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Executive Summary
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This report builds on “The Nagoya Protocol
and Synthetic Biology: A Look at the
Potential Issues,”1 a report released by
the Synthetic Biology Project in 2013. In
particular, it considers current challenges
for the intellectual property protection of
synthetic biology outputs, implementation
issues concerning the Nagoya Protocol
on Access and Benefit Sharing (“NP,”
“Protocol,” or “Nagoya Protocol”) to the
Convention on Biological Diversity (CBD),
and possible interactions between the
requirements of the Protocol and the World
Trade Organization’s (WTO) Agreement
on Trade Related Aspects of Intellectual
Property (TRIPS). It also explores emerging
concerns regarding synthetic biology
and “digital biopiracy” in relation to
non-commercial research projects. Finally,
it presents highlights of negotiations in the
World Intellectual Property Organization
(WIPO) Intergovernmental Committee on
Intellectual Property, Genetic Resources,
Traditional Knowledge, and Folklore (IGC),
which may relate to both the Nagoya
Protocol and TRIPS and thus may be
relevant for researchers, particularly those
working in the area of synthetic biology.
The intellectual property, genetic resource
prior informed consent, and access &
benefit sharing (PIC/ABS) landscape is
in flux, with new laws and agreements

being developed at the national and
international level which quite possibly
will be interpreted in ways that will
have implications for synthetic biology
researchers.
Patent protection remains available for
most synthetic biology outputs, although
eligibility varies by country. Copyright
protection, however, currently appears
unlikely. While ratification of the Nagoya
Protocol proceeded expeditiously, the
drafting and enactment of implementing
legislation, as well as the creation of
the necessary infrastructure for efficient
operation of domestic PIC/ABS/MAT
(mutually agreed terms) systems remain
a challenge for many countries. Efforts at
WIPO to develop a binding treaty to, inter
alia, obligate countries to require patent
applicants to disclose the origin of genetic
resources used in creating a claimed
invention bear watching as negotiations
are scheduled to resume in 2016.
In addition, it remains likely that at least
some provider countries will assert
that intangible genetic information falls
within the scope of national CBD/NP
implementing legislation. Thus the counsel
from our first report, that researchers
would be well-advised to inquire into the
origin of genetic material that they use and
to ensure that such material was taken
in compliance with the domestic law of a
provider country, remains salient.

Synthetic Biology in Brief
Synthetic biology is based on the idea that
any biological system can be viewed as
a combination of functional elements or
parts that can be organized in new ways
to modify living organisms.2 Researchers
engaged in “fundamental” or “bottom-up”
synthetic biology seek to identify and
establish design principles for biologic parts
and modules in order to build living systems
from raw components.3 For example, in
2014, researchers at the startup Synthorx
reported their creation of a bacterium with an
expanded six-letter genetic alphabet, adding
new bases X and Y to the standard G, A, T,
and C bases.4 It is theorized that the addition
of more bases could eventually enable the
engineering of bacteria to produce completely
new therapeutic proteins containing unnatural
amino acids.5 Simultaneously, “translational”
or “top-down” synthetic biology researchers
seek solutions to pharmaceutical, agricultural,
environmental, or other challenges by
redesigning gene sequences or existing
organisms to achieve new or improved
functionality. For example, researchers
recently designed and produced a synthetic
copy of thebaine, the opiate morphine
precursor harvested from poppies for
millennia, using yeast embedded with genetic
sequence information from several plant
species, a bacterium, and a rodent.6 While
public awareness of synthetic biology remains
low, developments in the field are advancing
rapidly, sometimes amid controversy.7

Furthermore, a growing cadre of companies
is marketing synthetic biology-based
products in areas including biofuels, specialty
chemicals, bioremediation, and therapeutics.8
A 2013 Synthetic Biology Project report
shows synthetic biology research is
continuing to expand, taking place in
approximately 30 countries and among 565
unique entities in universities, government
laboratories, private companies, and
community laboratory space.9 Although the
U.S. dominates, countries such as the United
Kingdom, Canada, China, Brazil, Japan, and
South Africa all have scientists engaging
in synthetic biology research and most
are sharing information across borders.10
Moreover, commercial activity is not limited
to small startups. Large, multinational
corporations such as Johnson & Johnson,
Merck, and Goodyear Tires are increasingly
incorporating synthetic biology projects and
partnerships into their portfolios. As the cost
of DNA synthesis decreases and the ease
of making genetic modifications and genetic
information digitally available increases, new
questions and potential obligations may
be arising regarding synthetic biology and
the ABS regimes of the CBD and Nagoya
Protocol.
The potential benefits and risks of synthetic
biology are the subject of considerable
disagreement across the globe and
discussions and actions are in varying stages
of maturity in different fora. Surprisingly,

3

DIGITAL DNA: THE NAGOYA PROTOCOL, INTELLECTUAL PROPERTY TREATIES, AND SYNTHETIC BIOLOGY
4

“Temporal Scope” refers to the question of what genetic resources are covered by the Nagoya
Protocol from a time perspective. Specifically, whether the Protocol applies only to genetic resources
physically accessed (i.e. that crossed a border) after the Protocol came into force, or to genetic
resources which are utilized after the Protocol came into force, but were/are physically accessed at any
time after the CBD came into force, or to genetic resources physically accessed at any time and utilized
after the Protocol came into force. “Breadth of Coverage” refers to the issue of whether the definitions
of genetic resources and genetic material, should or will be interpreted broadly enough to include digital
genetic information such as is used in synthetic biology research.11

