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The aim of this study was to develop species specific marker for quick identification of two Conogethes species and to study their molecular 
diversity.

Species-specific markers were developed using 
mitochondrial cytochrome oxidase 1 (COI) partial gene sequences of 
Conogethes punctiferalis and C. sahyadriensis and they were 
validated. Phylogenetic tree was constructed using MEGA X program, 
tree robustness was evaluated by bootstrapping with 1000 replicates 
with all sequences of C. punctiferalis and C. sahyadriensis.

Bioinformatic analysis of C. punctiferalis and C. 
sahyadriensis COI sequences revealed that they have sufficient 
genetic variability to develop species specific marker. The COI based 
species-specific markers amplified an expected fragment size of 333 
bp for C. punctiferalis and 522 bp for C. sahyadriensis, which clearly 
differentiate these two species.   

The species specific marker developed in this study 
will be useful in quick identification of C. punctiferalis and C. 
sahyadriensis. The use of COI gene as a marker can provide a better 
estimate of genetic diversity, as it is maternally inherited and can be 
helpful to understand evolutionary processes.   
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Materials and Methods

Stock cultures of two species of Conogethes populations 
were maintained in the laboratory at 23±2ºc, 70-85% relative 
humidity and 16 h light and 8 hrs dark period in Department of 
Entomology, UAS, GKVK, Benagaluru. Morphological identification 
of C. punctiferalis and C. sahyadriensis were carried out according 
to Shashank et al. (2018). For developing species- specific 
markers, the C. punctiferalis and C. sahyadriensis larvae were 
collected from castor (R. communis) and cardamom (E. 
cardamomum), in Karnataka, South India. For molecular diversity 
studies, C. punctiferalis and C. sahyadriensis larvae were collected 
on select host plants from different locations in India (Table 1, 2) and 
samples were preserved in ethyl alcohol and stored at -20°C.

Total DNA was isolated by DNeasy blood and tissue kit 
(QIAGEN GmbH, Germany) from individuals of Conogethes 
collected from diversified locations in India. The original 
specimens were preserved as voucher specimens in the 
Entomology Division, ICAR-Indian Agricultural Research 
Institute, Pusa campus, New Delhi. For development of species-
specific marker and molecular diversity analyses, mitochondrial 
cytochrome oxidase-I (COI) gene was used. The genomic DNA 
was used as template in polymerase chain reaction (PCR) to 
amplify COI gene region with primers LCO1490 (F) 5’ GGT CAA 
CAA ATC ATA AAG ATA TTG G-3’ and HCO 2198 (R) 5’ TAA ACT 
TCA GGG TGA CCA AAA AAT CA-3’ (Folmer et al., 1994). 
Polymerase chain reaction was carried out in a thermal cycler 
(C1000, Bio-Rad, USA ) reaction with the following cycling 
parameters; initial denaturation at 94 °C for 4 min, 35 
amplification cycles [94°C for 1 min, 48°C or optimal annealing 
temperature (Tm °C) for 1 min, 72 °C for 1 min], followed by a final 
extension step at 72 °C for 5 min. PCR was performed in 25 μl 
total reaction volume containing 12.5 µl of Thermo Scientific 
Dream Taq PCR Master Mix (2X), 10 µM of primer (1 µl each), 
nuclease free water (8.5 µl) and DNA template (2 µl). 

