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Knock-out Analysis of VviPDS1 Gene Using CRISPR/Cas9 in Grapevine
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Abstract: VviPDS1, phytoene desaturase in grapevine, was selected as the target gene. A gene
knockout vector, using the CRISPR/Cas9 system, was constructed. Different types of mutations were
detected in grape protoplasts by transient transformation of protoplasts from grape leaves. In addition, the
vector was constructed and transformed to Vitis vinifera L. ‘Thompson Seedless’ through Agrobacterium-
mediated transformation. Seventy-one kanamycin resistant lines were obtained through resistance
screening. Fifty-three transgenic lines, 74.64%, were confirmed by T-DNA specific PCR. Sequencing
revealed that twenty transgenic lines had different types of mutations at the target site and the editing
efficiency was 37.74%. Among them, 9 lines with biallelic mutations were shown the albino phenotype.

The prediction of amino acids of biallelic mutations showed them have different degrees of mutation
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behind the 202th amino acids. These biallelic mutations were shown dwarf and different albino

phenotypes. These indicated that the CRISPR/Cas9 system allows genome editing in the transient of grape

cells or stable expression, which can produce homozygous knockout in transgenic plants of grape.
Keywords: grapevine; CRISPR/Cas9; PDSI; gene editing

25 IR G R A5 R AT LUK 91 e i BRI B R 2 DRI 7 7= AR U T (Double strand break,
DSB), @AYk IR IS E N ——IE R VR AR 5i&E#E (Non-homologous end joining, NHEJ) &Y
[AJfE 20 (Homologous recombination, HR) HATHZNMEE, Z 51 NHEJ 12 ML 2 5= A i AL i
v FRANECE R, NI SCHLN H IR RS0G5 3 ARKE DR Y R B AR —— g 0 A () 58 1) 6 [ S
HEPH AR RS (Clustered regularly interspaced short palindromic repeats/CRISPR associated,
CRISPR/Cas9 system) {XftiB) Cas9 #Z & HiF1 sgRNA (Single guide RNA) B a] SEELx H (195 R4 A
(%% (Jinek etal., 2012; Congetal., 2013), AHXf THHR1ZIEEG (Zinc finger nuclease, ZFN) £
R (Bibikova et al., 2003) FISE¥ s BOE K 1 2N Y)A% LB (Transcription activator like effector
nucleases, TALENs) #{ AR (Christian et al., 2010; Lietal., 2011), H#/ERiF . WM. K
KRR, CAESIYI. MG U2 N .

2013 4, CRISPR/Cas9 £ 4t & XN 4 2 A 4 45E0F 7C (Li et al., 20135 Nekrasov et al., 2013;
Shan et al., 2013). B H AT, %R CRIIN T 2 a5 K H %4, WHl#JT (Lietal., 2013;
Mao et al., 2013; Nekrasov etal., 2013). 7K#& (Shanetal., 2013). E£>K (Svitashevetal., 2015
/N# (Wangetal., 2014; Zhangetal., 2017). #{t (Lietal., 2017). K& (Duetal., 2016). %
Hfi (Ito etal., 2015). P§JK (Tianetal., 2017). ## (Fanetal., 2015; Zhouetal., 2015). 35

(Malnoy et al., 2016; Nishitani etal., 2016). FFi#i CFZL &, 2019). fiidE (AREF %5, 2019)

faray
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2016 4F, Wang % (2016) %552 T #i% HE K 4 2T CRISPR/Cas9 R4 3 K 4 i 5 S ME#E AL
ML PR T T A A R N A BRI Ren 5 (2016) F|ff] CRISPR/Cas9 R4ixT ‘HEL TN’
Hi%] IdnDH JER AT 9m% . 2017 4EF0 2018 4F, A HRIEFIH CRISPR/Cas9 R 4%} i %) MR PDS 2
AT WRKYS2 FE[K 3174 % (Nakajima et al., 2017; Wangetal., 2018). [AH}, Malnoy 25 (2016)
4 CRISPR/Cas9 Z Gt A0 & @A A 45 A= Ak, ol i mpd & 005 19 575, % H Fr ik R AT 25 9w
B LR AT R A 43 #T