discussions in the CBD and Nagoya Protocol
are not currently focused on the temporal
scope and coverage issues concerning
synthetic biology and genetic resources
discussed in our first report, which were
left unresolved at the end of negotiations
on the Protocol itself in 2010 (see box).11
Rather, parties are grappling with the more
fundamental issues of the nature of synthetic
biology research and the risks associated
with the release of synthetic biology
products. For example, in October 2014
at the Twelfth meeting of the Conference
of the Parties (COP) to the Convention on
Biological Diversity, which was also the
First Meeting of the Parties to the Nagoya
Protocol (COP/MOP),12 some member
states defined synthetic biology as a simple
extension of genetic engineering, while others
characterized work in the field as sufficiently
new and different to justify application of
the precautionary approach.13 Ultimately,
the COP concluded that there currently was
insufficient information available to classify
synthetic biology as a new and emerging
biodiversity issue, but it did agree, inter alia,
to urge Parties to employ the precautionary
approach and to approve organisms resulting
from synthetic biology techniques for field
trials only after appropriate risk assessments
have been carried out.14 Regrettably, it may
be some time before the COP/MOP, which
meets every two years, returns to serious

consideration of the Protocol’s scope issues.
Indeed, it may ultimately choose to leave
the decisions for member states to continue
to address at the national level. This would
entrench the lack of harmonization and legal
uncertainty for researchers regarding which
genetic materials are subject to Nagoya
Protocol obligations.
Intellectual property protection is often sought
for the fruits of innovative activity, including
synthetic biology products. Patents in
particular offer an exclusivity that provides a
connection to the access and benefit sharing
concerns that animate the Nagoya Protocol.
However, as discussed in the following
section, recent developments have both
cast doubt on the patent eligibility of some
synthetic biology outputs and opened the
door (very slightly) to the potential availability
of another form of intellectual property
protection.

Synthetic Biology and
Intellectual Property
Protection
Researchers are not of one mind when it
comes to intellectual property protection
for advances in synthetic biology. Two
philosophical camps have emerged in the
field: an open-source community focused
on disclosure, sharing, and free accessibility

of synthetic biology engineered parts
and information15 and those with a more
traditional patent-protection-as-an-incentivefor-disclosure-and-investment philosophy.16
Proponents of open source believe that
the free availability of new knowledge will
lead to more rapid discoveries that will
benefit humanity. Those in favor of patenting
synthetic biology products counter that
research requires a financial investment and
patents allow for the recoupment of returns
on that investment. These two approaches,
while clearly in tension, are playing out in
tandem in the rapidly evolving synthetic
biology space.
Synthetic biology products and related
materials are likely to see protection under all
four of the most common forms of intellectual
property: patents, trademarks, trade secrets,
and copyrights. For example, product
names and packaging can be protected by
trademark and trade dress, and software and
marketing materials related to production
and commercialization can be protected
by copyright. Trade secret protection is
likely to be used by manufacturers for
protecting various aspects of commercial
manufacturing processes involving synthetic
biology. However, patents and copyrights
raise the most interesting intellectual property
protection issues, as the full eligibility of
synthetic biology subject matter for coverage
under either regime is not free from doubt at
the time of this writing.
Patents have been, and likely will continue
to be, the primary form of IP protection
for synthetic biology. Numerous patents
have issued on synthetic biology products
and processes ranging from methods
of artemisinin production for treating

malaria17 to fuels made using a modified
microorganism.18 However, recent judicial
decisions on gene patent subject matter
eligibility in the United States and Australia
have eliminated patent protection for some
synthetic biology inventions. In particular,
the United States Supreme Court’s decision
in Association of Molecular Pathologists
v. Myriad Genetics, Inc. eliminated patent
protection for isolated genomic DNA (gDNA)
and other products of nature that do not
qualify as machines, compositions of matter,
articles of manufacture, or processes
made by man.19 The Supreme Court did
distinguish between gDNA and synthesized
complementary DNA (cDNA), such as would
be involved in synthetic biology research,
holding that most cDNA claims would pass
the patent eligibility hurdle. However, the
court cautioned that short cDNA sequences
might not be patentable if indistinguishable from “natural” DNA.20 Moreover, even
longer synthetic sequences would not be
patentable if they are not “markedly different”
to what exists in nature.21 Claims already
have been rejected for cDNA sequences on
that basis in at least one synthetic biology
based patent application.22 Several district
court and appellate decisions implementing
the Myriad holding also have invalidated
patent claims deemed not markedly different
to what exists in nature, such as the cloned
animal claims in the In re Roslin Institute
patent.23 In addition, the United States Patent
and Trademark Office’s initial interpretation
of Myriad and other Supreme Court patent
eligibility decisions drew severe criticism and
consternation from the biotech industry and
patent attorneys, as the office’s guidelines
for examination appeared to go significantly
farther in restricting patentability than the
5
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court decisions. However, more recent
guidance from the office indicates a less
stringent approach to inventions based on
products of nature.24
Patent law is territorial in nature and patents
only have effects within the national/regional
borders of the offices that grant them. Thus
the Myriad decision only has effect in the
United States; researchers still may be able
to obtain patent protection in other countries,
such as EU member states, as the European
Union Biotechnology Directive explicitly allows
for patents on some gene sequences that
would fail U.S. patent eligibility requirements.25
On Oct. 7, 2015, Australia’s highest court
deemed invalid several of Myriad’s patent
claims covering BRCA1, gDNA and cDNA
sequences.26 The country’s High Court ruled
that such claims cover information which
is “discerned” not made, and thus do not
come within the statutory requirement of a
man-made “manner of manufacture.”27 As
the decision is so new, it is unclear what
its implications will be for the patenting of
synthetic DNA sequences or how different
from naturally occurring sequences they will
need to be in order to be considered made
by man and thus patent eligible.
Some scholars and researchers see
copyright protection as a preferable
alternative to patents as it may produce
a more “socially desirable balance” of
permitted versus restricted uses of DNA
sequences.28 Copyright protection lasts
longer than patents – life of the author plus
70 years versus 20 years from filing – but
the protection is not as strong. Unlike for
patents, independent creation is a defense

