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Case Study #1: 
The CRISPR-Cas9 Quarrel

To what extent CRISPR’s patentability fractions the scientific 
community?

Introduction 
Since the 1970s, a century after the discovery of DNA (Deoxyribonucleic Acid) , 1

scientists began to make researches until modify it. Indeed, Zinc Finger Nucleases (ZFNs) 

and Transcription Activator-Like Effector Nucleases (TALENs) were the most common 

techniques used to break a double stranded DNA at a specific site while the DNA will repair 

itself through non-homologous recombination. However, these techniques were expensive 

and not easy to elaborate. CRISPR technology revolutionised gene editing. Combined with a 

Cas protein, it allows modifying at low costs and with high accuracy DNA sequences on a 

precise target and so inhibit or express particular genes. 

The discovery of CRISPR technology translates a promising future with a wide range of 

improvements in many fields such as health, agriculture, biofuel, animals, … A such huge 

discovery obviously rhymes with billions of dollars at stake and the recognition linked to it 

will be addressed to its discoverer(s). 

Here we focus on the patent battle between two distincts researchers teams: Feng Zhang  

(Broad Institute of the Massachusetts Institute of Technology (MIT) and Harvard) versus 

Jennifer Doudna and Emmanuelle Charpentier (Berkeley University of California and Vienna 

University). 

In this case study, we’ll tackle the decision of the United State Patent and Trademark 

Office (USPTO) and how it affected, affects and will affect the scientific community dealing 

with CRISPR innovations. Indeed, from ethical to technical issues, from patents files to 

Chemistry Nobel Prize, CRISPR is at the heart of debates and subjects of discussion. 

 Dahm R. Friedrich Miescher and the discovery of DNA. Developmental Biology. 2005 Feb;278(2):274–88.1
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Establishment and application of  the CRISPR technique 
In 1987, the natural principles of CRISPR were first found in E. Coli bacteria as a 

natural defence mechanism. To do so, bacteria and archaea combined CRISPR-derived RNA 

with Cas proteins. In 2012, Jennifer Doudna and Emmanuelle Charpentier were the first 

researchers to have elaborated the DNA editing technique  followed later on by Feng Zhang  2 3

and George Church  who demonstrated CRISPR-Cas9 application on human cells (Figure 1). 4

This breakthrough was only possible with all these works and discoveries coupled 

thanks to publications sharing among the scientific community. CRISPR potential exceeds all 

expectations by allowing brand-new treatments for DNA mutations relative diseases: sickle 

cell anaemia, cystic fibrosis, neurodegenerative diseases (Parkinson, Alzheimer), cancer, HIV, 

… but also in order to remove malaria from mosquitos, improve resistance and growth of 

agricultural crops or even reduce our need for plastic for instance. 

The year 2018 was a landmark year when the scientist He Jiankui announced that he 

had modified the genome of twins (Lulu & Nana) to make them resistant to HIV using 

CRISPR-Cas9  which raised awareness among scientists. He also announced a third genome 5

 Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A Programmable Dual-RNA-Guided DNA 2
Endonuclease in Adaptive Bacterial Immunity. Science. 2012 Aug 17;337(6096):816–21.

 Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, et al. Multiplex Genome Engineering Using CRISPR/Cas Systems. 3
Science. 2013 Feb 15;339(6121):819–23.

 Mali P, Yang L, Esvelt KM, Aach J, Guell M, DiCarlo JE, et al. RNA-Guided Human Genome Engineering via Cas9. 4
Science. 2013 Feb 15;339(6121):823–6.