The amplified products were electrophorosed on 1.0% 
agarose gel, stained with ethidium bromide with 100 bp DNA 
ladder (Invitrogen, Thermo Fisher Scientific, USA) and visualized 
in a UV gel documentation unit (Alpha Imager HP, USA). For the 
species-specific primers, as mentioned in Table 3, PCR mix and 
PCR cycling parameters were the same, except for the annealing 
temperature viz., 40 °C for 60 sec. The PCR amplified single band 
was purified using a QIAquick PCR purification kit (QIAGEN 
GmbH, Germany). Purified PCR products were sequenced in 
both forward and reverse directions with an automated 
sequencer (ABI Prism® 3730 XL DNA Analyzer; Applied 
Biosystems, Maryland, USA). After obtaining the sequences, they 
were aligned using sequence alignment editor BioEdit version 
7.0.5.3 (Hall 1999) and the homology search was carried out 
using BLAST (http://www. ncbi.nlm. nih. gov) to confirm the 
species identity. Sequences of Conogethes populations were 
deposited with the National Center for Biotechnology 
Information (NCBI) database and the accessions numbers 
were obtained (Table 1, 2). In order to develop the species-
specific primer for C. punctiferalis and C. sahyadriensis, the 
differences in COI sequences of both the species were 
determined using the sequence alignment editor BioEdit 
version 7.0.5.3 (Hall, 1999). Five sets of forward and reverse 

Introduction

The shoot and fruit borers of genus Conogethes are 
lepidopteran pests infesting developing shoots and fruits. The 
genus Conogethes Meyrick, (1884) (Lepidoptera: Crambidae) 
is a large, taxonomically complex taxon of crambids distributed 
throughout the Oriental, Australian and tropical Asian regions 
(Shaffer et al., 1996, Inoue and Yamanaka 2006).Conogethes 
punctiferalis (Guénee) commonly called as yellow peach moth 
is one such species. Larvae of this moth are considered 
polyphagous attacking more than 120 wild and cultivated plants 
(Sekiguchi 1974). Type locality of C. punctiferalis is India and 
the species complex of Conogethes is poorly understood. 
Hampson (1896) reported 20 species of Dichocrocis and for 
distinguishing the species of Conogethes he studied the 
characters of wing venation and arrangements of black spots 
on the wings which are now considered of little value. 

In absence of precise identification of C. punctiferalis, 
Koizumi (1960) in Japan for the convenience identified two types of 
C. punctiferalis viz., the Fruit Tree Type and Conifer Type from 
angiosperms and Pinaceae gymnosperms, respectively. Most of 
the studies on the Conogethes moths are in progress in Japan, 
China and Australia, and the species have been barcoded 
(Armstrong, 2010). There is a dire need for similar work on the 
Indian species of Conogethes considering their economic 
importance. Similarly, C. punctiferalis larvae in India infesting castor 
(Ricinus communis L.) and cardamom (Elettaria cardamomum 
Maton) have been identified as two different lineages based on 
mass-rearing techniques (Chakravarthy et al., 1991). 
Subsequently, Shashank et al. (2014a,b) accurately indicated 
differences in morphology, morphometry and molecular 
identification of male and female genitalia, larvae and pupae and in 
behaviour of above two species. Effect of interbreeding on off-
springs between the two types of C. punctiferalis was also 
determined. Achille Guenee first described C. punctiferalis in 1854 
and Sir George Hampson in 1896 included all species under the 
genus Dichocrocis based on morphological features. Since then 
Conogethes populations feeding on castor and cardamom have 
been included under the species punctiferalis. But in 2018, a new 
species C. sahyadriensis feeding on cardamom was delineated 
from closely related species of Conogethes (Shashank et al., 2018). 

Selected molecular markers viz., Cytochrome b, 16S 
rRNA, 18S rRNA, 28S rRNA, 5.8S rRNA, internal transcribed 
spacers, elongation factor-1α, mitochondrial cytochrome 
oxidase-I (mtCOI) (Von Dohlen and Moran, 2000, Ji et al., 2003, 
Raboudi et al., 2005) have been employed by researchers for 
species identification and molecular phylogeny studies in 
Conogethes spp. Mitochondrial genes, because of maternal 
inheritance and reliable inter-specific variation (Savolainen et al., 
2005), have been widely employed in studying molecular insect 
systematics (Simon et al., 1994). This is a first attempt to develop 
species-specific markers of Conogethes spp. in India. In the 
current study, molecular diversity analyses were carried out 
deploying mitochondrial (mitochondrial cytochrome oxidase-1) 
gene. The objective of the present study was to develop species-
specific markers for lepidopteran pest, C. punctiferalis and C. 
sahyadriensis based on mtCOI for life-stage independent 
identification and determination of phylogenetic relationship.
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R and SD (CS) - F and SD (CS) -R, successfully identified C. 
punctiferalis and C. sahyadriensis, respectively (Table 3, Fig. 2). 
These species-specific markers amplified an expected fragment 
size of 333 bp for C. punctiferalis and 522 bp for C. sahyadriensis. 
These same fragments were sequenced and results showed that 
species-specific markers exhibited the similarity for respective 
species. Similar amplicon sizes were obtained from test 
specimens of Conogethes populations derived from select host 
plants and geographical position in India.

