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Polymorphism analysis of benzimidazole resistance—associated 1 —f3—tubulin
gene of Haemonchus contortus populations in the sheep in some regions
of Southern Xinjiang

ZHANG Ying'*, TUERSONG Waresi', XIN Lianxi', TUERHONG Reyilanmu', AIMULAJIANG Kalibixiati®,
WUSIMAN Adelijiang' , HU Min®, GAILIKE Bayinchahan', GUO Qingyong', ABULA Saifuding'*
(1. College of Veterinary Medicine, Xinjiang Agricultural University, Urumqi 830052, China;

2. State Key Laboratory on Pathogenesis, Prevention and Treatment of High Incidence Diseases in Central Asia,
Clinical Medicine Institute, The First Affiliated Hospital of Xinjiang Medical University, Urumqi 830011, China;
3. State Key Laboratory of Agricultural Microbiology Discovery and Utilization, College of Veterinary Medicine
Huazhong Agricultural University, Wuhan 430070, China)

Abstract; The study aimed to evaluate the prevalence of resistance to benzimidazoles of Haemonchus contortus of sheep in some regions of
Southern Xinjiang, as well as the phylogenetic relationship of resistance haplotypes. A total of 183 H. contortus adult worms from sheep in the
two regions of Kizilsu Kirgiz Autonomous Prefecture and Kashgar Prefecture in southern Xinjiang were isolated and identified by morphological
evaluation and PCR with H. contortu—specific primers targeting the second internal transcribed spacer (I1TS-2). Then, the [ —B-tubulin
gene associated with benzimidazole resistance was also amplified. The PCR products were then sent for sequencing, and the benzimidazole re-

sistance—related single nucleotide polymorphisms (SNPs) at locus 167, 198, and 200 were analyzed, respectively. The results showed that
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E198A and F200Y mutations were detected in the investigated H. contortus population. E198A had a higher frequency. In total, five geno-
types were detected, HR-198 and Hs—200 ( Kizilsu Kirgiz Autonomous: 12, 12.37% ; Kashgar Prefecture: 2, 2.33% ), HS-198 and HR-
200 (Kizilsu Kirgiz Autonomous; 23, 23.71% ; Kashgar Prefecture: 7, 8.14%) , indicating the presence of drug resistance. In addition,

the phylogenetic analysis based on the I —B—tubulin gene sequence revealed that the sequences obtained from this study were grouped with

those from other strains in GenBank. In summary, we reported, for the first time, the existence of benzimidazole resistance—associated SNPs

in the I —B-tubulin gene of H. contortus populations in some regions of Southern Xinjiang, which offered a theoretical basis for research on

effective prevention and control of this parasite in the Xinjiang area.

