). Synthetic biology aims to build new organisms with
functions that might not exist in nature (Boldt and Miiller, 2008). Where
previous genetic technology served as a tool of manipulating existing
organisms, synthetic biology aims to create new life, sometimes from
scratch.
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It is important to understand that any technology cannot advance without
some freedom in research and development. The objective for a national
legal framework is to leverage its anticipated benefits while guarding
against its potential risks. The laws and regulations framework governing
traditional tools and products of biotechnology can be applicable to this
relatively nascent field in some ways, but most often it fails to fully adapt
to the evolving possibilities of synthetic biology.

Synthetic biology organisms are able to self-replicate and spread rapidly
and evolve on their own. We cannot be sure of how it will play out in the
future, so all countries including India has to develop a framework for
anticipatory governance. There are key areas of national interest pertaining
to biosecurity, biosafety, liability, intellectual property, trade and ownership
which warrants great attention in designing an effective governmental policy
and regulatory framework (Wiek et al. 2012).

Initiatives from India

There are complex challenges for a country like India which has a rich
biodiversity and is increasingly adopting the technology. As part of the
12" five year plan, India has set up a Task Force on systems biology and
synthetic biology research in 2011'. The country has informed international
bodies that the technology is still at its infancy in the country.

The Task Force came up with a report and has acknowledged the
potential with regards to key applications in biofuels, bioremediation,
biosensors, food and health. The Task Force had made a strong case for
a push for the technology, and few initiatives have been launched by
departments such as Department of Biotechnology and Department of
Scientific and Industrial Research?. Initiatives include the Indian Biological
Engineering Competition and the DBT training program®.

The report had emphasized that India has the opportunity to be a world
leader as a protector and supporter of “open-source biological platforms™.
This requires a supportive legal and regulatory environment in which small
biotechnology players can also participate. Recently, the DBT funded
policy and research planning for synthetic biology (JNU and FLEDGE
collaborative program) and recommendations were submitted.
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Policy Aspects

A policy framework related to technology lays down the objective, the
scope of legislation on a particular subject and its relationship to existing
international and national frameworks. The policy framework focuses on
why, how and when a technology is developed and deployed. International
law requires state parties to the respective treaty regimes to take measures
at the national level, to achieve common stated objectives in the manner it
has been collectively agreed.

Subsequent laws and regulations provide tools for effective national
policy implementation, backed by enforcement, as well as detailed
procedures for the redress of damages®. Section 4 discusses the various
international developments and related treaty frameworks which is directly
applicable to designing a synthetic biology policy framework for India.

Global Policy Initiatives

Synthetic biology is impacted by discussions at international, regional and
private-sector driven positions and interests. Various international treaties
and organisations are currently examining the impacts of synthetic biology
and engineered gene drive systems on their respective agreements. India is
a party to all the international governance bodies discussed below

i. Convention on Biological Diversity (CBD)

The Convention on Biological Diversity (CBD) has been ratified by 196
states. The United States of America (US) is a non-party to the convention.
Synthetic biology is a new and emerging issue in the context of realizing
the objectives of convention.

The twelfth Conference of the Parties (COP12) and COP13 produced
decisions seeking a more robust assessment of synthetic biology against the
Convention’s new and emerging criteria®. The Parties decided to establish
an Ad Hoc Technical Expert Group (AHTEG) and convened a moderated
online forum’.

The AHTEG has produced multiple reports and recommendations but
is yet to come up with a robust assessment against the new and emerging
criteria as mandated by the COP8. At the COP 14, Parties agreed on a need
for regular horizon-scanning of the most recent technological developments
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for reviewing new information regarding potential impacts of synthetic
biology’.

a. The Cartagena Protocol on Biosafety

The CBD COP extended the AHTEG on synthetic biology, taking into
account the work under risk assessment under the Cartagena protocol on
Biosafety'. Current deliberations are also considering whether any living
organism developed thus far through new developments in synthetic biology
fell or could potentially fall outside the definition of a living modified
organism (LMO) and thus be subject to the risk assessment requirements
of the Cartagena Protocol on Biosafety'’.

