H43% 21 1
20244 31

ok ok R o R

Journal of Huazhong Agricultural University

Vol.43 No.2
Mar. 2024 ,75~84

P B 58 7T, 45 R TR BB AR e 5 9 i 45 S5 S RE M [T AR PRl R 242241, 2024, 43(2) - 75-84.

DOI:10.13300/j.cnki.hnlkxb.2024.02.009

KBMERKIREERNS=ESRED T
TR R R T A R E R

1. EHBZERREABETEEEF, KX 430070; 2.3kt 285, %X 430070;
3. A8 HE R K 3 Rk BEAFT R IR, 48 M 350002

WE il GUKREPUER AR, LD 524 4y KRRl U IR A A KL, SR GWAS (genome-wide
association analysis ) % S5HUER MR 53 IR 5 qRLGT , 818 K PR 238 7K P73 B A 18 5 DX DG IR 71T
) R T 42 K R T 380 AR P 114 g R PR, 7 43 A M 8 5 P 1) R AR R AiE U 37 X A AR 78 S kit | R T CRISPR-
Cas9 HARM 2 MR 2B R R R B 55 B M RO BTEI R MR . S5 5R BoR | St LR - 1 - BB R il 1)
2RI AT B LOC_0507g37220 F1 LOC_Os07g37230 75 83 25 FF 53 5 em 19 [0 v i 32 ik i 38 s T HoAnfi
TEHLIR ] 3K 248 BE PR 14 23 B TEAR SR BT R A5 (1R 2 ZE Ak b A E A 0 28 22 S 5 G od i e 26 PR DGR 4
P& I3k 24 BE R 2l 7 X 1Y SNP 5 3 EERE 5 om Z5FT B2 (CD5) (Y B i 32 0CHE , HEE T b & OCHE SNP 11y 2
PP AT CDS R AUE AFAE 35 25 593X 2 /M E JE DA 1) 2 o B 8 5 30 PR A D 45 SR Al 22 ] 2 b i i 2
R AE AR S 35 22 5 5 2 A JE DR A ) B B 2 98 AR (AR MR AE ST TRITAIT ) ZERF IR 2T B DL Kk ey RS T dak

SERR T T SR A RN A R
HIBTEIR DR

KR

mESHES S511.330  XEEERIRES A

IKREVE R RARHEY Z — , 23R E 60% LI A
FFR, et AR LR EEYZ — R
B R EE AL, FERREY TP ER—E
2 R A 0 v e R I i R R AR . — | BR AR AR
RAREE LA M R £ A 7 12 0 Tt 0 5 R MG n
TG WOR B RIMERZ EE . 20 tH42 60 4FEAR, BRI K
ERFE G ARIEFFIE T sd-1, 18 H sd-1 3 FIREAIR
AR 0 DT AR 1 (B0 R XUBR . R, SR AL 7 P e
o AP A 1o ) () B R A T AR bR e J 2O A EH =
UL YR BRI T R R i
AR el R v ) R R T AR O R AR, B AT K
= SRR 2 Gy EIAR . AE H A R o T — 20
PR KR Y 7 ik, 7 3k SR FH e A % R o it S
AR A 25 T B R ZE AT 8 BE R A1, AR TT fE RLAR)
RIS . B, 35 & PUEMR SRR SR IE KRS = F
PR OCHE

VEYIENRE 5 S B T 40 1 4 R AR AR B 7 2k

Wi H 9T 2023-03-18
FEBTH < [ A PR R S QURTRE (R H (31821005)
P73 252, E-mail : xiruoquzong@webmail.hzau.edu.cn

WAEVEE . 1552, E-mail : xiangdenghao@webmail .hzau.edu.cn

SERFI RN LOC_Os07g37220 M1LOC_Os07g37230 B —5E

KA s PUEVR 5 SCIRMT 5 M RED 5 JLREE - 1- Pl (TMP )
XEHS  1000-2421(2024)02-0075-10

5 A s R ) 2 R Y 2 S R
BRPE 32 SR TR AR A ZE AR ) 1Y
Jor g AR FR A HE ST o PR, TR S M K RS BT ELR AH G
SIS Iy N (Bl U S P ) A
2 KT KAE A HHUER A B 2 BB IR fE
75 2R 0 B R B 2R A 4 A SR 2 R AE G, 1)
i, BB R & Rl LS AR SRR B A TR A AR RE S
I 2B AT P RORT R oy B AR 2L A LA R B WA
JEAR AR A BuR 0 (H i THuER
PRAR 35 1% JL il LA S 2% S LR AR 2, | A KT8]
RPN B AL A AN [F R R, PR, R 5 B 7K s
F% U 0T B RIS e 8 A 1 3t A2 7 S LA AR L 1A
o AR R

