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FARZEY, IR AN, ZHEZ, BE, FRE"
(1. VR RS T E2ABE, MR = 572025 HRE ;2. MR R ST RMREBE, MRS M 571737 HHE)

 E: JYRBEZ K (lesion mimic mutants, LMM) 7EAEY) e AR K K BT HA HEE L. AR E
TEiH 1 BSA-seq(bulked segregant analysis sequencing) $7 AKX} 1 ANKAESSRBEIL A TR E N . B, DA
& (Oryza sativa ssp.) i i #4825 (‘HHZ” ) 4 EMS 5728 J5 ORI i 6 113 1 A~ 10 3RS0 BERE IR 1) 58 28 1k
LMMA43, @38 LMM43 5574 RUEAR AL S5 210 Fy A5 BERFARBEAT R AL53HT, 0 28000 BEPEAR 1 a5t A 45
Ko FIH BSA-seq HEAR, X 2890 BEF AL AN ARFN IE F A4 DNA IR G REA I T =538 Sl 7y . 83 s #r
PR IR Z 751 (single nucleotide polymorphism, SNP) i A §lt2k (insertion and deletion, InDel) (Y25 7455

IRILSHT, B B AR T 20 8 S AR K RS 10 5 J AR — B IX BTN, Z X G B2 1.37 Mb, .5 199 4

LR, BAHE T 5 MRS
KR KFE; JYRIE; FUWTE; BSA-seq
FE 5K S S511 XHERFRERD: A

XEHS: 1674 — 7054(2025)05 — 0707 — 11

FREE, BRI, B2, 5. HE T BSA-seq X — K RS BERE K 400 2558 (L [1]. Al A 927412, 2025, 16(5):

707-717. doi: 10.15886/j.cnki.rdswxb.20250022

IKFE (Oryza sativa) S22 5 e T2 AR BAE
Wz —, ettt B BN RARE Y, B
= YU T — R R A I ROk R
P R, (E R W AT R R e g D
M) FEH R Z —, ARG . RS 45,
A RIS 3 X = 2 15% ~ 30%. /KRB S
B (rice lesion mimic)%e A% {4 J2& 48 7 JC F1 U5 9 Ji
W TCHR T S OL T, AR EAKRE M A el
A 77 A= PR IE B 3R AU 1) 98 A8 AR, 2 A1 40 e 0 f
)i (hypersensitive response, HR ) 5 |2 i —Fh 2
MIFET (programmed cell death, PCD), 5 Hi % i
PR 5 S AR S AR FARRLY ¥ SRR B IE L
Tl A A2 0%, 6 M A A Ak B AR 1 BT A
MRS w2 R I Pk 4 (reactive
oxygen species, ROS) A 1t . Ae iR A& . 22
2R AR i (MAPK) {5 5 9086 ) v X B 1
oz A o MY BERL R 5 A ir R B0 AR AR

WKfSHHE: 2025-01-20

SR, A4 K LT AN s AUl
SEZAN R, FECHRE R 200 ZFOK RIS BESE
AR AR, KR 2 B 5 AR R 1 R ALK 2R A TR
PR A% BE IR R A 58 A8 3 L, A0 spld™ | spl2 1) il
spI30% 55, /D H R v 3 PR, an Spli 8™, nisi-
ID® spl-D°, SpI26"% 1 LILI", KBk
3 BXE 5 AR (AR e B X — Ak 2210 D R LA B
Sk, DRI, ZK FE 2SS B 5 AR 1A i R K A e 43+
ML 5 FTe B A () AP o P, AR
e R S50 5 R PR AR DG i BE 1R %8 G o
B, RGN ve kT A RERER HoAS R . Bl
#H AR H AR (next-generation sequencing, NGS)
KR, ERE B 43 Bk (bulked segregant analysis,
BSA) 12755 5 1% (MutMap ) 73k H B, $244E T
ARV B BE R E A BnE AR 1, BSA Fila gL A
W P AHZE A, 8L B B AR R A v e Y
AL R A A DU, PRk % 5 H bR

fEEHER: 2025-02-16

EE&WA: EEAREESLEIH (31860497); M4 # 55 2A R BUH #UF SO H (Hnjg2019ZD-2)
PE—EE . SAREE(1999—), 1L, R RAFGERMCF B 2022 AR 574 . E-mail: ludongyingi@163.com
BEEE: FBEFE(1979—), B, BIBER, WL R0, BT 0 AEYE % E . E-mail: ninterxll@hainanu.edu.cn
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ARIEBAY S A7 E Y, MutMap & BSA 1 244K
H, i F H LA 2 £ B (ethyl methanesulfonate,
EMS) 5748 Fa it 58 A8 JL R 4, a3l 115 8 AR 7 A5
BT S T B AR DX B SR AE ] i e )