Validation of the species-specific primers so developed were 
made deploying PCR using SD (CP) -F and SD (CP) -R and SD (CS) 
- F and SD (CS) -R primers and genomic DNA isolated from two test 
species of Conogethes, morphologically identified and deposited at 
the Division of Entomology, Indian Agricultural Research Institute, 
Pusa, New Delhi. No PCR reaction produced amplification, including 
non-specific amplicons, where the PCR mix and PCR cycling 
conditions were same, including annealing temperature, viz., 40°C 
for 60 sec for all the reactions undertaken. However, the applicability 
of these primers on other populations of C. punctiferalis and C. 
sahyadriensis within and outside India is based on the variations in 
the nucleotide sequences in forward (6-23 for both C. punctiferalis 
and C. sahyadriensis) and reverse primer binding regions 321-339 
for C. punctiferalis and 508-528 for C. sahyadriensis. A comparison 
of forward primer binding regions for C. punctiferalis (JX064420.1) 
with other existing COI sequences (sequences generated in the 

thcurrent study) showed that there were variations at 5  position. 
Similarly, in the reverse primer binding region, there were variations 

that 285  position. One accession had T instead of C in another 
accession. A comparison of forward primer binding region for C. 
sahyadriensis with existing COI sequences showed that there were 
no variations in any of the nucleotide positions in either regions. 

primers were synthesized based on the variable regions in the 
aligned sequences of the same. The primers thus designed 
were validated both on identified Conogethes populations 
collected on the select host plants from field. PCR amplified 
fragments resulting from species-specific markers for 
Conogethes populations were further sequenced and analyzed 
as above. To validate the species-specific primer specificity, 
cross amplification was tried through PCR for both the primer 
sets developed in the current study. All the sequences 
established were analysed corresponding to COI, using 
BioEdit. 7.0 program using Clustal W. The aligned sequences 
were further analysed using MEGA version X (Kumar et al., 
2018). Neighbour-Joining (NJ) trees were constructed with 
Kimura-2-parameter (K2P) distance model (Kimura 1980). All 
the corresponding sequences of mitochondrial markers for 
Conogethes were deposited in the NCBI-GenBank. 

Results and Discussion

The PCR amplicon of the same size (Approx. 700 bp) was 
amplified for C. punctiferalis and C. sahyadriensis and the 
sequences showed that the total nucleotide length was 587 bp for 
the two candidate species. The BLAST search showed that the 
sequences had the similarity for the respective species. 
Alignment of the COI sequences for C. punctiferalis (JX064420) 
and C. sahyadriensis (JX064423) in BioEdit v.7.0 revealed that 
among 587 in 31 nucleotide positions showed variations 
amounting to approximately 5% difference between C. 
punctiferalis and C. sahyadriensis (Fig. 1). Species-specific 
markers require only PCR that is rapid, inexpensive and 
accessible. Of the 5 primer sets identified each for C. punctiferalis 
and C. sahyadriensis, 1 primer set, viz., SD (CP) -F and SD (CP) -

Table 1: Analyzed samples of C. punctiferalis with description of host plant, site of collection and NCBI-Genbank accession numbers

