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SNP markers for acetolactate synthase genes from tribenuron — methyl resistant mutants in Brassica napus L.
SUN Yan —yan'?,QU Gao - ping'** ,HUANG Qian —xin'*, LV Jin - yang'?,GUO Yuan'?, HU Sheng — wu'"**
(1. State Key Laboratory of Crop Stress Biology in Arid Areas, Yangling 712100, China;

2. College of Agronomy, Northwest A&F University, Yangling 712100, China;

3. College of Life Sciences, Northwest A&F University, Yangling 712100, China)

Abstract: For molecular markers for tribenuron — methyl (TBM) resistant mutant in Brassica napus L. , M,
population of rapeseed ( B. napus) cv Zhongshuang 9 mutagenized by ethylmethane sulfonate were treated by foliar
spraying of TBM solution. 3 TBM - resistant mutants, K1, K4, and K5, were screened out from about 30 000 indi-
viduals of M, population. BrnALS1, BnALS2 and BnALS3 genes of these TBM resistant mutants were cloned and de-
tected for single nucleate polymorphisms (SNPs). Results showed that BrALS3 gene from K1 and K4 had C to T
transition at position +535 which led to substitution of proline with serine at position 197 in BnALS3 protein. K5
BnALS1 also had C to T transition at position +544 which led to substitution of proline with serine at position 197
in BnALSI protein. This BrALS1: Pro197Ser mutant in K5 was first reported in B. napus. According to allele —
specific polymerase chain reaction (AS — PCR) results, 6 primers could identify these mutants from wild type. A-
mong them, 2 primer pairs were used for SNP of K5 BrALS1, 4 for K1 and K4 mutant gene BnALS3.

Key words: Brassica napus L. ; Herbicide — resistant mutant; Tribenuron — methyl; Acetolactate synthase;
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AL RIBTRRFLH W RS i A A 76 A, P ik
R SR 71 1~ (93. 42% ) (http ;//www. canola-
council. org/) o T8 i 5% KL DN B AR ARAT B BT BR 55577 i
5 BUHEITVIG , AEL 20 ARG A ik DRI 52 1) 22 4 P v A7 A
o FIR, RN K e o AS F i 5 TR 3 3
FIEAHE B R, Swanson 45 3 b 5 48 ) 2, L
T BENRIF AL S /N7, TEREARAT 1 0T K i bl i 28
FR0) BA PRI PL(BGE S PML) T P2 (5
IR PM2) . PL P40 %8 22 A j A BnALSL 1)
Ser653Asp, P2 1y HT P & 28 i 5 s& BnALS3 1Y
TrpS74Leu, P2 (BT L P1 . HETESNE B
AL HYATEPK e kR Clearfield i S #B 2 Hi X 2 S5
AR L o Magha 251 78 3% 5 AR I PR B
FRIEAUP WAL T A SR 7E BRI K2 (SU ) Bk
MR 2 (TMD) BR BT 5822 1K RCS -5, {H A H
AN HLGRARE R o TR VLR A 27 B el SRR
SRR RIS R BT 1 AR BT DK s b A i
S, PR E RIRFR MO U R A R 7E
{3452 BrALST JE[H (1) Ser653Asp €287, At
Ay KA TE ISR EMS 28748 J5 AQBER o %
JUBRARR BT S AR 1A, I e 22 W B AT i) 58 728 7 A
93 BnALS3 {#) Pro197Ser/Leu 575"

AR e S TR 22 I A0 P O I B R
—,JB L BEFLIR & B ( acetolactate synthase, ALS,
EC 4. 1. 3. 18) # il 5 26 bR B 700 2 % , N W% L
REBCAE Y R AR R W, o] BELIBT IR kA ALS
TP AU B T Tl 5 P o IR BR R B R T
T U T e SRR R X R L B R AR A AR
SR bR B 2 i — KRR RS
FW], SRR (ALS) , M Z 2 HE R & T
(acetohydroxyacid synthase, AHAS ,EC 2.2.1.6) Zfif
PR B 550 A RE AR , B TRl AL 2 AT RN,
HEALPI 7T INERIR AR 5 TR L 2 — S IEFLIR I Rk i
CO, , T 5 AR 2R AN 58 2R 5 AL — 0 T N R R
M—03 12 - H TR GO W T IR, e
SRR o T ALS 0 9 2 Bk 0 o
Yy ALS Jil 3], 1 Sk L IR —e &R 5o &
255 4 IR A= 2 B, S B0E s E s Ik,
BARMRAET- Y . M IR B B RER A < I A 2R
EREAS SR T R AR, TZF AU T, A 2R IE T Ik
Hh, o = THARR (1) RO 7 W e 38 22 G0 1 9 1ot
SRR IET I E B R

