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Foreword

The Foundation for Intellectual Property, Institute of Intellectual Property conducted the 2024
Collaborative Research Project on Harmonization of Industrial Property Right Systems under a
commission from the Japan Patent Office (JPO).

Various medium-term issues need to be addressed to encourage other countries to introduce
industrial property right systems helpful to the international expansion of Japanese companies and to
harmonize the industrial property right systems of major countries, including Japan. Accordingly,
this project provided researchers well-versed in the Japanese industrial property right systems with
an opportunity to carry out surveys and collaborative research on these issues with the goal of
promoting international harmonization of industrial property right systems through use of the
research results and researcher networks.

As part of this project, we invited researchers from abroad to engage in collaborative research
on target issues. This report presents the results of research conducted by Dr. Daria KIM, Senior
Research Fellow, Max Planck Institute for Innovation and Competition, Germany, an invited
researcher at our Institute.” We hope that the results of their research will facilitate harmonization of
industrial property right systems in the future.

Last but not least, we would like to express our sincere appreciation for the cooperation of all

concerned with the project.

Institute of Intellectual Property
Foundation for Intellectual Property
March 2025

* Period of research in Japan: From January 6, 2025, to February 18, 2025
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Summary

The transformative potential of genome-editing technology extends across economic sectors and
promises substantial social benefits. The realisation of these benefits is contingent on the alignment
of multiple socio-economic and legal factors. Among important preconditions are a well-structured
system of innovation incentives and a well-functioning framework for allocating patent rights.
Earlier research predicts that the highly complex patent landscape surrounding breakthrough
technologies — particularly CRISPR/Cas-based systems and methods of genome editing — is likely to
lead to technology underutilisation.

The study addresses the perceived need to enhance freedom to operate (FTO) and balance innovation
incentives in the context of a complex patent landscape of CRISPR/Cas technology. It explores how
CRISPR/Cas-enabled innovation has entered the market in Japan, with a particular focus on
licensing arrangements. Additionally, it examines key legal factors that can help mitigate
overlapping patents and, in turn, improve FTO. Overall, the analysis finds that focusing solely on
‘success stories’ provides a limited perspective and highlights the need for a more comprehensive
empirical assessment of licensing practices in this field. Moreover, it confirms that the interpretation
and application of existing patent law standards can play a significant role in reducing the complexity

of the patent landscape.

The transformative potential of genome-editing technology extends across economic sectors and
promises substantial social benefits. The realisation of these benefits is contingent on the alignment
of multiple socio-economic and legal factors. Among important preconditions are a well-structured
system of innovation incentives and a well-functioning framework for allocating patent rights. Earlier
research predicts that the highly complex patent landscape surrounding breakthrough technologies —
particularly CRISPR/Cas-based' systems and methods of genome editing — is likely to lead to
technology underutilisation.

Accordingly, this study explores the perceived need to enhance FTO and balance innovation
incentives in the context of a complex patent landscape surrounding genome-editing technology. In
doing so, it draws on the framework applicable to genome-editing innovation in Japan, which has
become home to the first commercially available genome-edited — CRISPR/Cas-derived — products.
This was not least due to Japan’s early adoption of regulations that exempt certain types of genome

edits from regulations applicable to transgenic products. More specifically, the study has addressed

! The abbreviation ‘CRISPR’ stands for ‘clustered regularly-interspaced short palindromic repeats’, a naturally occurring mechanism
discovered in bacteria that grants the bacteria a certain level of immunity against viruses. ‘Cas’ refers to ‘CRISPR-associated protein’,
a molecule utilised to produce targeted modifications within DNA sequences. Together, it represents a molecular system or,
metaphorically, ‘scissors’, that can induce SDN modifications.



the following questions: How have CRISPR/Cas-enabled innovations reached the market in Japan?
To answer this question, case studies of CRISPR/Cas-derived products commercialized in Japan are
conducted, with a specific focus on patent licensing practices.

Furthermore, the study has examined how the Japanese patent system compares to the European
patent system in terms of selected legal determinants of FTO. The focus is on the legal factors of
overlapping patent claims which largely contribute to the density, complexity, and uncertainty of a
patent landscape. In particular, the analysis has addressed the standards for novelty and functional
claims, as well as the scope of derivative protection in both jurisdictions, exploring their implications
for FTO in the field of genome editing.

The focus on CRISPR/Cas technology is justified by its position as the leading technology in
precision biotechnology. While findings related to CRISPR/Cas should be interpreted with caution —
particularly in terms of their generalizability — the insights gained from this technology may hold
broader relevance for the patent landscapes surrounding genome-editing tools.

Accordingly, the report unfolds as follows. Part I sets the scene and frames the study by outlining the
technological context and normative concerns regarding the proliferation of patents genome-editing
technology. The effective allocation of access and usage rights in patented technology is crucial for
realizing its societal benefits. However, this becomes challenging in dense and contested patent
landscapes, such as that of CRISPR/Cas technology, which includes vast patent families currently
estimated at about 17,000. This situation has been described as an ‘anticommons’ problem and a
‘patent thicket’, reflecting concerns that valuable innovations go underutilized due to difficulties in
securing necessary permissions. In particular, the efficient allocation of patent rights for technology
use can be hindered by coordination challenges and high transaction costs associated with
aggregating rights from multiple holders due to overlapping patents. In genome editing, these barriers
can lead to delayed or abandoned R&D projects, resulting in missed opportunities for developing
end products.

Part II presents case studies on genome-edited products that have successfully reached the market in
Japan, drawing on the available information regarding patent licensing. It shows that
commercialization of CRISPR/Cas-enabled innovations can be attributed to a combination of factors,
including regulatory clarity, policy support, and patent licensing. Japan was among the first countries
to establish a regulatory framework that exempts certain genome-edited products from the strict
regulations applied to transgenic products. This approach has fostered a favourable environment for
the development and commercialisation of genome-edited food products.

To date, three genome-edited products — the GABA tomato, Madai red sea bream, and tiger pufferfish
— were developed and commercialised in Japan through university-led initiatives in collaboration

with private companies and with government support. Patent licensing is an essential factor in
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bringing innovation to market. Research found that for each of the three commercialized products,
only one patent license was reported. For the GABA tomato, Sanatech Seed obtained a non-exclusive
commercial license from Corteva Agriscience and the Broad Institute of MIT and Harvard. For the
genome-edited fish, the University of California, the University of Vienna, and Emmanuelle
Charpentier (CVC group) granted a non-exclusive license to the Regional Fish Institute, with a
geographical limitation to the Asia-Pacific region and a use limitation to aquaculture.

While limited information and resources do not allow for a full-scale FTO analysis, the question of
the sufficiency of a single license remains open. At best, the findings can be interpreted as
demonstrating that bringing genome-edited products to market is possible despite the complexities
of the patent landscape — though this is subject to caveats regarding the representativeness and
replicability of these experiences. Moreover, it remains unclear whether the companies studied have
navigated the process ‘the right way’ and whether their innovations will ultimately succeed — both in
terms of private cost-benefit considerations and broader societal acceptance.

The three examined use cases may, in fact, reflect survivorship bias, capturing only the tip of the
iceberg — the visible successes — while the hidden body of unsuccessful projects, including those
hindered by patent licensing complexity, remains submerged and impossible to evaluate. What the
cases underscore is that, in the current CRISPR/Cas patent landscape, companies seeking to advance
genome editing innovations from discovery to commercialization must take legal risks, the full extent
of which remains uncertain due to many ‘unknowns’. If the risk of patent infringement is unavoidable
due to the complexity of the patent landscape and uncertainty about which licenses are necessary and
sufficient, the unauthorized use of technology, somewhat paradoxically, almost by necessity becomes
a means of overcoming the ‘tragedy of the anticommons’.

A meaningful examination of the ‘anticommons’ hypothesis requires looking beyond successful
projects — such as those where genome-edited food has reached the market — to uncover evidence of
those that failed to materialize, not least due to patent-related complexity. The methodological
challenges of such an inquiry are well-known. To begin with, the challenge lies in the conceptual
imprecision of effects such as ‘missed opportunities’ and ‘research blockages,” making them difficult
to identify, for instance by designing an effective survey and reliable indicators — and assess. The
lack of tangible records on abandoned or uninitiated projects, combined with missing or incomplete
licensing data, limits the observability of such effects. Moreover, human factors — including memory
limitations, cognitive biases in recalling decisions, and hindsight bias in evaluating opportunities —
introduce subjectivity into reporting, further affecting data quality. All these methodological
limitations undermine the ability to draw firm conclusions. Beyond these limitations, establishing a
clear cause-and-effect relationship between patents and innovation is inherently difficult, as

innovation decisions are shaped by multiple factors beyond patents alone.
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Part III discusses the findings of the analysis of legal determinants of FTO, from a comparative
perspective on the Japanese and European patent systems. It focuses on three types of patent overlaps,
namely (i) multiple patents claiming essentially the same subject matter; (ii) broad functional claims
directed to a method potentially subsuming subsequent inventions related to specific applications;
and (ii1) extension of patent protection for a genome-editing method to products derived through that
method.

Precluding overlapping patents claiming largely similar subject matter is a function of the novelty
standard and its application. Analysis finds that both JPO and EPO consider hidden prior art and take
into account only explicit teachings but also those derived by a person skilled in the art (PSITA) from
an earlier patent application. EPO has been viewed to follow a more ‘photographic’ approach to
novelty. The JPO and the IP High Court appear more flexible in interpreting the identity of a claimed
invention relative to a prior art reference. From an FTO perspective, the more differences the novelty
standard permits, the lower the likelihood of overlapping patents, which is more conducive to FTO.
As seen in CRISPR/Cas case law, Japan’s standard may be more flexible in determining what
constitutes ‘identical’ subject matter, leading to a lower threshold for rejecting patents on novelty
grounds and making the system more FTO-conducive. However, drawing direct comparisons
between the systems remains challenging due to the lack of comparable decisions. In the
CRISPR/Cas case, the patent rejected by the JPO — a decision later upheld by the IP High Court —
was also rejected by the EPO, but on different grounds.

In the case of broad claims directed at generic functions, multiple licenses might be required due to
patent dependency between the original broad claim and subsequent inventions relating to specific
applications. In this regard, the requirements for sufficient disclosure and enablement are crucial for
delineating the justified scope of patent protection. When subject matter is claimed broadly, the
invention must be enabled across the entire claimed area. This principle is reflected in the assessment
standards of both JPO and EPO.

The scope of protection for functional claims under both the JPO and EPO generally extends to the
embodiments and variations explicitly disclosed or inferable by a PSITA. However, uncertainty in
claim interpretation becomes a challenge, particularly for complex, emerging technologies like
CRISPR/Cas9. The patents held by CVC and Broad, covering a Cas9 polypeptide and a Cas protein,
respectively, have been criticized for their broad scope, potentially encompassing an entire genus of
Cas9 proteins without sequence limitations. Concerns about sufficiency of disclosure and enablement
stem from the uncertainty, at the time of filing, regarding which Cas9 enzymes could effectively
modify DNA, as differences in sequence identity can greatly influence functionality, and the key

characteristics determining successful application had not yet been established.
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In cases where working with certain Cas9 variants requires skills beyond those of a PSITA, new
applications may be considered inventive and lead to standalone patents, particularly when
significant uncertainty exists about successfully adapting CRISPR/Cas9 to a specific problem. In
principle, if the enablement requirement is duly applied, no unjustified overlaps should arise between
an earlier, broadly claimed invention and a later, more specifically focused one. This would be a
typical case of dependent patents, where the later patent is justified on technical and economic
grounds. Conversely, if a certain embodiment within a broad functional claim is not properly enabled,
requiring a cross-license for both the original patent and a subsequent patent that enables that specific
embodiment — as well as obliging third parties to obtain licenses for both — could be viewed as an
unjustified reward and a source of economic inefficiency.

In the case of derivative patent protection — i.e. extension of patent protection for a genome-editing
method to products derived through that method — overlapping patents may arise where downstream
products obtained through a genome-editing process are also patented as standalone inventions. For
instance, Japanese institutions have filed patent applications for both the GABA tomato and genome-
edited fish. If these applications succeed, FTO might be complicated if different entities hold patents
on upstream methods and downstream products, especially where it is unclear which products
obtained by a patented process fall within derivative protection and whether a downstream product
patent is actually valid in light of the prior disclosure of the upstream method. In this regard, a clear
delineation of derivative protection to products directly obtained through genome-editing methods
would reduce legal uncertainty and alleviate potential burdens on agricultural innovation and
commercialization.

Under Japanese patent law, derivative protection, where the product itself is not claimed - may, on a
plain reading and absent a definitive judicial ruling -, be interpreted as extending to products directly
obtained through a patented process, in line with the TRIPS standard. The EU Biotechnology
Directive, however, extends protection beyond directly obtained biological material to subsequent
generations if they retain the same characteristics conferred by the patented process, although what
constitutes ‘specific characteristics as a result of the invention’ in genome editing remains open to
interpretation. In this respect, alignment with the TRIPS standard is seen as more conducive to FTO,
as extending protection beyond directly obtained biological material could encompass any product
containing modified DNA. A stricter interpretation that limits protection to directly obtained products
would exclude commercial seeds, propagating materials, or harvested goods from successive
reproductive cycles.

In conclusion, like many other jurisdictions, both Japan and Europe face significant challenges due
to the complexity of the CRISPR/Cas patent landscape. Compared to Europe, Japan’s patent system

may, in some respects, be more conducive to FTO by reducing the potential for overlapping patents



in genome-editing technologies. Moving forward, improved licensing mechanisms, such as patent
pools, could help address coordination and rights allocation challenges, facilitating broader access to

genome-editing technologies.
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I. Background and the study roadmap

(1) Technological context

Within the field of precision biotechnology, genome editing marks a significant milestone in
biotechnological innovation. While it lacks a universally agreed-upon definition, ‘genome editing’
serves as an umbrella term for a variety of techniques that enable targeted, site-specific alterations of
DNA sequences.! These alterations are achieved through nucleic acid damage, repair mechanisms,
replication, and/or recombination to achieve precise DNA modifications.?

Among genome-editing methods, CRISPR/Cas technology stands out for its superior precision,
safety, cost-efficiency, and versatility. Rather than being a single technology, CRISPR/Cas
comprises a cluster of techniques that enable targeted genetic modifications. The technology is
widely recognised for its transformative potential across economic sectors. In the food sector,
genome-editing applications can enhance nutritional value, facilitate environmentally sustainable
breeding practices, and improve climate resilience, all of which are expected to make a profound
contribution to future food and nutritional security.® To illustrate the innovation potential of genome

editing, Table 1 presents a non-exhaustive SWOT summary of CRISPR/Cas technology, focusing on

the agricultural sector.

! I1SO 5058-1:2021(en) Biotechnology — Genome editing, para 3.1.2, https://www.iso.org/obp/ui/en/#iso:std:is0:5058:-1:ed-1:v1:en
(accessed 6 March 2025). In the context of plant and animal biotechnology, literature often refers to such techniques as ‘new
breeding techniques’. In the European Union, the term new genomic techniques is commonly used to refer to methods that have
emerged or been developed since 2001, when the EU’s GMO legislation was established.

2 1SO (n 1) para 3.1.2.

3 See eg Smyth SJ, ‘Contributions of Genome Editing Technologies Towards Improved Nutrition, Environmental Sustainability and
Poverty Reduction’ (2022) 4 Front. Genome Ed.,
doi: 10.3389/fgeed.2022.863193; Brandt K and Barrangou R, ‘Applications of CRISPR Technologies Across the Food Supply
Chain’ (2019) 10 Annual Review of Food Science and Technology 133-150, doi: 10.1146/annurev-food-032818-121204.



https://www.iso.org/obp/ui/en/#iso:std:iso:5058:-1:ed-1:v1:en

Table 1: SWOT summary of CRISPR/Cas technology

Strengths Weaknesses

= Precision, specificity, and efficiency in | ® Potential for off-target effects, leading to

modifying specific DNA segments unintended genetic alterations and immune
» Lower cost and greater ease of use compared to responses (subject to variations across
the existing alternatives applications)
= High versatility across various fields = Difficulties in designing efficient delivery
»  Ability to edit multiple genes in parallel systems for CRISPR components to target cells

» Substantially shorter development, cultivation,
and commercialisation timelines for new
varieties with desired traits, compared to

traditional breeding techniques

Opportunities Threats (Challenges)

» Fulfilling societal needs in food and therapeutic | * Ethical concerns regarding interventions in

products nature
= Enhancing food security and diversity = Societal perception and acceptance, marked by
» Expanding and emerging markets ambiguity and controversy

» Potential for strategic partnerships and | ®* Regulatory hurdles (although the situation is
collaborations in research and development dynamic)
* Uncertainty about the long-term effects and

related safety concerns

Source: Author’s compilation*

To clarify, this study does not evaluate the claims concerning the risk-benefit profile of genome-
editing technology or its end products. One thing is certain — ongoing scientific research expands our
understanding of how to maximise the benefits while mitigating the risks of genome-editing
applications. The shift towards deregulation of genome-edited feeds and foods in traditionally

cautious jurisdictions like the EU reflects this progress® and acknowledges a broad consensus that

4 Literature review included Liu W et al., ‘Applications and Challenges of CRISPR-Cas Gene-Editing to Disease Treatment in
Clinics’ (2021) 10(4) Precis Clin Med 179-191, doi: 10.1093/pcmedi/pbab014; Munywoki N and Munywoki J, ‘A SWOT Analysis
of the Implications of CRISPR/Cas9 Technology in Crop Production: A Review’ (2021) 10(11) Agrotechnology 236, doi:
10.35248/2168-9881.21.10.236; Nidhi S et al., ‘Novel CRISPR—Cas Systems: An Updated Review of the Current Achievements,
Applications, and Future Research Perspectives’ (2021) 22(7) Int J Mol Sci 3327, doi: 10.3390/ijms22073327; Yang Y et al.,
‘CRISPR/Cas: Advances, Limitations, and Applications for Precision Cancer Research’ (2021) 8 Front Med, doi:
10.3389/fmed.2021.649896; Wang GJY and Doudna JA, ‘CRISPR Technology: A Decade of Genome Editing is Only the
Beginning’ (2023) 379(6629) Science, doi: 10.1126/science.add8643.

5 Below at I(3)(II).



CRISPR/Cas poses risks comparable to those of conventional breeding methods.® While medical
applications are generally associated with higher uncertainty, agricultural applications are more
technologically mature and, consequently, commercially viable.” This explains the study’s focus on
the food sector, which includes both plant and animal products.

Ideally, legal frameworks for managing technological risks and fostering innovation incentives
function in tandem to ensure the social benefits of innovation. This complementarity also explains
why deregulating certain genome-edited applications makes patent-related issues increasingly
pressing.® While acknowledging this interplay, this study focuses on patent-related concerns and

questions.

