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Abstract: To obtain mutants with large fragment deletions in the CsSLOB1 promoter, in this study,
we edited multiple sites of the CsLOB1 promoter using the CRISPR/Cas9 system. Two plant expression
vectors, pCas9CsLOB1:2sites and pCas9CsLOB1:3sites, which were designed for the simultaneous
targeting of two and three sites in the CsLOB1 promoter, respectively, were constructed to edit the
EBEpias region. Sequencing data revealed that the editing efficiency in pCas9CsLOB1:2sites and
pCas9CsL.OB1:3sites transgenic lines was 64.7% and 80.0%; respectively, and fragment deletions between
two sgRNA target sites occurred in the transgenic citrus plants. Further analyses indicated the mutation
efficiency differed among the sgRNAs. The differences were likely due to variability in the
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binding ability of sgRNAs to the targeted CsLOBL1 sequence. These results showed that mutants with the
deletion of large DNA fragment can be obtained through editing multiple sites within the CsLOB1
promoter.
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N TAZ TR AT 1) 5 R 20 20 8 i AR 3 5 A S M R B S 1 3¢ I DNAAKUBE T 284, 5] /S 4 i Py 905
PERME EALH SRR R e, o 4E s — BRI REE (Zinc finger nuclease, ZFN) #iAK .
5 AR SR BOERE RN R T B2 (Transcription activator-like effector nucleases, TALEN) FA LA
e 55 = AR R 4 1) o 4[5 S B 2 (Clustered regularly interspaced short palindromic repeat, CRISPR)
A (Wangetal., 2018) . CRISPR & —FK H 4 B4 % i N A= 17755 2 DNAB I At #M R DNA 3% 41
#il. CRISPR& ¥4 FI i} 75 EECRISPRAH < 2K 11 (Cas () [ A, B4k, Casii I 5crRNA K tracrRNA
GEEREAY), RIGEIEPAMFES 45412 ADNA, T RNA-DNAK &451), 3t H KIDNAXL
BERLATUIE], (EDNANEERTZE . HAT, KEBRMREEERE (Streptococcus pyogenes) HJCRISPR/Cas9
RGN TN 12 N T ¥CRISPRICasOH A K BN AU B AT #E T B, BHF T/E & # crRNAF!
tracrRNARE & ~—2RNA. B X fh L, CRISPR/Cas9 &I ALIEM It Cas9iE [ Mllsingle
guide RNA (sgRNA). CRISPR/CasO#i AR H T 5 it ft, #AEHE, FERMmBAE, £, M
Y. AR SRR g b3S T T2 BN (Jiang et al., 2013; Miao etal., 2013; Pennisi, 2013;
Shanetal., 2013). XA TZWGAEY), HEYH]HCRISPR/Cas9FE A AT P8 2H 2 48 1 5 st T4
SE B AL 354 . I CasOFIsgRNA K A HE nf LAIL [RI 20 36 75 — AN T-DNARX 35, #R 1M H Hi A8 4 41 H
CRISPR/Cas9 % 4t i3 47 J& [K 4 4w R I 0 A B vH—NsgRNA, - G 2 R 20 Fh — AN R (1 AN g e
fii 5 (Zhang et al., 2014; Jiaetal., 2016; Pengetal., 2017), Ti%txt—ANFER 1) 2 A7 55 2 6 5K )
I 2 22 AN SR O T E A IT . KRS (Ma et al., 2015) LR 4L 4L A 625 5 i it

(Fanetal., 2015), i FA R AL AR R E IR ALY CHIRGSE) 3EAT 2 B DR g 48 B4 R AN L 1R
Z AL R IRIE LR .

Z A7 R G B T — IR BRI AR 22 /N R B o — AR RS ok v B g B ok, AR T A
FH D) REBAEM AL o R o AR 2 A7 SR R FH R 200 2 ANE 2 ANBLEY sgRNA
NP (Lietal, 2013; Mao etal., 2013), HTZAFRILEALMRME, M PR T R H
CRISPR/Cas9 17 5E K 20 1) 2 B K i . [RITTTKS 221> sgRNA RIAHE L — 4> Cas9 FIAHEIL[FIH LN
—ANFRL T-DNA X35, SEBUL— NIk E4k, af [Fi g 2 AN 36K (Maetal., 2015) of—4
FEHRZ A A (Fanetal., 2015; Maetal., 2015), AN 7 CRISPR/Cas9 % 4t 7E 3L K () Th g
W AAE Y B AL R ERIR .

