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Abstract.  
In October 2020, Prof. Emmanuelle Charpentier (Max Plank, Berlin) and Prof. 
Jenniffer Doudna (University of California, Berkeley) were awarded the Nobel Prize in 
Chemistry “for the development of a method for genome editing”. For many years 
genome editing was a group of technologies that gave scientists the ability to change 
an organism's DNA. CRISPR (Clustered Regularly Interspaced Short Palindromic 
Repeats) is a type of gene-editing technology that lets scientists more rapidly and 
accurately 'cut' and 'paste' genes into DNA. It is based on a targeted DNA-destroying 
defense system originally found in certain prokaryotes. When bacteria detect the 
presence of viral DNA, they produce RNA corresponding to that of the invading virus. 
This RNA then recruits a protein called Cas9 and guides it to the section of the 
genome corresponding to the viral DNA, which the Cas9 protein will then cut and 
remove from the bacterium’s genome. Since Emmanuelle Charpentier and Jenifer 
Doudna discovered the CRISPR-Cas9 (or CRISPR/Cas9) genetic scissors in 2012 
their use has exploded with new and revolutionary tools for biotechnology 
applications. CRISPR-Cas9 contributed to many important discoveries in basic 
research, such as crops that withstand mould, pests and drought. In medicine, 
clinical trials of new cancer therapies are underway, and the dream of being able to 
cure inherited diseases is about to come true. These genetic scissors have taken the 
life sciences into a new epoch and, in many ways, promise to bring the greatest 
benefits to humankind. CRISPR revolutionized the methodology, making the process 
simpler, faster, and efficient by giving scientists genetic scissors to cut or cut-and-
paste genes wherever they want in the genome. CRISPR-Cas9-mediated gene 
editing of proto-oncogenes or tumour-suppressor genes offering a treatment of 
cancer. Also, CRISPR-Cas9 can be used to evaluate genes targeted by 
chemotherapeutic drugs and to identify new pathways to reduce or eliminate 
resistance to chemotherapy. CRISPR-Cas9 methods can change food production 
barriers and ameliorate negative effects of climate warming. Also, could revolutionize 
plant breeding in areas with droughts or poor soil. With CRISPR-Cas9 methods 
researchers can make milk, eggs or peanuts that are safe and do not cause allergies 
to people. Gene editing could improve the production of biofuels by algae. Already, 
companies have created strains of algae to double the production of green biodiesel. 
Scientists exploring various fields of application, for example controling insects and 
other animal species that transmit infectious diseases or that are invasive in a 
particular ecosystem. 
 

mailto:valavanidis@chem.uoa.gr
https://www.sciencealert.com/crispr-gene-editing
https://en.wikipedia.org/wiki/Prokaryote
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Introduction: The Nobel Prize in Chemistry 2020 
 

In 7th October 2020 the Royal Swedish Academy of Science 

announced its decision to award the Nobel Prize in Chemistry 2020 to: 

Emmanuelle Charpentier, Max Planck Unit for the Science of Pathogens, 

Berlin, Germany and to Jennifer A. Doudna, University of California, 

Berkeley, USA “for the development of a method for genome editing”. 

[Emmanuelle Charpentier, born 1968 in Juvisy-sur-Orge, France. Ph.D. 
1995 from Institut Pasteur, Paris, France. Director of the Max Planck Unit for 
the Science of Pathogens, Berlin, Germany. Jennifer A. Doudna, born 1964 
in Washington, D.C, USA. Ph.D. 1989 from Harvard Medical School, Boston, 
USA. Professor at the University of California, Berkeley, USA and 
Investigator, Howard Hughes Medical Institute]. 
 

 

Figure 1. March 14, 2016 file photo American biochemist Jennifer A. Doudna, 
left, and the French microbiologist Emmanuelle Charpentier, right, poses for a 
photo in Frankfurt, Germany. French scientist Emmanuelle Charpentier and 
American Jennifer A. Doudna have won the Nobel Prize 2020 in chemistry for 
developing a method of genome editing likened to ‘molecular scissors’ that 
offer the promise of one day curing genetic diseases. (Alexander Heinl/dpa 
via AP) the Associated Press. 

 Before J. Doudna and E. Charpentier and their co-researchers 

discovered the mechanism of CRISPR-Cas9 (or CRISPR/Cas9) [Clustered 
Regularly Interspaced Short Palindromic Repeats], other scientists had 

reported that some bacteria and archaea (prokaryotes) used the CRISPR-
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Cas9 system to defend themselves against viruses. The CRISPR sequence 

was first discovered in 1987. More than 20 years later, in 2008, microbiologist 

Luciano Marraffini co-authored a generalized paper about CRISPR with Erik 

Sontheimer of Northwestern University, USA, but a patent filed by the two 

scientists was rejected at that time, due to the researchers’ inability to 

conclusively demonstrate any specific applications of their findings. The paper 

in 2008 speculated that crRNA or CRISPR RNA, was involved in facilitating 

that defense through its involvement with the Cas9 protein through a 

mechanism that was unclear. After this discovery many scientist 

experimented with the CRISPR-Cas9 system.1,2,3,4,5,6,7,8 

In 2011, Prof. J. Doudna and Prof. E. Charpentier and their research 

colleagues began experimenting with the bacteria Streptococcus pyogenes to 

understand the mechanisms of the CRISPR-Cas9 system (or CRISPR/Cas9). 

The aim of their experiments was to indentify the molecules and mechanisms 

involved in protecting bacteria from viruses and demonstrating that CRISPR-

Cas9 can be programmed as a gene-editing tool. Their experiment confirmed 

that crRNA (CRISPR RNA) or tracRNA (trans-activating CRISPR RNA) are 

necessary for Cas9 protein to recognize and cut double-stranded DNA from 

viruses. Their research discovered how each molecule functioned in the 

system and experimented to find a novel method of editing DNA by using the 

CRISPR-Cas9 system. Their impressive discovery was published in the 

journal Science (2012). 9 

Doudna and Charpentier reported that Cas9 has two regions that were 

similar to other proteins known to cut genetic material. To test how each 

region impacted the function of Cas9 they made different versions of Cas9 

protein disabling their function. They attempted to cut DNA in a plasmid form 

with tracrRNA, crRNA and the modified Cas9 protein with one region 

disabled. Their research showed that the plasmid was nicked but still in a full 

loop formation, meaning that the Cas9 was only able to cut one of the two 

strands of the DNA. Experiments continued with Cas9 disabled in the other 

region and found that the same results with the first modified region. The 

results suggested that each region of Cas9 cut one strand of the DNA, 

suggesting that a modification in one region caused Cas9 to only cut one 



4 

 

strand of the double stranded DNA. Unmodified Cas9 with no mutations in 

those regions cut both strands of DNA. These results lead the researchers to 

propose that they could engineer the CRISPR-Cas9 system to cut DNA in a 

specific location and modify the DNA sequence in the experimental 

laboratory. Researchers demonstrated that Cas9 protein (enzyme) can be 

programmed to cut DNA at certain sites with a hybrid RNA molecule 

consisting of crRNA and tracrRNA. The next step was to design a hybrid RNA 

molecule that combined the crRNA and tracrRNA and tested it with Cas9 to 

cut DNA, to their surprise the hybrid RNA-Cas9 recognized and cut DNA. 

They engineered 5 different hybrid RNA to cut specific DNA sequence. In all 

cases they found that the cuts were at the correct locations. Programming 

Cas9 with hybrid RNA molecule introduced the possibility of using CRISPR-

Cas9 as a simple method to edit DNA.9,10,11,12 

 

Figure 2. Scientists already knew how to modify the genome, but CRISPR 
made things much simpler, faster, and efficient by giving scientists genetic 
scissors to cut or cut-and-paste genes wherever they want in the genome. It is 
one of the techniques used by bacteria to combat phages, the viruses that try 
to colonize their genomes. When bacteria detect the presence of viral DNA, 
they produce RNA corresponding to that of the invading virus. This RNA then 
recruits a protein called Cas9 and guides it to the section of the genome 
corresponding to the viral DNA, which the Cas9 protein will then cut and 
remove from the bacterium’s genome. 
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Charpentier and Doudna decided to try to simplify the genetic scissors. 

