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Partial CO1 sequence of the cotton bollworm, Helicoverpa armigera

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

This paper reports the comparison of the partial
CO1 sequence of Indian, field collected
Helicoverpa armigera and a laboratory reared,
insecticide susceptible, homogeneous strain of H.
armigera. Using primers C1-J-2090 and C1-N-
2659 the near mid region of the CO1 sequence
was obtained. In the resulting  amino acid se-
quence substitutions at 16 positions were noticed
in the insecticide susceptible strain compared to
Indian H. armigera.

IntroductionIntroductionIntroductionIntroductionIntroduction

Animal mitochondrial genome is a small circu-
lar molecule ranging in size from 15-18 Kb (Wilson et
al., 1985).  Insect mitochondrial DNA consists of 37
genes (Mitchel, 1993).  With rare exceptions, insect
mitochondrial genome is inherited exclusively mater-
nally (Khambampathi and Smith, 1995).  The CO1
region is the largest of the three mitochondria encoded
cytochrome oxidase (CO) encoded subunits and is one
of the largest protein coding genes in the metazoan
mitochondrial genome.  The CO1 region of the In-
dian H. armigera has not been reported in literature.

We proposed the existence of host races in the
Indian H. armigera on the basis of its feeding prefer-
ence, cornutal spine numbers in male genitalia and
RAPD studies (Kranthi, unpublished).  An attempt was
being made to differentiate the two strains on the ba-
sis of their CO1 sequence and is not being discussed
herein.  Partial CO 1 sequence was obtained as a part
of these studies and is being reported.

The cotton bollworm, H. armigera, is a major
pest of cotton in addition to being a polyphagous pest.
It is found damaging several crops throughout the year.
The main cause of concern to scientists and adminis-
trators is control failures of the insect on cotton that is
attributed largely to the phenomenon of insecticide
resistance.  Different populations of H. armigera avail-
able in the country have exhibited resistance against
all the major groups of insecticides (Kranthi et al.,
2002)

In stark contrast we have a universal insecticide
susceptible, homogeneous strain of H. armigera. This
paper reports the comparison of partial gene sequence
of the CO1 region, of the two strains.

Experimental ProcedureExperimental ProcedureExperimental ProcedureExperimental ProcedureExperimental Procedure

Rearing of insectsRearing of insectsRearing of insectsRearing of insectsRearing of insects
Field collected H. armigera larvae and the in-

secticide susceptible strain of H. armigera were reared
in the laboratory on a semi synthetic diet (Armes et

al., 1992) at 27 0C+ 1 0C at 75% RH.

Conserved primers, PCRConserved primers, PCRConserved primers, PCRConserved primers, PCRConserved primers, PCR
amplification and directamplification and directamplification and directamplification and directamplification and direct
sequencingsequencingsequencingsequencingsequencing

DNA was purified from eight individual female
live moths of each strain using a phenol/chloroform
procedure described by Livak (1984).  PCR was carried
out in a 25 µl reaction containing 10x assay buffer with
15 mM MgCl2, dNTPs 10 mM each (0.5 µl), sample
DNA (0.5 µl), Taq 1Unit per reaction, forward and re-
verse primer each at 5 pmol per reaction finally made
up to 25 µl with sterile water.

Following an initial denaturation at 94 oC for 2
min and 80 oC for 2 min, Taq was added to the PCR
reaction, forty cycles were performed in a DNA ther-
mal cycler (MJ Research), each consisting of melting at
94 oC for 45 s, annealing at 50 oC for 45 sec and
extension at 72 oC for 1.30 min.  PCR was terminated
in the last cycle at 72 oC for 10 min.  Amplification
products were electrophoresed on 1% agarose.  No
contamination was detected in the negative controls.
PCR product was purified on Geneclean Turbo from Q
Biogene and used for DNA sequencing in both direc-
tions using the forward and reverse primer, each, sepa-
rately on CEQ 2000, Beckman Coulter, following the
protocol described by the company.

