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Abstract.- Benzimidazole is a synthetic anthelmintic against which nematode resistance especially in
Haemonchus contortus, is emerging at a alarming speed. The mechanism of benzimidazole resistance appears to
involve mutations in the gene encoding B-tubulin isotype 1 (B-tubulin-1). The present study was carried out to find out
the variation existing in B-tubulin-1 which is directly involved with drug binding capacity involving microtubules
polymerization. DNA of adult nematode H. contortus was extracted, amplified and sequenced. Out of 50 worms
investigated, 37 showed benzimidazole susceptible gene while 13 were resistant indicating single nucleotide mutation
at amino acid 200 TTC/TAC. In addition, 12 worms showed several regions of consistent difference indicating single
nucleotide polymorphism (SNPs) at various positions in coding region. It has been concluded that resistant alleles
conferring anthelmintic resistance is prevalent in the local population of H. contortus of north-east Punjab, Pakistan.
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INTRODUCTION

Infection caused by  gastrointestinal

nematodes (GIN) is one of the major constraint in
small ruminants production system of Pakistan.
Each year, heavy production losses have been
experienced due to mortality and morbidity in
young animals in the Pothwar region of Pakistan.
These problems have become severe due to
existence of inadequate animal husbandry practices.
Haemonchus contortus is a blood sucking
neamatode causes anaemia and diarrhoea leading to
death if not treated. This nematode is well-thrived in
climatic environments ranging from tropical to cold
mountaineous areas (Eckert and Hertzberg, 1994;
Dorny et al., 1996; Kuchai et al., 2012). In Pakistan
the prevalence rate of H. contortus in sheep was
found to be 25.1 to 92% in Pakistan (Tasawar et al.,
2010).
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One of the current controlling strategies is the
application of chemotherapy in the form of
anthelmintics. Benzimidazoles (BZ) is the most
commonly used anthelmintic drug. It binds to -
tubulin and thus preventing polymerization of
tubulin dimers to microtubules (Lacey, 1988).
Microtubules constitute the infrastructure for direct
intracellular transport through formation of a
dynamic cytoskeleton (Caviston and Holzbaur,
2006). Three phenomena account for BZ resistance
in a population; gene flow from one population to
the other, previously existing resistant alleles and
spontaneous mutations (Rymond et al., 1991,
Medeiros, 1997; O’Brien, 1997). H. contortus
exhibits wide genetic diversity as mutation rate in
H. contortus is ten times greater as compared to
vertebrates (Blouin et al., 1995). Genetic evidences
indicate that certain residues of B-tubulin-1 are
critical for BZ action although they are not part of
the drug binding site. Two classes of B-tubulin have
been identified and isotype 1, i.e. B-tubulin-1 is
directly related to resistance. Genetic resistance to
BZ in H. contortus involves mutations in B-tubulin
genes at specific amino acid sites. The change in
single nucleotide from tyrosine to alanine selects the
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individual for resistance. This mutation is also
responsible for BZ resistance in other nematode
species, including  Caenorhabditis  elegans,
Cylicocyclus  nassatus and  Cyathostomum
coronatum (Kwa et al., 1993; Kwa et al., 1994;
Kwa et al.,, 1995; Pape et al., 1999; Samson-
Himmelstjerna et al., 2001). The specific toxicity of
BZ seems to be due to their affinity for helminth -
tubulins (Lacey, 1988).

Although there have been reports of
indiscriminate use of BZ without following proper
awareness and guidance lay down by livestock
department, yet there is no previous knowledge exist
on the molecular aspects of emerging anthelmintic
resistance in H. contortus. This study was aimed to
investigate genetic variation existing in B-tubulin-1
of the H. contortus population of sheep in north-east
Punjab, Pakistan.

MATERIALS AND METHODS

Study area

The study area is climatically charaterized as
sub-tropical zone. It is situated between latitude 30
and 34-N and longitude 70 and 74<E. The climate of
the area is semi-arid, influenced generally by
summer rainy monsoon (July—-September) and partly
from winter precipitation and well suitable for
thriving gastrointestinal nematodes of sheep.

Parasite collection

Adult H. contortus were isolated directly from
abomasa of sheep slaughtered at abattoir located in
north-east Punjab, Pakistan. Sheep in the area are
generally dewormed by albendazole. Fifty adult
nematode worms were collected and identified
morphologically according to Mohiuddin et al.
(1984). They were kept in separate tubes containing
70% ethanol for later analysis.