Using their new knowledge about tracr-RNA and CRISPR-RNA, they figured 

out how to fuse the two into a single molecule, which they named guide RNA. 

With this simplified variant of the genetic scissors, they then undertake an 

epoch-making experiment: they investigate whether they can control this 

genetic tool so that it cuts the DNA at a location decided by the researchers. 

By this time, the researchers know that they are close to a major 

breakthrough. They take a gene that is already in a freezer in Doudna’s 

laboratory and select five different places where the gene should be cleaved. 

They then change the CRISPR part of the scissors so that its code matches 

the code where the cuts are to be made. The result was overwhelming. The 

DNA molecules were cleaved in exactly the right places. 

 

Figure 3. The enzyme Cas9 is a DNA endonuclease found in many bacteria. 
Cas9 has two active sites that each cleave one strand of a double-stranded 
DNA molecule. The enzyme is guided to the target DNA by an RNA molecule 
that contains a sequence that matches the sequence to be cleaved, which is 
demarcated by PAM sequences [protospacer adjacent motif (PAM) is a 2–6-
base pair DNA sequence immediately following the DNA sequence targeted 
by the Cas9 nuclease] in the CRISPR bacterial adaptive immune system. 
Several recent papers show that RNA-guided Cas9 systems can be used to 
engineer the genomes of human and mouse cell lines, bacteria and by 
modifying one-cell-stage embryos, zebrafish. [Charpentier E, Doudna JA. 
Rewriting a genome. Nature 495:50-51, 2013].  
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Genetic scissors: CRISPR-Cas9 a tool for rewriting the code 
of life 

Genome editing (also called gene editing) is a group of technologies 

that give scientists the ability to change an organism's DNA. These 

technologies allow genetic material to be added, removed, or altered at 

particular locations in the genome. Several approaches to genome editing 

have been developed.13 

But when CRISPR-Cas9 genome-editing method was discovered 

(short for Clustered Regularly Interspaced Short Palindromic Repeats) 
generated a lot of excitement among scientists because it is faster, cheaper, 

more accurate and efficient than other existing genome editing methods. 

 
Figure 4. CRISPR-Cas9, turning a bacterial defense mechanism into one of 
the most powerful tools in genetics has earned Professors Jennifer Doudna 
and Emmanuelle Charpentier the Nobel Prize in Chemistry in 2020. The 
ability to cut the DNA where you want has revolutionized the life sciences. 
Scientists can now easily edit genomes as desired — something that before 
was hard, or even impossible. 
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The CRISPR-Cas9 system works similarly in the biological laboratory. 

Researchers create a small piece of RNA with a short "guide" sequence that 

attaches (binds) to a specific target sequence of DNA in a genome. The RNA 

also binds to the Cas9 enzyme. As in bacteria, the modified RNA is used to 

recognize the DNA sequence, and the Cas9 enzyme cuts the DNA at the 

targeted location. Although Cas9 is the enzyme that is used most often, other 

enzymes (for example Cpf1) can also be used. Once the DNA is cut, 

researchers use the cell's own DNA repair machinery to add or delete pieces 

of genetic material, or to make changes to the DNA by replacing an existing 

segment with a customized DNA sequence. 

 
Figure 5. Source: Innovative Genomics Institute (USA) a group of US-based 
labs involved in applying CRISPR gene-editing research to solve real-world 
problems: 3D printed model of the Cas9 protein. Cas9 is a 160 kilodalton 
protein which plays a vital role in the immunological defense of certain 
bacteria against DNA viruses and plasmids, and is heavily utilized in genetic 
engineering applications. Its main function is to cut DNA and thereby alter a 
cell's genome.  
 

Genome editing is of great interest in the prevention and treatment of 

human diseases. Currently, most research on genome editing is done to 

understand diseases using cells and animal models. Scientists are still 

working to determine whether this approach is safe and effective for use in 

https://en.wikipedia.org/wiki/Dalton_(unit)
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/DNA_virus
https://en.wikipedia.org/wiki/Plasmid
https://en.wikipedia.org/wiki/DNA
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people. It is being explored in research on a wide variety of diseases, 

including single-gene disorders such as cystic fibrosis, hemophilia, and sickle 

cell disease. It also holds promise for the treatment and prevention of more 

complex diseases, such as cancer, heart disease, mental illness, and human 

immunodeficiency virus (HIV) infection. 

Ethical concerns arise when genome editing, using technologies such 

as CRISPR-Cas9 (or CRISPR/Cas9), is used to alter human genomes. Most 

of the changes introduced with genome editing are limited to somatic cells, 

which are cells other than egg and sperm cells. These changes affect only 

certain tissues and are not passed from one generation to the next. However, 

changes made to genes in egg or sperm cells (germline cells) or in the genes 

of an embryo could be passed to future generations. Germline cell and 

embryo genome editing bring up a number of ethical challenges, including 

whether it would be permissible to use this technology to enhance normal 

human traits (such as height or intelligence). Based on concerns about ethics 

and safety, germline cell and embryo genome editing are currently illegal in 

many countries. 

Further reading of scientific papers on CRISPR-Cas9 
Gupta RM, Musunuru K. Expanding the genetic editing tool kit: ZFNs, 

TALENs, and CRISPR-Cas9. J Clin Invest 124(10):4154-4161, 2014. 

Hsu PD, Lander ES, Zhang F. Development and applications of CRISPR-

Cas9 for genome engineering. Cell 157(6):1262-1278, 2014.  

Wang H, La Russa M, Qi L-S. CRISPR/Cas9 in genome editing and beyond. 

Ann Review of Biochemistry 85:227-264, 2016.  

Ormond KE, Mortlock DP, Scholes DT, et al. Human germline genome 

editing. Am J Hum Genet 3:101(2):167-17, 2017. 

Komor AC, Badran AH, Liu DR. CRISPR-based technologies for the 

manipulation of eukaryotic genomes. Cell  20:169(3):559-, 2017.  

Lander ES. The heroes of CRISPR. Cell 164(1-2):18-28, 2018. 

Chercani-Azari S, Mombeni E G, Birhan M, Yousefi M. CRISPR/Cas9 gene 

editing technology and its application to the coronavirus disease (COVID-19), 

a review. J Life Science & Biomedicine 10(1):1-9, 2020.  

https://medlineplus.gov/genetics/condition/cystic-fibrosis/
https://medlineplus.gov/genetics/condition/hemophilia/
https://medlineplus.gov/genetics/condition/sickle-cell-disease/
https://medlineplus.gov/genetics/condition/sickle-cell-disease/
https://medlineplus.gov/genetics/understanding/mutationsanddisorders/complexdisorders/
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A recent book attempting to illuminate the twists and turns of 
the CRISR-Cas9 discovery  
 
 In October 2020 a timely book was published  Editing Humanity: The 
Crispr Revolution and the New Era of Genome Editing , by  Kevin 
Davies, Pegasus Books, New York, 2020. 

 In 3.11.2020 the book was reviewed in the prestigious scientific weekly 

journal Nature (Nature 587:31-33, 2020, doi: https://doi.org/10.1038/d41586-

020-03071-0  ] under the title  “Timely book tells the CRISPR story so far: A 

gene-editing primer maps the solid ground better than the quagmires” by 

Natalie Kofler. 

  

Figure 6. Editing Humanity: The Crispr Revolution and the New Era of 
Genome Editing , by Kevin Davies, Pegasus Books, New York, 2020 
(published, 6.10.2020). The use of CRISPR/Cas9-gRNA complex for genome 
editing was the American Association for the Advancement of Science's 
choice for breakthrough of the year in 2015. Bioethical concerns have been 
raised about the prospect of using CRISPR for germline editing. The CRISPR 
Technology. The Revolutionary Breakthrough for Genetics and Evolution. (Ed. 
PF Kisak) book (2017) is designed to be a state of the art, superb academic 
reference work and provide an overview of the CRISPR topic. 

