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Genome Editing Meditated Pepper Improvement
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Understanding of CRISPRs 
& Recent updates
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Elizabeth P. Science 2013

 Evolved bacterial immune system, CRISPR! 

 Developed as genome-editing tools

Bacteria-Bacteriophage Interaction
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What is CRISPR/Cas9?
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Interspaced 
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CRISPR/Cas9, Prokaryotic adaptive immune system
(2007, Function)

CRISPR
associated 
proteins
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CRISPR: Programmable DNA Scissors 
(2012/ Engineering)
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The History of CRISPR systems

modified from Patrick D.H. et al., 2014 Cell 157, 1263-1278

Discovery

Function

Engineering
2016
Development of 

Base Editor
Kormor et al.

2017
Development of 

Adenine 

Base Editor
Gaudelli et al.

Three papers of 

Cas9 edited plants

Arabidopsis/Rice/

Nicotiana 

Applications

2015

DNA-free, 
CRISPR/Cas9-based

lettuce editing
Woo and Kim et al.

2018

Development 

of anti-browning 

mushroom

Yang et al.

De novo 

domestication 

of wild plants

Zsögön et al.

Lemmon et al.

DNA-free, 

CRISPR/Cpf1-

mediated soybean 

editing

Kim et al.
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CRISPR/Cas9 at a target locus

©  Nature Graphics

Guide sequence (20bp)

Guide RNA

CAS9

Target DNA

Protospacer Adjacent Motif (PAM)
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① Non-Homologous End-Joining (NHEJ), error-prone

② Homology-Directed Repair (HDR)

Outcomes of CRISPR/Cas9 

DNA repair :

Premature stop codon

Generate gene knock in a target site 

(double strand break)
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CRISPR/Cas9 applied three model plants
Rice, 

Arabidopsis thaliana,
Nicotiana benthamiana

(2013, Aug)
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WT                          mlo

Barely-Powdery mildew (Blumeria graminis)

Powdery mildew resistant hexaploid bread 
wheat 

Wang et al., NBT (2014 Jul) 



Another CRISPR system; Cpf1 (Cas12a)
(2015, Oct)



Cas9

PAM:NGG

gRNA: crRNA+tracrRNA

DSB type: Blunt Cut

Cpf1

PAM: TT(T)N

gRNA: crRNA

DSB type: Staggered Cut

Two CRISPR Tools

Woo and Kim et al., 2015 Nat. Biotechnol. Kim et al., 2017 Nat. Commun.
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CRISPR-mediated Precise Plant Gene Editing
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Several genome-edited(GE) products with the support of
USDA having “Am I regulate?” > The Sustainable, Ecological,
Consistent, Uniform, Responsible, Efficient (SECURE) rule

Waltz E. Nature Biotechnology 2018
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Base editors 
via engineered Cas9 proteins

Kevin P. GEN 2019

Komor A. et al
Nature (2016. Apr)

Gaudelli N.M. et al
Nature (2017. Oct)
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Base editor applied three model plants
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Prime editor (2019, 10)
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Prime editor applied cereal plants

(2020 Mar. 16)

Plant Prime Editing (PPE)
PPE2, PPE3, PPE3b 
BFP  GFP

(2020 Mar. 25)

PE3 + polycistronic tRNA
Inactive Hyg  active

(2020 Mar. 28)

Prime Editor-Plant 
version (PE-P1, PE-P2)
PE3
OsALS, OsACC, 
OsDEP1



(2020 May. 10)(2020 Apr. 27)(2020 Apr. 8)

Prime editor applied cereal plants

PE2/ PE3
Inactive GFP  active 
OsALS

PE2/ PE3
OsALS, OsTB1, OsIPA

PE2 > PE3
Inactive Hyg  active 
Rice

Prime editing is achievable in the tetraploid potato, but needs improvement
Prime editing efficiently generates … in two ALS genes of maize 



CRISPR-based gene editing in crops
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Gene Editing Plants without DNA
Woo J. and Kim E. et al., Nat. Biotechnol. 2015

