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Applications of CRISPR

Scientific interest in Clustered Regularly 
Interspaced Palindromic Repeats (CRISPR) 
systems exploded in 2012/2013 when 
focus shifted from their natural function 
as a component of adaptive bacterial 
immunity to their use as a toolkit to find, 
cut and replace DNA at a specific location 
in eukaryotes. Widely considered to be 
a breakthrough technology, the speed 
of adoption of this technology has been 
phenomenal.

Since 2013, scientific publications 
relating to CRISPR have exploded, 
and the wide-ranging applications of 
this technology have become evident. 
Patent wars relating to the rights to the 
underlying technology do not appear 
to have impeded progress in applying 
this technology to broad-ranging 
applications. Just a few years on, the 
use of CRISPR/Cas (CRISPR associated 
protein) as the primary tool to effect 
genome editing has become routine 
in many labs. Here, we take a look 
at applications using CRISPR and, in 
particular, consider the inventive step 
issues that may arise in such a fast-
moving field. 

CRISPR Systems
To date, utilisation of CRISPR for gene 
editing has mainly focused on Type II 
CRISPR systems. Unlike Type I and Type III 
systems, Type II systems advantageously 
only need a single Cas protein (Cas9). 
Typically, a Type II CRISPR composition 
for gene editing comprises Cas9 and 
two RNA components, a programmable 
crRNA (CRISPR RNA) and a fixed 
tracrRNA (trans-activating crRNA), 
which may be fused to form a single 
guide RNA (sgRNA). Typically, the 
crRNA component of the sgRNA is 
programmed to comprise a guanine 
residue at the 5’ end of the crRNA to 
enable RNA expression when under 
the control of a U6 RNA polymerase III 
promoter, a section complementary to 
the target sequence and a repeat region. 
The section complementary to the target 
sequence is designed to immediately 
proceed a short motif named the 
protospacer adjacent motif (PAM) on the 
other strand of target DNA. The tracrRNA 
component comprises an anti-repeat 
region (i.e. a portion complementary to 

the crRNA repeat region) such that the 
sgRNA can form a duplex required for 
Cas9 function. Typically, the tracrRNA 
will have further repeat and antirepeat 
regions, such that further stem loops are 
formed.

On binding, conformational changes 
resulting from the recognition of the 
sgRNA and the PAM motif enable the 
HNH domain of the Cas9 protein to 
cleave one strand of the DNA, and 
the RuvC domain of Cas9 to cleave 
the other, such that a double-stranded 
break occurs. However, Cas9 can be 
modified to carry out other functions. 
For example, inactivating either the RuvC 
or the HNH domain to prevent cleavage 
results in a Cas9 nickase, which can be 
used to create staggered breaks when 
accompanied by two sgRNAs. When 
combined with multiple sgRNA various 
site specific deletions, additions and 
modifications can be achieved.

Furthermore, by inhibiting both RuvC 
and HNH domains, Cas9 can be used 
to inhibit function of a target (CRISPRi), 
or provide fusion mediated activation 
(CRISPRa). 

The various ways such CRISPR/
Cas compositions can be used; the 
programmability of crRNA to various 
desired targets and the capacity of 
using multiple sgRNAs, enables broad 
applications of such compositions in 
various fields. 

Therapeutic Applications 
One key area which has seen a lot of 
investment is the therapeutic applications 
of CRISPR.

Editas medicine has received over $160 
million in two rounds of investment from 
investors including Juno Therapeutics, 
Google and Bill Gates . They have also 
since announced further investment from 
Juno Therapeutics, pursuing programmes 
utilising Editas’ CRISPR/Cas9 with Juno’s 
CAR and TCR technologies. Intellia 
Therapeutics, which was created by 
Atlas Venture and Caribou Biosciences, 
announced on 18 November 2014 it 
has received $15 million in a Series 
A investment round, led by Atlas 

Venture and Novartis. Further, on 26 
October 2015, Vertex Pharmaceuticals 
announced a large upfront investment of 
$105 million in CRISPR startup CRISPR 
Therapeutics, in a much-publicised deal 
potentially valued at up to $2.6 billion. 