 “…… Jennifer Doudna and Emmanuelle Charpentier discovered in 2012 that 

an ancient bacterial immune system could be rejigged to edit the genetic 

sequences of living things. Today, CRISPR technology is used to engineer 

thousands of organisms. In theory, it could cure heritable diseases, increase 

food security and counter the impacts of climate change. Already, infamously, 

twin girls have been born in China with CRISPR-edited genomes. As the 
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founding director of Editing Nature, a platform to support responsible 

decisions about genetic engineering, I’ve watched CRISPR technologies 

expand and transform at dizzying speeds. At times it feels like we are on a 

roller-coaster ride that no one remembers buying a ticket for. And many 

societal questions remain unanswered — such as who should have a voice in 

deciding how CRISPR is used, and who gets to access its benefits….”.  

“…….In Editing Humanity, Kevin Davies attempts to illuminate the twists and 

turns of the CRISPR journey. As executive editor of The CRISPR Journal 
and founding editor of Nature Genetics, he is intimately acquainted with the 

events and the people concerned. The result is both a historical record and a 

map, inviting readers to learn from the past to navigate the present. It is, 

however, only part of the CRISPR story: Davies leaves many thorny ethical 

issues uncharted…:”. 
“:……His is an all-star cast: as well as Doudna and Charpentier, there 

are appearances by bioengineer Feng Zhang and synthetic biologist George 

Church, who were the first to use CRISPR gene editing in eukaryotic cells, 

including those of humans, resulting in an ongoing patent dispute since 2016. 

Davies highlights hundreds of other researchers who helped to enable 

genome editing and its many applications in microorganisms, plants and 

animals. While studying salt-loving archaea in Spain in the 1990s, for 

example, microbiologist Francisco Mojica noticed the unusual genetic repeats 

that are now a telltale sign of an ancient acquired immune system. There 

followed a decade-long journey to understand the role of those repeats, 

leading eventually to the coining of the term CRISPR….” 

“…..Davies weaves in the histories of genetic engineering and gene 

therapies that pre-dated CRISPR, for interest and as a point of caution. In the 

1970s, US physician Stanfield Rogers and haematologist Martin Cline 

administered untested gene therapies for rare inherited diseases: Rogers 

treated girls in Germany, two of whom had a developmental disability, for 

argininaemia, and Kline treated young women with β-thalassaemia in Israel 

and Italy. Both researchers went abroad to sidestep US institutional approval. 

In the past few years, international experts have pushed for more ethical 

oversight of gene editing, and in 2015 they reached a consensus that human 
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sperm, eggs or embryos should not be gene-edited. But in 2018, in front of an 

astonished assembly of scientists, ethicists and journalists in Hong Kong, He 

Jiankui described how his team (which included Chinese and US scientists) 

had CRISPR-gene-edited human embryos in an attempt to provide protection 

against HIV infection. Twin girls, known only by the pseudonyms Lulu and 

Nana, were born with every cell genetically altered, including the reproductive 

cells that could pass the change to future generations…”.  

 

An interview of Prof. Jennifer Doudna in Nature 13/10/2020 on 
CRISPR after the Nobel Prize.  
 

Questions were prepared by the reporter Mullin E (Nature).  

Prof. Jennifer Doudna was fresh off her Nobel Prize win and predicts What’s 

next for CRISPR. Nature 13.10.2020. [https://futurehuman.medium.com/fresh-

off-her-nobel-prize-win-jennifer-doudna-predicts-whats-next-for-crispr-

1fea0225c41d ] 
The CRISPR-Cas9 has been declared as one of the most important 

discoveries of the 21st century, CRISPR is faster, cheaper, and more accurate 

than previous gene-editing systems and has since become ubiquitous in 

laboratories around the world. Scientists can use CRISPR in the future in an 

attempt to treat serious genetic diseases, restore eyesight in people with a 

type of inherited blindness, engineer crops that are more resilient to disease 

and climate change, and eliminate disease-carrying pests like mosquitoes and 

mice. Researchers are already working on newer and improved versions of 

CRISPR that are even more precise. The power to edit genes also opens up 

many ways for CRISPR to be abused. In 2018, Chinese scientist He Jiankui 

was widely condemned after revealing that he used CRISPR to make the 

world’s first known gene-edited babies. He is now serving a prison sentence, 

but the revelation has raised fears that CRISPR could lead to genetically 

enhanced “designer babies.” 

After the Nobel announcement last week, Professor Jennifer Doudna 

gave an interview about what’s next for CRISPR, the field of gene editing, and 

her own scientific work (Reporter Mullin E, Nature 13.19.2020). 

https://futurehuman.medium.com/fresh-off-her-nobel-prize-win-jennifer-doudna-predicts-whats-next-for-crispr-1fea0225c41d
https://futurehuman.medium.com/fresh-off-her-nobel-prize-win-jennifer-doudna-predicts-whats-next-for-crispr-1fea0225c41d
https://futurehuman.medium.com/fresh-off-her-nobel-prize-win-jennifer-doudna-predicts-whats-next-for-crispr-1fea0225c41d
https://onezero.medium.com/how-a-shot-of-crispr-could-restore-sight-to-the-blind-2be74bab44e8
https://elemental.medium.com/the-mouse-cure-48f81e7a3fec


12 

 

Q.   Future Human: First off, congratulations. What an incredible honour. 
How surprised were you to find out that you had won a Nobel prize? 
 
Jennifer Doudna: 
Oh, total shock! I mean really. Coming out of a deep sleep and getting news 
like that — I couldn’t believe it. I said to the reporter who had called me, “I can’t 
talk to you right now. I have to call somebody and find out if this is official.” 
 
Q.   We’re seeing a handful of clinical trials for CRISPR-based treatments 
get underway right now. What diseases do you see CRISPR being most 
promising for in the near future? 
Certainly, diseases that are caused by single genes or genetic mutations. A 
great example, and we’ve already seen early results from one trial, is for sickle 
cell disease. But I think going forward, we’ll see opportunities to use CRISPR 
for other kinds of blood disorders, genetic diseases of the eye, and then, 
maybe in the longer term, cystic fibrosis and muscular dystrophy, which are 
also genetic diseases. 
 
Q.  What do you think is going to be the biggest obstacle to getting these 
treatments to patients? 
It’s probably delivery. One of the reasons why blood disorders have been 
some of the early targets of CRISPR is that the genome editing that’s used to 
correct those mutations can be done in cells that are taken out of a patient. 
The editing is done in the laboratory before reintroducing them versus a 
disease like cystic fibrosis or muscular dystrophy, where the editing would 
actually need to be done inside the body, in the right cells, to have a clinical 
benefit. That’s a hard challenge right now. 
 
Q. Your company, Mammoth Biosciences, is working on a rapid CRISPR-
based test for Covid-19. What role do you think CRISPR diagnostic tests 
will play in the future? 
There are several efforts underway to develop CRISPR diagnostics in 
comparable companies and academic labs. I think we’re going to see 
everything from high-throughput laboratory tests that require robotic equipment 
and experts to point-of-care tests that can be run in a research lab, a doctor’s 
office, or an emergency room. Down the road, we hope to have an at-home 
test that would work like a pregnancy test for Covid. What’s exciting with the 
CRISPR technology is that it’s potentially a faster and more direct way to 
detect the presence of the virus and also relies on a different supply chain than 
what’s necessary for the PCR (polymerase chain reaction) test. 
 
Q.  What’s the status of your company’s Covid-19 test? 
Mammoth Biosciences is planning on rolling out its test to a few partner labs 
for initial beta testing in November. Depending on how those experiments go 
and how those results turn out, we’ll expand to other labs after that. We want 
to see how it compares to the PCR test. 
 