 Greely HT. CRISPR’d babies: human germline genome editing in the ‘He Jiankui affair’*. Journal of Law and the 5
Biosciences. 2019 Oct 25;6(1):111–83.
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Y. Ishino & al. noticed groups 
of repeated sequences cut by 
short sequences in the genome 
of E. coli bacteria

22 Aug. 1987

F. Mojica & al. found these same 
families of spaced repeat 
sequences in the Archaean, 
Bacterial and Mitochondrial 
genomes and called these 
sequences CRISPRs for 
Clustered Regularly Interspaced 
Short Palindromic Repeats

18 Jan. 2002

F. Mojica & al. have 
demonstrated that these 
sequences are derived from viral 
DNA

1 Oct. 2004

K. S. Makarova & al. proposed 
that CRISPR acts as an immune 
mechanism when associated with 
Cas enzymes

16 Mar. 2006

R. Barrangou & al. confirmed 
that CRISPR spacers are used as 
a defense mechanism

23 Mar. 2007

J. Doudna, E.Carpentier & al. 
published their first paper 
tackling DNA cut thanks to 
CRISPR-Cas9

17 Aug. 2012

F. Zhang & al. demonstrated the 
application of CRISPR-Cas 9 in 
mouse and human cells

15 Feb. 2013

G. Church & al. demonstrated the 
same application on human cells

15 Feb. 2013

Figure 1: Timeline of CRISPR-Cas9 technique development



edited baby on the road. Then, in 2019, a researcher named Denis Rebrikov told Nature 

Journal about his work on preventing deafness by CRISPR-Cas9 method on human ovocytes.

Ethical and technical issues  
There are obviously hundreds even thousands of applications for CRISPR which led 

scientists, researchers, governments and the society to think about drifts, abuse of use but also 

miracles: how far can we change the human genome? who decides about CRISPR 

applications? who will be impacted by CRISPR? can we save the humanity from diseases?

Since 1975, the Asilomar conference called for a moratorium on genetic manipulations, 

more specifically on the consequences of transmission to the descendants. This statement has 

been reiterated in the Oviedo Convention in 1997 (Article 13): "an intervention with the 

purpose of modifying the human genome may be undertaken only for preventive, diagnostic 

or therapeutic reasons and only if it is not intended to introduce a modification in the genome 

of the offspring". In 2015, CRISPR has been classified as a Weapon of Mass Destruction by 

U.S. Security Agencies while others consider it as a Weapon of Mass “Regeneracy”. 

However, some countries have weaker regulations that could open the door to gene 

modification for the betterment of the human species, indeed, many people are concerned 

with the “designer babies” idea and with others applications which could led to eugenic 

issues. Divergent opinions are also present within the scientific community, more particularly 

on the definition of some terms such as “disease”, “therapeutic reasons”: is deafness a 

disease? should CRISPR be used to treat or prevent? is changing the eye colour therapeutic?

In addition, technical issues have to be solved before a total implementation of the 

CRISPR method as a medical care. Indeed, how to achieve results without unintended 

consequences? Many “off-target” and “on-target” effects have been found in the DNA after 

CRISPR-Cas9 modification and other researchers found mosaicism in the embryo structure. 

This DNA-based technique needs scientists to understand the biological phenomena of 

genetics as well as all epigenetic factors before being applied on a much larger human scale.

Patent issues 
Patent rights are a form of intellectual property (IP) that prevent others from making, 

using, selling, offering for sale or even importing a patented product or process for a limited 

period of times of 20 years. A patent right does not authorise the use or marketing of 

CRISPR, neither does it remove all ethical considerations on its various applications. 

Here, the CRISPR technology is evolving quickly and the scientific community as well 

as industrial actors are keen to develop solutions that avoid the lengthy patent litigation. 

3



Indeed, after publishing her first publication, J. Doudna (UCB) filed a patent at the 

USTPO entitled “Methods and compositions for RNA-directed target DNA modification and 

for RNA-directed modulation of transcription”  on the February 15, 2013. Eight months later, 6

F. Zhang (The Broad) filed also a patent, by paying an additional fee for a fast-tracked 

procedure, entitled “CRISPR-Cas systems and methods for altering expression of gene 

products” . By this Accelerated Examination Request, F. Zhang was granted first for his 7

patent which led to a patent dispute since 2016 between J. Doudna & him through an 

interference proceeding (Figure 2).

