
H-SC Journal of Sciences (2019) Vol. VIII Burton 

 

http://sciencejournal.hsc.edu/    
 

The Future of Gene Editing 
 
J. Coleman Burton ‘20 

 
Feature Article, Hampden-Sydney College, Hampden-Sydney, VA 23943

 
The CRISPR-Cas9 System  
The new advancements in genetics have led to a 
cutting-edge discovery of a system that has made 
genomic engineering easier than ever. The system is 
the combination of clustered regularly interspaced 
short palindromic repeats, known as CRISPR, and 
the enzyme Cas9. The CRISPR-Cas9 system has 
made the process of altering and moving genes 
easier, cheaper and faster (2). CRISPR-Cas9 can be 
used across the wide range of biosciences because 
the system can be used to alter plant genomes to 
improve our crops and livestock, or the system can 
edit the genes in a human embryo to prevent the 
expression of genetic diseases before they occur (2). 
This technology in gene editing can lead to the 
advancement of gene therapy too. Gene therapy is 
the process of inserting a "corrected" gene into a 
DNA sequence to change the gene entirely. CRISPR-
Cas9 acts as the way to cut out the unwanted gene 
and advancements in gene therapy will be able to 
replace the unwanted gene with a specific gene to 
better the life expectancy of a recipient. 
 
The History of CRISPR-Cas9 
CRISPRs were first discovered in 1987 as a 
repetitive DNA sequence in the Escherichia coli 
genome while a scientist was researching the genes 
involved in phosphate metabolism (3). The repeated 
sequence patterns were discovered in other bacteria, 
so scientists believed the sequence played a 
significant role in the evolution of bacteria (3). Further 
developments did not arise again until the early 
2000s. In 2005, scientists published a discovery 
about a “sequence similarity between the spacer 
regions of CRISPRs and sequences of 
bacteriophages, archaeology viruses, and plasmids 
finally shed light on the function of CRISPR as an 
immune system” (3). These scientists also found that 
several other genes, involved in coding DNA repair 
proteins, work closely with CRISPR (3). These genes 
were the Cas proteins. Cas9 is the most common 
and most studied multidomain effector protein (3). 
Cas9 is crRNA-dependent endonuclease that is 
made up of two unrelated nuclease domains, RuvC 
and HNH (3). These nuclease domains are 
responsible for cleavage of the nontarget and target 
DNA strands in the crRNA-target DNA complex (3). 
Further genomic analyses suggested that CRISPR 
and the Cas proteins act as an immune system in 
prokaryotic cells to protect the cells from invading 

viruses and plasmids (3). This system is a natural 
defense system for prokaryotes to defend against 
bacteriophages. 
 
How does CRISPR-Cas9 work? 
Guide RNA seeks out a targeted gene sequence 
along the DNA double helix where the gRNA then 
binds to the target sequence through a 
complementary sequence called a PAM sequence. 
The complementary sequence ensures that the guide 
RNA does not bind with other non-targeted genes. 
The Cas9 enzyme then binds to the guide RNA and 
cuts the two strands of DNA at the target sequence 
where the DNA is to be added or removed (10). The 
cell repairs the cut and “effectively silences the 
targeted gene by joining the cleaved DNA back 
together” through a process known as non-
homologous end joining (2). See Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

How will CRISPR-Cas9 help us in the future? 
As research with CRISPR-Cas9 continues, the gene 
editing world as we know it will be changed forever in 
a positive way. CRISPR-Cas9 can lead scientists 
towards curing genetic diseases through going into 
human cells to cut out the infected DNA sequence to 
silence it or insert a new genetic sequence to keep 
the recipient from experiencing the genetic disease. 
In November of 2017, scientists tried to edit a gene 
inside Brian Madeux’s body in a hope to cure his 
Hunter syndrome (5). This attempt is the first time 

Figure 1: The process of CRISPR-
Cas9 (adapted from “Focus on: 

Gene Editing”) 
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scientists have tried to edit a gene inside a human to 
permanently change their DNA (5). Through further 
tests and extensive research, scientists will be 
altering human genomes to save lives and improve 
life expectancy in the not so distant future. 
 
The Agricultural Impacts 
Gene editing will impact the agricultural industry 
quicker than curing human diseases according to 
Jennifer Doudna, a leading researcher in the 
“CRISPR Revolution” (6). Doudna believes that gene 
editing will a have a large impact on agriculture 
because there have already been advances in the 
growing of some vegetables. Gene editing in crops 
can lead to “Accelerated crop growth, resistance to 
pests and inclement weather, and higher nutritional 
benefit” (7). Successful studies have been done with 
cabbage in Sweden that looks like regular cabbage, 
seed development and improvements in harvesting 
tomatoes (6). The Lippman group utilizes CRISPR in 
the modification of the number and branching 
patterns in tomatoes (1) as seen in figure 2. In 2020, 
a new genetically modified corn will hit the market, 
and this new corn variety will change how humans 
design agricultural crops (1). The genetically altered 
corn was modified using CRISPR-Cas9, and the corn 
will serve as a basis of future “CRISPR-aided drugs” 
(1). Scientists think that CRISPR can be used to alter 
all types of fruits, vegetables, and other crops.  
 

 
 
Scientists say, “Using CRISPR to add—or remove—a 
plant trait is faster, more precise, easier, and in most 
cases cheaper than either traditional breeding 
techniques or older genetic engineering methods” (1). 
The agriculture aspect of gene editing looks quite 
promising. As agricultural research improves, it will 
give scientists more of a basis to use in human 
genomes. 
 