to copyright infringement, there are limits on
damages for innocent infringement, and the
copyright fair use defense might reasonably
allow many uses of protected sequences,
such as for experimentation and instruction,
not allowed by the strict liability patent law
system.29 Moreover, copyright protection is
seen by some as better able than patents to
foster an open source biology regime.30
However, the possibility of copyright
protection for synthetic biology is far less
certain than that for patents. Copyright
protects original works of authorship fixed
in tangible mediums of expression such as
literary works, musical works, architectural
designs, and even computer programs.31
Several commentators, making an analogy
to computer software, have suggested that
copyright may be appropriate for synthetic
biology, noting that synthetic DNA sequences
meet the originality and fixation requirements
and may require expressive choices.32
Moreover, for open source proponents,
the exclusivity provided by copyright law
possibly could be used to impose sharing
requirements on users, an approach that
some in the free/open software movement
have used effectively with “copyleft”
licenses.33 Detractors, however, argue that
copyright is a poor fit for synthetic biology,
as sequences are generally dictated by
the desired function they are to perform,
leaving little room for an author’s expressive
choices.34 In view of the challenges
posed by patent and copyright law, some
commentators have suggested that a sui
generis IP regime for synthetic biology might
be most appropriate.35 In the United States,
where the lion’s share of synthetic biology

research is performed, the copyright office
has indicated that DNA sequences are not
copyright-eligible subject matter. However,
that decision is currently the subject of a
planned appeal.36

Synthetic Biology and the
Nagoya Protocol
The COP is the governing body of the
CBD and makes decisions at periodic
meetings to advance implementation of the
Convention. One such decision was the
adoption of the Nagoya Protocol on Access
and Benefit Sharing to the Convention on
Biological Diversity at its Tenth meeting in
2010 in Nagoya, Japan.37 The Protocol was
necessary because, while the CBD obligated
Parties to facilitate access to their genetic
resources on mutually agreed terms (MAT),
including users fairly and equitably sharing
benefits arising from the utilization of such
resources with provider countries, it gave
almost no detail on how ABS should be
accomplished in practice.38 Consequently,
provider countries have either not yet
implemented ABS provisions or implemented
widely varying legislation, resulting in legal
uncertainty for users faced with often
burdensome rules for PIC/ABS/MAT that
vary, sometimes significantly, by country.
The Protocol, which came into effect
on October 12, 2014, was designed to
reduce uncertainty and provide increased
transparency for both users and providers of
genetic resources and associated traditional
knowledge. It is a binding agreement and
is “the instrument for implementation of the

access and benefit sharing provisions of the
[CBD].”39 While the CBD and Protocol may
be amenable to interpretations that exclude
synthetic biology from their purview, it is likely
that researchers in this area will be subject
to the provisions of these agreements as
they are implemented in national legislation
in provider and user countries. As such, it
is worth considering whether the Protocol
contains provisions that act as “ceilings” or
“floors” for national legislation. “Ceilings”
are upper limits on the kinds of obligations
member states can impose on users in
relation to ABS/PIC/MAT. Conversely, “floors”
are minimum standards that leave countries
free to impose more stringent requirements
and/or sanctions.
The Nagoya Protocol contains several
important “floors,” minimum standards-type
provisions aimed at achieving the objective
of the fair and equitable sharing of benefits
from the utilization of genetic resources and
associated traditional knowledge (GRAATK).
For example, it requires Parties that choose
to impose prior informed consent (PIC)
for access to GRAATK to take necessary
legislative, administrative, or policy measures
to, inter alia, provide fair and non-arbitrary
genetic resource access rules and
information on how to apply for PIC.40 Also, it
obligates each member to take appropriate
steps to “provide that genetic resources
utilized within its jurisdiction” have been
accessed in accordance with the domestic
ABS/PIC/MAT requirements of another Party.
Furthermore, members must cooperate,
as far as possible and as appropriate, in
cases where another Party’s domestic ABS
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Denmark’s draft legislation provides one approach to complying with this obligation, as it prohibits the
utilization of GRs when the use is based on GRs acquired in violation of GR access regulations in the
country where the GRs were accessed. Violations are punishable by fines, or up to two years in prison
if willful or grossly negligent, and foreign states and persons appear to have standing to bring relevant
actions in Danish courts.41

legislation has been violated (see box).41
However, the mandatory “shall” language
in such Protocol provisions is weakened by
the insertion of vague, broad phrases such
as “effective and appropriate legislative,
administrative or policy measures,” “as far as
possible,” and “as appropriate.” In fact, the
Protocol has been called “a masterpiece in
creative ambiguity” on a variety of topics.42
A close look at all of the Nagoya Protocol
provisions shows only floors – minimum
obligations – and not ceilings – upper limits
on the kinds of ABS laws and penalties a
country can impose. In fact, the only explicit
limitation appears to be Article 12(4), which
obligates countries to avoid restricting
customary uses of GRAATK among
indigenous groups and local communities.43
Thus, while the Protocol’s requirements
should improve transparency and increase
certainty overall, researchers will still face
a panoply of differing, un-harmonized PIC/
ABS laws that may vary significantly in
scope, obligations, and penalties. Moreover,
while the Parties adopted a recommended
compliance process at the 2014 COP-MOP
in South Korea pursuant to Article 30, the
procedure is designed to be “non-adversarial,
cooperative, simple, expeditious, advisory,
facilitative, flexible and cost-effective in
nature.”44 It thus will lack the teeth of, for
example, the WTO TRIPS dispute settlement
mechanism with its trade-based sanctions
regime.45

Regrettably, the speed with which fifty
countries deposited the necessary
instruments of ratification for the Nagoya
Protocol to come into effect is unlikely to
be replicated in the Protocol’s national
implementation phase. The Protocol
is complex, and while many countries
had some type of ABS measure prior to
the Protocol going into effect, only six
countries and the EU had notified Protocol
implementing legislation to the CBD prior
to the Protocol’s Oct. 12, 2014 effective
date.46 As of this writing, 39 countries
have submitted ABS legislative or policy
instruments to the new ABS Clearinghouse
but most of those documents (other than
the EU member states’ submissions of the
EU implementing directive) are pre-Nagoya
Protocol laws.47
Moreover, promptness in drafting
implementing legislation has been no
guarantee of a smooth operationalization
process. For example, the EU adopted a
Directive to implement certain aspects of
the Protocol in April 2014, but the Directive
has already been the subject of two legal
challenges.48 Also, French Polynesia rapidly
developed and passed Nagoya Protocol
Implementing legislation in 2012, but the
legislation currently is not fully in operation.
Moreover, after various changes in political
leadership at multiple levels, the government
is revisiting whether the law as drafted will
meet the needs of the many constituents
affected by it domestically and abroad. An