INEFEMARKMERRAE N RAEVEREEFHMEZLE, N\NARMALEKMER (phytoene
desaturase, PDS) UM PR ELEFREE. WL IT PDS3 FENRAE S B m /KPR \NEAE ML R,
HARTE LA iR P iR mEAE A, SR D 20 MAREHER R P K I SE R R IE AL, AL FEH I 25
B NR MRRMAREREN G BORE IV 2 5 UFE T pds3 RAZAAE R B A B 500 B AL F3%
& (Qinetal,, 2007). Kk, H CRISPR/Cas9 R &t/ H TV KN AR, HFRE KZik
P NIE PDS FERIME SRR, 364F CRISPR/Cas9 F 4275l LAE B Aadfh ch kAT 4w . H AT
O Z 0T BB CRISPR/Cas9 R Gt br AN FEHE N I PDS F K515 BA BALAUE AL R T (1)
ZEAF A (Shan et al., 2013; Nishitani et al., 2016; Tian et al., 2017) . Nakajima (20178 i CRISPR/Cas9
REGRFR ‘Neo Muscat” %] NI PDS [, 345 09 RASARFEARES 70 1 v I E 4, (HIF R B
PRI S, 538 I AR R I PDS ZERIRAER M ZFRI R . ARt bl Toiza’ #ikE A
T ML & A BER K 7viPDSI (Young et al., 2012) & CRISPR/Cas9 ZR&i404x, HHT b FA [F e
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7 r, R & AR AR R R &R, 81t PCR/RE (PCR/restriction enzyme) J77% (Shan et al.,
2014) fill CRISPR/Cas9 ZGi7E H (L R EE AT s i i 1 O, b g ik AT 1R A1 5 8% B A 3R AR
T B, WA CRISPR/Cas9 Z 4 fEH & Hh T e 5N iz W2 R D e ik Fe i it 1 1Kk

IR

1.1 EYRL SR E L
BEAM BLRBRIN AT A A RABE SRR EAHS Rl 5, 2017).
CRISPR/Cas9 #[H w1k pKSE401 (Xing et al., 2014) i AV k27 M H ZE e o
pBI221 # A& (Clontech, dbtxt, HED % & b AL A b i 7 A i & R i BEPE X R pMID 19-T %
B AR H TaKaRa AF]; KA E TOP10 W H RARAENEH AR AR RAFHE GV3101 AR
R

1.2 OIS RYIEE

T NAFE O KB EBFRERE 7viPDSI (Gene ID: 100240685, NCBI 34 %) 741 (Young et
al., 2012), #& CRISPR/Cas9 £4i1H | PAM 741 EJiF4) 20 nt % EHRF HIHHFF &, 1£ ORF XIH A
RIBLEMIEEAL 5 . BEAL S GC & EBAMKT 40%, HA5 4 BRI LB U A0 . B sk #4708 e 2%
(http: //cbi.hzau.edu.cn/crispr/) #fF CRISPR-P (Leietal., 2014) HEATHE ST

1.3 CRISPR/Cas9 Fik# A1

FIF NEB 2 &) BR &% 4 V)G Bsa | BEt)) pkKSE401 34k . R NAKZ: Bsa 1 1.5 pL. 10x CutSmart
Buffer 4 uL. pKSE401 2 pg. 125 F/KZE 40 L, 37 ‘C FEFYI 2 ho ARIEFTk B AL £ 51 A ik
B 51235 5190 VViPDS1t-F Al VviPDS1t-R, Ki#E 2k 5B 2 100 pmol - L™, %1 30 uL B4
65 CIiB/K 5min, 25 CREA R, Bl S8k BEED) RN pKSE401 HA 5 il 4 4 (8 a8 3k
FELBIIN N AR 2R (3 pL 4 25433k . 2 pL pKSE401 #4%. 5 uL Solution I ), 7 16 “C ¥ 30 min
SEMERE (Xing etal., 2014).

K RBOE T Y SN KT 245 TOP10, A T4/ 50 mg - L' A& RH LB F
B, 37 CHEEFRISA, BB ER By %, I 8RR = 1% 514 U6-26p-F Al U6-26t-R i#47 PCR
BOUE, % PCR BHE B WOEAT I P 300 s 44 W05 IR A SR 5 N AR AT B 245 GV3101 s