According to F. Zhang (The Broad, MIT), his patent file exposed the application of 

CRISPR-Cas9 in eukaryotic cells whereas J. Doudna’s one did not. With The Broad, they 

managed to demonstrate that the “recipe” made by the University of California works. But, 

they argued that others skilled researchers would have failed using CRISPR-Cas9 in 

eukaryotic cells with the J. Doudna’s methodology because the protocol precision is not 

enough. F. Zhang considers his patent to be fully-fledged.

According to J. Doudna (University of California, Berkeley), her patent file presented at 

first how CRISPR-Cas9 complex can edit genes in prokaryotic cells. On a later patent file 

with the University of California, they demonstrated the use of CRISPR-Cas9 in eukaryotic 

cells. They insisted in the fact that it will be kind of “obvious” that the technic will work in 

both: prokaryotic and eukaryotic cells.

 https://patentimages.storage.googleapis.com/1b/d8/1a/62270f19b31a92/US20140068797A1.pdf6

 https://patentimages.storage.googleapis.com/f5/15/b0/97884e33486b51/US8697359.pdf7
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J. Doudna, E. Carpentier
& al. published their first 
paper tackling DNA cut 
thanks to CRISPR-Cas9

17 Aug. 2012

F. Zhang & al. 
demonstrated the 
application of CRISPR-
Cas 9 in mouse and human 
cells

15 Feb. 2013

J. Doudna filed a patent 
for the USTPO

15 Mar. 2013

The provision of the 
America Invents Act 
(AIA) decided to award 
patents to the first 
person/entity to file 
instead of the first to 
invent

16 Mar. 2013

F. Zhang filed a patent 
for the USTPO in an 
Accelerated Examination 
Request

15 Oct. 2013

The USPTO awarded the 
Broad's (F. Zhang) 
patent

15 Apr. 2014

J. Doudna, E. Charpentier 
and others contested the 
USPTO's decision

Early 2015

J. Doudna, E. Charpentier 
and others revised their 
patent language and asked 
for an interference 
proceeding

Apr. 2015

The USPTO agreed to the 
interference proceeding

Jan. 2016

Figure 2: Timeline of the patent litigation



On the authority of the USPTO’s Patent Trial and Appeal Board (PTAB) a long debate 

has taken place in order to determine who invented it first and so who owns it. With the 

American Invents Act (AIA) decision of adopting a “first-person to file” instead of a “first-

person to invent” some days after the filing of J. Doudna's patent application, the decision 

became more complex. In September 2018, the PTAB finally decided that F. Zhang’s 

application was a distinctly file from J. Doudna’s protocol of use. However, in 2019, the 

PTAB initiated a new interference process and challenged the validity of J. Doudna’s patent 

on eukaryotic cells. The USPTO finally indicated that the best was for the parties to find a 

consensus and focus only on CRISPR technology to improve health issues of nowadays. 

Patent consequences on “spin-out” companies 
In addition to IP recognition (and ego) and return on investment, patents give power on 

an economical level. Both parties created their own companies to commercialise CRISPR 

applications. On one hand, J. Doudna and E. Charpentier made an alliance by signing a patent 

co-operation and a cross-licensing. This allowed their companies Intellia Therapeutics and 

CRISPR Therapeutics to be associated and exerce activities based on their patents. On the 

other hand, F. Zhang created Editas Medicine which relied on his CRISPR-Cas9 patents.

These companies will allow non-commercial researches, the development of human,  

animal, agricultural and bio-industrial applications or the development of tools facilitating 

CRISPR-Cas9 technic according to their respective patents. Even during the patent litigation, 

these “spin-out” companies received a lot of fundings from a lot of different biotechnology, 

biology and medicine companies thanks to the conviction that CRISPR is revolutionary. 

