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Cloning and functional study of OgXal3 in Oryza meyeriana
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Abstract: Bacterial blight is one of the most devastating bacterial diseases in rice production. The identification and utilization of
resistance genes in rice breeding is the most economical and effective method for controlling this disease. Oryza meyeriana
represents a valuable genetic resource due to its high resistance, and even immunity, to bacterial blight. In this study, we cloned
the full-length cDNA and an 8908 bp genomic sequence of OgXal3, a homolog of OsXal3, from Oryza meyeriana using tran-
scriptome and genome sequencing. Sequence analysis revealed that the gene structure of OgXal3 consists of five exons and four
introns, mirroring the structure of rice OsXal3, and its core promoter sequence is identical to that of the rice susceptibility gene
OsXal3. A total of 21 amino acid differences were observed between OgXal3 and OsXal3, with four key substitutions located in
the MtN3.1 domain. Overexpression of OgXal3 and its introduction into TP309 plants via genetic transformation significantly
enhanced resistance to bacterial blight. It is hypothesized that the amino acid sequence differences contribute to the distinct func-
tions of the OgXal3 and OsXal3 proteins, suggesting that OgXal3 could be utilized as a dominant resistance gene in rice breed-
ing. Furthermore, knockout of the OsXal3 gene using CRISPR/Cas9 in Nipponbare T; homozygous lines also significantly en-
hanced resistance to bacterial blight, demonstrating that editing the susceptibility gene OsXal3 through
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CRISPR/Cas9 is an effective strategy for improving resistance. This study provides a valuable genetic resource and new insights

for breeding rice with enhanced resistance to bacterial blight.

Keywords: rice; Oryza meyeriana; bacterial blight resistance; gene cloning; OgXal3

KA (Oryza sativa)jeF& H FZ R EED Z —,
Wt A 2L A 3N A s [k
T 75 P I (Xanthomonas oryzae pv. oryzae, Xoo0)H|
LAY I A5 (Bacterial  blight) 2 3% [ K f A= 7= | ik
F R B A B 2 — 1, R EE AL A
RATKRELEE I, 4 A SUE R IF R Bt
I A T K R R A B T & A B S T 2,
TEAFE LT AT R B S (Rt A L I ZEAY | rp ik
T R 45 2 R e . & B — B 10%~
30%, EAEE 50%LA 1, B FR R fheE
A 2yt R HAT/K R A 77 LB A Al 0 32 2240
T, AABAS By, R ™ A PR AR T G
T HLAk 27 A 245 09 30 O s it 2 3 380 At s T 7
Tirf 24 P RO P A 510 P 3 R 8 B PO
2 9 20 3 R A e 4 U A S R R e, R Al
St R SRt 2 T

MZEHAT, ©2MOKAE SR A 2 fh b 48
TED 43 AEMRREEILE D Hd B s
HHE 1614, 0902 Xal " Xa2 " Xa3/Xa26 "
Xa4 ™ xa5 M xa75 Xa1019 xq13 17 Xa14 MY,
Xa21 "™ xa23 M xa25P% Xa27Y Xa31() M,
xadl(t) P Xa45() ", Xa4., Xa7. Xa2l T Xa23
S5 W PR BUE B AR F A TR U T B KRB RS,
18 xa5 il xal3 S5 FaPEHU HE K K —Se g0 1% A R 1Y
PR R AE E R R 2 )T AR BRI R,
B E AR BTERL R, U T RS R R Y A
P, S AR AP BTE T R KR A 7 k8 T R
R AR

Yo B A= F (Orvza meyeriana) BAT & 40 A
o 2 R I RR I, R R A R DR U A R
SREFE, H GG JeaiRdimyehiiT ARG S AA Yt
A AR IE R R & R, AT, HIERHT
o B PR o vE R AR G S E MO EE A . A T AR
24 AR P D0 B A A v B O S poie B R R, BR
RSP B A R AT T LR 5 AR A4
TR A S AL e P42, st 3/5'RACE KL
PR e b T KRS Xal3 (OsXal3)RY [a] 5 5 A
OgXal3 1) cDNA &K FZ LIRS FIFol. K0
OgXal3 WiH.0 g EiEgs 2| (UPT puxor-box) -5 7K 1205