AHFFT I AN Z: EMS 15728 J5 BHRIRS < B 1E 5
(‘HHZ ) BHAR LT 1 DEIRBER K, a5 44 M
LMM43. Lk HHZ "B A= R R X B8, R WF5E LMM43
SRAKIR R . Ve HHZ < LMM43 223815 3 ()
F, BEURON SZIG M4 RE, F FH BSA-seq X 289 BE R4 7
S KE L 4B, B LESZ IR B BT B A Y
SLH, Ak — 25 B KRR B AL R A B PUR
R AL Y BRI AR RO

1 HRSHE

1.1 HEYWSREHR ARSI T K RE AR
A HIFE (Oryza sativa ssp.) ‘T4 5° (‘"HHZ), LI K&
253 EMS 78 0 vk H HHZ 15 5 1 LMM43 %%7%
&, B2t 240 A sc ke TRE L i3l

12 RBYUTE B LMM43 751K K HHZ B
1 (wild type, WT) KR8 FIAE T 15/ 4 — W17 2 M
B 52 56 e B (109°18'N, 18°36'E), #EAT 4
FOKEE R, METE2AE TN LMM43 71 WT
MR 22 5, 10 5 LMMA43 5838 IR BE Y
PR L, S TE HLBE A5 B A A L TR B
N EEE . FEHRTT (60 d) B /i FHF BSA-
seq T (AR St A RAE AR Tt A 2

1.3 BEBEXOH e IX R AR KL
A, LUHHZ AE N BEAS, LMM43 1 R A R 47 2%
L, T TAE TR KRR S 52 i, WIRAY Fy 1CFR
5, PR S By AU AR B, B 2R FHERR 5 B 22
WAF Fy ARFR T 4kE2H Fy AR ARFIRL T R 52
5 v JE M AR AT 35 A% A B REAAR, X AT WS
HURE TAE, it ttRarsifg i

1.4 BANHFEERESEE T AR E
iy 7 EF/NFR. PXO61 ., PXO86., PXO79, PXO71,
PXO112, PX099 F1 PXO145, i F 5 -3k 43 51 %t
A TR NG AR PR T P Ak B, g A 3 N
Tl 3 BROKAE, 20 d J5 X 42 R0 i i e B BE R A T
AR S

1.5 BSAillFF

1.5.1 RbME 7EF, [CEEHARL TN, 5
I 3k B 28 5 BE 2 R0 RN B AR RN 3R R 4% 30 Ak K

LMM43 572K 36 A F HHZ 36 A 4% 2 Bk A,
$& I DNA J5 45 7t 1R & 14 2 5 Mu-F,. Mu-QB,
WT-F,. WT-QB 4 Mgt . 8536 BEATMEC 2
Wi AR A A7 B BIEATRE S A I L SCIEAa At | il
F Nlumina HiSeq 2500 - & #E 470 /3, W 7y IR )&
K 30%,
1.5.2 £ ME &4 N, 153 )5
1R ¥4 H) Raw Reads. 2% HL 1 7 5 45k 19
FICT & 1 reads, il 2o BR4%k | 1 84 reads [
E B 1Y 2 2R B R T 10% /Y & 0<10
Tl L 50 5 X reads 50% LA b AKX &= reads, B
Jo A B B0 I U 455 #5931 Clean Reads. DA Ak
63(MH63RS3, K/INH 396 Mb)AE 2% KL K 4,
FH BWA B A4 37 3R 15 1Y) Reads 72 i 2 L R 4]
b, @3t b X 5E (v Clean Reads fES % 3L M40 F 1Y
I E, GEVTAAE S I BRBE | i DR 4 7 55 B S
B, I AR SR A