=1 SIMBHBEFTI

Table 1 The primer names and sequences

51 ¥14 %% Primer name 5% (5'-3") Primer sequence

VviPDSI1t F: ATTGTCAAATCGGCTGAATTCCCC R: AAACGGGGAATTCAGCCGATTTGA
U6-26 p-F: TGTCCCAGGATTAGAATGATTAGGC t-R: CCCCAGAAATTGAACGCCGAAGAAC
PDS1t F: CCCCACTATTGAATTCATATGGTTGTAG R: CAAGGATCGATGGCATCAGTGA
PDS1t F1: GGATGGAGACTGGTATGAGACAGG R1: ATCGAAACTAATACAAGATGCCGTGG
PDS1t-seq GTTGTCATGCATGGACCTGTGG

14 BEMAREREEREFSEREK
27 Zhao 55 (2016) f1757%, WU “TE B’ W& HE R A1) 1 mm EHI40%%, TN 10 mL
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£ 20 mmol - L MES (pH 5.7). 0.5mol - L™ H#E. 20 mmol - L' KCI. 10 mmol - L CaCl, 1.5%
P R-10 A1 0.4% B H1E R-10 FOBEMRT, 0.08 MPa T B 4* 403 30 min J&5, S5 40 r - min™
PRGEER 8 ~ 10 ho I ZERF W5 (5 mmol - L %% 9%, 2 mmol - L™ MES, 154 mmol - L™ NaCl,
125 mmol - L' CaCl, #1 5 mmol - L™ KC1) VA 1L o 38id 75 um JE e AR e R B 1O s K g
WA NELE S 25 °CL 200 x g 50 3 mine. £ BIEWE I 5 mL W5 iR & 54 i, ik 25 C.
200 x g B0 1 mine /N0 FIEHBGEFIAN 2 AR WS W, UK E##E 30 min. % RIGWR,
IME AR MMG %7 (4 mmol - L' MES, 0.5mol - L &, 15 mmol - L MgCl,) &
AR BERE, AR RAEBRAIRE A 2 ~3 x 107 cell - mL™' .

40 png MBI AL S #EAT 5 VviPDSI-t ff) CRISPR/Cas9 #44 JFURL N 28 5500, N 100 pL 7
W JFAE FRR AT 140 L B 45 10 PEG-Ca® VAW, TR, - SBENH4L 10 min, JIA 560 uL W5 ¥
WRE], PA&IbE M. 25 'Cy 200 x g B0 1 min, 25 E3EW, 0N 200 pL WS ¥ 5 2 5 A A,
ZEimIE I 48 he
1.5 HEFEEKRIRSRIE

PG AL IS BAKT B BV R EE R, IR 5 500 x g B0 10 min YRR G I 1/2MS (5 150
umol - L' ZWET W) MitkkssedtdHE, 28 C. 200 r - min fEIRIER LHEFE 1 h, HTHIRER
ODgoo= 0.4 ~ 0.6, MIN ‘THEH" FE @GS, $22h 15 min, BT 200 H 4 i 8 B
W T 5 B IR IR AL (% 150 pmol - L' ZBE T &FR) 1/2MS 5 9735), iR FREHIE 72 he

FERE IR 5 (158 2 IR M e S URN TE /K TRIE e 1 min, JEIT 200 H 40P NE L TEEAK, HH
4 200 mg - L' kB M 200 mg - L R T HHE R 1/2MS ARSI kB 5 15 min, AL
BKIEYE 3 K. B TR I3 (MS, 200mg - L' kB EM 200 mg - L' R FFHER) L=
TR 3 G, BN IRE (MS. 200 mg - L' LI, 200 mg - L' B FHEZEM 75
mg - L IRIBER) QhEEmEIEat. 3~ 4 F4kU5% 1 k. KRG, B R R R R
hRINE RO, KPR IR E A ST MHA R RT3 (MS. 15¢- L' R Eik
1T R TR

IO I8 3145 1 PR AR R R I 0.1 g 323X DNA, 3 FHEUARE 5 514 U6-26p-F Il U6-26t-R (3£ 1)
HHT PCR &1 . FRICF=WIK N 424 bp, BEY 14 H B 10 BURAE KA PCR BH B -

1.6 E0{ = AYEG LIS

PCR/RE £l (Shan et al., 2014): ZAaill 77215 25 /2 B AR R EE A7 s 4 CRISPR/Cas9
RGETF I RAZHWIR T BRBIBEAL i, Uy 345G AL s By, R R0 BT A 2R B r (1% PR o1 g 9
W B2, RASY W= T AR SR TeiE A 0T B SR Bl T, P2 AR R DB 20t . SRJE AT
BERRE B Fvk, PlIEE S T P2 AR AR VI EI S i 8 R B KA R .

