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AT o] B AR R B AR BB PR B v BRI 20. 57, Gly628Glu X F B i e v 5 v BUME 4R B 5. 11, 45 1
ARSI EMS ARG T 4 Fhbi ALS S0 ZEBR BT A48 5K RIS AR ST IS e T X FH IR nae T 78 9y o P 2
5 Bkt R AU R R PR i R A 11 38 U, Ry e — 25 AT R KR ol 5 1 R85 PR B LA

KEBIA:  JKAE; ALS MHRGRIZEEREN; EMS 5548 ; PUBRE I RAR A

FESES: S511.035.2 XHkFRIREG . A XEHS: 1000-4440(2024)07-1153-08

Differences in ALS inhibitor herbicide resistance among rice mutants with
different loci induced by EMS mutagenesis

ZHOU Jiawei', WANG Xinkai', TANG Zhaocheng’, LING Xitie’, ZHANG Baolong'
(1. College of Tropical Agriculture and Forestry, Hainan University , Haikou 570228, China; 2.Institute of Germplasm Resources and Biotechnology, Jiang-
su Academy of Agricultural Sciences/ Jiangsu Provincial Key Laboratory of Agrobiology, Nanjing 210014, China)

Abstract: Weeds in paddy fields seriously threaten the growth of rice. Breeding new varieties of herbicide-resistant rice is
one of the important ways to effectively solve the harm of weeds in paddy fields. In this study, ethyl methane sulfonate (EMS)
was used as a chemical mutagen to induce Huazhan rice to create mutants. The mutants were screened by the acetolactate syn-

thase (ALS) inhibitor herbicide imazapic (20 g/hm’) to obtain resistant mutant materials. The OsALS gene sequences of the a-

bove mutants were analyzed to clarify the mutation type.

5 B #A:2024-04-13

EATE M 55 A A B LI (SCKJ-JYRC-2022-35) 5 1135 Finally, the cross-resistance of different mutant types to

BB BB AT F [ CX(23)3094) ] imazamox and mesosulfuron-methyl was analyzed. The results
EERN . ERH(1999-) , B I ARG AL B 054, EENH showed that 11 imazapic-resistant mutants were obtained from
IKFEPUIE B F R 5E . (E-mail ) 217861626933 @ 163. Huazhan rice by EMS mutagenesis and imazapic screening.
com The mutation types were Prol71Leu, Ser627Cys, Ser627Asn

BIRAEE 5 I L , (E-mail) zhb12248@ hotmail.com and Gly628Glu. Among them, Ser627Cys mutation type was
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first reported. The resistance levels of the four mutation types to imazapic were different. The resistance indices of Ser627Asn,

Ser627Cys, Prol71Leu and Gly628Glu were 8.71, 5.16, 3.28 and 3.69, respectively. There were also significant differences in the

resistance of the four mutation types to imazamox and mesosulfuron-methyl. The resistance of Ser627Asn to imazamox was the

highest, and the resistance index was 20.57. The resistance of Gly628Glu to mesosulfuron-methyl was the highest, and the resist-

ance index was 5.11. In summary, four Huazhan rice mutant types resistant to ALS inhibitor herbicides were obtained by EMS mu-

tagenesis, and their resistance differences to imazapic and the cross-resistance to imazamox and mesosulfuron-methyl were identi-

fied, which provided a basis for further cultivation of herbicide-resistant rice varieties and rotation of herbicides.
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Table 1 Gradient dosage of effective components of imazamox and

mesosulfuron-methyl
BB (¢/hm? , 45 504 )
R W )

0.6,12,24 .48 96,192,384, 0.6,12 .24 48 96,192
768.1 5363 072.6 144

30 /L L% 0.4.5.9.0.18.0,36.0,72.0, 0.,4.5.9.0,18.0,36.0,
144.0.,288.0 72.0,144.0,288.0
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Ser627Asn

WT GGGGGCGCA

A Prol71Leu , Ser627Cys , Ser627 Asn , Gly628Glu 4
P, b Ser627Cys A GE A BRIAH 2 AR A

1 ]

B 1 b RIS BT E B R MR B S T IR B B I SRR
Fig.1 Resistant plant selected from the Huazhan mutant popu-

lation after spraying with imazapic
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Gly628Glu
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Prol71Leu,Ser627Cys ,Ser627Asn ,Gly628Glu FRAFIEI  WT M WA w5

B2 SRIEEHKTEL OsALS EEF 51447

Fig.2 Sequence analysis of OsALS gene in mutant rice
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GR4, M 97. 49 g/hm’ ; Ser627 Asn 58748 2 10 I bk
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oL )

