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The present study aimed to investigate the probability of mutation occurrence at the
Received: target site of acetolactate synthase (ALS) inhibitors in annual ryegrass. For this purpose,

February 15, 2024

Accepted:
May 14, 2024

First published online:
June 21, 2024

Corresponding Author:

Mohammad Taghi
Alebrahim

Email:
m_ebrahim@uma.ac.ir

Key words: ALS
inhibitor, herbicide
resistance, resistance
mechanism, sequencing,
target-site resistance.

annual ryegrass seeds were collected from a wheat field in Golestan province, where
the occurrence of resistance had been reported. A whole-plant assay was conducted in
a greenhouse using the recommended rate (1.5 L ha™') of the herbicide iodosulfuron-
methyl-sodium+mesosulfuron-methyl (Atlantis, OD 1.2%). Four weeks after treatment,
samples were collected to evaluate the resistance ratio and study the molecular
resistance mechanism at the target site. DNA extraction, amplification, and purification
of the ALS gene from the total genomic DNA of the L183 population were performed
using PCR and electrophoresis. The excised gel fragment containing the ALS gene was
sent for sequencing to facilitate further molecular investigations. The results indicated
that the L183 annual ryegrass population, with a survival rate of 89.29%, a dry weight
percentage of 86.22%, and a fresh weight reduction of 9.28% compared to the untreated
control, was highly resistant (RRR) to iodosulfuron-methyl-sodium+mesosulfuron-
methyl. Molecular sequencing of the ALS gene in the L183 ryegrass population,
compared to the reference ALS gene of Arabidopsis, revealed the potential
simultaneous presence of two mutations. These involved the substitution of proline with
threonine at codon 197 (Pro-197-Thr) and the substitution of tryptophan with leucine at
codon 574 (Trp-574-Leu). These mutations were identified in the bidirectional
sequencing of the ALS gene in the L183 annual ryegrass population from Golestan
province, and these alleles are likely responsible for resistance. Based on the screening
and sequencing results, the occurrence of known two known point mutations, Pro-197-
Thr and Trp-574-Leu, in the ALS gene of the L183 annual ryegrass population led to
changes in the amino acids of the target protein. These nucleotide alterations caused
reduced effectiveness of the herbicide iodosulfuron-methyl-sodium+mesosulfuron-
methyl and the emergence of resistance.
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Table 1. The primers used to prepare and determine the sequence of the ALS gene in ryegrass.

No. Oligo Seq. (5-3) MW oD nmol  Water/tube TM GC%  Mer
Name (1000(ul)) (nh)

1 PHALS4-F  ATCACCAACCACCTCTTCCG 59419 2.7 15.00 149.95 5935 55 20

2 AVALSI-R  GCACCACCACTAGGGATCAT 6071 3.3 17.94  179.38 59.35 55 20

d)bﬁﬁ\ﬂ)\aa“bp oM‘A:—A&EATJJLJ.&
sy b |y el asked

LY
S Gy bods fob b iy mis

!y (GenBank: AY124092.1) jucus 5ol ;T
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Figure 1. 1% agarose gel related to
PCR obtained from L183 ryegrass
DNA with 1552 bp fragment length.
Well 1. DNA molecular weight size
indicator (1Kb plus Cat.Na. SM354-500),
Well 2. PCR product without using
Nontemplate (ntc), Well 3. PCR product
obtained from ALS amplification with rye

specific primers.

SLIN B9y bl 5 Bl b dwslio 0 wx> SO J 039 el 9 el 59 ( Showi) oo - Jau>
((Moss et al., 2007) Ot 9 wlo § (AdKins er al., 1997) O15ICod § 3uS™d1) Cwglio

Table 2. Survival, dry weight, and reduction of fresh weight in ryegrass accessions compared to the untreated control,
according to resistance evaluation systems (Moss et al., 2007 and AdKkins et al., 1997).

Sample ID % of Control Rating System
Survival Dry weight Fresh weight reduction Moss” AdKins™
L183 89/29 86/22 RRR Resistant

it b  BAY o s AV VY o VY B YP o FF U o o ald 4 LOT 5055 (2l doys oS Slaes g (Yo oV) OKen 5 ole gy olol
S oles s (14AY) Oen 5 1871 gy 507 s e guiaib :Se 4 (S) Lulus 5 (R?) Cuglis 4 oS S RR) pslis (RRR) pslie (slaes g Ol o

S Gy s (}sz\lt,b-l” 035 Ol gea (dal Ao ;500 I iy s A ,'\,:«f"'(,,m” a:jb‘}:&‘\{.k.p)>0~j/\'j\ﬁ%ﬁ«gh()T@beL}}&i&j}M):

Lph e b 8 5 " e 0355 Ol e (bl A3 00 I ST

"According to the Moss et al. (2007) method, accessions with fresh weight reduction between 0 and 36, between 36 and 72, between 72 and
81, and between 81 and 100, respectively are classified as resistant (RRR), resistant (RR), suspected resistance (R?), and sensitive (S) to the
herbicide. "'In the Adkins et al. (1997) method, accessions with dry weight and survival of more than 80% and 50%, respectively, are classified
as "resistant" accessions; those with dry weight less than 80% and survival more than 50% as "probably resistant"; and if both are less than

50%, they are considered "sensitive" accessions.
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530 540 550 560

ALS lolium L-183 contig (157) ACGGGGCAGGTCCCGCGCCGCATGATCGGCACGGACGCCTTCCAGGAGACGCCCATCGTCGAGGTCACCCGCTCCA'
ALS Lolium rigidum (493) ACGGGGCAGGTCCCGCGCCGCATGATCGGCACGGACGCCTTCCAGGAGACGCCCATCGTCGAGGTCACCCGCTCCA!
Consensus (493) ACGGGGCAGGTCCCGCGCCGCATGATCGGCACGGACGCCTTCCAGGAGACGCCCATCGTCGAGGTCACCCGCTCCA'

diuo Tl (ACG) 095 dbml 9 A Wi gils 95 b sl 9 9 ATl (CCG) 09 30 C wiigils™yi o 30l - IS

OBP S

Figure 2. Replacing nucleotide C in the codon (CCG) of the amino acid proline with nucleotide A and creating the codon

(ACG) of the amino acid threonine.

(1674) 1674 1680

1690 1700 1710 1720

ALS lolium L-183 contig(1338) ATACCTTGGGAACCCAGAAAATGAGAGTGAGATATATCCAGATTTTGTGAC!
ALS Lolium rigidum(1674) ATACCTTGGGAACCCAGAAAATGAGAGTGAGATATATCCAGATTTTGTGAC!
Consensus(1674) ATACCTTGGGAACCCAGAAAATGAGAGTGAGATATATCCAGATTTTGTGAC

Ao Tl (TTG) 095”3l 9 T i 9ils" 95 b Ol gy ¢ Ao Tkl (TGG) 09 33 G Wi il g3 s 300 I - I

g

Figure 3. Substitution of nucleotide G in codon (TGG) amino acid tryptophan with nucleotide T and creating codon

(TTG) amino acid leucine
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Figure 4. Probability of the corresponding Arabidopsis proline-197-threonine mutation in the bidirectional
reading of the ALS gene of ryegrass L183. This allele can lead to herbicide resistance.
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