Bt b — 2 Fe T B ) 45 58 samtools 4k &Lt
UEFETUAR reads, S8 )5 d1H GATK X SNP F1 InDel
HEATAR S A, 4 MFEAS S [ A2 B gVCF J& , Pk
FTREAR B] (10 DR 7R Eb o it i, dpe 28 mT DA 3] AR 57
FIDT B o B DL ARAS 7 i FH SnpEfF #E4 745
SRR TN AR S
1.5.3 RERSH ETF RS B Z 0, Jext
SNP HI InDel #4745, i v S5 46 515k A
ZANFER BRI 555 B8 reads SCHRFEAR T 4 A9
S5 HE IR T b 1) 356 DR 7R A ) 799 57 0 B ot TS vl 5
PRI AR T Bt B AR 19 SNP 4 50

28 IR U S PR A s A T OCHR ST,
A 2 Fh 3 43 90 oA BR EG B B (euclidean distance,
ED) 535 A1 Index B34, ED B3k A M 4L
Pt TR TE Sl (B A A 2 25 A, IR DAL ITAL 5
PRSI X A vk . B8 b, BSA T H A #
2 AR BR T HASMERA SO S AFE 225, Hith
P Yk T —2 i, JE B ARSI ED (B
T 0. ED {HMARBIZbRicAE PR ] () 22
SR, SNP-index ¥ 4F 3K & 22 1 R i TR
b ) £ 5 PR B0 6 2 S5 E AT B i I 43 B O
TR T HRIR M 2 () P RUTUCR ) B 2
FH 2 ZEACHY SNP £diE, 431158 2 1R th ) SNP-
index, I8 1+ ASNP-index WLl T fE -5 PEIR 43 55 40
B R OE PuR S s = - 7 DO 7 = X6
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JIAREESE BT BSA-seq X — AN /KAB ST B2 A 0] 22 5 fir 709

SNP Fil InDel 43 5il#E4 7 SR 34T, 15 SIS X 8
154 HRERZRFizhAhEF @K E
B SNP 1 1% X 35 F1 InDel 4 17 [X 455 45 5 B A2 4
19 B iR A B e X3, W BLAST #4401t
DX ] P A9 2 i i TR 2R 47 22 A4 B0 3 (NR | Swiiss-
Prot, GO, KEGG, COG) i R B {4 B¢ . M o 140
PR, DR 1B e B A

1.6 FRIZESHH FEPTIHL LMM43 F1 WT 1
5, (R R AR A AR R A BRZA 71 1 L RNA $R 1L
R A & (DP450) $2 UK i 719 RNA, 2% 24 F
AT S

2 HRE5HMH

21 KRB X WT I LMM43 2K T AT
WIEL, KR IN WT F1 LMM43 76 V4B DTGB
P25, I DUM-STF UG LMM43 AT A 7E R
TR H B R 24 AL R IR BEBE L (R 1-A) . Bl
7 2B K, S BREBE A 450 22 4 i D 238
DB B e K ZEFF (B 1-C—E), 4

A

WT LMM43 WT  LMM43

WT 0d4d8d12d16d20d

T 3 B SRR Y A 2R B A, S BEE M R LB
LA, R B 428 5 R S8 AR A il % L
1) o e 1 3 R L o B 753 7 € 2 O G e
RS 7E T e A . 5 WT AL, LMMA43 58738 Kk
MG AL, 7 S SO AR R ST T, 26 B IS B ™
R T KRB AEREE (B 1),

22 BEEXSW T HE IR AR RS
Vi, AWFTOR BT A 8 HHZ VR R, LMM43 HAL
RPATLHAE, Wt WAL F, R R IH R 2%
WBE, XA T LMM43 B9286 BEMIR 2 31 i 3k
PRz R, XF Fy iE47 A SIS 1R 210 Fy AOKASE
HEAT TSR, e IR BE R AUAE By ACBEAR i B
T oAk, g0t A B RS TOEE SRR 5 3R 289
FEFN 86 B, Zeid R 7KL (7=0.854<5) 05=3.84, df=
D), KOs ara 3 136 1), L bWE T LMM43
G AR R R R P B A R DR o A R
23 AM#HFEEIEERE X LMM43 AT
17 MR PR B PTPE S, dl RN S, R S
AR A ALY 7 A BN BT 1
D E

WT LMM43

LMMA43M-H5

LMM43

A WT 5 LMM43 4h i (B Fk 30 D REHE R, B. WT 5 LMM43 3 I FE0 (RS 4k 90 d)AEBRRAY; C. LMM43 2%
TR BE S E T R % D RIS BERTO0; E. HEZORBER L. A, B ¥ 10 cm, C, D, E |8 2 cm,

A. Phenotypes of WT and LMM43 plants at seedling stage(30 d after transplanting); B. Phenotypes of WT and LMM43
plants at spike initiation stage(90 d after transplanting); C. Record of the process of spreading of leaf-type spots of LMM43; D.

