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mtCO1 Coreoidea is one of the Superfamily in Heteropteran suborder of class Insecta. Most of the Coreoid bugs
are pests since they cause damage to many economically important crops. In the present work, eight
specimens of seven species belonging to the three families of Superfamily Coreoidea from Kerala have
Coreoidea been presented. The Mitochondrial Cytochrome Oxidase 1 sequences of these specimens are compared
with the world database. One of among them is a new submission from the world, while others are

Heteroptera

Kerala
pioneer submissions from Kerala, India. This study proves that CO1 barcoding is an excellent molecular
tool for species level identification of unknown taxa.
* Corresponding author All the articles published by Journal of Experimental

Biology and Agricultural Sciences are licensed under a
Creative Commons  Attribution-NonCommercial 4.0
International License Based on a work at www.jebas.org.

E-mail: drcdsebastian@gmail.com (Sebastian CD)

Peer review under responsibility of Journal of Experimental Biology and
Agricultural Sciences.

Production and Hosting by Horizon Publisher India [HPI] @
(http://www.horizonpublisherindia.in/).

All rights reserved.



http://www.jebas.org/
http://www.jebas.org/
http://www.jebas.org/
http://www.jebas.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.18006/2019.7(5).462.467&domain=pdf&date_stamp=2019-10-15

Impact of Analysing the Phylogenetic status of seven species of the Superfamily coreoidea (insecta: hemipetra: heteroptera)

1 Introduction

Heteroptera the suborder under order Hemiptera consists of “true
bugs”. The presence of hemelytra — the front wings with hardened
basal portion and membranous apical portion- is the characteristic
feature of Heteropteran bugs (Charles & Norman, 2005).
The infraorder Pentatomomorphais a large group comprising
numerous bugs which are completely terrestrial with the presence
of conspicuous antennae. Most of the members are phytophagus
mainly feeding on saps of fruits and flowers, or seed-eaters
(Tembe et al., 2014). Pentatomomorpha consists of 5 superfamilies
viz., Aradoidea, Pentatomoidea, Coreoidea, Lygaeoidea,
Pyrrhocoroidea (Abdul et al., 2016). Three families namely,
Alydidae (Broad headed bugs), Coreidae (Leaf footed bugs), and
Rhopalidae (Scentless plant bugs) are under the Superfamily
Coreoidea. Most of the members of these groups are pests of many
crops causing economic damages. Coreid bugs are moderately
sized with scent glandsthat open on the sides of the thorax. The
alydid bugs are having broad head with long and narrow body
(Charles & Norman, 2005). The Rhopalid bugs differ from the
above two groups in lacking scent glands. Usually the Rhopalids
are misidentified with other group of bugs due to the small size and
body colourations (Kaur & Sekhon, 2017).

DNA barcoding is a taxonomic method that uses short molecular
markers in an insect’s DNA for its identification. By using:this
method, identification of the insect species can be done at any of
its developmental stage. Mitochondrial cytochrome oxidase gene is
largely used for identifying due to its cost effectiveness, reliability.
etc (Kaur & Sekhon, 2017). CO1 sequences helps to identify and
differentiate between insects, birds and. fishes. The results of
Hebert’s studies proved that CO1_based identification system is
highly effective for animal life except the cnidarians: The genome
of cnidarians is very slow in the case of evolution when compared
to other animals. Hence, they have no sufficient gap between the
inter and intra specific genetic variation values and thus it’s
difficult to differentiate between, two species (Hebert et al., 2003).
However, the status of molecular barcoding as a tool in identifying
is far behind when ‘compared to the classical morphological
taxonomy. The number of barcodes generated from India is only
4.6% among the<59,000 morphologically identified species (Jalali
et al., 2015). Thus Molecular barcoding is an emerging area for
identification in the world scenario.

Although CO1 sequences were used to identify different
organisms, it was by Damgaard (2008) and Memon et al. (2006),
those who initial works on identifying heteropterans using the
CO1 sequences. Recently Jung et al. (2011) and Park et al.
(2011) proved the successfulness of CO1 sequences in
identifying the heteropterans. In India, recently barcoding works
on Pentatomorpha bugs of Western Ghats of India was done
using cytohrome oxidase 1 gene sequences (Tembe et al., 2014).
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In 2017, six species of Rhopalidae family from India were
analyzed by the same method (Kaur & Sekhon, 2017). The
present study deals with the use of CO1 barcods in identifying
seven species of Superfamily Coreoidea belonging to three
families, using the Neighbor-Joining approach with the
bootstrapping method and the Kimura-2 parameter to get
phylogenetic results.

