Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2021;40(3):179-185. Korean

Published online 2021 September 25. https://doi.org/10.5338/KJEA.2021.40.3.21

Online ISSN: 2233-4173
Print ISSN: 1225-3537

Research Article

S XX QXXl Pectate lyase?} Phytoene Synthase ©ZEE

CRISPR-Cas9 sgRNAZ2| SXix} ™ %!

WIS M, YAS
SELE

—_— O

|s= =X

- O

Evaluation of sgRNAs Targeting Pectate Lyase and Phytoene Synthase for Delaying

Tomato Fruit Ripening

Hyosun Park, So Hee Yang, Euyeon Kim and Yeonjong Koo (Department of Agricultural Chemistry, Chonnam

National University, Gwangju 61186, Korea)

Received: 31 August 2021/ Revised: 17 September 2021/ Accepted: 18 September 2021
Copyright (© 2021 The Korean Society of Environmental Agriculture
This is an Open-Access article distributed under the terms of the Creative Commons Attribution

ORCID

Yeonjong Koo
https://orcid,org/0000—0002-0147-1758

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is

properly cited.

Abstract

BACKGROUND: Tomato genome editing using CRISPR-Cas9
is being actively conducted in recent days, and lots of plant
researches have been aiming to develop high valued crops by
editing target genes without inserting foreign genes. Many
researchers have been involved in the manipulation of the crop
ripening process because fruit ripening is an important fruit
phenotype for increasing fruit shelf life, taste, and texture of
crops. This paper intends to evaluate target sgRNA to edit the
two ripening-related genes encoding pectate lyase (PL) and
phytoene synthase (Psy) with the CRISPR-Cas9 system.

METHODS AND RESULTS: The CRISPR-Cas9 expression
vector was cloned to target the PL (Solyc03g111690), Psyl
(Solyc03g031860), and Psy2 (Solyc02g081330) genes, which
are the ripening genes of tomatoes. Tomatoes injected with
Agrobacterium containing the CRISPR-Cas9 expression vector
were further cultured for 5 days and used to check gene editing
efficiency. As a result of the target gene sequence analysis by the
next generation sequencing method, gene editing efficiency was
calculated, and the efficient target location was selected for the
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PL and Psy genes.

CONCLUSION: Therefore, this study was aimed to establish
target sgRNA data that could have higher efficiency of the
CRISPR-Cas9 system to obtain the delayed ripening phenotype
of tomato. The developed method and sgRNA information is
expected to be utilized in the development of various crops to
manage its ripening processes.
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4 pectate lyase (PL) 52 A4S 53l 55 fushe
HAYZF] 2 dA AvH2] #Y F59 f474 9 2
A 7NZxe b Rrh B AEe x93, slo|=5A
2 Z(OH) ] F&FE EFst Fue adlo] ofsf A€t
[3,45]. Er}ES] Hulli= TR HLA0R ofy FH7}
Atk olglgh Aze) IS gaidlel oal AYE=d 2la
#H A 3 A= A& 15-cis-isomers A5k $Ist
geranylgeranyl diphosphate + #7t9] §-Folt}l. o]t
WS sb7] flsliAl= &A1 phytoene synthase (Psy)ell <]

3 Zuleicke].

Ase] AP F44 75 24 9 A= S fst T2
gt &7 F shelrh. # CRISPR-Cas9 AlARIE &8k
A A w7 WHS zinc-finger nucleases (ZFNs),
transcription activator-like nucleases (TALENSs) 7} 72

& A w7 R A 8, g 2 JIEAIRE
ox Q3 AEst A Ay EgEA ZPgEa gtk
CRISPR-Cas9 AIAEE- & 37K f3(1, T 9 o= &
F7F 9ok I F B e 9 Cas9 WS ARg3l 24
DNA/RNA?| £8& fFEAA A4 B39t CRISPR
RNA (arRNA)E= 45% oRNAE #4317] 918l small
trans-activating CRISPR RNA (trancrRNA)Z 2/ 5}A|
71tk A48k arRNA Cas9st Adtete] 7164 S3AE
A3k % H3HAE RNA/DNA 7] Flofae] s
5-NGG-3' ¥ Protospacer-adjacent motif (PAM) <ol
A A HES 9125k Cas9 T A %4 DNAE 2}
itk 99 aRNAS B9 34 71| RNA (sgRNA)
2 giAE 4 qleh wEbA sgRNA 2 Cas9 whijds 53
sty gEAo® Ax s & 5 ATH7L