Keywords: anthelmintic resistance; benzimidazole; H. contortus;
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BZ FVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kashi2 BRAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kashié (MNAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kashi24 BRAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTWCTCCGTTGTTCCATCACCCAAGGTGAGATC
KasShi9 BRAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHWCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kashi2l (SMNAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTICTCCGTTGTTCCATCACCCAAGGTGAGATC
Kezhould BRAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kezhou20 BRAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kezhoud8 BRAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kezhoul? ARAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHWCTCCGTTGTTCCATCACCCAAGGTGAGATC
Kezhou$ BRAAAT TCGTGAAGAGTANCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
MF034042.1 (oA AAT TCGTGAAGAGTAMCC TGATAGAATTATGGCT TCGTICTCCGTTGTTCCATCACCCAAGGTGAGATC
MK382833.1 FVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
0P642037.1 (VA AAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
JQ342547.1 EVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
DQ469263.1 EVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
GQ910879.1 EVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
MK382801.1 EVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
KJ951067.1 FVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
KF483611.1 (VA AAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
KX258946.1 (S6\AAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
MK382818.1 WAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
MH359375.1 (S AAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTWCTCCGTTGTTCCATCACCCAAGGTGAGATC
AY749129.1 l EVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
FJ981629.1 [ISFAAAT TCGTGAAGAGTANCC TGATAGAATTATGGCT TCGTHCTCCGTTGTT CCATCACCCAAGGTGAGATC
J0342396.1 [NAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCT TCGTHCTCCGTTGTT CCATCACCCAAGGTGAGATC
MH359376 .1 (SLVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
60910894 .1 EVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
6Q910897.1 BVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHCTCCGTTGTTCCATCACCCAAGGTGAGATC
KJ018260.1 (SLVAAAAT TCGTGAAGAGTAMCC TGATAGAATTATGGCTTCGTHUCTCCGTTGTTCCATCACCCAAGGTGAGATC
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CAAAGGAACBATGTTT TEOAGGIW-WICCGACACTGTGTHGAACCCTACARITGCTACCCTTTCCGIWCCATCAANTG
CGAAAGGAACBATGTTT TEONGGIW-WICCGACACTGTMGTINGAACCCTACARTGCTACCCTTTCCGIWCCATCAA[®TG
CAAAGGAACATGTTT TEOAGGIW-WMICCGACACTGTGTYGAACCCTACARTGCTACCCTTTCCGIWCCATCAANTG
CAAAGGAA[GATGTTT TEENGG I WMICCGACACTGTGT§GAACCCTACARTGCTACCCTTTCCGIWCCATCAANTG
CAAAGGAA[GATGTTT TIWAGG I WMICCGACACTGTGTYGAACCCTACARITGCTACCCTTTCCGWCCATCAANTG
CAAAGGAA[GATGTTT TIWNGGIN-WMICCGACACTGTGT§GAACCCTACARITGCTACCCTTTCCGIWCCATCAANTG
AAAGGAA[MATGTTT TEONGGIW-WICCGACACTGTMGTIN\GAACCCTACARTGCTACCCTTTCCGICCATCAAMTG
CAAAGGAACBATGTTT TIWAGGIWWICCGACACTGTHGT§GAACCCTACARTGCTACCCTTTCCGIWCCATCAANTG
GAAAGGAAMATGTTT TEONGGIW-WACCGACACTGTMGTINGAACCCTACAKTGCTACCCTTTCCGICCATCAAMMTG
CAAAGGAA[GATGTTT ThONGGI-WICCGACACTGTGTYGAACCCTACARTGCTACCCTTTCCGICCATCAANTG
GTTT TEYGGLUNMCCGACACTGTGTYGAACCCTACARTGCTACCCTTTCCGHCCATCAANTG

GTTT THYNGGI:WICCGACACTGTMGTE
GTTT TLYNGGIW-WICCGACACTGTMGTE
GTTT TEYNGGIW-WMICCGACACTGTMGTE
GTTT TLYNGGIW-WICCGACACTGT®GTE
GTTT TEHYAGGIWMICCGACACTGT®GTE
GTTT TEHYNG G- WMICCGACACTGT®GTE
GTTT THYNG G- WMICCGACACTGT®GTE
GTTT TEIGGIEWICCGACACTGT®GTE
GTTT TEHENGGIWWICCGACACTGT®GTE

SAAAGGAAGATGTTT THONGGIW:-WICCGACACTGTGTYGAACCCTACARITGCTACCCTTTCCGICCATCAANTG
CEAAAGGAA[GATGTTT TEEAGGIW-WICCGACACTGTHGTYGAACCCTACARTGCTACCCTTTCCGICCATCAANTG
CAAAGGAA[GATGTTT TEEAGGINOMICCGACACTGTGTYGAACCCTACARNTGCTACCCTTTCCGIWCCATCAANTG
CAAAGGAA[GATGTTT TEEAGGIW-WICCGACACTGTHGTYGAACCCTACARNTGCTACCCTTTCCGICCATCAANTG
SAAAGGAACBATGTTT THUNGGIW-WMICCGACACTGTGT§GAACCCTACAKTGCTACCCTTTCCGIWCCATCAANTG
INAAAGGAAIATGTTT THONGGIW-WMICCGACACTGTMGTYGAACCCTACARITGCTACCCTTTCCGIWCCATCAANTG
CAAAGGAABATGTTT TLONGGINMMICCGACACTGTGT§GAACCCTACAKTGCTACCCTTTCCGIWCCATCAANTG
CGAAAGGAA[GATGTTT TLEAGGIWWMICCGACACTGTGTYGAACCCTACARITGCTACCCTTTCCGIWCCATCAANTG
CAAAGGAAGATGTTT TEYAGGIWWMICCGACACTGTGTYGAACCCTACARITGCTACCCTTTCCGIWCCATCAANTG
CGAAAGGAA[GATGTTT TEYAGGINWYCCGACACTGTMGTHGAACCCTACARITGCTACCCTTTCCGCCATCAANTG

