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The emerging patent landscape of CRISPR–Cas gene 
editing technology
Knut J Egelie, Gregory D Graff, Sabina P Strand & Berit Johansen

Early views on the control of the CRISPR–Cas disruptive enabling technology and access for follow-on  
commercial applications.

The progress in biomedical research over the 
last four decades has been accompanied by 

a steep rise in patent filings1. Yet, the patenting 
of biotechnology inventions, especially those 
related to human genes, has raised ethical, legal 
and economic concerns, leading to the 2013 
decision by the United States Supreme Court 
in AMP v. Myriad Genetics to ban patents on 
naturally occurring genetic sequences in the 
US, changing the landscape of patenting bio-
tech inventions2. Patenting by universities and 
public research organizations (PROs) has raised 
concerns about the effect of such patents on the 
progress of science and the advancements of 
technology. On the other hand, many patented 
university inventions have created grounds for 
the biotech industry to develop products and 
services of enormous benefit to society. The 
challenge, therefore, is to find the right balance 
between providing sufficient openness for fur-
ther scientific investigation and, at the same 
time, sufficient control to provide incentives 
for private innovation and commercial devel-
opment. How universities and PROs view their 
social mission, in particular, when it comes to 
transferring knowledge, is crucial to striking 
this balance. Arguably, the objective should not 
simply be to maximize an institution’s licensing 

revenues, but rather to integrate its licensing 
program with its overall social and economic 
mission3. Considering recent developments in 
genome editing technology, we follow other 
scholars in asking whether earlier models devel-
oped by university licensing programs for facili-
tating access to previous biotech breakthroughs 
should be considered and emulated in the case 
of CRISPR-Cas genome editing tools4–6. 

Genome editing is a powerful tool in basic 
biological research that has been pursued for 
years, given its promise for a wide range of 
potential commercial applications. A recent 
breakthrough in genome editing by academic 
scientists, using clustered, regularly inter-
spaced, short palindromic repeats (CRISPR) 
and the CRISPR-associated protein 9 (Cas9), 
has again put universities in a central and con-
troversial position. Patent filings by academic 
institutions claiming key components of the 
CRISPR–Cas technology have created con-
cern among scientists and legal experts that 
they might deter or slow down the develop-
ment and utilization of the technology4,5 by 
establishing proprietary control over what may 
be considered an essential research tool. There 
have long been arguments that patents within 
biomedicine inhibit the open access that is vital 
to scientific research7–10. However, in several 
key cases, universities have demonstrated that 
through good management of intellectual 
property, it is possible to establish a workable 
balance between access and control for essen-
tial research tools11.

Since 1980, when the US Supreme Court 
ruled that living organisms modified by genetic 
engineering could be patented12, there have 
been many biotechnological breakthroughs 
where patent protection has played a major role 
in the development of the technology. Herbert 
Boyer at the University of California (UC), 
San Francisco, and Stanley Cohen at Stanford 

University invented and filed a patent for a 
method to produce recombinant DNA in bac-
teria13,14. Upon filing the Cohen–Boyer patents, 
Stanford created a pioneering licensing pro-
gram that provided a predictable legal frame-
work for using their inventions. Non-exclusive 
licenses were available to both companies and 
academic institutions, but on different terms. 
This licensing program collected substantial 
royalty revenues for the universities, which 
were re-invested in research and research infra-
structure. Stanford’s licensing program became 
a model for other universities15. Similarly, in 
the invention of co-transformation of eukary-
otic DNA, by Wigler, Silverstein and Axel16, 
Columbia University succeeded in controlling 
the patents and making them available for both 
researchers and industry17. Small interfering 
RNA (siRNA) is another example of a major 
breakthrough in biotech by universities using 
technology protected by patents18–20. Three 
of the four institutions involved in the early 
developments of siRNA agreed to provide a 
free license to their patents to academic scien-
tists who make other siRNA molecules in the 
laboratory. They also granted non-exclusive 
licenses to companies selling these molecular 
components21. The maintenance of access to 
these research tools by the scientific community 
together with the broader trajectories of com-
mercial innovation that ensued underscore the 
importance of these university licensing strate-
gies11. This analysis seeks to determine whether 
the CRISPR-Cas case is similar enough to those 
of recombinant DNA, co-transformation and 
siRNA to suggest that similar flexible non-
exclusive licensing arrangements could strike 
the right balance between access and control.