(2) Concerns regarding blocking effects of patents and technology underutilisation

Between 2012 and early 2013, several entities filed patent applications within months of each other,
covering different aspects of CRISPR/Cas9 technology.’ Such simultaneous developments are not
historically uncommon — anticipating a scientific or technological breakthrough, multiple research
teams often engage in parallel research, leading to patent races. '

From an economic perspective, genome editing can be characterised as an enabling technology,'!
meaning it does not serve as a final consumable product but rather as a tool that facilitates the
development and production of downstream applications. In the food sector, for example, genome
editing functions both as a research tool'? and as a breeding tool. Enabling technologies share
similarities with general-purpose technologies, as they support complementary innovations across

various sectors.!3 The social value of these technologies subsists in their downstream applications,

¢ See eg Pixley KV and others, ‘Genome-Edited Crops for Improved Food Security of Smallholder Farmers’ (2022) 54 Nature
Genetics 364, doi: 10.1038/541588-022-01046-7.

7 See eg Nationale Akademie der Wissenschaften Leopoldina, Deutsche Forschungsgemeinschaft und Union der deutschen
Akademien der Wissenschaften, “Wege zu einer Wissenschaftlich Begriindeten, Differenzierten Regulierung Genomeditierter
Pflanzen in der EU/ Towards a Scientifically Justified, Differentiated Regulation of Genome Edited Plants in the EU’ (2019) 52,
http://www.leopoldina.org/uploads/tx_leopublication/2019_Stellungnahme Genomeditierte Pflanzen web_02.pdf, accessed 6
March 2025.

8 Below at I(3)(ii).

° For a timeline highlighting the priority dates of key CRISPR/Cas9 patents and scientific publications as relevant prior art references,
see Storz U, ‘The CRISPR Cas Patent Files, Part 1: Cas9 — Where to We Stand at the 10 Year Halftime?’ (2024) 379 Journal of
Biotechnology 46.

10 Examples include the structure of DNA (Rosalind Franklin, Maurice Wilkins, James Watson and Francis Crick, 1953), the discovery
of insulin (Nicolas Constantin Paulescu, Frederick Grant Banting and Charles Herbert Best, 1920s), and the telephone invention
(Alexander Graham Bell and Elisha Gray, 1876).

1" Cohen J, ‘How the Battle Lines over CRISPR Were Drawn’ (Science, 15 February 2017), doi: 10.1126/science.aal0763 (noting that
the general-purpose technology nature of the CRISPR/Cas genome-editing tool was first highlighted in a 2008 Science paper by
Erik Sontheimer and Luciano Marraffini).

12 Defined as ‘compositions or methods used in conducting experiments’. OECD, ‘OECD Guidelines for the Licensing of Genetic
Inventions’ (28 November 2006) 37, https://www.oecd.org/en/publications/oecd-guidelines-for-the-licensing-of-genetic-
inventions 9789264018273-en-fr.html, accessed 6 March 2025.

13 Teece DJ, ‘Profiting from Innovation in the Digital Economy: Enabling technologies, standards, and licensing models in the
wireless world’ (2018) 47(8) Res Policy 1367-1387, 1369,
doi: 10.1016/j.respol.2017.01.015 (explaining that general purpose technologies and enabling technologies differ by the
magnitude of their cumulative economic impact, which is greater in the case of general purpose technologies).



http://www.leopoldina.org/uploads/tx_leopublication/2019_Stellungnahme_Genomeditierte_Pflanzen_web_02.pdf
https://www.oecd.org/en/publications/oecd-guidelines-for-the-licensing-of-genetic-inventions_9789264018273-en-fr.html
https://www.oecd.org/en/publications/oecd-guidelines-for-the-licensing-of-genetic-inventions_9789264018273-en-fr.html

which — in the case of genome editing — span diverse areas of biotechnology, including in agriculture
and health.

The efficient allocation of access and usage rights in patented technology is a key precondition for
realising its societal benefits. The complexity of the patent landscape surrounding CRISPR/Cas
technology — due to uncertain ownership and vast patent families, currently numbering as many as
17, 000, according to a recent study'# — has been vividly described as a ‘patent jungle'® and a
‘minefield’.'® Patent ownership disputes over the foundational technology are often referred to as

7

patent ‘wars’!” or ownership ‘battle’,'® highlighting both the immense value of the technology and

the intensity of competition.

9

The issue has been framed as an ‘anticommons’ ! and a ‘patent thicket’.?° The former, in its general

conception, refers to underutilisation of a valuable resource due to the failure to secure all

2 can be

permissions enabling its use.?! A ‘patent thicket’, while lacking a uniform definition,?
considered as a subcase of the ‘anticommons’.?* In both cases, the common denominator is the
notion of missed opportunities in innovation — abandoned or uninitiated R&D projects — stemming
from the ineffective and inefficient allocation of usage rights. In the context of genome editing, this
translates into foregone or substantially delayed development of end products, such as genome-edited
food products with improved traits or medicinal products. The opportunity cost of such unrealised

projects scales proportionally with their societal value.

14 SCBT-Centredoc et al.,, ‘CRISPR Technology: Patent & License Landscapes’ (Swiss Center for Business and Technology
Intelligence, commissioned by the Swiss Federal Institute of Intellectual Property 2024),
https://www.ige.ch/fileadmin/user_upload/recht/national/e/20231388 IPI _CRISPR Patent License Landscape revised Final 16
_02_24.pdf (accessed 6 March 2025).

15 Cynober T, ‘CRISPR: One Patent to Rule Them All’ (Labiotech, 11 February 2019, updated 24 June 2022
https://www.labiotech.eu/in-depth/crispr-patent-dispute-licensing/ (accessed 6 March 2025).

16 Kock MA, ‘Open Intellectual Property Models for Plant Innovations in the Context of New Breeding Technologies’ (2021) 11(6)
Agronomy 1218, doi:10.3390/agronomy11061218.

17 Krumplitsch S, ‘The CRISPR Patent Wars’ (DLA Piper, 16 November 2022),
https://www.dlapiper.com/en/insights/publications/intellectual-property-news/2022/the-crispr-patent-wars  (accessed 6 March
2025).

18 Cohen (n 11); Churi A and Taylor S, ‘Continuing CRISPR Patent Disputes May Be Usurped by Its Potential Role in Fighting Global
Pandemics’ (2020) 39 Biotechnology Law Report 184.

19 Heller MA and Eisenberg RS, ‘Can Patents Deter Innovation? The Anticommons in Biomedical Research’ (1998) 280 Science 698
(positing this tragedy especially in the context of biotechnological research due to patents on research tools).

20 Ricroch A, ‘CRISPR Processes Patents in Green Biotechnology - Intellectual Property Licensing Platforms and Clearing Houses’
(2024), https://www.4ipcouncil.com/research/crispr-processes-patents-green-biotechnology-intellectual-property-licensing-
platforms-and-clearing-houses-summary# (‘The profusion of CRISPR patents has raised concerns that it could result in a patent
thicket: a set of overlapping patent rights, requiring those seeking to commercialize a new technology to obtain licenses from
multiple patent holders.”).

21 In its classical postulation, the ‘anticommons’ problem arises where ‘multiple owners are each endowed with the right to exclude
others from a scarce resource, and no one has an effective privilege of use’. Heller MA, ‘The Tragedy of the Anticommons: Property
in the Transition from Marx to Markets’ (1998) 111 Harvard Law Rev. 621, 624. In the law-and-economics literature, a ‘tragedy of
anticommons’ is defined as a situation where multiple independent actors control separate, complementary inputs that are
‘collectively [...] necessary in order to utilize a resource or generate a product or make a decision deemed to have positive social
value’. King RF, Major I and Marian CG, ‘Confusions in the Anticommons’ (2016) 9(7) J Polit Law 64-79, 70.

22 Egan EJ and Teece DJ, ‘Untangling the Patent Thicket Literature’ (Working Paper, Tusher Center for Management of Intellectual
Capital, 2015), https://www.bakerinstitute.org/sites/default/files/2015-09/import/McN-PatentThicket-Egan-092215.pdf (accessed 6
March 2025).

23 Teece DJ, ‘The “Tragedy of the Anticommons” Fallacy: A Law and Economics Analysis of Patent Thickets and FRAND Licensing’
(2017) 32 Berkeley Technology Law Journal 1489, doi: 10.15779/Z38RR1PM7N.



https://www.ige.ch/fileadmin/user_upload/recht/national/e/20231388_IPI_CRISPR_Patent_License_Landscape_revised_Final_16_02_24.pdf
https://www.ige.ch/fileadmin/user_upload/recht/national/e/20231388_IPI_CRISPR_Patent_License_Landscape_revised_Final_16_02_24.pdf
https://www.labiotech.eu/in-depth/crispr-patent-dispute-licensing/
https://www.dlapiper.com/en/insights/publications/intellectual-property-news/2022/the-crispr-patent-wars
https://www.4ipcouncil.com/research/crispr-processes-patents-green-biotechnology-intellectual-property-licensing-platforms-and-clearing-houses-summary
https://www.4ipcouncil.com/research/crispr-processes-patents-green-biotechnology-intellectual-property-licensing-platforms-and-clearing-houses-summary
https://www.bakerinstitute.org/sites/default/files/2015-09/import/McN-PatentThicket-Egan-092215.pdf

Previous research has identified several factors contributing to the complexity of the CRISPR/Cas
patent landscape, which serve as preconditions for licensing failures. These include, first and
foremost, legal uncertainty regarding patent ownership, the scope of functional patent claims, along
with the extension of patent protection from genome-editing methods to genome-edited biological
material and end products, high transaction costs of aggregating usage rights from multiple patent
holders, rapid advancements in genome-editing technology resulting in multiple interdependent
patents, overlaps between patents and plant breeders’ rights, and the ‘stacking of traits’ in genome-
edited plant varieties.?* Compounded by divergent decisions on patent ownership for foundational
CRISPR/Cas technology across jurisdictions and emergence of surrogate licenses, the challenge of
clearing patent rights to enable downstream innovation has been pointedly described as ‘licensing

the unlicensable’,?® with the situation remaining ‘clear as mud’.%¢

(3) The study relevance

(1) Why Japan?

Japan has emerged as a pioneer in introducing food products developed using CRISPR/Cas
technology for commercial sale. Globally, the number of genome-edited products available on the
market remains relatively small.?’” Japan holds a significant position in this regard, with three
genome-edited products developed and commercialised by local companies to date. ?® The
authorized products in Japan are not only the first in the country but also internationally, with the
GABA tomato® being the world’s first tomato variety and the tiger pufferfish®® the world’s first
animal food product derived through CRISPR/Cas technology. This makes Japan a pertinent case for
analysing how the widely discussed complexities of the patent landscape surrounding this

foundational technology have been navigated.

24 Kim D and others, ‘New Genomic Techniques and Intellectual Property Law: Challenges and Solutions for the Plant Breeding

Sector — Position Statement of the Max Planck Institute for Innovation and Competition’ (2024) 73 GRUR International 323.
Storz U, ‘CRISPR Cas9 — Licensing the Unlicensable’ (2018) 265 Journal of Biotechnology 86. See also Lukasiewicz JM and
others, ‘Intellectual Property Rights and Plants Made by New Genomic Techniques: Access to Technology and Gene-Edited Traits
in Plant Breeding’ (2024) 53 Outlook on Agriculture 205 (a recent summary in section ‘License agreements and legal uncertainty
of CRISPR foundational patents’); Ricroch A, ‘CRISPR Processes Patents in Green Biotechnology: Collaborative Licensing Models’
in: Ricroch A and others (eds.) A Roadmap for Plant Genome Editing (Springer 2024) 453.

Schwaiger C, ‘Gene Editing Patent Landscape Remains “Clear as Mud,” Say Patent Attorneys’ (BioSpace, 4 September 2024),
https://www.biospace.com/business/gene-editing-patent-landscape-remains-clear-as-mud-say-patent-attorneys (accessed 6 March
2025).

Global Gene Editing Regulation Tracker, https://crispr-gene-editing-regs-tracker.geneticliteracyproject.org/#jet-tabs-control-1401
(accessed 6 March 2025).

ibid (the three products being Red Seabream, Tiger Pufferfish, and the Sicilian Rouge GABA tomato). These cases are further
discussed at Part II Section (2).

Below at I1(2)(i).

Below at I1(2)(ii).
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(11)) Why now?

While patents are generally regarded as innovation incentives, they are not the sole legal determinant
of the rate and direction of innovation. Technological development is strongly influenced by
compliance frameworks — first and foremost, technological risk regulation. Viewing patents as
‘positive’ incentives and risk regulation as ‘negative’ is one-sided — both frameworks have dual
implications for innovation. Risk regulation, while imposing compliance costs, guides innovation in
a safe direction, whereas patents, intended to promote innovation, generate transaction costs and can
create access barriers. Rather than being in opposition, the relationship between these frameworks
should be seen as complementary in steering innovation toward socially beneficial outcomes.

The key consideration for innovators is whether their projects offer a net positive return. Historically,
high regulatory costs have hindered genome-editing research and development (R&D). However, the
global trend toward a more nuanced approach, distinguishing between different types of site-directed
nucleases (SDNs) and deregulating certain genome-edited products, has lowered compliance costs
and increased the commercial viability of genome-editing technologies. Studies show that this
deregulation has spurred R&D, especially in agriculture.>! Given these dynamics, concerns about
patent blocking effects have shifted from a theoretical realm to a pressing practical reality, making

research on the need for effective FTO and licensing practices especially timely.

(4) Study roadmap

Against this backdrop, the study’s research questions and methods are defined as follows.

a) How have CRISPR/Cas-enabled innovations reached the market in Japan?

To address this question, case studies of CRISPR/Cas-derived products that have been

commercialised in Japan were conducted, with a specific focus on patent licensing practices.

b) How does the Japanese patent system compare to the European patent system in terms of the

legal determinants of FTO?

31 See eg Whelan Al, Gutti P and Lema MA, ‘Gene Editing Regulation and Innovation Economics’ (2020) 8 Frontiers in
Bioengineering and Biotechnology 303, doi: 10.3389/fbioe.2020.00303. See also Wesseler J, Politie H and Zilberman D, ‘The
Economics of Regulating New Plant Breeding Technologies — Implications for the Bioeconomy Illustrated by a Survey among Dutch
Plant Breeders’ (2019) 10 Frontiers in Plant Science 1597, doi: 10.3389/fpls.2019.01597; Lassoued R and others, ‘How Should We
Regulate Products of New Breeding Techniques? Opinion of Surveyed Experts in Plant Biotechnology’ (2020) 26 Biotechnology
Reports €00460.



In principle, the method for addressing this question would involve a systematic examination of legal
factors contributing to the inefficient allocation of usage rights in patented technologies. However,
due to the limited duration of the research stay, a few factors — particularly, those accounting for
overlapping patent claims — were selected and examined.

The remainder of the report is structured as follows. Part II examines case studies of genome-edited
products that have reached the market in Japan, focusing on the available information on patent
licensing and its interpretation. Part III outlines the analytical approach to assessing the factors
contributing to technology underutilisation and presents findings on the legal determinants of FTO,

drawing comparative insights between the Japanese and European patent systems.

II. Landscaping genome-editing innovation in Japan

This section outlines the policy and innovation landscape of genome editing in Japan, followed by

case studies of commercially available CRISPR/Cas-edited food products.

(1) Policy framework promoting genome editing innovation in Japan

The Government of Japan (GOJ) has prioritized biotechnological innovation through initiatives such

3

as Japan Bioeconomy Strategy,*? the National Innovation & Bio Strategy,®} and biocommunities

t.>* Efforts to advance genome-edited crop research and innovation are reflected in the

developmen
establishment of the ‘New Plant Breeding Technique Study Group’ by the Ministry of Agriculture,
Forestry, and Fisheries in 2013, the Science Council of Japan’s report on genome editing
technologies for agricultural breeding, the Cabinet Office’s Cross-ministerial Strategic Innovation
Promotion Program’s support for genome editing research, crop development, and social
implementation, as well as the funding of genome editing research through the Japan Society for the
Promotion of Science Kakenhi program.>?

Furthermore, aspiring to foster an enabling environment for innovation, the regulator clarified the

requirements for placing genome-edited products on the market and streamlined the approval

32 EU-Japa Centre for industrial Cooperation, ‘Japan Bioeconomy Strategy’, https://www.eu-japan.eu/news/japan-bioeconomy-
strategy; ‘The Cabinet Office Formulates a Bioeconomy Strategy — Aiming for 100 Trillion Yen Market Size by 2030’ (Science
Japan, 25 June 2024), https://sj.jst.go.jp/news/202406/n0625-02k.html; Lottering B, ‘Japan’s bio-Economy Push: A Future Driven
by Innovation and Global Collaboration’ (Gene Online, 12 November 2024), https://www.geneonline.com/japans-bio-economy-
push-a-future-driven-by-innovation-and-global-collaboration/ (accessed 6 March 2025).

3 Siddiqui A, ‘Rebooting Japan’s Biotech Growth Engine’ (BioSpectrum, 1 September 2024),
https://www.biospectrumasia.com/analysis/25/24797/rebooting-japans-biotech-growth-engine.html (accessed 6 March 2025).

34 ¢Japan Biocommunity’ (GOJ Cabinet Office, 2024),
https://www8.cao.go.jp/cstp/english/bio/community _pamphlet e.pdf (accessed 6 March 2025).

35 BioSTation, SIP, NARO, ‘Proceeding for R&D Development S https://bio-sta.jp/en/development/ (accessed 6 March 2025).
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procedures.*® This undoubtedly contributed to Japan’s emergence as one of the first countries to

develop and introduce locally produced genome-edited products.
(2) Genome editing innovation landscape in Japan

Various sources provide insight into recent and ongoing R&D efforts applying genome editing in the
food sector.?” Although the number of known projects is relatively small — depending on the
benchmark used for comparison — they exhibit common features: all are university-led, often
supported by the National Agriculture and Food Research Organization. Most rely on the
CRISPR/Cas method, though some reference TALEN. Notably, several products are designated for

research use only.

Table 2: The list of genome-edited food products notified to Consumer Affairs Agency (CAA)*®

Product Description Status Company
Waxy corn Corn with high starch content developed Approved: Corteva Agriscience
using CRISPR. Japan (2024)
Potato High tuber set trait Completed GOJ’s J.R. Simplot
notification process
(2024)
Seabream Red Seabream Fish developed using Approved, available: |Regional Fish
CRISPR disabling a gene suppressing Japan (2021) Institute
muscle growth, allowing the fish to grow
larger.

36 See eg Tachikawa M and Matsuo M, ‘Divergence and Convergence in International Regulatory Policies Regarding Genome-
Edited Food: How to Find a Middle Ground’ (2023) 14 Frontiers in Plant Science 1105426; Matsuo M and Tachikawa M,
‘Implications and Lessons From the Introduction of Genome-Edited Food Products in Japan’ (2022) 4 Frontiers in Genome
Editing 899154.