2 Materials and Methods

The eight adult heteropterans belonging to three families of
Superfamily Coreoidea were collected from’ different, parts of
Kerala (Figure 1 & Table 1). Preliminary identification was done
using taxonomic guideline (Schuh & Slater, 1995). Then the
specimens were rechecked,and  confirmed by comparing with
already identified ‘deposits of specimen.by the entomologists,
Professor Hemant,"V." Ghate of Department of Entomology,
Modern College, Pune and.Dr. S. Salini, Scientist, Division of

Insect "Systematics, National "Bureau of Agricultural Insect
Resources, »Bengaluru. The identified specimens were
photographed “and. stored at -20°c in Molecular Biology

Laboratory, .Department of Zoology, University of Calicut,
Kerala as vouchers.

DNA . from the bugs was extracted from leg tissues using
commercially available DNA extraction kit by following the
manufacturer instructions. The isolated DNA was confirmed
using 1% Agarose gel. Then isolated DNA was PCR amplified
using appropriate forward and reverse primers (Table 2). The
thermo cycler conditions were slightly modified from previous
studies and is as follows; 1 initial cycle of 5 minute at 95°C
followed by 30 cycles of 95°C for 10 seconds, 50°C for 1minute,
72°C for 45 seconds followed by a final step of 72°C for 3
minutes (Jung et al., 2011; Park et al., 2011; Tembe et al., 2014).
The PCR product was confirmed using 2% Agarose gel
electrophoresis and were sequenced with both forward and
reverse primers using automated sequencer ABI 3730XL by
Sanger’s dideoxy sequencing method.

Eight Cytochrome oxidase 1 gene sequences of the range 455-
617 base pairs were obtained. The sequences were analysed for
the gaps and nonsense codons, and aligned manually by using
Bioedit software (Hall,1999). The final sequences of eight bugs
of Coreoidea Superfamily were submitted to NCBI-GenBank and
accession numbers were procured (Table 1). The sequences that
are conspecific and congeneric were taken from GenBank for
further phylogenetic analysis. Phylogenetic analyses and the intra
and interspecific divergence among the bugs were calculated by
Kimura 2 Parameter (Kimura, 1980) with the help of MEGA 6
(Tamura et al., 2013) software. The evolutionary relationships of
bugs were studied and phylogenetic tree was inferred with the
help of K2P model of substitution by using MEGA 6.
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Figure 1 Photographs of A) Leptocarisa varicornis  B) Leptocoris augur C) Riptortus pedestris
D) Acanthocoris scabrator E) Trematocoris lobipes F) Cletus puntiger G) Cletomorpha hastate

Table 1 The collected specimen details including place and date of collection, base pair length and GenBank accession numbers respectively

Taxa name Family Place of Collection Cgl?éect(i)(];n selg_;;fr:? (%fp) ACE:SZ?oar?II(\Io:
1 Le‘%‘;’:gf‘:gﬁ;’igt‘)’g nis Alydidae Tchhr?gmaﬁ::g’a 26.04.2016 455 KX603664
2. EEEL?‘.’;L‘;T‘ f‘;g;‘)r Rhopalidae Eﬁ:gﬁj‘;ﬁl}‘(‘;ﬁa 25.04.2016 581 KX503052
3. IEEE:)?::;LI: fgg;‘)r Rhopalidae Kakkc’d}ze'fa‘:;hik"de' 16.02.2017 601 MK363262
4. R('Egcl’)ﬁtc’fugefﬁtsr)'s Alydidae fﬁr’:ggj‘;“ik:r;‘a 25.04.2016 580 KX503048
5. Aca(”Ft:gﬁglrl'Jz ic;(?;;xtor Coreidae Pglg‘f('lfa“(:f‘ﬁgg’ia 15.00.2017 617 MK386670
6. Tr(w::tovsg:j féaizp)es Coreidae Pglg‘f('lfa“(:f‘ﬁgg’ia 15.00.2017 556 MK363264
7. Cletus Punctiger (Dallas,1852)  Coreidae Shoramur, Palaidcad, 24.04.2017 601 MK363261
8. C'(Gé‘;’g‘r‘l’gf’lf‘salr%s;;’“a Coreidae Kallad, \Wayanad, 16.04.2017 596 MK363263
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Table 2 List of Primers used for isolating Mitochondrial CO1 gene sequences

Primer . .
Name Primer Sequence Species Name
Forward:
5'- CGAATTGAGTTAGGTCAACCCG - 3'
1 BUG Leptocorisa varicornis (KX603664)
Reverse:
5'- GGATCTCCTCCTCCTGAAGGATC - 3'
Forward:
5'- GGTCAACAAATCATAAAGATATTGG -3' Riptortus pedestris (KX503048)
2 FOM .
Reverse: Leptocoris augur,(KX503052)
5- TAAACTTCAGGGTGACCAAAAAATCA -3
Forward: Leptocoris augur (MK363262)
5'- CATTGGAGATGACCAAATTTATAATG -3' Trematocorislobipes (MK363264)
3 LEPTO Acanthocoris" scabrator (MK386670
Reverse: Cletus punctiger (MK363261)
5- TGAAATTAATCCAAATCCAGGTAAA -3' Cletomorpha hastata (MK363263)