I OsXal3 —3(PY, {H OgXal3 HEHFHH 304 4~
RIEMRAL Y, SR OsXal3 A 21 MREILMRAY 2=
S, Hr 4 MEEREZERAM TS COPTL Al
COPT5 TLAE MR ST MEN3.1 &5 ds 124261

FEARRPERI B AR RS h OgXal3 FEFAYINAE, 18
RO |, AP — 25 T OgXal3 Y
SRFEY), T OgXal3 1t Fk A MEL AL
AR, JE I AT T A T 0 38t 12 7 Ak D vk e AL B 7K
& TP309, Xf A TfedE4T 7 #5¢. FIH CRISPR/
Cas9 Fk K 28 5 A G B /K Ag H A T OsXal3 &
PIHEATRER, WS AT T RRai G Ty M To AU R Y
PorEFR M. WAH T OgXal3 g SEAER A AL
U S, KRG P ERE S OsXal3 1Y 55 4
BT R ROKAE I B A ST
1 #MRlEA%
1.1 iR I s A

KA A KL P8 kL B A2 RS (Oryza meyeriana)
(IRGC Acc.No.102117)H #M K2zqe 2= B f 45,
5 3 R 41 AN SR AL T o FH AR SY OgXal3 3L
oo [ 0 P KL B A2 B8 (Oryza meyeriana) i AR 525 %
2014 45 D\ = B PG SRR 40 S5 Tk T LG B 2 R R R AR
WoR&E, P FIRE . HAHS Nipponbare) X Jf
T/NFE PXO99 FIENG, AT HT OsXal3
R S5 . TP309 X JEF 2=/l PXO99 2 3Lk,
R OgXal3 i 33k A 454 AL 50 1Y
ZARKEEL

kLK Bk pCAMBIA1300-0x Hi i [E Rl
B st A% 55 & B A W2 F 5T T A ) ik PR A ) 5% o
0w AL SO L B R TP 2 A4S 35S s
7, —MNHTRHEEHE, —HFEshis
FAEN, AR T RR AR, Bk
pCAMBIA1300 1 & —/~ 35S 5 5 301, AT 3hil
TR SER, ARESE R TR A DR A A A
1.2 DNA £

V- PE R A R BT, B TR O AR
FEOT BB BLRY R, BB E T T, R
CTAB kP HRBCIER BT A= RE T 3£ 41 DNA, 7T
4CHH.
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1.3 S RNARREVKE—# cDNA &5

#) F MiniBEST Plant RNA Extraction Kit {7 &
FEHH S RNA, 2% IEHHBER Uk AT RNA 58
Bk, RAMEIEREE TS UV-2700) K0 ik Al
afifF . F| M SuperScript III First-Strand Synthesis
System for RT-PCR & % s 15 & A i 2H —5E cDNA,
20 CLRAF#
14 OgXal3 BEEAEKEEMEERALEHIHT

) FH I 0F 58 SRR A OgXal3 421K cDNA ¥
F) 230 LS E b B A e 3 R 41 K008 P2 (Genome
Warehouse (http://bigd.big.ac.cn/gwh), 55K
(GWHAAEL00000000), R4 Lt X () P b B A Fe rh
OgXal3 WEEH T, TEHE LG %S FHIZY 3000 bp
L %R 1)5 24 3000 bp 4bi% 1455 PCR 51¥)(F:
5'-GTACTCATCATCAGGCAGATTCTCCCACCACA
GTG-3'/R: 5-GGATCCTTTACCACGTGCAACCGTC
GACAAAT-3"), LIPSk E RGN 4] DNA AR,
fii ] KOD i ELEG 4T3 .PCR A & 20 pL:
5.6 uL RNase Free ddH,0O, 1 uL DNA (100 ng uL’l),

10 pL 2xPCR Buffer for KOD Fx Neo, 2 pL 2 mmol
L' dNTPs, 0.4 pL DNA Polymerase (KOD Fx), 1E[f]