CRISPR–Cas9: the technology
In the late 1980s, Ishino and colleagues at 
Osaka University discovered unusual repeating 
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sequences in the DNA of certain bacteria22. 
They were arranged as direct repeats, but at 
the time they were uncharacterized and their 
biological significance was not known. In 2000, 
Mojica et al. classified such interspaced repeat 
sequences as a unique family of clustered 
repeat elements, found to be present in >40% 
of sequenced bacteria and 90% of archaea23. 
The use of the CRISPR name and identifica-
tion of specific Cas genes came about in 2002, 
by Jansen et al.24. Later in the 2000s, Philippe 
Horvath, Rodolphe Barrangou and col-
leagues at the Danish dairy company Danisco 
(recently acquired by DuPont) were working 
with CRISPR in Streptococcus thermophiles and 
found it to be very useful in preventing con-
tamination by viral pathogens in the beneficial 
bacteria cultures for making yogurt, cheese and 
similar products25.

In the CRISPR system, the Cas9 enzyme 
is an essential part of the larger construct in 
which an RNA molecule guides the targeting 
of any possible matching DNA sequence and 
is actually used to specify the site of cleavage 
that is critical. Emmanuelle Charpentier, at 
the time at the University of Vienna, identified 
the role of the Cas9 enzyme in Streptococcus 
pyogenes in 2010. Her team found that this 

enzyme was very efficient in cutting DNA26. 
She then teamed up with Jennifer Doudna, a 
molecular biologist working on the CRISPR 
system at UC Berkeley. Their collaboration 
and their complementary experience resulted 

in a paper describing the CRISPR–Cas9 sys-
tem and how it could be used for genome 
editing27.

While this work by the group at Berkeley 
revealed the potential of the technology as a 

Caribou Biosciences, a UC 
Berkeley spin-off, 
established, targeting 
agriculture applications of the 
CRISPR–Cas technology. 
Exclusive license from UC 
Berkeley and University of 
Vienna CRISPR patents.

UC Berkeley/J. Doudna and 
University of Vienna/E. Charpentier 
�led �rst patent application on 
CRISPR–Cas system prokaryotes. 
Priority date of May 2012. Idea was 
to use the system as a genome 
engineering tool.

Editas Medicine, an 
MIT/Harvard/Broad Institute 
spin-off, established. Exclusive 
access to CRISPR technology. 
Both Zhang and Doudna on the 
advisory board. CRISPR 
Therapeutics established. Based on 
access to IPR from E. Charpentier. 

First patent on 
CRISPR identi�ed, 
US7919277 
Detection and typing 
of bacterial strains, 
held by Danisco and 
invented by 
Barrangou and 
Horvath.

Ishino et al.22 identify 
29 nucleotide repeats 
downstream of the 
iap gene.

Barrangou and Horvath show 
that CRISPR–Cas functions as 
a microbial immune system 
against viruses in 
Streptococcus thermophilus.

MIT and Broad Institute/F. Zhang: 
�led patent application on 
CRISPR–Cas system in 
eukaryotes, claiming a December 
2012 priority date. Also �led at the 
same time an accelerated 
examination request.

Mojica et al.23 classify 
interspaced repeat sequences 
as a unique family of clustered 
repeat elements present in 
bacteria.

Jansen et al.24 start to 
use the CRISPR name 
and de�ned speci�c 
Cas genes.

Deltcheva et al.26 report 
that tracrRNA forms a 
duplex structure with 
crRNA in combination 
with Cas9.

Zhang et al.28 use 
CRISPR in mouse and 
human cells.

Zhang38 reports 
�ndings of smaller 
enodnuclease, Cpf1, 
that cuts DNA more 
ef�ciently.

US leading scientists call 
for a moratorium on the use 
of the technology in human 
embryos.

UK’s Human Fertilization 
and Embryo Authority 
(HFEA) approves use5 of 
CRISPR to permanently 
change DNA in a human 
embryo.

US NIH 
approves
�rst clinical 
trials with 
CRISPR–Cas9
on cancer.

First CRISPR patent in the US 
awarded to Feng Zhang et al. 
(US8697359B1) as a result of 
an accelerated prosecution.

Intellia 
Therapeutics 
established. 
Doudna, a central 
scientist on the 
board, withdraws 
from Editas.

The Berkeley team 
asks the USPTO to 
begin an 
interference 
proceeding to 
determine which 
team was the �rst to 
invent the 
technique.

UC Berkeley �les 
interference 
proceedings and the 
USPTO starts their 
review. 