Oligonucleotide primersOligonucleotide primersOligonucleotide primersOligonucleotide primersOligonucleotide primers
DNA sequences for primer sets used for amplifi-

cation of the CO1 region are given in Table1.  Two sets
of primers each comprising of a forward and reverse
primer was used.  Primers were designed based on
published sequences of other organisms (Simon et al.,
1994) and were synthesized by Thermo Hybaid, Ger-
many.

Analysis of the data was done using Clustal X
software (for determining the homology of sequences
obtained).

Result and DiscussionResult and DiscussionResult and DiscussionResult and DiscussionResult and Discussion

The two primer sets were designed to amplify
569 bp and 645 bp of the CO1 region.  Sequences
obtained with the forward and reverse primers were
highly reproducible in each of the eight samples tested,
especially with C1-J-2090 and C1-N-2659.  This se-
quence corresponds to the near middle region of the
CO 1 sequence (Lunt et al., 1996).  Homology be-
tween the forward and reverse sequence reads was
found to be good and hence the sequence reads ob-
tained were considered reliable.  However sequence
reads obtained with C1-N-2659 and C1- J- 2369 were
unsatisfactory.  Therefore a full-length sequence of 1214
bp was not obtained.  Instead, a 556 bp region with
high fidelity of which 450 bp matched well with the
sequence of the insecticide susceptible strain was ob-
tained as indicated in Figure 1.  An additional 79 bp
were added to the sequence obtained with the first
primer pair with the sequence obtained with the sec-
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ond primer set.  The partial CO1 sequence of H.
armigera bears accession number AY 264943 of the
NCBI data bank.

The sequenced CO1 region of H. armigera was
represented by 30.0% A, 40.1% T, 15.3% G and 14.6%
C of the 556 bp sequence.  This composition was dif-
ferent in the insecticide susceptible strain (31.1% A,
37.7% T, 16.4% G and 14.8% C of the 562 bp se-
quence).  Difference of six base pairs between the two
strains was due to insertion of nucleotides in the insec-
ticide susceptible laboratory strain.

CO1 is the terminal catalyst in mitochondrial res-
piratory chain and has been well studied at the bio-
chemical level.  Reaction centers of this subunit have
been mapped  (Gennis, 1992) and it provides a back-
ground that enables interpretation of sequence differ-
ences in terms of gene function.  Base pair substitu-
tions occurred in at least fifteen positions in the insecti-
cide resistant strain with respect to the insecticide sus-
ceptible strain.  This led to a difference in software gen-
erated amino acid sequence (Figure 2).  In the 160
amino acid sequence obtained, substitutions at 16 po-
sitions were noticed in the insecticide susceptible strain
compared to Indian H. armigera.  It was interesting to
note that amino acid iso-leucine and tryptophan in the
susceptible strain was substituted with methionine and
glutamate/ glutamine in the Indian insecticide resistant
strain in at least seven and four positions respectively
of the amino acid sequence.  It remains to be seen
whether these substitutions are in any way responsible
for insecticide resistance seen in the Indian strain.

The primer sequences of C1-J-2090 and C1-J-
2410 were identical in both strains.  However C1-J-
2369 demonstrated the presence of a base substitu-
tion at the sixth base pair position where C of
Helicoverpa was replaced with T in the insecticide sus-
ceptible strain.
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Figure 2.Figure 2.Figure 2.Figure 2.Figure 2.
Comparison of
amino acid
sequences of H.
armigera and
the insecticide
susceptible
strain generated
through soft-
ware (Clustal X).
The letters in
bold refer to the
amino acid
change in the
insecticide
susceptible
strain with
reference to H.
armigera.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
Comparison of
CO1 sequences
of H. armigera
and the insecti-
cide susceptible
strain.  Under-
lined nucle-
otides indicate
differences
between two
strains.  Nucle-
otide sequences
in italics refer to
primer se-
quences.