AT FE RS A P 4 5CH 3 B (genome-wide asso-
ciation analysis, GWAS) %5 15 2 9 S HUER IR 1
FORIRANL AL QRLGT , 1 3 35 X 2 35 7K 43 #7 A
T3 PR G IR A BT it o IR K R BT AR GWAS %550 ]



76 LRI I NI <3 4

943 %

55K AE G R A S AL w468 18 35 PR 3 — 2543 17 I
E e BE D Y ENRE o 7853 B 358 Ak PR 1) 6 38 R e 1
JA 811X A SR S LAl B CRISPR-Cas9 £0ARH
A 2B B R Y SR AR G AR AT HUBEI AR DGR
(R4 T AR Nk — DA 38 A A K bR
i B PR ] Tk R AL el R R 12 7%
1 #MRlERA=E
1.1 RIeA

AHIFSE A 1) 524 03 7K e B R ol o ¢ DA A ok
ALl KA EY s e R 2 FE ks, B
W s B2 W RiceVarMap2 B 3 (http://ricev-
armap.ncpgr.cn/) , 8 A& 7 A0 I 52 AR K R it A kg rh Ak
11(Zhonghua 11, ZH11),
1.2 £EFEAXEKSHT

A B 38 o ) T PR AR e 0 TR G e P S AR
(FaST-LMM) #4742 BE R 20 DG Ik 43 4 , FHorb i 3 K
FE 4L 411 SNP (single nucleotide polymorphisms )
Bt 2 863 169 A [ 2 BR U2 45 (07 5 K3 % (minor
allele frequency, MAF )< 0.05 [ 5 1o R ¥ GEC
THITHE R A RSN, 2 R B E ) P =
1.66>X10°. AR 4 B B g A, AT Plink 3155 H
I F-4 (linkage disequilibrium, LD) (94814545
Po M I 0.2 B, N Ry OCIRAE 5 vT RE Y IR AE AR
SR/ FE A i 150 kb 3% R ¥ifF 150 kb 5 P, 2% £
300 kb I B A Ry PR H B A il - MR SRR 5 193
il R 708D MR G AR T i B A AR G 1
CGRZEFR) MR R Y, Q FE R )2 M 48 1 F AD-
MIXTURE 8 F 7E /K A 5E K 41 BEAL A1 1 188 165
4> SNP IR Y.
1.3 IRIEEEFIE

FIIH 524 A7 7K AP 5T 8 WX 17 BV AR DGR
HEAT GWAS FFAES 75 YL R %0E 3] 14> 5Kt
180 R AR DG A 83 DCHR AV 5 (sf0722312558) 1, AR 4ig
GWAS 25 5, % %5 5 15 2 i H AR JC I A7 2579 lead
SNPs | {7 45 B LD {8 K /Ny IX )12, 1] Rice
SNP-SeeK Database (https://iric.irri.org/) 3B X [i]
AR S WA 0N G TR AV e ) A B AL, AR 4
[ 2 KRB i 2 (https : //www.ricedata.cn/ ) X fig 3%
FER AT TR
1.4 REEEBEBSF

FH A5 38 5 PR G I 43 BT 1Y) 524 53 7K Tt A Joz 9 U
1) 3L DR B B4 M Rice VarMap?2 #5445 %2 (http: //ricev-
armap. ncpgr. cn/) M i R 2 . F] ] TASSELS %k

U AT e B L RS2 6 43t . A1 ] Haploview 4.2
BAFL I SRS B P i LD [
1.5 AEBEFBFHFEERNERIESRN

Jeb Bl 1 P 2 5 40 B R XL 1 3R il A SR A
P Sy A e S SRNE RN f N 7R Sl R e |
JHL, PRIk PR T V% L B KBS %5 i H] QTAGEN Plas-
mid Midi Kit fli$2 &5 57 et i Bz F T Aok R J A= ot
PRI ERE 3R 16~20 h i, HEEFR X (TECAN, £ [H)
Wl 72 F-LUC (firefly luciferase) Fil R-LLUC (renilla lu-
ciferase) I ZEGAF T A, T LUC HHXSIE P (Do e/
Dy f8) , Geit o i A [m] A5 RS 8l 12 S A 7E
e, E— 2L HI K 4% SNP X S 8 - Im MR 5200

