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Abstract: In order to identify effects of the cross-resistance and the function of resistant genes BnAHASI-3R
in germplasm M196, this study examined the resistance effect of rapeseed M196 and N131 (wild type) by

spraying sulfonylurea, sulfonlyaminocarbonyl-triazolinone, imidazolinone, triazolopyrimidine, and pyrimidyl-
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benzoate with different concentration gradients (0, 1/4, 1/2, 1, 2 and 4 times the recommended concentration of

herbicides in the field) , respectively, at 3-5 leaf stage. Based on the greenhouse and field results, the cross-

resistance of SU and SCT was observed simultaneously to be the strongest, while IMI, TP and PB were lower.

Results of qRT-PCR and in vitro enzyme inhibition experiments in transgenic Arabidopsis indicated that the cross-

resistance of ALS herbicides was caused by the elevated expression of the mutated allele of BnAHASI-3R and the

decrease on enzyme sensitivity to herbicides. The study provides a theoretical basis for preventing and resolving

the potential problems about weed resistance and drift of resistance gene that may arise from the widespread

promotion of resistant varieties.

Key words: Brassica napus L.;herbicide resistant new germplasm ; cross-resistance ; function analysis
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Tablel Herbicide categories, concentrations and manufacturer

e T X A
.. B 7 . Corresponding to the &R
Herbicide . Recommended concentration . .
. Herbicide for field national standard unit Manufacturer
a T 11
calegory orieiduse concentration
SU 10 % “EWEhk 20 g/667 m? 0.16 mmol/L TLAR PR AR AT B F)
25 9% WEWM P 8 /667 m’ 0.17 mmol/L TR IRRAARTHT A
SCT 99.5 % WEfitf 4 g/667 m* 0.34 mmol/L 2 [ TMstandard /A ]
70 % FEMLTH R 20 g/667 m? 1.12 mmol/L FREGE YA AL EA R A ]
IMI 5 % WKW Z, MR 133 mL/667 m? 0.72 mmol/L RSB T AT PR H]
4 9% H KRR 80 mL/667 m> 0.35 mmol/L VLIRS 0 A5 BR A F
TP 50 g/L WUIRU itk 6 mL/667 m* 2.78 umol/L VTR Wb 2 AT BN
25 /L TSI 80 mL/667 m’ 0.34 mmol/L Rl Al B 2 H
PB 10 % AU ¥ 20 mL/667 m? 0.15 mmol/L R IR A w A
5 % WENE fir ik 50 mL/667 m? 0.14 mmol/L TR A - 5 PRAR DU 2 B B A A PR ]
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&2 ARHARPETABINSIMEFT]

Table 2 The primers sequences used in study

S TR 1R G LIRS T 22 AR W R B
A RS ), 25 Rk Origin 2021 8R4l

G 175 (5—37) Hi%

Primer Sequence (5 —3") Use

ALSI-F1 AGAACAGTTAGATCCAC JEPA ma
ALSI-R1 CAGCTTCATCTCTCAGTA FEPA ma
ALSI-F2* CGCGGTACCTCATCTCTCTCTCCTCTAACC EERENAfE
ALSI-R2* CGCACTAGTGATCACCAGCTTCATCTCTC EERENAfE
ALSI-F2 TTCTCCTTAACCCCACAGAAAGA gRT-PCR
ALSI-R2 GGGAGCGTAGCGGGAGAC gRT-PCR
ALSI-P CCGTCAATGTCGCACCTCCTTCC qRT-PCR {54}
EIF4B-F GTGAGCTGGACGACAAAGTC gRT-PCR
EIF4B-R CTCTGATCATCGGCAGGTCT gRT-PCR
EIF4B-P TGCCTGCACCAGACCCGGGT qRT-PCR {54+
UAI-F GCCCTGCCTTCATACGCTAT BLBLIRAE R PCR %572
UAI-R TCTGCTAACCCGCTGACGAG HE LA R PCR %S E

1.5 M196 BiEEER M K PCREE

FRAE M 196 (3L K 751 BnAHASI-3R™, 514
ALSI-F2*/R2* 17 PCR ¥ 14  PCRY A Z : 1.0 uL
DNA #iff . 10 mmol/L 5|4 ALSI-F2*/R2* 4% 1 uL .
11.0 pL H,O. 2.0 pL 10xPCR Buffer . 2.0 pL
2 mmol/L dNTPs (2 mmol/L dATP, dGTP, dCTP,
dTTP each) , 1.2 pL 25 mmol/L Mg** . 0.8 uL 1 U/L
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(2 mmol/L dATP, dGTP, dCTP, dTTP each) . 1.2 pL
25 mmol/L Mg* . 0.8 uL 1 U/L KOD Plus Taq fiff .
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F1399.5 YWERRFENE T 52 [E TMstandard A H
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S B 3 s
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B 3 T 23
BB ax R mg ax
0x 0x
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4% JTHNFIRN 0 1/4 1/2 12 F0 447 (e PR P BR R0k JBE , o o [l s B2 EE T D3R 15 7 1)

S indicates that the plants are sensitive to herbicide treatment; M indicates that plants exhibit mid-resistance after herbicide treatment; R indicates
plants confer resistance to herbicide treatment; 0%, 1/4x, 1/2x, 1x, 2x and 4x represent 0, 1/4, 1/2, 1, 2 and 4 times the recommended field
concentrations, the corresponding national standard unit concentrations are shown in Table 1 in details; The same as below
B1 MI196FIN131 ERBEHES K ALS REFIARZENRMLEELER
Fig. 1 Cross-resistance evaluation of M196 and N131 by spraying five ALS herbicides after 3 weeks in room
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Jii \M196 HIREMS /e FH [B) 1E 7 A KR Z 25 E 520 . 7E
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FERR LIRS , M 196 X Atk A K% e s [ e Bl b:
Wit At 3 PR E R AR IPET . KRHIAIRES S
PSR —F, M 196 % 5 R IR BRI 1A HHT
PHEAROTHA PRI PR 1 A0 1717 52 B A R

0x 1/4x 1/2% 1x 2x

2 SKRFEALSHDHIBREFIAIE 3 FEN131(A)FAM196(B) H &) R 2
Fig. 2 Phenotype of N131(A) and M196(B) treated with five ALS-inhibiting herbicides after 3 weeks in field
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Fig. 3 Cross-resistance evaluation of M196 and N131 by spraying five ALS herbicides after 3 weeks in field
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Fig. 7 Invitro ALS activity response to five ALS herbicides with different concentrations in Arabidopsis plants
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