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Abstract ; Bacterial blight of rice,caused by Xanthomonas oryzae pv. oryzae (Xoo) ,is one of the most destruc-
tive diseases of rice,which seriously affects the rice production in Asian countries. Deployment of resistance genes in
varieties is the most effective , economic and environment-friendly strategy for disease control. Previously, we genera-
ted a Xoo-resistant introgression line W6023 that derived from a cross between a wild rice accession and susceptible
cultivar IR24. The transcriptome analysis detected the expression of two genes Pong2-1(0s02g20780) and Pongl1-
1(0s11¢g14160) in susceptible line IR24  but not in resistant line W6023. Despite of >90% sequence similarity,
the genes Pong2-1 and Pongll-1 represented different forms of transcripts. To investigate whether these two genes
are susceptibility factors to Xoo,we knocked out Pong2-1 and Pongll-1 in susceptible line IR24 using CRISPR/
Cas9 methods and obtained a series of mutant lines. Test for resistance to PX099"* showed enhanced resistance in
the double mutant lines, which served as resistant resource potentially being applied in rice breeding.
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(B2 Bl 5 S A0 (AN R A T 2 25 2R P A ke 1
W) AL AR BT B A IR AR A
U B A2 I 22 N B AT P00 08 IR B 345 dn i AR A
BRI M5 R O R A X SETE RN T A e
T AN W 2 SR [0 52 A RERE S0 4 DR 45 B AR A
dn A I TR, ELAF RISt A% SRS P R e e
G F AL PR B 5 300 52 A it A e R 2 v B2
A Fhds e —FoR A0 R AR Y T B, (H2 A 5k
DRITE 52 A DR 20 10 2 i R ) el 22 4 B ik ke, i
HMIFIE R 52 (AL DX A 1) BEALARR AANASURT -  B0h
R PR 8 TR AR B S 57 5 52 B, 7 HL AT e Bz
BRI RS0 15 B PR R0, DR T RRAIR 1 2R 45 AR
T BRI DL R H I A A i DR A ) i T
i A= 4y 42 4 [ LA

LR 2H G B AR B I e S B A MR e
AR MHE TR E e, BT, S R
A FE PR IR ( ZFNs , Zinc finger nucleases) \JS8%%
SEIOE SN TR F- 2% 2 i ( TALENS, transcription acti-
vator-like effector nucleases) DA 2 CRISPR/ Cas9 ( clus-
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AR POK RS R4 DNA
1.4 JK7E RNA REE RER

FKFEM BLE RNA B9 3EBCR H Trizol ¥ (Invitro-
gen) ., HU&E & RNA F DNase | (2270A 10 B F44)
TR (K ) AR A THAL5E B DNA J5, i
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vi B 51 % 4 B N Pong2-IF: ATGAATCCGACG-
GAATCGAAGAAGCGTC; Pong2-1R: TCAATTATCTT-
TAGCAAACAAAGCCAAT Fil Pongll-IF; ATGAATCT-
GACGGAATCGAAGATGCGTC; Pongll-1R: CTATAG-
TATTGAACTTTCTCTAAGATCA, PCR J% I 1k & Hy
20 uL:2 x PCR Master Mix 10 uL JER A5 1814 1 pL.,
cDNA #EH 1 pL (35 ng) . Nuclease-Free 7K #b 5% |
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GGCACCGGCAGCCTGATTGGATT; # 45 1R AAA-
CAATCCAATCAGGCTGCCGG; #5 2F: GCCGTCG-
GCTCCCACAACACTAG; #E 55 2R: AAACCTAGTGT-
TGTGGGAGCCGA )94 CI#A 30 s, =ik F SRR HIIR
KRG SR Y sgRNA 284G 32 B 35 A A [R]
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1.7 TZHBRZE (L

FHEESTS [ 18 L 45 )7 5] | sa [ 3] pCAM-
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A, 2% P E R R ARV BE R 5 3] 0D, = 1. 0, i
1E3 ho SRAT 1 mL {5 28 WCBCB VAL, 2 A FQ 0
AIE NTABEERESE2 ~3 do BIEARE R
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W a0 ) X A [ i AT e B b B, i