SIYIA 5194 0.5 uL (10 pmol L"), PCR [
M 94 CHIAEYE 2 min; 98°C7AEPE 10's, 65°CIR K 305,
68 CHEfH 6 min, 34 PMEFF; 68 CHEfH 5 min, PCR =
Wz 1.0%3E N WEEEI LUK A1 EasyPure Quick Gel
Extraction Kit & RIS & Rl afifb H i 7 Be, %
R E YR AT BRA RN o )3 8N OgXal3
B FES, FIF DNAMAN #445 OgXal3 )
cDNA JPFH#AT LY, 456G 7K OsXal3 ()5 41
ghEy, R 1BS 224 OgXal3 FEHE5H .
1.5 OgXal3 RiEHEHE

DL 1.4 A 5 I [ET ™= 9 8908 bp (S'UTR 3695 bp +
2252 bp + 3'UTR 2961 bp) WM, LIFES5[4)
(OgXal3-F: 5-GGAATTCGTACTCATCATCAGGCA

GATTCTCCCACCACAGTG-3'/0gXal3-R: 5'-GGAA
TTCGGATCCTTTACCACGTGCAACCGTCGACAA

AT-3', T £l EcoR T FREIMEPVIEER B T3, FF
Vig G oA SR ARSI #EFT PCR 9738,
R Z R FFIR 3R 1.4, PCR =4 ik atifk, #4456k
F P A A G B 3L R BGESEE] pMD19-T Hr ]
TR R . ERRNAIRRAN 10 pL: 3.5 pL
(0.57 pmol L Y[ 74 DNA, 0.5 uL pMD19-T,
1 uL T4 DNA #$#8 (400,000 U mL™"), 5 uL 10x T4
DNA %421 Buffer, 16°C i 2 ho HU 5 uL 4274

Jn#) 50 uL DHSo B2 84 M, FEREFIRA), 1K
I H#E 30 min, 42°CH#P 90 s, 37 BIE F UK - 2 min;
B 500 puL JCHiAE % LB 55358, 37°C . 220 r min™'
BEET 1 h BEAETHEEZE00 pg mL)AH
& LB “FAR, 37 CHIEREF TR, PRE 12 4w fE,
SR T 500 L &4 100 pg mL ' A EHH R
B A LB B335, 220 rmin' . 37°CH59% 4 hy B
1 pL W, I OgXal3-F/R ¥ 5:0E5 19347 PCR
PHE, PRI 1.0%B N B EE S FL VKR, BEHR 3 A
AR 2 1 44 o A ) PR Y 2% AL i R R AR R A R
w25 A 34 Vector NTI Advance 11
HEATEEXT, B H 0 BOS I % A SRR

F) A MiniBEST Plasmid Purification Kit Ver.2.0
Jo R 2 U ) & P2 B PH R 4L R DNAL FIH
EcoR T P VI iE4y 531 V) 5 40 Jf ki pMD19-OgXal3 Fl
Fik# A pCAMBIA1300, AFVIAZ (50 ul): 15 pL
pMD19-OgXal3 8 4 nL pCAMBIA1300 [fiki DNA,
2 uL EcoR 1 WYIEF(20,000 U mL™"), 5 pL 10x
cutSmart Buffer, ddH,O #} & & 50 uL .37 CHE Yl 7%,
1%5E Lk, £ EasyPure Quick Gel Extraction
Kit 3055 & Il 5 7 B B B D) s 4tk Il i i) 3 B
M B 5 #R B pCAMBIAL300 HEATHHE, [
K% (10 pL): 7 uL HEJHBE DNA (0.3 pmol L),
1 pL FEYIE LR PE 44K DNA, 1 uL T4 DNA % #:f
(400,000 U mL™"), 1 uL 10x T4 DNA %4 Buffer.
16°CH#E RN 2 h J&, BUS pL =Wk KInFE
B DHSo (F A Bk 1.5). PHE v e i vk b 5t 4%
BHA YR PR &) 7, liid Vector NTI Advance
11 ST P8 X, $REE 03 B oh i A ik 3k
pCAMBIA1300 f4 JFik. DNA 1% 2 B 3UA I 2k B R
A R R KRR AL k. 2R Nishimura 251284
FFTA AT 19 3545 i Ak 15 A 897K A& TP309
1.6 EREHEHE