Condition of leaf basal-type spots; E. Condition of leaf sheath-type spots. Scale bars. 10 cm for A and B panels, 2 cm for C, D

and E panels.
1 WT 1 LMM43 FELLE
Fig.1 Comparison of phenotypes between WT and LMMA43
R 1 REE LMMA43 FIFERHHZ RTHMER F, RBEEERRBESEER
Tab. 1 Phenotypic segregation of F, generation population plants constructed from crosses
between mutant LMM43 and wild type ‘HHZ’
S FEARECE /B Number of plants
= 2
Phenotype L F(E oF (O-E)7E
Observe value Expected value
HfAE 7 Wild Type 86 93.75 ~7.75 0.641
S8/ ) Mutants 289 281.25 7.75 0.214
ST Total 375 375.00 0 0.854
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24 BSA-seq MFEZER N T ENGIE LMM43
FAY L, 43 BIA EE F, 2000 3 R A (Mu-F,) |
LMM43 3£ K %A1 (Mu-QB) . F, B /= B (WT-F,) .
HHZ 7 (WT-QB)4 ™R, 8 i BSA-seq =il
7 B 5, 298 1 1K A 2I 0 B0 5 A0 A 3 8 1Y)
PSR

241 R AR T4 ff A Illumina HiSeq
2500 775 #EA TR0 Y, 48 Raw Data 33 85T
1% J5 L3845 Clean Data & 64.55 Gbp, Mu-F,, Mu-
QB. WT-F,, WT-QB 43 7l 38 1% T 16.32, 18.40,
16.90. 12.93 Gbp ¥ Clean Base, Q30 “F- 14 {# ik %
T 90.96%. ¥13# Y Clean Reads X} & MH63

A

PX0O61 PXO086 PXO79 PXO71 PXO112 PXO99 PXO145

ab ab ab ab ab ab ab

FNH 5, Mu-F,. Mu-QB. WT-F,. WT-QB %
AL B FE XT8R435 97.83%. 97.50% ., 97.44% .
97.32%, P HXFRERIE 97.52%(F 2) . 4 REA
BYF-H40 78 S5 TR EE R 39, 44x . 40 31x, I 55
TRBE R 38.50x(£2) . DA BIP B g e T
VI o e, —EOEE, AT LU TR SR
BRI ATR E AR IE R

242 #w5EF  H BAW AT X,
GATK 1 samtools(v1.9) 47K Al &, % B
1 160 877 > SNP, 7 Mu-QB Fi1 WT-QB [a] £ il
A5 76 489 1~ SNP, i i IE [A] L5 AE A 8 120
A5 Mu-F, il WT-F, [H] £ il SNP, 3k 15 128 357
A, B LRASH 12 300 4~ (55 3) o 7E InDel Al

B

ko ok

15¢ = WT
£ Hok sk = LMMA43
g2 Sk ok ok
LS 10t
AR
W2
=& 5t
=7
—
0

N O AN DD v
,_}VO‘Q,*VOOO,*VO(\ ‘-‘VO(\ O\\AVOO’ O\b‘
7 RT QT RV RV Gr

A P T A BVl

Xanthomonas oryzae pv. oryzae

AL IR 7 A B/IVIPEE T 20 d BORIRERRTE; B. #1820 d BORBEK R (cm), a i WT, b g LMM43. FiJLA [E 2
emo BHRAIHT 3 ANEAE, TREWY 3 ANHE AR, SR 401, ** 3R P<0.01, ****3R P<0.000 1.

A. Characterization of spots inoculated with seven physiological mini-inocula of leaf blight bacteria for 20 d. B. Spot
lengths(cm)at 20 d of inoculation, a for HHZ, b for LMM43. Scale bar. 2 ¢m in Fig. A. The data are from 3 replicates, and error
bars are the mean+tstandard deviation of the 3 replicates using the t-test, ** denotes P<0.01, **** denotes P<0.000 1.