37 Sato S, ‘Agricultural Biotechnology Annual. Japan’ (3 December 2024) JA2024-0055,
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Agricultural%20Biotechnology%20An
nual_Tokyo Japan JA2024-0055.pdf (accessed 6 March 2025); Sato S, ‘Agricultural Biotechnology Annual. Japan’ (19 October
2021) JA2021-0140, 5
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=A gricultural%20Biotechnology%20An
nual_Tokyo Japan_10-20-2021.pdf. See Japan: Crops / Food - Global Gene Editing Regulation Tracker, https://crispr-gene-
editing-regs-tracker.geneticliteracyproject.org/japan-crops-food/ (listing projects spanning the period between of 2016 through
2019, including rain-resistant wheat by researchers from NARO and Okayama University used CRISPR to develop a rain-
resistant wheat that may be used as a parent to future wheat used for food, seedless tomatoes (researchers at Tokushima University
developed seedless tomatoes for research purposes only); new technique for high-yield crops (University of Tokyo researchers
used a technique called mitoTALENS to develop high-yield strains of rice and canol); high-yield rice (field trials began by the
National Agriculture and Food Research Organization for rice that produces more than traditional varieties); and Albino apple
(researchers at NARO used CRISPR developed albino apple strains for research purposes only). For more recent R&D projects in
both agricultural and animal biotechnology, see Sato 2024 (n 37) 6 (mentioning that ‘[c]urrent research includes, but is not limited
to, high yield rice with less fertilizer, environmental stress tolerant rice, wheat with reduced preharvest sprouting of grains on
spikes, pollen-free Japanese cedar (to combat hay fever), and potato with reduced toxicity levels’).

3% Upon completion of the notification process, the summary information is published on CAA website:
https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited food/list (accessed 6 March 2025).
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Fast growing | Tiger Pufferfish Fish developed using Approved, available: |Regional Fish
pufferfish CRISPR disrupting a gene controlling Japan (2021) Institute
appetite, allowing the fish to eat more and
grow faster.

GABA tomato | Sicilian Rouge Tomato edited using Approved, available: |Sanatech Seed
CRISPR to contain more GABA, a Japan (2021)
compound in tomato fruits and known to

lower blood pressure.

Consumer perception and acceptance of technologies and innovations are critical factors influencing
the commercialisation of genome-edited food products. Overall, studies indicate a general trend
towards increasing consumer acceptance of genome-edited foods in Japan.*® However, despite this
positive shift in perception, the prospects for commercialisation remain uncertain, as illustrated by
the experiences with the first genome-edited food products. A significant proportion of these products
have been developed by public institutions, which face less financial pressure to recover R&D
investments compared to private entities. Furthermore, Japanese farmers and food companies,
reportedly, remain hesitant to adopt genetically engineered crops.*

In what follows, we will take a closer look at the three products, developed and notified by Japanese

firms, approved for commercialisation in Japan.

(1) GABA tomato

The Sicilian Rouge High GABA Tomato represents a significant milestone in genome-edited food
products, being the first CRISPR/Cas-edited food approved in Japan and the first CRISPR/Cas-edited
tomato variety commercially available worldwide. *' Utilising CRISPR/Cas9, researchers
deactivated genes that suppress y-aminobutyric acid (GABA)** synthesis, resulting in the level of
GABA, known for its potential to lower blood pressure, five to six times higher than that in

conventional tomatoes. GABA is known for its potential to lower blood pressure. The product was

39 Sato 2024 (n 37) 19 (reporting findings on Japan consumer acceptance of GE foods from 2004 through 2023 and referencing FSC
Food Safety Monitoring).

40 As evidenced by both secondary sources and insights gathered from the interview with Dr. Keiko Honda, President and CEO of
TODAI TLO, who kindly accepted the interview request.

41 Reported inter alia in FAO, ‘Gene Editing and Food Safety. Technical Considerations and Potential Relevance to the Work of
Codex Alimentarius’ (FAO 2023), Sato 2024 (n 37), and the impact assessment report by the European Commission
accompanying its proposal for the Regulation on plants obtained by certain new genomic techniques (SWD(2023) 412 final),
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52023SC0412 (accessed 6 March 2025). See also Waltz E, ‘GABA-
enriched tomato is first CRISPR-edited food to enter market’ (2021) 40 Nature Biotechnology 9-11, doi: 10.1038/d41587-021-
00026-2.

4 GABA is a non-proteinogenic amino acid found in bacteria, animals, and plants. It is a neurotransmitter with calming effects on
the central nervous system, associated with lowering blood pressure and promoting sleep. While tomatoes naturally contain
GABA, its levels peak when unripe and decrease as the plant metabolizes it.
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developed after several years of research,*® with Tsukuba University collaborating with Sanatech
Seed Co. and receiving government support.** While earlier attempts to enhance GABA content in
tomatoes using CRISPR technology were made in China,* the success of Tsukuba University
researchers marks a significant achievement.*®

In 2021, CAA approved the Sicilian Rouge High GABA tomato as the first genome-edited product
in Japan to receive non-GMO status.*” Product marketing and distribution have been managed by
Pioneer EcoScience. Initially, the high price posed a barrier to market penetration,*® but Pioneer
EcoScience adapted its strategy by distributing free sample kits to 4,000 home gardeners via the
Aozora Tomato Gakuen community platform, aiming to engage health-conscious consumers and
home gardeners.

Consumer perception has been controversial and not clear cut. The monitoring program conducted
through the Aozora Tomato Gakuen platform among 4,000 home gardeners in Japan, who received
free sample growing kits, revealed that participants were primarily interested in the health benefits
of GABA, not the genome-editing technology.*’ However, some consumer groups expressed
criticism and reservations.>

Consumer feedback indicated that participants were primarily interested in the health benefits of
GABA, with 90% of respondents neutral about the use of genome-editing technology. They

expressed a willingness to purchase the product based on its quality, regardless of whether it was

genome-edited.

4

)

Gramazio P, Takayama M and Ezura H, ‘Challenges and Prospects of New Plant Breeding Techniques for GABA Improvement in
Crops: Tomato as an Example’ (2020) 11 Front. Plant Sci., doi:

10.3389/fpls.2020.577980.
Sato 2021 (37) 5.
‘CRISPR-Cas9-mediated Engineering of the y-Aminobutyric Acid Pathway in Tomato’ (IS444 Inc., 9 August 2017),
https://www.isaaa.org/kc/cropbiotechupdate/article/default.asp?ID=15675 (accessed 6 March 2025).
Gramazio, Takayama and Ezura (n 43).
https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited food/list/assets/genome_edited food 20241031 _
01.pdf (accessed 6 Mach 2025) (‘There is no difference from the conventional use of the plant as food.”).
Citizens’ Biotechnology Information Center (CBIC), ‘Genome-Edited Food Companies Find Inventive Ways to Promote
Products’ (Bio Journal, March 2022), https://www5d.biglobe.ne.jp/~cbic/english/2022/journal2203.html (accessed 6 March
2025). On commercialisation of the GABA tomato, see also Matsuo and Tachikawa 2022 (n 36).
Ezura H, ‘Gene Editing Products from Research to Farmers: The Case of High-GABA Tomatoes’, presentation given in
September 2024 at the Workshop on Plant Breeding Innovations for Sustainable Agriculture and Agroeconomic Development,
https://www.thasta.com/pdf/2024/ged/day1/3_Hiroshi%20Ezura.pdf (accessed 6 March 2025) (reporting that survey results
indicate that 90% of respondents were neutral about the technology and would purchase the product based on its quality,
regardless of whether it was genome-edited or not).
CBIC, ‘Japan’s First Genome-Edited Food Item, a Tomato, Gets Green Light for Distribution’ (Bio Journal, January 2021),
https://www5d.biglobe.ne.jp/~cbic/english/2021/journal2101.html; ‘Japan: CRISPR Tomato to Be Launched on the Market without
GMO Assessment’ (VLOG Lebensmittel ohne Gentechnik, 15 March 2021),
https://www.ohnegentechnik.org/en/news/article/japan-crispr-tomate-ohne-gentechnik-pruefung; ‘CRISPR Tomatoes Approved
in Japan’ (Zest Biotech, 3 February 2021), https://www.testbiotech.org/en/news/crispr-tomatoes-approved-japan/ (accessed 6
March 2025).
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While GABA tomato has been commercially available only in Japan, Pioneer EcoScience has
reportedly received regulatory approvals for the product in the U.S. and the Philippines®' and is

planning to expand its marketing globally.
(ii) ‘Madai’ red sea bream and ‘22-seiki fugu’ Tiger Puffer

In 2021, Japan approved the commercial sale of two genome-edited fish species — red sea bream
(Madai)> and tiger pufferfish®* — developed by the Kyoto-based startup Regional Fish Co., Ltd. in
collaboration with Kyoto University, Kinki University, and with the support of Japan’s Ministry of
Health, Labour and Welfare, and Ministry of Agriculture, Forestry and Fisheries.’> Challenges of
overcrowded fish farming and disease outbreaks are expected to drive the aquaculture industry
toward embracing genome-editing technology.’® The development of these genome-edited fish were
seen as a way to invigorate Japanese aquaculture and regional economies.>’

The fish were developed using CRISPR/Cas technology: the myostatin gene, which inhibits muscle
growth, was knocked out in the Madai to increase the edible portion by 20%, while four leptin
receptor genes were removed from the tiger pufferfish to enhance appetite and weight gain.>® Madai
red sea bream became the first genome-edited animal food approved for commercial sale through
national procedures. Its distribution has primarily focused on the domestic Japanese market. In
October 2021, Regional Fish began accepting reservations for 190 servings of ‘Eatable Red Sea
Bream’ through a crowdfunding campaign called ‘CAMPFIRE,” which included information on
genome-editing technology and production methods.>® Despite this innovative marketing approach,

challenges with distribution have been reported.

31 Sato 2024 (n 37) 6.

32 https://sanatech-seed.com/en/20210915-2/ (accessed 6 March 2025).

33 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited food 20241031 _
02.pdf (accessed 6 March 2025).

3 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited food/list/assets/genome_edited food 20241031
04.pdf (accessed 6 March 2025).

55 Dionglay C, ‘Japan’s Three Genome-Edited Food products Reach Consumers’ (ISAAA4 Inc., 19 January 2022),
https://www.isaaa.org/blog/entry/default.asp?BlogDate=1%2F19%2F2022; ‘Gene-Edited Sea Bream Set for Sale in Japan’ (The
Fish Site, 22 September 2021), https://thefishsite.com/articles/gene-edited-sea-bream-set-for-sale-in-japan; Dionglay C, ‘Red Sea
Bream and Tiger Puffer: Japan approves two new gene edited fish for sale’ (Genetic Literacy Project, 26 January 2022),
https://geneticliteracyproject.org/2022/01/26/red-sea-bream-and-tiger-puffer-japan-approves-two-new-gene-edited-fish-for-sale/
(accessed 6 March 2025).

3 BioSTation, SIP, NARO, ‘Proceeding for R&D Development S’ https://bio-sta.jp/en/development/ (accessed 6 March 2025)

(highlighting ‘growing concerns about the depletion of natural fishery resources’ that may explain why ‘a global shift from fishing
to aquaculture is anticipated’).

57 Dionglay/ISAAA Inc. (n 55); ‘First Gene-Edited Fish Goes on Sale in Japan’ (Fishfarmingexpert, 22 September 2021),
https://www.fishfarmingexpert.com/gene-edited-bream-japan-kindai-university/first-gene-edited-fish-goes-on-sale-in-

japan/1261224 (accessed 6 March 2025).
3% ‘Gene-Edited Sea Bream Set for Sale in Japan’ (n 55). Estimates slightly differ among sources.
% Dionglay/ISAA44 Inc. (n 55).
%0 CBIC (n 48).
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(3) Available information on the use of CRISPR/Cas technology and respective patent licenses

Journal publications and notification documents published by CAA related to genome-edited
products in all three use cases describe the application of CRISPR/Cas9 technology to induce the
targeted changes within DNA.®' This raises the question of how the relevant patent rights were
licensed. The study faced limited data availability in this regard. In Japan, only exclusive licenses
must be registered with the JPO to be legally effective and enable the licensee to pursue legal action
in cases of infringement. Unlike the U.S. Securities and Exchange Commission, Japan does not have
disclosure requirements for patent licenses, which has been a source of information about
CRISPR/Cas patent licensing.®? Interview inquiries with Sanatech Seed and the Regional Fish
Institute were unsuccessful. As a result, this study relied on publicly available information.

For the GABA tomato, finding information was relatively straightforward as Sanatech Seed website
discloses that, in order to edit their Sicilian Rouge High GABA tomato, the company ‘secured a non-
exclusive research and commercial license to CRISPR-Cas9 genome editing technology from
Corteva Agriscience and the Broad Institute of MIT and Harvard’.®* The reference to ‘a license’
suggests that a single license was obtained. Corteva Agriscience is indeed the leading patent assignee
for CRISPR/Cas technology in plant agriculture, holding a large number of patent families, including
patent licenses from major patent holders of foundational CRISPR/Cas technology with the right to
sublicense.®*

As for patent licensing for Madai red sea bream and 22-seiki fugu fish, a secondary source provides
insight into the licensing arrangement. According to the 2024 report,* the University of California,
the University of Vienna, and Emmanuelle Charpentier (CVC) granted a non-exclusive license to the
Regional Fish Institute, with a geographical limitation to the Asia-Pacific region and a use limitation
— aquaculture of non-mammal marine animals, primarily fish, and for developing new fish breeds.
In summary, the available information suggests that each genome-edited product developed and
commercialized in Japan — the tomato and both fish breeds — was brought to market under a single
patent license. Given that foundational CRISPR/Cas technology is covered by almost a dozen

‘seminal’ patents,®® this raises the question of whether one license could suffice.

61 Above (nn 47, 53 and 54).

92 Contreras JL and Sherkow JS, ‘CRISPR, Surrogate Licensing, and Scientific Discovery’ (2017) 355 Science 698.

93 https:/sanatech-seed.com/en/20201211-2-2/ (accessed 6 March 2025).

% SCBT-Centredoc et al. (n 14) 24 (noting that ‘Corteva holds a commanding lead in the use of CRISPR technology in plant
agriculture’).

% ibid.

% Storz (n 9) 47.
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(4) Interpretation

The findings so far suggest that no significant licensing and coordination activity to bundle multiple

67 and ‘licensing the

authorisations was involved, despite concerns over ‘patent jungle’
unlicensable’.®® This outcome is subject to caveats and uncertainty: Was complete information
provided, and was only one license involved? If so, was a single license sufficient to secure FTO in

each case?

(1) Disclaimer

The question of sufficiency of a license can be answered only based on a full-scale FTO analysis.
Conducting a qualified FTO analysis for a complex patent landscape like CRISPR/Cas can take
several weeks to months, depending on factors such as the scale of technological complexity involved,
the number of relevant patents and jurisdictions, and the specific circumstances of technology
utilisation. This process demands expertise from patent attorneys, technical experts, and IP specialists
to perform patent searches, interpret the scope of patent claims, analyse overlaps with existing patents,
and evaluate risks within a given legal framework. The cost of this work can reach up to $100,000.%
Given the multidisciplinary nature of this task and the substantial resources required, conducting
FTO within the scope of this study would not be feasible. At the same time, without such a thorough
legal and technical assessment, making any claims about the sufficiency of licenses in the studied
use cases would be inappropriate and irresponsible. The following considerations, therefore, remain

tentative and more conceptual in nature.

(i1)) Why, in principle, at least two licenses would be necessary

According to expert opinions in Japanese and German patent law literature, applying the basic

70 require licenses

CRISPR/Cas9 genome-editing method in eukaryotic cells would, at a minimum,
from both CVC and Broad in jurisdictions where these entities hold valid patent rights.”! Other

assessments are less specific, referring to the need to obtain ‘multiple patents from multiple

67 Above (n 9) and the accompanying text.

% Storz (n 25).

% ‘How to Master Your Freedom to Operate Strategy’ (Rapacke Law Group, 3 March 2023),
https://arapackelaw.com/patents/master-freedom-to-operate-strategy/ (accessed 6 March 2025).

70" According to some commentators, more than two licenses might be required, depending on the product at issue. See eg Kock (n
16) (‘Depending on the specific use of the Cas9 enzyme four or more licenses may be necessary for a simple edit in a plant.”).

71 Storz (n 25) 87. Matsutoya Y, ‘Patent on Genome Editing CRISPR/Cas9—From Aspects of Patent and Licensing’ (2018) 59(4)
LES Japan News 19-28; Matsutoya Y, ‘Challenges of CRISPR/Cas9 Patents in Relation to Patent Law’ (3) Licensing and Patent
Pool (2019) p. 65. See also SCBT-Centredoc et al. (n 14) 34 (‘Regardless of this dispute, the sheer amount of patents will require
any commercial actor to obtain licenses for multiple patents from multiple groups.’).
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groups’.”> From a lay perspective, one may wonder why multiple licenses are necessary to use what
appears to be ‘the same’ technology, as a straightforward correlation — one technology, one patent,
one license — is often assumed. In reality, however, a single technology may be protected by a ‘patent
estate’ — a collection of dozens or even hundreds of patents held by a single entity, each covering
different aspects of the technology, as the CRISPR/Cas patent landscape illustrates. CVC’s
CRISPR/Cas9 patent portfolio alone reportedly comprises 55 patents,”® meaning that even if one
patent is invalidated or expires, the remaining patents may still provide sufficient protection to
necessitate a license.”

The major distinction between the subject matter claimed by CVC and Broad lies in the use of the
CRISPR/Cas system for DNA modification in eukaryotic cells. Broad explicitly claimed this
application, while CVC’s patent is interpreted to cover all cell types — an analogy Jennifer Doudna
described as owning ‘all tennis balls’ versus ‘only green ones’.”> Both Japanese cases of genome-
edited tomato (plant) and fish (animal) products involve DNA modifications in eukaryotic cells and
by this logic, licenses from both CVC and Broad would be required to secure FTO.

The prospect of a cross-license for CRISPR/Cas9 technology between CVC and Broad”® suggesting
patent dependency is another indication that third parties would need to obtain licences from both
right holders. For instance, commentators note that, in the USA, where Broad’s patents were
maintained, technology users would need to obtain licenses from both CVC for the general
application of CRISPR technology and from Broad for its use in eukaryotic cells, including plants.”’
Research on licensing arrangements reports that some companies have followed this approach and
others have not.”

An FTO analysis would require detailed information about how the technology was used to identify

whether such use falls within the scope of patent claims. In this regard, notification documents

72 SCBT-Centredoc et al. (n 14) 34.

73 Arciero M, ‘Five Things You Need to Know about Using CRISPR/Cas9 Commercially’ (Labiotech, 16 February 2023),
https://www.labiotech.eu/expert-advice/five-things-crispr-cas9-license/ (accessed 6 March 2025).

74 ibid.