15§ P 5 AR BT AT 5 IR 57 514 PDS1t-F 1 PDS1t-R (8 1) § 8 &4G #EA7 S 0 A B (Z11 090 bp),
BT BT B BEAL 53 B EcoR T BRI VE N VIBGRE VAL 55 G/AATTC,  Fir DUEF AR RS RE R 9 38 7= 4 o]
LA EcoR T iR 5 FE52 4 VIR AP AN EE2r 5120 710 AT 380 bp B, 1 & A AR M MR IS5 52 1%
PRI E]

UL AL G JEUAE R0 5 DNA, i R 55 519 PDS1t-F A1 PDS1t-R 948 & 45 #4755 1) A B (4
1090 bp), X PCR 448 =4tk 47 BR il 1 N DI EcoR 1 AbFE, DAMONREAR, {6 455514 PDS1t-F1
1 PDS1t-R1 #EATEE 2 5 PCR 3, 4 3= W & #E S0 B (29 728 bp), X 2 % PCR F=#it
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178 AR5 FEREAT BR A4 A DDl b P, R DR RO B AR ) Jy Be EcoR 1 R 58 U1K PN K EE 7>
704 505 F1223 bp KB TSRAR R BOY 1 7= M0 e ik S AR B A E] . K K 2B RAZ [ PCR Jv
B oo R T/A B, X BRI v Bt AT DU P A A S 4 2

1.7 SUERST vviPDS $047 SpY EE R

DL PCR BHPEAE MR ZE R 2H DNA R, FH4R 5 514 PDS1t-F Al PDS1t-R 34 & AL 2 19 H ()%
R B, {514 PDS1t-seq X PCR F=#d 47l /7, f# H DNAMAN #3474 1R 7 41 LL Xt 2 #r
TN SRASKE AR IE DRI Y, = A2 XU (0 435 B A FH 7 2% 1 E DSDecodeM #EAT /%S (Liu et al., 2015),
ST IRAR IR,

2 AR5

2.1 EGRIEFER I E

WRYEH % vviPDS1 3£ 75, WitArF vviPDSI 55 5 MM a7 E R PAM FHII 1 A4 A,
GC &5 50%, Frik#efr & —4 EcoR 1 (G/AATTC) FR#HIEEVISIA (B 1, a), HF PCR/RE
LioRlll8

FRYEFEAL 57 51 A BRAEE 25 823K 514 VViPDS1t-F 1 VviPDS1t-R (K 1), 1B K RRHE Sk 5 7
W3] CRISPR/Cas9 #if& pKSE401 (K&l 1, b). fi F #7514 U6-26p-F F1 U6-26p-R BEATBH LA
W, FEFE I FAE PCR 17202 424 bpo K4 BHIEEAR TR 2 7150 UE, 600 7 TR 1R 5kE
HENAKF B 23 GV3101,

viPDS1

—p Exon 5
—
HF7 Target
5= CAAG|CCéIGGGGAATTCAGCCGAT TTGATTTCCC-3
EcoR 1 a
pKSE401
LB sgRNA scaffold 3 xFLAG RB

vs-26p 4| 0626t
A A A )

Target sequence of JviPDS] NLS NLS

B 1 IAERE (a) 0 pKSE401 T-DNA Xi8 (b) REE
LB: T-DNA /15 ; RB: T-DNA [4515%; U6-26p: #FGFT U6 SR B3I T U6-26t: U6-26 Z41TF5 2 x 35Sp: 2 x 35S JA3h T+
3xFLAG: 3 xFLAG #r% 8 NLS: #ZENfE5: zCas9: E KR FHALM Cas9: Nost: nos BB LT
KanR: RAERGUEERE; 355t: 35S &UET
Fig. 1 Schematic representation of VviPDS1 with target site (a) and the T-DNA region of the pKSE401 vector (b)
LB: Left border of T-DNA; RB: Right border of T-DNA; U6-26p: Arabidopsis U6 gene promoter; U6-26t: U6-26 terminator;
2 x 35Sp: 2 x 35S promoter; 3 x FLAG: 3 x FLAG tag; NLS: Nuclear localization signal; zCas9: Zea mays codon-optimized Cas9;

Nost: nos gene terminator; KanR: Kanamycin resistance gene; 35St: 35S terminator.
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2.2 BEESERABREREE RN WiPDST KR

Wit PEG A S AT A A AR S A TR SRR R, WK 2, a B, BAER
GFP 75 28 A1) pBI221 28 # AR TR HE 38R A 86%, Ui BHFELIK RIEH , Wk B )5 82007 78 Bk .