A F7HA] EnpEe]A CRISPR-Cas9 A ~8e] o8 $2=
H AR Al F5d JTFE FE e vy
SICHS8]. BHAITE FH ATelM $5 2d f3210] A=
aEHoR FEYs sk wWe] ZEo] AUE
Utk EvkE 3 Fsapdela] PL 28 HR 2 aik
HF27pe] olgto] H CRISPR-Cas9 "7l ¥2 Zdwo] A
2o 2 vksA| 1 9lon, EAJo| CRISPR-Cas9S 43 PL
TR FAS A EvtE Ao E 7Y HAo] dA3] &=

2

Az A o] X3 Qlrk H=gh, CRISPR-Cas9 Al
S Psyl 7731212 EIRio] Ao Enfee] Mzhs 24
sh=dl a8 UdS S o) A7E ATHIl.
CRISPR-Cas9 A|A~HIS] 582 sgRNATZ, %% GC
s ¥24 Fo A7 12 5o QA4AEd 9 TEM
st WsHd Fell sl miws] JaFs w=tH10]. kAL o]
2l Q450 TS W= olfel dEiME TAACE o
24 A Gtk TFelE ekl o] AAEE o] g8hs o]
H CRISPR-Cas92] AlAElo] A% &3 uhy tju] Ysh=
TR gk ol EanoAE stk A3 97
o] Ay s F3 HF BAHoIAE AR EARolA]
o} Fdsthe Holth 2 Ao EnfEl 3455
3}7] 98] CRISPR-Cas9 Al~Ele] 2438k 4= Ql= =&

A &8°] sgRNAE Agrobacteriums: ©]4-5 9] transient
WS Sl Addsto] vk A8 ErfEel] 283 o 3l
= AEE Awstaat &sich

Mz ¥ U

EOtE xibf =24

LI IR23, 5, teWI=)E ErPE(S Iycopersicum
cv. Micro-Tom) FAF9] Wol= 918 ARE-sI3lt). wjek =11
o7 Hoj EvlE Fah= 4°CoA 547 ALAgE AR
T 25°Cof|A] 12 hr/12 hr F5F7] 2 vk

sgRNA MY 4l Vector construction

EWEE pectate lyase (L), phytoene synthase (Psy) 4
Ak2] 241 coding sequence (CDS):= Sol Genomics Network
database°l] 9310 ofF FAAFE H4 0% SK= single guide
RNA (sgRNA)+= CRISPR-P v2.0 (http://crispr.hzau.edu.cn)
ol Adaich AwE sgRNA 292 913 20 merd
AHAQ) DNAS2 3= rhazA(de =)ol <j=js) #12
o} AAE 4R A E2)11F annealingst’] 18 2k 100
pmole®] &85 F 25 pL EFollA 95°C 104 4] $-10
ol 2°CH 37°C7H] £5EF %3 double strand sgRNAE
TF=9tk Double strand sgRNA= A|gtaA EgpBl 0= AR
pYPQI41A "lE|(Addgene plasmid ID 69290)°] cloning 3!
TH11]. ©]% pYPQI141A HEjel] sgRNAZF Q1S 2Rls)
1 Cas9°] X3 pYPQI154 #E|, 12|31 pMDC32 HE|9}
7] LR clonase (11791019, Thermo Scientific Inc. USA)E
ol gell AT etk Axgol dld W= Agrobacterium
tumefaciens GV3101¢] electroporation ** 0% A%

=
P

Transient assay

P8 ¥ Agrobacteriune 28°CelA] 5 mL Luria-
Bertani broth (LB broth)®i#]of] 16 h-zel ZFujjoks zsis}
%43L 5 mL LB brothell Althill % 5 Agoonm 1 0.97F ¥
= W HEdoR AR $ME Agrobacterium VT
< 1 mLE F3l 6,000 rpmellA 127 A4lite shar, Hd
5 v]g F#H)E 95A(1/2 MS medium, 1% sucrose, 1
UM IAA, 10 uM zeatin, 200 uM acetosyringone)l Al
e itk o] 5 28°CellA g AJFkst skl siSich
¥ Agrobacterium FENL- 1 mL Plo|ARFA |9
2& olgstel o 129 ¥ ErkE "o 50 uLE FUHch