LSM 7000 3G LR A2 44 W s (25 7)) M HE A
TEAN A ek O B
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W6023 23t 2 48 0148 J5 fE it f4 15 5t 15 1R24
R, 0 TR 98 W6023 5 1R24 /K FRE H A 9 Bt
PE2E S J R A S35 3 i 0158 iF RNA-Seq 43 #H7 T 7E
PX099" 55 S5 0L T B PIAS B BHG S Z W] 1 25 57
5 W7, Pong 2R JE 1 I B 0502420780 ( Pong2-
1)1 0s11g14160 ( Pongl1-1) £ IR24 H 44 %Kik,
fHELE W6023 LA #Rik, KT WUFfE 4
TN FF B 45 SR, AR 9 3 5 RT-PCR K3l T Pong2-1
H1 Pongll-1 W9 33k 1% ML, 45 - % B RT-PCR I
RNA-Seq 7 Hrdsi R —2 (Kl 1),

QO o
SRR

Pong2-1

Pongll-1

Actin

M 5> FHEARiE ; DDW : RGE K ; Nip: H AR I
M:DNA ladder, DDW :ddH, O control, Nip : Nipponbare
1 Pong2-1 0 Pongll-1 £ cDNA K5 [E
Fig.1 Isolation of full-length coding
sequences of genes Pong2-1 and Pongll -1
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e B0 4 TR 22 51, J& DR 4 o o) Pong2-1 il
Pongl1-1 1) RNA BY4EIE XA 7E 22 5% (http . //rice.
plantbiology. msu. edu/) , A7 T BH#ffi iX P~ Pong 28
TV DR AR B B SR O, 22 SO B H AR |
IR24 F1 W6023 F¥) Pong2-1 5 Pongll-1 Y cDNA FF
MK 1) 4558 578 Pong2-1 . Pongl1-1 1E H 7S i
1 W6023 R AN B4 ik BAE IR24 h A K
TRIEFI AN 1 W b 55 AT 2
2.2 Pongll-1 W55 5 LA E (L

TEMETRE] Pong2-1 Pongll-1 4K ¢DNA J& , il
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FEortT & B Pong2-1 4% 190 A% FE R , Pongl 1-1
Mg —A4~ 398 NMEIERMEH, —H S5 HAREY
JPHNBARAE—E 25 5%, 25 57 i JEL R 2 SNP S 350
SRR, 8 T W5 Pong 2844 P+ I 7E
Y HL R Y SE L, BEER Pongl1-1 VERBRFEXT 4, waks
Pongl1-1 41 ¢DNA, %455 pCAMBIA1205-YFP #;
RIGHEALAKT I GV3101, I ISR | AT
PRI A 23K R a0, WOt 3R £ I S W 5 B il & 2R
FIEZNIE R g7 &, Wi 2A ~ D 2R YFP-Pongl1-1
FEAS MR 36 2 A i A A rh ik . HOo A 38
TR YFP 158 (i 45251 HRGA A A 7E R AN T 26 e 4 e

YFP

pC1205-YFP-Pongl1-1

pC1205-YFP

Bright field

(KI2E~G), s
R — %A,
2.3 EERBEHEHBRREEEN
T & B Pong2-1.Pongll-1 {LHE IR24 3£

I8, R T B0 AE H 3 Gk 2 T X6 K R R AR, R
CRISPR/Cas9 Z 4%} IR24 H1 () Pong2-1 ,Pongll-1
HITESEAA, HT Pong2-1 , Pongll-1DNA [F] 5
P, BT T XX AN SE R 1 L [R] ¢gDNA (B 3)
PP T 2 MEAL S (EI3A) . B X, Ma 272 10y
PR R S A WUHE 7 05 B CRISPR 3R ik #8 1&
pCponT12( & 3B)