PIYE KB 4E RS cDNA WA, H SRS
(OgXal3-0x-F: 5'-AGGTCGACTCTAGAGATGGCAG

GAGGGTTCTTGTCCATGGC-3'/0gXal3-ox-R: 5'-A
GCTCGGTACCCGGGTCACACGGCGGCGGTGAT

CTCGAT-3", FEZAL K 15 bp 5k R I 1 s L)
HEAT PCR. PCR 7 1) 28 B I W VRS DN R el i 2B AR
T20CIRFF4 . PCR AR R | FEIF R alifh oy ik
[F Bk 1.4, SRR BamH 1 PIEEXS i 63k ik
pCAMBIA1300-ox #EFTHEFY], BEUIAR A 50 ul:
4 uL pCAMBIA1300-0x, 2 uL BamH 1 N 1] i
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(10 U uL™), 5 uL 10x Buffer BamH I, ddH,0 #b /& &
50 uLo 37°CHEEVIISRL, 1%EEREH KA, Jf-4lifk [m]
WAF6 BT R/ N EAR R B SRR OgXal3 Bl
WS i CDS R B 4 3 i V) s 2l Ak Il g iy i 22 14 2%
& pCAMBIA1300-0x |, FWAKZR K 10 uL: 3.5 uL
HAFBe(10 ng pL™h), 1.5 pL BGEYIJE A9k 444,
5 uL 2x Seamless Master Mix, 50 C % 4% < W 15 min,
WS pL B, BAARBAFE (TR LS,
pCAMBIA1300-ox #AK K RARE R Hitk). fefa Pk
3 AP TR R = Ol R A YR A IR W),
ZE 3@ 1k Vector NTI Advance 11 #E17 %4 L X, #ff
& H LR I E A it R ik 4k pCAMBIA1300-0x
J&, $RBOTTRLE 2 DU A YR A BRA R T
KRG L . 2 Nishimura 2P FFHA S0
WA 7 k5 AR KRG TP309
1.7 OsXal3 EE CRISPR/Cas9 B # ik

M K FEEHE 5 P O (wwwericedata.com) T %
OsXal3 (LOC_Os08g42350)F K 20 41, 78 3 [H 4k
WFARFE X T 4 NS gRNA LT
(1), 7E NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
XTI gRNA 751, HEBRIER: 5 Bl U107
R, JFTE 26 (http://www.biogle.com) A= 1l B #% 1 R
(Oligo)/ P (F& 1),

SR G 4% CRISPR/Cas A M il & (8 H B #%
AR A DB, S 1, 8

*1 BBHEFT

20 BEAT 3 FNEE AL 4 (B DAY pGKO3-Xal3-gRNA
AR . EARAFRR(Oligo) —RIKHI % ¥ Oligo 551 im
KIEMZE 10 pmol L', FFMEEIKZR 20 uL (18 uL
Buffer Anneal+1 pL Oligo-F+1 pL Oligo-R)IE2) 5,
95°CF 3 min, RJFLAZ 0.2°C s &= 20°C. Oligo
TR #ESEF] CRISPR/Cas #ifk: BUAZR 10 pL, T
VK EAKYINA 6 uL ddH,0, 2 pL CRISPR/Cas Vector,
1 uL Oligo — %A I uL Enzyme Mix, %), Eif
(20°C)R % 1 h, JEE pGK03-Xal3-gRNA #ifk, Ht
f1%5 pGK03-Xal3-gRNA 2K S N 5 pL # b K
JFF DHSa (J7i:0E 1.5, #4K R R Z i),
PV PCR K, i BHPE v B, i BB 2 ot P T YA
ik DNA, 2 Nishimura 2R H AN S 0988
BEAL 1 AOK RS H ARG .
1.8 FHERE T, KEKS FHEN