B2 WT M LMM43 B R E s S E
Fig. 2 Resistance characterization of WT and LMM43 leaf blight fungi

®2 HRNFHETGRT

Tab.2 Sample sequencing data evaluation statistics

ID Clean_Reads Clean_Base Q30/% Mapped/% Ave_depth
Mu-F, 55381938 16 323 284 819 91.05 97.83 39
Mu-QB 62 401 501 18 400 186 668 90.97 97.50 44
WT-F, 57227 645 16 902 635 145 91.02 97.44 40
WT-QB 6667274 12925983 271 90.81 97.32 31

1. ID: IR R Hi 2555 Clean_Reads: i 31 J5 readsX 5%, Elread1fliread2ic &7 14%kreads; Clean_Base: i3 71 5 AU FEEL,
Clean Reads#{T LUFFIH B ; Q30: it {E A T4 T30/ A8 3 (5 Bk AL AU AY B 43 b s Mapped: %E 1 3] 2% A 4H A Clean
Reads#i (5 T i Clean Reads# 1 A 47 L; Ave_depth: £ FIERRE . TR,

Note: ID: pooled sample number; Clean reads: log of filtered reads, i.e., read] and read2 are counted as 1 read; Clean_Base:
base count after filtering, Clean Reads multiplied by sequence length; Q30: percentage of bases with a quality value greater than
or equal to 30 out of the total base count; Mapped : percentage of Clean Reads located in the reference genome out of all Clean
Reads; Ave depth: average depth of coverage for the sample.similarly hereinafter.



%55 4 FRFAE: FET BSA-seq W — MK RGN BERE K 4120 5E oL 711

o SEARTR B A LA 2 20 742 4 InDel, 1 F, 8
YRR 32 086 4 InDel (5 4) .

R3 SNPIEBRLERST

Tab. 3 Statistics of SNP annotation results

Type WT-QBVS  WT-F, VS

Mu-QB Mu-F,
Intergenic 8 820 12 998
Intragenic 10 28
Intron 10 640 20414
Upstream 21097 36 848
Downstream 19 145 32 044
Utr_5_Prime 327 827
Utr_3_Prime 441 1423
Splice_Site_Acceptor 52 82
Splice_Site_Donor 40 76
Splice_Site_Region 208 422
Start Gained 25 61
Start_Lost 32 59
Synonymous_Coding 7110 10 188
Non_Synonymous_Coding 8120 12 300
Synonymous_Stop 8 8
Stop_Gained 374 508
Stop Lost 40 71
Other 0 0
Total 76 489 128 357

&R 4 InDel i FBRERST

Tab. 4 Statistics of InDel annotation results

Type WT-QB VS WT-F, VS

Mu-QB Mu-F,
Intergenic 1865 2761
Intragenic 18 28
Intron 650 6 842
Upstream 6383 10 066
Downstream 5601 8495
Utr_5_Prime 324 565
Utr 3 Prime 322 600
Splice_Site Acceptor 12 19
Splice_Site Donor 14 31
Splice_Site Region 83 141
Start Lost 9 11
Frame Shift 1133 1595
Codon_Deletion 190 280
Codon_Insertion 171 291
Cam et
Stop_Gained 40 38
Stop Lost 6 8
Other 0 0
Total 20742 32086

TE: Type: SNPFTAE XIS B RY; 252 ~ 35173051 A
() R b () AT R 0T 0 28 AL SNPRSHE . R [

Note: Type: the region or type of SNP; columns 2—3
show the number of corresponding types of SNP between
parents and pools.the same below.

243 XEH5H FHFRMAH 2R, K
SNP I InDel 4353l ED 1 Index &3k 17 C ¢
38T . 7 ED SRk S 5 s A7 A5 1) ED A
AT 5 T AL PR LITHBR TS 5e M, R H Distance
AT J5 430 v LAAS 31 SNP-ED {4377 & Fl
InDel-ED {H73 45 (& 3-A. E 4-A), SRIG BT A
D7 A E 1) median+3SD 1 43T B 156 15 {1
(1.86. 5.62)BI75%5] 8 4~ SNP X B ([F] 3—-A HhaiE
I X 38§ ) #1117 4 InDel X 38 (& 4-A g8 2 1 X
B0); 78 Index F3E A 1 4300 WT-F, #l
Mu-F, &M 5 i SNP-index {8, SR )5 P9 & AH S
#] ASNP-index fH , Distance ¥ ¥ 17 #) & J5 15