Q. You recently just launched another CRISPR company, Scribe 
Therapeutics. What’s the focus of this new startup? 

https://onezero.medium.com/crispr-eliminated-symptoms-of-genetic-disease-in-two-patients-e2e19897f5f3
https://onezero.medium.com/crispr-eliminated-symptoms-of-genetic-disease-in-two-patients-e2e19897f5f3
https://onezero.medium.com/crispr-eliminated-symptoms-of-genetic-disease-in-two-patients-e2e19897f5f3
https://onezero.medium.com/crispr-could-allow-for-fast-at-home-coronavirus-testing-79772fb0d1f8
https://onezero.medium.com/crispr-could-allow-for-fast-at-home-coronavirus-testing-79772fb0d1f8
https://onezero.medium.com/crispr-could-be-the-future-of-disease-diagnosis-b91c4aa88b41
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This is the thing about CRISPR: There’s so many different ways that it can be 
deployed. For clinical applications, the reason we’re seeing a lot of early efforts 
focused on blood disorders like sickle cell disease and, to some extent, 
diseases of the eye or even the liver is because those tissues are easier to 
introduce gene-editing molecules into. With Scribe Therapeutics, we’re looking 
at opportunities to use CRISPR for neurodegenerative diseases. For those 
disorders, the technology obviously needs to be very robust and very safe. It 
also has to get into brain cells and neural tissue where it can have an impact. 
We want to make sure that the editing tools are the best they can be and then 
figure out the best way to introduce them into the brain. That’s really the focus 
of the company. 
 
Q.. What do you think is going to be the next big CRISPR advance? 
That’s always a hard question. We’ve so much going on in the field. I think one 
interesting possibility is that we’ll see CRISPR being used not to edit genomes, 
or at least not to make permanent changes to genomes, but instead to 
regulate them, to control levels of human proteins that are produced from 
different genes. This is a newer way of using the CRISPR technology. I think it 
has a lot of potential to allow control of cells that doesn’t require actual 
permanent chemical changes being made to the DNA. 
 
Q..After the birth of the CRISPR babies in China in 2018, there’s been a 
lot of talk around the idea of germline or heritable genome editing. Do 
you think that should be off-limits to scientists right now? 
I don’t think it needs to be completely off-limits. I was pretty pleased with the 
recent report that came out from the National Academies and the U.K. 
Royal Society that recommends a kind of a measured approach to developing 
the technology for use in the human germline. They’re encouraging research 
to understand how the technology works in embryos. First, the technology will 
need to be proven safe. Secondly, any clinical use [to establish a pregnancy] 
would need to be restricted to cases of serious genetic disease where there 
are few or no other options to treat the disease. I think those are both pretty 
high bars. Those situations are pretty rare. I personally think there are more 
viable strategies today, like embryo screening and selection in an IVF (in vitro 
fertilization) clinic, rather than using genome editing. 
 
Q..The report you mentioned also calls for “extensive societal dialogue” 
before countries decide to permit the use of heritable human genome 
editing. You’ve talked in the past about public engagement around 
CRISPR. How do we educate and engage the public about CRISPR? 
Yeah, that’s really critical. I think the media has an important role to play in 
terms of large-scale education. Interactive media, like videos and 
documentaries, can also help. The challenge of course is making sure that the 
science is right. 
 
Q.  How do we make sure that the public’s voice is heard in regard to 
how CRISPR is used? 
It’s a really important question. It’s a challenge because, on one hand, I think 
it’s critical to have more public engagement in important decisions like this 

https://www.scribetx.com/
https://onezero.medium.com/the-government-aims-to-use-crispr-to-make-soldiers-radiation-proof-3e18b00c9553
https://onezero.medium.com/a-global-call-to-ban-the-creation-of-gene-edited-babies-90824b6341c2
https://futurehuman.medium.com/the-next-gene-edited-babies-could-be-free-of-sickle-cell-or-muscular-dystrophy-e104bd67e98
https://onezero.medium.com/were-already-designing-babies-3c853def0aa1
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about how technology is used. On the other hand, that requires a level of 
understanding about the technology that the average person might not have or 
maybe doesn’t want to have. So, I think it’s important to have different formats 
and forums for encouraging discussion. We’ve already seen this with CRISPR 
in some way. On the one hand, there are highly technical meetings that 
include discussion of ethical and societal issues from a pretty detailed 
technical standpoint. But there are also increasingly conferences and events 
that don’t get into the weeds of the science per se, but they spend a lot more 
effort thinking through CRISPR’s implications and its different uses. Inviting 
people who are nonspecialists to engage in those meetings has been really 
effective. 
 
Q.. Other than medicine, where else do you think CRISPR could be 
transformative? 
Agriculture is the other area where it’s going to be impactful. We’re already 
seeing a lot of use of CRISPR in making plants that have genetic changes that 
can enable things like better crop yield, resistance to drought, higher levels of 
nutritional value, things like that. I think that’s really exciting, and there’s clearly 
a lot more to be done there. That’s likely to be the area where we’ll see a 
broader impact in the near term. 
 
Q.. Given CRISPR’s potential for misuse, how do you think it should be 
regulated? 
Fortunately, I think there’s quite a good regulatory framework in the United 
States and in most places that have major research operations that can serve 
to regulate the use of CRISPR. That really goes back to the 1970s [at the 
Asilomar Conference on Recombinant DNA], when voluntary guidelines were 
put in place for using some of these early tools of molecular biology, like 
molecular cloning. That being said, as we discussed, there are certain 
applications of CRISPR like in human embryos, where I think there needs to 
be special attention. 
 
Q.  Who are the CRISPR scientists you really admire? 
Many. It’s become a huge field. It used to be tiny, and now it’s vast. One is 
Luciano Marraffini. He’s a scientist at Rockefeller University. He works on the 
fundamentals of CRISPR biology and understanding how it works in bacteria 
as an immune system. Jill Banfield at Berkeley is continuing to do work on 
bacteria that are not cultured in the lab but are growing in various 
environmental niches. She was one of the very early discoverers of CRISPR 
systems and bacteria, and she continues to find a lot of new ones. In plant 
biology, I really like the work of Pamela Ronald at the University of California, 
Davis. She’s doing work primarily in rice, where they are using CRISPR to 
make modifications to the rice genome that I think are going to be really 
important as rice farmers face the challenges of climate change. On the 
biomedical side, I’m really excited about the work of Charles Gersbach at Duke 
University. 
 
 
 

https://www.ncbi.nlm.nih.gov/books/NBK234217/
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Q.. What’s next for you? 
CRISPR is going to keep us busy for a while. There are still a lot of 
fundamental questions about how these pathways operate that I really like to 
try to answer. Jill Banfield is a close collaborator of ours, and she continues to 
supply us with many, many new CRISPR pathways that we’re excited to 
investigate. We’re also really interested in genome editing in natural microbial 
communities. I think there’s a really interesting opportunity to be able to 
manipulate certain microbes. I think those are areas where I’ll be focusing my 
efforts in the near term. 
ICopyright, Nature, first published in 1869 (London), weekly scientific journal 
(impact factor 42,7 in 2019). Nature is considered as the world's leading 
multidisciplinary science journal. Publisher Nature Research (subsidiary of 
Springer Nature) (United Kingdom). Nature is one of the world's most-read 
and most prestigious scientific and academic journals in the world]. 
 
 
Medical applications of CRISPR-Cas9 system 

 

The discovery of CRISPR-Cas9 system generated excitement among 

the scientific community because it is faster, more accurate, and more 

efficient than other existing genome editing methods. The CRISPR-Cas9 

system has many advantages because of its flexibility, simplicity, efficiency 

and precision. Inevitably, the application of CRISPR systems in medicine has 

attracted significant attention and experienced rapid development. Currently, 

CRISPR systems have been used to screen novel drug targets, identify 

pathogenic genes, establish disease research modes, and develop therapies 

against various diseases, including genetic diseases and cancer.14 

In 30 years of therapeutic biotechnology methods have increased 

substantially and with spectacular economical success and thousand of 

innovative and sophisticated advances. In 2015 annual global sales were $85 

and it is projected to reach $140 billion by 2024. But still is very small (just 

15%) compared of anticipated 2024 worldwide pharmaceutical sales of $1.12 

trillion. Ground-shaking science like CRISPR-Cas9 and other biotechnological 

and nanotechnological discoveries, especially that related to human health, 

moves fast, but tangible results take a very long time. 