Caribou/Doudna 
obtain a US-granted 
patent on a 
CRISPR–Cas9 
system.

(Feb-Sept 2016)
Editas, Intellia 
and CRISPR
Therapeutics �le 
for IPOs

USPTO will decide the 
interference issue and 
award one (or none) of 
the parties his or her 
respective patents. 
Losing party may appeal 
a negative decision to 
the US Court of Appeals 
for the Federal Circuit. 
Thus, the �nal 
determination of priority 
could take years.

Doudna and 
Charpentier report 
how CRISPR–Cas9 
can be used in 
genome editing.

CRISPR–Cas

June
2016

Sep
2016

May
2012

Dec
2013

Figure 1  CRISPR–Cas scientific and regulatory milestones (upper strand) as well as milestones in patenting activity (lower strand). IPR, intellectual property 
rights.

Table 1  CRISPR–Cas inventors in terms of numbers of patent families distributed in 
their first filed country as represented by their priority filing
Inventors Organization Total inventions

Feng Zhang Massachusetts Institute of Technology, 
Harvard College and Broad Institute

56

Fei Ran Massachusetts Institute of Technology, 
Harvard College and Broad Institute

23

Le Cong Massachusetts Institute of Technology, 
Harvard College and Broad Institute

18

David R. Liu Harvard College 16

Guihua Lu Pioneer Overseas Corp., Qingdao Livestock Veterinarian 
Res. Inst.

12

Guanfan Mao Pioneer Overseas Corp. 12

Yang Gao Pioneer Overseas Corp. 11

Wei Wang Pioneer Overseas Corp. 11

Xiping Wang Pioneer Overseas Corp. 11

Steven R. Webb Dow AgroSciences LLC, Sangamo Biosciences Inc. 11

Jennifer A. Doudna Univ. California, Caribou Biosciences Inc. 5

Emmanuelle Charpentier Univ. California and Univ. Vienna 2

CRISPR–Cas inventors in terms of numbers of patent families distributed in their first filed country represented by their priority fil-
ing and further their family member countries. Doudna at UC Berkeley and Charpentier, who was at the University of Vienna at the 
time of filing some of these applications, have the earliest priority date among the key applications.
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gene-editing tool, a number of in vitro proof-
of-principle studies by Zhang and colleagues 
at the Broad Institute and the Massachusetts 
Institute of Technology (MIT) followed in 
2013, showing that Cas9 may be targeted to 
genes in bacteria, human cell lines, cultured 
stem cells and zebra fish28. These studies 
demonstrated that CRISPR–Cas9 is a simple 
and efficient method to edit the genome of 
any organism. Figure 1 illustrates the critical 
scientific and technical steps in the develop-
ment of the CRISPR–Cas9 technology plat-
form as well as the legal and commercial 
milestones.

CRISPR–Cas has emerged as a highly flex-
ible research tool for genome editing and is 
already transforming biological and biomedi-
cal research. The system enables researchers 
to precisely manipulate the genome in a num-
ber of different ways29. A particularly excit-
ing future direction is the medical use of the 
system for directly treating genetic disorders 
by correcting disease-causing mutations30. 
As summarized by Doudna and Barrangou, 
the potential for CRISPR applications is huge 
and will “affect almost every aspect of life, and 
provide inspiration for future technological 
breakthroughs”31. Yet, a number of challenges 

remain to be overcome to realize the tool’s full 
potential for gene therapy and other appli-
cations. Among these, appropriate delivery 
strategies must be established, off-target effects 
need to be diminished and precisely detected, 
and repair strategies have to be designed. 
Furthermore, this breakthrough technology 
also requires ethical, societal and regulatory 
considerations in securing responsible use of 
the CRISPR–Cas technology.

It has been widely publicized that several 
organizations have been filing patents over 
fundamental parts of the CRISPR–Cas9 sys-
tem4,5. Recognizing the possibilities of the 
discovery by Doudna and Charpentier of how 
the Cas9 enzyme can be directed to cut spe-
cific sites in isolated DNA, UC Berkeley and 
the University of Vienna together filed a US 
patent application in late 2012 (ref. 32). Just a 
few months later, MIT and the Broad Institute 
filed the first of several patent applications for 
work by Feng Zhang showing that CRISPR–
Cas could edit DNA in eukaryotic and, even 
more specifically, in mammalian cells33.