T1 plantlets

 Developed a method to edit the genome of plants without the introduction of 
foreign DNA (A DNA free, Cas9 RNP method)

Cas9 RNP
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A Simple and Versatile Binary Vector, pH(B)AtC

Kim H and Kim ST et al., JIPB 2016 www.addgene.org /78097 or 78098 
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http://www.addgene.org/78097


Kim H. et al., Nat. Commun.  2017

CRISPR-Cpf1 mediated DNA-free 
Soybean editing

9 crRNAs of two FAD2 genes

 Improved the DNA-free method to edit the genome of soybean with chemically 
synthesized crRNAs
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Early-flowering Chinese cabbage 
via CRIRSP-Cas9 mediated editing

Jung S.Y. et al., Plant Biotechnol Rep 2019 

 Understood the role of BraFLC2 and BraFLC3 in flowering without vernalization

Arabidopsis  FLC orthologs in B. rapa
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CRISPR-Cas9 mediated Petunia 
editing for enhanced flower longevity

Xu J. et al., Plant Biotechnol. J 2020 

 Understood the role of PhACO1 in ethylene production and applied the CRISPR-
Cas9 tool for the improvement of floricultural quality

PhACO1
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CRISPR based precise gene 
editing in pepper
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Capsicum (bell and hot peppers)

 The most economically important vegetable crop in the world, especially Asian 

countries

 A member of the Solanaceae family that include tobacco, tomato, and petunia

 Whole Genome sequence were released since 2014

Genome Size: about 3.5 Gb,

Capsicum annuum ‘CM334’ (Nat. Genet., 2014), ‘Zunla-1’ (PNAS, 2014)

 Strong research background in Korea 

Reference Genome Sequence     

Molecular markers for major traits,

High density genetic maps
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Kim H. et al., 2019 Plant Signal. Behav.

Pepper leaf-induced callus formation
in hot pepper CM334 and bell pepper Dempsey
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Schematic overview of CRISPR-mediated 
genome editing in pepper protoplasts.

Kim H. et al., 2020 BMC Plant Biology



CM334-callus-protoplasts as a screening 
system for CRISPR RNPs
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Kim H. et al., 2020 BMC Plant Biology

CRISPR/Cas9



Dempsey-leaf-protoplasts as a screening 
system for CRISPR RNPs
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Kim H. et al., 2020 BMC Plant Biology

CRISPR/Cas9



Kim H. et al., 2020 BMC Plant Biology

Development of callus-protoplasts screening 
systems for CRISPR-RNPs in peppers

CRISPR/Cpf1



A Reliable Regeneration Method in 
Genome-Editable Bell Pepper ‘‘Dempsey‘’
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Won and Park et al., 2021 Horticulturae



Comparison of callus induction ratios 
among the tested Agrobacteria-mediated 

transformation in two peppers

Park et al., 2021 Int. J. Mol. Sci.



Suitable Phosphinothricin (PPT) concentration 
for screening transformants in two peppers

Park et al., 2021 Int. J. Mol. Sci.



PCR analyses of PPT‐selected transformed calli 
of two pepper cultivars 

Park et al., 2021 Int. J. Mol. Sci.



Park et al., 2021 Int. J. Mol. Sci.

Comparison of indel frequencies and patterns 
of selected pepper calli



SUMMARY

CRISPR systems 

> Prokaryotic adaptive immunity system

> various genome engineering tools  

> Improvement of soybean oil quality

> Prolonged Petunia flower 

> Early-flowering Cabbage 

> Development of callus-protoplasts screening systems for 

CRISPR-RNPs in peppers

> A Reliable Regeneration Method in Genome-Editable Bell 

Pepper ‘‘Dempsey‘’

> Agrobacterium-mediated Capsicum annuum gene editing in 
two cultivars
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Thank you for your 
attention!

Hyeran Kim (ranny@kangwon.ac.kr)
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