AR 5 27 0 A AR A P R AR 3 P 5, X R B KR B R, 7™ E S M o M A P A e AR e
R o HIF 75 2 WM 5 02 0 075 JEL B8 IO RUBE TRl PthAG. HE NG ZE IR 4L )5, 4 iR R EE & 7
CsLOB1 KK JH 2+ L, %7 34 CsLOBL ERIA, 5l AL M A XH5t 29 1) &9 [ S (Hu et al., 2014;
Li et al., 2014). #xJL4, F|H CRISPR/Cas9 £ AR %% CsLOBL J3 51+ & AR BT ISt o B 72 1)
b, JiaZs (2016). Peng %% (2017) FJf CRISPR/Cas9 i R 4w4k CsLOBL J& 51 L PthA4 [H45 &
1715 (EBEpmaga), 3RF3 T —LEHUinm o At 71 1038 Y 0t (1 S8 AR IR AE Ak« SR, i 90 LT X CsLOBL
JE BT — AL SR EBEpiag XIS B I X33 AT S, T X I8ORHR 70 RAZ KR A 12 1 bp B
Bk 3N BB 4 M A B0 AR R MR R 54, 'BATIAE CsLOBL J& 81 L (1045 447 15,555 EBEphag
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HHE], BA7 T EBEphas X3 _EUF 6 bp 4 (Huetal., 2014), [Kfii7E EBEppas ML G138 55K H B
Bk B8 A R T3 i AR ARRE AR ST B TR vk RIRE /1. N T HE CsLOBL Ja 87 L3R HR B
PR, AW 5T CsLOBL J& s+t 4T 247 s g, CUHHIRAS sgRNA X B2 [8] J AR MR 1) 9245 A
FE R o

1 PR i

11 it
HRAM R BpERFE” (Citrus sinensis Osbeck) FIAPRIE T o [FE R MV ARl B At A5 70 BT B KA

o Fh e B ety . fhrT 2016 4F 7 H K4, 4 0.1% HgCl 3% 10 min, FEF R, BEATE MS [E 4K
Brest b, 28 CHEREFE 14 d, SAE7E 28 “C. 16 h Yela/8 h BEE G B R 1% 7d & H .

1.2 EikliE

CRISPR/Cas9 #ifk>k H 4w A K= XCHER FIBN . 1Z 8k R E T — DN XRTHEY £ IE
# A& pYLCRISPR/Cas9-DH #1 3 /> sgRNA Fik G al#fk (Ma et al., 2015). # MK HMWL
Golden Gate Cloning 777%(Engler et al., 2009). & 564 FT i it 3 AR HOHE s R 7 5148 A sgRNA
LikaEhEEA E, RS 3 BT AtU3b. AtU6-29 Al AtUG-1 Al sgRNA ANAE X 22 i AN ]
SgRNA MRIA G A5 LRFRAB GNP Eh 358 21454 35S J8 301 IxZh 1) Cas9 J i H [ 1)
Y FRIE BT, 5L A pCas9CsLOB1:2sites Fll pCas9CsLOB1:3sites.

1.3 tHIBIEEREL

TETCTR 26 FHIUH A WOGEE IR 7d B MRERAE" Fhrscdetd, 1 HIRBPIRL 1 om A2 2R L,
Z Peng 55 (2015) MU LT AL AL . RRAMEARD D E-RIBE R PUIE 2 2K KT 0.5 cm
i, FETBE M TG Mamrs SN b K E — 2 AN B F, $2EL DNA,
PCR #:ill Cas9 FE A . #1154 Cas9LYG-semiF: 5'-AGAAGGACCTCATCATCAAGC-3'F1 Cas9LYG-
semiR: 5-GATGAGAGTAGCGTCGAGAACC-3'. ¥ # F Bt KFE A 470 bp. PCR il 45 5 5 fH
PIREARFE B = AME 7d, FRRIGEAER = P IR L.