intensive analysis began in the second half of
2015, across ministries and in consultation
with indigenous communities and local
stakeholders, to evaluate what, if any,
changes may be needed to operationalize
a Protocol-compliant and effective ABS
framework in French Polynesia.49
It seems likely that many other countries
will face a similar raft of challenges in
implementing the agreement, such that it
could be many years before all member
states are in compliance with their Protocol
obligations.50 Nevertheless, progress is being
made; a total of 68 countries have now
ratified the Protocol and the first International
Certificate of Compliance (ICC), granted
to a University of Kent researcher by India
on October 1, 2015, has been notified to
the CBD ABS Clearinghouse.51 Under the
Protocol, such an ICC is clear evidence that
a researcher has complied with the PIC/ABS/
MAT requirements of a country.
A recent comprehensive study of ABS laws
pre-and post the Protocol reveals a variety of
national approaches existing and emerging
on this topic.52 The PIC/ABS/MAT legislation
differs on numerous issues, such as whether
research projects by foreigners require
domestic scientist involvement to enhance
capacity building, the types and number of
compliance checkpoints, the nature and
extent of indigenous and local community
involvement, and whether users must use
due diligence to determine if there has been
compliance with a provider country’s laws.53
Whether these laws will be deemed to apply
to synthetic biology researchers may be
influenced by the nature of their research.
Natural compounds historically have played

an important role in the development of
products in a number of industries including
cosmetics, pharmaceuticals, and agricultural
products. The role may have peaked for
pharmaceuticals in the early 1990s, when
approximately 80 percent of marketed drugs
were natural products or their analogs;
however, natural products are still being
developed and interest in natural products
and ingredients is on the rise. In 2009, more
than 100 natural product-based drugs were
in clinical studies and 13 drugs derived from
natural products received FDA approval
between 2005 and 2007.54 Natural products
and traditional knowledge are particularly
important for advances in the cosmetics
industry where stories of traditional uses
of cosmetic ingredients can enhance the
exotic “experience” for consumers using
certain products, and there is an increasing
consumer demand for environmentally
friendly and socially responsible offerings.55 In
agriculture, the identification of bacteria that
facilitate plant growth, pest resistance, and
drought tolerance, and the recognition that
there are potentially multiplied thousands of
other such bacteria are also fueling natural
products research.56 Natural compounds
are a significant potential source of new
ingredients: Less than 15 percent of higher
plant species are believed to have been
examined for bioactivity, and less than
1 percent of microorganisms are easily
cultured.57 Much remains to be learned
from animal genetic information as well. For
example, researchers recently identified the
production of multiple copies of p53, a gene
known to inhibit cancer growth, in African
elephants. This finding helps explain why,
despite their size, life span, and significantly
higher number of total cells, that elephants
9
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are much less likely to develop cancer than
humans.58 In turn this finding could lead
to better cancer treatments for humans.
Interestingly, developments in synthetic
biology may increase the importance and
viability of natural compounds in all of
these areas. The ability to synthesize near
copies of natural compounds or genes
with designer modifications could both
significantly advance knowledge and prove
extremely profitable in eliminating some of the
regulatory and transactional barriers to new
product development.59
Because many synthetic biology projects
focus on mimicking natural products and
processes and then making changes to
them, significant amounts of both tangible
genetic resources and genetic resource
information have been – and are being –
used in synthetic biology research. This has
raised questions about whether synthetic
biology products and developers are subject
to the Nagoya Protocol. Also, the increasing
amount of DNA sequence information being
made freely available in online databases
combined with the dramatic reduction in
cost and difficulty of DNA sequencing from
commercial labs is raising digital misappropriation concerns among NGOs and developing
country officials. However, the ability to
use intangible genomic information virtually
undetected makes assuring compliance by
such researchers far from simple.

Use and Misuse of Digital Genetic
Information
One of the driving forces behind both the CBD
and the Nagoya Protocol has been a desire to
prevent the misappropriation and/or misuse
of GRAATK, often broadly characterized as
10

“biopiracy.” “Biopiracy” is a rather pejorative,
multi-dimensional term that is often used as
a shorthand label for some form of egregious
misappropriation. By one definition, it is
“the patenting of plants, genes, and other
biological products that are indigenous to
a foreign country,”60 without compensating
the conservators of those resources and the
holders of knowledge appropriated during ethnobiological research processes. This creates
a clear connection to the word “piracy,”
which is defined as “the unauthorized use of
another’s production, invention, or conception
especially in infringement of a copyright.”61
As explained by one commentator: “What
developing tropical nations are saying is that
if the West cries foul over piracy of intellectual
property, [such as] computer software, then
biopiracy in Western labs of jungle extracts
should also be considered a high economic
crime.”62 Pressure to address biopiracy has
led to the use of the term by governmental
entities and corporate titans alike: Peru has
a National Anti-Biopiracy Commission that
tracks global efforts to patent a variety of
native Peruvian species, and the Sanofi Group
recently published a factsheet on biodiversity
and biopiracy.63
The biopiracy label is controversial, and
is itself subject to criticism, as it has been
applied to a wide range of activity and used
in vague, imprecise, and politicized ways.64
Unauthorized uses of tangible genetic material
and intangible genetic information can
involve quite different levels of culpability in
terms of knowledge and intent. For example,
finding and using a DNA sequence of
interest in a public database through “digital
bioprospecting” seems far removed from
intentionally removing genetic material from an
in situ location without permission. Would both