b. The Nagoya Protocol on Access and Benefit Sharing

In 2017, the Secretariat of the CBD commissioned a report examining the
impacts of digital sequence information (DSI) as it relates to the Nagoya
Protocol on Access to Genetic Resources and the Fair and Equitable Sharing
of Benefits Arising from their Utilisation (ABS) to the Convention on
Biological Diversity (Wynberg and Laird, 2018). An Ad Hoc Technical
Expert Group (AHTEG) was also established to provide recommendations
for member states on those impacts and a draft decision was submitted with
vast disagreements'".

ii. Food and Agricultural(FAQO)

The FAO International Treaty on Plant Genetic Resources for Food
and Agriculture (ITPGRFA) report commissioned in 2017 examined the
impacts of synthetic biology and digital sequence information (DSI) on the
Plant Treaty (Welch et al, 2017). The report addresses the phenomenon of
“dematerialisation”, which suggests that “the information and knowledge
content of genetic material extracted, processed and exchanged in its own
right, detached from the physical exchange of the plant genetic material”.
It included the scientific and technological changes affecting the Treaty
and the broader legal considerations and opportunities for benefit sharing
within the ITPGRFA framework!2.
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iii. Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES)

CITES has been engaged in discussion on the question of synthetic products
that are indistinguishable from products from listed specimens and the status
of modified organisms and products under the Convention*. Seventieth
meeting of the CITES Standing Committee in October 2018 adopted a
report on the “Specimens Produced from Synthetic and Cultured DNA”'.
The study notes that regulation under the treaty becomes challenging since
synthetic biology specimens may be extremely difficult to differentiate from
that of wild specimens by visual or analytical means.

iv. International Union for the Conservation of Nature (IUCN)

IUCN Members adopted Resolution titled “Development of IUCN policy
on biodiversity conservation and synthetic biology” to map the impacts on
conservation and sustainable use of biodiversity'. In early 2018, an [IUCN
Synthetic Biology and Biodiversity Conservation Task Force, was created
to oversee the implementation of the Resolution and to develop policy
recommendations before the 2020 World Conservation Congress.

v. Agreement on Trade Related Aspects of Intellectual Property
Rights (TRIPS)

The focus under TRIPS, on issues related to synthetic biology, pertains
to the intellectual property rights issues. The results of current synthetic
biology research that is focused on modifying existing “natural” genomes
could qualify for the “breeder’s right” under the International Union for the
Protection of New Varieties of Plants (UPOV Convention) If in the future,
there are new plant varieties developed as a result of the production of
entirely novel genomes, protection under breeder’s rights is being discussed.

vi. UN Convention on the Law of the Sea (UNCLOS)

UNCLOS includes activities and resources beyond national jurisdiction.
In relation to a new treaty under negotiation that includes marine genetic
resources in areas beyond national jurisdiction (ABNJ), including sharing
of benefits synthetic biology and its impact on ocean governance is being
discussed.
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Regulatory Aspects

Regulation refers to interventions that are put in place by relevant agencies
“to control and channel conduct in the desired way” (Brownsword, 2010).
Regulation is designed to implement the specifics of a policy or legislation.
Regulations are to be authorized by the governmental agencies that hold
the designated authority. Synthetic biology is not insulated from the highly
polarized debates that are surrounding the use and management of the new
wave of fourth industrial revolution technologies.

The rapid pace of scientific research and irregularities about the specific
benefits of synthetic biology create complex challenges for national
regulation. Synthetic biology can also pose risks such as bioterrorism, loss
of trade opportunities, environmental damage, and transboundary harm.

Considering the multifarious applications of synthetic biology like
energy, agriculture and biofuels, there is always a perceived threat of
components releasing into the open environment. Risk and uncertainty give
rise to synthetic biology’s major governance challenges. On a spectrum we
are looking at an intentional bioterrorist attack on one hand to accidental
damage to the environment on the other. There is a difference between risk
and uncertainty. Risk refers to an event that can be estimated using theory
or experience or both but uncertainty cannot be estimated by either methods.