Species Host plant Site of collection NCBI-GenBank accessions

C. punctiferalis Ricinus communis L. Junagadh, Gujarat, India Jx064411
C. punctiferalis Ricinus communis L. Junagadh, Gujarat, India Jx064412
C. punctiferalis Ricinus communis L. Ludhiana, Punjab, India Jx064413
C. punctiferalis Ricinus communis L. Ludhiana, Punjab, India Jx064414
C. punctiferalis Ricinus communis L. Chhindwara, Madhya Pradesh, India Jx064415
C. punctiferalis Ricinus communis L. Chhindwara, Madhya Pradesh, India Jx064416
C. punctiferalis Ricinus communis L. Hyderabad, Andhra Pradesh, India Jx064418
C. punctiferalis Ricinus communis L. Hassan, Karnataka, India Jx064419
C. punctiferalis Ricinus communis L. Hassan, Karnataka, India Jx064420

Table 2: Analyzed samples of C. sahyadriensis with description of host plant, site of collection and NCBI-Genbank accession numbers

Species Host plant Site of collection NCBI-GenBank accessions

C. sahyadriensis sp. nov. Elettaria cardamomum Maton Mudigere, Karnataka, India Jx064422
C. sahyadriensis sp. nov. Elettaria cardamomum Maton Mudigere, Karnataka, India Jx064423
C. sahyadriensis sp. nov. Elettaria cardamomum Maton Mudigere, Karnataka, India Jx064424
C. sahyadriensis sp. nov. Elettaria cardamomum Maton Bengaluru, Karnataka, India Jx064425
C. sahyadriensis sp. nov. Elettaria cardamomum Maton Bengaluru, Karnataka, India Jx064426
C. sahyadriensis sp. nov. Elettaria cardamomum Maton Idduki, Kerala, India Jx064427
C. sahyadriensis sp. nov. Elettaria cardamomum Maton Idduki, Kerala, India Jx064428
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Table 4: Maximum Composite Likelihood Estimate of the pattern of nucleotide substitution from 11 populations of C. punctiferalis and 8 populations of C. 
sahyadriensis

A T C G

C. punctiferalis C. sahyadriensis C. punctiferalis C. sahyadriensis C. punctiferalis C. sahyadriensis C. punctiferalis C. sahyadriensis

A - - 1.05 0.09 0.45 0.04 4.31 32.29
T 0.8 0.07 - - 24.5 0.04 0.4 0.03
C 0.8 0.07 57.28 0.09 - - 0.4 0.03
G 8.57 67.13 1.05 0.09 0.45 0.04 - -

Each entry shows the probability of substitution from one base (row) to another base (column) instantaneously. Only entries within a row should be 
compared. Rates of different transitional substitutions are shown in bold and those of transversional substitutions are shown in italics

Table 3: Species specific molecular markers developed for C. punctiferalis and C. sahyadriensis

Species Primer Binding region (bp) Product size (bp)

C. punctiferalis SD (CP) -F - 5'-AGGAACTTCCTTAAGTTT-3' 6-23 333
SD (CP) -R - 5’TCCACCATGTGCAATATTA’3 321-339

C. sahyadriensis SD (CS) -F - 5'-GGGAACTTCCTTAAGTTT-3' 6-23
SD (CS) -R - 5’TGCTAATACTGGTAAAGATAA’3 508-528 522

Molecular identification using a species-specific marker 
is an advantage where there is cryptic species complex in the 
target species population. In Conogethes, there is a suspicion 
that within C. punctiferalis complex, the population feed on a wide 
range of host plants leading to host-mediated speciation across 
diversified habitats. In such species complex (there may be more 
than one species) in lepidoptera, the development of species-
specific markers for C. punctiferalis and C. sahyadriensis are of 
immense significance. The species-specific markers enable even 
a non- specialist or non-taxonomist to identify the target species, 
i.e., C. punctiferalis and C. sahyadriensis at any developmental 
stage without sequencing and elaborate examination and time.