PRIV FE N T Mk R SE 41 DNA, 1 58RI H
TR FE RO S Y T PCR %52, 18 K PR
Filk— R LSRR S PCR 5191 (R 2)% %2 . PCR
VAR 94°CTRZAEPE 5 min; 94°CZAE1E 30 s, 58°CiH
K 30s, 72°CHEAH 1 min, 30 PEFR; 72°C#EFH 5 min.,
PR 1%E BEMEEE S VKA I, REYIS S
H i BER /N AT 45 10 i a8 R SE D Ak R
U T L BHPER AR . BHAERR R 9 PCR P2 434 L
SR YR B ST, W G SR R R 2
BMRR, HIERAIGHRR

Table 1 Oligo sequence
Oligo £k 1E [ 751
Oligo name Forward sequence (5'-3")

18] HAR 4]

Reverse complementary sequence (5'-3")

Oligo-Targetl
Oligo-Target2
Oligo-Target3
Oligo-Target4

TGTGTGTCACCCTCTCCGGTGTTGC
TGTGTGGGGTACAGCTCGGTGCCGT
TGTGTGCTACCTCGTCTACGCGCCG
TGTGTGAGCCGAGGAACACGGCCGT

AAACGCAACACCGGAGAGGGTGACA
AAACACGGCACCGAGCTGTACCCCA
AAACCGGCGCGTAGACGAGGTAGCA
AAACACGGCCGTGTTCCTCGGCTCA

PAM

CCTCTACCTCGTCTACGCGCCG

ATG

5

TCACCCTCTCCGGTGTTGCAGG
Target 1 PAM

GGAGGGTACAGCTCGGTGCCG

Target 3

PAM Target 2

1 4/ gRNA$857 OsXal3 ERE ERILE

Fig. 1 Locations of the four gRNA target sites on the OsXal3 gene
PAM: CRISPR/Cas XJ 45 DNA J¥ 5 9IRS, FRLiby PAM 741,

GGAAGCCGAGGAACACGGCCGT
PAM Target 4

PAM: CRISPR/Cas identification of specific short DNA sequences, marked in red with PAM sequences.
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Table 2 Primers used for the detection of transgenic plants

5|%) Primers

5|9 /7% Primer sequences (5'-3')

JHi& Purpose

HYG F: GCTTCTGCGGGCGATTTGTGT

R: GGTCGCGGAGGCTATGGATGC
OgXal3-ox F: TAGTGGAAAAGGAAGGTGGCTCC

R: TGGGGACGAAGTAGAGCGTGAC
OgXal3 F: GGCAAGCTGCTCTAGCCAATAC

R: CAAGGGGAACAGCTAACAAGTGC
Targetl F: GCTAGAGAGGAAGGCTTAAG

R: CAATGCAATGGTGCAGACAAC
Target2/3 F: CATCATCTCCTTCCTGGTGTTCC

R: GACGGAGAGCCCGATCGGCATG
Target4 F: CATGCCGATCGGGCTCTCCGTC

R: CACCACCTCGACCTTGTGCAC

WA T
Hygromycin detection primer

TR bR R S

Identification of positive overexpression lines

OgXal3 FEH BHM:ME R %2
Identification of transgenic OgXal3 gene-positive lines

LU B2

Target 1 sequencing primer

BB 2 FNEEAT 3 IF S

Target 2 and target 3 sequencing primers

FERL 4 P51

Target 4 sequencing primer

HYG: W& ZPitEEF . HYG: hygromycin resistance gene.

1.9 HREERKRZRMEEE

IKAESE TR SRR To AN IR B8 a1 10 B M A e [
PRZR MR Bk 2 6 500 Y IR TG ) K R D T,
HATIHRE « AP AR ZE, Fefh FARKE] 1 em Z247]
RN B HOK B B a ok Es, FIRAEHEKE 10 cm
LA, BRI USSR, TR R R 1R KA
I JH AR R AR B PR 2(60 cm % 40 ¢cm x 15 cm)H,
PR4s R, FFEdrric . J5 IR B A B, 1
Az RN 2RI s T A T A