1.4 EEHmESH

FIFH 5% LOBP-F: 5-AAGCTTCACATATTTGAAAGTACATCCATAACCC-3'f LOBP-R:
5-ATGGATCCTTTTGAGAGAAGAAAACTGT-3" X} 4 £ R M ik ) CsLOBL JE 8l F X 38448, XA~
YRR A Y14 7 BOAT IR B, B Be T - el 7 SRRSO 40 AN sa s, Il 45 SR
Fi DNAman S AEAT 08T dafaR (%) = CURAFER SR M B Rk RIS HEEEK R x 100,
RAME (%) = KA T RAH R 2 T FE% x 100,

2 AR50

2.1 ERFROLEIR T S EFEE T IE
WEAREE JERI4L CsLOBL HEh & A PiM2EH CsLOB1® Ml CsLOB1 . R4 CsLOB1® J& )
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FFHICE DB 34 sgRNA, I T 2 AMaEPFRIE /A& pCas9CsLOB1: 2sites 1 pCas9CsLOB1:3sites

(] 2), pCas9CsLOB1:2sites {7 sgRNAL F1 sgRNA3, HAE AR HIAL 5543 HIHL T EBEpaa 17 55 1
5'3ii Fll EBEpag 155 FEA 7145814 pCas9CsLOB1:3sites 434 3 4~ sgRNA, 7E i syRNAL.sgRNA3
TEERIE IR, 7F EBEphas O A1 3R I8 #1H 7 — 4> sgRNA2 SEARAL A5

B 1 ‘Bess#E o CsLOBL® BRIFHHI
TR R EBEppag; SHO TR CsLOBL 2R (K MAH S 15 I TR R PAM F51;
T RIZ_E TE3E FF 714 140K sgRNAL. sgRNA2. sgRNA3 [F51); #isk 7 4% Cas9 #%EREEY) E 1) J7 ]
Fig.1 The sequence of CsLOB1° promoter in “Wanjincheng’ orange
Red indicates the EBE of PthA4 effector; Green indicates the initiation code of CsLOB1 gene; Bold indicates the PAM sequence;
The base sequences on the underline represent sgRNA1, sgRNA2, and sgRNA3 sequence, respectively;
The direction of arrows indicates the cutting directions of Cas9 nuclease.

pCas9CsLOB1:2sites

*I-‘nos ‘npt—]] @ nos |Cas9 sgRNAI SgRNA3 *

LB RB

pCas9CsLOB1:3sites

~I{ nos |npt-11@ nos |Cas sgRNA1 sgRNA3 HAtU6-2> ngA2m~

LB RB

B 2 pCas9CsLOB1:2sites Fl pCas9CsLOB1:3sites L5+ E
LB: ZEiJFt; RB: AiUF: nos: nos ZibT; npt-11: i RBEEREFEHERR; 35S: FEMRSALMHiE: CaMV 35S JR 3T
Cas9: SpCas9 FE[A; AtU3b. AtU6-1 Fl AtU6-29: #IEFT U3b. U6-1 1 U6-29 JE 3T
Fig. 2 Schematic diagram of pCas9CsLOB1:2sites and pCas9CsLOB1:3sites vectors
LB: Leftborder; RB: Right border; nos: nosterminator; npt-1l: Neomycin phosphotransferase gene;
35S: Cauliflower mosaic virus 35S promoter; Cas9: SpCas9 gene;
AtU3b, AtU6-1 and AtU6-29: U3b, U6-1 and U6-29 promoter from Arabidopsis.

¥ iR 2 MEIRIEH A pCas9CsLOB1:2sites Fll pCas9CsLOBL:3sites 7 HliE N HE#afE” Lk
i, AMEAREG DR RRERYUME (KanD 2F (B 3). @i s A e 2F AT Wiz, 3/-48 7 350
¥k pCas9CsLOB1:2sites 1 278 ¥k pCas9CsLOB1:3sites Kan'f&i#k. Fl PCR Al Cas9 FE[K, 17
> pCas9CsLOB1:2sites. 15 /> pCas9CsLOB1:3sites Kan' ##k# 1 H! 7 — 2% 470 bp [ 4& 1 % B Cas9
ERCHEN ‘BB . Fra M PCR PHEEMM — IGEAE H E AR A Eo A T HEBRIRE M PCR
R DT By 32 B FORLITS e, Ariefll IRIG 3 S 5, BRI i TR Bk 51 Pk 47 PCR AR, 17
A~ pCas9CsLOBL:2site. 15 4~ pCas9CsLOB1:3sites i H R A 1 tH T H 17w (B 4 /n3l o5 5%
BIFE D, FRIRER B R At SR L )
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B 3 pCas9CsLOB1:2sites 1 pCas9CsLOB1:3sites ke ‘Mesatd’ habiBfEsE{

