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Introduction
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Progress in Genome Editing 
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Meganucleases: 1990s

Zinc Finger Nucleases 
(ZFNs): mid-1985

Transcription activator 
like effector nucleases 

(TALENs): 2010s

Prime Editing: 2020

Base Editing: 2016

Clustered regularly 
interspaced short 

palindromic repeats 
(CRISPR): 2013



Huang and Puchta, 2021

Advances in CRISPR 
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An overview of prime editing

Tsang, 2019

Excision by endonuclease

Target site: one edited and one 
unedited strand

A different guide RNA directs the 
prime editor to nick the unedited 

strand

The edited strand is used as 
template to remake the nicked 

strand
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Components of prime editing

Hassan et al., 2020
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Steps in prime editing

Ochoa-Sanchez et al., 2021
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Prime editing generations

Ochoa-Sanchez et al., 2021
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Applications
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Advantages of prime editing

Less constrained by PAM sequence location

More versatile and precise than base editing

Fewer byproducts

Tsang, 2019
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More efficient than HDR



Applications in medicine  

Therapeutics

Ochoa-Sanchez et al., 2021
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Duchenne muscular dystrophy

Sickle cell disease

Tay-Sachs disease

Cancer research

Genome editing for 
parasitic worms

Organoid production
Introduce desired mutations in hepatocytes 

and colon tumor organoids

Tested in human adult stem cells and 
cancer cell lines

Approaches for targeted mutations

Site-specific integration of trans-genes

High-throughput screening for gene functional analysis



Lin et al., 2021
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Microinjection, embryo in-vitro culturing, 
and embryo transfer

Targeted deep sequencing and 
elimination of off target activityGenomic DNA extraction and genotyping

Cell culture and transfection



14Highly efficient installation of a G-deletion(G-del) 
mutation 

Lin et al., 2021



15PE3-mediated efficient base deletion to model a 
cataract disorder in the mouse

Lin et al., 2021



16PE3-induced base deletion is transmitted to the next 
generation

Lin et al., 2021



17Contd..

Lin et al., 2021



Applications in plant biology  

Hassan et al., 2020
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 GAI   ALS2   PDS2

6.7% and 3.4% efficiency of editing 
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Proof of concept
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Lu et al., 2021



21Optimization for improved editing efficiency

0.26%

0.85%

2.6%

Lu et al., 2021
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Lu et al., 2021



Conclusion
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Rezza and Armezzani, 2019

Comparison with other technologies
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DSB-mediated HDR Base Editing Prime Editing

Components •Cas9
•gRNA
•Donor DNA

•Base editor (fusion Cas9 
+ deaminase)
•gRNA

•Prime editor (fusion 
Cas9 + RT)
•pegRNA

Possible modifications •All precise modifications
•Large modifications

•Only transition 
mutations

•All precise modifications

Design constraints •Efficiency decreases with 
distance between PAM 
and mutation
•High efficiency: less than 
15nt

•Efficient for mutations 
15nt from PAM only

•Efficient for mutations 
1nt to more than 30nt 
from PAM

Potential drawbacks •High indel rate
•Genome-wide off 
targets
•On-target 
rearrangements

•Bystander editing
•Genome-wide 
off-targets

•Potential transcriptomic 
dysregulation
•Genome-wide 
off-targets?



Summary

• A promising technology aimed at decreasing the common undesirable effects associated 
with conventional genome editing approaches.

• Currently, progress has been achieved in improving the efficiency of genome editing by the 
PE.

• However, PE also introduces new challenges such as unwanted mutations and the limitation 
of large DNA insertions that conventional CRISPR-Cas9 is capable of.

• Therefore, further research is required to optimize PE tools and maximize its efficiency.
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