2P0 W ME A K H AR FE T -80°C 1Y
PX099 Fitk, £ NB B PHREA S5 g B
1g, #HERE 10 g FRE 3 g pH 6.8~7.0, EXE
1 L) FHATRIZ, T 28 CHEFRAaERIE SR 2d. R
FHJC W K e TR AR, 38 3 49 6 o B T D0 R vk
(ODgoo) - L FEPE 2 0.5~0.6, FTHMkARg., 2
TS KRS (3 Al T 1 2 R Sun 28155 Rk,
Rk RE 3 bk, TMOKREERD 2 B og e R nF,
ARG 5 14 RIEAT AR IR, AR EBE Sk A Bk
BE B A 43 L PEAS 1 o

WA TGt H R A R, AR
e, M R MR R RS, B
15 mL KEH EP &, fILA 10 mL % ddH,0, F47
¥ 2 min, A 28 CHHRIKEESE 3 hy Z G HME
HATHRE, & 9 mL JCIRZK KR EP 45 imA 1 mL
W, RS 5], 1R BEAR R RS, R B
BOFEREL 1| mL 5Tk 7E NB J5 350 I, 3 IRER

B 28 CHIFRA B IR 2~3 d, TR
1.10 EFEFREEKWN

PRI SRR RGN (75 RNA, %8)5 F TOYOBO
/N ReverTra Ace qPCR RT Master Mix RNA J %
SR EF B RNA RFESEEE —%5E cDNA. DL
cDNA WM, LA p-actin M INZSFEH, i ] Promega
NFIH) GoTaq gPCR Master Mix 7¢ )68 i &,
qRT-PCR J5 ikl i Rkt R OgXal3 FEF Y
KIS OgXal3 FEAIMEREER 0 h 1 48 h 5
OgXal3 BRIk, AR 10 pL: 5 uL qPCR
Master Mix, 0.5 pL Primer Mix (10 umol L™"), 2 uL
¢cDNA (50 ng uL™"), 2.5 uL ddH,0; Wi &&1F: 95°C
AR 60 s; 95°CAEYE 10's, 60°CiE %k 60 s, 72°C #E{H
20 s, 40 MEFS; MR H 65°CHE 10 min 7+ % 95°C. 3
AP E R, SR 27T PO A ik
. qRT-PCR 5| ¥ : B-actin-F: 5'-TGGCAATGTTGT
CCTTAGTGG-3'/p-actin-R: 5'-CTGTATTTCCTTTCA
GGTGGTG-3'; OgXal3-gPCR-F: 5-TGGTTCTGCTA
CGGCCTCTT-3'/0gXal3-gPCR-R: 5'-ACCAGAAGT
AGAGCCCCATCT-3,,
1.11 FAERX NS

M\ ZE K R BCE o0 (www.ricedata.com) 2%
OsXal3 (LOC Os08g42350)/) Z LR 75, FHAR B
OgXal3 SERER) CDS J7 41, Bk OgXal3 2 AR
A, FIFHTEL A TMHMM (http://www.cbs.dtu.
dk/servicessTMHMM-2.0/)fiiill OgXal3 Fil OsXal3
AP B X
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2 FERSSR

2.1 OgXal3 WmEMERALEHDH

FIH OgXal3 ) cDNA J7 51 X 2 HE 4 5T A A
FE G0 P AR B ) P R R A A
OgXal3 WIFER 475 ITHH 0 PCR 514, K15
T 8908 bp MEER AT F, £7& 5t i % A%+ i
MRS F 51 3695 bp. B ¥4 2252 bp Fil 3% T
W gRtS T 51 2961 bp. #A )5 iE DNAMAN #/4%F
OgXal3 HIFENFESH CDS AT X, 454K

i OsXal3 WREKI 54, R IBS 4 T
OgXal3 FERZEH(E 2-A). OgXal3 1 5 ANHMNEFHI
ANNEFUR, S5/KFE OsXal3 HEH—2(K 2-B).
OgXal3 5K OsXal3 W4 5T RK/ME AL, P
BHE 1~4 MINBTF R, G RE—INBF
22 9 bp. ENMZER FEEENEG T L, HILKRE
OsXal3 3, OgXal3 W1 A-N& 2T 75 bp, 1M
B2ANNETFLT 25bp, B3NS 4 NN T
. OsXal3 27 30 bp.

