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Abstract: To identify the rice lesion mimic mutant spotted leaf 45 (spl45) and further understand the
mechanism of disease resistance. Treatment of Xinong 1B with ethyl methanesulfonate (EMS) to screen
the lesion mimic mutants, spl45 formed after multiple generations of selfing. A series of tests including
phenotypic identification, agronomic traits investigation, photosynthetic characteristics analysis, shading
treatment, histochemical staining, physiological index detection, disease resistance identification and gene
localization were performed for spl45 line. spl45 line was crossed with Jinhui 10 to obtain F, generation
and then selfed to obtain F, generation for gene mapping. The brown spot-like lesions began to appear at
the three-leaf stage of the mutant sp/45 plants, and the lesions increased with the growth of the plant and
eventually distributed in the leaves and leaf sheathes of the entire plant. Compared with the wild type, the
growth of spl45 plants was severely stunted and the yield was significantly decreased. The leafl spots of
spl45 were induced by light, and the photosynthetic pigments of leaves were significantly lower than those
of the wild type, and the chloroplasts were seriously damaged. The results of Trypan blue staining, diami-
nnobenzidine (DAB) staining, peroxidase activity detection and TdT-mediated dUTP Nick-END Labeling
(TUNEL) detection showed the accumulation of hydrogen peroxide (H,0O,) and a large number of pro-
grammed cell death (PCD) signals in the leaves of mutant spl45 plants, and the activities of peroxidase
(POD), catalase (CAT) and superoxide dismutase (SOD) were significantly reduced. The results of re-
sistance identification showed that the resistance spectrum of spl45 to rice blast was wider than that of the
wild type, and the resistance to rice blast and leaf blight was enhanced. Map-based cloning located the
gene in the 65 kb region of chromosome 12. Sequencing revealed that only one gene (LOC_Os12g37870) in
this region had a single base replacement mutation (A/T) in the fifth exon, resulting in the change of
encoded amino acid from aspartic acid to valine. Therefore, LOC_Os12g37870 was selected as a candidate
target gene (OsSPL45). Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR)
results showed that the expression levels of some disease-resistance genes in spl45 leaves were significantly
higher than those of the wild type. OsSPL45 gene expressed in root, stem, leaf, sheath and ear of rice.
The results reveal the OsSPL45 is allelic to OsSPL30. The plants of this mutant could show spot-like
lesions and inhibited plant growth, while the expression of some resistance-related genes is activated,
thereby enhancing the resistance to rice blast and bacterial blight.

Key words: rice; lesion mimic mutant; mutant spl45; disease resistance; gene mapping



% 84 IATE, F. RBEREE LR spld5 9% 7 5K Wb Ax 3

FEE SR B Pyl BE DR 8 AE S5 7 2k B — 28 SR AR AR Bk, I A R 1 R bR 2 SR R T T B e A T
Y . HUBR A5 55 AH DG S PRI, ZEFF L b L BRI BEAR RO A R AR IRBEBE AT, R AVRRAE 5 it
B2 v (Hypersensitive Response, HR) AL, AHAS 77 76 BUR . A ATTHRE 53X 28 58 A8 1A G Bk hy 28 95 B 28 A%
{& (Lesion Mimic Mutants, LMMs)""™, — e # 1) J 55 BE 28 75 & P 23 51 /2 K i i3 S 1k ) (Reactive Oxygen
Species, ROS) B | A ICB; 1 5E P R 35 E . 40 i 72 Fp ¥ 58 12 (Programmed Cell Death, PCD) | & %
WO A R B R

KRR A e A 2 o R . B R . RIS . ORI L RN AR, T e TR
I i, DX R A R 1 P A D R DL 19 T R K R R R B o e, KR R 0 2 Pl RS R TR (Mlagna porthe
oryzae) GRS — R EL MG F . 2 EREEAR ZOW 1 B SR A 1020 ~ 3000, U B T 4 S BOR A
RGO 2 G B B AT B B0 A Bl (Xanthomonasoryzae po. oryzae) 51 (1 4
PR o TR R O X A TR P ™ AR OK R B 6 A VR T X R OK 7 K B A R
ST RS A, O BE 28 AR AR R R 1 2 B X R RS B A i R S B RO T W ol S
5 W0 0 i TR JUL B2 1) 45 O ) PCD 5 508 SN 8 748 A A kol R 969 T 0 10 P A 5 A1 0 7 B S A T B
AR sp133 Gt —A eEF1A-like 2 [, A% 00 I8 B4R 2 10 S8 SN, LD RE B R AE sp233 Xt i A Jik
o5 F1 L A S BLAT TR BT Lnm8 AETE JEUIN b 5 4504k B (Protoporphyrinogen Oxidase, PPOX) Y ik P
e o 17 20 B X5 R IR A5 P A RS TR A PP AT 2 ATTIA O B 5 B BOUK RS J8 0 BE & AR O JE X 2
PERT A IR AR (0 OCHE , A7 BY TR S L T R AR B