SNP-index {E/MAEIHI InDel-index (B4 (& 3-B.,

K 4-B), B J5 BB (H 26 0 B A5 1 0.99, 158 T
9 /> SNP [X 3 (K] 3—B ASNP-index {H 7345 & 1 {7

T B S 0.99 1Y B 22 0o % g ) F 26 4
InDel X 5§ (|4 4-B AInDel-index {ti 4315 & H i T
BIGEE 099 M BIfHL L ryse g ), B SNP 4
2 Fh AR B 8 AN HT 9 A X e B A2 £ ) 15 2]
34~ SNP JEBE X 4, 572 Mz 5 (8] 3—C), InDel )
17 /1 26 A X US4 5 A5 31 17 A4S QK X I
4278 M 5 (] 4-C) .

244 BFHERBFE AR OCELSE R
FRAFHY 34~ SNP I X I AT 17 4~ InDel I X
BRG] T — Mk X, 78 10 544
A& 13 830 000 ~ 15 200 000 1) 1.37 Mb N (5% 5),
3199 AN FEP  Horp, AR YR 20 S o A A TE R
AL, SEAS RAAAE R AETR] LR 20 4, B R 5 78
1 InDel 2 /~; IRB AR [R] L5728 26 A, B 548
1) InDel 2 /~; T DATEIZ A5 32E X [8] N AT g S5 PR %
VIO 3% 46 A~ [A] 5748 (1) SNP 37 5 il
4 NFEAGZAR Y InDel V5 o T8 X5 BE 7 557 1) 2
iy 3 A 17 2 > B8 B2 (NR, Swiss-Prot, GO,
KEGG. COG) TR, kel 16 MM EER X
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B . . WTF2bulk
I8
S 1
Z0.50 J\N }M MMM‘\,%
g 025[ Aﬁ/ W o
%) —
A Q\ > 6 ‘o '\ °o Qq &\\ &\f\,
C“C“@ C“C“C“C“C“C“C“O &
é _§ (l)g(S)Mu—FZ bulk -
g0 1
=2 c 0. 2(5) 1N
Xoi- [ f S LI U J K T 0 E S Q\ @*G’ & Q"@bﬁ Q\Q
s | . | &@&c}*‘@@cﬁcﬁcﬁoo@
53 .
of & -,«__.JLL_L,..LMJ L 5 1OWTFz -Mu- F2bulk
> O & 5Q‘°Q(\Q%Q°’§\ && E 03 ﬁ
ST T T R SR T g 4 G UL A N s
Y (a4 % 5-Chromosome_ID ©-1.0 fﬂQ}W\ WLM
< Q> 8% S > D @b @00 °> '\»
N I o o
C
Yeta (R 5 LSy GY VAT Lk K/IMMb FEPR
Chromosome_ID Start End Size/Mb Gene_Number
Chro01 11 100 000 13 090 000 1.99 318
Chro1 13 310 000 13 520 000 0.21 31
Chr01 15 530 000 20 290 000 476 669
Chro01 26 690 000 31920 000 523 826
Chr01 33930 000 34 810 000 0.88 121
Chro01 35 640 000 36 020 000 0.38 71
Chr10 13 210 000 15 200 000 1.99 290
chr12 16 320 000 20 940 000 462 594
Chr12 24 820 000 26 670 000 1.85 211
Total - - 3131

A. SNP-ED {H43 i [#]; B. SNP-index {E43 7 [&]; C. SNP izt 2 Fl i ek X ks B 4o i34 .
A. Distribution of SNP-ED values; B.Distribution of SNP-index values; C. Statistical table of SNP association region

information by 2 algorithms.

3 SNP XEXS T E
Fig. 3 SNP association analysis graphs

RASHEN, 3 MBI TRALHEIN (3R 6)
25 RIEEE L LRSI 3 T OsMH _

10G0226700, OsMH _10G0225900 55 19 PHEH, H
H, 16 AR RS, 3 ARG RAE, ST EMS
WY TR G B A R C B T (578, FrLidElRH]
SCGRAR R B TR o 7EIX 16 ER] Lo,
Horp 5 AR DA AT -5 KRS A9 S 08 BEVE IR AT G, £
$5 OsMH 10G0223300, red chlorophyll catabolite
reductase(PCCR); OsMH 10G0206700, calmodulin-
binding transcription activator 3

(CAMTA3); OsMH _10G0202100,
responsive transcription factor RAP2-13(RAP2-13);

isoform X2

ethylene-

OsMH _10G0201300, probable glucan 1,3-beta-
glucosidase A(p—1,3—% B W 1 B A); OsMH_
10G0201200, disease resistance protein RGA4-like
(RGA4-like) (% 6).

