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Alal79Val Mutation in Rice Acetolactate Synthase Confers
Broad-spectrum Resistance to ALS Inhibitor Herbicides

AN Chen', SHAO Ye?, PENG Yan*, MAO Bigang'*,ZHAO Bingran'~
('Longping Branch , College of Biology , Hunan University , Changsha 410125 ;*State Key Laboratory of Hybrid Rice,
Hunan Hybrid Rice Research Center, Changsha 410125)

Abstract: To characterize the resistance of the novel rice mutant ALS"” to acetolactate synthase (ALS)
inhibiting herbicides, this study analyzed the Ethyl Methyl Sulfone (EMS) -mutagenized novel rice mutant
ALS'”, together with wild-type Huahang31 (HH31), imidazolinone-tolerant rice ALS”’ mutant, treated by four
types of ALS-inhibiting herbicides by either seed coating or seedling spray treatment at different concentrations.
The phenotypes and enzyme activity indexes were further determined to investigate the resistance of the mutant
ALS". The results showed that the mutant ALS"” showed various degrees of resistance to benensulfuron,
imazethapyr, bispyribac-sodium and pyroxsulam after herbicide coating for seed soaking and seedling spraying,
and the activities of acetolactate synthase, peroxidase, catalase and superoxide dismutase tended to decrease
with increasing herbicide concentration. The enzyme activities of acetolactate synthase, superoxide dismutase,
catalase, and peroxidase were higher in 4LS"” than in wild-type HH31 under all treatment conditions, except for
imidazoleisonicotinic acid treatment condition at high concentration where the enzyme activities of catalase and
peroxidase were lower than those of wild-type HH31. Collectively, we found that the Alal79Val mutation
conferred broad-spectrum resistance to ALS-inhibiting herbicides and provided genetic germplasm resources for
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the subsequent breeding of ALS-inhibiting herbicide broad-spectrum resistant rice lines.

Key words: rice; acetolactate synthase ; ALS-inhibiting herbicides ; broad-spectrum tolerance
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VS R B AT K s AR TR S o3 70 K S ALS™ A AC
A, DLEYAE B HH3 1 AR BEAS E 47 2% 58, 3R F 52021
AR AR R 24 S K RIS PO K U A 1L B
HuFPAE F,, OIR F, b1 F, B 178 525625 1) 96 fL
MK B | W 5 G I — 0o 300, TIOR8 e ] 24 o
TS it Ak 35, A 0 G 5 BB, B2 U DNA, JlICA
-20 CUKFHIRAT

22 K R L TR 1 (https - //www.ricedata.cn/
gene/) W1 ALS B 75N B8 , 7656 536 S SEAb (C-T)
Wit KASP 43 BG4 A HE AR S E 1 5 1Y) F -
FAM #1 F2-HEX, DL} — A~ 3l F & 1) 51 91 179-
Reverse, JTHIfEEIENLR 1. KASP PCR Wi fA R

#z1 ALSEFEKASPHRIESIHIFT
Table 1 ALS gene KASP marker primer sequences

(10 pL) : 2x Taq Parms PCR Mix 5 pL, DNA #2
W 1 pL, F1-FAM (10 pumol/L) 0.15 uL, F2-HEX
(10 umol/L) 0.15 pL, 179-Reverse (10 pumol/L)
0.4 uL, Jil ddH,0 #h % 10 pL. BA P xF 08 1L &5 &
ddH,O U DNA $8H0K . & & 3 RAEYELE 3
WHARTER

KASPARICH PCR W 77 4 BB, 55 1 BBt
95 °C A PERFZE 10 min; 25 2 By Bt 95 °C FF£2 48 1
155,61 °CiB k60 s, 3 10 MG ER (45 R AG IR FRAL
0.6 °C) ;55 3 BB 95 °CH 14 15 5,55 °C 1Bk 60 s, 3t
28 MG 55 4 BE 30 °C 5242 30 s, KASP S v fiff
HH Applied Biosystems QuantStudio7 17

594 KASP5|#)741(5'-3") AR
Primer KASP primer sequences(5'-3") Carrier site
F1-FAM GAAGGTGACCAAGTTCATGCTCTATGGGCGTCTCCTGGAAGG C
F2-HEX GAAGGTCGGAGTCAACGGATTCTATGGGCGTCTCCTGGAAGA T

179-Reverse

CGCATGATCGGCACCGAC

1.3 AEMZEALS BEFEMEKZHIXE

PR EOFFRr BE TR (9 HH3 1 ALS' Tl ALS®” 1~
R BAE T A 2% (AU SR £V W T B 30 min,
VeV fE g o e BR SR SRR B (1) FiC 4 S
ABERE (1% 5% 10% ,20% ,30% )AL AR BRI, EALAK
BRE AT IR 48 h, i 2550 58 98 15 MK R Fh
T U X ERALIE H I KR 48 he Z R TCEAE
37°CHE IR FRAH HAE 21, 76 96 FLAF AR I i1 7

R2 ALSEKRMBREF GR/MIHEREREH LB =

FER, AR ROK R TN 351, 4 2400, K AS Z 0] B 1~2
SUETBL . A BT 278 SRR KB . TR ARG
TR 10 d i BEATHA IR, XPAR R RE R g 2 A
PEEAT G AR B, 3R AE ) E A . T KB I
SR FH ] B 7K e T /KA 85 SR ) & e ] o PR s
B B ALS" Xof S MR T [ 3% e 700 AN HL AT B, il fi
FIHA 4 R0 ALS ZEBRGR EATJR 28 . AAKBR
TN AR A L L B PR AR 2.

Table 2 Representative herbicide coating/spraying concentration of ALS class and degradation half-life of paddy soil

N s SR AR M v B (1) T HEEAE () .
BRI i PRAE AL TSN
. . Herbicide coating/spraying Half-life of soil
Herbicide category Herbicide . . . Reference
concentration( 1x) digestion
TEPEIRZE SU 10% At (rT R pER 7)) 17.50 mg/L 8.61~10.34 [27]
IR IR B |21 TMIT L (5% WKk 2 3R K5 0.60 mL/L 25.66~133.29 [28]
WELE KRS PTB LB ik (3BR15% #1751 0.50 mL/L 1.6~4.3 [29]
TR 2RI = IR SCT UM (109 m] 3B A 0.14 mL/L 2.5~4.4 [30]
=R PENERE S TP It R e (PS4 % AT 43 HGHAE TR 0.60 mL/L S (4% WERH 0l )+0.80 mL/L 2~13 [31]

1l IR B S P ) - P 2 =k 4 )

SU: Sulfonylureas; IMI: Imidazolinone; PTB: Pyrimidinylthio-benzoates; SCT: Sulfonylamino-carbonyl-triazolinones; TP: Triazolopyrimidines;

The same as below
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Fig.1 KASP marker identification of F,
generation segregating populations
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Table 3 Phenotypic statistics of ALS"” mutant resistance
co-segregation

FEA 7Y FH TR R
Genotypes Phenotypes Number of plants
cC Uk 131
CT it 247
TT it 122
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The 96-well seeding plate contains 3 types of rice; The leftmost dashed line is HH31, the middle of the two dashed lines is ALS'”,
and the rightmost dashed line is ALS™’
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Fig.2 Seedling development of ALS herbicide coated with different species and concentrations
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Fig.3 Analysis of plant height and root length of ALS"” under different herbicide treatments
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Fig.4 Identification of resistance of three rice varieties to different ALS herbicides
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Fig.5 Effects of four ALS herbicides on the activities of ALS, POD, CAT and SOD enzymes in rice under different
treatment concentrations
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