Bt Kk RGLRY] Pongll-1

DAPI

A ~D.YFP 5 Pongl1-1 fili & 2 FIAEAS FCIE N F 4 A P AYSE AU SE 67 ; £ ~ H. YFP 28 11 (4 I8 7824 FC AR - 240 o ) S0 40 o7
A E J YFP %014, B F A% ;C .G 2 DAPL Q& &% ;D H R EHE

A-D :Subcellular localization of YFP:Pongl1-1 fusion protein in N. benthamiana Domin leaf cells, E-H ; Subcellular localization of

YFP protein( positive control ) in N. benthamiana Domin leaf cells, A and E for YFP fluorescence image,B and F for bright field image, C

and G for DAPI stained image,D and F for merged image
E 2 Pongll-1 7E7 FCHE R B 40 B o 4 0 40 B 7E £

Fig.2 Subcellular localization of Pongl1-1:YFP fusion protein in Nicotiana benthamiana Domin

A
Pong2-1(1-54)
Pongll-1(1-54)

Pong2-1(55-108)
Ponall=1(50~108]

B
LB

pCponT12

ATGAATCCGACGGAATCGAAGAAGCGTCGATCCAAATCCAATCAGGCTGCCGGT
ATGAATCTGACGGAATCGAAGATGCGTCGATCCAAATCCAATCAGGCTGCCGGT

GAACCGACCGCCCTTGATCCAGATGCCGCTAGTGTTGTGGGAGCCGATGGTGCT
GAATCGACTGCCCTTGATCCAGATGCCGCTAGTGTTGTGGGAGCCGACGGTGCT

R8

-H HeT )- 2x3ss‘.- Ubi j-{NLs Cas9p  |NLS| Tnos = OsUBAngNA T0susa i ngNA‘TTTTT)—--—

A :sgRNA 7E Pong2-1 Fl Pongll-1 FIAZEEN 8, FRILIER , PAM (57

/n /N ;

TSI ;

B: T Pong2-1 Fl Pongl1-1 #B%AY pCponT12 #ARZEI /R A
A ;Schematic diagram of the targeted sites( underlined)in Pong2-1 and PonglI-1,The protospacer adjacent motif( PAM ) sequences are in bold,

B Structure of the vector pCponT12 used for Pong2-1 and Pongll-1 knock-out
B3 EFESEMSSREHE

Fig.3 Genome target sites and expression vector
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2.4 T,REEEERK PCR &l

¥ 3R CRISPR/Cas9 #i/& pCponT12 i ik £ T
WA 5 A IR24 A2 | 08 73 AR 15
20 > T A bR, FiviE TR i g J b, o 1 ik H:
ST R AR [5G JE R AR, AR JE Cas9 JE 1K DNA 1Y
FEH, it 17— X R R 51 %) Cas9pF/Cas9pR
( Cas9PF ; TTCGACCAGTCCAAGAACGG, Cas9pR : CTT-
GACCTTGGTGAGCTCGT) , %F I i 20 #k A9 DNA #E47
PCR ¥4, 20 BRELALIAERHED 4 531 bp 1) DNA ¥
SRS, BT IR TR24 TGP 46017 (&1 4) . 4%
FEHH 20 BREEILDIARIR 250 by PHA A A
2.5 HEEKNERBLETERAERD

BEAILEIGS 53 T, ARHEAT Pong2-1 Pongl1-1 i

M1 2 3 4 5 6 7 8 9

e SrS R S ]S A T 7 N S I M N AW i N
o KRN TE Pong2-1  Pongll-1 13 55, % 1 4 i 98 7%
FRELRE , TT ELAR SR U o5 58 A | KR A Ak 1) 58 AR o7
MEERAICAEE 5 R T AN B 6 Fh g S A
wmE s, XX 6 Fhdmia SR ORI T T AR BT
PEI A, BRI B R PXO99N ) 2 15d J5
A AR R BRI 5 B, BREARBEI 3 A, i
TTMAE LT, 6 T g 5 25 B AR G BE 7 35 4 B A
6.94 ~8.71 em Z[], 1] IR24 KR JEH 14. 85 cm
(E6), 45 RFW Pong2-1 . Pongll-1 %Rk T
JKAE MR T (PXO099™ ) R PR HE — & 72 B il Hi vk
e