75 Pollack A, ‘Harvard and M.L.T. Scientists Win Gene-Editing Patent Fight’ (The New York Times, 15 February 2017),
https://www.nytimes.com/2017/02/15/science/broad-institute-harvard-mit-gene-editing-patent.html (accessed 6 March 2025)
(emphasis added).

76 Jewell C and Balakrishnan VS, ‘The Battle to Own the CRISPR-Cas9 Gene-Editing Tool (WIPO Magazine, 21 April 2017),

https://www.wipo.int/web/wipo-magazine/articles/the-battle-to-own-the-crisprcas9-gene-editing-tool-39957 (accessed 6 March

2025).

77 SCBT-Centredoc et al. (n 14) 34. The report further notes that ‘the USA is the largest producer of genetically modified crops, and
the foundational Broad patents are valid there (unlike in Europe), and thus rights to patents from both groups are needed for most
agricultural uses in the USA’. ibid 38.

78 ibid 37, Table 3.5.1.
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submitted to CAA” and patent applications filed for products obtained through CRISPR/Cas

technology could serve as the primary sources of information.*°
(i) Mapping information from the notification documents into patent claims

The notification document for the GABA tomato describes CRISPR/Cas9 mutation induction as
follows: ‘In this case, a mutation was introduced using CRISPR/Cas9 by cleaving and removing the
self-inhibition domain located at the C-terminal region, thereby increasing the activity of GAD and
enhancing the accumulation of GABA in ripe tomato fruits’.8! The document also mentions the use
of sgRNA expression cassette to introduce mutations, while the CRISPR target sequence is located
before the self-inhibition domain in the C-terminal region of SIGAD3 (Solyc01g005000).%?
If we map this information to the independent claim of the CVC patent granted by the JPO,* we
can identify the following correspondences:
=  Method of target DNA modification:
— The CVC patent claims a method of modifying DNA by contacting the target DNA
with a complex. In the case of GABA tomato, the target DNA is the gene encoding
GAD (Glutamate Decarboxylase), specifically SIGAD3. The mutation is introduced
in the C-terminal region of SIGAD3 to enhance its activity and increase GABA
accumulation in tomato fruits.
= The complex:
— Cas9 Polypeptide: The Cas9 polypeptide in the claim refers to the Cas9 protein, which
is used to induce a double-stranded break in the target DNA. In the GABA tomato

7 As of 1 April 2024, the responsibility for food safety standards shifted from MHLW to the CAA, which now manages the
procedures for food and additives. For a brief overview in English of the regulatory developments and approval procedures for
genome-edited products in Japan, see Sato 2024 (n 37). Even though notification is not mandatory by law in Japan, government
requests are generally expected to be followed in Japan. See Matsuo and Tachikawa 2022 (n 36).

80 Primary sources refer to first-hand information, such as documents submitted by companies notifying the relevant authorities
about genome-edited products or applying for patent protection. This is distinct from secondary sources, such as scholarly
assessments.

81 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited food 20241031
01.pdf (accessed 6 March 2025).

82 https://www.caa.go.jp/policies/policy/! standards_evaluation/bio/genome_edited food/list/assets/genome edited food 20241031 _
01.pdf (accessed 6 March 2025).

8 JP,6343605,B — A method of modifying a target DNA comprising:

Contacting the target DNA with a complex
The complex,
(a) In a Cas9 polypeptide row
(b) a single molecule DNA-targeting RNA comprising:
(1) a DNA-targeting segment comprising a nucleotide sequence complementary to a sequence in the target DNA;
and
(ii) a protein-binding segment that interacts with the Cas9 polypeptide, wherein the protein-binding segment
comprises two complementary stretches of nucleotides that hybridize to form a double-stranded RNA (dsRNA),
wherein the dsRNA comprises: Complementary nucleotides of a tracrRNA and a CRISPR RNA (crRNA),
wherein the two complementary stretches of nucleotides are covalently linked by an intervening nucleotide; [...]
The English translation available at the J-PlatPat website comes with a disclaimer that the translation was done by computer and
‘the translation may not reflect the original precisely’.
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case, the Cas9 protein is employed to cleave the DNA at the target site located before
the self-inhibition domain in SIGAD3, thereby disrupting the domain and enhancing
GAD activity.

— Single-molecule DNA-targeting RNA: The sgRNA (single-guide RNA) in the GABA
tomato document serves the same function as the DNA-targeting RNA described in
the patent claim. This RNA molecule has two key components:

o DNA-targeting segment: This is the sequence that guides the Cas9 protein
to its target DNA sequence, which, in this case, is located before the self-
inhibition domain of SIGAD3. The sgRNA sequence is complementary to
the target sequence in the DNA.

o Protein-binding segment: The sgRNA also contains the protein-binding
segment that interacts with the Cas9 protein, allowing for the complex to
cleave the target DNA.

This mapping suggests that the use of the CRISPR/Cas9 method described in the GABA tomato

notification document aligns with the independent claim of CVC’s patent in several key aspects.

However, the level of detail is too general to draw conclusions about the sufficiency of Sanatech’s

self-reported license from Broad and Corteva.®* For now, the question remains open due to several

unknowns, particularly the subject matter covered by the license and the detailed use of the
technology.

In the case of Madai red sea bream, the notification document contains the following information:
Overview of genome editing technology and gene modification used — Cas9 mRNA and
gRNA that specifically targets 20 bases in the sequence of the red sea bream myostatin gene
were introduced by microinjection into fertilized eggs obtained by crossbreeding
conventional varieties, and a line with a 14-base deletion in the red sea bream myostatin gene
was selected.®

Reference to a complex of Cas9 mRNA and guide RNA (gRNA) indicates the use of CRISPR/Cas

technology, %

which was employed to target a 20-base sequence and induce a 14-base deletion,
ultimately aiming to increase the edible portion of the fish. The same level of technological detail
was provided when notifying genome-edited tiger pufferfish: The complex of Cas9 mRNA and guide
RNA was used to specifically target a 20-base sequence of the Tiger-pufferfish-leptin receptor gene

and induce a 4-base deletion to enhance the edible portion of the fish.?’

8 Above (nn 63-64) and the accompanying text.

85 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited food 20241031 _
02.pdf (accessed 6 March 2025), point 2

86 Recall that ‘Cas’ refers to ‘CRISPR-associated protein’.

87 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited food 20241031 _
04.pdf (accessed 6 March 2025), point 2
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Could the license from CVC suffice to secure FTO? The Broad’s presence in Japan might be viewed
weaker, given that some foundational patents®® were rejected by JPO. However, some patents were
granted, including the Japanese patent application JP,2016-500262,% corresponding to the first
patent awarded to Broad in the US — patent 8,697,359.”  While initially notified of the grounds for
refusal — particularly, the lack of novelty and inventive step — the patent was eventually granted by
JPO.

If we map the information in the notification documents for fish products regarding CRISPR/Cas9

use to the independent claim 1°!

of the Broad patent granted by the JPO, we can derive the following
correspondences:
= ‘A method of altering expression of one or more gene products’

— The described use involves modifying the myostatin gene, which regulates muscle
growth. The deletion of 14 bases in this gene likely alters its expression, fulfilling this
criterion.

= ‘Introducing into a cell containing and expressing a DNA molecule encoding the one or more
gene products’

— In the described method, Cas9 mRNA and guide RNA (gRNA) were introduced into
fertilized eggs. Since fertilized eggs express the myostatin gene, this aligns with the
claim’s requirement.

= An ‘engineered non-naturally occurring CRISPR-Cas system comprising a Cas protein and
one or more guide RNAs targeting the DNA molecule’

— The method uses an engineered CRISPR/Cas9 system, consisting of:

o Cas9 mRNA, which encodes the Cas protein.
o A guide RNA (gRNA) specifically targeting a 20-base sequence in the
myostatin gene.

— This matches the requirement for an engineered CRISPR-Cas system with a Cas

protein and guide RNA targeting a DNA molecule.

88 Building on Storz (n 9), research has examined the status of ‘seminal’ patents in the JPO database. Subject to a disclaimer regarding
the availability of information in English, at least the following patents were refused by JPO following examination:
JP2016165307A (WO/2014/093712), which was rejected by the JPO examination division and the Board of Appeal, with the
decision upheld by IP High Court, and JP2016505256 (W0/2014/093595).

8 https://patentscope.wipo.int/search/en/detail.jsf?docld=JP274274305& fid=W02014093661.

%0 “Broad Institute Awarded First Patent for Engineered CRISPR-Cas9 System’ (Broad Institute, 15 April 2014),
https://www.broadinstitute.org/mews/broad-institute-awarded-first-patent-engineered-crispr-cas9-system (accessed 6 March 2025).

%l Claim 1 of JP,2016-500262 reads:

A method of altering expression of one or more gene products, the method comprising introducing into a cell containing
and expressing a DNA molecule encoding the one or more gene products and engineered non-naturally occurring
CRISPR-Cas system comprising a Cas protein and one or more guide RNAs targeting the DNA molecule, and Whereby
the one or more guide RNAs target a genomic locus of the DNA molecule encoding the one or more gene products, and
the Cas protein comprises: Cleaving the genomic locus of the DNA molecule encoding the one or more gene products,
thereby altering expression of the one or more gene products; wherein the Cas protein and the guide RNA do not naturally
occur together.
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= ‘Whereby the one or more guide RNAs target a genomic locus of the DNA molecule
encoding the one or more gene products’
— The guide RNA targets a specific 20-base sequence in the myostatin gene, which is a
genomic locus encoding a gene product (myostatin protein).
= The Cas protein comprises: Cleaving the genomic locus of the DNA molecule encoding the
one or more gene products, thereby altering expression of the one or more gene products:
— Cas9 induces a cleavage at the targeted locus in the myostatin gene.
— The cleavage leads to a 14-base deletion, which alters the expression of the myostatin
protein.
=  Wherein the Cas protein and the guide RNA do not naturally occur together:
— CRISPR/Cas9 is not naturally found in red sea bream but was introduced artificially.
Accordingly, the described CRISPR/Cas9 use in red sea bream appears matches the key elements of
Claim 1, indicating that the patented method likely covers this specific application.

(iv) Information gained from patent applications for products derived through CRISPR/Cas9

One would expect that the use of CRISPR/Cas method to derive the desired traits would be disclosed
in the patent applications filed for the products of its application. However, they provide even less
detail than notification documents. Notably, CRISPR/Cas technology is mentioned only in passing,
being listed among other state-of-the-art methods for inducing the intended DNA modifications. The
patent application for the GABA tomato states:
Genome editing is a technique for editing and genetically modifying genomic DNA using an
artificial cleavage enzyme, e.g., TALEN (TALE nuclease), a CRISPR-Cas system, and the
like. Any genome editing technique can be used in the method of the present invention, and
the CRISPR-Cas system is preferably used.?
The patent application®® filed by the Regional Fish Institute, the University of Kyoto, and the
University of Kinki claims:**
The loss of function of the nt5e gene can be caused, for example, by introducing a mutation
into the ntSe gene of the target fish using a conventional method. The method for introducing

the mutation can be carried out, for example, by homologous recombination; genome editing

technology using ZFN, TALEN, CRISPR-CAS9, CRISPR-CPFI1, etc., and the like. [...]

92 EP 4 023 057 Al, https://patentimages.storage.googleapis.com/c8/f3/b0/1b11bb29aade6¢c/EP4023057A1.pdf, para 0057
(emphasis added).

93 https://patents.google.com/patent/W02023243660A 1/en?q=(crispr)&assignee=regional+fish+institute.

% ‘Fish, method for producing fish, and method for producing fish exhibiting accelerated maturation’ (Application
PCT/JP2023/022090), https://patentscope.wipo.int/search/en/detail.jsf?docld=W02023243660& cid=P22-M7XKC7-37245-1.
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Furthermore, the method for introducing mutations may be performed, for example, by

random mutagenesis.”>
References to alternative methods for inducing the required modifications may reflect an FTO
strategy, in which initial research is conducted using CRISPR-Cas9 technology, followed by a later
‘switch to alternative non-CRISPR gene-editing methods, e.g. TALENSs’, as suggested by high-
profile patent attorneys.”® Some interview respondents suggested that a plausible explanation could
be developers’ reliance on the experimental use exception, though the lawfulness of this approach is
far from certain.”’ Japanese patent law provides an exception®® that allows patented inventions to
be used for experimental or research purposes without constituting infringement. This provision is
intended to promote further inventive activities by allowing the public to freely engage in research
without infringing patent rights.® The public policy goal behind this exception is to foster
innovation and the advancement of knowledge, and the law does not differentiate between
commercial and not-for-profit entities conducting such experiments.!?” While there seems to be a
broadly shared view that academic use does not require a license (‘freely available’!?!), the situation
is far less straightforward, especially in university-company collaborations.
To conclude this section, it is important to emphasize that the identification of a single license in
each examined use case of CRISPR/Cas technology cannot, in any way, be construed as a statement
on the lawfulness of patent handling. Determining legality requires a comprehensive FTO analysis,
which was beyond the scope of this study for the reasons outlined earlier, while legality may

ultimately only be confirmed through a judicial decision.

(5) Broader implications

Do the findings from the three examined case studies offer conclusive insights into the broader debate
on the ‘anticommons’ effect of patents? Hardly. At best, they provide limited evidence,
demonstrating that bringing genome-edited products to market is possible despite the complexities
of the patent landscape — though this is subject to caveats regarding the representativeness and

replicability of these experiences. Moreover, it remains unclear whether the companies studied have

9 ibid, translation available at:
https://patents.google.com/patent/ W0O2023243660A 1/en?q=(crispr)&assignee=regional+fish-+institute.

% Trvine C, ‘Navigating the CRISPR IP Confusion’ (HGF, January 2023), https://www.hgf.com/healthcare-scanner/navigating-the-
crispr-ip-confusion/.

7 Interview with Ms. Yuko Matsutoya, Patent Attorney with OHNO &PARTNERS, and that with Dr. Keiko Honda, President and
CEO with TODAI TLO, who both kindly accepted the author’s interview request, respectively.

9% Art. 69(1) PAJ.

9 Japan Patent Office, ‘JP Answers to WIPO Study on Patent Limitations’ 3,

https://www.wipo.int/export/sites/www/scp/en/exceptions/replies/japan_2.pdf (accessed 6 March 2025).
100 ibid.
101 See Ezura (n 49) slide 3.
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navigated the process ‘the right way’ and whether their innovations will ultimately succeed — both in
terms of private cost-benefit considerations and broader societal acceptance. '%?

The three examined use cases may, in fact, reflect survivorship bias, capturing only the tip of the
iceberg while the hidden body of unsuccessful projects, including those hindered by patent licensing
complexity, remains submerged and impossible to evaluate. What the cases underscore is that, in the
current CRISPR/Cas patent landscape, companies seeking to advance genome editing innovations
from discovery to commercialization must take legal risks, the full extent of which remains uncertain
due to many ‘unknowns’. If the risk of patent infringement is unavoidable due to patent complexity,
the unauthorized use of technology, somewhat paradoxically, almost by necessity becomes a means
of overcoming the ‘tragedy of the anticommons’.!%

A meaningful examination of the ‘anticommons’ hypothesis requires looking beyond successful
projects — such as those where genome-edited food has reached the market — to uncover evidence of
those that failed to materialize, not least due to patent-related complexity. The methodological
difficulties of such an inquiry are well-known. To begin with, the challenge lies in the conceptual
imprecision of effects such as ‘missed opportunities’ and ‘research blockages,” making them difficult
to identify — for instance by designing an effective survey and reliable indicators — and assess. The
lack of tangible records on abandoned or uninitiated projects, combined with missing or incomplete
licensing data, limits the observability of such effects. Moreover, human factors — including memory
limitations, cognitive biases in recalling decisions, and hindsight bias in evaluating opportunities —
introduce subjectivity into reporting, further affecting data quality. All these methodological
limitations undermine the ability to draw firm conclusions. Beyond these limitations, establishing a
clear cause-and-effect relationship between patents and innovation is inherently difficult, as
innovation decisions are shaped by multiple factors beyond patents alone.

With these reservations in mind, the next section shifts focus to the patent law determinants of FTO.
While patents are not the sole determinant of innovation, they play a significant role, making it

essential to ensure that access to technology functions effectively.
III. A comparative perspective on selected FTO determinants
In the patent context, FTO refers to the ability to commercially develop, manufacture, use, or sell a

product or technology without infringing on valid third-party rights. Non-infringing conduct can be

ensured either by staying outside the scope of existing patents or by obtaining necessary

102 For a critical perspective, see CBIC (n 48). See also Sato 2024 (n 37) 6 (‘as reluctance to handle GE products still prevails in
Japanese industry and society in general, it is uncertain if/when these studies will translate into marketable commercial products’).
103 Teece (n 23) 1493 (referencing the corresponding acknowledgement by Professor Eisenberg).
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authorisations (rights clearance). For that, parties interested in practising technology need to conduct
a thorough FTO analysis that encompasses patent landscape evaluation (including pending patent
applications), identification of all relevant right holders, assessment of patent validity and
interpretation of the scope of patent claims, conducting licensing negotiations and concluding
licensing agreements, and in some cases, devising designing-around strategies. Especially in
complex patent landscapes, the ability to allocate access and usage rights efficiently is key to

technology diffusion through utilisation.

(1) Selection of FTO determinants

FTO challenges are particularly pronounced in patent landscapes characterised by high patent density,
which drives legal uncertainty. This phenomenon is often referred to as a ‘patent thicket’. While no
uniform definition exists, a meta-analysis of patent thicket literature identifies four key economic
issues often associated with the term, namely (i) ‘diversely-held complementary inputs’, creating
coordination challenges as patent holders set licensing rates independently; (ii) overlapping patents,
where ‘imperfectly defined property rights’ lead to excessive licensing costs; (iii) ‘gaming the patent
system’, a form of ‘moral hazard” where patent applicants ‘take hidden actions’ that impose costs on
innovators; and (iv) ‘saturated invention spaces’ where a few firms control all relevant patent rights
in a particular field, leading to imperfect competition.!® Each of these factors complicates the
efficient allocation of patent rights and calls for FTO solutions.

Given the time constraints of the research stay, conducting a full-scale analysis of these factors and
their potential mitigation would be unfeasible. Instead, the research focuses on the issue of
overlapping patents, which require the aggregation of multiple authorisations to realise the value of
technology. In the presence of imperfect information and high transaction costs, overlapping patents
pose significant coordination challenges — particularly when multiple patent holders independently
determine licensing conditions and fees, resulting, in some cases, in wasteful multiplication of
licensing costs.!% The focus on patent overlaps is justified by the legal nature of their determinants,
which can be addressed with legal methodology. This contrasts with FTO constraints arising from
behavioural factors, such as strategic actions or ‘gaming’ the patent system. The subsequent analysis
adopts a comparative law perspective to consider three instances where patent overlaps can occur, as

summarised in Table 3.