MIT, the Broad Institute and Harvard fast-
tracked their patent applications through the 
US Patent and Trademark Office (USPTO) 
and, although they were filed later than the 

UC Berkeley and University of Vienna appli-
cation, received granted US patents while the 
Berkeley/Vienna application was still pending. 
Upon noticing this, UC Berkeley then filed a 
request for interference proceedings against 
the granted patent, arguing on the grounds 
that it makes some of the same claims as the 
Berkeley/Vienna application and, moreover, 
that Doudna and Charpentier had come up 
with these aspects of the invention prior in 
time to Zhang and the team at Broad, MIT 
and Harvard34. USPTO interference proceed-
ings can take time and, even after the patent 
office issues a decision, can be appealed by 
the losing party. The result has been a period 
of uncertainty during the formative period 
of the technology’s adoption regarding who, 
if anyone, ultimately holds rights to the core 
CRISPR–Cas9 invention and thus control 
over access to the technology platform.

Evaluating the global CRISPR–Cas  
patent landscape
We identified all inventions filed in all juris-
dictions around the world with a priority date 
after 2000 that refers to any aspect of CRISPR–
Cas9 technology, including uses, methods 
of preparation and compositions of matter 
(Box 1). Our results show that the rapid growth 
in filings started in 2012 (Fig. 2), essentially 
simultaneously with the two leading research 
groups publishing their breakthroughs in the 
scientific literature27,28.

The top ten patent assignees, including several 
leading academic institutions and corporations, 
account for 240 of the 604 inventions (40%) for 

Box 1  Methodology

We identified all inventions filed in all jurisdictions around the world with a priority date 
after 2000 that refers to any aspect of CRISPR and Cas9 technology, including uses, 
methods of preparation and compositions of matter. The main intention is to identify what 
entities are in a position to control access to the CRISPR–Cas9 platform, as well as the 
scope of geographical jurisdictions and technical areas in which the breakthrough and 
follow-on inventions are being filed. Our methodology follows four major steps:

Search. Using Thomson Innovation’s Data Analyzer software, an initial search acquired a 
small, high-relevance sample including core known CRISPR–Cas9 patent documents both 
pending and granted. This sample was analyzed by text-mining algorithms to identify key 
words and terms of art as well as candidate technology classification codes, and tested 
these for appropriateness. Those were then used to seed iterated searches that assembled 
a well-balanced collection that covers the field of interest robustly while keeping unwanted 
topics to a minimum. This search strategy resulted in an initial set of 2,356 patent 
families. Once the data set was built, further ‘de-noising’ was performed by removing 
patent records through manual review and algorithmically, based upon occurrence of non-
relevant keywords and/or technology classifications. This narrowed the final collection to 
1,456 patent publication records (93 patent grants, 1,363 published patent application 
relating to CRISPR–Cas9, which collapsed into 604 patent families as determined by 
the Derwent World Patent Index (DWPI) patent family includes all ‘equivalent’ patent 
applications and granted patents worldwide that represent the same invention).

Entity clean-up. Assignee names appearing on patent documents are often inconsistently 
spelled and/or formatted. To the extent possible, these were regularized.

Categorization. Patent records were placed manually into technology categories, according 
to a taxonomy developed by the authors, using the information present in patent titles, 
abstracts, claims or technology classification codes.

Analysis of patent families. Analyses to address the primary questions of interest count the 
number of inventions, as represented by DWPI patent families in the data, which ensures 
that a single invention is not counted multiple times when represented by different patent 
applications in different jurisdictions.
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Figure 2  The number of CRISPR–Cas9 inventions, 
as represented by patent families, by year of 
original priority filing for each patent family, 
together with a count of subsequent foreign filings 
that expand already existing patent families. 
From 2012 there is notably increased activity. 
The apparent decrease in 2014 of original filing 
of inventions is due to the 18-month publication 
lag for patent applications. For this reason, the 
numbers of original priority applications for the 
most recent 18 months are not observable.
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which patent applications have already been 
filed in the newly emergent field of CRISPR–Cas 
technologies (Fig. 3). Most notable are assignee 
institutions in the Boston academic cluster, con-
sisting of the Broad Institute, MIT, Harvard, as 
well as Editas Medicine, which is a commercial 
spin-off from MIT and the Broad Institute. 
Together, these account for ownership of 131, 
or over 20%, of all CRISPR–Cas inventions to 
date. The University of California has a smaller 
patent portfolio, consisting of 14 patent families. 
These inventions, however, potentially include 
some of the central aspects of the CRISPR–Cas 
technology platform.

