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over the Arabian Sea in May 2001. The above threshold
value of SST (26°C) does not hold good in the Arabian
Sea in the hot season of May to form a tropical cyclone.
Examination of weekly SST distribution over the Arabian
Sea revealed that MWP (SST > 30.5°C) existed over the
Arabian Sea during 2001, 2002, 2003 and 2005. The OV
developed over the northern flank of LLJ"*° under the in-
fluence of MWP with the aid of a ‘providing cycle’ during
2001 only. Nevertheless, the LLJ must be strong enough
(=10 ms™") and lie close to the southern tip of India. Even
though MWP existed in 2003 and 2005, the features relat-
ing to the LLJ at 850 hPa were absent. A strong anti-
cyclonic circulation to the south of the LLJ axis inhibited
the formation of OV. In brief, though the ocean is fully
cooperative with high thermal energy in the upper part, the
OVSM does not form over the MWP unless the shear line
forms along the northern flank of the LLJ at 8§50 hPa near
the west coast of India, which is a necessary condition.
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Genetic variability of Helicoverpa
armigera (Hiibner) attributable to
cadherin gene-specific molecular
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CrylAc resistance in the American bollworm, Heli-
coverpa armigera is associated with alteration in midgut
cell adhesion protein, cadherin. Genetic diversity of cad-
herin gene was studied using molecular markers deve-
loped from ¢cDNA sequences of H. armigera. Six out of
eight pairs of molecular markers were able to amplify
the cadherin gene in eighteen insect populations col-
lected from different locations in India and produce a
total of 218 amplicons. The maximum similarity (96 %)
was found for three pairs of insect populations from
Rajkot and Sirsa, Akola and Bhatinda, and Faridkot
and Karnal; while the minimum similarity (82%) was
for the pair of insect populations from Nanded and
Hyderabad. The study showed 4-18% genetic diver-
sity in cadherin-specific gene of H. armigera popula-
tions which differed at least 100-fold in their
susceptibility to CrylAc.

Keywords: American bollworm, cadherin, genetic variabi-
lity, Helicoverpa armigera, molecular markers.

AMERICAN bollworm, Helicoverpa armigera (Hiibner)
(Lepidoptera: Noctuidae) is the most serious pest of cotton,
pulses and many other agriculturally important crops in
India and abroad. Indiscriminate use of pesticides for
control of H. armigera has resulted in the development of
resistance against almost all groups of conventional in-
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secticides, environmental pollution, loss of predators,
parasites and health hazards'. Microbial insecticide containing
d-endotoxin (Cry proteins) from Bacillus thuringiensis
(B?) has been used as an alternate to conventional insecti-
cides for almost 60 years”. Besides, genetically modified
plants with Br genes like cryIAb and crylAc protect them-
selves against the lepidopterans. More than 125 million
hectares of Bt crops, Bi-cotton and Br-corn, aimed at controll-
ing lepidopteran pests were grown cumulatively in the past
decade and served as a great selection pressure to evolve
resistance in the lepidopteran insects, especially heliothines’.
The baseline susceptibility studies have shown higher
tolerance in heliothines in recent years over the pre-Bt
transgenic period®”. And yet, target insect pests have not
evolved resistance to Bt transgenic crops under field condi-
tions, leading to their failure. The success of Bt crops is
thus attributed to biological attributes of target pests, crop
agronomy and Bt resistance-management tactics®®®. Bt
resistance management has become mandatory in many
countries, including India for the development of Bt crops.

Development of resistance to Bt toxins has been dem-
onstrated in the laboratory for about dozen insects’ and is
also reported in H. armigera'®™"’. Further, resistance is
primarily attributed to alteration in the target sites, viz.
digestive enzyme aminopeptidase or cell adhesion proteins,
cadherin-like receptors in the midgut of insect'*. Gahan et
al.’® showed that resistance in the tobacco budworm,
Heliothis virescens strain YHD?2 is due to retrotransposon-
mediated insertion in HevCaLP, a H. virescens homologue
of the BtR175 cadherin receptor. Besides, three different
alleles (r1, 2, 3) with deleted or truncated cadherin re-
ceptors were identified in the pink bollworm strains
(AZP-R) resistant to Cryl Ac transgenic cotton'™'’. Xu ez al."®
reported that disruption of cadherin gene by a premature
stop codon imparted resistance to CrylAc in H. armigera.
Thus, it seems that cadherin-based resistance is common
and yet complicated in view of existence of several alleles
which might limit the development of molecular markers
for resistance monitoring. This communication reports
genetic diversity of the cadherin gene in H. armigera col-
lected from different locations in the country.