e EnhEe] Wl 59 § CRISPR-Cas9 Ak w7

o
1o

Jo N

lo]] ARG AT

CRISPR-Cas9 RFX ¥ &8 &i¢!
CRISPR-Cas9 47+ 17 %)
dl 5U7F ik EntE wWols st dqAAAE
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FAAY, s4Y WS Edwards et al. (2013)°) 7%
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FEENE o]g3 ErHE genomic DNAE FZE3I3itt
[12]. s4%¥ % TissueLyser II (QIAGEN)®lIA] 21 rpm
OF 1%7+ g 5 Edwards buffer [0.5% SDS, 200
mM Tris-HCl (pH 7.5), 250 mM NaCl, 25 mM EDTA
(pH 8.0)]¢ll =¥l 95 dEstal SDSE 1%7F He% ket
T 65°CollA 5%4F HES-3ltE ©]$- 1 M potassium acetate
ZAollM T} AlEabEEs skl 13,000 rpmellA
At $ A& e 300 mM NaOAc, 50% isopropyl
alcohol Z7°|4 genomic DNAE FAAIZh A€
genomic DNAE 70% olleb&el gt & AxA|A 3xF &
Frol genomic DNAE =0 &5 ¢53k1l ©]5 PCR
REg-ol| o]t

9% genomic DNAAE= 3k 444S] 4] Target
H91E 2] 0.5-1kb A71% SHA7]E 12k PCRe 213
Ak SHEI 12 PCR Ak 100 3]43to] Ax7-915
FFEH= 150-200 bp ARIE 24+ S50k #F 34 PCR
< Index primerg AHE3to] S5 ¥ Next Generation
Sequencing (NGS) "HOo2 A7ALE FA8IGITH o]

¥

LFNAE, F=). wA4H 917149 gE= CRISPR RGEN
Tools (http:/ /www.rgenome.net)®] Cas-analyzers &
df wd G7IAE 9wy 5ES ERlsISick AHE-E primer
o] AR Table 1l 7]A1sH3Ich

SAHXZ| L
sgRNA & 4L AR 4 63] A5 0% A}
slo] S Aok e 1 g 0w etk

CRISPR-Cas9 &red MIE|S F1d5t7| flgt target guide
RNA At

Aol EnlES] $4 537R1 pectate lyase (PL),
phytoene synthase (Psy) F+d2H=2] locus name> 77}
Solyc03g111690, Solyc03g031860, 2] Solyc02g081330
otk PL 4312k 79 Solyc03g111690 F4AE ©]8-3}
o 7 7} target guide RNA $1%]E CRISPR-P v2.0 &

Table 1. List of primers used for amplifying sgRNA target region

Target gene Primer Sequence
it o Forward  AAGGAGTTCATTCGTATTAAAATA
T
st prime Reverse  ATGCTATGGTGCGGAGCAGTCCAT
ACACTCTTTCCCTACACGACGCTCTICCGATCTCCGGAAATCCAATC
SIPL-1 Forward
o o GACGATTGTT
i primer & GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAGCGTACACATAG
CVEISE  CGGGTGGTCCG
ot o Forward  TATGCTATTGGTGGAAGTIGCTGAT
St primet Reverse ~ ACAACCCTAAACTTCTTGTCCCTT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTATGTAGGTTACAAA
SIPL-2 Forward
o o GCACGAGGAT
Jetegl
fic primer R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGCAACGAGAACCC
CVEIS€  TTTTTACAGTT
it o Forward  ACTTGAGGTCACTATAGGAGCTCA
St primer Reverse ~ CATATGTGTTTGTGCGCGTAACTG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTTTCTIGCTCAGAATG
Psy 1-1 Forward
o TCTGTTGCC
fé primer R GTGACTGGAGTTCAGACGTGTGCTCTTICCGATCTCGTTCTCCAGATG
CVEISE  GAGTAGCCAAA
it o Forward  ACTTGAGGTCACTATAGGAGCTCA
T
st prime Reverse ~ CATATGTGTTTGTGCGCGTAACTG
ACACTCTTTCCCTACACGACGCTCTTICCGATCTCAAGTTTCATGGAAT
Psy 1-2 Forward
o o CAGTCCGGG
e GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTATTCCCCGGAATA
CVEISE  GGTATATCCGG
ot o Forward  GGGGTGAGTTGAGTAATTGGCTTT
St primet Reverse ~ TGCATACTCTGCACATACTTCGCC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGGGTATCTACTAGG
Psy 2 Forward
o o CTGAGGTGA
T
fic primer Reverse  CTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTCCTCCTTTCCACA

TCGAATTCCT




182

Park et al.

a3s Faste] A4sISitHFig. 1a). A¥E guide RNAE
GCEES 65%, 45%= 7L 3 om FHA exon}t A
exonll $IXE3ITE FARBHA Psye] 7% Solyc03g031860,
Solyc02¢081330 F 714§kl Thsl sgRNAZS T]xkal
3}, Solyc03g0318602] 749~ -+ 7HA| target guide
RNAE #3sl9lar 717k9) sgRNAS] GCEH- 40%, 50%
o|m T 7}4| target guide RNA E5F WA exonel 914
3}SITHFig. 1b). Solyc02g081330< EMICRE sh= gt 714
target guide RNAT 50%2 GC¥HS 7Hm AHA
exon?| PIXE ZAOE FI3ITHFig. 1c).

CRISPR—Cas9 &dd HIE|{Qt Target guide RNA E2'd

W ATelM s BErkES] $4 {-ARID PL, Psy A=
EPICRE 3= CRISPR-Cas9 A4l 23S 98] Fig.
28} 22 FAA I E S AAsigitH11]. CRISPR-Cas9
S 98 A58 destination W EE pMDC32E AHE-
3Folth. pMDC32 ¥E{i= 24HE 355 2 RE|o] o] Cas9
o] Wy, AtU6 ZZHEe| 2519 guide RNA7Z} 2l
24 HtHFig. 2).

sgRNAS| =¥ RMXt HME 58 &3

7} sgRNAS] 53t 6028 85 58 574> Agrobacterium
& ErtE Holo] 81510 transient S AAJE 45}
otk 7} sgRNAS] ¥4 F915 ¥sh= Zejo|H s o] g5}
o Hi A4S $E5k, 559 TS Next Generation
Sequencing (NGS)'¥* .2 43130tk Hoh Fekdh 45
Slste] 64 oo wHE ArE FsIGivh. A% SIPL-2
sgRNAS] 79 0.01~0.02%° &S HolFgor o
NGS o] 2% 7Fedl oF 0.1% Hut Y2, sgRNAZ]
WY aE= fFroshA o2 e vehlh i SIPL-19] 7
9 0.1~1.29%2] PL 44 17 &&°] UeRsith sgRNAS]
B w8 BEs vehle AR EEIHQDE AA
WA 25%, TS Ak 50%, 3AREAITHQB)E
AM3ke 75%= vReERdITE wbA] o] A7HA] EA43kE FEl v
o171 ARk AA| Agke] Ahto] AlZkshe Tlofrk Avs
Ko} SIPL-12 Q1-Q37H4 9] ARSI WS ol 1.29%
o] BolHg 7L AN SIPL-2¢] Hlwsle] gHsolzl A}
o] Bk sgRNA Y 80| 55 ¢ <+ Sivh (Fig 3a).
T 7 A &gl 2lo)7} e ol SIPL-1°] SIPL-2

P i = 4
WT ACGACAATGCCGTCACTCCGAAGCCGGGGAC ... TAGCCAATCTTGTGTCTAGTTCTGGTGC
SIPL-1 SIPL-2 PAM
Psy 1
! T e o T ) 7_ R
WT TGGGACRAGTTTCATGGAATCAGTCCGGGA .. TCTGGAGAACGGACGATGACATCGGTGC
Psy1-1 PAM Psy1-2 PAM
Psy 2 e L‘\:”_ ‘— B — _— ——
\\\\ = - —
WT GTTGTGGGTTGTITTCTCCGAATTCCGAGGTCTCATACGGGACAGGATTCTTGGATTCAGTCCG

Psy2 PAM

Fig. 1. Sequence and target location of sgRNAs to edit ripening genes. The gene structure of tomato PL gene and the
target location of sgRNAs SIPL-1, and SIPL-2 (A), the gene structure of Psyl gene and the target location of sgRNAs
Psyl-1 and Psyl-2 (B), and the gene structure of Psy2 gene and the target location of sgRNA Psy 2.

