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# E.: FIH CRISPR/Cas9 £ AXS 5 15-7 KG BT MR ZE ] pi2l MEAT 4w, YRR T pi2l B — B
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Creation of rice blast resistant gene pi21 mutants based
on CRISPR/Cas9 technology

XIE Liujie, DUAN Min, HUANG Shanjun *
( Crop Research Institute , Taizhou Academy of Agricultural Sciences , Taizhou 318000, China)

Abstract; The rice blast resistant gene pi21 of Tai 15-7 Nuo was edited by CRISPR/Cas9 technology. Two
sequences located on the first and second exons of pi2l1 gene were selected as targets to construct a binary
expression vector pHUE411-pi21-Cas9. Twenty one T, individual plants with Tai 15-7 Nuo as the background
were obtained by Agrobacterium infection. After generation addition,6 homozygous mutants without vector were
detected in 149 T, plants,including 3 types of mutations named pi21-t1 ,pi21-12 ,pi21-t3, Each mutation resulted
in the deletion of 227,239 ,and 99 amino acids in the protein encoded by pi21 gene. The identification results of
rice blast showed that during the mature stage ,only the number and area of disease spots in pi21-t3 among the 3
mutants were significantly reduced compared to Tai 15-7 Nuo, while the incidence level of the other 2 mutants
was basically the same as that of Tai 15-7 Nuo. Except for improved resistance to rice blast,the mutant pi21-3
showed no significant difference in other agronomic traits such as plant height, number of grains per spike, and
seed setting rate during the mature stage compared to Tai 15-7 Nuo. This study could provide some reference for
breeding rice varieties resistant to rice blast.

Key words ;: CRISPR/Cas9 technology ;pi21 gene;Rice blast; Homozygous mutant
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EIRPUR I 555 PO SRR BT 16 K RS RIS e 20 57 A AL BRI, M AR B R F L T
S FARC T BN ) 100 2 FEEDRPUIE LN, Cva R 35 00 Hih R 2 0 2 405 NBS-
LRR &AW EN | f04F P2 Pi5 P9 Pib . Pigm 25450 pi2l 52 B FiME—— N E A7 1Y Bt o am Pk 5L
DI, pi2l JE A=) i S IR , 0% 4R 45 A 45 F s 2 (M B AR S M S TR, 5I80%
A AP ¢ Aichiasahi” H BS54 B RAH B, BOG S A Owarihatamochi” W RS pi21 F PR BT 4 s 26 9 A0 26 — A2 —
MR FR AR BSY BIBLSE 7 AF1 16 DEIERR , B DNA JF41 4> B2 21 bp 148 bp, iX & 1 M HT 2% 7
AR R e

CRISPR ( Clustered regularly interspaced short palindromic repeats ) 42 JF A% 4= 9 3 R 2 N i — BE PR 5F 7
51, 245ME DNA AR, 1255 BES AT PRSI AMIE DNA x5 Hb A1) | LIk 20T RS MIE LR Y H Y
JE—FIRAFE AL . CRISPR/Cas9 35 M 4 R G AT H H Cas9 X224~ H Ak DNA 473U 5181
Bk, HETR ) Z 8 Type TTRGLE 14> Cas9 2 AT sgRNA TG HLHIfAT ") CRISPR/Cas9 i AR Hx
KA AR O AR B0 P IR DR A T 2 R A s, s I WA AR B DR A A R 24 B 6 TR i
Z 45, CRISPR/Cas9 B2 I T /K AG M Il K, He P A F5 35 5 /K R 6 2B W had g B ek . T pi2l 2
K972 o T I Re B R A58 i JUAE A AP iF9E 4l CRISPR/Cas9 AR & AUMGE pi21 FEH, DU TE
S ) AR A B PO R REAE R RS R, pi2 1 F IR 0 AR DG R B e a0 R
MRS TARGE S T5 vk e ke DN 2 R P R S AR pi2 1 JE PR 53 — D32 mT AP 35 32 (AR R JEAT
P AR FE K b 5