The maximum composite likelihood defines the sum of 
related log-likelihoods among the species components (Tamura 
et al., 2004). The biological data sets for COI were utilised for 
maximum composite likelihood estimate pattern of nucleotide 
substitution for C. punctiferalis sequences using MEGA.X (Kumar 
et al., 2018). The reliability of clustering pattern in the 
phylogenetic trees was determined by bootstrap test, with 1000 
replications. Rates of different transition substitutions are shown 
in bold and those of transversion substitutions are shown in italics. 
The C. punctiferalis nucleotide frequencies were 0.343 (A), 0.359 
(T), 0.164 (C) and 0.133 (G). The base composition of these gene 
fragments was biased toward Adenine (A) and Thyamine (T), 
which together constituted 70.2% of the total nucleotides. The 
overall transition (ti)/ transversion (tv) bias of C. punctiferalis 
nucleotide sequence was R = 1.007, where R = [A*G*k1 + 

st ndT*C*k2] / [(A+G) *(T+C)]. Codon positions included were 1  + 2  + 
rd3  + Noncoding. For C. sahyadriensis, the nucleotide frequencies 

were 0.34 4 (A), 0.361 (T), 0.155 (C) and 0.14 (G) (Table 4). 

The base composition of COI gene sequences was 
biased towards Adenine. Current analysis conducted using the 
sequences generated for both C. punctiferalis and C. 

sahyadriensis, revealed sequence variations. This suggests 
that genetic structuring in terms of species, host-associated or 
habitat-related genetic differences are associated with both C. 
punctiferalis and C. sahyadriensis. This was evidenced using 
COI sequences of other Conogethes populations. As 
discovered, genital variations of both sexes between C. 
punctiferalis and C. sahyadriensis are reflected in their genetic 
structural differences and can be the result of host-mediated 
speciation with associated environmental factors affecting the 
growth and development of Conogethes population.

The Neighbor-Joining tree was constructed using MEGA 
X (Kumar et al., 2018) with bootstrap support (1000), and 
Marwitzia dichocrocis (Hampson) was used as an out-group in 
the species analysis of Conogethes sp. M. dichocrocis is a 
closely related genus of Conogethes from Africa. In C. 
punctiferalis, NJ tree was constructed from nine generated 
sequences of COI gene across the host plants with one out-
group. Phylogeny results showed that C. punctiferalis sequences 
formed a separate clade showing high diversity within the species 
(Fig. 3A). It clearly indicated that C. punctiferalis populations are 
undergoing genetic pressure in response to its wide host range, 
may lead to host-mediated speciation within the C. punctiferalis 
complex in India and other country as well. In C. sahyadriensis, 
eight COI based sequences were generated from a group of 
select host plants and utilised for construction of Neighbor-
Joining tree with one out-group. Phylogeny tree clearly revealed 
no genetic diversity within C. sahyadriensis and formed a single 
clade in the phylogeny (Fig. 3B). This clearly indicated that C. 
sahyadriensis is an oligophagous pest restricted to few 
zingiberaceous host plants without exhibiting any selection 
pressure due to host plants.

Rapid, accurate and timely identification of insects is 
important and challenging. Developing species-specific marker is 
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10 20 30
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) A T A G T A G G A A C T T C C T T A A G T T T A T T A A T T 30

C. sahyadriensis (JX064423.1) A T A G T G G G A A C T T C C T T A A G T T T A T T A A T T 30

Clustal Consensus * * * * *
 
* * * * * * * * * * * * * * * * * * * * * * * * 29

40 50 60
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) C G A G C T G A A T T A G G T A A T C C A G G A T C A T T A 60

C. sahyadriensis (JX064423.1) C G A G C T G A A T T A G G T A A T C C A G G A T C A T T A 60

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 59

70 80 90
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) A T T G G A G A T G A T C A A A T T T A T A A T A C A A T T 90

