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ABSTRACT

In relation to benzimidazole resistancéHaemonchus contortughe diversity in genotypes was established through
allele specific-polymerase chain reaction in infective larvaedtsheep from different agroclimatic regions of Rajasthan.
The results of molecular assay were correlated with results obtained on biological assay (faecal egg count reduction test
and egg hatch assay). The study was conducted in 22 sheep flocks and a tota} ef&9ddnotyped for benzimidazole
resistance. The overall genotypic frequency for homozygous resistant (rr) larvae ranged from 72.22% (north-eastern
region) to 96.87% (eastern region) in farm flocks and from 61.79% (north-eastern region) to 95.83% (eastern region) in
field flocks. The results of correlation revealed that phenotypic expression of benzimidazole resistance on faecal egg
count reduction test was evident with occurrence of >30% rr genotypes in population. Likewise presence of >30% r
alleles in population were found to express the benzimidazole resistance on egg hatch assay. With decrease in faecal egg
count reduction%, there was a linear increase in the frequency of ‘rr’ genotype in population with maximum of ‘rr’
genotype (96.58%) in flocks exhibiting <50% efficacy for benzimidazole on faecal egg count reduction test.
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The extensive and sole reliance on anthelmintics with their (Kohler 2001). Usually bioassays likevivofaecal egg count
indiscriminate use have resulted in emergence of parasitesteduction test (FECRT) arid vitro egg hatch assay (EHA)
resistant to one or more of the widely used anthelminticsare used to detect anthelmintic resistance but these assays
throughout world including India (Singh and Swarnkar 2008). were reported to have an inherent limitation of lower
Prichardet al.(1980) reported that resistance is present whensensitivity, labour and time intensive (Lacety/ al. 1990).

a greater frequency of individuals within a population able With the advent of biotechnology and molecular assays, it
to tolerate doses of compound than in a normal populationhas now become possible to detect anthelmintic resistance
of the same species and is heritable. It indicates that loss o&t an early stage. The present study was designed to observe
sensitivity is genetically transmitted in worm populations the correlation between frequency of resistant alleles and
that were previously sensitive to the same drug (Sangstestatus of benzimidazole resistance in sheep flocks.
and Gill 1999). In this process, over several generations,
resistant gene accumulates to such an extent that number of
worms within a population survives following treatment MATERIALS AND METHODS
The study was conducted in 22 flocks (3 farm and 19

field flocks) situated in 3 different agroclimatic regions of
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slide. To each droplet, equal amount of phosphate bufferthe primers were designated as heterozygous (rS) for BZ
saline (pH 7.2) was added and while monitoring under resistance. Frequencies of different genotype and alleles were
microscope, debris free individubl. contortuslarva was calculated as per the method of Pierce (2003).
aspirated with 2ul volume using micropipette and transferred  Correlation between FECRT, EHA and AS-P@R sets
into PCR tube containing 3pul of PBS and stored at 4 °C till of data obtained on FECRT, EHA and AS-PCR for BZ
further use. Atotal of 6914collected from different regions  resistance were analyzed to observe correlation among each
of Rajasthan were genotyped for assessment of BZ resistancether through linear regression analysis. A comparison was
through allele specific-polymerase chain reaction (AS-PCR) made between observed and predicted % FECR ang ED
technique. values for BZ againgt. contortusbased on the observed
Extraction of genomic DNAIt was carried out as per frequency of BZ resistant genotypes/alleles for all the flocks.
Silvestre and Humbert (2000) with slight modification i.e., The % FECR and E values were correlated with the
exsheathment of larvae was not performed and thefrequency of resistant alleles in pre-treatment infective larvae
temperature of incubation for proteinase-K was also kept (L) and a correlation-response curve and regression equation
different. In each PCR tube, containiHg contortuslarva, were derived to establish relationship between allelic
2ul proteinase-K (10 mg md) and 0.5ul (10X) polymerase frequency and status of BZ resistance or % FECR using SPSS
chain reaction buffer were added and centrifuged at 10 00Qprogramme version 15.0.
g for 3 min and kept at —20°C for 1 h. Tubes were transferred
to a thermal cycler and kept at 55°C for 90 min and at 95°C RESULTS AND DISCUSSION
for 30 min to activate and deactivate the enzyme, respectively. Data generated on FECRT and EHA, which were
The resultant DNA samples were stored at 4 °C for furtherpresented elsewhere, were used for correlation study in

use. present communiqué. AS-PCR discriminated resistant and
Primers Following 2 sets of primers were used for susceptible populations based on the point mutation at codon
amplification: 200 in B-tubulin isotype 1 gene. The susceptible allele specific