AR L, A EER T R R G 15-7 K A RL, 1t CRISPR/Cas9 $4 AR E 55548 pi21 FEH, LU AR
RICAME A ZEA MR R HBURIED ARG R4 AL

1B

1.1 REFHRREHE

IKFERE LG 157 K5 A MR BL2EAF 5T Be B 3k & BRRRES &R , E EEE ORI (0 5 RS R
J7, CRISPR/Cas9 #ifk pHUEA411  H )24 pCBC-MTI1T2 (R 5L K22 IR 2T AR R S s S g
1.2 XEBA pHUE411-pi21-gRNA #{FmHgE
1.2.1 #&#F¥els &

IKFEHRR I FE ] pi21 (050420401000 ) 4 fith & & il 2 BR 45/ k1 L 11 . 5% Wik hitp « //chopchop.
cbu. uib. no/,#%E# 2 1~ PAM( Protospacer adjacent motif) FF51 ( NGG) I 20 nt B2 A% FH R VE b #E A&, Hio 5
BT pi21l FEFRPEE— 55 AMNE T b JFE SR ML http : //www. rgenome. net/cas-offinder/ P-4 B #8147 L,
1.2.2 M3 pHUE411-pi21-gRNA # .4k

Z: 8 Chen 25" M IAREVEB L, (1)PCR §784, DLrP i #84k pCBC-MTI1T2 Sk R BLAR , 331 3
319 PiT1-BsF/BsR J PiT1-FO/RO( 3 1) 14 sDNA, (2) @7 V)46 R . VKR N 15 pL, f35 .
3.0 wL =8 ,1.0 pl 2Tk pHUE411,1. 5 pl 10 x T4 DNA JESEEFZE M, 1.5 wl 10 x BSA,1 ulL
Bsa I WYIME, 1 L T4 DNA 4R IKAME R 15 wl, 7237 C TS ho (3) FAb R BAPESR IR, E4%
WAL K AT IS DHI0B B2 38 , RAREE &R (Kan) HeifiiE , 11514 PiU3-F/R Sk 5w B BRI 5 45, BH:
JERE % F A S A MR A IRA RN . IS UES )P 5 L& 1,
1.3 FHEFEEREEF R PAMHEIEIE

T TE A B K I AT 1 R 5% AL AR AT B EHAL0S , SR AT IR Y 65 15-7 5 A 405 21 4045 2] 5 3k R A
W, 2% Duan ) ()7 b A TGS A VR BGTIE

B UEA BHMERY T, A LR BAbR , 28 L AC 45 523145 T, A7, FF T, AR 85 R Bl 5, SR
DNA , ZKLL 4 141 85 3L LA T4 & 80K 1Y Cas9-free SRR %1 %) CasO-free Btk , LATI4) Pi-NF/NR
P38 pi21 FEHE S RKIPFINT , ST LA 406 R bk, AT BioXM 2. 6 & DNAMAN
X ali G 5EAR A K BFAE Y pi2 1 FEPR AT A | Gt 8 1 ) 2 IR 3 AR AT LU X 3 A . 7 38 R L pi2l
R ERKFINBIMFIIE L,
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F1 KEHF KA PCR3|Y

Table 1 PCR primers involved in the experiment

ElLZEQ FIYFHI(5-37)

PiT1-BsF ATATATGGTCTCTGGCGTGCGATGCCAAGATCAGGA
PiT1-BsR ATTATTGGTCTCTAAACCTGCCCGGCGTACGGGTACC
PiT1-FO GTGCGATGCCAAGATCAGGAGTTTTAGAGCTAGAAATAGC
PiT1-RO AACCTGCCCGGCGTACGGGTACCGCTTCTTGGTGCC
PiU3-F GACAGGCGTCTTCTACTGGTGCTA