Larvae of H. armigera were collected from different
places in India (Table 1). These were reared on a chick-
pea-based meridic diet similar to that of Nagarkatti and
Prakaash'’, at 27 £ 2°C and 60-80% RIL. Adults were fed
with 10% honey solution and allowed to lay eggs on rough
cotton cloth used for covering jars. The eggs were collected
daily by changing the cloth and kept in a small container
till they hatched. Third instar larvae (20-30 mg) were used
for genomic DNA isolation.

About 10 to 15 larvae were randomly picked for isola-
tion of genomic DNA separately. For isolation of DNA,
individual larva was ground in liquid nitrogen using plastic
homogenizer in 1.5 ml eppendorf™ tube. After grinding the
larvae, 400 ul of prewarmed (60-70°C for 10 min) 2% CTAB
extraction buffer [(Cetyltrimethyl ammonium bromide),
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100 mM Tris-HCI (pH 8.0), 20 mM EDTA (pH 8.0),
1.4 M NaCl and 1% B-mercaptoethanol] were added and
the mixture was incubated at 60—65°C in a dry bath for 1 h
with gentle shaking at 10 min interval. Equal volumes of
chloroform : isoamyl alcohol (24 : 1, v/v) were added and
the two phases were mixed thoroughly for 30 min by gentle
inversion, and centrifuged at 13,000-14,000 rpm for 15 min
at room temperature. The aqueous phase was transferred
to a new eppendorf tube and then 150 ul of 5 M NaCl and 0.6
volume of isopropanol were added, mixed well by gently
inverting the tubes and incubated at —20°C for 1 h. The
mixture was then centrifuged at 10,000 rpm for 10 min to
pellet the DNA at room temperature. The pellet was
washed twice with 70-80% ethanol and centrifuged at
10,000 rpm for 10 min at 4°C to pellet the DNA. The pel-
let was air-dried and dissolved in 50 pl of deionized ster-
ile distilled water. The isolated DNA was treated with
25 ul of RNAase (50 ug RNAase/1000 ul TE buffer) and
mixed by gentle tapping to remove RNA. The whole con-
tent was incubated at 37°C for 1 h. The isolated DNA was
checked on 0.8% agarose electrophoretic gel and its purity
determined by spectrophotometric analysis. All DNA sam-
ples were stored at —20°C till further use.

The primer sequences were synthesized from the cad-
herin ¢cDNA sequence of H. armigera available in Gen-
Bank under accession number AF519180. Eight pairs of
(forward and reverse) primers covering the complete se-
quenced region, custom synthesized by Genetix Biotech
Asia Pvt Ltd, New Delhi were used to amplify the H. ar-
migera cadherin (Table 2). The PCR reaction mixture
contained 2.5 ul of reaction buffer with 15 mM MgCl,,
200 uM dNTPs, 1 unit of Tag polymerase (Bangalore
Genie, India), 5 pmol of each primer and 1 ul DNA (20—
30 ng). Total volume of the reaction mixture was adjusted
to 25 ul using sterile deionized water.

Table 1. Location of Helicoverpa armigera populations in India

Number of insect

Location Date of collection Host crop DNA for pooling
Rajkot 28/10/2005 Cotton 12
Basargaddy 02/09/2005 Cotton 10
Hisar 21/10/2005 Cotton 14
Katni 01/09/2005 Cotton 11
Sirsa 18/10/2005 Cotton 12
Khandwa 10/10/2005 Cotton 10
Karnal 09/04/2005 Chickpea 10
Hyderabad 15/10/2005 Cotton 11
Faridkot 25/04/2005 Chickpea 10
Raichur 08/10/2005 Cotton 12
New Delhi 17/03/2005 Chickpea 12
Ludhiana 25/03/2005 Chickpea 15
Panchkula 22/04/2005 Chickpea 15
Jalna 27/10/2005 Cotton 13
Hyderabad 02/09/2005 Chickpea 10
(ICRISAT)
Akola 11/10/2004 Cotton 16
Bhatinda 09/09/2004 Cotton 16
Nanded 10/10/2004 Cotton 10
801
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Table 2. Cadherin gene-specific primers used for genetic diversity of H. armigera

