
IS  ALL 
IT’S CRACKED UP 

TO BE? 

Artwork:
Keith Bloody Mary

MA Visual Culture
Medium: Analog photo-collage

13



CRISPR is a gene editing technology with a 
host of advanced applications that promise 
to revolutionise our world. But can it, and 
should it, do them?

If you study a life science or keep up with 
science news, you’ve probably heard of 
CRISPR-Cas. If you haven’t, you will do 
soon. Since its first application in 2011, 
CRISPR has promised to revolutionise the 
world of genetic engineering, making it faster, 
cheaper and more efficient than ever before. 
Comparisons have been made to graphene 
– which, if you’re a UoM student, you have 
definitely heard of – in terms of being a 
fantastic technological innovation, bringing to 
life concepts which previously only existed in 
the realms of science fiction. However, many 
of the things the University suggested would 
happen with graphene within a few years, 
such as smart-clothing, have yet 
to materialise. 

So what actually is CRISPR, what are the 
uses people want to apply it to, and can it 
actually do them?

Humble Origins
CRISPRs, or to give them their full name, 
Clustered Regularly Interspaced Short 
Palindromic Repeats, are sequences of DNA 
found within the genomes of some bacteria 
and archaea. CRISPRs essentially act as 
an immune system for the single-celled 
organisms, detecting and destroying invading 
viruses. They operate in a similar manner to 
our own immune system: when faced with 
infection, the CRISPR-Cas system snips out a 
little bit of the virus’ DNA and stores it, using 
this sequence as a guide to help enzymes 
fight the virus when it is encountered again. 
The Cas (CRISPR associated enzymes) part 
of the system represents all the different 
functions CRISPR can carry out. These range 
from simply cutting up target sequences of 
DNA, to more complex operations, such as 
fusing two separate sequences, or repressing 
a target gene from being expressed. It is this 
inbuilt versatility that makes the CRISPR-Cas 
system so attractive to genetic engineers. 
CRISPR-Cas9 was first used to as a 

gene editing tool by a team including its 
pioneers, Emmanuelle Charpentier and 
Jennifer Doudna.1 For several reasons, it 
has all but replaced previous gene editing 
techniques. Firstly, CRISPR is far cheaper. 
Reprogramming CRISPR to target a new 
site in the genome needs only a new guide 
sequence, which is much less costly than 
other methods. CRISPRs have also been 
found to be more efficient than previous 
methods. The area where CRISPRs seemed 
to fall down was that they were prone to 
creating off-site mutations, wherein they 
would target the wrong site in the DNA. This, 
however, has been mostly solved through a 
combination of more specific Cas’ and 
guide sequences.2

All in all, CRISPR seems to be powerful tool. 
With that in mind, let’s look at some of the 
ways researchers have proposed using it, and 
whether or not any real, tangible progress has 
been made on them. 

Gene Drives
I’ll start with what is probably the most 
important application of CRISPR – gene 
drives (CGDs). This is a concept whereby 
researchers use a genome editing technology 
to increase or decrease the prevalence of 
target genes in a species. When combined 
with the ability of CRISPR to cheaply and 
easily insert or repress a desired gene, this 
has some fairly powerful applications. One of 
the most frequently proposed is to use it to 
introduce sterility in mosquito populations in 
regions with high malaria rates. 

Can it be done?
Well, it actually already has, and in a range 
of species, from mosquitoes and fruit flies 
to yeast.3,4,5 The mosquito study was able 
to induce sterility at a transmission rate of 
nearly 100%, essentially fulfilling the main 
proposed role for CGDs. Another study used 
a CDG to introduce anti-parasite genes 
into a population, to help the mosquitoes 
themselves resist infection by the malaria 
parasite.6 Pretty impressive stuff, right? But if 
gene drives powered by CRISPR could do all 
this back in 2015, why aren’t we 
using them now?

There’s two main answers to that question. 
The first is that, unsurprisingly, we have 
very little idea of the effects on biodiversity 
which could arise from near-eradication of 
a target species. Humans don’t have the 
best track record on artificial management of 
species numbers, and some researchers are 
concerned about the risks of charging in with 
CDGs.7 Reason two is that nature doesn’t 
just stand still and let us fiddle with it. A 2016 
paper modelling the long-term effects of 
drives found that the evolution of resistance 
in the target species is inevitable, limiting the 
usefulness of CDGs as a permanent method 
of population control.8 However, the authors 
also noted that this could be useful, stopping 
the drive from making the target species 
completely extinct (and avoiding all the tricky 
problems that could lead to). 

Not everybody agrees, though. A follow 
up paper from 2018 suggested that even 
the least efficient CDG would still be highly 
invasive to a population.9 Combined with 
research looking to suppress the evolution of 
drive resistance, we might see CDGs being 
rolled out in the near future, for 
better or worse.10 
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Engineering Crops
It’s no secret that the world population is 
rising, and this, combined with climate 
change and an already unequal distribution 
of resources, is putting a real strain on food 
supplies. Governments and individuals are 
increasingly looking to genetically modified 
(GM) crops to feed hungry populations. GM 
crops have the advantage of inbuilt pest and 
disease resistance via transposed genes, 
as well as greater resistance to extreme 
environments, though there are worries about 
the effects of single-crop monocultures 
on biodiversity (not to mention the shady 
practices of many of the companies behind 
these crops – Google “Monsanto” for some 
fun reading). 