C. sahyadriensis (JX064423.1) A T T G G A G A T G A T C A A A T T T A T A A T A C A A T T 90

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 89

100 110 120
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) G T A A C A G C T C A T G C T T T T A T T A T A A T T T T T 120

C. sahyadriensis (JX064423.1) G T A A C A G C T C A T G C T T T T A T T A T A A T T T T C 120

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

 

118

130 140 150
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) T T T A T A G T A A T A C C T A T T A T A A T T G G A G G T 150

C. sahyadriensis (JX064423.1) T T T A T A G T A A T A C C T A T T A T A A T T G G A G G T 150

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 148

160 170 180
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) T T T G G A A A T T G A T T A G T T C C T C T A A T A T T A 180

C. sahyadriensis (JX064423.1) T T T G G A A A T T G A T T A G T T C C T T T A A T G T T A 180

Clustal Consensus * * * * * * * * * * * * * * * * * * * * *

 

* * * *

 

* * * 176

190 200 210
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) G G G G C C C C A G A T A T A G C T T T C C C T C G A A T A 210

C. sahyadriensis (JX064423.1) G G A G C T C C A G A T A T A G C C T T T C C C C G A A T A 210

Clustal Consensus * *

 

* *

 

* * * * * * * * * * *

 

* *

 

* *

 

* * * * * * 201

220 230 240
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) A A T A A T A T A A G A T T T T G A T T A C T T C C C C C T 240

C. sahyadriensis (JX064423.1) A A T A A T A T A A G A T T T T G A C T A C T T C C C C C T 240

Clustal Consensus * * * * * * * * * * * * * * * * * *

 

* * * * * * * * * * * 230

250 260 270
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) T C A C T A A C T C T T T T A A T T T C C A G A A G A A T T 270

C. sahyadriensis (JX064423.1) T C A T T A A C T C T T T T A A T T T C T A G A A G A A T T 270

Clustal Consensus * * *

 

* * * * * * * * * * * * * * * *

 

* * * * * * * * * 258
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280 290 300
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) G T T G A A A A T G G A G C T G G A A C A G G A T G A A C A 300

C. sahyadriensis (JX064423.1) G T T G A A A A T G G A G C A G G A A C A G G A T G A A C A 300

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 287

310 320 330
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) G T A T A C C C C C C T C T T T C A T C T A A T A T T G C A 330

C. sahyadriensis (JX064423.1) G T A T A C C C C C C C C T T T C A T C C A A T A T T G C T 330

Clustal Consensus * * * * * * * * * * *
 

* * * * * * * *
 

* * * * * * * *
 

314

340 350 360
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) C A T G G T G G A A G A T C T G T T G A T C T T G C T A T T 360

C. sahyadriensis (JX064423.1) C A T A G T G G T A G A T C T G T T G A T C T C G C T A T C 360

Clustal Consensus * * *

 

* * * *

 

* * * * * * * * * * * * * *
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340

370 380 390
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) T T T T C C C T T C A T T T A G C G G G A A T T T C T T C T 390

C. sahyadriensis (JX064423.1) T T T T C C C T T C A T C T A G C G G G A A T T T C C T C T 390

Clustal Consensus * * * * * * * * * * * *
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400 410 420
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) A T T T T A G G A G C G A T T A A T T T C A T T A C A A C A 420

C. sahyadriensis (JX064423.1) A T T T T A G G A G C A A T T A A T T T C A T C A C A A C A 420

Clustal Consensus * * * * * * * * * * *
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C. punctiferalis (JX064420.1) A T T A T C A A T A T A C G A A T T A A T G G A T T A T C A 450

C. sahyadriensis (JX064423.1) A T T A T T A A T A T A C G A A T T A A T G G A C T A T C A 450

Clustal Consensus * * * * *
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Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 454

490 500 510
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) G T A G G A A T T A C A G C T T T A T T A C T T C T T C T A 510

