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The Colorado potato beetle (Leptinotarsa decemlineata) stands out as one of the most
problematic agricultural pests worldwide, largely due to its extraordinary capacity to
rapidly acquire resistance to diverse classes of insecticides. Although a wide array of
genetic variations may arise in essential target-site genes such as acetylcholinesterase, only
a limited number of these alterations play a direct role in conferring insecticide resistance.
Monitoring the distribution and frequency of well-characterized mutations, including the
S291G substitution, is therefore a critical element of resistance surveillance programs. The
replacement of serine with glycine at position 291 of the acetylcholinesterase enzyme has
been demonstrated to markedly diminish enzyme susceptibility to organophosphate
compounds. Building on this knowledge, the present investigation evaluated the
prevalence of the S291G mutation in L. decemlineata populations collected from Ardabil,
Nagadeh, Bostanabad, and Zanjan using this mutation as a molecular proxy for assessing
organophosphate resistance. Molecular analyses confirmed that individuals from the
susceptible laboratory strain exclusively possessed the wild-type ace genotype. In contrast,
examination of field populations revealed that 61.25% of sampled individuals carried the
S$291G mutation, with 23.75% exhibiting homozygosity for the resistant allele and 37.5%
displaying heterozygous genotypes. Considerable geographic variation was observed, as
mutation frequencies ranged from a maximum of 70% in the Ardabil population to a
minimum of 55% in Bostanabad. The high prevalence and purity of the S291G mutation,
along with potential cross-resistance to organophosphates and related insecticides,
threaten the future efficacy of current pest control strategies, underscoring the need for
diversified and integrated management approaches.
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Table 1. Primers used in PCR amplification and DNA sequencing experiments.
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Figure 1. Positions of the primers locations and restriction enzyme Mspl site in the sequence of Leptinotarsa

decemlineata AChE gene.
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Figure 2. PCR-RFLP analysis to identify the presence of the S291G point mutation in field population of Colorado Potato
Beetle. Lanes 1-3 represent the products generated from enzymatic digestion of MSPI in adults of Leptinotarsa
decemlineata: heterozygous individuals (RS: lane 1), homozygous susceptible (SS: lane 2), and homozygous resistant
carrying the S291G mutation (RR: lane 3). Lane 3 shows distinct fragments of 72 bp and 92 bp long, whereas line 2
exhibits a single fragment of 164 bp long. The right-hand side indicates a 50 bp DNA ladder as a molecular size marker.
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Table 2. Frequency of resistance allele, S291G, in field populations of Leptinotarsa decemlineata by PCR-RFLP method.

Population/ Strain Sample size %S291G allelic frequencies (heterozygote/homozygote)
Susceptible 15 -

Bostan-Abad 20 55 (7/4)
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Naghadeh 20 60 (9/3)

Zanjan 20 60 (6/6)
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