AHE SR BRI T AR AR5 8 A PR AR S WS IR B R AR AR spld5 . JEXF SRR spid5 47 T — R AR
AR M OC SR, WO R AR G i A B 43 TR AL, OO0 R B0 K RE R IR AR S,

1 MBERZE
1.1 LI

GEASKAE R spld5 . FJH LG R £ 15 (Ethyl Methane Sulphonate, EMS) 75 725 5] kb B Kl %1 2% 52 /K
Xinong 1B k7%, ZHAC A 285 28 B AR bR R R R 8 . #2878 1K spl45 5 Jinhui 10 22588 Fy AT H 323k
15 F, A T REBEEN.,
1.2 ELWHE
1.2.1 REAK splds 89 &R 547

T 2023 4 4 F TEVE R K KA B 5 i B 5 b AT AR AR, 430 Rk R BT A2 A (W'T) Xinong 1B & %
AR splds AERE SR E RLK RS PR A 307 20, DA 0T 46 L 42 58 78 1R 5 B A AU AR Bk Y R AL 25 L IR
S 95 B BB I 399 % B 2SR AE
1.2.2 REMRKRFE

TERERR 58 2 RV » 7 BIBEALIEI 10 #k WT, 10 #RREZSME spias FEBR, X H Ak m . B, BRI E, 45
ARG LR IEAT AR A XX SRR A5 R AT ¢ RIS T .
1.2.3 keeExsThAESSHNZ

WP BE A A RMEM WT RIZSARIR spid5 Hikk, 288 Arnon' '™ FK B H S5 1 7 ik ik 17 6 &
R e, gyrEeimt | 8 | B =S PR 0.1 g A 10 mL WETAIAKIB S W (V/V=4+ DiliEd,
MG PE 48 h A Z K IRE IS . MIE 663 nm., 645 nm. 470 nm ARG EE(E . RS AR S .
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R S BEI 43 S HE WT FIZEARAK spr45 RSN rh BT UL 1 em KA IT ), A 560385 FI 8 R U0 AL
W FAI R 25 g WA, B R RCE R BB A T ddH, O R whsk, 8B A P AU iR, 35 s A,
FE 9 BB (OLYMPUS, 18A16537) T MEZEHI A,
1.2.5 #ALE

XHATBER] WT S RASAK spr45 Wl b SEATaE06. DL WT St iR, SR 2 cm B AEXT spld5 K
A BE A R AT AL B, 7 d R KB AR R IR IR . % 7 d JE R RS
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B IE Y. FERIMR T BEWI DY ICA RALM WT R ASAK spid5 R, SRIE A R R I 7E & 1 IR T
L, HAS 70 COKBRIMIA 2 min JFRH, ZEZ R THCE 12 h J5 . FH 25 mg/mL KRG & W HE 176
B 5 AT A R 5%

ZILHE R ME (3,3 -diaminobenzidine, DAB) Y {f . A8 £k 43 BE I 57 U R AR WT RIZEAR K spla5
AT AR (DAB) Je 8, 50 it A 1 mg/mL B DAB 34, HA AP 15 min J5HOEER T
BCE 20 hy SR A DAB Yl B4, FA TR AE JE K £ BRI KA B 6, SE AR TR K £ R B (G
il 3R o8 4 J bR, WA v Al €8 B S B R N A B A BRI AE

A A TR K o B B T A 5 9 dUTP $k 10 K i 4% 3¢ ( TdT-mediatedd UTP Nick-END Labeling.,
TUNEL) B 8. BUAr Bl WT F1 5 A8 4K sprd5 19 v i A W - 2 R - £ B8 (FAA) [ 58 W % I i
24 h, FRACA S A L3 ] (Tissue-Tek, SAKURA) I BI04, Re A 357 56 4 5 [, A 80 A #L(Thermo
Scientific, USAYYIE 6~12 pm JEER F, SRGHE B 28I EH ddH,O BIF, H & T 42 CHLAH
3ds BREZARKG . RIKHEATBEME . BB, R SGhRIC . DAPT Yen, W R R ik . B, A #OEIE
R4 BB, 5753 I DeadEnd %t TUNEL R 4818 # & (Promega. 3 [E) $h47 .