PiU3-R TCACAAATTATCAGCACGCTAGTC

HYG-F GCGTCTGCTGCTCCATACAA

HYG-R TGACATTGGGGAGTTTAGCG

Pi-NF GACCAAAGCCTGTCTATCTGC

Pi-NR ACATCGATCAGCCTCGTGTT

VR I AR 2 4 19 nt KM,

1.4 FHMEKp2l AERTFERERNBERESNHELEE

2023 4 IEZE K 3 B pi2l 4G R KER SR AEAL S 157 ARFIE T S N T RO B 2= A 58 B /N3 B
BEBRERD T A7 AT 7 0K B G IO E] 5 BRGETHR ZHIR . [RAE 6 SR Bk T 0K 4 4
R A PR TV AS 15 20 5L SCE BUR I TOR ARSI 5 1 S, B MRR AR 24 15 Bk 2 IREEAE ., [, FE T Y
SRERR (LS AR 4 AR FR) JH FBIFE PRI 75 2 bt Bh < 77 817 AT HAR A, 2023 4F 8 A IR
RIS, B RR AR VEI 3 MR, Bibk 5 SR HRAS OR SRR 0 GUbR ) et & b (s RERCR:
FHAR, 2 PR ™

2 SRS

2.1 & 157 1% pi21 EFEB R W RIXFH A pHUE411-pi21-Cas9 FIHE

B 157 ¥ fe— M EUR FRERS S &, UL 2 DNA AR, FH 514 Pi-NF/NR §7 35 pi21 2EH 4K F
I, SHURSIER SRR © Owarihatamochi” A FE 3 LU XS JE B, 5 15-7 ¥ Y pi21 R JE T80 557 2
RS S — 55 AR ES /3 B 2t 7 SR 16 N E LR, B DNA FR51 4351 £ H 21 bp
148 bp (1),

‘Owarihatamochi’ MGILVILVDLQCCRCDAKIRKVLGCLEEEYCIEKVEYDVKNNRVIVRGKFDPEKLCKKIW
515-7H MGILVILVDLQCCRCDAKIRKVLGCLEEEYCIEKVEYDVKNNRVIVRGKFDPEKLCKKIW
skskskskekskkskskskskekskkokskskskekskokskokskskekkokskoskskekskkokskskskekskkokokoskskekskokskokskekskkokokokskek

/; Ow a{i:l:lﬂtamochi ' CKAGKIIKEILIVDVWPP-—————- PCKPPPCEKPPEDCKPKPCHCCSCEKPKPKPKPCH
A15-7h CKAGKIIKEILIVDVWPPPLPQPPPPCKPPPCEKPPEDCKPKPCHCCSCEKPKPKPKPCH
skekskiskskkskeskskokskkokskskoksk skeksikskskekskskeioskeskekoskeskokoskeskokosksiekoskekokskeskokoskskokskeskoksk

‘Owarihatamochi’ CEKPKPCHCEKPKPCEKPP: PKPECKLVPYPYPVPYPYAGQWCCP
515-7H CEKPKPCHCEKPKPCEKPPPCKPEEPPKPPPEKPPPKPECKLVPYPYPVPYPYAGQWCCP
skekkskokskokskoksiokskokskokskokskk skefisieisioiskskskskskskorskokskokskorskok

ﬁ‘?ﬁvﬁ%}atammhi ' KPEPPKPPPEPPKEPEPPKPCGCSHAFVCVCKPAPPPPPPCGCSGGHGNCGCGIRPWPPQ

KPEPPKPPPEPPKEPEPPKPCGCSHAFVCYCKPAPPPPPPCGCSGGHGNCGCGTRPWPPQ

skokekeskskskekeskskokskeskskskekskskokekshskokeskskokskekskskskskskskskeskskekskskskskokskshokekskskokskskskskeksksksksksksk
‘Owarihatamochi’ VWPPPPVCPPPPWCYTEDNANACS IM

£15-7H VWPPPPVCPPPPWCYTEDNANACS IM

skokskeskskskekeskskoskekeskskskekskskskeskskokskskskoksk
1 & 157 Z55% &M Owarihatamochi’ B pi21 EEHKBE AN SEB LS