DNA extraction and polymerase reaction

DNA was extracted from individual worms
using QiAamp DNA Mini Kit (Qiagen, Valencia,
CA) according to manufacturer instructions. The
PCR reaction was carried out with total volume of
20 ul containing genomic DNA. Tag polymerase
(2.4 unit), dNTPs (1.8 pl), MgCl, (1.5 mM) and 10x
reaction buffer was used in automated thermocycler

for 5 min at 95°C, followed by 35 cycles each of
incubation at 94°C for 45s, annealing at 58°C for
45s and extension at 72°C for 45s. The
amplification was completed with the additional
extension step for 10 minutes. The PCR product was
analyzed using 0.5% agarose gel in 0.5 TBE buffer
and visualised using ethidium bromide and UV-
transilluminator.

Purification and sequencing

The samples were purified using Qiaquick
column (Qiagen) resulting in purified PCR product.
The second gel was run to assess the quantity of
DNA after the purification process before
proceeding to sequencing reaction where the
nucleotide sequences were labelled. The labelled
product was precipitated and re-suspended in
formamide ready for sequencing using 3130xI
Genetic analyzer (Applied Biosystem).
Chromatograms obtained can be interpreted for
different alleles present in individual parasites. The
polymorphic sites were identified by using the
standard set of ambiguity nucleotides through CLC
Genomics work bench (CLC bio) and BLAST
searches at NCBI/primers used to generate the f-
tubulin gene sequence from H. contortus with
accession No. X80046 version X80046.1 G1:
897752, were as follow
B-tubulin forward 5’°gttctccgttgttccatcacc3d’
reverse  5’cgtgacaccagacattgtgacag3’

RESULTS

The isolated genomic DNA of H. contortus
was used to amplify B-tubulin-1 gene. Out of 50
worms, 10 showed substantial amount of single
nucleotide polymorphism (SNPs) when compared
with the sequences in Gene Bank. Six polymorphic
regions including some synonymous changes were
observed. Thirteen sequences showed resistant
alleles, while 37 were susceptible.

In susceptible nematodes, there was TTC in
the coding region of the gene, while it was replaced
with TAC for resistant individuals (Fig. 1) which
resulted in
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AACACCGATGAAACATTETGTATTGACAACC

A

AAACACCGATGAAACATAC TGTATTGACAACGAAG

200NNV A0 Aul{s& AV

B
Fig. 1. Chromatogram of PCR product in
the region of codon 200. The shaded portion
indicates the susceptible allele in A, and
resistant allele in B.
Table I. SNPs location at B-tubulin.

SNP Sequence  Amino Amino SNP
osition change acid acid frequenc
p Y change position q Y
554 GTA>GTG V=V 200 1
563 RGT >TGT Y/IC=C 188 2
579 GGG > GGA G=G 193 3
594 GTG>GTA V=V 198 5
675 TAT >TGT Y=C 544 1
782 ACA > ATA T=1 261 2
873 GGA >TGA G>e 137 1

change of amino acid from phenylalanine to
tyrosine (F200Y). The B-tubulin replacement from
phenyl alanine to tyrosine was observed in resistant
sequences and all worms were homozygous for
resistance/susceptible allele. Inter-specific variations
observed are shown in Table I. Five parasites
showed SNP at position 594 (position according to
reference gene) which is the highest degree of
substitution in this experiment replacing G with A
coding for peptide at codon 198 in Genome Bank,
while there was no change in amino acid (V = V)
and account for 10% of total polymorphic changes.
Such a substitution mutation can be impotant
because of its effect on mMRNA stability, its transport
or its translation due to codon usage bias. One worm
showed important substitution at position 873
(GGAJTGA) where G is replaced with T and amino
acid glycine was changed to stop codon. Two
sequences showed polymorphism at nucleotide 563
where R is representing either A or G (both A and G
peaks in chromatograms were observed) and
nucleotide position 579 where G replaced A, but

there was no change in protein translation. Two
sequences showed the change in codon 782
changing tyrosine to isoleucine (T261l). Forty (40)
parasite sequences exactly matched (100%) that of
isotype 1 of H. contortus over the region amplified
gene bank GQ910916, while others showed varying
degree of resemblance to the sequences available in
data base.