1R, e [l =52 FH 2% 5 By 3 SR BB A 3 4 it 2
FE IS R ] S B e S A T B TR R . 35 T B B By
IR TH S5 P 2% 0 P R ) A ot e 1) U

BRFN " MEIERR . A R I 2 B T
i R ), A REE 7 AT P D SR A o R
0 B S B A R o R B o ST
R ZR B B AR R i — 2B g e . AR
ML 9 S H) EMS AR M, 1K 2 558 Mk
Z A ) 3 MR RERETIERARR . AR5
L% 3 MRORTRBE DT AL A B4R, XL ALS 2
PIEA T e B e, LAY 4 7 I ALS RPN 1 7 5128 4k
PO FEI R AL I AE AL S SNP ARIC, D 3 [ il
SRR FEUTE PR AL FIHOR A

LA

1.1 %

3 BRZSHE 5 o M 1 32 ( Brassica napus L. ) 58748
A, 23 5iE 2 K1 K4 KS, EATZ 9 Silisk &
EMS ZbFEAHF Y 2 558 4> M, #k £ FI A A B2 v YL
PRI AR 9 S T B L
SHIT Z&l =5 57 8 H i B3l S Fl Dalibor, | &
FARHE 1 PG AE R AR Rl W5 b i

Ex Tap [iff ,dNTP Mixture .10 x Ex Tap Buffer /i
K& 4 Y TaKaRa /N &) 42 7736 x DNA Loading
buffer ZEIRHHEERS DNA [ & DHS o K7 FF
W2 S AN B RARAE AR BRA W) (dEat)
PMD 19 — T Vector I § TaKaRa /A ], 5|4 BnALSI
-F1/R1 BnALS2 - F1/R1 #1 BnALS3 - F1/R1 JF %]
ZWSCHRLT ] o 51 FNI X b i S AR AR I EOR
AIRA A SER . 75% ARAiRE /K 53 BORLR| BV A%
Z IR A R E AR
1.2 M, R¥EH*

2012 £ 10 17 H b3S M4, Wit 2mg ai/L
x 300L/hm” (active ingredient, ai ) 7 fiff [ %5 Wk 77 126
SEHURRERE R AR S 2012 4F 11 A 1 H 3 4)
YR 16 A5 21 B T 2 728 PR P K B e R i A T 9
(2mg ai/L x20mL/ ¥k ) , FATHUEE A 40E
1.3 M, EH*

2013 4210 [ 29 H il 4 ~5 i), X 43R
FHRYISRIR BT RS AR R (Ok B K4 KS BEk A
BEJE L) 5% 6mg ai/ L x 3001/ hm’® R FE K o
1.4 ALS EFE=[E

R M 7 42 ik 4l DNA SR ] CTAB % 4@
B B AT B 3 34514 BnALST -
F1/R1 .BnALS2 - F1/R1 1 BnALS3 - F1/R1 4354~
HarpN 9 5 K1 K4 K5 #48}#) ALS1 \ALS2 #1 ALS3
FH, PCR [z W % . #ifx DNA 2. OpL, Ex Taq
(5U/uL)0. 15uL,10 x Ex Taq Buffer 2. 0uL, [ Fif
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219 (10pmol/L) % 0. 75uL, ddH,0 #b J& 20pL,
PCR 1§ 35 2 %I 94°C T 48 1% Smin; 94°C 45 % 40s,
57°C 3B :k 40s,72°C JE{#1 2. S5min, 34 MEH ;72°C 1E
i 10min, PCR ¥ 34 /=914 1.0% (m/V) Bi 5 H 5k
WL UK A28, ARG K B A YT T, FH B OAE BB
BEEERE DNA [HJGAH] & (CRAR) i 2lifb ( Bk
B RERENEN) o B4 PMD 19 - T
Vector 4% . DHS o KM T 141 %52 28 5% Ak i 1 BE0
TE WA T7E PCR Y8 sa b Jo , B FE i B A R 43 7))
BEAILIEH 3 ~5 AP FoRERE 2 A /T