104 Egan and Teece (n 22) 4.
105 ibid.
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Table 3: Types of patent overlaps and corresponding causal legal factors

Types of patent overlaps Causal legal factors/FTO determinants

1. Multiple patents claiming essentially the | Application of the standards for novelty and, in certain

same subject matter cases, inventive step assessment

2. Broad functional claims directed to a method | Application of sufficiency of disclosure and
potentially subsuming subsequent inventions | enablement requirements in the assessment of

related to specific applications functional claims

3. Extension of patent protection for a genome- | Delineation of the scope of derivative protection,
editing method to products derived through | particularly in cases involving self-reproducing
that method, potentially overlapping with biological material

separate patents for products as such

Quite obviously, the more complex a patent landscape — the more challenging it is to ensure FTO.
Often, complexity as such is viewed as an indication of the patent system’s dysfunctionality.
However, the need to obtain multiple authorisations to utilise technology, in and of itself, should not
be equated with a ‘systematic failure’ of the patent system — businesses routinely need to aggregate
multiple inputs to create a product or service and generate value and it becomes rather a question of
how to manage complexity efficiently.!%

This analysis takes the view that one should distinguish between justifiable and unjustifiable reasons
for complexity of a patent landscape. A certain degree of patent overlaps is inevitable by the very
nature of innovation where advancements build on prior achievements. This is reflected in the notion
of dependent patents resolved through cross-licensing arrangements ‘on reasonable terms’.'"’
However, the larger the overlap between patent claims— the more difficult it is to justify the existence
of multiple patents.

The following analysis was conducted in an issue-spotting manner due to time constraints and does

not claim to provide an in-depth investigation of the question. The findings should be viewed as

tentative, presenting plausible hypotheses for further examination.

106 Tn the telecommunications sector, for example, the complexity surrounding multiple patents is typically managed through patent
pools and technical standardization. The reasons why these solutions have not (yet) found application in the CRISPR/Cas patent
landscape fall outside the scope of this report. This insight was also emphasised in the interviews — see above (n 97).

107 Art 31 (1) TRIPS.
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(2) Overlaps due to largely similar subject matter

The basic rationale for the novelty requirement is to prevent the granting of duplicative patents. When
duly applied, it should exclude redundant patents from being granted.

Under Japanese patent law, an invention is not patentable if it is identical to an earlier application,
including the hidden prior art (Art. 29-2 PAJ). The JPO Examination Guidelines define ‘identical’
inventions as those that share ‘substantial identity’, meaning they differ only in minor aspects based
on common general knowledge or commonly used techniques.'® The IP High Court, in the context
of CRISPR/Cas patent applications, reinforced this interpretation by holding that an earlier disclosed
invention includes not only what is explicitly described but also what is ‘considered to be described’
in light of technical common knowledge at the time of filing. '

The European Patent Convention (EPC) establishes that an invention is new only if it does not form
part of the state of the art.!' The EPO Examination Guidelines specify that an invention lacks
novelty if a prior document explicitly discloses it or if, by following the prior teaching, a skilled
person would ‘inevitably arrive’ at the claimed invention.!'! Unlike the Japanese approach, the
EPO’s novelty assessment does not focus on the relative ‘similarity’ between the prior art reference
and the invention at issue. Instead, the key question is whether the prior art explicitly or implicitly
discloses the invention as a whole. The EPO takes a ‘strict approach’ to novelty assessment and, in
cases of ambiguity or doubt, ‘the content of a prior publication must be interpreted narrowly’.!'?

In summary, both JPO and EPO consider hidden prior art and take into account not only explicit
teachings but also those derived by a PSITA from an earlier patent application.!!3According to some
authors, EPO follows a more ‘photographic’ approach to novelty.!'* The JPO appears more flexible
in interpreting the identity of a claimed invention relative to a prior art reference. However,

qualitative criteria such as ‘substantial identity’ exist on a spectrum rather than as a binary standard,

108 Japan Patent Office, ‘Examination Guidelines for Patent and Utility Model in Japan’ (1 October 2015), Part III Chapter 3 ‘Secret
Prior Art’,
https://www.jpo.go.jp/e/system/laws/rule/guideline/patent/tukujitu_kijun/document/index/all_e.pdf (accessed 6 March 2025).
Hinkelmann K, ‘Patenting of Inventions Relating to Genomic Editing Technology: Two Decisions of the Intellectual Property
High Court of Japan’ (2022) 19(1) 3-12. The decision by the JPO BoA characterised inventions at issue as ‘substantially
identical’ and ‘having substantial sequence identity’. Appeal decision, Appeal No. 2017-13795
https://www.jpo.go.jp/system/trial appeal/document/info-shinketsu-eiyaku-backnumber/2017 013795 e.pdf.
110 Art. 54(1) EPC.
I EPO Guidelines for Examination, Part G, Chapter VI, Section 5,
https://www.epo.org/en/legal/guidelines-epc/2024/g_vi_5.html (accessed 6 March 2025).
112 Established case law of the EPO BoA: Lansac IA et al. (eds.), Case Law of the Boards of Appeal of the European Patent Office
(10th edn, EPO 2022) 135,
https:/link.epo.org/web/case_law_of the boards of appeal 2022 en.pdf (accessed 6 March 2025).
113 For a more comprehensive comparative analysis of novelty assessment by JPO and EPO, see:
‘Comparative Study Report on Novelty’,
https://www.jpo.go.jp/news/kokusai/nichibeiou/document/sinsa_jitumu_3kyoku/project 2009 _final.pdf (accessed 6 March 2025);
European Patent Office, Japan Paten Office and United States Patent and Trademark Office, ‘Comparative Study on
Hypothetical/Real Cases: Novelty’ (2009),
https://www.jpo.go.jp/news/kokusai/nichibeiou/document/sinsa_jitumu_3kyoku/sinki_en01.pdf (accessed 6 March 2025).
114 Kim and others (n 24).
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leaving room for discretion and ambiguity regarding what constitute the ‘duly’ application of the
novelty standard.

From an FTO perspective, the more differences the novelty standard permits, the lower the likelihood
of overlapping patents, which is more conducive to FTO. As seen in CRISPR/Cas case law, Japan’s
standard may be more flexible in determining what constitutes ‘identical’ subject matter, leading to
a lower threshold for rejecting patents on novelty grounds and making the system more FTO-
conducive. However, drawing direct comparisons between the systems remains challenging due to
the lack of comparable decisions. In the CRISPR/Cas case, the patent rejected by the JPO — a decision
later upheld by the IP High Court — was also rejected by the EPO, but on different grounds. '’

Table 4: The novelty assessment standards applied by JPO and EPO

Standard and application in

Japan

Standard and application under

EPC/EPO

Convergences and divergences

An invention is not patentable if it
is identical to an earlier
application, including hidden prior
art. An ‘identical’ invention is
defined as to include inventions
with only minor differences based
on common general knowledge or
commonly used techniques.

Novelty can be destroyed not only
by explicit disclosures but also by
what can be inferred from prior
applications in light of technical

common knowledge at the time of

filing.

Novelty is established if an
invention ‘does not form part of
the state of the art’.

‘the lack of novelty may be
apparent from what is explicitly
stated in the document itself [...]
Alternatively, it may be implicit in
the sense that, in carrying out the
teaching of the prior-art document,
the skilled person would inevitably
arrive at a result falling within the
terms of the claim. [...] An
objection of lack of novelty of this
kind is raised by the examiner only
where there can be no reasonable

doubt as to the practical effect of

the prior teaching’.

Standards are seemingly similar:
both cover hidden prior art and not
only explicit but teachings derived
by a skilled person from an earlier
application.

The EPO’s approach to novelty
assessment has been described as
more ‘photographic’, while the
JPO’s approach may be more
flexible in interpreting the identity
of a claimed invention relative to a

prior art reference.

115 Case T 844/18, confirming the revocation of a patent based on a lack of novelty as a result of an invalid claim to priority. This, in
turn, was caused by a failure to meet the requirement that the subsequent application must name all applicants of the earlier

application or their successor(s) in title.
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(3) Potential overlaps due to broad functional claims

Functional claims describe an invention in terms of what it does rather than its structure. Such claims
are established in practice in both Japan and Europe. Where the function is of a generic nature,
encompassing virtually unlimited applications, such claims have been criticised for being ‘unduly
broad’ if protection extends beyond what the applicant actually invented. In this section, we set aside
the issue of whether the scope of protection is commensurate with the inventor’s contribution and
instead focus on how broadly construed functional claims may lead to multiple patent licenses.

The requirements for sufficient disclosure and enablement are crucial for delineating the justified
scope of patent protection. When subject matter is claimed broadly, the invention must be enabled
across the entire claimed area. This principle is reflected in the assessment standards of both JPO and
EPO. Patent law in Japan requires that ‘the patent applicant must state all matters that the applicant
finds to be necessary for defining the invention for which the patent is sought’.!!® Technical means
‘stated merely in an abstract and/or functional manner’ that do not enable a PSITA to carry out the
claimed invention would fail to meet the enablement requirement.!!” The technical scope of
functional claims is defined by ‘the technical idea embodied in the specific structures disclosed in

> 118

the specification and is not limited to the explicitly disclosed embodiments but also encompasses

structures that a PSITA can derive from ‘the structure disclosed in the specification or from the

detailed description of the invention’.!'  (Prior to the 2004 revision of the PAJ, the scope of a claim

>120

was understood to be limited to what can be easily worked based on the disclosure and case law

consistently confirmed this restrictive approach to the interpretation of functional claims.'?!)

Similarly, under the EPO approach, the sufficiency of disclosure!?? for broadly claimed subject
matter is assessed based on the standard that a PSITA should be able to carry out the invention at
issue ‘over the whole area claimed’.!>® To meet this standard, a patent application must provide
sufficient examples and alternative embodiments, enabling the invention to be carried out across the

claimed scope without undue burden or the need for inventive skills.

16 Art. 36(5) PAJ.
17" Japan Patent Office (n 108) Part II Chapter 1 Section 1, ‘Detail of Determination of Enablement Requirement’.
118 Shitara R et al., ‘Japan’ in 4n International Guide to Patent Case Management for Judges (WIPO 2025) 322.
119 ibid 323.
120 Moriwaki S, ‘Study on Patent Claim Interpretation (II)’ (2003) IIP Bulletin 56, 59-60,
https://www.iip.or.jp/e/summary/pdf/detail2002/e14 _07.pdf (accessed 6 March 2025).
ibid 61 (noting that ‘Japanese courts have ruled that when functional claims are described too abstractly without sufficient
technical details in the specification, the claim scope should be narrowly interpreted’). The current approach to claim
interpretation focuses on the wording of the claims, which is considered ‘both the starting point and the goal’, while ‘elements
that are not mentioned in the claims — such as those from the specification and other sources — [cannot be used] to interpret a
claim more narrowly than was originally intended’ (ibid 321). I thank Yuko Matsutoya for pointing this out.
122 Art. 83 EPC.
123 EPO Guidelines for Examination, Part F, Chapter III, Section 1,

https://new.epo.org/en/legal/guidelines-epc/2023/f iii_1.html (accessed 6 March 2025).
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Accordingly, the scope of protection for functional claims under both the JPO and the EPO would,
in principle, extend to those embodiments and variations that are either explicitly disclosed or can be
inferred by a PSITA based on the disclosure. 1*

The issue arises when claim interpretation introduces uncertainty — a common challenge with

complex, emerging technologies such as CRISPR/Cas9. CVC and Broad’s patents claimed a Cas9

125 6

polypeptide'?® and a Cas protein,'?® respectively, leading to criticism that the protection extends to

‘an entire genus of Cas9 proteins without any sequence limitation’, '*’ potentially ‘stifling’
innovation in genome editing.'?® Concerns about sufficiency of disclosure and enablement arise
from the uncertainty, at the time of filing, regarding which Cas9 enzymes would enable successful
DNA modification, as variations in sequence identity can significantly impact activity and ‘the
critical features of the Cas9 enzyme that are predictive of success have not been identified’.'?° This
raises the question of whether the requirements for sufficiency of disclosure and enablement were
met in these cases. Nevertheless, the respective patents, claiming the function of ‘cleavage of the
target DNA’3? and ‘cleaving the genomic locus of the DNA molecule’!®! with the help of Cas
enzyme were granted by both JPO and EPO.

Furthermore, where working with certain Cas9 variants requires skills beyond those possessed by a
PSITA, such applications may be considered inventive in their own right and result in standalone
patents — particularly when a PSITA would not have a reasonable expectation of success in adapting
a CRISPR/Cas9 system to a given problem due to significant uncertainty about the conditions
necessary for successful genome editing.!*? In principle, if the enablement requirement is duly
applied, no unjustified overlaps should arise between an earlier, broadly claimed invention and a
later, more specifically focused one. This would be a typical case of dependent patents, where the
later patent is justified on technical and economic grounds.'* Conversely, if a certain embodiment
within a broad functional claim is not properly enabled, requiring a cross-license for both the original
patent and a subsequent patent that enables that specific embodiment — as well as obliging third
parties to obtain licenses for both — could be viewed as an unjustified reward and a source of

economic inefficiency.

124 Nakayama N., Patent Act (3rd edn, Koubundou 2016) 196 f; Case law of the Boards of Appeal of the European Patent Office
(10th edn, EPO 2022) 277.

125 Above (n 83).

126 Above (n 91).

127 Gray BN and Spruill WM, ‘CRISPR-Cas9 Claim Sets and the Potential to Stifle Innovation’ (2017) 35(7) Nature Biotech. 630,
doi: 10.1038/nbt.3913.

128 ibid.

129 ibid.

130 Above (n 83).

31 Above (n 91).

132 Gray and Spruill (n 127) (noting that ‘the critical features of the Cas9 enzyme that are predictive of success have not been

identified’ at the time when foundational CRISPR/Cas9 patents were filed).

See above (n 107) and the accompanying text.

133
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Table 5: The standard for assessment and interpretation of functional claims at JPO and EPO

Standard and application in

Japan

Standard and application

under EPC/EPO

Convergences and divergences

The technical scope of functional
claims is determined by the
technical idea embodied in
disclosed structures, extending
beyond specific embodiments

but only to variations a PSITA

A PSITA should be able to work
the invention ‘over the whole
area claimed’ without undue

burden.

Both JPO and EPO limit the
scope of functional claims by
requiring enablement across the
full claimed breadth, restricting
protection to what a PSITA can

practice based on the disclosure.

can derive from the disclosure.

(4) Overlaps due to the derivative protection

Historically, patent law has provided for derivative protection to safeguard innovators’ economic
interests in jurisdictions where such products, as such, were excluded from patent protection. The
internationally agreed minimum standard, as set by the TRIPS Agreement, requires that patent
protection for a process extend to ‘at least the product obtained directly by that process’, !>
regardless of whether the product is explicitly claimed in a patent or meets patentability criteria.
Given that, in modern biotechnology, products obtained by a patented process are often biological
materials capable of self-reproduction, the scope of derivative protection becomes a key issue — both
for ensuring legal certainty and for balancing the interests of upstream and downstream innovators.
Under Japanese patent law, in line with TRIPS standards, the statutory provision on derivative
protection, where a product itself is not claimed, on a plain reading, can be interpreted as extending
to products directly obtained by the process, !> which is itself confined to manufacturing
processes. *¢ In contrast, the EU Biotechnology Directive extends protection not only to biological
material directly obtained through a patented process but also to ‘any other biological material
derived from the directly obtained biological material through propagation or multiplication in an

identical or divergent form and possessing those same characteristics’ resulting from the invention. '’

134 Art. 28(1)(b) TRIPS.

135 Art. 68 PAJ, read in conjunction with Art. 2(3)(iii) PAJ. Hinkelmann K, Gewerblicher Rechtschutz in Japan (3rd ed., Carl
Heymanns Verlag 2019) para 907.No judicial interpretation of the provision currently offers clear guidance in the context of
genome-editing methods. However, authoritative commentaries on patent law — including N Nakayama and N Koizumi, New
Annotated Patent Law (2nd ed., Seirin Shoin 2017) — suggest that its scope is not necessarily limited to products directly
obtained by the patented process. I thank Yuko Matsutoya and Kazuhiro Atsuda for pointing this out and drawing my attention to
the relevant literature. For the time being, I focus on the absence of any explicit extension of protection to downstream
biological material or products in the statutory wording, in contrast to the EU Biotechnology Directive.

136 Hinkelmann (n 135) (with further references to case law).

137 Art. 8(2) Biotech Directive.
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However, uncertainty remains regarding the interpretation of the ‘specific characteristics as a result
of the invention’ criterion in the context of genome-editing methods.!*® A broad interpretation of
Art. 8(2) Biotech Directive could potentially extend derivative protection to any end product
containing modified DNA. Conversely, the limitation to ‘direct’ products may exclude commercial
seeds, propagating materials, or harvested goods obtained through multiple successive reproductive
cycles. In this sense, the Japanese patent system — if interpreted in line with the TRIPS standard for
minimum protection —could be considered more ‘FTO-friendly’ compared to the one in the EU.

Overlapping patents may arise where downstream products obtained through a genome-editing
process are also patented as standalone inventions. For instance, Japanese institutions have filed
patent applications for both the GABA tomato and genome-edited fish.!* If these applications
succeed, FTO would be complicated if different entities hold patents on upstream methods and
downstream products, especially where it is unclear which products obtained by a patented process
fall within derivative protection and whether a downstream product patent is actually valid in light
of the prior disclosure of the upstream method. In this regard, a clear delineation of derivative
protection to products directly obtained through genome-editing methods reduces legal uncertainty

and can alleviate potential burdens on agricultural innovation and commercialization.

Table 6: Approaches to derivative protection in Japan and EU

The standard in Japan Standard under the EU Biotech | Convergences and divergences

Directive

The statutory provisions do not | Derivative protection for | The broader protection standard
explicitly — extend derivative | biological inventions extends | under the EU Biotech Directive
protection to biological products | beyond direct products and | increases patent reach and
beyond those directly obtained | covers subsequent generations as | creates additional FTO
from the patented process. long as they retain the same | challenges for farmers and
characteristics conferred by the | breeders.

patented process.

138 Kim and others (n 24).
139 Above (nn 47, 53, and 54).
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IV. Concluding remarks

The study has addressed the reasons underlying the complexity of FTO within a highly dense patent
landscape, particularly for foundational CRISPR/Cas technologies and managing strategies for

overcoming it. The findings can be summarised as follows.

(1) Findings on use cases

The limited availability of information and resources prevents a full-scale FTO analysis, leaving open
the question of whether a single license suffices for commercializing CRISPR/Cas-based products.
The findings suggest that market entry is possible despite the complexities of the patent landscape,
but this is subject to caveats regarding the representativeness and replicability of these cases. It
remains unclear whether the companies involved navigated the process correctly and whether their
innovations will ultimately succeed, both in terms of economic viability and societal acceptance. The
findings may also reflect survivorship bias, capturing only the successes while obscuring failed
projects, including those hindered by licensing complexity. In the current CRISPR/Cas patent
environment, companies must take legal risks, the full extent of which remains uncertain. If patent
complexity makes infringement risks unavoidable, unauthorized use of the technology may
paradoxically become a necessary means of overcoming the barriers posed by an ‘anticommons’
effect.