sgRNA: ATGCCGTCACTCCGAAGCCG

By Cas9

— AtU6p | ﬁcaffold|— Tnos | Hyg'

Fig. 2. Schematic description of CRISPR—Cas9 vector construction for editing Tomato target genes. The representative

sgRINA sequence for editing PL gene is indicated.
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B} & GC oS 7AaL $1om[13] CRISPR-Cas9 3t
A7k ‘IT;dx]"é‘ wsk=l olo] 2 He 4= Qe target $1A
Q& AAlgitE webx] SIPL 3Rl gk 7 714 sgRNA,
SIPL-17} SIPL-29] & #32F w4 &89 A= dapa oz
sgRNA 7|2 52 GC el &g 2 o= o5 SIPL-13%}
SIPL-2 target 1217} B8] Wrke Ae 12{3le o SIPL-2
1A Wb Cas9 A|2Hlo] Htap] off 9] w2
uehd & lths aiAS wiAE 4= gl

Psy«l ARk Psy 1-1, Psy 1-2, Psy 2 717} 0.01~0.1%,
0.01~0.16%, 0.01~0.15%%] &8-S BTk A9 2]
789 Al 7HA] sgRNA B HI5=8h Sk Batghs 5ol
FARE SIPL-1°1 Blaf vlw] v | g8o] ettt
(Fig. 3b). Psyl, Psy2ellXl AI71A] target sgRNA R B
5o Ak UehdS & IO NGS 419 @54k)
0.1%°) ZHshs &85 Uehfo] 7 7 Peyrs #40%
&= sgRNA 5 CRISPR-Cas9E ©]4-3+ 714 A4
Ao ok FAAYE & 5tk o)A el gahd

nHEES

Psy19] 735 EAHo] Wggo] wgkom soRNATIARQ] B
© T g gste] v EdAmo] BAEo] BRItk
A
141 HSIPL1 HSIPL2
1.2
-~ 1 25|% a3
£ — Q2
2 081 25% Q1
2 |
g 06
=
w
04
021
0_
B

e
w
)

HPsy 1-1 [ Psy 1-2 HPsy 2

Efficiency (%)
o o
i e o
(%3} N (%3]

o
[y

0.05 - i

0

Fig. 3. Box plot showing distribution of mean sgRNA
efficiencies. (A) The editing efficiency of sgRNAs SIPL-1,
and SIPL-2. (B) The editing efficiency of sgRNA Psyl-1,
Psy 1-2, and Psy 2. The box lines indicate Q1 (25%), Q2
(median, 50%), and Q3 (75%), respectively as shown in
(A) inset. The mean values are indicated in x mark inside
the box. The upper and lower whiskers indicate the
maximum and minimum values, respectively, obtained
in each experiment.

TAR7E ATH14]. &
A3z wo] r.

CRISPR RGEN Tools< &3l A€ ¥t 2k A5 4
e MY vaE S 8ISt Fig. 4). A= ®eks
o tiAF o 12 FAMe] PAM A22] 3-4 bp upstream
oM sh= o HAFHSITHFig. 4a, 4b). ¥EE =
Holo] 2L g )2 CRISPR-Cas9 A4S o7
of T EdNe] dElo® FAE A7) A 9 AHA

(In/Del)E 2&-3}3TtH15,16].

A

r(‘;::‘z Targent sequence #Read Effc.
ATGCCGTCACTCCGAAGCCG 158502
ATGCCGTCACTCCGAA-CCG 2033
ATGCCGTCACTCCGAA-CCG 15
ATGCCGTCACTCCGAAGCC— 6 1.29%
ATGCCGTCACTCCGAAGCCG 62101
ATGCCGTCACTCCGAA-CCG 131
ATGCCGTCACTCCGA--CCG 108
ATGCCGTCACTCCGAAGCC— 18

SIPL 1 ATGCCGTCACTCCG-AGCCG 2
ATG-CGTCACTCCGAAGCCG 3 0.42%
ATGCCGTCACTCCGAAGCCG 106395
ATGCCGTCACTCCGAA-CCG 235
ATGCCGTCA———————- CCG 18
ATGCCGTCACTCCGAAG-CG 5
ATGCCGTCACTCCGAA-CCG 3
ATGCCGTCACTCCGAAGCC— 2
ATGCCGTCACTCCG-AGCCG 2
ATGCCGTCACTCC-AAGCCG 2 0.25%