1.5 ERARTAAHFFISFRIEHFR

SNP {37 g5 % 0 ) 56 o7 B Ik 58 4= DG e, 75 22 Al b 7E
3R ANV BCER 3 ALEE 4 ATl A T AR s
IS BN ENIZG A 3 FhESFCIREE LRI 2 4
PEFRIC, {H Zhang™'! | Hayashi** F1% 5 g 4 #F
FAERFW TR RS Y 3" A v i BI85 3 5]
A C/A RVEEBC 5 | MR S e 8 , B LhAS i H
WA TR R B 5 (R 1) AN BT
ALS1 F1ALS3 BEDR A4y 51 AHALLE e ik 98% , FIr LAY
FHB1 WS E1E ALST 1 ALS3 KRR 1 4 /4
SNP i 5 Lo HS b, 254 a1 SNP £ a5 5 55 5
PEGIYIY 3" K AHUC FE, 8 RE#F 417 2L PCR 973,

L5 1 #HFmwilshsot RRisIPr 3 Rmy RIWABHITARH) PCR 4,
F1 iFTHEERE SNP = AS -PCR 5]#)
Table 1 AS —PCR primers for assaying single nucleotide polymorphism of herbicide — resistant genes
EIE7E2 S SIYIFFA1(5'—3") & H i B/bp & HAR AR/ C
Primer name Sequence Location GenBank Expected size Annealing

M - ALSI - F1 TGTCGCCATTACAGGACAGG ACT 3030 ~3 052 711524 604 67.4

M - ALSI - F2 TGTCGCCATTACAGGACAGG CCT 3030 ~3 052 711524 604 -

NM - ALSI - F3 TGTCGCCATTACAGGACAGG ACC 3030 ~3 052 711524 604 67.0
NM - ALS1 - F4 TGTCGCCATTACAGGACAGG CCC 3030 ~3 052 711524 604 -

M - ALSI - RI TTTAGCCCTGCTAGCGAAAG 3614 ~3 633 711524 604

M - ALS3 - F5 CGTCGCCATCACAGGACAGG ACT 770 ~792 711526 604 66.2

M - ALS3 - F6 CGTCGCCATCACAGGACAGG CVCT 770 ~792 711526 604 68.0
NM - ALS3 - F7 CGTCGCCATCACAGGACAGG ACC 770 ~792 711526 604 68.4
NM - ALS3 - F8 CGTCGCCATCACAGGACAGG CCC 770 ~792 711526 604 67.0

M - ALS3 - R2 CTTAGCCCTGCTCGCAAACG 1354 ~1373 711526 604

M - ALSL - R1 HABIH, © 4315 M — ALS1 — F1 M — ALS1 — F2 NM — ALS1 — F3 NM — ALS1 — F4 41 % 0%t 2] 417 % s M —
ALS3 = R2 /AN HE 91, 43315 M - ALS3 — F5 M — ALS3 — F6 \NM — ALS3 — F7 \NM — ALS3 — F8 4l 4 Xf 8|75 2. 3 KBl AT C/A 4

i (R RIZR)

Note: M — ALS1 — R1 :common primer, combined with M — ALSI - F1,M - ALS1 — F2, NM - ALS1 — F3, NM - ALS] - F4 resulting in 4 — pair
primers. M — ALS3 — R2 : common primer, combined with M — ALS3 - F5, M — ALS3 - F6, NM - ALS3 — F7,NM - ALS3 - F8 resulting in 4 — pair

primers. C/A mismatches were underlined at the 3" — terminals

1.5.2 AS-PCR R mtk% PCR SCRNLR R NHEAR
DNA 2uL, Ex Taq (5U/pL) 0. 15uL, 10 x Ex Taq
Buffer 2L, | FiF51 4 (10umol/L) £ 0. 75uL,
ddH,0 #p /& 20pL, PCR 1§ 35 Z %k 94°C Hiil 28 Pk
Smin;94°CZEHE 305,18 K 30s (A [m] 51 1R ik
W3 3),72°C 4Ef# 1min,35 AMEHF ;72°C 4E# Smin,
PCR 3% ] C1000TM Thermal Cycler,,

1.5.3 AS -PCR Z# 44 & BiE P =Y &
1.2% (m/V) W BEREHHEEIE bk, RIS BE e £,
BE R R G0 T WSS R . 0 2 3R A5 1Y 2 28
FRic 5| W) 78 Ho 2 v =2 F0 87 A B G Filob 4T AS -
PCR 3% UIBE[mTe v 7= il e