A meaningful assessment of the anticommons hypothesis requires examining not only successful
cases but also projects that failed or were abandoned due to patent-related constraints. However,
methodological challenges — such as identifying missed opportunities, the lack of records on
uninitiated projects, and the absence of comprehensive licensing data — make it difficult to establish
these effects. Nonetheless, an exploratory analysis, even if imperfect, would provide valuable

insights and is preferable to leaving the issue unexamined.

(2) Findings on FTO determinants

From a comparative perspective, the study identifies several legal determinants of FTO in the
Japanese and European patent systems, particularly in relation to overlapping patents. The analysis
focuses on three areas: patents claiming essentially the same subject matter, broad functional claims
directed to a method that may subsume later inventions related to specific applications, and the
extension of patent protection from genome-editing methods to derived products. Novelty standards

play a critical role in preventing overlapping patents. Both the JPO and EPO assess hidden prior art
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and consider not only explicit disclosures but also what a skilled person could infer from earlier
applications. While the EPO is viewed to follow a stricter, more ‘photographic’ approach, the JPO
and the IP High Court appears more flexible in defining the identity of a claimed invention. This
approach can reduce the likelihood of overlapping patents and contribute to a more FTO-conducive
environment, though direct comparisons remain difficult due to the absence of comparable case law.
In the case of broad claims directed at generic functions, overlaps can emerge if they are interpreted
to subsume subsequent inventions related to specific applications. In this regard, the requirements
for sufficient disclosure and enablement are crucial for delineating the justified scope of patent
protection. When subject matter is claimed broadly, the invention must be enabled across the entire
claimed area. This principle is reflected in the assessment standards of both JPO and EPO.

The scope of protection for functional claims under both the JPO and EPO generally extends to the
embodiments and variations explicitly disclosed or inferable by a PSITA. However, uncertainty in
claim interpretation becomes a challenge, particularly for complex, emerging technologies like
CRISPR/Cas9. The patents held by CVC and Broad, covering a Cas9 polypeptide and a Cas protein,
respectively, have been criticized for their broad scope, potentially encompassing an entire genus of
Cas9 proteins without sequence limitations. Concerns about sufficiency of disclosure and enablement
stem from the uncertainty, at the time of filing, regarding which Cas9 enzymes could effectively
modify DNA, as differences in sequence identity can greatly influence functionality, and the key
characteristics determining successful application had not yet been established.

In cases where working with certain Cas9 variants requires skills beyond those of a PSITA, new
applications may be considered inventive and lead to standalone patents, particularly when
significant uncertainty exists about successfully adapting CRISPR/Cas9 to a specific problem. In
principle, this should prevent overlap between broad foundational patents and more specific follow-
on inventions if such variants were not enabled in the earlier patents. However, ambiguity regarding
the scope of functional patents can compel technology users — especially those unfamiliar with claim
interpretation or risk-averse — to obtain multiple licenses, not only from patent holders for
foundational technology but also from other right holders with patents on specific variants of
CRISPR/Cas9 systems and method. Where the later inventions do not technically fall within the
scope of CVC’s and Broad’s patents, uncertainty in claim interpretation can lead to an unnecessary
proliferation of licensing fees, constituting unjustified reward and economic inefficiency.

In the case of derivative patent protection — i.e. extension of patent protection for a genome-editing
method to products derived through that method — overlapping patents may arise where downstream
products obtained through a genome-editing process are also patented as standalone inventions. For
instance, Japanese institutions have filed patent applications for both the GABA tomato and genome-

edited fish. If these applications succeed, FTO might be complicated if different entities hold patents
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on upstream methods and downstream products, especially where it is unclear which products
obtained by a patented process fall within derivative protection and whether a downstream product
patent is actually valid in light of the prior disclosure of the upstream method. In this regard, a clear
delineation of derivative protection to products directly obtained through genome-editing methods
would reduce legal uncertainty and alleviate potential burdens on agricultural innovation and
commercialization.

Under Japanese patent law, derivative protection, where a product itself is not claimed, could, on a
plain reading, be interpreted as, extending to products directly obtained through a patented
manufacturing process, in line with the TRIPS standard. The EU Biotechnology Directive, however,
extends protection beyond directly obtained biological material to subsequent generations if they
retain the same characteristics conferred by the patented process, while the interpretation of what
constitutes ‘specific characteristics as a result of the invention’ in genome editing remains unclear.
In this respect, alignment with the TRIPS standard is seen as more conducive to FTO, as extending
protection beyond directly obtained biological material could encompass any product containing
modified DNA. A stricter interpretation that limits protection to directly obtained products would
exclude commercial seeds, propagating materials, or harvested goods from successive reproductive
cycles.

In conclusion, both Japan and Europe face significant challenges due to the complexity of the
CRISPR/Cas patent landscape. Compared to the European framework, the Japanese system might,
in some respects, be more conducive to FTO by reducing the potential for overlapping patents in

genome-editing technologies.

(3) Looking ahead

The global pipeline for genome-edited products continues to expand, with new crop and animal
breeds in development. Ensuring FTO currently relies on licensing arrangements and the strategic
use of alternative technologies, such as TALENs or other Cas variants.'*® However, facilitating
efficient rights allocation remains a pertinent task, and future research should adopt a more
comprehensive and representative approach, expanding beyond the three case studies to capture so
far ‘unobservable’ aspects of FTO challenges and exploring a broader range of FTO determinants
and solutions in the context of genome-editing innovation. Moving forward, improved rights
clearance mechanisms, such as patent pools, could help streamline coordination and facilitate broader

access to genome-editing technologies.

140 As also confirmed by the interviews — see above (n 97).
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IR TR, BAREZERFZE L, BHZITW., AARIZRIT 2B &R S iz 3 flinic
DWVTFH L RTINS,

(1) GABA F~ h

VU T U N—IUNA TN b ME, HARTERINTZRYD CRISPR/Cas itk B fih
THY ., HRTHO THIR S 72 CRISPR/Cas fRfE b~ ML TH D720, 7 MRER
i DIEIZ 31T 2 B e kS Ch - 7 4, #F5E4HE 51 CRISPR/Cas9 ZFIH L, y-7 3
J Wl (GABA) OAEEAE KT 8B T2 REEL 2L, MEEZ FIF20R 13 H 52 &
THBHND GABA DEEEHERD b~ FD 5~6 fFI2ED D Z LIk L=, GABA (Xl
JEZ2 T 2FENSHZ ETMHLTND, REGIL, HERERYTFTT v 7 o— Rtk
RBEL, BOXELZIRND PEEICDOEIMEZRTCRIESNEZ 4, ZhETICH

3 Sato 2024 (Ri#BE 37) 19 (2004 4715 2023 42 £ TOBIRF AR RAIZHTT D AAROHEEH OZFMEICE T 2
HRREZRE L, BMLEZBERORBMLET =S —PLORELZZML TN D),

0 AU 2 — ORI IE LTV Wl K TLO OARRETRRERIFHELE O X 2 —00EL
N ZWER R RO S E ZDRBHALNTH D,

BRI FAO O R THRE L BILEE] RETHEINTND, a—T v 7 ARBSOHMNBEEHEL (5I2L -
DEFEMEZME (FAO2023), Sato2024 (Ai#IE37). R O—EDH 2T ) LEIEIZ L VG LAY BT 2 RN
ZESOHMEIMNET 2REZEERIC L 2B MR EE (SWD (2023) 412 AR . hitps:/eur-lex.curopa.cu/legal-
content/EN/TXT/ 2 uri=CELEX:52023SC0412 (B#&7 7 A H 202543 A 6 H), Waltz E, ‘GABA-enriched tomato is
first CRISPR-edited food to enter market’ (2021) 40 Nature Biotechnology 9-11, doi:10.1038/d41587-021-00026-2 % 2,

2 GABA (. #iE. 8%, HEWIFET D2HF VBT X VB TH D, ZHUTHARMRRICH T 2 8HHNRDH 2
MRZEME CHY . MEZEZ N, MBREZ(RET2HENH D, M~ MIUTRERD GABAREEND DD, TDF
FREIIRAR L ZICE—JIZEL, RN ERET DI ONTHDT 5,

43 Gramazio P, Takayama M and Ezura H, ‘Challenges and Prospects of New Plant Breeding Techniques for GABA Improvement in
Crops: Tomato as an Example’ (2020) 11 Front. Plant Sci.,
doi: 10.3389/fpls.2020.577980.

“ Sato 2021 (Ri#ETE37) 5.



https://eur-lex.europa.eu/legal-content/EN/TXT/%EF%BC%9Furi=CELEX:52023SC0412
https://eur-lex.europa.eu/legal-content/EN/TXT/%EF%BC%9Furi=CELEX:52023SC0412

CRISPR #fii % VT h~ D GABA &8 &% &8 HiRAITHETIThIL TV ¥, 5
WRF-OWFEE D OEINIRE R TH 5 4,

2021 4F, WHEEITIZT VI T —Ya g Xy N b~ M HARTY)O TIEE TR A
Wz AT —H ZAEBAG L7 ) ARERILE LTERBLE Y, Wiho~—>7T7 4 7 KO
MBI A A =T « 2ab A D U APRNEH L TWD, YPINIEEOE IR’ THG~DIRE %
FHIePERE & 72 > TN B3, A A =T - math A = XL, @EEEROEEE K OFE
FREEBHFOELEFIC ZEEZHEBEL, B M~ MEROaII 2= 4« 77y N 74—
L%l U T 4,000 NDOFRERE B FICER AT v 2R D & D BRIGICES 8] - 72,

ZTIWTHHBEE ORI OWTIIEGRmAH D . W TIIeVn, RO RARFE X v Fo
Bl % 52 72 H RO FIERRZ A F 4,000 N RICHEE N~ MERT 7y 7+ — 0%
WUCESIN-T=Z I 7« 70l T L08FIL. SMEOELNYT ) AREHTTT
1372 < . FIZ GABA OREFHHEN T[> TW=Z L 2L L TWS ¥, —JF, —
S OTEE A A O I TR RN R S vz %,

HEENDD T 4 — Ry 712X U, ZME ORLIEEIZ GABA OREFEIEHEZNFIZH
. [BIZEHD 90%NT ) DRERM OIS OW TR RN THh - T2, BIEHIL,

J AR TOI TV D NE I NI b T, TOMEICESEHEEZHAT LI Z LI
BkE R LT,

GABA F~ FOIRFEIZZINETDOE ZABRTOHRITOILTWDLN, A A =T -T2
YA U RTKRERDT ¢ U B THEBIBEEE O RIS OFREZIUS L Tk 3 Kiks
HIRUCIAT DEFHE 272 LR 6N TV D

4 ¢CRISPR-Cas9-mediated Engineering of the y-Aminobutyric Acid Pathway in Tomato’ (IS444 Inc., 9 August 2017),
https://www.isaaa.org/kc/cropbiotechupdate/article/default.asp?ID=15675 [H&&T7 7 A H 202543 A 6 H ],

46 Gramazio, Takayama and Ezura (Rij#8{1: 43)

47 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited food/list/assets/genome_edited_food 20241031
01.pdf (accessed 6 Mach 2025) (€D &S OFIH Sk & ARERIZ /2N ])

48 Citizens’ Biotechnology Information Center (CBIC), ‘Genome-Edited Food Companies Find Inventive Ways to Promote Products’
(Bio Journal, March 2022), https://www5d.biglobe.ne.jp/~cbic/english/2022/journal2203.html = [f#&7 7 A H : 202543 H
6 H], GABA h~ FORESALICOWTIE, R - 32112022 45 (RiT#BIE 36) S,

4 Ezura H, ‘Gene Editing Products from Research to Farmers: The Case of High-GABA Tomatoes’, presentation given in September
2024 at the Workshop on Plant Breeding Innovations for Sustainable Agriculture and Agroeconomic Development,
https://www.thasta.com/pdf/2024/ged/day1/3_Hiroshi%20Ezura.pdf (accessed 6 March 2025) [&#&7 72X H : 202543 A
6 A FERRICH L&, BIBEED 90% ZOFEMICBE LIPS THY . 7/ ARENZRSNTND 2 E 9 NNTH
PooT, BWEICESERLEZWAT D LRET D,

30 CBIC, ‘Japan’s First Genome-Edited Food Item, a Tomato, Gets Green Light for Distribution’ (Bio Journal, January 2021),
https://www5d.biglobe.ne.jp/~cbic/english/2021/journal2101.html; ‘Japan: CRISPR Tomato to Be Launched on the Market without
GMO Assessment’ (VLOG Lebensmittel ohne Gentechnik, 15 March 2021),
https://www.ohnegentechnik.org/en/news/article/japan-crispr-tomate-ohne-gentechnik-pruefung; ‘CRISPR Tomatoes Approved in
Japan’ (Test Biotech, 3 February 2021), https://www.testbiotech.org/en/news/crispr-tomatoes-approved-japan/ (T 71 AH:
202543 4 6 A

S Sato 2024 (Ri¥87E37) 6

52 https://sanatech-seed.com/en/20210915-2/. [Ff&T7 7 A H 202543 A 6 H]
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https://www.ohnegentechnik.org/en/news/article/japan-crispr-tomate-ohne-gentechnik-pruefung
https://www.testbiotech.org/en/news/crispr-tomatoes-approved-japan/
https://sanatech-seed.com/en/20210915-2/

(2) T=&A] KON 128680 T 77

2021 2, HARNL, REA LR LT HAHBEEETH LY —T a T 7 ¢ v v 2 RS Hn
FERRS:, m R & TR L. BAETEE M OREMKES DR E 2T TT /7 L
A LA (w44 SEONT 77 %) OpEERGEE AR L S, BIEERT
RN OIRRORELE WO MBEEIZ D720, 7/ AEEFHITOBE AN D 2 &

MTPREND 6, 29 L7er / AmEAORIEIT. AAROKERIHELRI L, MGG
EIEMH LS E D FE L AL TN Y,

fald CRISPR/Cas £l & i » TR S 7z, ~ & A TIHATEEZ 20% 03 72 DI A
DREZHET L IAAXTF VBRI ERRSET—F, V777 TIERFKREZED, KE
HMZREST 2 72DICM2D L7 F U HREBIETFRBREI N B, XA IXEOFki4%
P CREREDN AR INT-N DT ) MREEMMERE M & e o7, RftoF@ITEIC HARE
WHBICET LTS, V=g 7 4 vy 2lI20214E 100, 799U RT770T 40
277 TCAMPFIRE] (27T, 7/ AfmSEHACAERE F1E2 ST D EFRARME L2 BT, A
BEHEE~ A1) 190 BOYOTRIZA T ERB LT Y, ZOEHN~—7T 4 v 7 FEIT
L BT, Wl E D S HMENRE I TWn S 9O,

3. CRISPR/Cas I DHERAE O ZNENDREHFT A v AT A AFERRER

HEETT ) LRSI BE L CT31 #5%mmﬁ%&o RAISCET, = >OH®
DWTFUZ DN T H DNA WORER D % %57 5 72 912 CRISPR/Cas9 4723 S 4
T EHEHHL TS O Z 2 TR ?é%ﬁ%@74k/x%&oﬁ%bt@ﬁﬂﬁﬁ
2705, ZORICEAL.AFTELT —ZDBRLATWVD LW ERH 72, HARTIX

33 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited_food 20241031
02.pdf. #7278 A H 1202543 H 6 H]

54 https://www.caa.go.jp/policies/policy/ standards_evaluation/bio/genome_edited food/list/assets/genome_edited food 20241031
04.pdf. [T 7 AR 202543 H 6 A

3 Dionglay C, ‘Japan’s Three Genome-Edited Food products Reach Consumers’ (ISA444 Inc., 19 January 2022),
https://www.isaaa.org/blog/entry/default.asp?BlogDate=1%2F19%2F2022; ‘Gene-Edited Sea Bream Set for Sale in Japan’ (The
Fish Site, 22 September 2021), https://thefishsite.com/articles/gene-edited-sea-bream-set-for-sale-in-japan; Dionglay C, ‘Red Sea
Bream and Tiger Puffer: Japan approves two new gene edited fish for sale’ (Genetic Literacy Project, 26 January 2022),
https://geneticliteracyproject.org/2022/01/26/red-sea-bream-and-tiger-puffer-japan-approves-two-new-gene-edited-fish-for-sale/

[T 7 EAH 202543 A6 H]

36 BioSTation, SIP, NARO, ‘Proceeding for R&D Development Status’, https://bio-sta.jp/en/development/ [F#&T 7 & A H : 2025
F3H6 Al (HAELGRBME~OHRABITH TSNS BHRERVELI DL LT [RKEEGHRN BT 5
TLEADBENEESTVDE] AL TND),

57 Dionglay/ISAAA Inc. (Ri#81E 55) ; ‘First Gene-Edited Fish Goes on Sale in Japan’ (Fishfarmingexpert, 22 September 2021),
https://www.fishfarmingexpert.com/gene-edited-bream-japan-kindai-university/first-gene-edited-fish-goes-on-sale-in-
japan/1261224. [F#&7 7 AH 1202543 H 6 H]

38 ‘Gene-Edited Sea Bream Set for Sale in Japan® (Fii#87¥ 55) B&EHZ & 0 HEEMA A TR D,

% Dionglay/ISAAA Inc. (Ri¥&1E 55)

8 CBIC (ffi#giE 48)

ol §isdk 47, 53 KU\ 54,
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B FEHAE D B RFFFIT IR ER L C, BRI 2 KIEL, RENELTESGAICIA B v —
DERHEE A LD 2 L 2RI S B2 T LR o220, KERERIGIERSOLA &1
F720 | HARFFFFOISEHEIZIE CRISPR/Cas 7377 A & AT D E IR & 72 0 15 5
REEPFELRW 2, B F T v 7 — RN =V a7 vy andDf U FEa—
DHIARIFIAERICKE DT, ZOREER, RKFIETITARBHRICED Lol

GABA b~ MZOoWTiE, VT v 7 — KR UT7 o= an,Xx Nk~ D
MWEE 21T 9 722 I Corteva Agriscience 1 &% O Broad #F £ T (Broad Institute of MIT and Harvard)
DOIFMERIRZE - PAET A B A EZT, T ARSEHIN (CRISPR-Cas9) A fEH L T
W] DI EEFEREDO T = TV A MIBIR LTS S, FilE Lo D OIXERNA S
Toholz, lalicense)] EWIHFEHIX, BH—DTA B RAEZRIG LI EEREL TV,
ST N T T Y YA AL, KR ERRICE T D CRISPR/Cas Hiff O E R FRT
MZNTHY ., 7 T4 A% FF> CRISPR/Cas ST O L HEFFHRAAE D321
TR TA B AR GO T 7 2 ) —ERAT D5 %

~ XA L 22 T TR T A BRI L TE, T4 B A OFEMD KGR
ZHEUTHOLNICR 5Tz, 2024 FOHEE SITLEX, BV T7HV=TKFE, V4 —r K
%, Emmanuelle Charpentier (CVC) (%, VU —Ya A7 4 vy lZxt L, 7 V7 KEFEH
B BRI IRE S 4L, ISR & O IR RV BN O F 5 M O 7= 72 fa il oo BA 38
IRIZPRE S LT IR FE S 2 1 5 L7z,

EF 51, ARTEFHRIC IR, BARTEE S, b Shiz7 7 AfRERS (k
~ b &2 FBOMFE) TWTHLH-DORFTFT A B A2 G THGICERAIRIZE BEb
%, HAMEL 72 % CRISPR/Cas Hiffins 12 H1Z & THHAN) ) ZF57F CCHRES N TWD A%
ExBHE, —ODTABUVATERY Z2O0E WD BN AET D,

4. fER

ZIVE TORBRRTIE, TRFFOEMNK] T [ T4 v AREARFRERLDIZT A
AzWFT D] EFIALND LD RAPBE S TWIZIZ L b 6T RO %
RRDIZOITAGT2 T A & ARG - REEB DTN L b ey %, Z ofiR
TRRR TR THY  EE L TR LERH S, BERARE L THASDTIER N, £7-.