Can it be done?
Oh yep, and then some. 

In the aftermath of the 2014 tsunami in Japan, 
the Fukushima nuclear plant was heavily 
damaged and releasing radioactive material 
into the local environment. Flora and fauna 
were affected, especially rice plants, which 
were found to be dangerously irradiated, 
leading to concern about contamination 
entering the food chain. A 2017 study 
followed up on this, using CRISPR to 
knock-out genes encoding a range of ion 
transport proteins in rice. Through process of 
elimination, they identified the transporters 
responsible for taking up radioactive particles, 
and were able to generate GM plants without 
these proteins, which were within safe levels 
of radioactive activity.13 

While this study didn’t produce the “Franken-
crop” some people are worried about, it’s 
far from being the only use of CRISPR in 
agriculture. Across the board, CRISPR is 
being used to manipulate and improve crop 
yields and hardiness, with genes from a range 
of sources, such as bacteria and fungi, 
being inserted.14

Data Storage
This is definitely one of the more outlandish 
applications, but it has been suggested that 
CRISPR could be used to encode digital 
information in bacterial genomes. This 
information can then be recovered via genetic 
sequencing. Storing information in DNA is 
an idea which just about predates CRISPR, 
but the advent of this technology has made 
it much more feasible than before.15 DNA 
is an ideal medium for this, having a high 
storage:volume ratio compared to existing 
data storage methods.
 
Can it be done?
Like the rest of the applications I’ve explored, 
it can and has. A 2017 study used CRISPR 
to insert a black and white image of a hand 
into the collective genome of a bacterial 
colony.16 They did this by assigning a different 
genetic sequence to each colour in the image, 
before converting the whole picture into a 
series of these sequences which could be 
inserted. The image was fully recovered via 
DNA sequencing. As a follow up (because this 
wasn’t impressive enough), the team inserted 
a five-frame film of a galloping horse, and 
were again able to recover all five images, in 
the correct sequence.

The Future is CRISPR?
Throughout this article, I’ve discussed 
whether or not CRISPR can actually carry 
out the tasks researchers are setting for it, 
or whether it’s just another wonder-tech 
which has limited real-world value. As we’ve 
seen, CRISPR (and its uses) seems to be the 
genuine article, capable of fulfilling the roles 
laid out for it: though it’s worth keeping in 
mind that the translation from lab to reality 
isn’t always smooth. 

Another, arguably more pressing issue, and 
one which requires an article of its own, is 
whether or not we can ethically apply this 
technology while maintaining control of the 
outcomes. Concerns around gene editing 
are definitely not a new phenomenon, but 
the relative ease with which CRISPR can be 
– and is being – used has leant new weight 
to those arguing for more regulation. The 
potential for CRISPR to be used in editing 
human germlines led to a call from eighteen 
leading geneticists, including CRISPR pioneer 
Emmanuelle Charpentier, for a temporary 
freeze on research in this area until a global 
governing body can be established.17

Regardless, there’s no doubt in anybody’s 
mind that CRISPR is very much here to stay. 

Callum Wood
Editor and Communications Officer
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Reversing Antibiotic Resistance
Antibiotic resistance in pathogenic bacteria 
is a widely acknowledged issue. The WHO, 
along with other international agencies and 
governments, considers it the top health 
threat facing humanity, and a lot of time and 
money has been pumped into developing new 
antibiotics. CRISPR, however, provides an 
alternative solution: just delete the bacterial 
genes encoding the drug resistance. CRISPR 
is already widely used to delete specific 
genetic information, and when combined with 
the aforementioned gene drives, it has the 
potential to be a potent weapon in the fight 
against highly resistance organisms. 

Can it be done?
This is an interesting one. Some research 
has found that CRISPR-Cas in its natural 
form, as a defence against foreign genetic 
material, might actually be limiting the spread 
of resistance gene-carrying plasmids (rings of 
DNA) between individual bacteria.11 Bacteria 
found in hospitals, which were more likely to 
be resistant to a range of antibiotics, were 
also more likely to lack the CRISPR immune 
system. This all suggests that for some 
resistant bacteria, simply re-introducing 
the genes encoding CRISPR (ironically, via 
CRISPR), might be enough to reduce the 
prevalence of resistance. 

As for using CRISPR to selectively target and 
delete resistance genes, it’s in the works. A 
2015 study used bacteriophages (viruses 
which infect bacteria) to deliver a CRISPR 
system programmed to degrade resistance-
conferring plasmids.12 The CRISPR array 
also targeted the phages that delivered 
it, to prevent unwanted targeting of non-
resistant bacteria, as it’s often the loss of 
these that lets the resistant strains gain an 
initial foothold. This is another example of 
researchers attempting to place self-imposed 
limits on the spread of any CRISPR-based 
technology, and avoid unwanted side-effects. 
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