Primer code Primer sequence Reference
Hacad-1F 5-ATCGGCTGGTGGATTGTTGTTC-3’ 18
Hacad-1R 5-CGCTCTGGTCTGGGTATTGCTA-3’
Hacad-2F 5-GTAGCAATACCCAGACCAGAGC-3’ 18
Hacad-2R 5-GCTTACTGCGTTACCCATTAGAG-3’
Hacad-3F 5-TAATGGGTAACGCAGT-3’ 18
Hacad-3R 5-CGACAATGCTGTAATAGGTG-3"
Hacad-4F 5-AAGGAGCGAGCAGTAGT-3 18
Hacad-4R 5-AGTGGTAACAACGCAGAGTA-3’
Hacad-5F 5-GTAGCAATACCCAGACCAGAGC-3’ 18
Hacad-5R 5-AGTGGTAACAACGCAGAGTA-3’
Hacad-6F 5-ATGAGATGGCAGTCGACGTGAGAATATTC-3" This study
Hacad-6R 5-GGTGTCATCGCAGTTTCCTCCATAATTTC-3"
Hacad-7F 5-GGTGTCATCGCAGTTTCCTCCATAATTTC-3" This Study
Hacad-7R 5-CGCGATGGGTGGAGATATTTGCTG-3’
Hacad-8F 5-CGCGATGGGTGGAGATATTTGCTG-3" This study
Hacad-8R 5-GCTTGCAATCGCCGGTTCAGAGTC-3"
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Figure 1. Agarose gel electrophoretic profile from eighteen
populations of H. Armigera: 1, Ludhiana; 2, Punchkula; 3, New Delhi;
4, Sirsa; 5, Karnal; 6, Faridkot; 7, Katni; 8, Hyderabad; 9, Hyderabad
(ICRISAT); 10, Jalna; 11, Basargaddy; 12, Rajkot; 13, Nanded; 14,
Hisar; 15, Khandwa; 16, Raichur; 17, Akola; 18, Bhatinda. *Arrows
indicate polymorphism.

Amplification was performed with a thermocycler
(Flexigene, Techne, UK). Thermal cycles were programmed
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for initial denaturation at 94°C for 4 min. Each cycle con-
sisted of denaturation for 0.30 min at 94°C, annealing for
1.00 min at 60°C and extension for 1.30 min at 72°C,
with final extension after 40 cycles for 10 min. Following
amplification, samples were stored at 4°C prior to elec-
trophoresis. Amplification was repeated thrice for each
primer set. PCR product was separated on 1.2% agarose gel
and visualized with ethidium bromide staining. Gels were
documented using Alphaimager™ documentation and
analysed with AlphaEase™ software. Bands on agarose gels
were scored as either present (1) or absent (0). Common
band analysis was conducted using the computer program
SPSS for Windows release 10, to determine the genetic
distance.

All primers except the primer pairs Hacad-5F and 5R,
as well as Hacad-6F and 6R, did not amplify in the DNA
of any insect population. The size of the amplified pro-
duct ranged from 100 to 12,000 bp. The number of bands
amplified per primer ranged from 3 to 9, with a mean of
5.1 amplicons per primer. A total of 218 amplicons resulted
from six pairs of primers in eighteen populations of H.
armigera analysed. The highest number of amplicons (56)
was produced by the primer pair of Hacad-3F and Hacad-
3R, and 55 amplicons by the primer pair of Hacad-4F and
Hacad-4R. The lowest number of 19 amplicons was produced
with the primer pair Hacad-8F and Hacad-8R. Figure 1
shows the electrophoretic profile from eighteen popula-
tions of H. armigera with primer pairs: Hacad-2F and
Hacad-2R; Hacad-3F and Hacad-3R; Hacad-4F and
Hacad-4R. The electrophoretic pattern reveals polymor-
phism among H. armigera populations.

All the primers selected for the study produced unique
banding patterns that could differentiate all the eighteen
populations collected from different geographical cotton
ecosystems. The highest similarity in cadherin gene (96%)
was found for the following pairs of insect populations,
viz. Rajkot and Sirsa, Akola and Bhatinda, and Faridkot and

CURRENT SCIENCE, VOL. 92, NO. 6, 25 MARCH 2007
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Table 3. Genetic dis-similarity matrix among H. armigera populations

Population 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Rajkot 0
Basargaddy 6 0
Hisar 6 8 0
Katni 7 11 11 0
Sirsa 4 10 8 11 0
Khandwa 7 11 9 12 9 0
Karnal 5 9 11 6 9 12 0
Hyderabad 12 10 14 13 16 11 15 0
Faridkot 7 9 11 8 9 14 4 15 0
Raichur 10 12 12 7 12 7 9 12 11 0
New Delhi 9 11 15 12 11 10 12 7 14 13 0
Ludhiana 5 9 7 8 7 6 8 13 8 9 10 0
Panchkula 16 14 16 11 16 15 13 12 15 10 17 17 0
Jalna 7 9 9 12 7 8 12 13 14 11 8 8 17 0
Hyderabad 5 9 9 8 9 6 8 11 12 7 12 8 13 8 0

(ICRISAT)
Akola 7 11 7 6 11 10 6 13 6 9 12 8 15 10 8 0
Bhatinda 9 9 9 8 13 14 6 15 11 16 10 13 12 12 4 0
Nanded 14 12 14 13 12 15 11 18 11 12 17 15 10 11 15 11 7 0

Karnal. The first two pairs of insect populations were
separated by more than 1000 km, while the last one
(Faridkot and Karnal) was geographically close. The
lowest similarity in the cadherin gene (82%) was found
for the pair of insect populations Nanded and Hyderabad,
which were separated by about 400 km. Perusal of the proxi-
mity matrix data presented in the Table 3 showed 4-18%
diversity among the populations due to the cadherin gene-
specific markers.