2 Contreras JL and Sherkow JS, ‘CRISPR, Surrogate Licensing, and Scientific Discovery’ (2017) 355 Science 698.

63 https://sanatech-seed.com/en/20201211-2-2/ [H&T7 7 A H : 202543 A 6 H]

¢ SCBT-Centredoc etal. (Fi#giE 14) 24 ([Corteva 23 EZEITH51F D CRISPR HAF O FIZ B U EBIRIEALIZSL > T
51 ik~ 2),

65 &) I,

% Storz (H#8IE9) 47,

7 Findk 9 KUV DI,

% Storz (&L 25)
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WG LI T A B AFARBIZ | RIZTEST20n, EERICZ S THLIDRbL, Winos
—ZATH FTO R T H2DIZ—D2DTA BV ATRED LW T LD,

(1) fEHHA

—DODTA B ATRY TEME I DOREEMRIIT 21215, KM 72 FTO 58T 217 5 &
233 %, CRISPR/Cas D X 5 727372 0 MR R REE D6 . U HA 9 7210 D FTO
AT A M T AL, BRI D N S OFRREE . BT 2 AR R OBCHIE RO S, £
L CHANOFI A E 2 o < 2 BRI EOERICIS U T, BolM» 58 A 2853 58
HExdD, ZOT v RIE, FEFE L, HBINEMAE. MM EICET 2 AT v
A NOEMPHRAERENE L, FRFAEZITV., FRTFR RO Z MR L, BEFFsrE o
BEHIZOWTHNT L, FREDERIRFAADORENTRAET H U A7 25T 2 LERH 5,
ZOEREICET HEMAIIEE T 10 Tk RS HLET D AREERH D 9, Z OIEEDFE
7t s ML SNDZBRDOE S EEZD & AFFROFEMHAN T FTO 2 FEhid 25 2 &
FBLFERTIIRY, ZOME., £0O KD RMUE LI iER R OEIRRRHE 217 5 2 & 72 <,
Batoxtg l LIEHHEFTOT A B ZAOBARBIZOW T 2 DIEARE L > B HAT
Thbd, LIzRo>T, LTFOBRITIEENRLOTHY, EENRMEEDO LD LD,

(2) JRATE LT, & TH oD T A v A2 EGT 20808 & % B

H AR O R A Y ORFFFESCIRIC A2 PR 0 BARIC L, CVC & Broad AFZERT N A %)
IR AR T D [E - M CTEEARRY 72 CRISPR/Cas9 7/ AfEE & BERAIIBICE A9 5
BAIIT DR L O 2O G OHENS T A B AEBGTHILERH DL L0 T
OBFFAFIZE 2 RAILZ U ERETIZRWL OO, THED 70— 7 B EE O RT)
ERSTHOMENRS L RICERLTND A —RIC DO, —DORFF. —2D 7 A
TR LW EMIRABEBERNEE S NS r—ADFNRE N =0, FABICE TRC) #
MOXINTHRZDbOEMERT 2 DIZREEHD T A & ARLEROPDERIZE Db
L3t LivZevy, L L7223 5, CRISPR/Cas ORFFFIRILN /R LTV D X 91z, BIFEIZITH

% ‘How to Master Your Freedom to Operate Strategy’ (Rapacke Law Group, 3 March 2023), https://arapackelaw.com/patents/master-
freedom-to-operate-strategy/ [fxf&7 7 A H : 202543 H 6 H]

0 FURFEIC L UE, MEE 228 E > TUEZDU LD T A v U ARKET /e B RN H D L5, #il 21E Kock

(ATHETE 16) (TCas9 BESE O BARR Z2 FIIRIC L0 | FEMIC IS 5 Bt ic DLl LD T A & AR MBI D56

N5 wBMH,

7 Storz (Ri4B 11 25) 87. MMEAE T[4/ Afm4E CRISPR/Cas9 FFF—F57F L VT A & v A Ol 7> 5 — | LES Japan News59
4751928 5 (2018) ; ELHET [CRISPRCas9 BEFFFFIC A D RFHE EORMBE—5 3 [0 T4 AL T
N7 ——] FEW] 116 % 2 % 65-69 F (2019 4%) F 7=, SCBT-Centredoc etal. (Ri#8ik 14) 34 (I Z D4 IZBIfRA < |
B BR BT ET D12 OISR E DR O I NV —T DL EE OO T A v A BT 2 L8N ET 5 ])
b2,

72 SCBT-Centredoc et al. (RiiB{E 14) 34.
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—DEMWD TNT U hZAT— N ICXVRESNTOWDEERH D, XTV N AT —
N EIE OB NRAE T 28+ IR E ORFTFOEAIRTH O | T NENREIF O~
MEZ I N—=LTWNDEHDOTHD, CVC O CRISPR/Cas9 KFiFAR— K 74+ U A7 TH
S5EDRFFNE TN TS BEEZ LI, UL DORFFNENI 2503 b T L
AN TIZ o7 LTH, Y ORFFE v, 4B 220575 L5805
PR ICHFFRE R RIFED 2 L BRT D 74

CVC D3HEF % E8ET D x4 & Broad BFZERTOXIS & O F72iE VN X, DNA Effi HAYT
CRISPR/Cas % Z FIIH 2 K PN ERAMIZIRE SN D028 5 7 Th %, Broad MHEFTAE
MR A2 R U CHERI AR5 R L TV D DIZxt L, CVC OFFFFIZ R TOMIR X A 7% J1 /83—
TA5H LRI 5, ZHuE. Jennifer Doudna DMz 12 LHUE [ THOT=AR—/1] 1D
WCHTAMEZ TEL T D00, HFEADOR—LIZFIZIEZELTHWDEDONDOENTHD P,
AARDT 7 LR b~ b (F4) R (@) "IV hoHEe s BEZMaiIcis T
% DNA EffizFIH L T\ DT, Lok TE 21X FTO R 3 5121% CVC & Broad
MRFTOM GNP T A B RAEZRETOMLENHSTITT TH S,

CVC & Broad 92T & DT CRISPR/Cas9 £iliD 7 v 2 F A & o X T3 RE S5 A
WL THD I EITRFHKGREGRNH D Z L AR L, ZAUTE =037 OMERIRAH D
5TARVAERETOILERNLDZ L2 I20RbEDH 5 20T THD, HlziE
—HBD = X T — 22—, Broad WFEFT DFFFFBMERF STV D KRENZIBW T, £ Ol

DOFIAZE DY, CRISPR E D — %8972 I DWW TIE CVC 205 | Wi & & te BRI 35
5 Eii 2oV Tid Broad WFZEFT 2B, DED ﬁ%?ﬁ)%7/l’ﬂ?/}< ERGT HDMEND D
CHERT D T, TA B AEKICET AR RIC AR, 29 LI RMICHERL T 5
ﬁ%%%hﬁ\@Mwa@wﬁi%%é&mﬁmo

FTO 7347 T, FFE D FEFaA R R OFFHNTH 500 &8 95 Al 288, £ o8l
MED I DIZFEES A TWD DB 2RI HFRA LI D, ZORIZEL, HE

3 Arciero M, ‘Five Things You Need to Know about Using CRISPR/Cas9 Commercially’ (Labiotech, 16 February 2023),
https://www.labiotech.eu/expert-advice/five-things-crispr-cas9-license/  [F#&7 7 & A H : 202543 H 6 A

=

75 Pollack A, ‘Harvard and M.LT. Scientists Win Gene-Editing Patent Fight’ (The New York Times, 15 February 2017),
https://www.nytimes.com/2017/02/15/science/broad-institute-harvard-mit-gene-editing-patent.html [Fx#&7 7 & A H : 2025 4 3
H 6 A] (emphasis added)

76 Jewell C and Balakrishnan VS, ‘The Battle to Own the CRISPR-Cas9 Gene-Editing Tool (WIPO Magazine, 21 April 2017),
https://www.wipo.int/web/wipo-magazine/articles/the-battle-to-own-the-crisprcas9-gene-editing-tool-39957 [&f&7 7 & A H :
202543 H 6 H]

77 SCBT-Centredoc et al. (A8 14) 34. HEETIXEI B2, DRENTEE A ZAEM OB KO EFEETH Y . Broad
WFTEFT D FEARRFTFD (BRI & 13270 0) KETITEDTH S, ZOOXREICBT D RKEOBEEMETH T DI L—
T OREFFOFEREHEN LI L I LEfEL TV A, [F 38.

8 [a] I 37, Table 3.5.1.
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HIFICRH SN B ES <0, CRISPR/Cas itz AWTE & -85 IC B9 5 B F
FEERAN ERERIRE 205D 8,

(3) JEHEHOE Rz R R ORI T LB 5

GABA [~ FoOJmHFERIL. CRISPR/Cas9 ZEFFHIZHOWVTIKRD L I IZHBH LTS,
[ARfETiX, CRISPR/Cas9 1T KA ZEFE ALY | C RIMBEIBICAFET 2 HCHET I/
FRBLAISEIR D R K 21TV GAD OfF% EF- S, b~ MRERFEIZEIT 5 GABA L&
a7y 8, ZoXETEH, BREZEAT L7202 sgRNA By MEFIHT5
ZEIZHE KL TEY ., CRISPR ZMEIFX SIGAD3 (Solyc01g005000)?> C K had ik (27 1E
+ % B CHEHEKOFNCH D *2,
ZONEHE BARERTITICE VG Sz CVC R OMATEERIE ST Lz b &,
R OXF ISR 5,
= EAUDNA % Effid 5 1k -

- CVC FiiFi%, 12/ DNA 2 AR B S5 Z LI2 XV DNA 2Efid 5 ik
[ZOWTHREHT D, GABA F~ FO%G . 1£A) DNA I3 GAD (7 V& < U ERiiR
felsss) Za— R4 58+, BRRICIE SIGAD3 THh 5, Z DZER | SIGAD3
O C RKUGFEIRIZEASIND Z & T, TOEEELED, b~ MREIZEBIT 5 GABA
SHEE N EXET,

20244 A1 B, BZEREOEENELTGWME N CHEHITICRY . BUETITIHE LTI &M RO
B3 2FRaBEEL WD, BARICBIT S ARERDICEET 2 oBm & OERBFROEEIC L HHEIZDON
TlE Sato 2024 (Rii#8iE 37) 22, HATIHBHNERICLVEBEH T oA T RWVWLOD, —RIZBIFOEFHEIZIT
HED Z EDRD BTV D, Matsuo and Tachikawa 2022 (Riife 1k 36) &K,

—IER T, BERT ) SRERMICOW TR Y RITE 72, SR 4 HET 2B ICiRE Lz e &
BRI RA T, AU FIRRIREIL 2R &0 ZRIEHR & 1T R D,
https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited food/list/assets/genome_edited food 20241031
0l.pdf [He#s7 72 AH 1202543 H 6 A]

https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited food/list/assets/genome_edited food 20241031
0l.pdf (#7277 AR 1202543 H 6 A

H AR EFRFFTES 6343605 5 (JP,6343605,B) : 1%#Y) DNA A {Effi7 5 Kk T > T,
IEN) DNA 2 AR L ¢ 5 2 L 25 7,
BACEENES

(a) Cas9 R U ~_XTF R NZ

(b) Hi—7%7F DNA £H{L RNA TH-> T,

(i) %Ay DNA WOEFNZ 3 L CTHfiNZ2 X 7 LA RESIZ &1 DNA ke 7 2 > b 5 B8E W
(i) HIFC Cas9 RY XTF REMAEHTHEZ NI EFEGE I AL N Tho T EE VANV EREGET AV ML

NA TV ZA XL T A RNA (dsRNA) ZTERLT %, 2 DO —fe & DX 7 L AT N &5 A, filit dsRNA 13,
tractRNA 35 L OV CRISPR RNA (crRNA) OAHMHI R X 7 VAT R&EEH, Bl 2 DOMM R —mE OX 7 LAF R
T, SMEX 7 LAF FIC ko TIHAERFHEMICEFE SN TV D, BF ARV BERaE 7 A PG,
J-PlatPat 7 = 7H A P TAFTE ZWEFT, WML B a—Z Ik REN, LER-> T IERSTTE SN ERICK
BINTWRWEERH D) EWVIELEERRLZONTND,
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= AR,

- Cas9 R URTF R GEREIZET D Cas9 R Y XTF K&, #E# DNA N T
FEHEUIM 2 BT H70EDND Cas9 ¥ /87 E AT, GABA b~ FD#
A, Cas9 # L /X7 B &My, SIGAD3 @ H CLBHE IR O R & 3 2 L C
DNA ZUJWr L, I XV A L T GAD iEEZ im0 %,

- HL—4>7 DNA (L RNA:GABA h~ b LEND sgRNA (3> 7 /LA K RNA)
X FFEFRE SR OFPHIC L STV 5 DNA AL RNA &R UREREA /-4, =
D RNA 4 FITIZIRD — oD FE R EENEET 5,

o DNAMEMbEZ A2 b ZiuX, Cas9 ¥ /X7 E %% OFER) DNA 4
IZHHEET DRI TH Y . Z DA, SIGAD3 O H CLEEROFNICH 5.,
sgRNA fil51li% DNA NORERIELS] & ABAIN TH 5,

o HUNJEREE®IT AN F£7-sgRNAIZIX Cas9 # X7 E LFHAAE
T80 R7VERAGEZ AV FbEEIL HEERIEER) DNA Z EEr ¢
ERATNIN tee AW

ZOLIIZEHELIZX DL, GABA M~ FOEHEFHICF#H STV D CRISPR/Cas9 Fik
DIHEA, OO EELMEIZHBVT CVC ORFFOMNL 7 L— 2oL —FT 5 L &R
g5, LLaRns, ZHTIEEEMISOESWMES, —BEE 5720, ZORNE%
HLele (M FTy 7o CRECINETIES D L DOD) Broad AF5EFT & /LT /NG T
A AZEET A0 THELRONE I NCE L TEmA2 T2 R TE R0 ¥ S
T, BT A B ADOKG L 722 FEKR OB OFEMAR BT 1ER & BONDRENA
772, Bl RN S 72,

~ XA OYE ., JRHEEIZIZLL TORNENLEH I TN D,

FIR U727 ) DREEN R OB F RO - (ERMEONTEbEICL - T
BONTZRINCH LT, v~/ 7 a4 Pz v adhic k> T, Cas9 mRNA Y
VA IF AL T BT ORLHID 20 HIE A FERANITER & L7z gRNA AL,

Y HA IF AL T VBB 14 RO R K EFFORME R LT %,

Cas9 mRNA XU K RNA (gRNA) OEEKRITE & L TWHHEET, FEIZITHO
AR 2 HOT 2 L 2 BRI 20 ERESN AR E L, 14 HERORKREF KT H7-DIC
CRISPR/Cas FiffifEbni=Z L 2R LTW5 3, 7 MFEfEIN- T 7 7 DfaHIcE
WTh, BB U CRIBREIZEEMZR T2 72 ST b, Cas9 mRNA & 71 K RNA

84 Rk 63-64 J OV DL,

85 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited _food 20241031
02.pdf (accessed 6 March 2025), point 2.