Biosafety addresses the “inherent risks of a biological agent or material
to cause unintentional harm to human health and the environment”.'¢ In
contrast, biosecurity concerns itself with the intentional uses of a biologic
agent or material through loss, theft, diversion, release, or inadvertent
research results that have security implications.'” Intention is the key
difference between both the two concepts and biosafety mostly refers to
accidental events. National biosafety regulations like that of India'® may
provide that certain activities require prior authorisation or notification,
containment procedures or other forms of administrative oversight.

Risk Assessment- Biosafety and Biosecurity

The World Trade Organization’s 1995 Agreement on the Application of
Sanitary and Phytosanitary Measures (SPS) and the 2000 Convention on
Biological Diversity’s Cartagena Biosafety Protocol seem inadequate to deal
with biosafety issues posed by synthetic biology. The WTO’s SPS measures
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limit the space for member states to introduce trade restrictions based on
considerations of food safety, and plant and animal health.

The Cartagena Protocol deals with import and export (transboundary
movement) of LMOs, including illegal and unintentional transboundary
movements. It enables import of certain living modified organisms subject
to an Advanced Informed Agreement procedure.' The traditional biosafety
framework was created in response to the issues raised by the recombinant
DNA technology. Agricultural biotechnology can cause GM crops
outperforming non-modified species and create undesired gene transfer.
There are additional questions of safety of GM food for consumption.

The CBD Cartagena Protocol applies to all “Living modified organism”
(LMO) which are “living organisms that possesses a novel combination of
genetic material obtained through the use of modern biotechnology”.?° The
scope can extend to animals, plants, food, pharmaceuticals and insects. Most
countries have designed national regulatory frameworks for risk assessment
and management in relation to LMOs.

The Cartagena Protocol?' requires Parties to “establish and maintain
appropriate mechanisms, measures and strategies to regulate, manage
and control risks” connected with the use, handling and transboundary
movement of living modified organisms (LMOs) This includes “possible
adverse effects of LMOs on the conservation and sustainable use of
biological diversity” The terminology “modern biotechnology” according
to the Protocol drafted in 2000 does not include techniques like genome
editing.> The Protocol does not concern itself with constituent parts like
DNA under Article of the Protocol.

The 1972 Convention on the Prohibition of the Development, Production
and Stockpiling of Bacteriological (Biological) and Toxin Weapons and on
their Destruction (usually referred to as the Biological Weapons Convention)
was the first multilateral undertaking prohibiting the development or
acquiring of biological agents or weapons for hostile purposes or armed
conflict. The scenario is not adapted for the conduct of non-state actors
apart from governments becoming biosecurity threats.*

The increased securitisation of public health is bringing increased focus
on both intentional and unintentional release of biohazardous organisms. The
World Health Organization revised International Health Regulations (IHRs)
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in 2005 to ensure States notify the organisation in case of an unexpected or
unusual public health event within its territory.** Proposals for screening
customers who are ordering material which could be weaponised are made
to commercial providers of synthetic DNA.

National Biosafety Regulations

The Cartagena Protocol currently ratified by 171 Parties, but is yet to be
ratified by several countries active in the application of biotechnology. Major
biotechnology players such as the US, Canada and Argentina are not Parties
to the Protocol. Many countries have biosafety regimes in place that fully or
partially follows the risk assessment framework outlined in the Protocol.?

The 1989 Rules for manufacture, use, import, export and storage of
hazardous microorganisms/genetically engineered organisms or cells is
jointly implemented by the Ministry of Environment and Forests (MoEF)
and the Department of Biotechnology in India. The 1989 Rules regulate
research, development and large-scale commercialisation of GM crops as
well as post- approval monitoring and compliance in accordance with the
treaty obligations of India.?

The scope of applicability of the Cartagena Protocol to synthetic biology
is a contested topic. CBD Parties during the Mexico COP13 in 2016 noted
that it is not clear whether SYNTHETIC BIOLOGY organisms would fall
under the definition of LMO?¥.In 2017, the CBD AHTEG concluded that
most living organisms developed through techniques of synthetic biology,
including organisms containing engineered gene drives, fell within the
definition for LMOs.?® In November 2018, CBD COP14 emphasised the
need for case-by-case risk assessments and specific guidance on such risk
assessment could be useful.?