& S Targent sequence #Read Effc.

name

TGGAGAACGGACGATGACAT 96814
TGGAGAACGGACGAT——CAT 34
TGGAGAACGGAC————— CAT 31
TGGAGAACGGAC-TCATCAT 22
TGGAGAACGGACGATG-CAT 22
Psy1-2 TGGAGAACGGAC———GACAT 19
TGGAGAAC-GACGATGACAT 4
TGG-GAACGGACGATGACAT 3
T-GAGAACGGACGATGACAT
TGGAGAACGGACGAT——CAT
TGGAGAACGGACGATGAACAT 14 0.16%
CGAATTCCGAGGTCTCATAC ~ 62988
CGAATTCCGAGG————ATAC 11
CGAATTCCGAGGT——ATAC
CGAATTCCGAGGT—-TAC
Psy2 CGAATICC—————
CGAATTCCGAGGTCTCA-AC
CGAATTCCGA————— ATAC
CGAATTCCGAGGTCT--TAC 2
CGAATTCCGAGGTCTCAATAC 4 0.16%

Fig. 4. The edited gene sequence analyzed from NGS.
The edited sequences by SIPL-1 (A) and by Psyl-2 or
Psy2 (B) are indicated. The PAM sequence is on the
3-end (right side of sequence). The total read is
indicated on the first low of each sequence patterns and
the calculated editing efficiency is indicated in the last
low of the sequence lists.

N A OO
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Fig. 3% Fig. 49 A% T8e o PL F449] 45
SIPL-1 sgRNA7} 718 233t sgRNAYS & 5= QL Psy
AR 7 =2 W a85 vERR AR | A
2} 9171 9S 1e3S ] CRISPR-Cas9 AlAElo] 2Ea}al

ATH= 710] glato] AAE Al 714] sgRNAE B5 AR 7}
58S & = 9o}t @ Daucus carota)l|¥] CRISPR-Cas9
2Hlo| ]f?l carotenoid A& AANTE st ATZ T

Al
A= callusoll Psy27F obd Psy1©] carotenoid 34
ol Tostths Aol SItH14]. webA AxE T 7H4 9
Psyl-1, Psyl-2 ol && SHelr ke %-9lefl 3= Psy
1-25 #4 sgRNAZ AA&taLA} i,

CRISPR-Cas9*| 2 819] 73-¢- 2012\ 573t =2
Az A3 AR Erke o]9]e] B AEEY ¢
A AR ags SHATI] SIRE o9 Ay EAE
o Aol 9ty Ast Kof #dAk A a8 Cas9 &
WS gk T ZRRE 4 ‘i* A= #HA3, oF
sgRNAZ] %% T Ot Ay asy FEE AT wY5E

3l W] gie1]. =9, 54 34 sgRNA7ZE 21EelA]
Arht BEARAA] W &SI = =g2ely] vl ¥4
AgE A7) A 7 9= sgRNA 34 &84 w
E]ﬂ H/H o]»—— H]—\:;]O Zb‘oﬂ CRISPR- Casg/\])\al 7]};7&1
A5 S8l BFAolth17,18]. & =EelAE EvkE Hel
o transient &S F3l sgRNAS &85 Ao =
A vk e Adder BAFglu A F5 =
S 913k CRISPR-Cas9-8 sgRNAE A2ls3itt.
Ashhoz ErkE shAe] fE/1%0 A 5 205
F4 24 FAAE CRISPR-CasoA ~5HS o] gsfo] A
AskS o, ngNAEQ‘ 7}z Ayolst S/ HA & %
Hojglom fon|dt Aukghs 7= SIPL-19] A9 &
FAAg] glo] EEF 0% o]87HA7} F target gulde
RNASE & = SUSlth Peyel 734 A #H53ke) o 0.1%
QI NGS 1] &% 7hs/d ¥} nlsselyl sixnt Azl o
71ME 45 F3l Psyl-29} Psy2 sgRNAZF 1312k H3]
of AH-E = Sles SISkl

rr
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