K 2H 2L RNA B9 4l 32 % J TRIzol Reagent
(Invitrogen) ¥ . Z M CooK Gene 2 & #1127
SR F A (OneStep gDNA Removal ) 2 5% 54 1 20
pL cDNA, Jf4% cDNA # 4z ] 25 RNA i 7K 7 B 5~
10 4% J5 B 2 pLL ] F Real-time PCR 2 Ji 1945 45z, il
A 0.2 mol/L JE R 8 S 519, 5 pl. SYBR Green
Master (Roche) , & R A& Z 4 10 pl, B FE S E
4 EE , LK FE Ubiquitin 2 R 8 & 3L, 8
Step One Plus Real-Time PCR System (Applied Bio-
sytems) {X#%i21T PCR AT I HEAT45 550, HAAR D7
EZ IR
1.6 BHEBEMBIHRENERSEEREL

1) CRISPR-Cas9 # 14 #4 # . 4%  CRISPR-
PLANT 4§ mg 5 31 % 1€ 5E [ LOC_Os07g37220 Fl
LOC_Os07g37230 B ] 7 RNA, B £ 2 250 Bl A
Y1) S RNA, 7€ RNAfol Weds server [y /4317 7]
T RNA W ZEARE5H  FEAL4E PG )5 RNA R B
5 B i PCR 7= 4 85 45 2 R 0E Ak 8 A b I 1E
B A AR T J5 S AT TR e A

2) 3 B IS PER I 5 B A HE e A R R 2
IR AT 15 5] lead SNP 2545 /K R 524 43 4% 0 Fh ik 9%
I ) CD5 3R B4 48 , 78 Ricevarmap?2 W ¥ (http://
ricevarmap.ncpgr.cn/) H A K R 524 £ BT 5 1Y)
LI RY EAT L R AL 40D N e 5 2 4 R[] B A
AOAR 2 T A 4 BokE (Jinzhinuo ) F1E2il 97B (Zhenshan
97B) , L LOC_Os07g37220 Ml LOC_Os07g37230 Jk
PRI AL G % A5 1 55 1A WS R R s, AU I
1.5 kb (19 77 51 4E S 5 K i )5 30 43 3147 34 1 487 bp
1 351 bp Jit 8 F H B, B8 A SE D037 05 (4 5
PEG YK AR R SR B ) 8 7 1 B2 800k Kpn 1 M1
BamH 1 V1) pGreenIl 0800-LUC g4 I,

3) it M i Ak . AR 5 v (AR A 35t A% 1 Ak R



52 Pap il 45 KREHUEI R 2 D ) 4 5 S DR AT 77
Hiei % ST (AT 1 i RO AL A i o AT WS o K B4 1 45 () 25 FF rh 0 T 28R 5 1%

1B PO A ALV B ks 3R 3 1 IR
ZMEF 404k 40 d 22 47 P AR R AR 5 8 P AR AR RR TG FS
FIEMR B IR OCIREE SR 7 d 2 A B AR
3~5d R AR
1.7 RBWES5H*

IR AERE S 25 d 4T K RGP LR AH SRR A I
SE B A SRR AR B B R 80%0 i Sk 4l
B BEAEE RS B, PEHL 3 AN I 15 B
FHOC LA EE , R A 9 A BEIR AR SR 1 B , &
T E 2 B8 Guo 2510 (5 ks A ke ok

TEH 2 25 Mt - B 2 AR T (O 1) K B ek
7 iR R ) B N ERTIN = B SV N g 7 =
14 T2 25 R 30— AP S AT, DN 2R A S B P A S
MR BEIC O B B . RO 3R 2R R A T ) 25
FE BRI, IR OR R BN K, VAR R RO
[T Hh 2 ZEFF 04 20 5 0 AN 0 N Z5FF BLAR K
56 ZEFF AR e B A 45 TR PRI AR R RO 2R g

TS T (8] ZE AT BEJRE , ZEATHCAT 0T Y YD-1 24
8¢

UIRE Py, 11 S R0 1] W S S A BE S 5 e, £ 15 []

U7 AT, 0 R/ INBR Rz [T .