 

https://www.google.com/search?bih=735&biw=1348&hl=en&sxsrf=ALeKk03Lv5KVMR4yGwXBDqkE-g-xd45yhQ:1603296858032&q=Nature+Research&stick=H4sIAAAAAAAAAONgVuLVT9c3NExKNi3Ms0irWsTK75dYUlqUqhCUWpyaWJScAQDmkIsYIwAAAA&sa=X&ved=2ahUKEwiew8SdisbsAhUj5OAKHQGfBfwQmxMoATAfegQIJhAD
https://www.google.com/search?bih=735&biw=1348&hl=en&sxsrf=ALeKk03Lv5KVMR4yGwXBDqkE-g-xd45yhQ:1603296858032&q=Springer+Nature&stick=H4sIAAAAAAAAAONgVuLVT9c3NEwqKzOtii-LX8TKH1xQlJmXnlqk4JdYUlqUCgDGClVRIwAAAA&sa=X&ved=2ahUKEwiew8SdisbsAhUj5OAKHQGfBfwQmxMoAjAfegQIJhAE
https://www.google.com/search?bih=735&biw=1348&hl=en&sxsrf=ALeKk03Lv5KVMR4yGwXBDqkE-g-xd45yhQ:1603296858032&q=United+Kingdom&stick=H4sIAAAAAAAAAONgVuLQz9U3MC8uTl7Eyheal1mSmqLgnZmXnpKfCwAglyi2HQAAAA&sa=X&ved=2ahUKEwiew8SdisbsAhUj5OAKHQGfBfwQmxMoAzAfegQIJhAF
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Figure 6. In the last 5 years gene editing with CRISPR-Cas9 system received 
press coverage unseen since the early days of innovative biotechnology. 
Ground-shaking science like CRISPR and other biotechnological and 
nanotechnological discoveries, especially that related to human health, are 
advancing at an accelerate rates but their practical applications and 
therapeutic achievements take time to expand with reasonable prices to the 
larger population. CRISPR-Cas9 has become a game changer. 

CRISPR-Cas9 and therapeutic explorations for cancer  
Cancer is characterized by multiple genetic (mutations) and epigenetic 

alterations that drive malignant cell proliferation and confer chemoresistance 

to  anticarcinogenic drugs. The ability to correct or ablate such mutations 

holds immense promise for combating cancer. Inevitably, the high efficiency 

and accuracy of the CRISPR-Cas9 genome editing technique has been 

widely used in cancer therapeutic explorations. Several studies used 

CRISPR-Cas9 to directly target cancer cell genomic DNA in cellular and 

animal cancer models which have shown therapeutic potential in expanding 

anticancer protocols. Moreover, CRISPR-Cas9 can also be employed to 

combat oncogenic infections, explore anticancer drugs, and engineer immune 

cells and oncolytic viruses for cancer immunotherapeutic applications. There 

are many preclinical CRISPR-Cas9-based therapeutic strategies against 

cancer. One of the cancers that has been targeted is the most deadly and 

hard to cure lung cancer.15 

Morbidity and mortality due to lung cancer rank first among malignant 

neoplasms in developed and developing countries. The development of lung 

cancer involves multiple genes and signaling pathways, and treatment of lung 

cancer has been the focus of intense clinical research in the last decade. In 

https://www.sciencedirect.com/topics/medicine-and-dentistry/epigenomics
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/genome-editing
https://www.sciencedirect.com/topics/medicine-and-dentistry/genomic-dna
https://www.sciencedirect.com/topics/medicine-and-dentistry/anticarcinogen
https://www.sciencedirect.com/topics/medicine-and-dentistry/oncolytic-virus
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recent years genome repair of lung cancer cells and silencing the expression 

of specific proteins have become popular approaches to study and treat lung 

cancer. The application of gene editing technologies such as the CRISPR-

Cas9 system has attracted increasing attention, and these have been 

investigated for research and treatment of lung cancer. Research in the last 

decade focused on the identification of target genes, construction of animal 

tumour models, and identification of drug resistance-related genes. Moreover, 

CRISPR/Cas9 can be used in gene therapy for lung cancer, specifically 

involving molecular targeted drugs and inhibitors. A recent review described 

the landscape of CRISPR-Cas9 applications for lung cancer treatment. At 

present there are promising results and future systematic research on the 

application of CRISPR-Cas9 in lung cancer treatment is hoped to have 

successful implementations in clinical practice.16 

CRISPR-Cas9 and therapeutic treats of blood disorders 
The first CRISPR trial in Europe and the USA enrolled its first patient in 

February 2019. The therapeutic aim was to treat beta-thalassemia and 
sickle cell disease (SCD), two blood disorders that affect oxygen transport in 

the blood. The therapy, developed by CRISPR Therapeutics and Vertex 

Pharmaceuticals, consisted in harvesting bone marrow stem cells from the 

patient and using CRISPR technology to make them produce fetal 

hemoglobin, a natural form of the oxygen-carrying protein that binds oxygen 

much better than the adult form. 

Two pharmaceutical companies in Zug, Switzerland and in Cambridge 

and Boston (USA) in February 25, 2019 (GLOBE NEWSWIRE). CRISPR 

Therapeutics (NASDAQ:CRSP) and Vertex Pharmaceuticals Incorporated 

(NASDAQ:VRTX) reviewed recently their progress in the clinical development 

programs for CTX001, an investigational, autologous, CRISPR/Cas9 gene-

edited hematopoietic stem cell therapy being evaluated for patients suffering 

from severe hemoglobinopathies. The first patient has been treated with 

CTX001 in a Phase 1/2 clinical study with transfusion-dependent beta 

thalassemia (TDT), marking the first company-sponsored use of a 

CRISPR/Cas9 therapy in a clinical trial. In parallel, the companies are 

https://www.labiotech.eu/medical/crispr-therapeutics-clinical-trials/
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investigating CTX001 for the treatment of severe sickle cell disease with first 

patient enrolled in a Phase 1/2 clinical study in severe sickle cell disease 
(SCD) in the USA. 

 
 
Figure 7. New treatment options for patients with β-thalassemia and sickle 
cell disease have been developed in the University of California, Berkeley. 
Researchers used CRISPR to fix sickle cell mutations in human cells in the 
laboratory. Both diseases are ideal for fixing with gene editing, since their 
precise cause is known. Mutations in a gene that makes a subunit of 
hemoglobin, the protein that carries oxygen throughout the blood. (Cross R. 
CRISPR is coming to the clinic this year. The first company-sponsored clinical 
trials of the gene editing system will treat genetic blood diseases. C&EN 
96(2): 2.1.2018. https://cen.acs.org/articles/96/i2/CRISPR-coming-clinic-year.html ]. 

 

Researchers reported preliminary results for the first patient in 

November 2019. Before treatment, the patient averaged seven vaso-occlusive 

crises (VOCs) a year. At four months after treatment, patient was free of 

VOCs and had hemoglobin levels of 11.3 g/dL. The estimated completion 

date of the trial is May 2022. CRISPR Therapeutics and Vertex 

Pharmaceuticals have reported that the first two patients to receive an 

experimental gene editing treatment for SCD and beta thalassemia have 

experienced clinical benefit, with treatable, temporary adverse effects 

(January 2020). The trial of CTX001 for SCD will eventually include 45 

patients from the USA, Europe, and Canada, while the beta thalassemia trial 

https://cen.acs.org/articles/96/i2/CRISPR-coming-clinic-year.html
http://ir.crisprtx.com/news-releases/news-release-details/crispr-therapeutics-and-vertex-announce-positive-safety-and
https://sicklecellanemianews.com/vaso-occlusive-crisis/
https://sicklecellanemianews.com/vaso-occlusive-crisis/
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will involve 45 patients in the U.K., Canada, and Germany. Researchers will 

follow up with the patients for 15 years after treatment.17,18,19 

Researchers from the University of California also used CRISPR for 

studies in gene therapy. Using CRISPR-Cas9, they corrected mutations 

associated with the genetic disease, β-thalassemia by creating induced 

pluripotent stem cells (iPSCs) from the β-thalassemia patients. The team used 

CRISPR-Cas9 to correct mutations in the human hemoglobin beta (HBB) in 

patient iPSCs, resulting in gene-corrected iPSCs with restored expression of 

the HBB gene, which can be used for gene therapy.20 
 
CRISPR-Cas9 curing inherited genetic blindness  

Many hereditary forms of blindness are caused by a specific mutation, 

making it easy to instruct CRISPR-Cas9 to target and modify a single gene. In 

addition, the eye is an immunoprivileged part of the body, meaning that the 

immune system’s activity is limited there. There is an  advantage in sight of 

the concerns regarding the possibility that CRISPR could induce immune 

reactions against it, which would block its activity and derive into side effects. 