Currently published patent applications 
in this field generally focus on specific 
therapeutic applications, including HSV-
1, HSV-2, cystic fibrosis, glaucoma, 
β-thalassemia, sickle cell diseases, HIV, 
Leber’s congenital amaurosis 10, Usher 
syndrome and retinitis pigmentosa. The 
claims in these patents are directed 
towards seeking protection for gRNAs for 
treating such therapeutic applications.
  

However, many recently published 
patent applications relating to therapeutic 
applications have limited experimental 
data in the patent application as filed. 
In particular, many often contain no 
experimental data to show the gRNAs 
actually work as claimed. In such patent 
applications, experimental protocols may 
amount to how to test the gRNAs and 
identify those having the greatest gene-
targeting efficiency. 

In the rush to be first past the post in 
a first-to-file system, particularly in such 
a fast-moving area of science, where 
publications in a similar area pose a 
threat to the patentability of an invention, 
filings like these are not surprising. 
However, this can potentially have 
implications for patentability.

Determination of inventive step 
before the EPO is based on a problem 
and solution approach. This approach 
involves an analysis of a technical 
contribution achieved by the claimed 
invention which is not found in the closest 
prior art. The technical contribution 
is then considered in formulating the 
objective technical problem to be solved 
over the prior art. 

Where the EPO has acted as the 
International Search Authority (ISA), 
a large number of CRISPR filings have 
had a lack of inventive step arguments 
raised. In some of these cases, the EPO 
has raised queries as to whether there 
is enough data to render it credible that 
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the technical problem has been solved. 
A technical problem put before the EPO 
may be regarded as being solved only if 
it is credible that substantially all claimed 
embodiments exhibit the technical effects 
upon which the invention is based. As 
stated in John Hopkins (T1329/04):

“The definition of an invention as being 
contribution to the art, i.e., as solving a 
technical problem and not merely putting 
forward one, requires that it is at least 
made plausible by the disclosure in the 
application that its teaching indeed solves 
the problem it purports to solve.”

It is possible to file post published 
data, but this is only permitted to confirm 
that the claimed subject-matter solves 
the problem where it is already credible 
from the disclosure in the patent that the 
problem is indeed solved (see T1329/4 
and T415/11).

Therefore, a balance needs to be 
struck between filing early enough in a 
first-to-file system whilst ensuring that the 
technical problem is credibly solved. 

Applications defining a gRNA 
molecule purely by the result to be 
achieved are likely to be flagged by the 

EPO as having patentability issues. In 
some cases, the EPO may require that 
the claims contain technical features 
other than claiming “a gRNA comprising 
a target domain configured to target a 
mutation in gene X”, particularly where 
the desired “edit” is known. 

Some of the currently published 
patent applications provide vast arrays 
of potential target domain sequences 
together with instructions on how to 
test and identify which gRNAs have the 
optimal gene-targeting efficiency. For 
these applications, the EPO has raised 
queries as to whether it is plausible 
that all the gRNAs achieve the desired 
effect. Patent applications which lack any 
experimental data to show any of the 
specific gRNAs as claimed achieve the 
desired technical effect are more likely to 
be met with queries from the EPO as to 
plausibility. If the applicant cannot satisfy 
the EPO that the claimed patent scope 
is plausible, this may result in the EPO 
refusing to allow post-published data to 
be considered. 

As the field moves on, establishment 
of inventive step may require data 
demonstrating desired technical results 
in terms of efficiency of cleavage and 

reduction of off-target effects. 

Although many early patent 
applications provide large lists of 
potential targeting domains, this may still 
leave the door open for later “selection 
inventions” of gRNA constructs found 
to be particularly effective for the 
application in hand.