280 290 300 310 320

O GTATTGE\ICAACGAAGCHNCTGTATGATATCTGCTTCCGCACT
M GTATTGLICAACGAAGCHWCTGTATGATATCTGCTTCCGCACT

NN GTATTGIN\CAACGAAGCHCTGTATGATATCTGCTTCCGCACT
W GTATTGI\CAACGAAGCHCTGTATGATATCTGCTTCCGCACT
MIGTATTGICAACGAAGCHCTGTATGATATCTGCTTCCGCACT

[GTATTGICAACGAAGCHCTGTATGATATCTGCTTCCGCACT
M CGTATTGINCAACGAAGCHCTGTATGATATCTGCTTCCGCACT
M CGTATTGNCAACGAAGCHNCTGTATGATATCTGCTTCCGCACT,

NI GTATTGE\CAACGAAGCHNCTGTATGATATCTGCTTCCGCACT
W GTATTGEICAACGAAGCHCTGTATGATATCTGCTTCCGCACT
W [GTATTGLCAACGAAGCHNCTGTATGATATCTGCTTCCGCACT

M CGTATTGNCAACGAAGCHNCTGTATGATATCTGCTTCCGCACT,
M CGTATTGINCAACGAAGCHNCTGTATGATATCTGCTTCCGCACT,
M GTATTG\CAACGAAGCHCTGTATGATATCTGCTTCCGCACT

NCAACGAAGCHWCTGTATGATATCTGCTTCCGCACT
NCAACGAAGCHWCTGTATGATATCTGCTTCCGCACT
NCAACGAAGCHWCTGTATGATATCTGCTTCCGCACT,
NCAACGAAGCHNCTGTATGATATCTGCTTCCGCACT
NCAACGAAGCHWCTGTATGATATCTGCTTCCGCACT
NCAACGAAGCHWCTGTATGATATCTGCTTCCGCACT
NACAACGAAGCHCTGTATGATATCTGCTTCCGCACT
M IGTATTGICAACGAAGCMCTGTATGATATCTGCTTCCGCACT,
MIGTATTG\CAACGAAGCHWCTGTATGATATCTGCTTCCGCACT
S GTATTGIICAACGAAGCHNCTGTATGATATCTGCTTCCGCACT

S CGTATTGINCAACGAAGCHCTGTATGATATCTGCTTCCGCACT
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FEWSEE 20244 HS56H H10H -55-
x3 HBEMFLA 1 -p-tubulin EEFIHEESH %
WiH T C A G G+C A+T
Kashi2 32.8 22.1 27.4 17.7 39.7 60. 3
Kashi6 33.6 21.7 27.0 17.6 39.3 60.7
Kashi24 33.6 21.7 28.3 16. 4 38.1 61.9
Kashi9 34.0 22.3 27.0 16.7 39.0 61.0
Kashi21 34.0 21.7 27.0 17.3 39.0 61.0
EANE R
Kezhoul4 32.8 22.1 27.4 17.7 39.7 60. 3
Kezhou20 34.0 22.3 27.0 16.7 39.0 61.0
Kezhou48 32.5 21.8 28.1 17.7 39.4 60. 6
Kezhoul7 33.3 21.4 28.3 17.0 38.4 61.6
Kezhou5 33.0 21.9 27.0 18. 1 40.0 60.0
MF034042. 1 32.6 21.9 27.9 17.6 39.5 60. 5
MK382833. 1 32.6 21.6 28.2 17.6 39.2 60. 8
0P642037. 1 32.6 21.6 28.2 17.6 39.2 60. 8
JQ342547. 1 32.6 21.6 28.2 17.6 39.2 60. 8
DQ469263. 1 32.9 21.9 27.6 17.6 39.5 60. 5
GQ910879. 1 32.9 21.9 27.9 17.2 39.2 60. 8
MK382801. 1 32.6 21.6 28.2 17.6 39.2 60. 8
GenBank KJ951067. 1 32.3 21.6 28.5 17.6 39.2 60. 8
HoE KF483611. 1 32.6 21.6 28.2 17.6 39.2 60. 8
KX258946. 1 33.4 21.6 27.5 17.5 39.1 60.9
MK382818. 1 33.4 21.9 27.2 17.5 39.4 60. 6
MH359375. 1 33.4 22.2 27.5 16.9 39.1 60.9
AY749129. 1 33.1 21.3 28.8 16.9 38.1 61.9
FJ981629. 1 33.4 21.6 25.6 19.4 40.9 59.1
JQ342396. 1 32.9 21.0 28. 8 17.2 38.2 61.8
MH359376. 1 32.8 22.5 27.8 16.9 39.4 60. 6
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