CRISPR Therapeutics in its early days received a $25 million early venture capital from 

Versant and later on by Celgene for $64 million. By associating to Vertex Pharmaceuticals, it 

received $105 million upfront and some months later, CRISPR Therapeutics and Bayer 

agreed to form a joint venture which represents $325 million investment. At the beginning of 

2018, CRISPR Therapeutics announced a submission for Clinical Trial Application for a rare 

genetic disease which takes off the stocks (Figure 3).
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Figure 3: CRISPR Therapeutics (J. Doudna) NASDAQ stock price



Editas Medicine in its early days received $43 million venture capital from Flagship 

ventures, Polaris and Third Rock ventures. Editas and Juno Therapeutics agreed to make a 

partnership and Editas raised $120 million (Figure 4).

We can observe a substantial increase around 2021. Indeed, the October 2020 

Chemistry Nobel Prize that J. Doudna and E. Charpentier received made a tremendous 

increase in the stocks price of all CRISPR companies. Seems the 2012 discovery wasn’t 

enough or rather stocks were globally stagnant during the patentability process because of the 

uncertainty of each company IP rights? However, since 2012, its use exploded and it 

contributed to a bunch of researches projects which contribute to the improvement of the 

technique. The filed patents amount also exploded, craving for money or recognition of their 

findings? (Figure 5 ). 8

Many companies are seeking for an autonomy in order to develop their own 

applications of the CRISPR-Cas 9 technology and are seeking for a licence even a patent. 

 Martin-Laffon J, Kuntz M, Ricroch AE. Worldwide CRISPR patent landscape shows strong geographical biases. Nat 8
Biotechnol. 2019 Jun;37(6):613–20.
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Figure 4: Editas Medicine (F. Zhang) NASDAQ stock price

Figure 5: Evolution of patent families related to the CRISPR gene 
editing system



Currently, companies either choose one party or both to have full technical capabilities 

because J. Doudna et F. Zhang patents are the fondamental ones. 

Future of  CRISPR-Cas9 
The patentability litigation created discord between the two parties instead of a 

cohesion which had many consequences on science research. Even if in life sciences, we trust 

that a diversity of methodologies will allow the improvement of techniques, the patent 

dispute has made the CRISPR topic even more controversial than it was on so many fields.

On the ethical one, some people - scientists or not - think that opening the door to 

eugenics will improve human being while others calling for a destructive arm. The only 

solution is to frame that genetic tool but is there any good and ongoing regulation?

On a technic one, those regulations must not stop the amount and performance of 

CRISPR researches so that we could improve this technique while other researches, legally or 

not, plan or did edit somatic or germline cells. But isn’t all kind of applications part of the 

researches and advances in term of life sciences? As well as, may we never understand the 

whole complexity of the human genome? 

On a commercial one, we can ask ourself about the legitimacy of creating companies 

for a technique which is not elaborated for commercial aims. Is CRISPR-Cas9 even 

marketable acceptable taking into account all the divergence of opinions and patents?

On an investment one, even pharmaceuticals or biotechnological companies took part of 

one party instead of another. Why not invest on both patents?

On a patentability one, the goal is not to take position between J. Doudna and F. Zhang. 

CRISPR-Cas9 wouldn’t have seen the light of the day without the contribution of tens, 

hundreds of people. J. Doudna filed first, proved with E. Charpentier the CRISPR-Cas9 

technique and established a methodology, a protocol, a recipe. F. Zhang, for its part, applied it 

with its own adapted protocol based on J. Doudna’s protocol. Others also applied and 

improved the technique. The patent dispute slowed down the scientific research which 

resulted in a delay of the CRISPR technique development. Indeed, the uncertainty of patents 

could not permit licenses. Currently, the IP patent landscape is then becoming more complex 

and leds to a non-concertation research. Wouldn't it be better, after a first filed patent, to 

observe and perform cohesion, peer-working, licenses approval and avoid litigation? To 

accomplish this, the USPTO should regulate filed patents and impose, when two patents are 

really close, a license. This would avoid public dispute which alters and fractions the 

scientific community. This would avoid financial stakes at the expense of scientific interests.
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