Researchers at U.S.-based Editas Medicine and Ireland-based 

Allergan have administered CRISPR for the first time to a person with a 

genetic disease. This landmark treatment uses the CRISPR approach to a 

specific mutation in a gene linked to childhood blindness. The mutation affects 

the functioning of the light-sensing compartment of the eye, called the retina, 

and leads to loss of the light-sensing cells. According to the WHO at least 2.2 

billion people in the world have some form of visual impairment 

(approximately 200,000 in USA). But the involvement of CRISPR-Cas9 can 

become a therapeutic intervention for genetic visual sciences research. 

Already there are advances focusing on designing new and improved gene 

therapy approaches to treat inherited forms of blindness.21 

In recent years, breakthrough gene therapy studies paved the way to 

the first ever FDA-approved gene therapy drug, Luxturna TM, for a 

devastating childhood blindness disease, Leber congenital amaurosis.22 

This desease is caused by mutations in a gene that codes for a protein 

called RPE65 participating in chemical reactions that are needed to detect 

https://www.theatlantic.com/science/archive/2018/01/crispr-humans-immune-system/549974/
https://clinicaltrials.gov/ct2/show/NCT03872479
https://clinicaltrials.gov/ct2/show/NCT03872479
https://clinicaltrials.gov/ct2/show/NCT03872479
https://www.who.int/news-room/detail/08-10-2019-who-launches-first-world-report-on-vision
https://www.who.int/news-room/detail/08-10-2019-who-launches-first-world-report-on-vision
https://www.who.int/news-room/detail/08-10-2019-who-launches-first-world-report-on-vision
https://www.fda.gov/news-events/press-announcements/fda-approves-novel-gene-therapy-treat-patients-rare-form-inherited-vision-loss
https://ghr.nlm.nih.gov/condition/leber-congenital-amaurosis
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light leading to blindness. The treatment method developed simultaneously by 

research groups at University of Pennsylvania and at University College 

London and Moorefields Eye Hospital (London, UK) involved inserting a 

healthy copy of the mutated gene directly into the space between the retina 

and the retinal pigmented epithelium, the tissue located behind the retina 

where the chemical reactions takes place. This gene helped the retinal 

pigmented epithelium cell to produce the missing protein that is dysfunctional 

in patients.23,24,25 

CRISPR technology in the fight against AIDS.  
There are several ways CRISPR technology could help us in the fight 

against AIDS. One is using CRISPR to cut the DNA of the HIV virus out of its 

hiding place in the DNA of immune cells. This approach could be used to 

attack the virus in its hidden, inactive form, which is what makes it impossible 

for most therapies to completely get rid of the virus. 
According to the statistics from WHO (http://www.who.int/hiv/en/), 

about 37 million people were living with HIV-AIDS by the end of 2017, with 

about 1.8 million newly infected individuals. Medical experts tried for decades 

a variety of methods preventing or treating the HIV-AIDS infection epidemic. 

Despite the fact that great efforts have been made in the prevention and 

therapy of HIV-1 infection, HIV-1/AIDS remains a major threat to global 

human health. Highly active antiretroviral therapy (HAART) can suppress 

virus replication, but it cannot eradicate latent viral reservoirs in HIV-1/AIDS 

patients. Recently, the CRISPR-Cas9 system has been used in clinical trials 

with the potential to treat HIV-1/AIDS. It can be used to target cellular co-

factors or HIV-1 genome to reduce HIV-1 infection and clear the provirus, as 

well as to induce transcriptional activation of latent virus in latent viral 

reservoirs for elimination. This versatile gene editing technology has been 

successfully applied to HIV-1/AIDS prevention and reduction in human cells 

and animal models. A review in 2019 described the details of the rapid 

progress of CRISPR-Cas9-based HIV-1/AIDS therapy research in recent 

years and the limitations of its application.26 

https://www.nature.com/news/2008/080428/full/news.2008.786.html
https://www.nature.com/news/2008/080428/full/news.2008.786.html
https://www.nature.com/news/2008/080428/full/news.2008.786.html
https://www.genengnews.com/gen-news-highlights/crispr-eradicates-latent-hiv-1-offering-hope-of-functional-cures/81255839/?utm_medium=newsletter&utm_source=gen+news+highlights+of+the+week&utm_content=02&utm_campaign=gen+news+highlights+of+the+week_20180526&ajs_trait_oebid=9675b9130356b7s
http://www.who.int/hiv/en/
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A new study in 2019 (Nature Communications) investigated the ability 

of CRISPR-Cas9 system to help in the removal of HIV DNA from infected 

cells and eliminate the infection for good. The research is a collaboration 

between the NIH-funded laboratory of Howard Gendelman, University of 

Nebraska Medical Center (Omaha, USA) and Kamel Khalili, Temple 

University, Philadelphia. Scientists realized that HIV’s ability to integrate into 

the genomes of its host’s cells meant that the disease couldn’t be thought of 

only as a typical viral infection. It had a genetic component too, suggesting 

that an HIV cure might require a genetic answer.27 

Many years ago the tools to remove HIV DNA from human cells without 

harming the human genome weren’t available. That’s changed in recent years 

with the discovery and subsequent development of gene-editing with 

CRISPR-Cas9. In the last years scientists investigated different methods 

using CRISPR-Cas9 gene editing systems for the treatment of HIV-AIDS. 

Such an approach is hoped to be particularly helpful for people on 

Antiretroviral Therapy (ART) who have persistent HIV DNA in the cells of their 

cerebrospinal fluid. A recent NIH-funded study in Journal of Clinical 

Investigation found that an association between this HIV reservoir and 

neurocognitive difficulties.28 

Although current antiretroviral drugs can efficiently block HIV 

replication and prevent transmission, but do not target the HIV provirus 

residing in cells that constitute the viral reservoir. Because drug therapy 

interruption will cause viral rebound from this reservoir, HIV-infected 

individuals face lifelong treatment. Researchers tried lately novel therapeutic 

strategies that aim to permanently inactivate the proviral DNA, which may 

lead to a cure. Multiple studies showed that CRISPR–Cas9 genome editing 

can be used to attack HIV DNA.29 

CRISPR-Cas9 and cystic fibrosis.  
Cystic fibrosis is a genetic disease that causes severe respiratory 

problems. Although there are treatments available to deal with the symptoms, 

the life expectancy for a person with this disease is only around 40 years. In 

the last years scientists investigated the use of CRISPR-Cas9 technology that 

https://www.labiotech.eu/features/cystic-fibrosis-treatment/
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could help in the therapeutic direction of the origin of the cystic fibrosis 

problem. Researchers experimented with editing the mutations that cause 

cystic fibrosis, which are located in a gene called CFTR.30,31 

CRISPR-Cas9 and muscular dystrophy.  
Duchenne’s Muscular Dystrophy (DMD) is a genetic disorder. It is 

caused by mutations in the DMD gene, which encodes for a protein necessary 

for the contraction of muscles. Children born with this disease suffer 

progressive muscle degeneration, and there is currently no treatment 

available beyond palliative care. Research in mice has shown CRISPR 

technology could be used to fix the multiple genetic mutations behind the 

disease. In 2019 a group of researchers in the USA revealed an innovative 

method that, instead of fixing each mutation individually, used CRISPR to cut 

at 12 strategic ‘mutation hotspots’ covering the majority of the estimated 3,000 

different mutations that cause this muscular disease. A company called 

Exonics Therapeutics was spun out to further develop this approach. 