be deemed biopiracy? It probably depends
on whom you ask, with certain NGO and
developing country personnel perhaps more
likely to use the term than developed country
researchers and representatives. Would both
be deemed violations of national law? Perhaps
yes, if the sequence from the public database
was from an improperly acquired sample and
if national legislation covers intangible genetic
information; but whether in fact that would be
the case will vary from country to country and
will only be known as Protocol-implementing
legislation is developed, operationalized, and
enforced (as discussed below). Nevertheless,
the broad range of activities to which
governments, NGOs and other commentators
sometimes apply the handy “biopiracy” label
seems impossible to control.
Both the CBD and Nagoya Protocol were
drafted primarily with tangible genetic
resources in mind65 and do not facially
address the rather different set of “virtual”
concerns implicated by recent developments
in the field of synthetic biology. As the NGOs
ETC Group and Friends of the Earth note:
While “traditional” biopiracy involves
the physical removal of material from a
community to private hands, synthetic
biology enables “digital biopiracy” where
the DNA of an organism is sequenced
in situ, uploaded to the internet as
information, and then transferred digitally
to a DNA synthesizer to be copied and
re-built elsewhere. This digital transfer of
DNA sequences does not even require
a Material Transfer Agreement since
no physical material is transferred. Yet,
the technology allows corporations,
governments and individuals to freely take
genetic material for private use in new

synthetic organisms, which can then be
patented as inventions.66
As discussed above, the term “biopiracy”
is controversial in this context, but it is a
catchphrase that instantly conveys the nature
of the activities and fears at issue. Such fears
seem justifiable in light of the wide availability
of genome information and tools that can be
used to construct modified or fully novel gene
sequences that can be emailed or uploaded
to commercial enterprises and synthesized to
specification.67 Indeed, in a report advocating
a “broad and dynamic” interpretation of the
Protocol definition of genetic resources to
include digital information, the Fridtjof Nansen
Institute noted that, “new knowledge and
technologies [such as synthetic biology] may
create new and inventive uses of genetic
resources with a future potential for ABS.”68
Concerns regarding the potential for
“digital biopiracy” may create reluctance
on the part of some provider countries
to enter into non-commercial research
agreements. This is perhaps due to fear that
DNA sequence information obtained from
analyzing genetic material under a PIC/ABS
agreement may be uploaded to publicly
accessible databases and then used by
synthetic biology researchers to develop
lucrative, ABS-free modified organisms and
products for commercial applications.69
This is particularly ironic and problematic as
Article 8 of the Protocol explicitly encourages
countries to ease access requirements for
non-commercial research projects, such as
the Moorea Biocode project in the South
Pacific and the Smithsonian-based DNA
Barcoding project, both of which are likely
to generate voluminous amounts of digital
sequence information.70
11
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These developments have the potential to
influence how the Nagoya Protocol and other
treaties may be modified and interpreted in
the future. Moreover, the increasing likelihood
of such problems led the International Civil
Working Group on Synthetic Biology to make
the following recommendation regarding the
Protocol:
The Conference of the Parties should
further invite the parties to the Nagoya
Protocol on Access and Benefit Sharing
to consider extending agreements on
access and benefit sharing to cover digital
genetic sequences and products derived
from natural sequences using synthetic
biology tools such as directed evolution
techniques.71
Even if the Protocol is not construed to cover
digital information and products derived
therefrom, countries may still incorporate
such coverage into their national legislation
explicitly or by interpretation.72 However,
ensuring compliance for such digital
information is likely to be significantly more
challenging than for tangible genetic material.
It is possible to watermark a DNA sequence
without interfering with gene coding by
inserting the watermark in a non-coding
region of the DNA.73 J. Craig Venter used
such a technique when developing “Synthia,”
the first cell controlled by a synthetic
genome.74 However, such a process may
not be economically feasible or efficient
for large quantities of DNA sequences.
Moreover, watermarks may be susceptible to
degradation through, for example, mutation.
Finally, it may be possible for third parties
to identify the watermark (e.g., if it contains
a start signal) and remove it from the DNA
sequence. Thus, until a robust, secure,

watermarking system is available to identify
the source of genetic information used in
creating an invention, downstream user
compliance with PIC/ABS conditions may be
impossible to enforce.
Moreover, researchers may not even realize
that the use of such digital information
is objectionable. A provider country may
consider obtaining sequence data on a
genetic resource from an internet database
to be the functional equivalent of receiving
a physical sample from the researcher who
uploaded it (in which case compliance with
Protocol-implementing legislation would
be required). Yet, a researcher may view
obtaining sequence data on the internet as no
different to obtaining information/data from a
publicly available scientific publication.
This difference in views regarding the free
availability and/or use of digital sequence
information has the potential to create
additional controversies between users and
providers of genetic resources. In addition,
imposing too many barriers to accessing
digital data, or generating uncertainty
regarding the legality of using digital data,
could negatively impact the development of
new products and information.
This difference in views is also reminiscent of
controversies in other areas where advances
in digital copying and an increase in easily
accessible digital information have created
“piracy” concerns, for example music
and movie file-sharing and 3-D printing.
Considering that all three phenomena are
the result of the increasing digitization of
information,75 this is not surprising. For more
than a decade, the Recording Industry
Association of America and the Motion Picture

Association of America have been fighting the
facilitators and perpetrators of unauthorized
downloads of copyrighted works from the
internet, labeling such actions as “theft” and
obtaining monetary and, in some cases,
criminal penalties against the perpetratorsindividuals and organizations alike.76 Likewise,
3-D printing is set to allow individuals and
companies to cheaply copy patent and
copyright protected articles from internetaccessible digital files.77
If the 3-D printing controversy is in its infancy,
the digital misappropriation controversy is,
at best, embryonic; not many people are
even aware of the issue. However, there is
an important difference between music and
movie file-sharing and 3-D printing on the one
hand and genomic DNA sequence information
on the other. In particular, the former content
is protected by traditional intellectual property
rights (copyrights and patents) and is seen as
creative; the latter, generally speaking, is not.78
Moreover, the IP-holding music and movie
stakeholders are well-organized and have
deep pockets to pay for lobbying, lawsuits,
and the media and educational outreach
efforts of their sustained campaigns. The
indigenous people groups, local communities,
and governments in developing countries
most likely to be negatively impacted by digital
misappropriation are neither well-organized

nor well-funded on this issue, and the origins
of the sequence information may be very
difficult to ascertain.79
If government representatives come to believe
that results gleaned in non-commercial
research projects are being converted to
commercial purposes with no concomitant
sharing of benefits, they may eliminate
simplified access procedures for such
research, put stringent limits on the public
sharing of such research results, or even
stop such research projects altogether, as
contemplated by the Indonesian government
in 2014.80 On the other hand, if synthetic
biology researchers believe that they
may be labeled as “biopirates,” subject
to various sanctions, or have to engage
in high transaction cost negotiations as
a consequence of using sequences from
publicly accessible databases, they may be
inhibited from using such data, which could
limit the beneficial discoveries they would
otherwise make.
To avoid such a scenario, the CBD/NP
COP should accelerate exploration of ways
to ameliorate the digital misappropriation
concern. One possibility could be employing
some form of low transaction costs licensing
scheme like, for example, Syngenta’s
“E-Licensing” program for plant breeders (see
box) 81 or a multilateral benefit sharing fund