Commercial assignees have taken less ground 
in the early phases of the CRISPR–Cas patent 
landscape. The only large corporations ranked 
in the top ten are Dow AgroSciences and 
DuPont Nutrition Science, together holding 
33 inventions. In late 2015 DuPont acquired 
Danisco, one of the pioneers in CRISPR35,36 
that dominates a major agricultural field of 
application, the dairy industry, and renamed 
it DuPont Nutrition Science. Recently DuPont 
announced an agreement with the team of 
Virginijus Siksnys at Vilnius University, working 
on how Cas proteins cut DNA in bacteria37, with 
two patents filed in 2012. DuPont also signed  
an exclusive license with Caribou Biosciences, 
a startup out of UC Berkeley created to develop 
applications of its gene editing technology. Dow 
AgroSciences has claimed uses of CRISPR–Cas 
in agriculture, including editing crop and weed 
genomes. Recently, the parent corporations, 
DuPont and Dow, announced their intention 
to merge, which will further consolidate con-
trol over applications of genome editing in both 
crop and animal agriculture. Another com-
mercial entity on the list is Cellectis, a French 
biotech company, which has a portfolio of its 
own gene editing technology and holds exclu-
sive licenses to a broad patent from the Pasteur 
Institute and Boston Children’s Hospital for gene 
editing in cells in vitro. Furthermore, Cellectis’s 
US subsidiary Calyxt, formerly Cellectis Plant 
Sciences, has acquired exclusive worldwide 
rights to gene targeting technology from the 
University of Minnesota granting Calyxt and 

Cellectis worldwide rights to patents covering 
the use of CRISPR–Cas technology in plants. 

Thus academic institutions, through their 
licensing, spin-offs and commercial partners 
are largely in control of medical applications 
of CRISPR–Cas. But larger industry players, 
with Dow and DuPont at the forefront, already 
appear to be more in control of the technology’s 
agricultural and food applications.

National level filings are most numerous in 
the United States (Fig. 4), as inventions involv-
ing CRISPR–Cas are mainly taking place at US 
organizations. The years 2004–2011 saw only 

minor patent filing activity on CRISPR tech-
nology around the world, as the main break-
throughs27,28 were not until 2012. After that, 
though, came the rapid increase of patent appli-
cations in the US and a year later in China. By 
2013 and 2014, the priority applications already 
made in the US began spawning many foreign 
filings in other jurisdictions, including Europe 
and Asia. Danisco started to file applications in 
its home country of Denmark on the CRISPR-
Cas system.

In analyzing the leading individuals listed as 
inventors on CRISPR-Cas patents (Table 1), we 
find that the most prolific are academic scien-
tists from the Broad Institute, MIT and Harvard. 
The competing scientists at UC Berkeley and 
the University of Vienna have contributed far 
fewer inventions. Also among the top ten inven-
tors, interestingly, are five scientists working for 
Pioneer Overseas Corp., a subsidiary of DuPont 
focused on crop genetics. 

Supplementary Table 1 further demonstrates 
that the US is the primary focus for filings by the 
leading inventors, but Europe is a major target 
as well as Canada, Australia and Korea. Most 
patent holders appear to be pursuing a strategy 

Table 2  Distribution of CRISPR–Cas patent applications in various areas of technology
High level technical  
segments

MIT/Harvard/Broad/
Zhang group

Doudna/Charpentier/UC 
Berkley–California Vienna group Dow/DuPont

CRISPR–Cas9 components 56 13 9

CRISPR–Cas activity 10 1 12

Vectors 47 6 8

Delivery 19 0 1

Application 51 7 9

The CRISPR technology landscape can be divided into five main technology areas of high patent activity. These categoriza-
tions are based on the accumulation of the two inventor groups comprising researchers from MIT, the Broad Institute and 
Harvard, and UC Berkeley and the University of Vienna, as well as the patent portfolio of the two companies DuPont and 
Dow AgroSciences that have announced intentions to merge.