PR BT B0 LS T HEAL £ VviPDSI-t 1] CRISPR/Cas9 45 k l i % 41 381 % J5L A= i 44, F1) ] PCR/RE
THERT R AT S A L. 782 RIS A —4% PCR/RE J&, Joikidid B iR b e i i vk ) i 548
RBRAE. RB:LUZE 1 5 PCR/RE B H AR, 8 %7519 PDS1t-F1 A1 PDS1t-R1 #4728 2
 PCR Y, AR RA R BALLVESE, Pt TRREE A UIBGAE, 2 5t BIR b i sk nT i 52
FI A R H1) 1 P9 VI BT AL DNA FBE (B2, b R B Fiskbrmiz), BIRARY 74,

BARBIE PCR KB (B2, b R B FiSkbrmiE) SRS T/A #idrd, Bhik Pt v 4TI .
GERRE, TERLSOIE KA 1~ 5 B (B2, o), HHsRRAR 5 RKZH.

3% Bright GFP WT VviPDSI-t

®

M -EcoR1 +EcoR1  -EcoR1 +EcoR 1

1 000 bp RAF

750 bp Mutated
500 bp band

b

PAM HE4% Target site
WT AGCAAGCCAGGGGAATTCAGCCGATTTGATTTCCC

1 AGCAAGCCAGGGCGAATTCAGCCGATTTGATTTCCC +1
2 AGCAAGCCAGGG: “ATTCAGCCGATTTGATTTCCC -2
3 AGCAAGCCAGGG: - - - - CAGCCGATTTGATTTCCC -5
4 AGCAAGCCAGGGGGATTCAGCCGATTTGATTTCCC S1
5 AGCAAGCCAGGG: - "TTCAGCCGATTTGATTTCCC -3

B2 F4REEERAREHRERD
a: pBI221 #AREALHT R T AR R AR 3 9B s b: PCR/RE Al JviPDSI %848 (M: Marker; WT: HFAERL);
c: RAZTIRE DNA fFFH M (B A (4 BEH (S): sl MR (D 1.
Fig.2 Mutation detection after genome-editing using a protoplast transfection system
a: Bright image and green fluorescence image of pBI221 vector transfected grape protoplasts; b: ¥viPDS mutation is detected by the PCR/RE assay
(M: Marker; WT: Wild type); Rad arrow: Mutated band; c: DNA sequencing results of mutated clones[WT: Wild type;
Blue: Insertion (+) or substitution (S); Point: Deleted nucleotides (-) ].

2.3 EEBEREK

2 b F R AR AR R AR CRISPR/Cas9 RiIAH A&, FIFRFE N FRY TZE HEM
AVER LA, 7E 24 "C R HLEE9R 3 d, i A, ERTFIER IR 3 8 (3, a), Z RIS 75mg - L
FIERMImRE R EAT PSR (B3, b), 1 ANAMC 1 EEKETHR (B3, o.
B R PUEFH I (B3, & B EmiEssit (B3, o JETHFE, HIR1G 71 tRPuiEmbrk,
FHR ARGy R 30, N aggEnt . dipmt rAfEE i (B3, f~ho.
24 BEEHMNSFLEE

FEM TR AR LR 41 DNA, FH#ARR 5 519 U6-26p-F F1 U6-26p-R 4T PCR 471 (15 4, a);
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B3 RIFENIHN ‘TERE AOEGRAREKRELEDE
a: JEIRFHE; b: HUMESRIE; o PUEERR: d: FUMETHIE: e HUMEMIEL TR @ 2LHUIERK,
g: AiAPiPERER: he TEAPUERk.
Fig.3 Agrobacterium-mediated transformation of Thompson Seedless grape and regeneration
a: Embryogenic calluses were cultured on the medium without kanamycine; b: Embryogenic calluses were cultured on the medium with kanamycine;
c: Positive embryos; d: Positive cotyledonary embryos; e: Positive embryo cultured under light; f: Positive plants with all green leaves;

g: Positive plants with all albino leaves; h: Positive plants with some albino leaves.