Bt Cry toxin resistance in insects is being extensively
studied at the molecular level with an aim to sustain the
technology for crop protection®. Insects are able to resist
Cry toxicity due to various mechanisms, viz. alteration in
protoxin processing, toxin binding and repair of midgut,
besides behavioural modifications. Among these, toxin
binding and subsequent changes are the primary mecha-
nisms of resistance most widely studied. Cry toxins bind
with many protein receptor molecules, such as aminopep-
tidase-N, alkaline phosphatases, cadherins, glycolipids and
glycosylated glycoprotein. Activation of immune res-
ponse is also reported in H. armigera.

Among the Cry toxin-binding molecules, cadherin, a
cell adhesion protein, was first reported as binding to
CrylA toxins in Manduca sexta®'. Cadherins are high
molecular weight, transmembrane proteins involved in
calcium-dependent cell aggregation, sorting and cell-to-
cell maintenance of contact in the midgut. The cadherin
gene is linked tightly to the BtR1 locus in M. sexta’’,
BtR175 locus in Bombyx mori*> and BtR4 locus in the
YHD-2 strain of H. virescens'>>. The cadherin protein at
the BtR1 locus of M. sexta®', equivalent of HevCaLP pro-
tein of H. virescens, has two toxin-binding regions, TBR1
and TBR2, at which domain II of Cryl toxins binds?*?°,
Alterations in cadherin gene that imparts resistance to
Cry toxins, have been found to be due to insertion of a
retrotransposon in H. virescensls, deletions of three dif-
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ferent kinds in the AZP-R strain of Pectinophora gos-
sypiella'®, and addition of stop codon in H. armigera'®.

Studies carried out by us using primers reported by Xu
et al.'® showed that some primers did not amplify the
DNA. Further, using primers of Xu et al.'® and others deve-
loped by us in this study, we found that H. armigera
populations showed 4-18% dis-similarity, while these
populations showed 100-fold variation in their suscepti-
bility to CrylAc (unpublished data). Our studies also in-
volved primers which are longer in their base sequences
and are used in forward and reverse pairs to amplify the
specific genomic region. Reproducibility of amplification
profile was consistent when checked repeatedly. The
cadherin cDNA sequence of H. armigera (GenBank ac-
cession no. AF519180) shows 95% similarity with cad-
herin BfR-5 allele of H. armigera (AY647974), 95%
similarity with midgut E-cadherin sequences of H. ar-
migera (AY351904) and 98% similarity with BtR-rl allele
of H. armigera (AY647975). Despite the high sequence
similarities of H. armigera cadherin genes, significant diver-
sity of cadherin-specific gene in H. armigera populations
was observed in the present study.

The profile of the PCR products is quite different from
the one reported by Xu ez al.'®. Difference in the amplifi-
cation profile was due to development using the exon se-
quence of the DNA, i.e. cDNA from mRNA, while genomic
DNA also contained intron sequences and hence expected
amplicons differed from those observed.

Using RAPD primers, Zhou et al.”® reported low gene-
tic distance (0.0029 = 0.00078 SD) and high gene flow
(Nm = 16.2) resulting in high similarity among the Israeli
and Turkish populations of moths of H. armigera. Fak-
rudin et al.*’ showed similarity coefficients ranging from
0.22 to 0.42 for the genome of H. armigera populations
from the South Indian cotton ecosystem and found a geo-
graphic relationship. Heterozygosity for H. armigera
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populations from twenty locations in China ranged from
0.62 t0 0.91 using microsatellite markers®®, Besides, Scott
et al.”® found wide variation in gene structuring of insect
populations due to migration in the Darling Downs, Aus-
tralia between 1999 and 2003, using microsatellite markers.
It is quite natural to expect wide genetic diversity using
RAPD and microsatellite markers, unlike cadherin-specific
diversity. No geographic relationship could be found for
the most diverse or close pairs of insect populations, possibly
due to biological and ecological factors, including migra-
tion. Yet, it suggests that diversity may limit development
of specific markers for monitoring homozygous-resistant
alleles in the insect populations. Diversity in the cadherin
gene may necessitate designing of molecular markers for
Bt Cry toxin resistance useful to local insect populations
and their utilization along with other methods of resis-
tance monitoring.
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