In 2019, VERTEX (Boston-based) acquired the company Exonics 

Therapeutics (for $245 million).which has developed gene editing therapies to 

treat patients with DMD and other severe genetic neuromuscular diseases 

and brings to Vertex intellectual property, technology, and scientific expertise 

in gene editing therapies for these serious diseases. In multiple small and 

large animal DMD preclinical models, Exonics has used SingleCut CRISPR to 

genetically repair and restore dystrophin, the key protein missing in children 

with DMD. Also, VERTEX will pay CRISPR Therapeutics $175 million to 

expand an existing collaboration. In June 2019, announced that the company 

is enhancing its gene editing capabilities to develop novel therapies for 

Duchenne Muscular Dystrophy (DMD) and Myotonic Dystrophy Type 1 (DM1) 

by expanding its collaboration with CRISPR Therapeutics.32,33 

 
CRISPR and Huntington’s disease  

Huntington’s disease is a neurodegenerative condition with a strong 

genetic component. The disease is caused by an abnormal repetition of a 

certain DNA sequence within the huntingtin gene. The higher the number of 

https://www.sciencedaily.com/releases/2018/02/180206121017.htm
https://www.sciencedaily.com/releases/2018/02/180206121017.htm
https://www.sciencedaily.com/releases/2018/02/180206121017.htm
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copies, the earlier the disease will manifest itself. Treating Huntington’s could 

be tricky, as any off-target effects of CRISPR in the brain could have very 

dangerous consequences.  

In the case of Huntington's disease, CRISPR-Cas9 can be used to 

remove the CAG (cytosine, adenine, and guanine) repeats in the coding 

sequence of the HTT gene, which is known to cause the disease. To date, 

however, various attempts made to use this gene editing system to treat 

disorders have failed to show effectiveness with relevant clinical significance. 

To some extent, this has been due to limitations with systems, such as viral 

vectors, used to deliver and transfer all necessary CRISPR-Cas9 components 

into cells. Researchers at Tufts University and the Chinese Academy of 

Sciences engineered lipid nanoparticles that can be loaded with the Cas9 

enzyme messenger RNA encoding sequence plus an engineered ‘single-

guide’ RNA molecule (sgRNA). To reduce the risk, scientists are looking at 

ways to tweak the gene editing tool to make it safer. The CRISPR-Cas9 

system has been used in experimental animals (mice).34,35 

 
The future of CRISPR-Cas9 technologies in agriculture 
 

The discovery of CRISPR-Cas9 system for genome editing brought 

new prospects among the scientific community dealing with trasformation of 

the agriculture, because it is faster, more accurate, and more efficient than 

other existing genome editing methods. The CRISPR-Cas9 genome 

technique can create new plants that not only produce higher yields, but also 

ones that are more nutritious and more impervious to drought and pests, 

traits that may help food crops endure more extreme weather patterns 

(climatic changes) predicted in the coming years. A great number of research 

and development laboratories in universities and reasearch institutes are at 

work testing the potential of CRISPR-Cas9 technique to solve a range of 

food-related concerns for both consumers and growers. The majority of 

interventions in plants aimed at improved nutritional properties (sorghum, 

wheat, as examples), tolerance or resistance to pathogens and resistance to 

herbicides.36  

https://www.tufts.edu/
http://english.cas.cn/
http://english.cas.cn/
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Applications of CRISPR-Cas9 genome editing in crop improvement 

Genome editing with CRISPR-Cas9 is amendable to edit any gene in 

any plant species. Because of its simplicity, efficiency, low cost, and the 

possibility to target multiple genes, it allows faster genetic modification than 

other techniques. It also can be used to genetically modify plants that were 

previously neglected. The potential that CRISPR-Cas9 represents for crop 

breeding and the development of sustainable agriculture is 

incommensurable.37,38,39,40 

Impressive genetic modifications (genome editing of important genes) 

have been achieved in plants with CRISPR-Cas9 system in scietnific 

investigations in order to enhance metabolic pathways, tolerance to biotic 

(fungal, bacterial or viral pathogens), or abiotic stresses (cold, drought, salt), 

improve nutritional content, increase yield and grain quality, obtain haploid 

seeds, herbicide resistance, and others. There are many studies published 

but here we use an example from reference.41  

For potato crops there is substantial research to improve quality and  

protection from diseases. CRISPR-Cas9 system was used to knockout the 

gene encoding granule-bound starch synthase (GBSS) in one round of 

transfection resulting in the development of potato plants that produce 

amylopectin starch, a highly desirable commercial trait.42 

For example changes in certain genes or introduction of new ones can 

reduced-gluten in wheat (tolerated by people with gluten sensitivities), 

changing certain genes can produce soybeans lower in unhealthy fats, some 

researchers study the intervention of CRISPR-Cas9 method to bolster 

cacao’s ability to fight off a virus that’s devastating the crop in West Africa.43 

CRISPR-Cas9 has been used to edit the genome of rice. The team of 

Ying Wang from Syngenta Biotechnology China designed several CRISPR 

sgRNAs and successfully deleted fragments of the dense and erect panicle1 

(DEP1) gene in the Indica rice line IR58025B.44 

A team of researchers from the Chinese Academy of Agricultural 

Sciences led by Yupeng Cai also used the CRISPR-Cas9 system to induce 

mutations on GmFT2a, an integrator in the photoperiod flowering pathway of 
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soybean.45  CRISPR-Cas9-based target genome editing to improve the 

quality of watermelon, promoter in citrus and early yield in tomato.46,47,48 

 
CRISPR can turn off genes that lead to allergenic foods 

Food allergies affect millions of people (it is estimated at 15 million in 

the USA). Even at trace amounts allergens in food can cause life-threatening 

reactions and are increasing in recent decades for food allergies among 

children. There are 8 foods that account for about 90% of all reactions: milk, 

eggs, peanuts, tree nuts, soy, wheat, fish and shellfish. There are 

experimental treatments but still no cure for food allergies.49,50  

Hypoallergenic wheat and nuts, milk and other food items are in the 

market in the last decades. Scientists are using the CRISPR-Cas9 system to 

turn off the genes that lead to allergenic proteins in foods. For many allergenic 

plants, there are dozens of genes responsible for allergies. Ingestion of gluten 

proteins (gliadins and glutenins) from wheat, barley and rye can cause coeliac 

disease (CD) in genetically predisposed individuals. The only remedy is a 

strict and lifelong gluten-free diet. There is a growing desire for coeliac-safe, 

whole-grain wheat-based products, as consumption of whole-grain foods 

reduces the risk of chronic diseases. However, due to the large number of 

gluten genes and the complexity of the wheat genome, wheat that is coeliac-

safe but retains baking quality cannot be produced by conventional breeding 

alone. CD is triggered by immunogenic epitopes, notably those present in α-, 

γ-, and ω-gliadins. RNA interference (RNAi) silencing has been used to down-

regulate gliadin families. Recently, targeted gene editing using CRISPR-Cas9 

has been applied to gliadins. These methods produce offspring with silenced, 

deleted, and/or edited gliadins, that overall may reduce the exposure of 

patients to CD epitopes. The application of gene editing for the production of 

coeliac-safe wheat is further considered within the context of food production 

and in view of current national and international regulatory frameworks.51,52 

 
 
 

https://www.foodallergy.org/facts-and-stats
https://www.foodallergy.org/facts-and-stats
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CRISPR can double the amount of “green” biodiesel 
produced from phototropic algae  
 