T =A% Regenerated plants

#16 #28 #39 #1
750 bp
200 bp 424 bp
200 bp
a
PCR [HM#E#f Positive plants by PCR analysis
wWT #5 #16 #28 #39
M -EcoR1 +EcoR1 -EcoR1 +EcoR1 -EcoR1 +EcoR1 -EcoR1 +EcoR1  -EcoR1 +EcoR 1
1000 bp
750 bp
500 bp S 710 bp
380 bp
b
#16-1 AAGCAAGCCAGGG : AATTCAGCCGATTTGA -1
#1622 AAGCAAGCCAGGG - AATTCAGCCGATTTGA 4
WI AAGCAAGCCAGGGGAATTCAGCCGATTTGA P

B4 FAEEKN PCREZE (a). EBAIA PCR/RE &3l (b) F#16 HHREBAL AWM (o)
M: Markers WT: B7A484; P kL, FHYEXTE: ZDEO0HE. RAZKW: A WBR (.
Fig. 4 Identification of regenerated plants by PCR analysis (a), detection of mutations at the target locus by the PCR/RE assay (b)
and DNA sequencing results of transgenic line #16 (c)
M: Marker; WT: Wild type; P: Plasmid used as positive control; Red pane: Mutated band; Point: Deleted nucleotides (-) .
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S AERUEERR (WT) TCiEY 3G H H B A B AREE 231 CRISPR/Cas9 # 4R ik FH X HE (P) 1]
PG 2 424 bp BIH B B Bl sk aT 5 S R RO/ R BLE) (an#s #8. #16.
#28. #39) 4 PCR fHYEME K. 1E 71 PREIVEME KT, PCR PHIERERA 53 ¥k, BHIEZE A 74.64%.

H—SFIH PCR/RE J7ikxf 53 #k PCR [HPEAEIR A REAL 55 g 17 DU AT AU o M F AR 57 5190
PDSI1t-F 1 PDS1t-R 474 1 090 bp 11 H 19 7 B, B A= T 28 B U AR BRI 7= A2 9 N B2 40 10 o 710 1 380
bp A B (B4, b WTD; KAYwHE AR B T B UIAL s iR, BRI P9 DI BEEIC T 58 iR
DIEl (E 4, bH#5. #39).

TRV TN, 4 PCR RICAPH M II#16 g8 Wi Ui, NONAEmBEAEIE, FA N B
AR, ABAE RIS H M EERI#16 RIE 7 FRAL, BrCAH% =514 PDSI1t-F il PDS1t-R ¥ 36#16 &
HEAT A 1090 bp H A B TR 4w (K4, o). S55REM, #16 LA (L afikiriE
) RAE AR G B, BT RASEEV R RN G, B EcoR 1 FRGIEE UL 25 A4 i
W, KRR 515 3K BE 2 BIZ18 710 A1 380 bp (T B, B G B BEAG H bk 45 5 5 B9 AR AR ] o
It PCR/RE A 45 SR AN B vHE A S ALK B 4B 175 0L, T PCR SH P A AR 82 428 0 1 2 A2 75 2 8 DA B
iR RA

2.5 YRiIESIERMIEIRE

PL 53 #k PCR FHPEREARFN 18 #A R R HiME(H PCR BHM:AE K DNA AR, 5 FH 5 Rk HE A7 5
(455 514 PDS1t-F A1 PDS1t-R #£47 PCR ¥4, Xt PCR F=#it 47y . 459K B, 7£ 53 #k PCR
FEVERE AR, 3E 20 BRTESOAL SUR AR B I RAR, JafB A% N 37.74%; 18 #k PCR B PEAE I
AEERA

BB Hr 20 BRR A AR R FE R BUR L, 9 BRA4i AR (5, a), & PCR BHIEAE AR A
20117 16.98%, 14 DNAMAN X R AL E 4T Lo o dfr, bk AR B ae () FIdRAN (4 BI&AH 4 7k,
KRB (S M1k (BS, a)o XTRIAR 11 MRIT 55 R AEHEL T H DSDecodeM #EAT RS A L,
Hop s HRAEREGRE (E'5, b), i PCR ARSI 9.43%; 6 PRIK gm0 &2 441 5 B0
B9, 5 PCR PBHMEAE RS EL1 11.32%.