What are the risks of gene editing? 
There are still many unknown factors of gene editing, 
however. Many studies have found a variety of 
factors that affect the CRISPR-Cas9 system, “such 

as Cas9 activity, target site selection and sgRNA 
design, delivery methods, off-target effects, and the 
incidence of HDR, [(which effects fidelity)]” (11). 
Once scientists figure out ways to overcome these 
pitfalls, they will be able to use the system more 
efficiently. The insertion of new genes may 
inadvertently affect other genes. This inadvertent 
effect is known as pleiotropy. Pleiotropy is the 
production by a single gene of two or more separate 
effects. In other words, a single gene can affect 
multiple characteristics. Scientists may not know 
every outcome of every gene; for example, the 
scientists may understand how a gene expresses a 
specific disease, but the scientists may not realize 
that the unwanted gene expresses other 
characteristics that a person may not want to get rid 
of permanently. Another risk is that farmers may go 
out of business if crops are genetically engineered, 
and this outcome may negatively affect the economy. 
Gene editing has a lot of ethical considerations 
around the process as well. Is it ethical to be able to 
change a child’s life before they are even born? All 
these factors need to be considered when talking 
about gene editing.  
 
How can gene editing be regulated? 
Since many unknown factors surround the gene 
editing world, scientists and politicians have to be 
100% sure that an experiment involving CRISPR-
Cas9 does not have any flaws. Scientists have to 
establish a set process that has minimal adverse 
outcomes. Politicians may never allow scientists to 
do tests on humans that will help the patient gain 
years on the patient's life because some people may 
view it is as the scientists playing God, so scientists 
will have to be self-policing when conducting 
experiments with the system. Scientists will have to 
jump through many hoops before they can publish 
any works involving gene editing or gene altering 
because it is such a controversial topic. If 
experiments with CRISPR-Cas9 get out of hand, then 
politicians may have to pass laws to regulate the 
system’s use. As research in the field continues, in 
future elections we may see future politicians having 
to address the issue of modifying genes in humans. 
Scientists and politicians will have to establish a 
basis of what is acceptable and what will not be 
appropriate when using CRISPR-Cas9. 
 
REFERENCES 
 

1. Bomgardner, Melody M. “CRISPR: A New 
Toolbox for Better Crops.” c&En, Chemical 
and Engineering News, 12 June 2017, 
cen.acs.org/articles/95/i24/CRISPR-new-
toolbox-better -crops.html. 

 

Figure 2: CRISPR-Cas9 can be used to 
alter the branching style and the number 
of tomatoes from a tomato plant (from 
Zachary Lippman in Bomgardner article).  



H-SC Journal of Sciences (2019) Vol. VIII Burton 

 

http://sciencejournal.hsc.edu/    
 

2. “Focus on: Gene Editing.” The Biologists, 
Royal Society of Biology, 2018, 
www.rsb.org.uk/biologist/158-
biologist/features/1441-focus-on-gene-
editing. 

3. Ishino, Yoshizumi, et al. “History of CRISPR-
Cas from Encounter with a Mysterious 
Repeated Sequence to Genome Editing 
Technology.” Jb-Asm-Org.proxy.hsc.edu, 
American Society for Microbiology, 2018, jb-
asm.org.proxy.hsc.edu/content/200/7/e00580
-17. 

4. Lowder, Levi G., et al. “A CRISPR/Cas9 
Toolbox for Multiplexed Plant Genome 
Editing and Transcriptional Regulation.” Plant 
Physiology, vol. 169, no. 2, 2015, pp. 971–
985. JSTOR,  JSTOR, 
www.jstor.org/stable/24806453.    

5. Marchione, Marilynn. “AP Exclusive: US 
Scientists Try 1st Gene Editing in the 
Body.” AP NEWS, Associated Press, 15 Nov. 
2017, 
apnews.com/4ae98919b52e43d8a8960e0e2
60feb0a. 

6. Norman, Abby. “Berkeley Biologist: ‘CRISPR 
Gene Editing Will Cure Genetic 
Disease.’” Futurism, Futurism, 8 June 2017, 
futurism.com/berkeley-biologist-crispr-gene  -
editing-will-cure-genetic-disease. 

7. Vilvestre, Vilvestre. “Monsanto Just Got the 
First CRISPR License to Modify 
Crops.” Futurism,  Futurism, 26 Sept. 
2016, futurism.com/monsanto-just-got-the-
first-crispr-license-to-modify-crops. 

8. Walsh, Rýan M., and Konrad Hochedlinger. 
“A Variant CRISPR-Cas9 System Adds 
Versatility to Genome Engineering.” 
Proceedings of the National Academy of 
Sciences of the United  States of America, 
vol. 110, no. 39, 2013, pp. 15514–15515. 
JSTOR, www.jstor.org/stable/42713359. 

9. “What Are Genome Editing and CRISPR-
Cas9? - Genetics Home Reference - NIH.” 
U.S. National Library of Medicine, National 
Institutes of Health, 2 Oct. 2018, 
ghr.nlm.nih.gov/primer/genomicresearch/gen
omeediting. 

10. “What Is CRISPR-Cas9?” Facts, The Public 
Engagement Team at the Wellcome Genome 
Campus, 19 Dec. 2016, 
www.yourgenome.org/facts/what-is-crispr-
cas9. 

11. Peng, Rongxue, et al. “Potential Pitfalls of 
CRISPR/Cas9-Mediated Genome Editing.” 
FEBS  Letters, Wiley-Blackwell, 27 Nov. 
2015,febs.onlinelibrary.wiley.com/doi/full/10.1
111/febs.13586. 

 