C. sahyadriensis (JX064423.1) G T A G G A A T T A C A G C T T T A T T A C T T C T T T T A 510

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * *
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C. sahyadriensis (JX064423.1) T C T T T A C C A G T A T T A G C A G G T G C T A T T A C T 540

Clustal Consensus * * *

 

*

 

* * * * * * * * * * *
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550 560 570
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

C. punctiferalis (JX064420.1) A T A C T T T T A A C A G A T C G T A A T C T T A A T A C T 570

C. sahyadriensis (JX064423.1) A T A C T T T T A A C A G A T C G T A A T C T T A A T A C T 570

Clustal Consensus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 540

580
. . . . | . . . . | . . . . | . .

C. punctiferalis (JX064420.1) T C A T T T T T T G A T C C A G C 587

C. sahyadriensis (JX064423.1) T C A T T T T T T G A T C C T G C 587

Clustal Consensus * * * * * * * * * * * * * *
 

* * 556

Fig. 1: Consensus sequence of 587 bp from the mitochondrial cytochrome oxidase I (COI) gene for C. punctiferalis and C. sahyadriensis.
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Fig. 2: Validation of species-specific markers for C. punctiferalis and C. sahyadriensis. M - 100bp DNA ladder (Invitrogen, Thermo Fisher Scientific) 1 and 
2 - PCR amplified product (COI gene) of C. punctiferalis and C. sahyadriensis, respectively; 3: C. punctiferalis – specific molecular marker; 4: C. 
sahyadriensis - specific marker.

multiplex polymerase chain reaction as a molecular diagnostic 
tool to distinguish immature stages of most common and 
abundant species of cutworms viz., Agrotis ipsilon (Hufnagel), 
Agrotis exclamationis (Linnaeus) and Peridroma saucia (Hubner). 
There has been suspicion that at least two types of Adoxophyes 
honmai (Yasuda) exist in Korea. This moth attacks apple, peach, 
pear and tea. Moths have extreme morphological similarity and 
can be distinguished by developing new PCR primer sets. 

Similarly species specific primers have also been 
developed and validated for different insect pests viz., two 
species of genus Scolytus (Amini and Hosseini, 2016), five stored 

an easy, economical way of species discrimination in closely 
related species. This method is handy and independent of life 
stage, sex, polymorphism and other related factors. Rebijith et al. 
(2012) developed species-specific marker for identification of tea 
mosquito bug, Helopeltis species in India. The results showed 
that using species-specific marker Helopeltis antonii Signoret and 
Helopeltis thievora Waterhouse populations were differentiated. 
DNA barcoding and species-specific marker can also be used for 
identification of different species of cryptic mired bugs in India. 

Reza and Khadijeh (2018) developed species-specific 
primer and single nucleotide polymorphism (SNP) and found a 
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product pests viz., Rhyzopertha dominica, Sitophilus granarius, 
S. oryzae, S. zeamais and Sitotroga cerealella (Sola et al., 2018) 
and four major thrips vectors viz., Thrips palmi, T. tabaci, 
Scirtothrips dorsalis, and Frankliniella schultzei (Jangra et al., 
2020). These species specific primers are handy and quick tool in 
screening large number of samples and assessing the 
distribution profile of cryptic species.

This molecular identification technique with no enzyme 
digestion and sequencing step is convenient and rapid for 
identification of different species that are difficult to distinguish 
morphologically. The analysis of present study clearly showed 
that two species of Conogethes spp. remained skewed for a long 
time in India and also in neighbouring countries despite several 
studies on different aspects on two Conogethes populations. The 
importance of species-specific markers for species identification 
of C. punctiferalis and C. sahyadriensis amongst many other 
Conogethes species has been documented. From the present 

study, it can be concluded that developed markers helps in rapid, 
accurate, morphological and life-stage independent identification of 
C. punctiferalis and C. sahyadriensis which are morphologically 
indistinguishable. Undoubtedly, it helps in precise identification 
and in formulating effective management practices and also aids 
in developing appropriate quarantine protocols.
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