Regulatory Stages and Requirements

Biotechnology applications are subject to step-by-step regulation and
monitoring at various levels in different jurisdictions. Most countries require
some sort of authorisation system depending on the risk associated. In
Canada, the release of GM plants with “novel traits” has to pass through
various stages including import, contained use in a laboratory or greenhouse,
unconfined release and commercialisation.
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The proposed Biotechnology Regulatory Authority of India Bill is
pending approval in the Parliament since 2013.?° Various stages of regulatory
approval include the manufacture, use, sale, import, export and storage
of GMOs.*! The Indian regulatory system also comprises of other legal
instruments including the Drugs and Cosmetics Rules — 1988, Protection
of Plant Varieties and Farmers’ Rights Act, 2001, Biological Diversity Act,
2002.%

There is a three-tier system of approval for GMOs as well as their
products under Rules 1989. The initial assessment of applications begins
at the institutional level itself by the IBSCs, where the proposals are
evaluated and recommended to the RCGM (Choudhary et al, 2014). After
an in-depth evaluation of the forwarded proposals, the RCGM sends its
recommendations to the GEAC.

In 2014, a ten-year moratorium was imposed on commercialisation
and release of BT Brinjal. Several State governments like Andhra Pradesh,
Maharashtra and Karnataka have approved field trials for few crops
including food crops. Within the EU, member states have powers to “opt-
out” and close areas and even the state borders to release GM plants.*

Liability for International Harm

The international legal principle of state responsibility for international harm
provides for liability for possible damages attributable to synthetic biology.
The Nagoya-Kuala Lumpur Supplementary Protocol on Liability and
Redress [Supplementary Protocol] to the Cartagena Protocol provides for
states to establish national frameworks for liability in cases of environmental
harm.

The Supplementary Protocol has 42 parties to date and there are no
binding obligations for establishing civil liability. The national frameworks
can provide for rules and procedures that address damage, including civil
liability, but they do not have a binding obligation for the operator to take
appropriate action. Some states have adopted a non- state liability approach
while others opt for a fault based liability.

EU legal instruments apply a principle of strict liability, or no-fault
liability, for any damage to the environment resulting from dangerous
activities.* The European Convention on Civil Liability for Damage
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Resulting from Activities Dangerous to the Environment (The Lugano
Convention) covers the production, storage, use disposal or release of
GMOs.

Fault-based liability may be difficult to prove in the context of synthetic
biology. There may not be a sufficiently close causal link between the activity
and the damage to show liability. Strict liability is typically reserved for
acutely dangerous activities or activities delineated in national legislation.*

Conclusion

This compilation is intended to provide a foresight for further developing
a national policy framework for India. it is important to consider the
international developments and global initiatives while developing the
national policy for India, especially since the science and regulatory
framework related to use of the science is driven by global considerations. It
is time for India to consolidate its stand on the science of synthetic biology
and communicate its interests and aspirations in relevant international fora
with clarity and should avoid conflicting stands on science on one hand
and regulation on the other.
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The book analyses scientific, ethical, societal and political aspects of the
early history of the human genome editing. Not limiting the discussions
about the future use of technology within the “scientific, medical, political,
corporate, or other elites”, author firmly puts forth the need for societal
consensus in shaping the way forward for best harnessing the potential
of genome editing for humankind. Thus, bringing together “all of us” in
deciding if human genome editing is a boon or a threat. The author, Frangoise
Baylis has worked extensively on heritable human genome modification,
bioethics, assisted human reproduction, women and public health, polices
and ethics. She is Professor at Dalhousie University, Canada and was a
member of the WHO Expert Advisory Committee on Developing Global
Standards for Governance and Oversight of Human Genome Editing.