As explained on the Syngenta website, “[c]urrently, obtaining licenses for proprietary traits and
technologies can be lengthy and costly, especially for small companies. . . . Under our new e-licensing
system, the financial terms are clear, no negotiation is necessary and we ensure a fair sharing of benefits
(i.e. added value) between patent owner, grower and licensee.” Features of the eLicense system
include: internet access to the licenses; transparent FRAND licensing conditions, access to a portfolio of
patented enabling technologies; free research licenses for academics/non-profits and standard license
agreements for other entities, with terms adapted for small, medium and large entities; and no royalties
being due unless newly-developed and commercialized varieties contain patented native traits. The key
difference with Syngenta’s system is that the subject matter to be licensed is identified and patented,
and access is truly controlled. Nevertheless, it might be possible to develop a system based on aspects
of this model for interested provider countries.81
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scheme, such as is present in the U.N. Food
and Agriculture Organization’s International
Treaty on Plant Genetic Resources for Food
and Agriculture.82 Parties that commercialize
products from material accessed through
the Treaty’s multilateral system agree to pay
a fixed percentage of sales into a benefitsharing fund that provides grants to crop
diversity enhancing projects across the
globe.83 To date, virtually all contributions
to the fund have been made by countries,
not commercial enterprises, which is
seen as a weakness of the system, and
plans were recently announced to adopt
a subscription model to ensure consistent
income for farmers and conservation efforts.84
Nevertheless, such a system, in its current
or revamped form, could provide a model
to evaluate for addressing user and provider
concerns regarding intangible genetic
information.
Interestingly, Article 10 of the Protocol
explicitly mentions the potential need for
such a multilateral benefit sharing fund
in the context of transboundary genetic
resources and associated traditional
knowledge (GRAATK), or for situations
in which it is not possible to obtain prior
informed consent, and the modalities of such
a fund are currently under development.85
Some third party commercial uses of
genetic resource information from publicly
accessible databases can be analogized
to a transboundary situation or a situation
where it is not feasible to get consent. This
is because synthetic biology researchers
may be using fragments of DNA sequences
from many different species in designing new
biosynthesis pathways to generate new, or
enhanced compounds. In the absence of a

foolproof watermarking technique, providing
for PIC/ABS obligations to be met for such
uses through payments into a multilateral
benefit sharing fund may be a viable way to
avoid the twin specters of provider countries
limiting access for non-commercial endeavors
and the deterrence of researchers from using
digital genetic resource information for fear of
liability and/or untenable transaction costs.

Synthetic Biology, the Nagoya
Protocol, and Intellectual Property
Treaties
In 1984, negotiations began on the Uruguay
Round of the General Agreement on Tariffs
and Trade.86 When those negotiations
concluded in 1994, a new organization, the
World Trade Organization (WTO) had been
formed, and a new semi-global intellectual
property regime had been created via the
Agreement on Trade Related Aspects of
Intellectual Property (TRIPS).87 TRIPS was
the first significant multilateral agreement
requiring member countries to provide
certain minimum levels of intellectual property
protections to rights-holders.88 TRIPS
succeeded where prior efforts had failed by
tying requirements for substantive protections
(such as a minimum patent term) with trade.89
This important connection meant that a
member state’s failure to comply with TRIPS
requirements could result in trade sanctions
by other members following a binding dispute
resolution proceeding.90
The Nagoya Protocol does not itself
contain any mandatory provisions that are
inconsistent with TRIPS. Rather, it allows
members to enact legislation that may be
inconsistent with their TRIPS obligations.91
For example, domestic ABS legislation

mandating the sharing of benefits derived
from patents could be viewed as an
unjustifiable interference with a patent
owner’s TRIPs-specified exclusive rights.92
Also, domestic legislation requiring applicants
to disclose the origin of genetic resources
and associated traditional knowledge used
in developing an invention in order to obtain
a patent could be viewed as a violation of
TRIPS Article 27, which requires patents
to be granted on inventions in all fields
of technology as long as the invention is
new, industrially applicable and involves
an inventive step.93 However, as long as a
patent’s issuance is not tied to compliance
with such a disclosure requirement, there
would not be a violation of TRIPs. This is
the approach taken by several countries,
including Switzerland and Norway, which
require disclosure, but punish non-compliance
outside of the patent system under laws
concerning making false statements to
government officials.94
While complying with one’s international
obligations is desirable, it is important to

note that even if implementing the Nagoya
Protocol were to put a country out of
compliance with TRIPS, there may be no
practical consequences to the country from
such action. This is because sanctions
are only likely to be imposed against a
country for TRIPS non-compliance if a WTO
Dispute Settlement Body (DSB) action
is brought against the country and the
panel rules against it.95 A number of WTO
countries have had laws mandating genetic
resource disclosure of origin (DOO) in patent
applications upon penalty of patent denial
or revocation for several years, yet no WTO
actions have been brought against any of
them on this basis. There may be a variety of
political reasons why no country might deem
it worthwhile to bring a DSB action against
another country over a disclosure of origin
requirement, particularly if industry IP owners
are not yet experiencing problems with the
requirements. Moreover, even if an action
is brought and a country loses, compliance
sometimes can still be avoided through
negotiation and/or monetary payments.96

