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resistance to botulinum neurotoxin type D (BoNT/D) rodenticide. In this study, we analyzed the VAMP1 gene
in five species of rodents, which are endemic to the Qinghai-Tibet Plateau, using transcriptomic methods:
Plateau Pika (Ochotona curzoniae), Plateau Zokor (Eospalax baileyi), Lesser Long-tailed Hamster
(Cricetulus longicaudatus), Plateau Vole (Neodon fuscus) and Himalayan Marmot (Marmota himalayana).
We sequenced the transcriptome of the brain of each species using Illumina HiSeqTM 2000 platform. We then
assembled the reads using Trinity program, extracted the VAMP1 coding sequence using blastn program, and
finally analyzed their genetic variations using DNAstar and MEGA programs. We also sequenced the second
exon of VAMPI1 gene of 58 plateau pikas and 59 plateau zokors from five geographical populations using
Sanger sequencing methods (Table 1) and analyzed the sequence variations among individuals using MEGA
program. We successfully obtained the complete coding sequences of VAMP1 gene of the five QTP animals
from transcriptome assemblies. The VAMP1 sequences of all five animal species were 357 bp in length. There
were 46 variable sites at the DNA sequence level and four variable sites at the amino acid sequence level
among the five Qinghai-Tibet Plateau animals (Table 2, Fig. 1). None of the amino acid residues was identical
to that involved in BoNT/D resistance in other animals. We did not detect any variable sites in the second
exon of VAMP1 gene of the 58 pikas, and only one synonymous mutation among the 59 zokors was found.
Again, we did not detect any BoNT/D resistance mutants in the pikas and zokors. Our study suggests that
these rodent species are unlikely to develop resistance to BoNT/D. Based on our results coupled with
scientific guidance on usage, the BoNT/D rodenticide can be potentially used in rodent control in the
Qinghai-Tibet Plateau.
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Table 1 Sampling information of Plateau Pika and Plateau Zokor
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Species Geographical population Longitude Latitude Sample size (ind)

A3 B-ER#H 4 Mole, Qilian 100°15'16" 37°57'32" 12
Mg ELIy /K 5 £ Haergai, Gangcha 100°28'53" 37°30'11" 12

o i R AR e s

a5 GRS . K B P4 Xinyuan, Tianjun 99°16/58" 37°10724" 12

Ochotona curzoniae

i EARZL % Senduo, Guinan 101°00'00" 35°26/24" 11
2% LLFK B Chengwen, Chengduo 97°14'11" 33°2123" 11
43% £ )\ 544 Babao, Qilian 100°11'35" 38°6'14" 12
A83% ELER ¥4 Mole, Qilian 100°31'31" 37°39'34" 12

i LR B P — o

o K ELprJi 4 Xinyuan, Tianjun 98°52'15 37°10'46 11
Eospalax baileyi

PR B BN Batan, Zeku 100°57'42" 35°14'15" 12
% LLFK B Chengwen, Chengduo 97°14'07" 33°21'12" 12
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Table 2 Similarity (%) among DNA sequences (upper triangular) and amino acid sequences (lower triangular)

of VAMP1 coding sequence of five rodents from the Qinghai-Tibet Plateau as well as Mouse and Guinea Pig

PiFh Species 1 2 3 4 5 6 7

1 /MR Mus musculus 93.6 922 93.6 93.0 92.7 91.6
2 KB Cavia porcellus 100 93.8 95.0 94.1 93.3 93.8
3 B Ochotona curzoniae 100 100 100 100 99.2 97.5
4 =R R Eospalax baileyi 100 100 93.8 100 99.2 94.7
5 KEB Cricetulus longicaudatus 100 100 92.7 95.5 99.2 93.6
6 T H B Neodon fuscus 99.2 99.2 92.4 94.7 96.6 92.7
7 HIO RS Marmota himalayana 97.5 97.5 92.7 97.5 97.5 96.6

K1

FRRR S FERLDR . R VAMP1 KR 753 R[ 070

Fig. 1 Variable sites distribution of VAMP1 amino acid sequences of five species of rodents endemic to the

Qinghai-Tibet Plateau as well as Mouse and Guinea Pig

A ) e on 5 /NP AU A . The dots show identities to mouse.
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