Table 3  Sub-categories of main technology categories 

Technical categories
Detailed technical 
categories

Total 
inventions

MIT/Harvard/
Broad/Zhang 
group

Doudna/
Charpentier/UC 
Berkeley–Vienna 
group

Dow/
DuPont

CRISPR–Cas9  
components

CRISPR RNA 139 14 4 6

tracrRNA 63 11 0 0

gRNA 212 38 7 3

PAM 56 8 2 0

Cas9 enzyme 121 25 0 0

Total 591

CRISPR–Cas9 activity RNA-Cas complex 54 6 0 4

Spacer integration 10 1 0 3

Cas cleavage 31 3 1 5

Total 95

Vectors Expression vectors 94 7 4 0

Bacterial 12 0 0 2

Viral 97 28 1 2

Plasmid 132 27 2 7

Total 335

Delivery Liposome 30 10 0 1

Nanoparticle 33 16 0 0

Exosome 16 12 0 0

Microvesicle 16 11 0 1

Total 95

Application Gene editing 78 19 2 1

Gene therapy 105 23 3 1

Drug discovery 10 4 0 0

Diagnosis 79 11 0 0

Regulating 70 6 3 3

Targeting 167 24 3 5

Total 509
We have divided the five main technology categories into sub-categories to analyze which specific technical areas are 
 controlled by which of the different patent holders. PAM, a protospacer adjacent motif.
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of keeping a worldwide option open for their 
patent portfolios.

A technical analysis of the documents in the 
data set divides the CRISPR–Cas technology 
landscape into five high-level categories: (i) 
CRISPR–Cas9 components, (ii) CRISPR–Cas9 
activity, (iii) vectors, (iv) delivery and (v) appli-
cations (Table 2). Of these, CRISPR components 
dominate the patent landscape in terms of sheer 
numbers, with 591 inventions (priority applica-
tions). Among these, guide RNAs (gRNA) are 
the most common type of component of the 
CRISPR technology platform with a total of 212 
inventions (Table 3). CRISPR–Cas9-mediated 
genome editing relies on gRNAs that direct 
site-specific DNA cleavage by the Cas9 protein. 
The gRNA is composed of two RNAs termed 
CRISPR RNA (crRNA) and trans-activating 
crRNA, which can be combined in a chimeric 
single guide RNA (sgRNA) specifically designed 
for its target and purpose. Currently, tens of 
thousands of such gRNA libraries have been 
created. As such these are both distinct from 
and complementary to most other targets in 
the patent landscape, which explains why there 
would be many distinct patent applications filed.

The second most prevalent category found 
are applications, and the most heavily patented 
are targeting applications. The CRISPR–Cas9 
and appurtenant gRNA are used to obtain and 
facilitate more precise targeting to perform bet-
ter DNA cleavages.

The invention portfolios by technology 
category from the two competing academic 
groups, in Cambridge and Berkeley, and the 
corporate portfolio of a potentially merged 
Dow and DuPont, are quite different (Table 
3). Yet there is similarity in the high volume 
areas of each, particularly the “CRISPR–Cas9 
components” segment, and specifically in 
“gRNAs.” But while the Zhang group has filed 
19 inventions in the ‘Delivery’ segment, the 
Doudna/Charpentier group does not have 
any.

The key patents in the interference dispute 
at the USPTO were categorized by this analysis 
into different technology segments. The patent 
granted Broad/MIT/Harvard33, US8697359, 
combines multiple technology categories 
(Tables 2 and 3), including the gRNA and Cas9 
enzyme components, Cas cleavage activity, viral 
expression, liposome and nanoparticle delivery, 
and, finally, targeting and gene therapy applica-
tions. The Berkeley/Vienna patent application 
in the dispute32, US20140068797, is categorized 
more narrowly within our schema, involving 
just one component—a protospacer adjacent 
motif—and an expression vector.

The technology focus of the combined corpo-
rate portfolios of Dow and DuPont is different 
from that of the two main academic groups, with 
more relative emphasis around CRISPR–Cas 
activity, but also involving CRISPR RNA com-
ponents and plasmid vectors.

How important is the outcome of the 
patent interference to the future of gene 
editing?
The claims by both parties in the dispute cover 
adaptations of the CRISPR–Cas system, for use 
in both prokaryotes and in eukaryotes, includ-
ing mammals, broadly. However, at the time of 
filing only Zhang had been able to show use in 
eukaryotes explicitly. There are four scenarios 
of what might follow from the USPTO office 
action:

(i) UC Berkeley and University of Vienna are 
favored in the interference proceedings. The 
USPTO then examines the Berkeley/Vienna 
patent. It is granted, for both prokaryotes and 
eukaryotes, as their broader claim is consid-
ered to be sufficiently supported. MIT/Broad/
Harvard lose their initial patents.

(ii) UC Berkeley and University of Vienna 
are favored in the interference proceedings. 
The USPTO then examines the Berkeley/Vienna 
patent. It is granted, but only for prokaryotes, 
as their broader claim for eukaryotes is not 

 considered to be sufficiently supported. The 
USPTO then amends the MIT/Broad/Harvard 
patents to cover the other use, for eukaryotes, 
including mammals.