Fig.1 Amino acid comparison of pi21 gene encoded protein between Tai 15-7 Nuo and disease resistant variety ‘ Owarihatamochi’
EPEE — B ANEF BB 2 4 PAM JF 9] (NGG) B 20 nt B ZER T RRVE N HE AL, 2 A8 AU Z R AH R
583 bp([#2), 2 Xing 252" f 7%= (Golden gate cloning) , ¥ 2 4> HARFEHI % ALK pHUEA11 , 4 i,
WICFE R HAR pHUE411-pi21-Cas9
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ATG pi213E[H TGA
CTGCGATGCCAAGATCAGGAAGG CGTACCCGTACGCCGGGCAGTGG
i1 PAM 2 PAM

B2 gRNA HESGE
Fig.2 Target sites of gRNA

2.2 FTEHMEM pi2l AERTHRINFIESLEE

DL 157 AR B OK R A 1175 S I B 4L 2R A2 A A HEL 1 33K 2R pHUE411-pi21-Cas9 4
HRFEAAT BRI A= e i A 15330 21 4> T, AUk RE . $EH T, AR EER KA F i DNA, 350 # H PiU3-F/R
51 MR RS HYG-F/R AT FHMESGIE , FUKES R s .21 4 T, BRI RED 3 ) 506 bp K/
TER B IR 16 S pksh AR REY G ) 831 bp K/NW#RAK + FH B (K 3) . 46k E, TH
T, FCHMRI R RSG5

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

500 bp - T —————— -

M, marker;1 ~21,T, fCHBk, b5 WA 2 B, J/ 506 bp; F—F7 WARIK + HeP FE Bt A/ 831 by, 5744t Bk
AR B
E3 T, REEEERREERIER
Fig.3 Positive identification results of T, transgenic plants

21 A~ T, ACABARE B3 1IE 45 5 fubk SRl Iml 15 A5k, 8 T, AR 74 Bk R AR AR, 2t 149 A4~
Wbk, dRZLLA51Y) PiU3-F/R & HYG-F/R #7430, K30 T, ACEMR A 30 BRA & ik ik, 30 4~
AR FRRIY pi2l FEP HEATIN T, JL3RAT 6 4l G AR R, % 3 MR SR AR, 43 Bl 44 8 pi2l-il |
pi21-12 pi21-13, 55 15-7 KFAALL ,3X 3 FhoSAR AR 03 2 B 1 /B8R ST 1 BP9 A8 A %R
FHIA] ot pi21-¢1 F pi21-2 SRABFEROE A 1 3 SR Al 1 D083, pi21 -3 SR FE R i 1 Z Tk
48 ML 4) , B SAR RS B A R S 3L R T 51 A5 00, 3 R s AR IR L & 157 AR 43l Bk 227 (239
99 M HEMR . FIFH SWISS-MODEL R34 ( https ; /swissmodel. expasy. org/interactive ) Tl 25 [ i 2k 45 F4)
TR AR (R R as g & A T ARk, o pi21-r2 SR T 4 S B R R SCR a /D TS T
ZEs (B 5K 6)
2.3 p2l REFRZEREMBERRUELTE

2023 4F 6 A1, 4% 3 Bl pi2l 4i G RAMK K G 15-7 K TR #0434 B0 B AW SR f RS
e e e 8 H A A R R E 0L, G5 RN B 157 fR i LAFE R 2 W YRGB, 58 A ik rp
HAG pi21-43 FB0H B = i BT RS IR RE 7, S i b %) 9 508 250t R v AR A B 4 78 BH 9 0k 2D e Gk bt
(7)1 pi21-¢1 F pi21-12 W BTG 00 5 7 A= BUZSARL, s fot AT W e $2 71