1.2.7 ARIHEANZ

1557 BEBY BCBEALIE L 3 BRI AR spia5 A WT 8] =, B 0.2 g, i ARG 50 & WA= 9 24 w) 1 i 37 &
e A 3 45 1k % Chydrogen peroxide, H,O,) . i % b & B (catalase, CAT) . id % 1k ¥ B (peroxidase,
POD) il 4 1k ¥ 1 1k 1 (superoxide dismutase, SOD) [ &8, 45 R yEAT ¢ IR Hr .

1.2.8 #BAF G AR HELEL

TE V4 B R 27 K A WF 58 BT ok 15 ik st P9 X WT R SR AR AR spld 5 47 A 0 s B 1% DU A Ko 11 b A o 70 1
SR SRRSO kAT AR AT B ROR R A, XT3 IR R 4 T AT B A0 R T VA T i 2
FEEE NG T I) 0 9 25 2 0F 2 B8 [ Bk /K R AR 2 J9ir (TRRD) 7K R R 0 DR 2 R G b vl T2 IR i 25
(7 % WT RIZEAENR spid5 04T KRG A bliiig N TR R % 58
1.2.9 REKRZESNE LB MH @A

PA Jinhui 10 S BEA . DLGEAE(R spld5 XA HAT 2384008 F AR, TS Fo A3 F AAREA, FIH
RRI A3 B F, BERAY 43 B L, A DR, A SE G % O A 25 S | W AT % AL A D A
FER) 7 A3 X ] N 52 3 indel A i #EAT 35 OIS 40 58 00, 519 P 50 ansk 1 s .
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x1 5935l

519 2 FR WE 75 (5'-3") K ¥ (5'-3")
RM6869 GAGCTCCTTGTAGTGACCCG ATCAGCCTCGCCAGCTTC
RM6410 AGCTACTACCCACGGCAATG ACCTCCATGTGCTCCCATAC
RM8013 GTGGAGGTGGTGGTCGAGT CCTCCAAGAAGCTCTCTCTCC
RM7614 CAAGGTTCATGCACGATCAGC GCCCAATACTTCCGGCCTAA
Indel6-1 TGCGAACGGAGAGTTTGGTT CACTTGACCAAGGCGCAAA
Indel6-2 GTGTCGCATTGGTTGGCAAT GGTGACCTTGTAGCCTACGG
Indel6-3 CGGATAGCGAACGATTTGCG GATACCGAGCCTACTGTCGCG
Indel6-4 TGGACCGTGAGAGACCATTTG AACTAACCGTTGGAGGCCAA

1.2.10 B @A R Asmiesa X A E R &E o

HE [N #3843 Hr 48 1] KKFast Plant RNAPURE Kit (JFE % 48 8 $2 BUEF 22 R R AR AR spl45 19 RNA,
RT MIX with DNase KitCyuyi-Landi 29, D #0470 5 5%, i s =¥ fi B 20 A% )5 . {1l CFX Connect
£ 48 (Bio-Rad, 3 [)Hl SYBR Premix Ex Taq I il /] & (TaKaRa, H 4 #t17 [§% 5% %€ £ 73 BT (Quantita-
tive Reverse Transcription Polymerase Chain Reaction, qRT-PCR) , ¥ & 3 MW EE , A M E R %5
5l Y12 B Gramene 3048 FE Chttp: //www. Gramene. org/) F I IE R T H], UL OsActinl NS 3 N #47
it ERTIYFEIIIER 2 Pros,

x£2 EEIWET

519 4 B EmFHG-30 S JF 5 (5'-3")
OsPR1a-qPCR TTCATCACCTGCAACTACTCG TGCATAAACACGTAGCATAGCAT
OsPR1b6-qPCR AACTACGCCAGCCAGAGA CTTGGCGAGAACCTCTTC
OsNPRI-qPCR AAGAACACTTAGCTCGGATGAC CTTCTCGTGTCAACTCACCA
OsPR10-qPCR CACCATCTACACCATGAAGC AGCACATCCGACTTTAGGAC

X i GraphPad Prism 8. 0. 2Chttp: //www. graphpad. com/) ¥4 #4750 8. 3+ ¢ ¥ 56 % 5246
B AT B E

2 ZHRE5SMW
2.1 WIMREE spld5 FIRBETE

WT FIRAM spid5 ) FRALEEME la—d iR, AR spld5 78 = I T 360t A 7 4h s 3048
@R EE, I W YRR R R B )RS, DR PEBE SR F BRI 2, % 4y BE I R BT 4R i
b oAt Bt B IS BE R A, O HLAAEIR spid5 R AR IS R B W] R RUE LS .
2.2 WIFAREME spld5 WEERZHERSH