1.8 BB

JE M) Microsoft Excel 2010 X 4845 () 3¢ B 5 4z

15907 40 B B, P SPSS % {4 1 Prism 8 #4755
I3 M, FH R IR AR R J7 K 36 (Pearson chi-square ) #il

AT s 1 e

fr
L IR K W0 46 B8 (Fisheries exacttest) i3
BT, 8 SRR H R 5 4 3

2 FHRE5HMH

2.1 GWASHIESRIEEZERNETE

FET O R R 524 53 7K A P Jo 9 U5 4 JE PR 21 ¢
BRIP4 58, Sl TR & R AR (P =1.66 X 10°) 1E
557 Sk 2 B 5 3 10 em BL 8T 1 (bending
resistance, BS) \ZE# 5 cm Z2FF H 4% (5 cm stem diam-
eter at the base, CD5) | JE #8585 — 17 0] 25 FF H 12
(CD1) HERRHE 45 [B] ZEFF (CD2) KA 3 1 G Ik
{55 (lead SNP W s{0722312558) , 4412t 3 v/ 5. Ay 44

RLG7 1.5
r 4 :
3
A, Of i §
A = i 1.0F
I : X &
i w . i C RS
4 ..:" .}-g- ".-:-:! J h! _’Hég
ghsttle PR WL i E £ o5t
1 2 3 4 5 (6} 7 9 ]0 ] 1 ]2 D"é
Yeftiff Chromosome 0.0l 1 | e e L
> ) A oD NS
g Rm /@» ’tq/ “:q:‘ /O) ‘{f 7}‘ ﬂ:\%d}‘{"q
I: o Lead SNP o RIS /\% <& \\\% @%‘ S
[} = e R e SIS @ 9O W WO i .8§ > Q Q Sl e o i
0.0
B FEH Gene
10~
Start:22.292 ek
7///“ 0 ﬂ” W T
‘ " s g or
a R S E
2588 \ P © i
RS ol
RN
N\
R color key 0 G T
(]
0.0 1.0 SNP/# Genotypes

A-B: CD5(BEEH 5 om &b Z5FTF AR

194381 K CD5 MR 22 55 (G 24 5 AR RN, 491 i BB 958 5 T 24 . 55 7F i AD, 333 Ah B B0 o

VA LR 2 SRS HT 5 C 0 A M RE P AE B ZE3B 5 em AL ZEFF A FE Ik K s D ;510722312558 it SNP

ek RAE0.001 KB 3, T A-B: Asso-

ciation analysis of CD5 (diameter of culm at 5 cm from the bottom) ; C: Expression levels of candidate genes in the culm at 5 cm from the bot-

tom; D: Differences in CD5 between the two genotypes of lead SNP at gRLG7 locus (G type: Strong-culm varieties, 491 germplasm; T type:

Weak-culm varieties, 33 germplasm) . ***: Significance at 0.001 level, the same as below.
1 QRLG7HRLRXES T RIZEEERILEWKRN

Fig.1 Association and expression analyses of candidate genes in the locus qRLG7
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Fig.2 Expression levels of candidate genes in the culm (5 cm from base) of extremely
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Fig.5 Lodging- resistance phenotypes of mutants and control in 2021
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Identification and functional analysis of candidate
genes for lodging resistance in rice
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Abstract Rice is one of the important food crops.l.odging during the production of rice is a common
phenomenon that can have a significant impact on the yield and quality of rice. Therefore , developing rice va-
rieties with lodging-resistance is one of the main goals of rice breeding.524 rice germplasm resources were
used to further mine the genes that control lodging resistance in rice. Genome-wide association analysis
(GWAS) was used to identify the locus gRLG?7 that is significantly associated with lodging resistance. The
candidate genes regulating lodging resistance in rice were determined by analyzing the expression level and
the association of candidate gene. CRISPR-Cas9 technology was used to construct mutant families of two
candidate genes on the basis of analyzing the expression characteristics and natural variations of candidate
genes in the promoter region. The lodging resistance of mutant families was examined. The results showed
that the expression levels of two tandemly arrayed genes (LOC_0s07g37220 and LOC_Os07g37230) , both
encoding inositol-1-monophosphatase (IMP) , were significantly higher than that of the other candidate
genes in the internode at 5 cm away from the bottom of culm.The expression levels of the two IMP genes
in the highly lodging resistant germplasms were significantly higher than that in the highly lodging-prone
germplasms. The SNPs in the promoter regions of the two genes were significantly associated with culm di-
ameter at 5 cm from the bottom (CD5).The significant SNPs of candidate genes were mainly divided into
two haplotypes, and the CD5 values of the two haplotypes were significantly different. The activity of the
promoters of two genes had significant differences between the two haplotypes as well. The mutants of the
two candidate genes had significantly reduced culm-breaking resistance, culm thickness, culm diameter,
plant height, and panicle weight compared to the wild-type rice.It is indicated that the candidate gene LOC_
Os07g37220 and LOC_ Os07g37230 has a certain lodging resistance. It will provide reference for further
mining and characterizing genes for the genetic improvement of lodging resistance in rice.

Keywords rice (Oryza sativa) ; lodging resistance ; association analysis; candidate genes; inositol-

1-monophosphatase (IMP)
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