123 bp 124 bp 122 bp

968 bp
A OgXal3

1043 bp

58 bp
B OsXal3 i@

58 bp

2 OgXal3 5 OsXal3 MIEREHTEE

Fig.2 Schematic diagram of gene structure of OgXal3 and OsXal3

2252 bp

37 bp 373 bp 120 bp 327 bp
98 bp 94 bp 92 bp
2252 bp

37 bp 373 bp 120 bp 336 bp

A: OgXal3 (IEFR G5 RBEK; B: OsXal3 (SERE SR ER . ShRE TR OATERR, NG THOGTERT.

A: schematic diagram of the gene structure of OgXal3; B: schematic diagram of the gene structure of OsXal3. Exons are represented by

black boxes and introns by white boxes.

22 OgXal3 FEMAMEEZEREN

OgXal3 %t — A~ 304 A& 3L R 4l i i)
MitN3/saliva/lSWEET FHiE&EH, 8% 2 MESTH
MiN3-slv Z5F93%, 30060 T4 17~101 RIS 135~
221 AN IR B (18] 3-A), 5 OsXal3 #HHPY, gt
A 21 M R EIERR 25 5P, Horp 4 AN EIERR 19 B
o 25 AT MIN3.1 450938, 22510 18 aa (I-V). 47
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Fig. 3 Protein structure analysis of OgXal3 and OsXal3

A: OgXal3 5 OsXal3 fIE AL MR B R, JKEJTHEC T MIN3 slv 8540, B irid a2 OgXal3 fil OsXal3 78 MtN3_slv 4544
B A 22 v SRR M A 5 B: OgXal3 8 1 A BTN 1515 C: OsXal3 &5 11 i 85 BT 1]

A: a schematic representation of OgXal3 and OsXal3; the MtN3_slv domain are indicated by gray boxes; the thin black lines indicate the
different amino acids and sites of OgXal3 and OsXal3 in the MtN3_slv domain; B: transmembrane prediction map of OgXal3 protein;

C: transmembrane prediction map of OsXal3 protein.
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Fig. 4 Bacterial blight resistance of TP309 plants overexpressing OgXal3

A: OgXal3 it F KRR F AR PXO99 J5 14 d it i R FRAEAR; B: i 3£k TP309 bk OgXal3 £ %5 ; C: % OgXal3 HH T,
AREE G A KRB RN AT B PXO99 J5 14 dAGBEK E; D: % OgXal3 3EIH T, A4l HIMRAZERD MR R PXO99 J5 14 d BEHK B it
R ERKEE I B ¥ OgXal3 N T, R4 G AR 1 OgXal3 MFIEAKFE. * P>0.05; ** P<0.01,

A: the leaf disease symptoms 14 days after inoculation of OgXal3 positive transgenic plants with leaf blight bacterium PX099; B: identifi-
cation of positive transgenic plants with gene-specific primers; C: spot length 14 days after inoculation of OgXal3 positive transgenic plants
with bacterial pathogen PX099; D: percentage of spot length to total leaf length at 14 days after inoculation of OgXal3 positive transgenic plants
lines with PX099; E: OgXal3 expression levels in leaves of positive transgenic T, generation homozygous plants. *, P> 0.05; **, P <0.01.
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Fig. 5 Bacterial blight resistance of OgXal3 genes transgenic rice plants

Ar FREDIAEBR R LU RS 8 PXO99 J5 14 d MR RIRAEIR; B: Fe kR AR I B R R S L 5 | 4 s C: PSR B IR Ty AR Al & A bR 3
il PX099 0 h 1 48 h 5 OgXal3 (HFRIEIKN-; D: %% FL AR AR EFD AR 1A PXO99 J&5 14 d SR BEK B St i B K EH 4 1L E:
EEREIR T ARLHA VR EE Rl 4GS B PXO99 J5 14 d BEK . *, P> 0.05; **, P<0.01,

A: the leaf disease symptoms 14 days after inoculation of positive transgenic plants with leaf blight bacterium PX099; B: identification of
positive transgenic plants with gene-specific primers; C: expression levels of OgXal3 in leaves of positive transgenic T; generation homo-
zygous plants inoculated with PX099 for 0 h and 48 h; D: percentage of spot length to total leaf length at 14 days after inoculation of positive
transgenic plants lines with PX099; E: spot length 14 days after inoculation of positive transgenic plants with bacterial pathogen PX099.