(iii) UC Berkeley and University of Vienna 
are favored in the interference proceedings. The 
USPTO then examines the Berkeley patent, but 
it is not granted at all. MIT/Broad/Harvard 
retain their patents as already examined and 
granted.

(iv) MIT/Broad/Harvard are favored in the 
interference proceedings. The USPTO does not 
examine the Berkeley/Vienna patent, and there-
fore it is not granted. MIT/Broad/Harvard retain 
their patents as already examined and granted.

However, by the time the dispute is resolved, 
the outcome could prove largely inconsequen-
tial. Most of the practical value of the technol-
ogy may be realized in patent filings protecting 
follow-on refinements, designed to minimize 
dependence upon the claims of the initial pat-
ents, precisely because of the uncertainty over 
the validity and provenance of those claims. 
This kind of situation has been seen before. For 
example, when the US Supreme Court finally 
ruled against the BRCA gene patents of Myriad 
Genetics, the impact on the market value of 
the defendant was modest. Myriad had built a 
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diversified IP portfolio that complemented their 
business strategy enough so that the loss of a few 
patents, even key ones, could be withstood. As 
a current example, Zhang and colleagues have 
discovered and filed patent protection for a pos-
sibly smaller and better alternative to the Cas9 
enzyme, the enzyme called Cpf1, reported in 
September 2015 (ref. 38). This shows that the 
pace of discovery and development is likely 
to continue, with a high probability of further 
improvements. Such portfolio building and 
diversification is already being used by the 
MIT/Broad/Harvard group both to position 
them for the possibility of losing the interfer-
ence proceeding and to strengthen their overall 
position if they win.

Another more extreme possibility is that 
altogether other gene editing technologies may 
yet emerge to compete with or possibly even 
supersede CRISPR–Cas. Again, history has 
precedents. The strength of the patent posi-
tion held by the University of Wisconsin and 
the Wisconsin Alumni Research Foundation 
(WARF) over human embryonic stem cells was 
significantly diminished with the discovery of 
induced pluripotent stem cells. When an area 
of research becomes intensely charged, such as 
it was around stem cells in the late 1990s and 
2000s, and as it is now around gene editing, the 

likelihood of other follow-on breakthroughs can 
increase.

Control of and access to the CRISPR–Cas 
technology system
As the CRISPR–Cas toolbox becomes more 
widely used, how is access being provided and 
managed? One pragmatic question at this point 
is, how could any of the patent holders actively 
restrict access to CRISPR–Cas for research 
use, as it is already widely used in academic 
laboratories? Scientists routinely pass around 
tools that they find helpful in the laboratory, 
often flaunting legal restrictions or institutional 
requirements. This practice by scientists may 
be supported by commitments to ‘open sci-
ence’, but it may be also be due to the pragmatic 
awareness that no company, let alone univer-
sity, would like to go down in history as hav-
ing sued every other university in the US for 
patent infringement, a strategic dilemma that 
Cook-Deegan calls “rational forebearance”39. 
Moreover, the leading academic institutions 
involved, including the Broad Institute and MIT 
as well as UC Berkeley, already offer free use 
of the technologies they control for academic 
research purposes under material transfer 
agreements through a nonprofit ‘clearinghouse’ 
organization, Addgene.

Generally, we see the technology protected 
by patents being put under structured control 
for development of commercial uses, with pro-
visions being made within that structure to 
allow for broad dissemination for research or 
non-profit uses40. CRISPR–Cas control posi-
tions are being used by the leading universities 
to structure the allocation of access to a range 
of different commercial entities and non-profits 
(Fig. 5).

The institutional cluster of MIT, the Broad 
and Harvard have granted exclusive licenses for 
therapeutic applications of their CRISPR–Cas 
technologies to their joint commercial effort, 
the spin-off company Editas. In addition, they 
offer academic researchers access through 
Addgene. The UC Berkeley group similarly have 
granted exclusive license to the startup Caribou 
Biosciences, which has in turn made exclusive 
sublicenses to Intellia and Novartis for therapeu-
tic applications, and to DuPont for agricultural 
and food applications. Also like Broad and MIT, 
UC Berkeley offers their CRISPR–Cas technol-
ogy free of charge for academic research, with a 
range of plasmids from the Doudna lab available 
via Addgene.