26 REBEEMNRIEENST I T EMEEILRH
LMM43 587 PR R A5G 2k 5 A8 4k, 38 i 7 5k
2y 25 350 B 5 A g ade B R 1) Rk w8 Ak, &6
BE W, BA OsMH 10G0223300 I OsMH _
10G0206700 1€ 7K F& v ity 36 [H 3R 5k g v, o
OsMH_10G0223300 1) 3% 1k & T [, (H AN 1B 3% ;
OsMH_10G0206700 )3 H ik B HF LMM43 5875
PR 2 B (] 5).



o553 FIREE S Fe T BSA-seq X —ANKFESS BERE H (K475 & 47 713

B WT- F2 bulk
5 1.00 2
£ 075 i
= 0.50 iles
% 0.25 | 1 7‘
= \ "\/ ") b‘
A S L& @
& &@&&&o *\‘*c}écﬁ
[}
g » - Mu-F2 bulk
5 At g 390
ol o £075
= $5 Wy y[ fffff
<
22 e
= ool _A . c}‘ FF I o*‘o o c}‘
@” S DL @ Q% Q%Q Y 5 | oWT-F2-Mu-F2 bulk
C“C“C“C“C“C“C}‘C“C“C“OO E 05 }xﬁ% Nﬂ W E
. 0 0 R VG RN WA A g K
Yu R 5
Yt (kg 5 Chromosome 1D 2 :(1) \Py AR
3 x S > ) Q N
g & S AR
:g
Ve c}é&@%\&&c}\
C
PN~ e LYY AT 2k K/IMMb R0
Chromosome_ID Start End Size/Mb Gene_Number
Chro1 13 930 000 15 330 000 1.40 224
Chro1 23370 000 24 810 000 1.44 181
Chr02 16 070 000 18 060 000 1.99 341
Chr02 1990 000 3980 000 1.99 353
Chr04 1700 000 2240 000 054 85
Chr04 18 710 000 20 700 000 1.99 224
Chr05 12 980 000 13 750 000 077 112
Chr05 2640 000 2880 000 024 40
Chr06 21150 000 22 100 000 095 164
Chro7 18 320 000 18 380 000 0.06 12
Chr07 29 580 000 30 030 000 045 67
Chr08 8 270 000 16 530 000 826 1119
Chr09 13 630 000 18 640 000 5.01 746
Chr10 13 830 000 15 330 000 1.50 217
Chr10 7010 000 7 970 000 0.96 147
Chr11 19 700 000 21140 000 1.44 242
Chr12 4410 000 4 440 000 0.03 4
Total - 4278

A. InDel-ED {H/% 45 [#l; B. InDel-index {E.4347 [&l; C. InDel i1 2 Fh2% B X I8E B 4iit 2,
A. Distribution of InDel-ED values; B. Distribution of InDel-index values; C. Statistical table of InDel association region
information by 2 algorithms.