primer (CAW-106) and resistant allele specific primer (TGG—
Common reverse primer (TGG 312): 5 - GGAACC ATG
TTC ACG GCT
AAC - 3
Susceptible primer (CAW 106): 5 — TAG AGAACA
CCG ATG AAA
CATT-3 266
Resistant primer (TGG 331): 5- G TAG AGA
ACA CCG ATG
AAACATA-3
CAW 106 primer annealed with complimentary sequence
of phenylalanine (TC) codon, whereas TGG 331 primer
annealed with complimentary sequence of tyrosin®Q)r 267
at codon 200 of R-tubulin gene (Winterrowd al. 2003).
Only the final base at the 3’ end of each forward primer
confers the specificity.
The PCR reaction mixture was comprised in 20 pl volume
as 1XTaq polymerase buffer (2.0 ul), 0.5 Taq DNA
polymerase (0.5 pl), 200 pM dNTP’s mixture (1.6 pl), 1.5
mM MgCl, (0.6 pl) 200 nM of each primer (0.4 pl each), 266
template DNA (2.0 pl) and mili Q water (12.5 ul). PCR
reaction conditions were optimized using initial denaturation
at 95°C for 10 min followed by 50 cycles of denaturation at
95°C for 30 sec, annealing at 61°C for 30 sec, extension at
72°C for 60 sec and final extension at 72°C for 5 min. Analysis
of amplified PCR products was done on 1.5% agarose gel
stained with ethidium bromide. Larvae that gave
amplification only with susceptible primer were designated
as homozygous susceptible (SS), the individuals thatamplify  ig. 1. AS-PCR profile of beta-tubulin isotype-1 gene of

only with resistant primer were designated as homozygousHaemonchus contortumfective larvae. (M, marker; SS,
resistant (rr) and the individuals gave amplification with both susceptible; Sr, heterozygous; rr, Resistant).
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Table 1. Genotypic and allelic frequencies for benzimidazole resistance in intdagneonchus contortuarvae on AS-PCR

Region Flock No. tested Genotypic frequency (%) Allelic frequency (%)
r rsS SS r S
Farm flocks
Eastern 1 32 96.87 3.13 0.00 98.44 1.56
North -Eastern 1 54 72.22 24.07 3.70 84.26 15.74
Northern 1 24 79.17 20.83 0.00 89.58 10.42
Overall 110 80.91 17.27 1.82 89.55 10.45
Field flocks
Eastern 1 27 100.00 0.00 0.00 1.00 0.00
2 35 91.43 5.71 2.86 94.29 5.71
3 31 93.55 6.45 0.00 96.77 3.23
4 45 97.78 2.22 0.00 98.89 1.11
5 29 93.10 6.90 0.00 96.55 3.45
6 25 100.00 0.00 0.00 100.00 0.00
Total 192 95.83 3.65 0.52 97.66 2.34
North-Easterm 1 35 88.57 5.71 5.71 91.43 8.57
2 52 69.23 5.77 25.00 72.12 27.88
3 56 73.21 5.36 21.43 75.89 24.11
4 27 40.74 40.74 18.52 61.11 38.89
5 34 58.82 35.29 5.88 76.47 23.53
6 23 17.39 69.57 13.04 52.17 47.83
7 19 47.37 36.84 15.79 65.79 34.21
Total 246 61.79 21.95 16.26 72.76 27.24
Northern 1 23 100.00 0.00 0.00 100.00 0.00
2 21 100.00 0.00 0.00 100.00 0.00
3 29 95.55 3.45 0.00 98.28 1.72
4 25 80.00 16.00 4.00 88.00 12.00
5 24 70.83 29.17 0.00 85.42 14.58
6 21 76.19 23.81 0.00 88.10 11.90
Total 143 87.41 11.89 0.70 93.36 6.64
Overall 581 79.35 13.94 7.23 86.32 13.68