Bioenergy is a promising solution to the world’s energy crisis. Animal 

and plant by-products can be a useful resource for the generation of “green” 

energy. Biofuels can even be generated from organisms such as algae and 

bacteria. However, to produce commercially viable amounts of biofuel is a 

huge challenge. Recent studies showed that CRISPR-Cas9 technology can 

be a remarkable genome editing tool that can revolutionise the production of 

bioenergy. The recent advances in CRISPR indicate that perhaps this 

technology may save the day by offering a solution to the energy crisis in the 

future. CRISPR-Cas9 is emerging as a favourite method which can be 

successfully applied in multicellular organisms and single-celled ones like 

photosynthetic algae, which can be promising sources for the production of 

“green” biofuels using the energy from the sun.53 CRISPR has made it 

possible to produce double the amount of biodiesel from phototropic algae. A 

team of researchers from California (Synthetic Genomics Inc., La Jolla, 

California, USA) have found a way of doubling the lipid production in algae, 

using CRISPR to tweak the genes, increasing the yield of biodisel.54 

Scientists reviewing the CRISPR involvemt in biofuel production, found 

that it is a groundbreaking discovery to engineer the microbial genomes for 

desired traits such as enhancing the biofuel tolerance, inhibitor tolerance and 

thermotolerance as well as modifying the cellulases and hemicelluloses 

enzymes. The review is a summary of different generations of biofuels, 

bioconversion of raw materials into biofuels and role of microbes in biofuel 

production in connection with research on CRISPR/Cas9-mediated genome 

editing in microorganisms and exploitation of these discoveries for enhanced 

biofuel production.55 

 
CRISPR-Cas9 and infectious insects 

In recent years, many researchers have adopted CRISPR/Cas9 

system in laboratory experiments for infectious insect genome modification 

due to its affordability and quick designing of the constructs. Some studies 

https://www.synthego.com/learn/crispr
https://www.nature.com/articles/nbt.3865
https://www.nature.com/articles/nbt.3865
https://www.nature.com/articles/nbt.3865
https://www.nature.com/articles/nbt.3865
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microbial-genome
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cellulase
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hemicellulose
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/biotransformation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microorganism
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with CRISPR-Cas9 in insects will help researchers to find an effective strategy 

to combat the vector borne diseases spread by insects like mosquitoes.56 

CRISPR-Cas9 test for coronavirus infections in 5 minutes 

Recently the COVID-19 pandemic and the need for thousands of tests 

for the recording of the infections has promoted the idea to use the CRISPR 

gene-editing technology to come up with a test that detects the positive or 

negative COVID-19 infections in just 5 minutes. The news for this test 

appeared in 8th of October 2020 in the prestigious journal Science. The 

diagnostic test doesn’t require expensive laboratory equipment to run and 

could potentially be deployed at doctor’s offices, schools, and office buildings. 

CRISPR diagnostics are just one way researchers are trying to speed 

coronavirus testing. The new test is the fastest CRISPR-based diagnostic yet. 

In May 2020, two teams in the USA reported creating CRISPR-based 

coronavirus tests that could detect the virus in about an hour, much faster 

than the 24 hours needed for conventional coronavirus diagnostic tests (with 

the PCR method, polymerase chain reaction).57 

Scientists in the Department of Laboratory Medicine, University of 

California San Francisco, San Francisco, CA, USA and other laboratories 

announced recently (2020) a rapid test based on CRISPR-Ca8. They reported 

in Nature Biotechnology the development of a rapid test (<40 min), easy-to-

implement and accurate CRISPR–Cas12-based lateral flow assay for 

detection of SARS-CoV-2 from respiratory swab RNA extracts. They validated 

the method using contrived reference samples and clinical samples from 

patients in the USA, including 36 patients with COVID-19 infection and 42 

patients with other viral respiratory infections. The CRISPR-based DETECTR 

assay provides a visual and faster alternative to the US Centers for Disease 

Control and Prevention SARS-CoV-2 real-time RT–PCR assay, with 95% 

positive predictive agreement and 100% negative predictive agreement.58 

CRISPR tests work by identifying a sequence of RNA—about 20 RNA 

bases long—that is unique to SARS-CoV-2. They do so by creating a “guide” 

RNA that is unique to SARS-CoV-2. They do so by creating a “guide” RNA 

that is complementary to the target RNA sequence and, thus, will bind to it in 

https://www.sciencemag.org/news/2020/03/standard-coronavirus-test-if-available-works-well-can-new-diagnostics-help-pandemic
https://www.sciencemag.org/news/2020/03/standard-coronavirus-test-if-available-works-well-can-new-diagnostics-help-pandemic
https://www.sciencemag.org/news/2020/03/standard-coronavirus-test-if-available-works-well-can-new-diagnostics-help-pandemic
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solution. When the guide binds to its target, the CRISPR tool’s Cas13 

“scissors” enzyme turns on and cuts apart any nearby single-stranded RNA. 

These cuts release a separately introduced fluorescent particle in the test 

solution. When the sample is then hit with a burst of laser light, the released 

fluorescent particles light up, signaling the presence of the virus. These initial 

CRISPR tests, however, required researchers to first amplify any potential 

viral RNA before running it through the diagnostic to increase their odds of 

spotting a signal. That added complexity, cost, and time, and put a strain on 

scarce chemical reagents. 

In a new preprint (2020), researchers [first author, Medical Scientist 

Training Program, University of California, San Francisco, San Francisco, CA 

94143, USA, Molecular Biophysics and Integrated Bioimaging Division, 

Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA 16 

Department of Chemistry, University of California, Berkeley, Berkeley, CA 

94720, USA and other laboratories in the USA] reported that with a single 

guide RNA, they could detect as few as 100,000 viruses per microliter of 

solution. And if they add a second guide RNA, they can detect as few as 100 

viruses per microliter. That’s still not as good as the conventional coronavirus 

diagnostic setup, which uses expensive lab-based machines to track the virus 

down to one virus per microliter. However, the new setup was able to 

accurately identify a batch of five positive clinical samples with perfect 

accuracy in just 5 minutes per test, whereas the standard test can take 1 day 

or more to return results. The new test has another key advantage, it is 

quantifying a sample’s amount of virus. When standard coronavirus tests 

amplify the virus’ genetic material in order to detect it, this changes the 

amount of genetic material present—and thus wipes out any chance of 

precisely quantifying just how much virus is in the sample. By contrast, Prof. 

Ott’s and Doudna’s team found that the strength of the fluorescent signal was 

proportional to the amount of virus in their sample, providing if it was positive, 

but also how much virus a patient had. That information can help doctors 

tailor treatment decisions to each patient’s condition.59,60 

 

https://www.medrxiv.org/content/10.1101/2020.09.28.20201947v1
https://www.medrxiv.org/content/10.1101/2020.09.28.20201947v1
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Conclusions 
The revolutionary discoveries in the 1970s of the whole genome 

sequencing methods, provided new scientific challenges for specific gene 

functions and personalized medicine for genetic diseases. At present there 

are 3 methods available for targeted genome editing: a. Zinc Finger Nuclease 

(ZFN), b. Transcription-Activator Like Effector Nucleases (TALEN) and c. 

CRISPR-Cas9 [Clustered Regularly Interspaced Short Palindromic Repeats-

CRISPR-Associated 9]. But the CRISPR-Cas9 system is very efficient, fast, 

easy and cheap technique for achieving knock-out gene in the biological cell. 

It provides the targeted genome editing approach into a more competent way 

and double-strand breaks in approximately any biological organism and cell. 

But also, regulation of endogenous gene expression, live-cell labelling of 

chromosomal loci, edition of single-stranded RNA and high-throughput gene 

screening. Scientists hope that the employment of CRISPR-Cas9–based 

genome engineering technologies will increase the understanding to disease 

processes and their therapeutic treatment in the near future. At present 

CRISPR-Cas9 system is a rapidly developing gene-editing tool that has 

revolutionized many areas of research. Due to the advantages of simple 

design, low cost, high efficiency, good repeatability and short-cycle, CRISPR-

Cas9 systems have become the most widely used genome editing technology 

in molecular biology laboratories all around the world. Presently, CRISPR 

technology is used to investigate the genetic mechanisms in almost all areas 

of cancer, from prevention to prognosis and treatment. The CRISPR–Cas 

genome editing have transformed the ability of scientists to manipulate, 

detect, image and annotate specific DNA and RNA sequences in living cells of 

diverse species. The robustness of this method has revolutionized genome 

editing for research ranging from fundamental science to translational 

medicine. In addition to targeting DNA, CRISPR–Cas-based RNA-targeting 

tools are being developed for research, medicine and diagnostics of genetic 

diseases. Also, CRISPR-Cas 9 has the ability to revolutionize the prospects 

dealing with transformation of the agriculture and create new plants with 

higher yields, more nutritious and more impervious to drought and pests. 
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