Other Applications
To date, most patent applications which 
have published relate either to the 
underlying technology or therapeutical 
applications of CRISPR. However, given 
that patent applications do not usually 
become available before 18 months 
after the earliest filing date, it is only 
applications filed prior to October 2014 
which are publicly visible. Nevertheless, 
the number of published CRISPR patent 
families are reported to have already 
multiplied by five in the last 18 months. 
We foresee that this upward trend 
will continue such that there is a sharp 
increase in such filings going forward. 
Other areas where we expect to see a 
rise in patent applications are as follows:

AgBio
There has been a lot of interest in 
agricultural applications of CRISPR. 
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For example, DuPont has entered 
into a strategic alliance with Caribou 
Biosciences and is seeking to be at the 
forefront of applications of CRISPR 
technology in improving agricultural 
productivity.

CRISPR/Cas has particular utility in 
modifying plants to exhibit desired traits, 
such as to promote drought tolerability, 
improve crop yields and increase or 
introduce disease resistance. With world 
food demand predicted to increase by 
50% by 2030, the utilisation of CRISPR 
technology to increase yields and/or 
reduce waste has great potential.

Advantageously, it is possible to 
modify agricultural species using CRISPR/
Cas in ways which would not currently 
render the plant subject to regulation as 
a genetically modified organism. This 
means that introducing modifications 
using CRISPR/Cas can have regulatory 
advantages.

Even at this early stage, some patent 
applications have published relating 
to applications of CRISPR in this field. 
This is in addition to applications 
seeking protection for general methods 
of modifying plants and the resultant 
modified plants. Early applications 
include those which have filed 
experimental data to show modification 
of tomato plants to increase resistance to 
tomato yellow leaf curl virus.

Industrial Biotechnology
There is a lot of potential for the use of 
CRISPR/Cas in industrial biotechnology. 
Applications could relate to generating 
better cell factories for the production 
of chemicals and for the improvement 
of enzymes for various applications. For 
example, Caribou Biosciences have an 
interest in industrial fermentation using 
CRISPR technology.

We can foresee patent applications 
relating to new or improved methods of 
producing chemicals and other products 
by editing the genome of microbes with 
CRISPR, with further claims to modified 
bacteria, yeast and enzymes produced 
by modified organisms. 

For example, in bacteria, it may be 
useful to inhibit pathways which result 
in the production of side-products to 
increase the yield of the desired product. 
However, when the pathways are fully 
characterised, and the way to inhibit the 

undesired pathway is known, inventive 
step issues could potentially arise unless 
the CRISPR composition used (e.g. the 
gRNAs) are particularly effective for the 
claimed purpose.

Diagnostics
Another aspect which has generated 
considerable interest is the use of CRISPR 
to generate diagnostic kits for various 
conditions. For example, it is now 
possible to integrate detectable tags, such 
as fluorescent protein, into the CRISPR 
composition to identify specific targets 
which can in turn be used for diagnostic 
applications.

Thus, we can foresee patent 
applications claiming diagnostic kits and 
patient population stratification methods 
for personalised medicines.

Claims to diagnostic kits, and methods 
of determining patient populations 
susceptible to certain drugs using 
diagnostics are currently permissible 
in Europe. However, particular care is 
required when drafting such claims, 
particularly for the US.

Summary
In such a fast-moving area, filing multiple 
priority documents can be a useful 
strategy. This allows a group to frequently 
publish in order to maintain its reputation 
in the scientific field, whilst optimising 
commercial protection. However, this 
needs to be carefully managed. It can 
be vital to maintain the earliest possible 
priority date to avoid patentability 
issues arising from intervening 
publications. Therefore, publications 
need to be managed to ensure that all 
new information is filed in a priority 
application prior to any disclosures, 
such as in journal publications and oral 
presentations at conferences.

The applications of CRISPR/Cas are 
vast and this article has only touched 
on a few of the applications of this 
technology. Given the scientific interest 
in this rapidly evolving field, we expect 
the floodgates to open and to see a 
large volume of patent applications filed 
using the platform technology in various 
technological areas. 
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