331) amplified a product of 266 and 267 bp, respectively distinct variation was observed field flocks of North-eastern
with common reverse primer (TGG-312) in separate (17.39 to 88.57%) and Northern regions (70.83 to 100%).
reactions (Fig. 1). On comparison between benzimidazole efficacy and
Genotypic frequencyOn comparison of allele specific frequency of ‘rr’ genotype, an inverse linear relationship was
genotypic frequencies from different geographical regions observed (Fig. 2).
of Rajasthan, a significant (P<0.05) variation among different  Allelic frequencyThe analysis of allelic frequency on AS-
genotypes was observed (Table 1). The overall prevalencé®CR also exhibited similar trends to genotypic frequency in
of rr genotypes il. contortudarvae varied nonsignificantly — all the 3 geographical regions (Table 1). The overall
among farm (80.91%) and field flocks (79.35%) of Rajasthan. proportion of BZ resistant (r) allele was significantly
Among farm flocks, the proportion of ‘rr’ genotypes in (P<0.001) higher (86.32—-89.55%) as compared to only 10.45
population varied significantly (P<0.05) from a minimum to 13.68% prevalence of BZ susceptible (S) allele in infective
of 72.22% (north-eastern region) to a maximum of 96.87% larvae ofH. contortus Within flock, the frequency of r allele
(eastern region). The frequency of BZ susceptible genotypesvaried from 94.29 to 100% in eastern region, from 52.17 to
(both SS and rS) was significantly (P<0.001) lower in eastern91.43% in north-eastern region and from 85.42 to 100% in
region (<5.0%) compared to other regions (>20%). The Northern region.
scenario of genotypic analysis for BZ resistance in infective  Interaction for prevalence of benzimidazole resistance on
larvae ofH. contortusfrom field flocks revealed that among FECRT, EHA and AS-PCRn overall comparison between
regions, frequency of ‘rr’ individuals ranged from 61.79% benzimidazole efficacy and frequency of ‘rr’ genotype, it
(North-eastern region) to 95.83% (Eastern region). Within was observed that population of larvae harvested from flocks
region, flock-to-flock variation in frequency of ‘rr’ genotypes having >90% reduction in the faecal egg counts for
was not much in eastern region (91.43 to 100%) howeverbenzimidazole, comprised of 63.01% ‘rr’ genotypes
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detection of genetic changes associated with selection of BZ
resistance have the capacity to detect as little as 1% resistant
Fig. 2. Comparison between predicted and observed FECR andndividuals in a sample of a susceptible population and
EDx, for benzimidazole againstaemonchus contortus enables selective amplification from complex genomes
(Gasser 2006). To overcome limitations of FECRT and EHA,
(Table 2). With decrease in FECR%, there was a linearmolecular techniques are being employed for the diagnosis
increase in the frequency of ‘rr’ genotype in population with of anthelmintic resistance (Tiwaet al. 2006, 2007).

BZ-resistant (r)allele (%)

maximum of ‘" genotype (96.58%) in flocks exhibiting In the present study region based variation in prevalence
<50% efficacy for benzimidazole on FECRT. The similar of BZ resistance were observed with low prevalence in north-
type of distinct pattern was not evident betweenfialue  eastern region which would be attributed to low drench

and frequency of ‘rr’ genotypes (Fig. 2). The regression frequency (2 / year) in this region compared to other regions
equations derived for interactions between%FECR ogED (>3 / year). Lower efficacy (<60%) of BZ in field flocks of

value and rr genotypes or alleles are as f2”0W31 _ eastern and northern regions compared to 91% efficacy in
%FECR = 112.203 - 0.563 (11%), ¥ 0.295 - (i) field flocks of North-eastern region could be due to the fact
EDs =0.0391 + 0.001811 (%), F0.073~(i)  that in eastern and northern regions, drenching of flocks

The results of correlation revealed that phenotypic during extreme summer (June) is common practice (Anon
expression of BZ resistance on FECRT was evident with 2002) when there is nefugia Under these circumstances,
it is expected that the eggs only from resistant worms reside
in the body of host and contribute to genetic pool in next
monsoon season which were available to sheep with likely
deceased efficacy of anthelmintics during monsoon
FECRT AS-PCR (Swarnkaret al. 2004). Regional differences in the
susceptibility of parasites to chemotherapy suggested that

Table 2. Interaction between magnitude of benzimidazole-
resistant genotype (rr) in infective larvae andiivo
efficacy of BZ againsHaemonchus contortua sheep

FECR No. of flocks rr genotype No. rr/ . .

(%) range examined (%) No. examined  9€N€ frequency for resistant worms can differ from area to
' area before a drug is used (Coles 2005). The findings of the

> 90.0 5 63.01 109/173 BZ resistance at the farms are in conformity with those
70.0 — 90.0 6 75.26 146/194 reported earlier on eastern region (Singthal. 1995,
50.0 — 70.0 4 8435 97/115 Swarnkaret al. 2001), North-eastern region (Swarn&aal.

' ' ' 1999b) and on Northern region (Swarnkdral 1999a).
<50.0 4 96.58 113/117

Similar trends of high BZ resistance were recorded in earlier
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studies also from field flocks (Anon 2002, Swarnkamal. ACKNOWLEDGEMENTS
2004).
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