15

DIGITAL DNA: THE NAGOYA PROTOCOL, INTELLECTUAL PROPERTY TREATIES, AND SYNTHETIC BIOLOGY

The Nagoya Protocol is not an IP treaty
per se; nevertheless, there are strong links
between the goals of the Protocol and the
patent system in particular. For example, the
misappropriation concerns that influenced
the creation of the CBD, and ultimately the
Protocol, were in large part driven by the fact
that patents were being granted on inventions
derived from GRAATK obtained without PIC/
ABS/MAT while the lucrative proceeds from
those patents were not being shared with the
sovereign owners, providers, and developers
of the GRAATK.97
A requirement that patent applicants disclose
the origin of genetic resources used in
developing their inventions could facilitate
compliance with PIC/ABS/MAT laws. Such
a requirement is present in some patent
laws and biodiversity laws already and even
in some ABS contracts. Interestingly, the J.
Craig Venter Institute incorporated a “soft”
requirement to facilitate such disclosure for
genetic sequence information gathered during
its Global Ocean Sampling Expedition and
submitted to the online CAMERA (Community
Cyberinfrastructure for Advanced Microbial
Ecology Research and Analysis) database
(see box).98
As discussed in our first report, the United
States does not have a genetic resource
disclosure of origin requirement and is not a
party to the CBD nor the Nagoya Protocol.
Nevertheless, a DOO requirement is already

a fact of life for researchers seeking patent
protection in many countries outside of
the United States, including China and
several European countries such as Norway,
Denmark, Italy, Switzerland, and Sweden.99 It
is also a requirement in Brazil, several other
Latin American countries, and several African
countries. In fact, more than 20 countries
already have such a legal requirement, and
that number can be expected to increase due
to the Nagoya Protocol coming into effect.100
Article 17 of the Protocol requires members
to designate checkpoints where user
compliance with PIC/ABS/MAT in relation to
genetic resource utilization can be assessed.
It is not a coincidence that a country’s patent
or intellectual property office is a logical
Nagoya Protocol checkpoint, and a genetic
resource DOO requirement is a logical
transparency tool to aid in effectuating the
goals of the Protocol. The March 2010 draft
of the Protocol explicitly identified intellectual
property offices as mandatory checkpoints,
although such a direct requirement was
eliminated from the final document.101
Thus far, two of the four countries notifying
checkpoints to the CBD ABS Clearinghouse
have specified intellectual property offices.102
Thus, while designating an intellectual
property or plant variety protection office as
a checkpoint is not a Protocol requirement,
defining the contours of a patent application
genetic resource DOO requirement in an
international treaty could actually enhance

One example of the JCVI language states:
This genetic information downloaded from camera.calit2.net may be considered to be part of the genetic
patrimony of Madagascar, the country from which the sample was obtained. Users of this information
agree to: (1) acknowledge Madagascar as the country of origin in any publications where the genetic
information is presented and (2) contact the CBD focal point identified on the CBD website (www.biodiv.
orgdocinfo-centre.shtml) if they intend to use the genetic information for commercial purposes.98
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certainty for all researchers working with
genetic material.103

Possible Future Treaty based ABS/
DOO Obligations
Currently, no multilateral intellectual property
treaty mandates that countries impose
a genetic resource disclosure of origin
requirement in patent applications; it is solely
a matter of national and/or regional law.
However, that may change sooner rather
than later, depending on the ultimate success
of negotiations taking place in the World
Intellectual Property Organization’s (WIPO)
Intergovernmental Committee (IGC) on
Intellectual Property and Genetic Resources
(GR), Traditional Knowledge (TK) and Folklore.
At WIPO, DOO concerns were first raised
in the Standing Committee on Patents, but
were later moved to the then-newly-created
IGC for deliberation in 2000.104 The IGC’s
first meeting was in 2001, and, while there
has been much talk in successive meetings,
real progress arguably did not begin until the
start of text-based negotiations in 2009.105
Recent negotiations have yielded three draft
texts: a genetic resource text that would
include provisions such as a requirement
that inventors seeking patent protection
disclose the origin of genetic resources and
associated TK used in developing a claimed
invention, a TK text that would include
access and benefit sharing/compensation
requirements and other possible constraints,
and a traditional cultural expressions (TCE)
text containing, among other things, a suite
of moral rights for specified TCEs.106
The WIPO members seeking a legally binding
GR agreement – called demandeurs – are