For this book, Francoise received the PROSE Award in Clinical Medicine
in 2020. During the same year, Emmanuelle Charpentier and Jennifer
Doudna were awarded the Nobel Prize in Chemistry for the development
of the revolutionary gene manipulating technology ‘Clustered Regularly
Interspaced Short Palindromic Repeats’ in association with the Cas9
DNA-cutting enzyme (CRISPR/Cas9 genetic scissors). Often seen as a
‘double edged sword’, scientists have raised numerous scientific, societal,
governance and ethical issues associated with CRISPR. In September 2020,
detailed ‘consensus’ study report on the Heritable Human Genome Editing
(HHGE) came up with several recommendations, including extensive
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societal dialogue before pre-clinical use of HHGE in any country. Frangoise
was invited to share her reactions on the report. While acknowledging
report’s emphasis on the need to involve society in discussion around
HHGE’s (im)permissibility, she pointed that there was no mention of societal
consensus (which is also the fulcrum of her book).

The book is lucidly written, comprehendible and aims to empower
discussion on governance and ethics of HHGE. She presents useful timelines
on science and social relations of human genetics during 1880 and 2018
and science policies of human genome editing during 2015-2018. The
proponents put forth the compelling medical need and benefits of somatic
cell gene editing in correcting faulty genes and curing Huntington’s disease,
and preventing genetic diseases in future generations. However, germline
editing could cause heritable permanent changes and expose genetically
modified babies to long-term untold harms. The potential harms, concerns
of accessibility and shift from “health-related to non-health-related genetic
modifications” were discussed, along with simpler and safer alternatives
to HHGE. It is important to discuss and deliberate responsibly to forsee
“potential biological, societal, and cultural consequences”. The book delves
into various ethical debates around complicated design projects of “better
babies”. With greater use and normalization of genetic and reproductive
technologies there are risks of exposure to harmful and “oppressive acts of
discrimination, stigmatization, and marginalization”.

The author neither firmly advocates nor strongly opposes HHGE, giving
a well-balanced assessment and evaluation of potential benefits and harms,
ethical and societal risks and challenges of these HHGE developments. She
underlines that some “underscore the importance of public dialogue and
seek to position themselves as knowledgeable contributors to this dialogue.”
The book argues for a “broad societal consensus” which according to her
“is a process that involves seeding global dialogue, engaging in a respectful
exchange of divergent views and values, building trust, and exploiting
collective intelligence on how best to use science and technology to create
a better world.”

The author emphasizes on adopting “slow science” that advocates
scientists to slow down, take time and think how their work could help
achieve societal goals. In contrast with the present culture of “fast science”
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that is largely fueled by personal and commercial interests, often directed by
market forces and profits. She underlines that it is the social responsibility
of science and scientists to contribute to public policy for common good.
An important aspect of this is making scientific accessible to policy makers,
public as well as science diplomats. At this stage, she asserts that repeated
calls by scientists, professional science organizations, national ethics
and transnational governance for time-bound prohibitions is crucial and
will provide scope for science diplomats to work with civil societies and
ethicists to deliberate on policy choices to promote “common good for the
commonweal”. She underlines critical ‘roles’ played by bioethicists in the
HHGE debates to situate science in the larger socio-cultural context and
ensure wider representation of values, interests and beliefs, towards - “all
of us” shaping the way forward for “us all”.

Calling for action towards an equitable and just world, the book focuses
on maximum participation towards collective informed decision making
for “our biological and social future.” The author has very well placed all
aspects of the HHGE developments, potential benefits and risks, including
“designer babies”. The book caters to a wide range of audience, and very
strongly puts forth the need for “broad social consensus” which is a very
timely, significant and thought-provoking intervention into the ongoing
debates around HHGE, which will shape our informed actions to understand
what are the gains and loss for the future. The book adequately explores
and identifies various ‘participants’ of the multi-stakeholder discussions
and deliberations. Thus, paving the way forward for evaluating/assessing/
weighing the technology’s potentialities and harms, which will be very
useful in developing both national and international regulatory frameworks.

Sneha Sinha
Consultant, RIS

Email: sneha.sinha@ris.org.in
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