A: CBRERE EIRANZERL. B ARG D B RIBE RIS C: RIBE RIS MAUGIE; D: PCR BHYEZE HIAI % .
Fig. 3 Transformation of pCas9CsLOB1:2sites and pCas9CsLOB1:3sites vectors, respectively, into ‘Wanjincheng’ orange
A: Epicotyls of ‘Wanjincheng’ orange; B: Kanamycin resistant (Kan') shoots from the cut end of explants;

C: in vitro grafting of Kan' shoot; D: The field grafting of PCR positive shoot.

B 4 Cas9 ZEK PCR &R
M: Marker; P: Jiki; W: #74#!; 1~5: pCas9CsLOBL:2sites £ &h: 6~10: pCas9CsLOBL:3sites £f .
Fig. 4 The identification of Cas9 gene in kanamycin resistant shoots
M: Marker; P: Plasmid; W: Wild type; 1-5: pCas9CsLOB1:2sites samples; 6 - 10: pCas9CsLOB1:3sites samples.

22 HEFEROERREDI N

NT AT FE R AR 0 G R R A R, X IRTF T A B Rk R AT T - seEilF . I
FEE KB, 17 A pCas9CsLOBL:2sites #F5IE Kk R, A 11 MNFEIE R RTESEAROL m R AR T 2]
Uik, FEFBRCE N 64.7%; 15 > pCas9CsLOB1:3sites #4EE Kk R A 12 MEMFRA AR AET
BRI gndE, JERgmiEB0R A 80.0%. 11 ANk A T R gn 1) pCas9CsLOBL:2sites #k R (AR Ay
KA RAS S K AELE CsSLOB1® B, B/ CSLOBLHE. J848fk C2-12 ¥EARAL A 1R SE K
100%, FiA i) CsLOBLHE & 4= T M 15848, T CsLOB1® fRAZ NI &4 3 a7, AT C2-12 %
TR NZREE (R 1, B 5 MERE 10 ANFRARRF AR R RAEMZ /N T 100%, KX 10
NRBENBREM (R Do BARAET RFSE T pCasdCsLOBL:3sites ZAFA (3L 12 4~) RAE
A ER/NT 100%, KT BT A ) pCas9CsLOB1:3sites ZE AR HR L ik &k (£ 1),

®1 BER GEE RENESH

Table 1 Editing efficiency of transgenic ‘Wanjincheng’ orange plants

Fe R MR RV AR AR ke HEE SRR I%
Transgenic plant Number of transgenic line Number of heterozygote Number of chimera Editing efficiency
pCas9CsLOB1:2sites 17 1 10 64.7

pCas9CsLOB1:3sites 15 0 12 80.0
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FERAEK M), pCas9CsLOBL:2sites 20 BER BSE REERTNE
%%EM: uﬂﬂu@jﬂﬂiy 1] pCasQCsLOBl:Ssites % Table 2 Indel types in transgenic ‘Wanjincheng’ orange plants
AR DL BN T (R 2). SRR RAMA iy RERA Bl FE K /bp pCasCsLOB1:2  pCas9CsLOB1:3

e N o A Indel types No. of base sites (%) sites (%)
AERIRAERER 2 Lbhp AN MHERE B . g 1 92 (135) 56 (9.3)
pCas9CsLOBL:2sites %€ 4% & sgRNAL fiI  Deeton 2 e oy
SgRNA3 Z[A] &4 1 67. 70 bp HIMIBR, MHERH 15~ 40 23 (3.4 14 (2.3)
ok 2% . 2 citae ZXAR 60 ~ 70 34 (5.0)

KN 5.0%: i pCas9CsLOB1:3 sites RN N Insertion 1 51 (7.5) 14 (2.3)
SgRNA2 1 sgRNA3 Z [A] 1 37 bp #138bp it 1 82 (12.1) 111 (185)

Replacement 4 14 (2.3)

MO MBI R A 2.3% . : _ 146
o . =~ #:: pCas9CsLOBL:2sites Fl pCas9CsLOBL:3sites % Jk (K] ¥k %

pCas9CsLOBL:2sites ALK C2-11 Al C2-12 7%y s 45 51 680 71 600.