2 HBREHH

2.1 HRFBEEMERTEOTFE
R T 1. 0% ) EMS ( FBEREPR L 1) # Ak
P9 S TR, B TS T R AR

O MRS SR E A SRR AR R,
2012 4F 10 H 17 H Mg 5 1, dR 2% 2 558 4
M, #RF (K2 3 T HRAA) M TE T 2. Omg ai/L x
300L/hm? F) R 8 9 V5 T, O 06 70 R Al I ) 2R AR 14K
2012 4F 11 1 H X 00Uk i 246 15 21 1 Bt 1 58 28 bk
M JE AR IS it 45t [ (2. Omg ai/T x 20mL/ %) |
HEKE (K1) o AR 3 MRS FEDLIE 22

“e Ms

3 L - L8 3
TE: v CK OB 9 Slse, e o Ms JEAUp
Note : CK : Zhongshuang 9. The other lines are M5 progeny of the mutant
1 BIERMREFEBERRERETEN M, RREFERT
Fig.1 Performance of progeny of M; mutants treated
with tribenuron — methyl solution
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2.2 ALS ERASH

F A BnALS1 - F1/BnALS1 - R1 .BnrALS2 - F1/
BnALS2 — R1 ,BnALS3 — F1/BnALS3 - R1 =X} 5|49
(FR 1), 50 3438 3 MRORRBERE BT 28 A8 R (K1 (K4 |
K5) FIH I 9 Sili3E H BnALS1  BnALS2 \BnALS3 3
. PCR M 451 (18 2) B, I8 07 i i 457l
KNG U E AR 55 KD —3, W1 B bR sl
Frilfie s RN o S5 R R B, P9 5 KT K4
B BnALS1 4 15 X JF %1 ( GenBank: KM816810;
KP985782 ; KP985784 ) 5 & #k i Ay BnALS1 ( Gen-
Bank: Z11524. 1) 4t X J5 5] 56 2= #H 7l K5 19
BnALS1 ( GenBank : KP985786 ) & + 544 fif C—T( Cs,,
CT—TCT) , S E 4w ) BnALST 2 + 182 {3/ Pro
—Ser , X THIFE ST ALS & H Prol197—Ser,

8 9 10 11 12

12/ Note : M: Marker I ;1,5,9: 9139 5(Z89);2,6,10:K1;3,7,11:
K4:4,8,12.K5 ;1 —4:BnALS1;5 -8 :BnALS2;9 — 12 :BnALS3
2 BnALS1 -3 EREF LR
Fig.2 PCR amplification of BnALS1 -3 genes

L9 5 K1 K4 F1 K5 ) BnALS2 it [X 7 5]
S5 HRiB 1Y ALS2 ( GenBank : Z11525. 1) 445 [X 551
St AR A SR AR S

5 4RIE W BnALS3 ( GenBank : Z11526. 1) 415
XJFHIAH L (2 2) : AL 9 5 Hil K5 1) BnALS3 ( Gen-
Bank : KM816812 ; KP985787 ) #7-4E 5 4~ SNP {i7 45, H:
Hr 4 AR AR, 55 1A Rl R (+975 i G
—C, [/l GAGy,s—GAC) , i 4 i 1) 4 &R E(GAG)
RAS KRR D(GAC) ;K1 Fil K4 BnALS3 ( Gen-
Bank : KP985783 ; KP985785 ) 7£7E 5 1~ SNP {37 /5., 4
+535 il C—T(Cys CT—TCT) , 3 HCHT g 11 1)
BnALS3 ZE [ + 182 {i7 Pro—Ser , %t FHIFGIF ALS
1 Prol97—Ser,
2.3 BnALS1 #1 BnALS3 HEE4% S5 Firic @7

RREIE

R4l K1, K4 F1 K5 = A~ 5248 &k BrALS1 #i
BnALS3 JE R S £ 1 SNP A7 5, AT T 8 X
AS -PCR I A& (£ 1), FIFHX 8 X5 4%}
X9 = K1 K4 K5 47 PCR 4047, 459 M — ALS1
- F2/M - ALS1 - Rl fl M — ALS1 - F4/M - ALSI -
RI WX 514140, 2o 6 Xd 51938 3K45 1 milb i 1
ERLE

%2 BnALS3 SNP i 5 & S E i

Table 2 Single nucleotide polymorphisms in BnALS3 genes and their encoding proteins