2.6 BEBRFHIOM

TEFRTFIN 9 MR A RUEEAL B RAS MR T, B 25 AT 08 AL B. C. D44 (6, a).
Bt — 2 H DNAMAN XJiX 9 ¥R A Kk VviPDS1 4 i & SE /R 7 513047 T 434, #5 FEAR BT R AR
6 bp M P SRS 202 MR FEBR A, Ik 26 NMEER A BE (B 6, a), PP ERSAER
(Bl 6, b); #16. #21. #49 K4 1 AL G BE, FoARM FEULE 203 25 216 fi73k 14 4
TR R AR, BEERERITLILE (B 6, a), AN ALER (K6, b); #27. #28. #47.
#54 KA1 ANIIE T RN, fEHAESE 203 & BEIRRAL N G SRR & (K6, a), 7
AFEAANEKE (F6, b); #39 KA 2 bp FIBRIEEL, FEILEE 203 £ 2 E R AN L 55 H
BRATL IR (B 6, a), PR LR (I 6, b) . X Ee4E TR AT F 3RS M MK, VviPDSI
Uit I A FE R AT AE A RIFE FE IS e



2OME, TIRE, SO, TERHE, SCEUE.
FIF CRISPR/Cas9 mixFi % VviPDSI & Hl IR L.

[d 2 54%, 2019, 46 (4): 623 - 634. 631
PAM FF7 Target site
WI AGCAAGCCAGGGGAATTCAGCCGATTTGATTTCCC
#5 AGCAAGCCGATTTGATTCAGCCGATTTGATTTCCC S6
#16 AGCAAGCCAGGG-AATTCAGCCGATTTGATTTCCC -1
#21 AGCAAGCCAGGG-AATTCAGCCGATTTGATTTCCC -1

#2717 AGCAAGCCAGGGTGAATTCAGCCGATTTGATTTCCC +1
#28 AGCAAGCCAGGGTGAATTCAGCCGATTTGATTTCCC +1

#39 AGCAAGCCAGGG--ATTCAGCCGATTTGATTTCCC -2
#47 AGCAAGCCAGGGTGAATTCAGCCGATTTGATTTCCC +1
#49 AGCAAGCCAGGG-AATTCAGCCGATTTGATTTCCC -1
#54 AGCAAGCCAGGGTGAATTCAGCCGATTTGATTTCCC +1 a
PAM F0F7 Target site

WT AGCAAGCCAGGGGAATTCAGCCGATTTGATTTCCC

#8-1 AGCAAGCCAGGG-AATTCAGCCGATTTGATTTCCC -1
#8-2 AGCAAGCCAGGGAGAACTCCGCAGATTTGATTTCCC +1&S3
#17-1 AGCAAGCCA-GGGAATTCAGCCGATTTGATTTCCC -1
#17-2 CGCACGCCACGGGGAATTCAGCCGATTTGATTTCCC +1&S2
#19-1 AGCAAGCCAGG-GAATTCAGCCGATTTGATTTCCC -1
#19-2 AGCAAGCC-GGAGAATTCAGCCGATTTGATTTCCC -1&S1
#51-1 AGCAAGCCA-GGGAATTCAGCCGATTTGATTTCCC -1
#51-2 CGCACGCCACGGGGAATTCAGCCGATTTGATTTCCC +1&S2
#52-1 AGCAAGCCAGG-GAATTCAGCCGATTTGATTTCCC -1
#52-2 GCGTAATTAAATAGAATTCAGCCGATTTGATTTCCC S7 b

Bl 5 CRISPR/Cas9 MM SHRIEEHRN T R4S AR
a: AIGRA; b FERDL: WT: BAR, HEEFER: WA (0 8ifik (3 & Mk .
Fig. 5 Different types of mutations detected in the edited plant after CRISPR/Cas9-mediated gene editing
a: Same mutation in both alleles; b: Different mutation in two alleles; WT: Wild type;

Blue: Insertion (+) or substitution (S); Point: Deleted nucleotides (-) .

WT [ DINE (NI VGN (HGEF SRFDFPEVLPAPLNG | WA I LRNNEMLTWPEK IKFAL 240

A 20 | NDRLQWKEHSM | FAKPSK PR MLTWPEK IKFAI 214
B UNECS TN | NDRLQWKEHSM | FAKPSKP S Y IR 6 2 1 216
R N YN TONIVE YR . | NDRLQWKEHSM | FAKP SK P{: R 202
D PEXNG | NDRL QWKEHSM | FAKPSK P[] 1 K 206

Consensus g indr |qwkehsmifakpskp

#16 #27 #39 b

6 FERMWEMEFERTERNTNNEERFY] (a) MRE (b
Fig. 6 Predicted amino acids (a) and the phenotype (b) of wild type and mutants with biallelic mutants
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3 Wi