XF6 157 K Mo pi21-13 AR AHPMAR AT E TN 34T . AR 8 FoR , pi21-13 SR RAERE &7 | T
FIEL B SR ET S 6 157 KRR E 25, AL IR IRN pi2l BRI 5 1 5 15-7 K
(I BTRBIR BE T, (HL A Bl As Ho e 25tk
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WA ASE BT CRISPR/Cas9 H ARANHIHTRE LA pi21 2848 4K

pi2l-tl.seq
pi2l-12.seq

pi2l-13.seq .-

Wraw ATGGGTATATTGGTCATCTTGGTGGACCTGCAATGETGCC
E

Consensus

pi2l-tl.seq
pi21-12.seq
pi21-13.seq
WT.seq

Consensus

pi21-tl.seq
pi21-12.seq

PAM

pi21-t3.seq c CAGTG ( T( (T(
WT.seq GCTCCCGTACCCCTACCCCCE ) CACTCETCETCCCCAA
Consensus gglgeegltaccegltacgeecggg caglgglgelgeccaaa

PAM
E4 pi2l REFSEFERFRERESF X

40
40

0
40

78
80
31
79

678
680
631
678

B ATA

-1
+1
-43

A

+1

+1

Fig.4 Comparison of target gene sequences between pi21 mutants and wild-type( WT)

pi2l-t1-Aa.seq
pi2l-12-Aa.seq
pi21-13-Aa.seq
WT-Aa.seq

Consensus

pi2l-t1-Aa.seq
pi2l-12-Aa.seq
pi2l-13-Aa.seq
WT-Aa.seq

Consensus

pi21-t1-Aa.seq
pi21-12-Aa.seq
pi21-t3-Aa.seq
WT-Aa.seq

Consensus

pi21-t1-Aa.seq
pi2l-12-Aa.seq
pi2l-13-Aa.seq
WT-Aa.seq

Consensus

Fig.5 Comparison of amino acid sequences encoded by target genes between pi21 mutants and WT

.................. VDLQCE .
.................. VDLQCE .
................ GCLEEE IEKVEY
VDLQCCRCDAKIRKVL GCLEEEY§IEKVE
mgilvil
TGRSWAALKRRST . . .ASRRWSTT .« v vvovvvvveeenne
T KEGPGLP .« v e v e teeeeteeeeeeeneneennnens

NNRVIVRGKFDPEKLCKKIWCKAGKIIKE I LIVDVWPPPL
I'VRGKFDPEKLCKKIWCKAGKIIKE I LIVDVWPPPL

VWPPPPVCPPPPWCYTEDNANACSI

B 5 pi2l REGSFEBARERRBHEIERF T

38
26
64
80

pi21-t1

pi21-13

E6 pi21 REEKSEFERTN pi21 ERHBEH - KEHEERT

Fig. 6 Comparison of predicted secondary structure of pi21 gene encoded protein between pi21 mutants and WT
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Fig.7 Field identification results of rice blast
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Fig.8 Phenotype comparison and traits analysis during the mature stage between Tai 15-7 Nuo and pi21-£3 mutant

3 Ve

5L DR G LA T 28 35 DR T e o ) % R R , A7 5 DR 2 v o 5 6 B 7 A S S M U 7 224 ( Double
strand break ,DSB) , HRT, EZA 4 FZEREE AT LA S0 10N S5 V0K B R AR ) SRS AR AL
I3 R TAS R I TALEN' A4 1 W i 2 11 ZFN " L B nli e #0074 [l SC 742 CRISPR/Cas9 R 4K,
TR 3 R MR, CRISPR/Cas9 28 5515 1181 80, {75 2 0 — 4> sgRNA. 0k fl 5 B0 % 3 DAL 1 0 S A4 £
MO R KRS N SR AR B N