SNP {i; ‘& SNP location 711526.1 F1 XL 9 5 Zhongshuang 9 K5 K1 K4
135 A T T T
312 C T T T
535 C(P) C(P) C(P) T(S) T(S)
660 A T T T
816 C T T T
975 G(E) c(D) c(D) c(D) c(D)

Y SNP IRHATR 55900 5 R b G

Note : Single nucleotide polymorphisms showed by italics letters, and missense mutations by letters in parentheses

K5 FEAR IR AS — PCR R U 25 5L a0 R« 43R .k
BT 60 ~66. 5CHf, 5% M - ALSI - F1/M
- ALS1 - R1 7£ K5 1P 9 S35 H 4031
MR KIRE T 67°C 1 n] DL IX 4 H A A1 R
() SNP 2 A H 25 R EE R e iR JORE T2
67.4°CH}, K5 A B WA 4007, i 39 5 Ty 1
S, WL, M — ALSI - F1/M - ALSI - R1 HX 4}
FARMA K5 FIEFAE R 9 5 BnALS1 % + 544 fif C
—T (Csyy CT—TCT) % B A5 12, L3R KO B R
67.4%C . B|¥Y%f NM — ALS] - F3/M - ALSI1 - R1, W
Kl K5 BrALS1 %5 + 544 i C—T (MR C , HiB
JOREESN 67.0°C , FEMZRAE TR, 39 5F Bk
i, KS oY ) .

FIF] M - ALS1 - FI/M - ALSl - R1 | NM -

ALS1 —F3/M - ALS1 —R1 %} K5 Fi 3L 9 5459 4
WA (R ) #17 PCR 973 458 M - ALS1 - F1/
M - ALS1 - R1 {U7E K5 W H 4543, Hofh b
BT 25745 NM — ALSL - F3/M - ALSI - Rl [&
K5 b HAR T AR 1S th B AR 4 (B
3), ULHI M — ALS1 - F1 /M - ALSl - R1 \NM -
ALSI - F3/M - ALS1 - R1 R %0k BrALS1 + 544
fii b C—T 5748,

K1 1 K4 3722 1K) AS — PCR RN 45 5L 40 F - 51
YI%t M — ALS3 — F5/M — ALS3 — R2 fI M — ALS3 -
F6/M — ALS3 — R2 S # | K1 K4 BnALS3 % + 535
fii C—T(Cys CT—TCT) (9 FHPEFRIC, M - ALS3 -
F5/M — ALS3 — R2 38 kR 66.2°C ,M — ALS3
—F6/M — ALS3 - R2 )i K JE 2 68.0°C . B|¥)



FNFHE A H A R AR R AR

TR ALS KR

5 # 15 SNP 4742 593

%} NM — ALS3 — F7/M — ALS3 - R2 il NM — ALS3 —
F8/M — ALS3 — R2 Jp#& il K1 K4 BnALS3 % + 535
A C—T I PERRIE, NM — ALS3 — F7/M — ALS3 -
R2 [ K i B 4 68. 4°C, NM — ALS3 — F8/M -
ALS3 - R2 [J5B KR K 67.0°C

FIF M - ALS3 — F5/M — ALS3 - R2 M - ALS3
—~F6/M — ALS3 — R2 NM - ALS3 - F7/M - ALS3 -
R2 \NM - ALS3 - F8/M — ALS3 — R2 PU %} 5| ¥y %t
K1 K4, FIH 9 545 9 AN s Al (R ) ##17 PCR

M-ALS1-FI/M-ALS1-R1

800bp
500bp

Prhm B M - ALS3 - F5/M - ALS3 - R2 .M - ALS3
-F6/M - ALS3 - R2 {¥ K1 K4 H H &1, H
BT AMREECA &, S1 M - ALS3 - F7/M -
ALS3 -R2 \NM - ALS3 - F8/M - ALS3 - R2 f& K1,
K& B, HAR 7T DRI BT g (&1 4) o 6
5|9 M — ALS3 - F5/M - ALS3 — R2 M - ALS3 -
F6/M - ALS3 - R2,NM - ALS3 - F7/M - ALS3 -
R2 .NM - ALS3 - F8/M — ALS3 — R2 fEA & A
BnALS3 | Cqs—T 5875,

M-ALS1-F3/M-ALS1 Rl

2 3 4 5 6

800bp
500bp

VM Maker I;1. 5 %09 532 SH11;3: %83 3 554 848 B. napus;5,6:K5;7 .93 7 558 FXL 11 539 Dalibor
Note: M :Maker Il ;1:2S9; 2.SH11; 3:QY03; 4:New B. napus;5,6:K5; 7.72507; 8.ZS11; 9:Dalibor
B 3 BnALS1 EE AS -PCR 5|3 1