Xt WT FIZEARM spid5 B EBAR ZMREE . bk s . B A3 B8, 5 BiOR B 45 0E 47 5 0 oy
Br(E 3. RIARE T WT, AR sprd5 Wbk . BRI . A OB A . TR0 B i A0 45 5 5 40 522 B0 1 Ak i
ETRHERE(p<<0.01), MM T 16.7% . 11.2% . 19.9% . 19. 6% . 50. 0% , {H7F % F ki 5 7 M
TGt 2= XL,
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RS PR /cm K /em AR/ R TR R THFE /g g/ Y
WT 87.52+3.05 22.48£1.00 7.90£1.10 128.14£11. 38 243.76+9.78 92. 66 % £0. 02
ALK spl45  72.88£1.85" " 19.95+0.84" 6.33£0.71"" 116.82413.31  196.02+16.00" " 46.33%£0.08" "
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£ WT FIRAEAR spia5 MR BT, X @l 26 =G a8 ot ireil, 258 0
AN RAFK spias RRRSIHE L B ek B =R 4, R b, KT PRERRMANRENLE
0 R i A B W E LT WT(E 2a—o . SR, JEARIR spias5 R SI0E . 8 ok | {8 = 0k (94
B R AL T B B T2 M R AR B E AR T W, 1 5 AR AR spid s AE bR S RE] et Y ]
CO, WREEHI I W T (F 2d—g) . XEEESR I, 5 WT ML RAEIEK spid5 oA aE W5 .

R TP UE AR spl45 BOE A BE AT WT W55, ARMFIEXT 4 BEMAR) WT FIZARAK spla5 nf
FABHATR Y, KRB spla5 16 ASROGT ME&R R B 1 R &%, 7E 200 Wi N AT gs, Kl H
I F SR A [ % A A R W B 5S T WT (B 2h—k) . BLWI AR spids B 2 A i B ™ 5 52
i, AR .

2.4 RE(Rspl45 It F I ROS AR5 PCD Z 17

X BEH WT R AR spias #E47 T AWl 65 DAB B (4 L, IR A T A2 4K splas B 5l
WA Y . A e (45 R R, AR splas R 280 BE X B0 A K A i g e TV
o, 1 WT i 0 52 B0 i 345 iR € (8] 3a) » BEIRE SRABAK spla5 wh i B BT ™ 0% 48 R ) 1k SE
T-IA ., X AR spla5 i Fr 19 DAB Y 5, 0] LIS 205 BE D I0A ™ 5 00 4 6 5E A0 B CE 3b)
T RAER spia5 R BB T KEM MY s WX WT FRAEEK spias w47 H, O, & i it
SN BRI TG M E . R IR AR spids 1 HLO, TR E ST WT(A 300, 5 DAB Qg5 —5; K
POD. CAT 1 SOD By ¥ @ AT WTE 3d-D . B 3 AT, 8480k spld5 781 W i 1 007 16 (9 fig
AR, P BT K AR DN i A T A i R P SR T
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a. AREILe b. DAB# £ c. HO, 58
8 6
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%D sk %" %D 4
) 1T 5 = il
.E 54T 5= a
a 5 - a2 2}
o} - o
A o 2k 7]
0 0
WT  Z=3fhspld5 WT  RERspldS WT =% fhsplds
d. PODZE M e. CATHE M f. SODE
ARSH D] FemE 127 EHAR
WT
100 mm 100 mm 5% 100 mm 100 mm
R hspldS

100 mm

100 mm 100 mm 4100 mm

g. MR TUNELZE
x * FoR p<<0.01 KFEREARITFEEL,
B3 WT IR spl45 B ROS FAE 1 PCD 447
it — D YR AE 5 AR AR spr45 Y B 28 A BE 2 AU O A0 AR Y M SE T AR R ST X ORI R E AT T
TUNEL £ 0 , £5R s, 78 WT it J 40 b JLF- B S 9O0 MR S AF e, A8 AK spias R 4i g o
) &% 0 AR S W (& 3g) , RWIAE AR spla5 M P A7 7E K& 1 PCD 155, BB firh % A% Ak it

AR L) OV aa o R Y o 7
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2.5 W splds KR RBEZHBHMAN

