Iranian Journal of Weed Science: 2024; 20(1): 133-146

Iranian Journal of Weed Science

https://ijws.areeo.ac.ir/

Original Article

Investigating the Resistance Mechanisms of Wild Mustard
(Sinapis arvensis) to the Herbicide Tribenuron-Methyl

Ashkan Bahmani Fathabadi'?, Eskandar Zand**, Shahram Lak?, Ahmad Naderi?,

Mahmood Masoumi?®

1. Department of Agronomy, Ahvaz Science and Research Branch, Islamic Azad University, Ahvaz, Iran.
2. Department of Agronomy, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran.
3. Weed Research Department, Plant Protection Research Institute, Tehran, Iran.
4. Agricultural and Natural Resources Research Center, Khuzestan, Iran.
5. Plant Protection Department, Agricultural and Natural Resources Research Center, Fars, Iran.

Article Info

Abstract

Received:
January 22, 2024

Accepted:
May 14, 2024

First published online:
June 21, 2024

Corresponding Author:

Eskandar Zand
Email:
eszand@yahoo.com

Key words: DNA
extraction, gene
sequencing, herbicide
resistance, microneedle.

The present experiment set out to rapidly detect some mechanisms of resistance
to the herbicide tribenuron-methyl in Sinapis arvensis. For this purpose, a
chitosan microneedle was utilized to extract DNA, and then, to detect
mutations, sequencing of the acetolactate synthase (ALS) gene through PCR
product was carried out. During a separate process, the insecticide malathion
was also used to determine the metabolic resistance mechanism. The results of
the present study indicated that using the microneedle reduced the DNA
extraction time to five minutes compared to the conventional approach. The
ALS gene sequences in the FR3 (resistant) and S (susceptible) populations did
not differ from the sensitive sequences available in GenBank; therefore, no
mutations were observed in the gene. In a dose-response experiment with
different doses of the herbicide tribenuron-methyl (up to eight times the
recommended dose; that is, 20 grams of active ingredient per hectare), applied
with pretreatment of malathion (a dose of 1000 grams of active ingredient per
hectare) two hours before the herbicide treatments, and without malathion
pretreatment as well, the resistant FR3 population had 23 times more resistance
than the susceptible (S) population in the presence of tribenuron-methyl and
without malathion pretreatment. Pretreatment with malathion significantly
(»< 0.01) reduced herbicide resistance (RI= 1.15) in the FR3 population,
which indicated metabolism-based resistance to tribenuron-methyl.
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(+M) Malathion pretreatment; (—M) without malathion pretreatment; Resistance Index (RI); standard error values are shown in parentheses.
Based on the #-test, the resistant population FR3 without malathion pretreatment (indicated by the letter a) shows a significant difference in
resistance level at the 1% probability level (p < 0.01) compared to the FR3 population treated with malathion.
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Figure 1. Percentage survival of resistant (FR3) and susceptible (S) Sirapis arvensis

populations to tribenuron-methyl with or without malathion pretreatment, using a
three-parameter log-logistic model based on LDso.
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Table 3. ALS nucleotide sequence in resistant (FR3) and susceptible (S) Sinapis arvensis populations, based
on the Arabidopsis thaliana gene sequence.

A B C D E F
FR3 TCT
yrr S TCT
S ACG e
FR3 CTC
VY Thr ACT
S CTT
FR3 GGT
o S Leu CTC
" FR3 GGT ol .
S GGC y
FR3 GAC
VAN Asp GAT
S GAT
YA F};3 cce Pro cCT
yar F};3 ACA Thr ACA
yav F};3 cce Pro cce
FR3 GTT
Ny Val GTT
S GTC
r FR3 GGA ol .
S GGG y
o) F ISU TTG Leu TTG
ra. F 1;3 GAC Glu GAC
rra F 1;3 GCG Ala GeG
i F 1;3 GTG Val GTG
vve FlSU GAC Asp GAC
rva F 1;3 ACG Thr ACG
FYA FISU ACC Asn AAC
PV F 23 ACG Thr ACT
oV F 23 TGG Trp TGG
% F 23 GGG Arg GGG
dAF F 23 ACG Thr ACA
#19 F 23 ACG Thr ACA
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Figure 2. PCR amplification of DNA extracted using microneedle and CTAB methods, showing the
characteristic 800 bp band in resistant (FR3) and susceptible (S) Sinapis arvensis populations.
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Figure 3. Chromatogram of ALS gene alleles in the resistant FR3 Sinapis arvensis population using
DNA extraction methods, including method 1 (CTAB) and method 2 (microneedle).
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