Fig.3 Development of allele specific PCR - polymerase chain reaction primers for BrALS1

M-ALS3-F5/M-ALS3-R2

M-ALS3-F6/M-ALS3-R2

800bp
500bp

NM ALS3-F7/M-ALS3- R2

2 3 4 5 6

800bp
500bp

NM ALS3-F8/M-ALS3- R2

M123456789

800bp
500bp

M Maker I;1:K1;2:K4;3 .54 9 534 .SHI1;5: 259l 3 556 S5 R B napus;7: 97 538 . #1411 539 ; Dalibor
Note:M:Maker Il ; 1:K1; 2:K4; 3:789; 4:SH11; 5:QY03; 6:New B. napus; 7:2507; 8:ZS11; 9 :Dalibor
B4 BnALS3 E[A AS - PCR 5|43 1%
Fig.4 Development of allele specific PCR — polymerase chain reaction primers for BnALS3

3 3t
DATEARGE %) ALS 410014 57) S B =0 750 A T ik 1Y
BHUPEN S EE y Alal22, Prol97, Ala205, Asp376,
TrpS74 FI Ser653 ( LALL g JT ALS Z AL MR )7 51 2 2
BE) P bR, Swanson 45 COR FH/IME T A5 3R
%%n%ﬂ%%@ﬂ*ﬁ%ﬁ*ﬂﬁ@{ﬂﬂ%ﬂe%% PM1 1 PM2,
Horfr PM1 & BnALST 3[R 5875 53¢ BnALS1 2 [ 114

Ser653Asp 45, PM2 J& BnALS3 3 [H % 45 § %%
BnALS3 % 1111 TrpS74Leu i As % . R EIT I 4
Mb k27 B R AE AT K IR IR T SR AR R MO [ 2 A o]
HL 2 BnALS [ Ser653Asp A~ fahall
REAARTENAERL 5 57158 EMS ﬁﬁxliﬁﬁﬁitlj%%
ER I 7 S R T 1 1 i N N = ARV V< )
BnALS3 FLH 745 S 2 BnALS3 [ Prol97Ser/Leu &
ARHOL CRBRSE R Sl R AL 9 Sl S EMS S8
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K72 2 558 4~ M, Bk Z 2y 30 000 > B AR HE AT Ak fE
PUPESESE , T e ) 3 BRPTIE R ALK (4338 K1,
K4 K5) o @R 3 BRPUTEMSE A BrALST -3 1y
TR Fr 2, K1 1 K4 B%) BnALS3 58 +535 fif C—
T, S E0U9 4 5 1Y BnALS3 1) Prol97Ser Bt 75 ; KS [
BnALS1 55 + 544 vy C—T, S8 4 t% BnALS1 f
Prol97Ser 2% ( BnALS1, BnALS3 ¥ LI 8l B3 JF ALS
FULRIF I 0 UE) o KL K4 BFEQL S Li %1
B3 KS BHTPENL AL BnALST: Prol97Ser £
R T E ARIE o X SRR BT AR K B R A
il B e R e 7 3R BAT B 3R AU BTER
L i DY LU=

CTEFLIR G U (ALS ) 2 fif T IR 2K B 5 71 Y 48
B, B AT R 0 12 X i Pk DR 2H ok 5910 = A 4t
PER AL A 3 A, 40 2 Prol97 | Ala205 FiI
TrpS74. ik H A, #2456 58 B BR 50 H vk 2 0t 2
(Herbicide Resistance Action Committee, HRAC; ht-
tp://www. weedscience. org) iR il Y] 8 K2 (Alal22,
Prol197, Ala205, Asp376, Arg377, Trp574, Ser653,
Gly654) 31 128 fii] ALS ZIL PR AL )™ AE B P L SR 5L
1, Prol97 RASHIA 72 B, &5 56. 25% . ix 72 14
HBR TR SEE SN A T1 B2 x SU SEBR 57
App bk Hopxd IMI f1 SU ¥ B Bt m A 19
72 o ALS 55 197 (&5 FR 0L T I% 1 5 1A @
BRIE(197 - 201 ZHERR ) K i , 14 % o — domain
TG PR SEE A, 5 P R 2 R 500 19 05 B 2
P22 ALE Pro FERLY T BEAR S A
BRI AR AR G SRR BRI LT A
WFFE AR A 1Y 3 Bk R B B M R R R A
Pro197Ser g 2%, K1 A1 K4 f) BnALS3 f{ Prol97Ser
A% K5 HJ BnALSI H{ Prol97Ser 278, BnALSI A
BnALS3 ) Pro197Ser 78 HAfi Pk J&: T AFAE 25 5%, —
e HA B INELN 5 DL FOZ 578 M HE 75 % HoAth
ALS H0 i 790 2 B B0 BAT ST (A5 0 — 2D IR A
5T .