FIRNHRE AN &1, H CsLOBL Ja 3T 47 Note: There were 680 and 600 clones in the pCas9CsLOB1: 2

ﬁ 50.0%7#1 18 O%Y:E ngNASl i ngNAS3 1E sites and pCas9CsLOB1:3 sites transgenic lines, respectively.

R . pCas9CsLOB1:3sites 5845 {£& C3-1

W04 17.5% CsLOB1 Ji 3l 1-7E sgRNA2 1 sgRNA3 2 ] & 4E T 37 bp #1138 bp HIMIER (K 5).

RS FE ], CRISPR/Cas9 ] LA/ S CsLOB1 251 EFiA> sgRNA 2 7] DNA Fi B o

5 ZEdE{k C2-11, C2-12, C3-1 IERREN T
S1: sgRNAL; S2: sgRNA2; S3: sgRNA3: TXIZk L% HHR/T 5%/~ EBEpas: S ERMAR IR sgRNAs J741); L0 KR PAM JF 41
G M43 17~ CsLOB1® il CSLOBL s wit. i Ml d ) HIZoREF AR FEAFIMIBR, i o J5 I 30T 23 Sl bR S 4
Fig.5 Gene editing in C2-11, C2-12, C3-1 mutants
S1: sgRNAL; S2: sgRNA2; S3: sgRNAS3. The sequence with underline is EBEpmas. The black bold italics are the sequence of sgRNAs.
Red represents the sequence of PAM. G and — represent CsLOB1® fil CsLOB1", respectively. wt, iand d represent wild type,
insertion and deletion respectively, the number behind i and d represents the number of base.

2.3 7A[E] sgRNA %f CsLOB1® #1 CsLOBL &AM RN EFT R

‘WpERRE LR CsLOBL Bl T A WiR25 CsLOB1® Al CSLOB1 . ¥ 1 4MHT sgRNAL,
sgRNA2 I sgRNA3 %R B8 a5 GRe IRIZER, % 17 4~ pCas9CsLOB1:2sites 1 15 />
pCas9CsLOB1:2sites %% & [H # % ik 47 CsLOB1® M1 CsLOBL % 4% % () % it . £ 680 A
pCas9CsLOB1:2sites 3L bk R TapErh, £ 172 D rake & E sgRNAL A7 55848 (25.3%), Hi
135 1)y CsLOB1® %848 (19.9%), 37 /My CSLOBLRAF (5.4%): A 125 M rifs K4E T sgRNA3 fif
HRAE (18.4%), RAFER K EAE CsLOB1® 3N T F (3 3). i Lu4f B4k ] sgRNAL 7] LR 5] CsLOB1®
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1 CsLOBL, T ‘Hpfars’ JEE4ZHH CsLOB1® 5 CsLOBL LU KMEA 3: 1 (Pengetal., 2017),
(7 sgRNAL %F CsLOB1® 5 CsLOB1 45 & 3 F 22 7 A K. sgRNA3 L AR HI A4 4 CsLOB1®, T
ANBEIR A FNZE S CsLOBL . pCas9CsLOB1:3sites %4 sgRNAL. sgRNA2 Fl sgRNA3. Xf 600 /™51
W I P 5 SR AT 40 M, A 85 AN Tl R AE T sgRNAL #EA7 M5 58438 (14.2%), i 71 4> CsLOB1® %748

(11.8%), 14 4> CSLOBL %¢48 (2.4%); A 77 1 sgRNA2 fi7 fi584F (12.8%), Hr CsLOB1® ¢3¢
A 11.7%, CsLOBL A KN 1.1%; 17 57 Mol &4 sgRNAS £ 55848 (9.5%), #FA CsLOB1®
RAF (F 3D, IXLesE BEH sgRNAL. sgRNA2 B4 1Y) CsLOB1® 55 CsLOB1 HIfRE /1, 1H sgRNAL,
sgRNA2 %t CsLOB1 45 & it JIEAE % 5. fE pCas9CsLOB1:3sites I HIfEAk T, sgRNA3 AL AEiR
WIFNLE 4 CsLOB1® Ja 5 ¥

3 7T[E sgRNAs xf CsLOB1® #1 CsLOBL & & 847
Table 3 Ability of SgRNAS to bind to the CsLOB1® and CsLOB1™ promoters