11 12 13 14 15 16 17 18 19 20 21 22

500 bp
M3 FAFRT 1,23 ~ 22 203K pCponT12 (FHPEXTIR) (TR24 ( BIPEXS ) LK T AUAE 2 IR A R
M:Marker,1,2,3 to 22 indicate pCponT12 ( positive control) ,IR24 (negative control) and T, transgenic plants,respectively
B4 T,REEREKRSFEN

Fig. 4 PCR amplification of transgenic inserts in T, transgenic plants

PAM m
IR24 [

PAM T2

Pong2-1 CCAAATCCAATCAGGCTGCCGGTGAACCGACCGCCCTTGATCCAGATGCCECTAGTGTTGTGGGAGCCGACG WT
Pongll-1 CCAAATCCAATCAGGCTGCCGGTGAATCGACTGCCCTTGAT CCAGATGCCBCTAGTGTTGTGGGAGTCGACG WT

—————————————————— GTGTTGTGGGAGCCGACG -48

7323 Pong2-1 CCAAAT- = =

Pongll-1 CCAAAT--ARTCAGGCTGCCGGTGAATCGACT GCCCTTGATCCAGATGCCGCTAGT --TGTGGGAGCCGACG -2/-2
[ Pong2-1 CCAAAT--AATCAGGCTGCCGGTGAACCGACCGCCCTTGAT CCAGATGCCGCTA--GTIGTGGGAGCCGACG -2/ -2

Pongll-1 CCAAAT- =

————————————————————————— TGTGGGAGCCGACG -52

7939 [ Pong2-1 CCAAATCCAATCAGGCTGCCGGTGAACCGACCGCCCTTGATCCAGATGCCGCTAGTGTTGTGGGAGCCGACG WT
Pongll-1 CCAAATACcARATCAGGCTGCCGGTGAATCGACTGCCCTTGATCCAGATGCCGCTAGT— ===~ GGGAGCCGACG +1/-5

Z235 [
Pongll-1 CCAAAT- -

Pong2-1 CCAAAT---======—=—-——-e—e——e——————

--------------------- GTGTTGTGGGAGCCGACG -48

—————————————————— GTGTTGTGGGAGCCGACG -48

2252

Pong2-1 CCAAAT-—====== e mmm e e e

--------------------- GTGTTGTGGGAGCCGACG -48

Pongll-1 CCAAAT--AATCAGGCTGCCGGTGAATCGACTGCCCTTGAT CCAGATGCCGCTAGT-~TGTGGGAGCCGACG -2/ -2

2256[

POng2-1 CCARAT-======m === mmmmmmmmmmmm e

————————————————————— GTGTTGTGGGAGCCGACG -48
Pongll-1 CCAAAT--AATCAGGCTGCCGGTGAATCGACT GCCCTTGATCCAGATGCCGCTAGY TGTTGTGGGAGCCGACG ~2/+1

IR24 AR B, 7. T, AR RRR 3R LL L E IR BHEE N sgRNA JF 51, IIHLBREE y PAM 751 5 /NS SEAEA R R4 AT 51
IR24 :wild-type,Z: T, transgenic lines,The base in red is the sgRNA sequence,and the base in bold indicates PAM the base in lower case is the insert base
B 5 Pong2-1/Pongll-1 REAKF 554

Fig. 5 Sequences of Pong2-1 and Pongll-Imutants in T, transgenic lines

18
16 -
T
14 +
Eg 12 ¢
)
Mﬁlo’ ok kY %k
= *% %
MS 8 r A
w3
0 O
= 6 -
Iz -
4 L
2 L
0

IR24 7223 7224 7229 7235 7252 7255
IR24 5T A AbE R
B 6 Pong2-1/Pongll-1 REHEFMERIR
Fig. 6 Lesion length caused by PX099* in Pong
2-1/Pongll-1mutant lines