L5 B[R 45 5 PCR (allele - specific PCR, AS -
PCR) J& L TS5 JE R 1Y) SNP 31145 5551 9, il i
PCR 714 e 46 A A e R AU ) — b 380 7 ko 14
TIVEAN S ZE S [E] BRI, 5 PR | A e
Kadaru %" 7E /KRS Lee 2512 YE K37 HhfiAs 1460
PUKIEMRERE N (19 AS — PCR ARic. WA/ e 25" JF
1RSI TR s R R 2 85k 5l = M9 rf BrALS1R
FERIGEAE ) AS - PCR #ric, AWRoeH, FATsah IF
KA T 6 XK BnALS JEA Y AS - PCR #rid, Hrp
Kl BnALST + 544 fii | C—T S2AZRY 514 2 Xt £

M BnALS3 +535 fii | C—T 52819519 4 %o AHF
FEERAE— L E T BREFIGOIE R T IR,
T [ iih S P BR 50 M B E T W IR R A S R
i 45

AR P T 2 T2 A T Y e R R 2
— T AT R AR AR R R R
e KR ERTH B U L S B SR S S R
BB SRTR G P, AT 2 =32 P 245 o 8 A 20 e 2 £
— IR

S 3Lk

[1] Krato C, Petersen J. Gene flow between imidazolinone —
tolerant and susceptible winter oilseed rape varieties[ J].
Weed Res,2012,52(2) ;187 - 196.

[2] Swanson E B, Coumans M P, Brown G L, et al. The
characterization of herbicide tolerant plants in Brassica
napus L. after in vitro selection of microspores and proto-
plasts[ J]. Plant Cell Rep,1988,7(2) :83 - 87.

[3] Swanson E B, Herrgesell M J, Arnoldo M, et al. Micro-
spore mutagenesis and selection: canola plants with field
tolerance to the imidazolinones [ J]. Theor Appl Genet,
1989,78(4) .525 - 530.

[4] Hattori J, Brown D, Mourad G, et al. An acetohydroxy
acid synthase mutant reveals a single — site involved in
multiple herbicide resistance[ J]. Mol Gen Genet, 1995,
24(6) :419 -425.

[5] TanS, Evants R R, Dahmer M L, et al. Imidazolinone
— tolerant crops: history, current status and future[ J ].
Pest Manag Sci,2005,61:246 —257.

[6] Magha M I, Guerche P, Bregeon M, et al. Characteriza-
tion of a spontaneous rapeseed mutant tolerant to sulfony-
lurea and imidazolinone herbicides [ J]. Plant Breeding,
1993,111(2) :132 - 141.

(7] WABe, W BB, w45 TSR S LR 1 IR
TSR BREFAIHUE S AR MO F st AL FIRE DR s [T ]
i [ A BF,2012,45(20) 24 326 —4 334,

(8] WISIE, e T AE o, 4. 1S40 K A b I 28 Bk
FIIEIE BaALSIR 603 B 5 PCR AFIAY T % 15 50
HLT]. VEY244% ,2013,39(10) .1 711 -1 719.

[9] HuML, PuHM, Kong L N, et al. Molecular character-
ization and detection of a spontaneous mutation conferring
imidazolinone resistance in rapeseed and its application in
hybrid rapeseed production[ J]. Mol Breeding,2015,35:
1-13.

[10] LiHT, LiJJ, Zhao B, et al. Generation and charac-

terization of tribenuron — methyl herbicide — resistant
rapeseed ( Brasscia napus) for hybrid seed production u-

sing chemically induced male sterility [ J]. Theor Appl



FNFHE A H A R AR R AR

TAR ALS

K H 5 M5 SNP 4Rie 595

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

Genet,2015,128(1) :107 - 118.

Mazur B J, Falco S C. The development of herbicide re-
sistant crops[ J]. Annu Rev Plant Biol, 1989,40(1) .
441 -470.