* P>0.05; **, P<0.01.
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Fig. 6 Bacterial blight resistance of OgXal3 genomic genes transgenic T, generation rice plants
A T, FEIEDURE R HERR U ARG PXO99 Ji7 21 d M7 ARAEAR; B: e B DR B 100 5 R R S PR 5 | D 355 € T AP R R R Ak 4 b 1 1
P PXO99 J5 21 d JEWBEK BE; D: SE 3L RLBREERD AR T PXO99 J5 21 d B BE 5 it A MK BT 40 I B: Ty AREE IR 44

TR FER PXO099 J5 21 d WY RS 1T, *, P>0.05; **, P<0.01,

A: the leaf disease symptoms 21 days after inoculation of T, positive transgenic plants with leaf blight bacterium PX099; B:
identification of positive transgenic plants with gene-specific primers; C: spot length 21 days after inoculation of T, positive transgenic
plants with bacterial pathogen PX099; D: percentage of spot length to total leaf length at 21 days after inoculation of T, positive trans-
genic plants lines with PX099; E: T, generation transgenic homozygous plants were inoculated with the Amount of bacterial on 21 days. *, P >

0.05; **, P<0.01.



344 fE 9 £t o551 %

A xai3
N lp S GGCCGCCTACATCGTCCTCTACCTCGTCTACGCGCCGCGCCGCGCCAG-Y

#1 S$-GGCCGCCTACATCGTCCTCTTICCTCCTGTCTACGCGCCGCGCCGCGCCAG-Y
#2 S -GGCCGCCTACATCGTCCTCTA - CTCGTCTACGCGCCGCGCCGCGCCAG-Y
#3 S GGCCGCCTACATCGTCCTCTA - - - - GTCTACGCGCCGCGCCGCGCCAG-Y
EAAYIVLYLVYAPRRARLRTLAFFLLLDVAAFALIVVITLYLVPKPHQVKFLGSVCLAFSMAVFVAPLSIIFKVI
#1 EAAYIVLFLLSTRRAAPGSAPSPSSSSSTSPPSPSSSSPPSTSSPSPTRSSSSAASASPSPWPSSSPLSPSS
#2  EAAYIVLYSS - TRRAAPGSAPSPSSSSSTSPPSPSSSSPPSTSSPSPTRSSSSAASASPSPWPSSSPLSPSS
#3  EAAYIVL
B o . c 15
-
2+ M| -
dl :
4+ W ; 10
- . @
6 “ ko)
L r ‘ =
8- =5
N 3 *%
10— *%
L %
12F
L 0-
14+ Nip #1 #2 #3
» D 5 60—
161 2
L o @
5] =+
L & 8 40
20— *g 8
L g
221 8 S
L S5 204
= =] %3k
24 &8 *% *%
- . 7}
Nip #1 #2 #3 2
O —
Xal3-KO .
Nip  #1 #2 #3

E 7 OsXal3 ) CRISPR/Cas9 Bif& ik R BB MR 14

Fig. 7 Bacterial blight resistance in CRISPR/Cas9 knockout lines of OsXal3
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A: alignment of nucleic acid and amino acid sequences of mutant sites between Nipponbare and T, knock out lines; B: spot length 14 days
after inoculation of Nipponbare and three homozygous knockout lines with PX099; C: spot length 14 days after inoculation of Nipponbare
and three homozygous knockout lines with PX099; D: percentage of spot length to total leaf length at 14 days after inoculation of Nippon-
bare and three homozygous knock out lines with PX099. Nip: Nipponbare; Xa/3-KO: knock out lines. *, P> 0.05; * *, P <0.01.
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