8 [Cas) 7% [CRISPR B & > /{7 8| 45482l Lz,
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DEEEREZRN, T 77 VT F U BRI ORI D 20 SR A R RAITIER S L, 4
WD R K EZFRT D2 & TEAMREIZHEVRER L O RF AN S E S T Y,
CVC DHING T A B AETUSG L7272 T FTO eSS D Dy, —H O FAK T 88
D HARDOERFFFITICE D HEI =720, HARIZEIT S Broad T OBNRHHE 72 L 9
W25 LivZevy, L L7223 5 Broad WFZERTIX. KIE CTHRAUNEUS U772 R53F (BFF
%5 8,697,359) IZHkIGT D HARDKFFHIFE JP2016-500262%72 &£ #2722\ CTHRAFF 4 B
BT % YN A AREBTZTICL D BIHERNE R OSSR R 2 Bl & 3 5 EHe A
ERIRINTZ S DD, FEHNIIRF M 5 Sz,
B o | HEFEICFLEE & L7z CRISPR/Cas9 O IR 2 1E# 42 . H ARERFTIC X
D AF 5 &7 Broad FFRFOMANIGERIE 19NCHE L2 5 &, ROXSERZEE H = &
MTED,
= 1 DU EOBEBETED OB A LTS 5 ik
- RLE SN TV D EMIZIX, RO EZGIET S I AR ZTF UBE T OEMNE
FNDd, ZOEBFO 14 HEORKIZEY, ZORBENELT D AR H 5
728, ZOREUER -9,
= 1O LEOBETEDE 22— K35 DNA D Fa2EH L, BT 2 iahicgAd 5
- FLEL S AT A TIE, Cas9mRNA 2 VT A R RNA(gRNA) D ZAGIFIZE A STz,
ZRINI I AAZ T UBIR T ERBT 5720, ZHULEEREOEMS: & —HT 5,
» Cas ¥ /X7 EBIUDNA 53 F% 4 — &74/&#510ui®ﬁ4FRNA%a
e V=7V 7 Z T RIRITIFAE L 72V CRISPR-Cas &
- ZOFETIE LFOERZTHK SIS =71 7 S 7= CRISPR/Cas9 %
RS
o Cas #/\VHE% =2— 7% Cas9 mRNA,
o A AZF RO 20 WIS KRN =TT 4 T T DA R
RNA (gRNA),

87 https://www.caa.go.jp/policies/policy/standards_evaluation/bio/genome_edited_food/list/assets/genome_edited _food 20241031 _
04.pdf (accessed 6 March 2025), point 2.
88 AWFFETIE, Storz (Ai#EIE9) Z iz, HAREFFTHITOT —F X—2 281} 5 TEHER | FFFOMEST 2HHE L,
ﬁ%%ﬁﬁﬂiﬁ%f%otﬁ\9ﬁ<&%uT@%ﬁﬁﬁﬁ@F%a$l%ﬁf X v iEH sz, JTP2016165307A
(WO/2014/093712) (FEFFITHEAM K O HIEC & 0 i S hu, Il s S HHIAT S i 2 RF L72) KOV IP2016505256
(W0/2014/093595)
89 https://patentscope.wipo.int/search/en/detail.jsf?docld=JP274274305& fid=W02014093661.
% ‘Broad Institute Awarded First Patent for Engineered CRISPR-Cas9 System’ (Broad Institute, 15 April 2014),
https://www.broadinstitute.org/news/broad-institute-awarded-first-patent-engineered-crispr-cas9-system (accessed 6 March 2025).
o A AEHFF 2016-500262 OFERIE 1 IZLL T D LB,
1 DU EDBEFEMORBEEET 5 HETH-> T, Wit 1 DU EOBRFEWE 2 — T2 DNA D FaEA L,
FELT DM, Cas X VXV BEBELUODNA 1452 —7 7473512 EOHA RRNA # 5Lz v=7
U v 7 ST RIRITAFTE L72W CRISPR-Cas & HA L, ZIUT L VHIFE 1| DLL LD T A FRNA i, #ift 1 22 kLo
BIZTFEWE 32— T 5H1CDNA 501057 ) ABIG 1A X —5 7T 17 L, Bt Cas ¥ /37 &L, ®iit 1 2Lk
DOMETFEWE 22— R T S HiL DNA ORIy / AR EEZREL, Thic i@ﬁ%loﬁk@ﬁﬁ?%%@
KU EEETDHI L EEH ; At Cas ¥ /N7 BB X ORIREA A4 FRNA 1L, —H#ICRRICHEE LRV, FHik,
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- ZHUE, Cas ¥ XTI EEDNA G T HF =TT 47T 5HHA4 FRNA 25—
=7 ) 7 &7 CRISPR-Cas 52 DEE & 581 5,
» ZRUCE VAT 1 DL EDO A K RNA X, #iit 1 DU EOBEFEHE 2 — T
LHHIFL DNA D7 ) LB FEE 2 —7T 4 73 5,
- HA K RNA IZ. SHARFFUBLRFDOF ) DEEFHETHY ., BarED (2
FABEF L« BUNTH) a— K45 20 WIES A RERICE —FT 107
T 5,
» Cas X U /NJHIE, 1 DL EOBIETFEMEZ 72— K75 DNA S FDT /) A EDOE(R
%F%Wwb ZHUIZE Y 1 DL EOBIETEMOREEZ LT T 5H & &5
- Cas9 DI A AHX T B FNOEER FEICB T 5BRAEFHRT 5,
- BRZENC R VDO RENEL, ST REF L - Z oI EORREERTT D,
» HiFC Cas Z /X7 EHB L ORI A A FRNA X, —FICRRITHEEL 2
- CRISPR/Cas9 |~ Z A IZRRIZITFAEE T, ALMIZEASNTZHDTH D,
L7=MMo T, R INTWD~ X A28 % CRISPR/Cas9 D fIL, FEsRIE 1 O FEE 7
TR L —HT 5 LB, FFiFBUSHEAOTEN Z OREDORigE &l getEnmn2 &
R LTWD,

(4) CRISPR/Cas9 %18 U T b 7= 8L ORFFFREE ) 15 b 7= 15 H

PE LWEEZSE T 7292 CRISPR/Cas L2 FIHAT 5 HiklX, o8z L~
Jﬁd:%thﬁﬁﬂéjmt%%ﬁﬁmﬁiﬁﬁ’%%?é%vth5kﬁ”ﬁéjmé L L7ens, M
FEERUC L 5 36 & D FEA WX FERRICIT R M EE % TElo Tuwe, FEIZ CRISPR/Cas £47f7
23, BT DNA Effiz BT oMo T & L bICRIEmEED —>2 L LTE T LRSI
EEFED . ZoOEMCHTIEENDT N THHENEEFI<, GABA b~ M ORFEE
RO X2l ST D
7 ) IEEIE, Bl Z21E TALEN (TALE X 7 L7 —¥) 72 ¥ A T.UIWE%#E . CRISPR-
Cas %72 E%ffiH LTS/ L DNA OfREREISF®/E LT O Bl Th 5, KFEH D
TETIE T ) ARECIEE DO MM T2 Z L3 TE 528, 4F % L < 1% CRISPR-
Cas RO TH D %%
V=Y a b7 gy ia, FEKRS, RO KENTEH U2 FrriEE 2O RErERko
FPHIZIZ, RO XD IR SN TN D %,

92 EP 4023 057 Al, https://patentimages.storage.googleapis.com/c8/f3/b0/1b11bb29aade6¢/EP4023057A1.pdf, para 0057 (emphasis
added).

93 https://patents.google.com/patent/W02023243660A 1/en?q=(crispr)&assignee=regional+fish-+institute (emphasis added).
%  ‘Fish, method for producing fish, and method for producing fish exhibiting accelerated maturation’ (Application
PCT/JP2023/022090), https://patentscope.wipo.int/search/en/detail.jsf?docld=W02023243660& cid=P22-M7XKC7-37245-1.
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ABIRIZEW T, BIFLO ntSe ~DFHRE T, Bl 21X, JBEOMED T ) MTHIT
DRIGEFITH L, BIECLD, BREZGATLHZLICRVGIERIFTZENT
& 5, AIRCAFROE AT L, Fl 21X, HHFEFHLZ ; ZFN, TALEN, CRISPR-CAS9,
CRISPR-CPF1 %% H\W =7 7 AREHMNTEICL Y EiiTx 5, (HFHE) £/, AiscZ
FoEAF L. BlziE. T X AR RFRIEIC L 0 LT L %5,

EL IR ELDRET D K50, RBEREMAEFHEET HTDONRBIFECE L LT
VW5 R0, FTO kMg & LT, CRISPR-Cas9 £ift & > THIH OAFFE &2 1TV, £ D% [TALEN
72 EORIEH DI CRISPR B FREIEICEIV 2 D) F#ThoZ L&KL T
DA B D P A Z B a—[EEE OBALIL AIEMHRICE L TUIETERVH DD,
BIFEE NRBREH OB Z LD EZAIZ LTS EDIRNAIEETH D Emig L7z 7,
AARDRFFEIL, REAMERT 2 Z &2 PR ZRBOUIME RN TS 2 2 & &
RO DHIS BERITTND, ZHUT, ARPFFFIHELZRET D2 L7 < ARITHEIZEE
TELLEIICTHI LT, SOLRLIBEWAFEHAMET L LN BETHD P, =
DEIS D% HALBER BT A / R— g V ROEROESRZEET 52 L TH Y |
EHETIE. 20X 9 EBRE2AT O FERPNERFERTH D0, FEEFIFERTH 50 TRAIL
T 100 22ty 2RI CTHIUE T A B ARRETH LD (THHICHIHTE 5] 1)
ETHRMPIESIFEINTWADS I IZEDN S OO, RPUTEIUT ERPETIT R <,
%’F%ﬁ#@ﬁALﬁ%%#ﬁbmo

AfiEKEDL K BITHIZ0 ., Batxg & L= CRISPR/Cas Hi4ff D& HHIZF\\CTH
—DITAB L ALDPEIEL TN ST 2 EBELTZELTH, TOFEEREITESNT,
FFeF OB WS EETH D LR LISV R ZEHHT 2 2 ENEETH D, wiaMEZ W
T HIIXAFERIR FTO o 24T 9 MERH D H OO FIkOBRIC LD & 9 LR
FRAEMF TR ORI RHPFAN TH U | HBAEBNTILFNEHIENIZ K > T L2 ME TE RV ATREMED &
Do

% [F_E. translation available at:
https://patents.google.com/patent/W02023243660A 1/en?q=(crispr)&assignee=regional+fish+institute.
% TIrvine C, ‘Navigating the CRISPR IP Confusion’ (HGF, January 2023), https://www.hgf.com/healthcare-scanner/navigating-the-

crispr-ip-confusion/.
o7 j(%‘%‘c BEARAFEBORMEAE T HRE LR OHEFAKY TLO BEREOAHETRRAEBIFETE L O B2 —, Ml

TIFEE DA U H B2 — IR S L TniziZniz,
%8 El Ziiiﬁﬁﬁf 69 4% 1 1,
¥ AARERFFT. [FFEFEOHIS & HIBRIZEE T 5 WIPO fi&IZx3 25 B RBUF OEIZ] 3,
https://www.wipo.int/export/sites/www/scp/en/exceptions/replies/japan_2.pdf (accessed 6 March 2025).
100 5] [,
101 Ezura - Ai#87¥ 49 2 7 1 K 3 B,
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5. KEWER

UED=5Dr—2- 227 ¢ OFERIL, FrdtD [7 o F a5 X HRICEAT 2 L0 K
R m DR AR D DL DOTHA I M, ETHE VLB RN, T —R AT £ Dk
KX, IO OFEFOREEROFIEICEET D2LERH Y . L7h > TR LI
TIEHDIC L THRTREOEMESICL DD LTS ) AREMGEZTIHICEATE S
REMER S D Z L 2R THOICBE R, 51T, BROXRE L2 ENOaENBR%
Tut A% TEGRFE] TEDTENE S0, ELREELE L ToOERARE L NE Y L
RSN OZEOM T OBLEN LA /=3 & UTREIICRIIT 2008 9 DMTK
AN T D D 12,

et LTc =2 HEGNIL, EFERIITEFE A T AR E NI b DO TH Y . KILD
—AERZTNZTERY, LTEBN->T, FFro A4 B AOEHEI O oz 7 e
VxRl BRI Lo NOZICBIIERZ RN 07 ey =7 MIKkmE FiZ &
EED FHITE TWRWATRBHER H D, 2D DOFEAFNLIHTh D D%, CRISPR/Cas
Rt U0 B BIEDORILTIX, 7/ MRt A /) X—2 a Va2 RBANOEE A~ L DT
WAEENER Y 27 ZADRITUIR LRV b 5P, £< 0 REE) BEET
DIZOIZEDY AT DREPNMKIRE LTRIEELE L WO M ThH D, FFTrOBEMEI DD
FEHREO U A7 ST 6N WIGE, W SR TIES 503, HilfO B34 Toff
RAMVSRENC T7 o Faxwr X0kEl) Z27miRT 2 FE LD 193

(T Fae s X REEBKRDOH LT THRAET 221X, 7/ LEREMDTTIHITHRA
SN EORBEFLSNO T 0P =y MCHZRT, FRICRFICREET S LI
R L TCTEBR Loy FOGHLEZH OGN T H20E R’ H D, Z 9 LA
B WEIIRS IO TWD, £, HESEK) KO THIEORE ] 72 EORIRIZH
TOMERORNEMINMEEL 20 IR ZLHEKREHEOE T DR LR T 57280
FHETED LI RE2/E L, JHMlid s 2 ENREETH D, BEINZNTRETOS
7Y x s MIBET D BR8N N A TIA B R « T —2 NRIE IR
ETHDHID, ZOXIBRHROBEFREIENRESND, IDHIZ, BEORMHNS, &
EZIR Y IRDERORBINAA T A 2 d il 2 BROBRFENSA T 272 EONHIJERIZ X
DRSS EBNRRLIAEN., TRICED T —XOMENR S LIZERDND, 2L DL
i EORAETHMERE & Liofma B Iy e s, 4/ "= g VZETLRED
R T BEOBERIZL VR IND -0, ERORALANOEH THFEFEA /X
—a rEOWRERRRBEBREZEEEST S Z SIIARENICHETH 2,

102 HRpF) eI DV CIE, CBIC (RiTHETE 48) # &M, $£7-. Sato2024 (AiHEH: 37) 6 (MBIET-HHAHE % WS 2 H Y
WH T E~OEPUEN B ARDOEER L OS2 TERAR L L TRV, 20D OFFFERNTEMED & 2 péEih O B%
WD D E I, OO DR ARBATH D)) LEH,

13 Teece (RHETE23) 1493 (Eisenberg %2 L kMG T 2#FE 2 2 ),
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WEITIE, ZhbOMICHE LS, FTO ICEERFE S RIFTHIFE Lo ERICES
BT, B, A/ Ry a2 VICHET A OREER TIERVWE DD, A ) _X— 3
NCHER B E E R T T HRASOT 7 AR RAHERET D X O MR T 52 &
RAIRTH D,

M. BRIN FTO REERICE T 5 LB oI A

Rt & OBEICE T, FTO &id, 5 A OF MR Z2RET 5 2 & 7n RE T
firZ paZErIZBAYE, LG, . SUIRFE T D 2 & &24ad, 1TADOIHFRFMHIL. BEFD
FratORPHIME £ 50>, BERdFE MMOZ VT 7 2) ZBAGT 5 2 &IC X0 wEfk
TE %, TODITIE, B2 R+ 2 2 LICBLDH 5 H5FED, FerREOE (H
TR RT 2 S de) . B9 5 2 TOMERIRA A ORFE, FiaTOA DMEEHE M OFr TG K O #i
DR, 74 &L ARWD IR DT A & A ORKERE, I AR U TR %
A% 72D DR EFE HHRI D5 5 2 3 TofiliE L7z FTO i & FEfii 3 2 D03 8 5, FFIC
BHERRFRTEREE Tl 7 7 & AME S O SENihE 2 =B HI 0 B THREN D, Hdlr iz
WL TCEDOEANZ ERSEDHE 2D,

1. FTO IREER DR

FRCRFFOBEENE S TNENARHEFIMEZ 7269 X ) REFFRE TIXFTO 25 <
LAEO TR CTHEETH D, 29 LKA LT ol CRESNDIHA
ME, ZORBUIIHE — SNTZERBVBHFIELRNE OO, FreFOBUZRET 5 kD A ¥
SIRTEAT D &L ROWMU-ODFEEARRFRIEMN Z OFRB & BESIT B TWD 2 &V
%, Thbb, (1) SR EMROFTAHENSBL TBY ), ZOREE, Frrfra B BMENNZ
FTA B AR ERET D0, HENKEIC > TS Z L, (i) BEETLIEROEZR
fAAEL, ZORER, WMEHEORBLEZHET 22 AR THLZ LnblERT A &
VABRREAT DL, Gi) TRFFRIEOEM), 2L TE7 40— O—FfETh
D, RFEFHEEAD TR T 4/ R_X—=F—Za A e LITDE 57 (T8 2852
EThD, (iv) FFESTICEET 52 TORTHELZVEOREN L Fr—L L, RES
BEANAET D L o A [ o] 1% 2O OBEROZNZIN, KidFHED RN
7REN) Y CHEEBHECT B2, FTO [ZBT A IR OMBEMWEN AT 5,

RGEDT= D OWAEHIM & W 5 BRI 2 B8 T2 &, 2D OER K OE OFIE 72
FERRICBI T DA e 3T &2AT 5 Z L IIARFRETH 5, ABFFETIL, £ 9 T H1b v IZ,

194 Egan and Teece (Rif#BIE 22) 224.
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By DA A F289 % 12 OISITEROFFE 2R T D IHE AL L S D & O BB
DORJEICERZY TS, [FRARTEEDOIGI 2 A RS TIRPL T ORFFFO BRI TN
FeWHIZT 5, R, BEORFRAEZEDEIN T A B ARXMER T A & 2 2k
ET 256, 74 ZABEMBPERICE A 5563255 1% FTO 2D S HIREER & L
TORFFFOEME & 5 T JERME 20 2 JER T ERmR 2 AV THATE 2039 212,
AR TIEZ ORBEICERZ N TD 2 &8RN b5, FrafOBEMEREIL, FTO 233
HHIRIER AT RATE IR R R EE 0 TR 72 & o TR 2 5 AT 5 K
CIIXMATH D, LLFOSHT Tl BIEMRBLRICE D, R 3ITE & OTRFFEEN
HEC/D =20 =2l d %,

3 FFEEOEBE N OCEN LD & 72 2 ER SR

FRFEEOEH A & 72 5ENER/FTO 29 < HREER
1. AERICR C IS OWTHEM 256K 5 | ML O —E O SE I ITESME ORI A HED
BRDRFTFDFES DT — A w7520 < B3

2. HERERY 7 L— LA O Z IR GO H T & T | BERERY 7 L — L DR 45 72 B R B J OV
Bt D X0 BARIED & 5 FEFIA £ THIED | i rTREEA: 45 H 3 2 BR oo [
#HIHICEENTCLEI F—2A
3. 7 ARSI D REAHRGED . T 0 | FRICH CEBEAEMMENCE D 5670 & IkE
BICE 0B oN/AEICETERY, 20 X5 | WREGRIEREICHE S RS

R DR E EHE L CLE S 7
— A

YIRTIEH D08, Frar e B0 b RS EHEZ /2 512 8, FTO iR+ 2 Z L 88 L <
25, 12120, TOXIBREHINEET DL, TOZ & BIRCRFFRE OMRER 221
THLOEZTBMONNHETHD, LnLans, HifizFHT 5 7208 07 & B
TOMEMER DD L) DR TENZRFFFRIED THIERRI & R—H3 2 & TR
WV, ARG ST —E A AL L iMEZ AT 720 B E RIS EE OB 24
KT DMERD LT, FraFOBEHES IR E > TENEZ WDITIERMIZE RS 500
[FRE Tl X 7y 106

105 7]

106 i) % I XBME 43 B Tl BELORFFF 2 B & < EHE STl | F5F 7 — VRO 28 k32 2 L TEBE SN TV 5D,
Z S OfiFRE N CRISPR/Cas $77F 0 ¢ (£72) BHINTWAWEEIZ, oG EoG#@ENTH L, -
AV FEa—fERL OB EZREEVICL TS, Bk (F97) 22,
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AOHT T, FPROEHES 25 EZ T HRRZ 2O BT KT _X&72L 0
I L D, EHEENS BLONRENE TORED LIZEPNLLENIA ) X—=T 3 D
PE L, Fro b REOEMITRET Gy, ik, EERFFS (245 T) 7
BATA B AR L VIRRIND LV I BEZHITHBRS L TND 7, LIL2RR 6,
B ROBMHOBEEESVWNRKE S 51T L, BHOKFOFELZ E4S LT 5 Z &3
L2 %,

LLF O T, FEMBHIN D FICEBOMEZ LT 5108 E, TOREEY
T2, OFERIES LR D2BEOTOOERED SV EZIE TR T 570D LD TH
D, BERRMEOLDERZDIRETH D,

2. FEMZFELTHDZ LA THIES

FRMEE DA 2 b WL, BET 2N~ 5L Eith b, ZOH
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AR T 5,
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O [FEDRME] T 20 ORISR E LTRBfETH D, Z DT, TRIPS W E
DIEI - T=T T a—F OFN, B LN MM 28 2 TRERHZ KT 5 2
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WERLNTWDS, EH#EGLNIRMICRELRET 570, XV R MR TIL, ¥
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