IR24 and T transgenic lines

2.6 Cas9-free FIBEHKNRKBEREEREE

g T ARECAT R FH ) Cas9-free K REHTIERE IR, F]
H Cas9 ¥ 57519 Cas9pF/Cas9pR Kl 6 Ff 4
B T, AR MR, B PCR A6 B PEAR AR A
K G SR SR (R 7)o H B R R 56
NN T d 5, IR24 S R R 2. 81 em, fif
7223 7229 7235 il 7255 ¥ K% K B 4 5 R
0.67 cm 0. 88 ¢cm.0.69 cm F10.75 cm, 2/ 15 d
JEIRBEA Y R, IR24 R EEN 15 em, 1M1 7223,
7229 7235 F1 7255 ¥ R E 310 7. 51 em
8.69 cm.7.34 cm M18.31 em (&l 8A B) , 1] Ul %
FE R B BE A 2 /N T TR24 MR BER
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Fig. 7 PCR amplification of Cas9 vector fragment in T, transgenic plants

B 18 -
16 - _]_
14 +
g = 12}
- 10 + by b
i i'; gL *% sk
= 4 L
2L
0 1 L L 1 | B | 1 | -
IR24 7223 7229 7235 Z255

IR24 5T REER gtk
IR24 and T> mutant plants

AT fRRE i A bR 5 TR24 FBEXT HL I B T, (IR G At vk 5 TR24 SRBE R G T BT IR
AT, mutant plants and IR24 exhibited different lesion lengths,

B : Histogram of lesion length of T, homozygous mutant plants compared with IR24
8 44 T,AERERFRNIIRR M

Fig. 8 Test for disease resistance in transgenic T, lines upon inoculation of Xoo strain PX099*

T WESE SRR AR B AR | R AR,
X ik 4 A~ Cas9-free T, 2l A1k R M) F2A Z MRk
IT7%%, WK1 ATEH 4 DB RS 3 BEEL
LESLAHIT- R 5 B A AU IR (TR24 ) FEAS—E(;4 4>
B T RS B 45 2R Bos Bk R 2R 5 B A 1Y
Xof BTG S 35 P 2 5 o ik DR i 08 F %o K e 119 2 R
ZEARTE W | AT TEAT T MR
$E15  Cas9-free M AR A MARFEA— MBI TR KL

3 itig

R —— IS0 =2 () 4 =) 2 3 325 DL
PR I R A B B B i A A R R 2
FHZFFBAR A 27 T W R0, i O i
A T B R BRI B SRR RS
(innate immunity ) 8 0FAS 7728 Ak A5 L TR, AR D 1Y)
FERGIE RG] LA AP 2R, PTL( PAMP-trig-
gered immunity ) Fl ETI( effector-triggered immunity )
PTI F 22 AE Y0 32 /K ( PRRs, pattern recog-

R1 40 T, REMBHREERKS
Table 1 Statistics of agronomic traits in homozygous trans-

genic T, lines

HIHE(%) TR
W& HE(em) SrEERL ,
Seed setting Thousand
Lines  Plant height  Tiller number
rate grain weight

IR24  87.8 £3.44* 10.40 £3.76* 80.91 £5.90" 24.60 +1.35°
7223  87.8 £3.16% 12.50 £1.20* 83.37 £3.46" 24.86 +0.41*
7229  88.7 +4.15% 11.10 £2.59* 82.55 +£5.18* 25.30 +£0.45*
7235 89.1+3.94°

9.60 £2.00* 81.45 +4.96" 24.94 +0. 65"

7255 86.1+4.08" 12.50 +1.4* 82.31 +3.04" 25.24 +£0.79°

SRR « PRUERR 2 BT T BB AR 5 bk,
PR FAE TR A2 I8 JC R34 22 5% (P <0. 05, T K)

Results were shown from five mutant plants of each mutant line and were

represented as mean + SE. Values marked with same letter a are non-sig-

nificantly different( P <0. 05, Student’s t-test)

nition receptors ) PR 5l 3 28 LR 57 1Y 95 Ji AR 243
(PAMPs, pathogen associated molecular patterns) , i
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