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Abstract: The variations of vitamin K epoxide reductase complex subunit 1 (vkorcl ) gene play a key role in re-
sistance of rodents to anticoagulant rodenticides. In this study, the transcriptomic methods were applied to ana-
lyze the sequence information of five rodents plateau zokor (Fospalax baileyi) , plateau pika (Ochotona curzon-
iae) , lesser long-tailed hamster (Cricetulus longicaudatus), Qinghai vole (Lasiopodomys fuscus), and Hima-

layan marmot (Marmota himalayana), which are endemic to the Qinghai-Tibet Plateau (QTP). We also sam-
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pled 54 plateau zokors from five populations and analyzed the variations within the complete vkorcl gene (inclu-
ding introns). From transcriptome assemblies, we successfully obtained the complete coding sequences of
vkorcl gene of five QTP animals. Of which, the length of vkorcl CDS in vole, hamster, and zokor was 486 bp,
while it was 492 bp in marmot and pika. At the DNA sequence level, there were 143 variable sites among the
five QTP animals, the sequence similarities between the five QTP animals and rat (Rattus norvegicus) were
80.1%~90.7% , while between the five QTP animals and mouse (Mus musculus) were 79. 7~89. 8%. At the
amino acid sequence level, there were 37 variable sites among the five QTP animals, the sequence similarities
between the five QTP animals and rat (Rattus norvegicus) were 84. 0% ~92.0% , while between the five QTP
animals and mouse were 85. 9% ~92. 0% ; no amino acid residue was identical with which involved in anticoagu-
lant resistance in Rattus and Mus. We obtained the complete vkorcl gene (including introns) sequences of the
54 zokors, based on the 1 808 bp alignment we detected 8 variable sites (including 2 indel sites), all of them
were in the intron region. This is the first vkorcl sequence data from rodent species endemic to the QTP and
these results will provide important scientific foundations for rodent control in the QTP regions.

Key words: resistance to anticoagulant rodenticides; wvkorcl ; sequence variation; Qinghai-Tibet Plateau; plat-
eau zokor
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Table 1 Sampling information and sequencing results of five rodent species from the QTP
Uni N50
o , (E) (N , gene
Species Location . . Altitude/ Unigene N50
Longitude Latitude Total length/bp
m amount value/bp
Vol Qingzhen Town, 100°12'58"  34°14'07" 4331 4 182 959 340 95 453 1 586
o Gande County
Xianghua Town, 101°47'13"  37°05'31" 2 900 4532 811 793 106 849 2 278
Hamster
Datong County
Zok Lajishan, Huangzhong 101°29'46”  36°21'58" 3 365 4 746 013 385 112 587 2 673
r
%o County
Xidatan, Golmud 94°16'38"  35°47'13" 4068 4812 828 017 111 326 2 350
Marmot .
City
Pik Lajishan, Huangzhong 101°29'46”  36°21'58" 3365 4 171 800 288 94 536 2 101
1
4 County
2 5 . vkorcl DNA ( ) ) (%)
Table 2 Similarity (%) among DNA sequences (upper triangular) and amino acid sequences (lower triangular) of
vkorcl coding sequence of five rodents in the QTP as well as rat and mouse
Species Rat Mouse Vole Hamster Zokor Marmot Pika
Rat — 93.5 89.6 90.7 86. 2 83.3 80. 1
Mouse 92.0 — 89. 8 89. 8 86. 6 82.9 79.7
Vole 89.6 92.0 — 89. 8 85.8 84. 3 81.9
Hamster 90. 8 90. 8 92.0 — 87.2 83.5 80.7
Zokor 84.0 86.5 89.0 87.1 — 83.3 81.1
Marmot 84.7 87.1 89.6 85.9 87.1 — 84.6
Pika 84.7 85.9 87.1 86.5 87.1 89.0 —
intronl  intron2 6 2 « 3 s \ vkorcl
14 L] 5 ’ b ’
C 3, D01, D06, D09 PCR . s
10 % b o b 2 ’
., D01.D06,D11 (de novo)
« b, , vkorcl
3 ’ o
. b
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b b [2()] b SNP b
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Fig. 1 Variable site distribution of amino acid sequences of five QTP rodents as well as rat and mouse
3 54 vkorcl
Table 3 Genotype information of whole vkorcl sequences of 54 plateau zokors
Site position
1 1
Genotype 1 2 4 5 6 7 2 2 Type Frequency
8 4 8 7 2 4 3 6
1 4 2 7 3 0 7 4
DOo1 C C A G G G — G Ho 14
D02 C C a R G R — G He 2
D03 C C — G G G t G He 2
D04 C C — G G G T G Ho 1
D05 C C A R G G — G He 1
Do6 C C — G G G — G Ho 7
D07 C C a G G R — G He 1
D08 C T A G R G — A He 2
D09 C T A G G G — R He 2
D10 C T A G G G — A Ho 2
D11 C T A G G G — G Ho 9
D12 C T A G R G — R He 1
D13 Y T A G G G — G He 5
D14 C C a G G G — G He 5
, a=A/—;Ho, ;He, o

Note: The lower case letters show the indel heterozygotes, e. g. a=A/—; Ho, homozygote; He, heterozygote.
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4
Table 4 Sampling information and vkorcl genotype distribution of zokor populations

(E) (ND
Location Longitude Latitude Altitude/m Sample size Genotype distribution
100°11'35" 38°06'14" 3213 12 DO1(12)
Babao Town, Qilian County 0
oyl el ol _ D01(1),D02(2),D03(2), D04
. . 10073131 37°39 34 3 566 9
Mole Town, Qilian County (1), D05(1),D06(1),D07(1)
. o 98°52'15" 37°10'46" 3 840 12 D01(1),D06(6),D14(5)
Xinyuan Town, Tianjun County
100°57"42" 35°14'15" 3428 12 D11(7),D13(5)
Batan, Zeku County v 7
omnloqn o 4l mal D08(2).D09(2),D10(2),D11
. . 102753 24 33°54°53 3 450
Axi Town, Ruoergai County (2),D12(1)
b
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