Ser627Cys

ABCDE F G H I J K

ABCDEF

AR 7GR, H M 164. 50 g/hm”; Gly628Glu €75
RIS H KSR R ) GR, fELM 69. 71 g/hm®, 4 Fh
AR DL Ser627 Asn 28 75 28 T of HY IBK w46 12
FITTHE R  PUPEFRECN 8. 71 HKJ& Ser627Cys &
AT S RN 5. 165 Prol71Leu 55 Gly628Glu
PRI 5848 JS T T B IR ma 0 2 e B /KA 2 B ik
8B 3,28 F13. 69,

Prol71Leu

(L)

GHTIJK ABCDETF GHI J K

Prol71Leu ,Ser627Cys ,Ser627 Asn ,Gly628Glu 2 AEHS A , WT MM A AR (5 | A~ K 43 51 3o W BRI AR 50 5t (A 80843 ) 9 0 ¢/hm? | 14. 4
¢/hm? 21. 6 g/hm?* 32. 4 g/hm? 48.6 g/hm? .72. 6 g/hm? [109. 4 g/hm* 164.0 g/hm? 246.0 g/hm?> 369. 1 g/hm* 553.6 g/hm?,
3 FEFEFRMEERLGE 21 dE4HRTEIPRE

Fig.3 Phenotypes of four mutant types after 21 days of treatment with different doses of imazapic

S A (%)

F IR I A I 70
® WT; O Prol71Leu; ¥ Ser627Cys; A Ser627Asn; B Gly628Glu

(g/hm?) A5k

Prol71Leu ,Ser627Cys . Ser627Asn Gly628Glu S 58 28 25 H . WT g
A A 5

4ty 4 FERIERY KOS X FR R R A R Y 7 ) 7 i

Fig.4 Dose-response curves of four mutant types of Huazhan

rice to imazapic
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GRy, 18 7> %} 31.59 g/hm* Fil 56.61 g/hm’;
Ser627 Asn 75 Y X FH A2 IDK 7 40 A1 H 366 — ik o 1Y)
GRy, 1H 43 %l & 175.91 g/hm® F1 43.78 g/hm’;
Gly628Glu 7SS RIS HY 40 DK R0 AT 1 FH e — sk e 174
GR4, fH43 514 39. 41 g/hm*Fl 67. 38 g/hm*, 4 Fh5E
AU Ser627 Asn €75 248 U X FH ALK 0 9 471
Ped e, L5 B0 20. 57 HiR & Prol71Leu #l1
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Gly628Glu AL Fitk foe i, Pk AR KN 5. 11,
HIR N Ser627Cys RAF S 8 50 4.29;
Prol71Leu 55 Ser627Asn W Ff 28 2 & U %o FH 3L — fitl
B AOBTPE K F-AR 2 Ut B 3. 54 #1113, 32,

R2 G 4 TR F KR ER A HTIE K E

Table 2  Resistance levels of four mutation types of Huazhan to

imazapic
FH BRI I R B P 7K T
ok
GRsy(&/hm?) EIINCR R4
L gace 18.88+0.77 -
Prol71Leu 61.86+4.51 3.28
Ser627Cys 97.49+7.77 5.16
Ser627Asn 164.50+9.80 8.71
Gly628Glu 69.71+5.82 3.69

Prol71Leu Ser627Cys ,Ser627Asn ,Gly628Glu Sr N ZEAR A

3 17 i

ALS I 37) 28 B e 790 2 — B AR RE | v RAY BR 7L
AW T KRS N B RSEEY 25 S A BBy
16 E A S P B — PR R 2 3 B bR ) 22
TR R G FEEY A KR E U
AN TR B IR 5 A B A5 A RS T S S 70 o e ) 2
PR AR R BTR TR A g B B L, A
WK e AR T T DR s bR 2 (T B e 59, R 2T TR
T2 F R g R R R BE R SIS (SU ) BR ], 322
TUNZE 3 2 FRBRFCR T2 T 15 BR R, AT LA
BRZ R ARASRE LA L R e 2 5, F R 2 BR 5
FEARTERE H % 55 B0 2 AR 5% 5 A
B BR R K R SRR 3K 2 Bk 500 1) 52 BB
KR 2 S B SR 7R KRS A L R R
FIKFE B R AE—E R BRI