RAFENS T A A B U R D RE W AL R O B B . I8 A% G0 (1 A 27 R 3RS it S5 R A5 S AR R 1
J7i% (Colbert et al., 2001) fEAEAEERIALIE, 75 2R 8 PUBL AR B FIFEAT RMUAR I 1% (Till et
al., 2003). KHIDURME = A, FEIEIERE M RNA T B AR F IhEE (Dai et al.,
2015; Pessina et al., 2016). CRISPR/Cas9 ¥R HIIL, 7 LLEEAER IR AL B 5] AR,
TR A4 2 [ RAGAA, R (I ik 5k [R] T g 1)k 9 R A 40 R R 2

AHFFE il it CRISPR/Cas9 R Giri i &) VviPDS1 3£, 15 20 FRTE H AL 25 K% AL i 1 58
B E, BAWHEANABRIER, Hbwa a3t s ik, HRERBHERT 25%. AR
B, PLETT pds3 FAR) AL RVEAL R AL 1 PDS3 R ThREMERA S 2R (Qinetal., 2007);
FIF CRISPR/Cas9 5& M 4w+ AR, 7E TO 3K 7 /KFE PDS K DhfeHh & 4l & 980k, 1 2L
W AL AR LR Y, SEMRRMR A IE R K & (Shan et al., 2013). W4, 7E3F RPN 216
t, H IR PDS ZE K CRISPR/Cas9 € [l 4 48 [RIFE 2 3L 56 4 LA AN ™ B AL R A (Nishitani et
al., 2016; Tianetal., 2017). Ifj Nakajima 5 (2017) [{4Ri&, 81l CRISPR/Cas9 £ 4t [ 4
B4 YR PDS ZE R, RAFEMRARE ROV, HRIE A F 35 A . AR R kg R
MWERSHERER, ARSI RREALSA R, B 5 ARG S RANHEKRA R, EAR
WEFiH, @i CRISPR/Cas9 REAE VviPDS1 FITUAAL B D= A TRAE, R1G 9 PRAl& R R I
FEAE PR R LR Y, IX SR I A YR PDS FE R E R SRR 2 S8R & A4k, H CRISPR/Cas9
FRG e i 1 4 45 i IR 2 AR 3k AT R DR 2 G

BEENARAIEY), WAL, BSR4 B BCREG, TR PP AS A P 32 ) 30K
X T TE R B AT 28 SE IR R T K R (R 2 4 48 22 S0 22 (Linet al., 2018). AHFFLHIEIL PEG At
SR IR s e A R RS A, JE P k PCR/RE [ 7 7R 580E # A Th BE - L AT Malnoy 2% (2016)
i PEG /v SH A0 %) IR A 475 L 2343 B8 10 S A SR A i s, 3l il v 36 s 0 P 1) g v AR 21 T
CRISPR/Cas9 FR 4 v {EHI 4 Wk T ¢ Mdgnl, HHEAMEEGHARFE SRS+ RE (i %,
2017), H i@y of e i, DRIt 7 vE AN A T 17 5 R 60 28k A 2 e AR ) 2 1 1) T4
B A AT RS R o AR AR AT R AL, i PCR/RE BEAT ARSI (1) 77 325 AR A 7 B, R
FEFAAS, B A2 U5 A AR S, TR T RERUE. (HRAR L DI Gy 5 1 5 A4
JFi A DNA AR, 7E5E 1 % PCR/RE Z3 AT S TA) A e I 52 380 0 v e 0t 187 Py B o e v A SR AR 47 4 7=
. LA 1 % PCR/RE FE¥ NI, FEHEATES 2 % PCR/RE J&, 1R Wr=WH L E4E, wi#
ok BN I K M SR B R %t o IERINE, BUEJCiEE Shan 55 (2014) B 7%, 4
Ji2 A AT G B8R (Al 5 o 0 AL 28 25 T L@ P YK PCR/RE A REAE 5L A o A 2 A G 0 38) 2
R, AT Lin 2 (2018) HOBERIJTHE, MR EATER, il & EwmE I T
TR R B

ZE BRIk, A R CRISPR/Cas9 7 4t ] L ik 8] 2 41 Mo 1y g iy e e A #E 47 25 (R 4 4
¥, JAh, CRISPR/Cas9 RGAEWLE AR A4l Gilr. Ik, CRISPR/Cas9 HREUH HAE
A A L K ThRER SR L R 0 0 T A
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