Eayitl pCas9CsLOB1:2sites pCas9CsLOB1.:3sites
Type sgRNAL (%) sgRNA3 (%) sgRNAL (%) sgRNA2 (%) sgRNA3 (%)
CsLOB1® 135 (19.9) 125 (18.4) 71 (11.8) 70 (11.7) 57 (9.5)
CsLOB1" 37 (5.4) 0 14 (2.4) 7 (1D 0
4t Total 172 (25.3) 125 (18.4) 85 (14.2) 77 (12.8) 57 (9.5)
3 Wi

Jia & (2017) F|H SaCas9/sgRNA FGsLHL 1 R EAL” I Cs7903360 [ 2 M7 A 1) 4
#, HRA N RAETEREA sgRNA Bt FEFRAL 5, T H4S sgRNA Z (B H %A KL DNA F Bl
k. fEAWFFEH, FIF CRISPR/Cas9 R4tk Cas9 #ZFRMAEA 2 a3 4> sgRNA HEN “HEfmfs” Jt
RIZH, #5r FABRRERE LT 2 A sgRNA BEARAL 212 18] DNA F BBk . AT 7t 25 S 3% i it 1%
THAFE sgRNA,  SZEUMH AT 2 DR 21 358 35 IR 1 22 467 st G 8 T RE R

7R, CRISPR/Cas9 RS fEMIE AR N 51 #E )R A8, HAIEE WA K Z 4N 1 bp Qiaetal.,
2016: Pengetal., 2017). AHFFLHHIMIFEE LW, A sgRNA FEARAL UK A RAZ 32 LL 1 bp
R, TR AAEFRA sgRNA EEFRAL s 2 8] R BERIHBR 2D o 2 AN SERR AT 252 1) K BB
T EL Cas9 AZ IR IRI N 1% 2 ANEEARNL A Cas9 AZIREFE DNA 741 L1454 75 2 sgRNA [115] %,
[AITfT SQRNA X BEAR AL 5 1) 45 6 e 70 BLIERZ I 5 RAZ A% (Doudna & Charpentier, 2014). {EAHIT
W, HTAREI SQRNA X EEFR AT s R FI G5 45 ROCR AN, 30 Cas9 % RREE R PI%] 2 N8k 3 A
SgRNA IR AR

AT sgRNA HARRI RS, AHE ST IX T AR 1) 22 5 F R H T AN [F 1) sgRNA
Xt CSLOBL R BIAILE A e /M 2z RS A2/, 76 “Wi4RP%” P9 CsLOBL &5 3h T Wifh2% CsLOB1®
A CsLOB1, HufFl k14 3:1 (Pengetal., 2017). /L4 CsLOB1® 1 CsLOB1 1 EBEpgaq X 1842 AH
R, ARAEIAM A X SRAFE S AL IR 2 1, o BN I CsLOB1® ) EBEpmas Ji & A Bl 3%
G, 1fij CSLOBL &k 2k T ix — B FE (Peng et al., 2017) . sgRNA3 [RJ#E R F 41 1% i 7E EBEppas I - SJRNA3
%15 CsLOB1® 52 4L, M5 CsLOBL RAAHML, SEUEAMN 7 sgRNA3 A fEH ] CsLOBL .
BRI T % T2 % CsLOBL W B 2Tk ik, 76 EBEppaa [ ELEEBE T SRR A J2& fe FRAR 16 4% . SgRNAL
1 sgRNA2 # ELA I 5 F1 45 & CsLOB1C Fil CsLOBL 15 /7. sgRNAL 7 pCas9CsLOB1:2sites % % K]
TRk 454 CsLOB1® #ll CSLOBL I LAl K%K 3: 1, 7E pCas9CsLOBL:3sites % Jk P e #k K204
5:1; {H sgRNA2 £5# CsLOB1® fl CsLOBL LI K% A 10: 1, 5 CsLOB1® il CsLOBL#E M4
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P& B AR KRZN 30 1 IELBI ™ EANRF, 8 sgRNAL Fist it L H AR, 17 sgRNA2 454 CsLOB1
RIRE TG, A e BAR I EEARAT flo DRI 9718 EBEpmas T UFERARIT sgRNA £7 51, HFJH CRISPR/Cas9
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