Bt I e R0 ) DR O T, R N B0 R e )
TR it A %) 60 A i EE A, KRR X o e R 7 A i
ZAERIHLH] B AL RS 2 A>T T BB A BT (Target-
site resistance , TSR ) FIHEH 5 501 ( Nontarget-site re-
sistance ,NTSR) . Bif , 51T B %5 77 7K & 38 it b ) A
FEEZAES T TSRIZ A A IR 55 %) EMS
PR M, UK REHEAT I | A 4 FhHTER =00 2828
HH FERTHASE OsALS FEH P57 sa ke AT, 48
FEF| Prol71Leu . Ser627Cys . Ser627Asn . Gly628Glu 4
Fit ALS 28 2 A, o) Prol71Leu, Ser627Asn
Gly628Glu 3 &AL A ELAT 3 , 1T Ser627Cys A

FHAA DR A AL 7 F 2 A A T

N :,\<‘(‘
_ 7 Ng g
o XS am T
ABCD E F G H

abcdef ghijkl
Prol71Leu,Ser627Cys , Ser627Asn , Gly628Glu 43 5| Ay 5€ A5 2 7
WT REFAEAVE Y a~1 2350 3R WK REARGR) i (R 3084 )
90 g/hm* .6 g/hm* 12 g/hm? 24 g/hm> 48 g/hm* 96 g/hm? .
192 g/hm? 384 g/hm? 768 g/hm? 1 536 g/hm? 3 072 g/hm?
6 144 g/hm?; A~ H 43 B 3675 W e Rl e 0 4 (A 20850) 9 0
g/hm? 4.5 ¢/hm* 9.0 g/hm? 18.0 g/hm* 36.0 g/hm*, 72.0
¢/hm? 144. 0 g/hm? 288. 0 g/hm?,

5 AEFEMREKEEMPE _BEIELE 21 d 54 TR

TREPRE

Fig.5 Phenotypes of four mutant types after 21 days of treat-
ment with different doses of imazamox and mesosulfu-

ron-methyl



JAIEEARSE : EMS 35728 SR FE AN [R)A37 5 AL RO ALS A0 50 28 B w2 S 1159

100
80
60
40
20

ST (%)

FR IR R 2 (o/hm?) B R4

100 g
80
60
40
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Prol71Leu ,Ser627Cys ,Ser627Asn ,Gly628Glu NGEARZEIN  WT fy B A= AL 5
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Fig.6 Dose-response curves of four mutants of Huazhan rice to imazamox and mesosulfuron-methyl

R34 T G RTRBN B RREEM R E ZBEENTEAE
Table 3  Resistance levels of four mutation types of Huazhan to

imazamox and mesosulfuron-methyl

FH SR R AR P L R
aE GR GR
50 D . S 50 oL . S
‘J: =Y ‘J: =3
(/hm?) R R (/hm?) iR
WA A 8.55+0.15 - 13.18+0.14 -
Prol71Leu  45.93+3.65 5.37 46.69+0.33 3.54
Ser627Cys  31.59+3.82 3.69 56.61+0.24 4.29

Ser627Asn  175.91+37.36 20.57 43.78+0.25 3.32

Gly628Glu  39.41+4.67 4.61 67.38+0.14 5.11
Prol71Leu ,Ser627Cys ,Ser627Asn ,Gly628Glu HRAFIEAY

HRIZRAE LRI Powles 25" 58 IA Ky /K
R =AM 25 ALS W AR A 5, BP LA
RAS I ALS 50 2 A8 Ak, DU (A5 A7 1 5 B 2
RIS G RESIA A, T A RIZEHIR) ALS i)
IS Ar sSAR ], 5 BOAS ) AR A 56 T4
[FIZE R ALS 41 i 70) 28 B 2 500 i 52 P B 22 5%
Ser627 Asn ARSI IMI 2 B 7 50) (14 i 52 4k W it
1M Gly628Glu 2 A INT SU Z 5 w0 71 i it 52 P B0
SR AT (45 AR — B, (HIX 4 Fhoe
ASEAI) ALS TR 25 55 U S 578 o7 o5 T 3R i 25 4
25 ik T it — L AT

H R KR ™ A R e R po ik nd 2 F Bt difb
SRS LN LR B R 0 BB
AT DR ARV B AR ZEAR Y P PERIE 58 vh T2 B
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rescens ) ) G2-EPSPS S AOKAEHAE 11 h %
PR AR X e H Jilg ) g 32 2 L B A AR 5 100 A% LA

b o AR TR IR ARSI AR FIIREE 192 M il
Z AR, —E B RG] T FEw T,
A AR B K R R AR R b2 55 K A T
4 RN, BT, Ll AR R Y
IKFEGEABARIRL O 245 BT I T Rl A b A
U ALS 275 2R Ser627Asn , Gly628Glu %5, X 2Lk
Fef it A 5 A — S R M AR AR 3 B P BR B MR
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