DISCUSSION

BZ resistance is routinely detected by various
in vivo and in vitro assays including fecal egg count
reduction test, egg hatch and larval development
assays (Le Jambre, 1976; Coles et al., 1992).
However, these assays are time consuming,
expensive and less sensitive as compared to recently
developed molecular techniques which are highly
sensitive and economical for diagnosis of
anthelmintic resistance. Using molecular techniques,
BZ resistance has been mainly linked with the
mutation in B-tubulin isotype 1 gene which
substitutes phenylalanine (Phe) with tyrosine (Tyr)
at the 200 codon position (Tiwari et al., 2007).
Previously no information is generated on the
molecular aspect of BZ resistance for H. contortus.lt
is to be pointed out that understanding the molecular
mechanisms involved in drug resistance may
suggest more effective strategies to control
haemonchosis in small ruminants.

There are several molecular markers used to
detect anthelmintic resistance yet SNPs as
diagnostic tool yield more reliable results (Corley
and Jarmon, 2012). In present study BZ resistance
have suggested the occurrence of pre-existing alleles
in H. contortus population in addition to new allele
generated as result of spontaneous mutation. The
mutated allele TAC detected in the present study has
already been reported (Corley and Jarmon, 2012).
Sequencing of pB-tubulin-1 in variety of fungal
genera and closely related filarial parasites has
demonstrated the same single amino acid
substitution at position 200 in the resistant strains
(Guenette et al., 1991). Thus it can be concluded
that region of BZ resistance is same in
phylogenetically-distant organisms viz., fungi to
nematodes. There is also genetic evidence that
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resistance is outcome of single, sex linked, gene in
T. columbriformis and O. dentatum, but in H.
contortus multiple genes could be involved
(Sangster et al., 2002). Our results correspond to an
earlier report (Tiwari et al., 2007).

We have also detected a mutation at amino
acid position 198 as mentioned previously (Shokrani
et al, 2012). It lies close to the
resistance/susceptible allele thus can play an
important role in shaping some conformational
changes in protein structure. Some allelic positions
showing differences in nucleotide sequence in the
current study do not correspond to any previously
identified nucleotides involved in resistance.
However, it is yet to be determined whether amino
acid change at relatively close residues such as the
one observed at position 198, would have an effect
on binding site of drug that may enhance
anthelmintic resistance. Interestingly, the mutation
167 reported in previous studies (Shokrani et al.,
2012) has not been observed in any of the sequence
in the present study which indicates that this change
is not common in the population studied. Some
studies indicate the presence of this allele and its
association with resistance but other studies donot
support this data. Therefore it may warrant further
genetic analysis in future investigations.

The present results demonstrate that SNP
detection can be useful tool in finding out whether
sheep are harboring benzimidazole susceptible or
resistant H. contortus strains. Moreover, molecular
diagnosis technique is a good approach to advance
typical procedures of screening and checking the
progress of anthelmintic resistance in small
ruminants. Molecular detection can also benefit the
livestock  sector  especially  pharmaceutical
enterprises to target H. contortus at the molecular
level and consequently enhance anthelmintic
remedies to cure nematodes especially H. contortus.

ACKNOWLEDGEMENTS

This paper is a part of PhD thesis of first
author Ms. Shamaila Irum. The study was carried
out during a 6-month PhD fellowship visit of the
first author (S.1.) at the Institute of Inflammation,
Immunity and Infection, University of Glasgow, UK
financed by the International Research Support

Initiative Programme (IRSIP) of the Higher
Education Commission (HEC) of Pakistan and
Indigenous PhD scholarship Programme, Pakistan.

REFERENCES

BLOUIN, M.S.,, YOWELL, C.A., COURTNEY, C.H. AND
DAME, J.B., 1995. Host movement and the genetic
structure of populations of parasitic nematodes.
Genetics, 141: 1007-1014.

CAVISTON, J.P. AND HOLZBAUR, E.L., 2006. Microtubule
motors at the intersection of trafficking and transport.
Trends Cell Biol., 16: 530-537.

COLES, G. C., BAUER, C., BORGSTEEDE, F. H., GEERTS,
S., KLEI, T. R.,, TAYLOR, M.A. AND WALLER,
M.J., 1992. World Association for the Advancement of
veterinary parasitology (W.A.A.V.P.) methods for the
detection of anthelmintic resistance in nematodes of
veterinary importance. Vet. Parasitol., 44:35-44.

CORLEY, M. M. AND JARMON, A.A., 2012. A common beta
tubulin isotype-1 gene single nucleotide polymorphism
as a tool for detection and quantitation of anthelmintic
resistant Haemonchus contortus in grazing goats. J.
agric. Sci., 4: 1-11.

DORNY, P., BATUBARA, A., ISKANDER, M. AND
PANDEY, V., 1996. Helminth infections of sheep in
North Sumatra, Indonesia. Vet. Parasitol., 61: 353-358.