The big question is what happens when 
researchers at other universities make poten-
tially valuable discoveries of their own using 
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Early-phase CRISPR–Cas9 platform patent control and access
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Figure 5  CRISPR–Cas9 initial platform patent holders, licensors, licensees and partners. All three main inventors, F. Zhang, J. Doudna and E. Charpentier 
and their institutions of employment, are involved in several commercial startup companies. Editas is directly linked to Harvard, MIT and the Broad Institute 
while Addgene is a nonprofit independent organization linked to MIT and the Broad Institute through a partnership program. Addgene provides access 
to public and nonprofit research while Editas provides access to commercial companies. UC Berkeley has ownership interests in two startups, Caribou 
Biosciences and Intellia. University of Vienna was E. Charpentier’s employer at the time the initial platform patent was filed, and has licensed its patent to 
Caribou. E. Charpentier has also licensed some of her patent rights to a Swiss company, CRISPR Therapeutics. Some of the licenses are exclusive, but field 
of use specific while others are on non-exclusive terms. Source: company and institution websites and van Erp et al.40
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the research tool they obtained for nonprofit 
or research use? What are their options for 
commercializing follow-on technologies? 
Addgene uses the general terms of the Uniform 
Biological Material Transfer Agreement 
(UBMTA), developed in 1995 by technology 
licensing experts at the US National Institutes 
of Health in collaboration with the Association 
of University Technology Mangers (AUTM), to 
simplify transfers of biological research materi-
als for universities and public research insti-
tutions. The UBMTA seeks to solve, to some 
extent, the issue of ‘reach-through’ claims: the 
UBMTA’s legal terms state that modifications 
or new discoveries are owned by the recipient 
of the biological material and can be licensed 
for commercial use; yet, inevitably, some 
of those new commercial applications may 
fall within the broadly drafted claims of the 
original patent and therefore require a second, 
commercial license. This is where serious dif-
ficulties could arise with CRISPR–Cas, because 
many, if not all, fields of commercial use have 
already been exclusively licensed by the origi-
nal university owners to their respective com-
mercial partners.

Inventors of follow-on applications made 
using a CRISPR-Cas technology will most 
likely need to seek a commercial sub-license 
from the respective exclusive commercial 
licensee that controls that technology—Editas, 
Caribou, Intellia, CRISPR Therapeutics or 
Cellectis/Calyxt—rather than from the origi-
nating university. Yet, these same companies 
are each aggressively seeking, under pressure 
from their venture capital backers, to develop 
products of their own. Editas and Intellia 
describe their ambitions to ‘build alliances,’ 
to ‘expand our platform,’ or to ‘optimize our 
pipeline.’ This sort of business terminology 
implies intentions to be directly engaged in 
product development, rather than to license 
their technology broadly, at arms’ length, on 
non-exclusive terms.

Over the 17 years of the Cohen–Boyer 
licensing program, Stanford University 
granted non-exclusive commercial use licenses 
to 468 companies for the development of an 
estimated 2,442 new products worth an esti-
mated $35 billion15. Genentech, the company 
founded by Herbert Boyer, was just one of 
those companies. What would it have looked 
like if Genentech had an exclusive license from 
Stanford, and was itself responsible for extend-
ing commercial sublicenses to other compa-
nies? Would we have the same biotech industry 
that we do today? 

How many of the thousands of potential 
products to come from CRISPR–Cas gene 
editing can this small group of startup com-
panies be expected to successfully manage 
either internally or in close partnership? 
While the free research licenses available 
through Addgene are admirable, the permis-
sions they grant typically stop at the door of 
the recipient university lab. Yet, none of the 
players involved seem to be discussing plans 
for a broad, non-exclusive, commercial licens-
ing program that would make the enabling 
technology platform of CRISPR-Cas effi-
ciently available on fair and reasonable terms 
for the many commercial applications that are 
likely to arise.

In cases like the Cohen–Boyer recombinant 
DNA technology or the Axel co-transforma-
tion technology, it was the university licens-
ing offices that stood somewhat above the 
competitive fray and forged workable licens-
ing programs that struck a balance, however 
imperfect, between control and access for the 
multiple commercial applications and ongo-
ing scientific studies that used them. In the 
case of CRISPR-Cas it appears that the univer-
sity licensing offices have already abdicated 
the possibility of playing such a role. How 
likely is it that the commercial entities now in 
control will decide that broad, non-exclusive 
sublicensing is a viable business model? 

Note: Any Supplementary Information and Source Data 
files are available in the online version of the paper 
(doi:10.1038/nbt.3692).
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