Tranel P J, Wright T R. Resistance of weeds to ALS —
inhibiting herbicides:; what have we learned [J] . Weed
Sci,2002,50(6) ;700 - 712.

Chen H, Saksa K, Zhao F Y, et al. Genetic analysis of
pathway regulation for enhancing branched — chain amino
acid biosynthesis in plants[ J]. Plant J,2010,63:573 -
583.

IR0k SEFLIR RS A ) Y R R PR M RY
QS R LT ] 5 25,2011,33(3) :1 -5.

Shaner D L. Physiological effects of the imidazolinone
herbicides [ J ]. The Imidazolinone Herbicides, 1991,
129 —138.

AR, X Ak e, AF FRIERSE H R R 8L
ARG LLLT ] . BHE 1541 , 2008 ,15:252 - 253.
il 1. H T S EMS S8 8 (U JA2 f14 ) At 2 0 B
FE RN BT R B [ D] 4% % P AL R MR B K27,
2014.

(L= o S S A N IR BB B 1 5
M2t 2e s S e [T ]. PadbAb 22402, 2014,23(7) - 68
-74.

Edwards K, Johnstone C, Thompson C. A simple and
rapid method for the preparation of plant genomic DNA
for PCR analysis[ J]. Nucleic Acids Res,1991,19(6) :
1 349.

Zhang N Y, Linscombe S, Oard J. Out — crossing fre-
quency and genetic analysis of hybrids between transgen-
ic glufosinate herbicide — resistant rice and the weed,
red rice[ J]. Euphytica,2003,130( 1) ;35 —45.

Zhang W, Gianibelli M C, Ma W, et al. Identification
of SNPs and development of allele — specific PCR mark-
ers for gliadin alleles in Triticum aestivum [ J ]. Theor
Appl Genet,2003,107(1) :130 - 138.

Hayashi K, Hashimoto N, Daigen M, et al. Develop-
ment of PCR - based SNP markers for rice blast resist-
ance genes at the Piz locus [ J]. Theor Appl Genet,
2004,108 .1 212 -1 220.

Heap 1. The international survey of herbicide resistant

weeds [ OL]. http://www. weedscience. org. (2013.

[24]

(25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

02).

Tranel P J, Wright T R, Heap I M. Mutations in herbi-
cide — resistant weeds to ALS inhibitors [ OL]. http.://
www. weedscience. com. (2015.09.03).

Duggleby R G, McCourt J] A, Guddat L. W. Structure
and mechanism of inhibition of plant acetohydroxy acid
synthase[ J ]. Plant Physiol Bioch,2008,46(3) :309 —
324.

McCourt J A, Duggleby R G. Acetohydroxyacid syn-
thase and its role in the biosynthetic pathway for
branched — chain amino acids[ J]. Amino Acids, 2006,
31(2):173 -210.

Haughn G W, Smith J, Mazur B, et al. Transformation
with a mutant Arabidopsis acetolactate synthase gene
renders tobacco resistant to sulfonylurea herbicides[ J].
Mol Gen Genet,1988,211:266 - 271.

Ghio C, Ramos M L, Altieri E, et al. Molecular char-
acterization of ALSI, an acetohydroxyacid synthase mu-
tation conferring resistance to sulfonylurea herbicides in
soybean[ J ]. Theor Appl Genet, 2013, 126:2 957 -
2 968.

Cui H L, Zhang C X, Wei S H, et al. Acetolactate syn-
thase gene proline (197) mutations confer tribenuron —
methyl resistance in flixweed ( Descurainia sophia) pop-
ulations from China[ J]. Weed Sci,2011,59:376 —379.
Sibony M, Michel A, Haas H U, et al. Sulfometuron —
resistant Amaranthus retroflexus : cross — resistance and
molecular basis for resistance to acetolactate synthase —
inhibiting herbicides [ J ]. Weed Res,2001,41;509 -
522.

Kadaru S, Zhang W Q, Yadav A, et al. Development
and application of allele — specific PCR assays for ima-
zethapyr resistance in rice ( Oryza sativa) [ J]. Euphyti-
ca,2008,160.431 —438.

Lee H, Sachin R, Neeraj K, et al. Single nucleotide
mutation in the barley acetohydroxy acid synthase
(AHAS) gene confers resistance to imidazoline herbi-
cides[ J]. Proc Natl Acda Sci USA,2011,108:8 909 —
8 913.

TG - FRAE )