B 4 InDel B H7E

Fig. 4 InDel association analysis graphs
x5 REXBKRBEESITR

Tab. 5 Statistical table of information on final associated regions

Ytk s Ry YA 4 I ACS K/NMb HER R
Chromosome 1D Start End Size/Mb Gene Number

Chr10 13830 000 15200000 1.37 199
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Tab. 6 List of candidate genes
P TGRS A SRR ThRETE R e
Number Gene _ID Type Annotated_Databases
1 OsMH 10G0226700  Non_Synonymous_Coding shewanella-like protein phosphatase 1
2 OsMH 10G0225900  Non_Synonymous_Coding Protein TIFY 11d
3 OsMH 10G0224100  Non_Synonymous_Coding protein Strubbelig-Receptor Family7 isoform X1
4 OsMH 10G0223300  Non_Synonymous_Coding red chlorophyll catabolite reductase
5 OsMH 10G0222600  Non_Synonymous_Coding F-box/kelch-repeat protein SKIP30
6 OsMH 10G0221000  Non_Synonymous_Coding ethanolamine-phosphate cytidylyltransferase
7 OsMH 10G0208500  Non_Synonymous_Coding protein Gravitropic In The Light 1
8 OsMH 10G0208400  Non_Synonymous_Coding protein CutA 1, chloroplastic
9 OsMH_10G0208100  Non_Synonymous_Coding E}}:lr;fs;l‘:i‘z?:gﬁm;’f 3'-phosphate oxidase I,
10 OsMH 10G0206700  Non_Synonymous_Coding calmodulin-binding transcription activator 3 isoform X2
11 OsMH 10G0202100  Non_Synonymous_Coding ethylene-responsive transcription factor RAP2-13
12 OsMH 10G0201500  Non_Synonymous_Coding protein NRT1/ PTR FAMILY 8.3 isoform X1
13 OsMH 10G0201300  Non_Synonymous_Coding probable glucan 1,3-beta-glucosidase A
14 OsMH _10G0201200  Non_Synonymous_Coding disease resistance protein RGA4-like
15 OsMH 10G0201000  Non_Synonymous_Coding probable protein phosphatase 2C 71
16 OsMH _10G0200600  Non_Synonymous_Coding scarecrow-like protein 21
17 OsMH 10G0223500  Frame_Shift hypothetical protein
18 OsMH 10G0116300  Frame Shift uncharacterized protein
19 OsMH 10G0211100  Frame_Shift tyrosine decarboxylase-like
3 i i
oo a WT e s o
< el i s IKFAEBE FI 1965 4F4k & B, B HHTN 1k
£ 30 . C AL 100 2 FE R PHE . BFFERD, KRy
]Lﬂ 30 A JKRE 29 BRE SR AL 1A AR . R B S A
B’ 15l HAGE . KRERBURBLE], e 51 2 20 58 28
10} PR BT HLAR L T H8 85 2K RS B0 e o L
‘s BN o2 22 &R HELE X R TE KRS REY R G
%%QQ 6\@ W\QQ \%QQ OQQ o7 il A A 1 R 0k B [R) ), 2R BXE R AR IR Y A K
& H S K T RE 2 30 T PRI AR, WG AR dms I,
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oo 0O N AR R EBLG; spl29™), spl33 PO A5 AR PR Bk
C%ﬂf% BB SRR TR S B A AR e B T

BHRIRT 3 A, REERN 3 N EEA 4R
2%, Ll Fold-Change = 2 H FDR < 0.05 #:36  # 1, A IA
ING RN BE N A 25 5 AT MR AL

Data from 3 replicates, error bars are mean + standard
deviation of 3 replicates, significance is tested by Fold-
Change = 2 and FDR < 0.05, and different lowercase letters
indicate significant changes in gene expression differences.
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Fig. 5 Candidate gene expression analysis
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Preliminary localization of a rice lesion mimic

gene based on BSA-seq

LU Dongying'*, CHEN jie>, LI Ciyun’>, YANG Jianfei’, NIU Xiaolei"
(1. School of Breeding and Multiplication ,Hainan University , Sanya, Hainan 572025, China; 2. School of Tropical Agriculture and
Forestry,Hainan University, Danzhou, Hainan 571737, China)

Abstract: Lesion mimic mutants (LMM) are important in plant immunity and growth and development studies.
The aim of this study was to perform a preliminary localization of a rice lesion mimic gene by BSA-seq
(Bulked Segregant Analysis sequencing) technique. First, we screened a mutant, LMM43, from the population
of indica rice cultivar Huang Huazhan (HHZ) mutagenized by EMS for the appearance of lesion-like
symptoms, and phenotyped the F, segregant population obtained by crossing LMM43 with the wild-type parent
to determine the mode of inheritance of the lesion-like trait. High-throughput sequencing was performed on
mixed samples of DNA from individuals with disease-like spot phenotypes and normal individuals using BSA-
seq technology. Through the association analysis of Single Nucleotide Polymorphism (SNP) and Insertion and
Deletion (InDel) differences combined with phenotypic analysis, the target genes were preliminarily localized
in a segment of rice chromosome 10, which is about 1.37 Mb in length and contains 199 genes. The length of
this interval is about 1.37 Mb, which contains 199 genes, and five candidate genes were finally identified. The
preliminary localization results laid the foundation for further gene cloning and functional verification, and
helped to deeply understand the molecular mechanism of rice-like spot mutants, which is of great theoretical
and applied value for the study of rice disease resistance breeding and plant immunity mechanism.

Keywords: Rice; Lesion mimic; Disease resistance; BSA-seq
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