ECKERT, J. AND HERTZBERG, H., 1994. Parasite control in
transhuman situations. Vet. Parasitol., 54: 103-125.

GUENETTE, S., PRICHARD, R. K., KLEIN, R.D. AND
MATLASHEWSKI, G., 1991. Characterization of a
betatubulin gene and a beta-tubulin gene product of
Brugia pahangi. Mol. Biochem. Parasitol., 44:153-164.

KUCHAI J. A, AHMAD, F., CHISHTI, M. Z., TAK, H,
AHMAD, J., AHMAD, S. AND RASOOL, M., 2012. A
study on morphology and morphometry of Haemonchus
contortus. Pakistan J. Zool., 44: 1737-1741.

KWA, M.S.G., VEENSTRA, J.G. AND ROQS, M.H., 1993.
Molecular characterisation of beta-tubulin genes present
in benzimidazole-resistant populations of Haemonchus
contortus. Mol. Biochem. Parasitol., 60:133-143.

KWA, M.S.G., VEENSTRA, J.G. AND ROQOS, M.H., 1994.
Benzimidazole resistance in Haemonchus contortus is
correlated with a conserved mutation at amino acid 200
in beta-tubulin isotype 1. Mol. Biochem. Parasitol., 63:
299-303.

KWA, M.S.G., VEENSTRA, J.G., VANDUJK, M. AND ROOS,
M.H., 1995. B-Tubulin genes from the parasitic
nematode Haemonchus contortus modulate drug
resistance in Caenorhabditis elegans. J. mol. Biol., 246:
500-510.

LACEY, E., 1988. The role of cytoskeletal protein, tubulin, in
mode of action and machenism of drug resistance to
benzimidazole. Int. J. Parasitol., 18: 885-936.



GENETIC VARIABILITY IN B-TUBULIN-1 IN BENZIMIDAZOLE RESISTANT FROM SHEEP IN NORTH-EAST 435
PUNJAB, PAKISTAN

LE JAMBRE, L.F., 1976. Egg hatch as an in vitro assay of
thiabendazole resistance in nematodes. Vet. Parasitol.,
2:385-391.

MEDEIROS, A.A., 1997. Evolution and dissemination of b-
lactamases accelerated by generations of b-lactam
antibiotics. Clin. Inf. Dis., 24: S19-45.

O’BRIEN, T.F., 1997. The global epidemic nature of
antimicrobial resistance and the need to monitor and
manage it locally. Clin. Inf. Dis., 24: S2-S8.

M., SAMSON-HIMMELSTJERNA, V.G. AND
SCHNIEDER, T., 1999. Characterisation of the beta-
tubulin gene of Cylicocyclus nassatus. Int. J. Parasitol.,
29:1941-1947.

RAYMOND, M., CALLAGHAN, A., FORT, P. AND
PASTEUR, N., 1991. Worldwide migration of
amplified insecticide resistance genes in mosquitoes.
Nature, 350: 151-3.

SANGSTER, N. AND DOBSON, R.J., 2002. Anthelmintic
resistance. In: The biology of nematodes (ed. D.L. Lee),
Taylor & Francis, London, U.K, pp. 531-567.

SAMSON-HIMMELSTJERNA, V.G., HARDER, A., PAPE,

PAPE,

M. AND SCHNEIDER, T., 2001. Novel small
strongyle (Cyathostominae) beta tubulin sequences.
Parasitol. Res., 87:122-12.

SHOKRANI, H. R., SHAYAN, P., ESLAMI, A. AND
NABAVI, R., 2012. Benzimidazole-resistance in
Haemonchus contortus: New PCR-RFLP method for
the detection of point mutation at codon 167 of isotype
1 B-tubulin gene. Iranian J. Parasitol., 7: 41-48.

TASAWAR, Z., AHMAD S., LASHARI, M.H. AND HAYAT,
C.S., 2010. Prevalence of Haemonchus contortus in
sheep at Research Centre for Conservation of Sahiwal
Cattle (RCCSC) Jehangirabad district Khanewal,
Punjab, Pakistan. Pakistan J. Zool., 42: 735-739.

TIWARI, J., KOLTE, A. P.,, KUMAR, S., SWARNKAR, C. P,,
SINGH, D. AND PATHAK, K.M.L., 2007. Diagnosis
of benzimidazole resistance in Haemonchus contortus of
sheep by allele specific PCR. Asian-Aust. J. Anim. Sci.,
20: 7-11.

(Received 1 May 2013, revised 31 October 2013)