AHFFEHI R IROT B AR pHUEA11-pi21-Cas9 8 FH 9 J2 b ARl A 27 B H: 42 20 B2 R 4 wF 1)
pHUE411 AR R S 0] LLIEA T RS 58 35 22 40 551 ) ot 08, %ot P 087 s 4 AR MK A B b AT T
BEAICIE T ARAS S AEAR pi2 -1 pi21-12 FERE S 1 A B A 1 NRIE , pi21-03 A5 1 Z Bk
48 MR, XF T pi21-e1 pi21-2 , 1 THEAG 1 SR BH A 1 B, C7ER S 2 HDE RS AS 58 48 | 2R 11 o i
FERTZ AL, ROUHE 5 2 AT AARAVE T . pi21-3 1405 1 Z AT R AL R AR 1, 45 A5 2 1
PAREIERA S EOE AR BIEE 166 MIHZE Ik, WF BT EE S E |3 A SABIARY pi2 1 FE R G 4880 2 i
i,

JEIIRIY pi21 FEPH i — AN 5 AMESFRY PxxPxxP 410 IR R B 45 0 BAR SR 1, © R R RO B0 bk
pi21 WG T 2 IR & 4o, X 2 AN JE P Y 3R AR 52 BRI i 195 5, Pi21 /pi21 7E R R B 1L
SR I B A AT pi2 101 Al pi21 -2 SEAE IR RS I S AR T B PR AT L L, B T T



14 WA RS 25T CRISPR/Cas9 FiAR Bl B FBURHE N pi2l 287814

IR S FEooll . P, HEWIX 2 A28 7R R TE REIE0N B 2 e S , W06 7 T BN A R R 3, A0 2 30 13 o
B MHZ T, pi21 -3 B FESIERL S 1 Z T2 48 bp, fA 8 T 1 NHE RS $Eoo, B TRV fEis
EH A 30, R BT T

Fukuoka ZE/ BF5E & B0, BRI RE v pi21 JE DR 07 5 B9 SR A pE s Al w12 AR Hoh o
2 AN HNEF XIS B 21 bp A48 bp BYSARERIR B T HUOREE ST, Feng %5 78 AR b i — B RS i
% GKGH "R T pi2l Bl R HUIESE A A, I L GKGH Sy fib A | i 1 b 2 g (0 4 F- B 6 206 % 00
FARAERMFZF 130t MR T S E 131 PURRERE KT . B G Y pi21 AR TRk
PR T M R R BT B L 4%~ 9% 7700 S5 HF A AR Ll , HLpg B TR o 2R T W, {ELG R I 75 4% 2
B, I EAT I 3 Bt () B RURRAE

I 55 5 DR B R 1) R 5 A, IR 3 3 3t X pi2 1 5 DR A7 A5 ) 4 e 15 A 7 5 R P JB 1) P A
B, RIS Bl A Ho e 2otk e AR SR AR By pi21 -3 5728 1A T ) JL R IsG RE IR T 6 15-7 ¥6A
A, MHAAR 2R B AR R B T BAs, 3 Ah, WA A pi21 B H A B AR
SR A8 | LIRS 20 BARTER IS AR R T3 2 R A S I A 1 B R K T pi2d
SRR R TG H p21 FEP BATER Btk iRt  FEDURE R M E A pi21 JED Y R SR A EAL
U S, LR RIS F S 3% R APURR AR H
4 H5B

AHFSERIT CRISPR/Cas9 $ A £ 15-7 4 i HORGRE 0T 2L 181 pi21 HEAT S, 4645 1 3 A oe A ik
pi21-t1 pi21-12 pi21-13 ; BN G AR 43 HIF B pi2 1 B K 4R % 19 8 1 e 227,239 .99 AN 2 SE TR 5 28 A8 (AR 1 Ak
i RERER AL G5 IR AR IR S B A B B 157 KRG W3 25 5 5 U R A R R B, SR (X pi21-43
AR RS AT AU AR 65 157 WA B8 BRI, ot 2 o 58 A8 A 22 998 K S 5 57 A U SEAS M), AR5 22 B
X IR KRG AR 5 15-7 AR 1Y pi2l JERNL S AT 9048 )5 , RS T 1 MR ISR T 288 bk R

i

AT A Ml 2 TR AT A 3O S e S B AR P 9 R pHUEA11 pCBC-MT1T2 LA B AR B - A S0,

2 % X M
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