FEM BRI S AR s pada s (8 b i 2R 0 R HE B0 BE S kL AR B 46 X A BB A R A7 0 AT 3 O
WT HREAHR AR, 7 d 5 KBRS A R EE, KB WT BG40 I A BE 5 7= A 1 28 A8 4K splds 47 /b &
PEASE A da) , BOE—J8)G . WT R AR, WS AER spids BH™ Az KB IY BE AL FLBE SR 1 A
M (] 4b) o AT L, SRARAK spl45 Wy BE 07 AR 52 6 IR S e

RAIRspl45

a ERLET dEM A b. EHAIRT dER K
4 WTFRETE spld5 BIENR L2
2.6 HIERMHEETE

FER M X WT RIS AR spra5 BEATREIRM HU G 2 (3R 4) . MR o0 i bR Rl 43 o ZA ZB. ZC.
ZD 3 A AR B WT MR spra 5 FEFARTIRNG T 7 d J5 15 05 15 A X AR I Ge T A i 00 . 46
R IR, RASM spla5 X R I 0 SR B A R 98T WT, ot #54 SR B ZB. w4k 342k AP E ZC
PR AT 3 43 3 100 % . 92.31% . XF ZA, ZD Wi AR BRARBE LIk MR 5 WT B2 5, R RAK
splds MR R YIS WT A Frdn 98 . Xt WT MEAEK spia5 AT RR RIS 0w, BRI EAENK splds
e 9 9 B M 8 3 2 (18 Sa— ),

ZEREII XS WT MG ARMK spid s FEAT F1 A 9 B He il 30, B 14 d i 9 A FC i 7 o B & A 75 0
FFAT 5 BE K BE F0G BE o ik b, R B AR AR spla5 B R T P BE K B R BE O 0 A kL AR
T WT(K 5¢—e).

5 b, AR spr45 MECT WT, HRE R BT 58 . R0 F0 E1 A s e v 1 o

F4 WI MR spld5 WRERTENE

FREEHLIE AR/ 6
1 44 FR BRI R/ %
k28 FR HEPLIE R/ % I 5 7C D
Xinong 1B(WT) 91. 67 100 84. 21 92.3 100
RASK spld5 97. 91 100 100. 00 92. 31 100

2.7 REK spld5 HEESH

K Jinhui 10 SAE R BREAR 598 ARK spld5 XA BEATIRACHRAG F . 85 F, ARSI F,, 32590 #,
ABEFEMEE B F, RER DA MR B G . RABNK spla5 Fe K 1 845 7 BT an 2 5 Fron . o IE %
1947 Bk, RAERR R 643 Bk, Sr IR 3,03 2 1, dl I R4 (XF=0.68<<X{ ,;=3.84), RIMH
WNFUGE R, 546 3 LR th. mubnl i, AR spla5 A& 32 — %t Btk 3k P i
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50 =
40
£ 30
e
I
T
£|'§ 20 .
10 —|_
1
I cm
0
WT  Zedsfhsplds WT  REfhsplds wT REhspld3
a. BEFFEERT A FRE b. FEERRIEEL c. EFMBEMHEEL AT FERE
25 100 =
20 80
g X
11\<I)>( 15 E 60
® I
B oo LHE 40
ng k%
5k 20
0 0
WT =T fksplds WT RA{Rspld5
d. B+ RRBEKE e. BMERREMSE

* % % FoR p<0.05, p<<0.01 KFPZERAFLIHHEEL,
Bl 5 WTHMEDTMEspl45 mRHERE

xS REWspl4s ERMEEDSN

I“’?
A& F - N BT
o l B T Ty i

AR MA s pid5 /Jinhui 10 TE (0, 2 590 1947 643 3.03:1

2.8 OsSPL45 FJEFEE L

OsSPL45 W EM WK 6 Fiac, LA spi45 5 Jinhui 10 245219 F, BERAE Nkt B3R 4T 36 8
ff, Il S e KRG A de 64k ) SSR(Simple Sequence Repeats) bric 51 ¥ #0147 22 B M L4546
By, RIES 12 S QAR 45 RM6410 FI RM8013 [ 4% T 4110 =2 ] 7 7F 1 35 19 7% Bl N . A WF 9% 763X
WA FhRid Z it 4 X5 InDel #Ric s 356 B R E AL T Indel6-1 Fl Indel6-2 Z[H Y 65 kb X [H] |-, F]
J Gramene £08& % (http: //www. gramene. org) fl NCBI {45 )& (http: //www. ncbi. nlm. nih. gov) 3 il
Mg HE A, 25 FEPN RGN &3, AUH 95 LOC_Os12g37870 HIFEN 9B IX 45 5 NN T2 55 17 M
EARTMHRDZ, SHEREMWEAERMNRELDREZ NG AR, B LOC _0s12g37870 1E N
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