mostly indigenous people groups and
developing countries rich in GRAATK.107 They
believe a genetic resource DOO requirement
will reduce the grant of erroneous patents
(e.g., patents that should not have been
granted because the subject matter lacks
novelty or is obvious), and facilitate access
and benefit sharing agreements in relation
to GRAATK. Non-demandeurs, on the
other hand, are developed countries that, in
many cases, have been resisting a binding
agreement, and/or want any agreement on
genetic resources to employ only defensive
measures, such as traditional knowledge
databases, to avoid the grant of erroneous
patents and not to facilitate ABS. Many
of these non-demandeurs claim that a
mandatory genetic resource disclosure of
origin requirement would be unworkable,
as it would unacceptably reduce legal
certainty and place too much of a burden
on patent applicants, resulting in diminished
innovation.108 However, DOO requirements
can be designed to be reasonable and, as
discussed above, the reality is that DOO
patent requirements are already a fact of
life in many countries and supplying such
information will thus, over time, become
business as usual.
China, the country that currently receives
more patent applications every year than
any other country, provides a pertinent
example. Article 26 of the Chinese Patent
Act (3rd Revision) requires patent applicants
to disclose the origin of genetic resources
used in creating an invention. According to
a recent analysis of China’s genetic resource
DOO requirement, between Oct. 1, 2009
and June 30, 2013, genetic resource source
forms were filed in 7,149 patent applications,
17
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most after the examiner requested
submission of the form.109 While the vast
majority of applications were filed by Chinese
domestic applicants, thirty-eight were from
abroad and filed by applicants from South
Korea, Japan, France, Germany, Finland,
India, Canada, Switzerland, Indonesia, and
the United States.110 Thus, researchers and
multinationals, including from the United
States, already may have to deal with such
a requirement if they are seeking patent
protection in DOO countries such as China.111
Importantly, the authors of the study
conclude that the new genetic resource
disclosure requirements are not placing an
“undue burden” on patent applicants.112 And
DOO requirements should not be an onerous
burden on applicants and should not require
them to provide information that they do
not know. While countries may impose a
due diligence requirement on applicants to
make efforts to ascertain origin or source,
others, including China, will accept as true
an applicant’s assertion that the source and/
or origin of the genetic material is unknown.
Even the United States, which is opposed
to a mandatory genetic resource DOO
requirement, has a requirement in 37 C.F.R.
1.105 that allows an examiner to request
any information from an applicant that might
aid in examining the application (including
disclosure of origin) and to accept as a
complete answer that the applicant does not
know the requested information.113
Nevertheless, even a DOO requirement is
not a panacea for ABS ills. Genetic resource
DOO requirements can be problematic for
a variety of reasons, including the fact that
many organisms share common genetic
components or can be found in more than
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one geographic location. For example,
the rosmarinic acid-containing plants
used by Pacific islanders to treat cases
of ciguatoxin poisoning are found in New
Caledonia, French Polynesia, Vanuatu,
Tonga, Micronesia, and even Japan.114
Moreover, patent disclosure requirements
are not harmonized, resulting in often vague
and fairly non-specific DOO descriptions
(if any) in relevant patent applications.115
And even if an applicant complies with a
disclosure requirement, governments or
other groups must still develop and deploy
sufficient resources to effectively monitor and
investigate and, if appropriate, negotiate and
enforce agreements concerning the GRAATK.
Parties took a hiatus from formal IGC
discussions in 2015; however, during the
WIPO General Assemblies Oct. 5-14, 2015,
agreement was reached to resume IGC
negotiations in the 2016-2017 biennium
toward development of one or more
international legal GR, TK, TCE texts. It
seems likely that consensus will continue
to grow, in particular around the draft GR
text and its DOO provision.116 Several IGC
delegations appear to be somewhat open
to a minimum standard or “floor” in the
agreements which, for the GR text, could
involve a mandatory DOO requirement as a
transparency mechanism that leaves several
of the details of scope and specific penalties
(e.g., whether violation of the DOO affects
patent validity or is only addressed outside
of the patent system) to be addressed
under national law. Consequently, instead
of opposing a DOO requirement in the IGC,
non-demandeurs might be better off agreeing
to a floor and seeking a ceiling on the scope
of DOO protections and penalties in national

laws. This could result in a ratcheting back
of some of the most onerous and draconian
national provisions and provide a greater level
of certainty and lower risk of disproportionately severe penalties to their researchers
when using genetic resources. It also could
be particularly important for facilitating patent
transactions, as the origin of some resources
may not be known by all parties that could
be charged with DOO violations, such as
downstream owners in a patent’s chain of title.
Synthetic biology issues have not yet
meaningfully penetrated the WIPO IGC GR
discussions, but as the parties move toward
a clearly defined text it seems likely that
the scope of “genetic resources” under the
instrument, and whether the term includes
intangible genetic information, will eventually
arise. While much remains to be determined
as to the ultimate form, content, nature,
and membership of any genetic resource
agreement, it seems quite likely that it will
incorporate some sort of DOO requirement.
Whether, and to what extent, synthetic
biology inventions will be considered subject
to a DOO requirement remains unknown. It is
possible that, as under the Nagoya Protocol,
the express issue of the status of intangible
genetic information will be left to the vagaries
of national implementing legislation.
The traditional knowledge and traditional
cultural expressions draft texts appear to
be further from consensus than the genetic
resource text. While TCEs are unlikely to
be at issue in synthetic biology research,
TK may be implicated in some situations.
For example, TK could include information
obtained from members of an indigenous
group or local community about uses of a

particular genetic resource which in turn
could lead to the extraction and use of
pharmacologically active compounds and
the synthetic modification of DNA sequence
information from such compounds to develop
new products. The current draft of the IGC
traditional knowledge text includes positive
protections such as the right to exclude,
economic benefits, and/or moral rights such
as the right of attribution, depending on
whether the TK can be categorized as, for
example, secret, sacred, or closely held.117
The idea of IP-like protection for TK could be
anathema to some academic researchers,
who may see an analogy to the information
they freely share through presentations
and in scientific journal publications. Such
information may be later used and built upon
by third parties who create new, lucrative
inventions without any compensation going
back to the presenter/author. However, a
distinction can certainly be made between
groups who seek to share knowledge. For
example, knowledge shared by researchers
in a government-funded institution of higher
education (with a mandate, in many cases,
to discover and disseminate knowledge) and
knowledge shared by a local community or
indigenous people group in a developing
country without such a knowledge-sharing obligation and with limited economic
resources and opportunities are categorically
different. Compensation for knowledge
shared by the latter group seems appropriate,
is required under the Nagoya Protocol (as
benefit sharing), and need not be financial
in nature, as the Protocol emphasizes the
importance of both non-monetary and
monetary benefits.118
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Patent protection remains available for most
synthetic biology outputs, although eligibility
varies by country and copyright protection
currently appears unlikely. Also, the relatively
amorphous nature of the Nagoya Protocol,
which sets minimum obligations but does
not constrain maximalist national ABS/PIC/
DOO measures, poses no direct conflict
to the WTO TRIPS Agreement. In addition,
while ratification of the Protocol proceeded
expeditiously, the drafting and enactment
of implementing legislation, as well as the
creation of the necessary infrastructure for

efficient operation of domestic PIC/ABS/
MAT systems remain challenges for many
countries. Moreover, efforts at WIPO to
develop a binding treaty to, inter alia, obligate
countries to require patent applicants to
disclose the origin of genetic resources used
in creating a claimed invention bear watching
as negotiations resume in 2016. Researchers
would be well advised to inquire into the
origin of tangible genetic material and, where
possible, intangible genetic information that
they use and, where applicable, to ensure
that such material was taken in compliance
with the domestic law of a provider country.
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