Table.3: Comparing sequence divergence at different taxonomic levels using K2P model of presentstudy with previous studies

Present Study

Mean Distance
(%)

Range
(%)

Range

Sanketet al., 2014
Mean Distance
(%)

Park et al., 2011
Range Mean Distance

(%) (%) (%)

Intra-specific 0-1.22 0.53 0—-2.1 0.4 0-7.72 0.74
divergence

Inter-specific 0-23.38 18.48 0-19.8 117 0-24.80 10.67
divergence

Inter-generic 16.66 - 22.71 19.73 11.8 - 244 14.9 0- 35.80 19.81
divergence

Inter-family 18.64 — 20.33 19.32 18:0 - 30.2 21.0 12.15 - 36.67 23.66
divergence

3 Results and Discussion

The current work is based ‘on ‘total 59 mitochondrial CO1
sequences in which, eight sequences.are of the Coreoidea
Superfamily of this study (Table 1) and remaing 51 sequences of
bugs are. retrieved from NCBI-GenBank with a pentatomid bug,
Tetroda histeroides (Fabricius) = Acc no: MK386675, taken as the
outgroup. The 8 €CO1 sequences obtained in this work are not
pseudogenes since they. lack stop codons or frame shifts. All
obtained sequences were more than 450 bp length (Table.1). 50
sequences of species belonging to Superfamily Coreoidea were
retrieved from NCBI GenBank for the analysis. The final aligned
data had total 59 sequences including the outgroup with 461 bp
length. Since T. lobipes from this study is a new addition to the
GenBank barcode database, no conspecific sequence obtained
during the BLAST analysis.

The divergences in different taxonomic levels were calculated using
Kimura 2 Parameter of MEGA 6. The results are shown in Table 3.
It is clear that there is a hierarchial increase in mean divergence

across the taxonomic levels which were proved in previous studies
(Jung et al., 2011; Park et al., 2011; Tembe et al., 2014). In this
study, mean divergence intraspecifiaclly was 0.53% (SE.0.20%) and
the range was 0-1.22% while, interspecific divergence showed
average of 18.48% (SE 2.13%) and the range was 0-23.30%.
Divergence among the genera averaged 19.73% (SE 2.04%). The
range of divergence among genera in a family was 16.66%- 22.71%.
In the case of families, the divergence between the three families of
this study averaged 19.32% (SE 1.72%) with a range of 18.64%-
20.33%.The variations seen in the values of this study when
compared to the others (Table 3) can be attributed to the difference in
total number of specimens taken for analysis.

Neighbor Joining was the method used to analyze the evolutionary
history and an optimal tree with a total of branch length =
2.22071201 has obtained as in Figure 2 (Saitou & Nei, 1987). The
percentage replicate of trees is shown next to the branches in
which the related taxa grouped together in the bootstrap test (1000
replicates) (Felsenstein, 1985). The evolutionary tree is drawn
to scale, with branch lengths in the same units as those of the
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KP7S3788 1 Cletus punctios —
KP752843.1 Getus puncliger
KP753708 1 Cletus punctiger
KPT53528 1 Cetus graminis
@ MK363261 Cletus punctiger KERALA
KP753789 1 Clstus punciger
KP753742 1 Cletus punctiger
KPTS3766 1 Cletus punction
KPT53837 1 Cetus punctions
KPTS3727 1 Cletus punciger
KP753688 1 Cletus punctiger
el Cletus spp.
KPT53543 1 Cletus schmidd
KP7536141 Qetus schredd
KPT53622 1 Getus schmidd
KP753626 1 Cletus schmiadl
KP753637.1 Qetus schmidti
KP753503 1 Cietus feanus.
g} KPTS5121 Cletus feanus
KP753505 1 Cletus feanus
KPTS3502 1 Cletus fearus
@ MK363262 1 Leptocons augur KERALA —
MEL35996 1 Leptocons augur
HO235472 1 Leptocoris augur
MGE38385 1 Leptocons augur
@ KOSI052 1 Legtocarss augur
4] KU224020.1 Legtocoss augur
HOZ36473 1 Leptocons augur
MGE38384 1 Leptocons aupwr
e KP 7534596, 1 Qtus Bpunctatus
30 (@ MKIEX263 Cetomonpha hastata KERALA
& HQ333543 1 Qetorrompha hastata
KP753850 1 Cetomaorpha raja
300¢ @ MKIS8470 1 Acanthocorts scabrator KERALA
MGRIZXR 1 Acarthocoss scatraler Acanthocoris spp.
GQ292219 1 Acanthocons sorddus —_—
MK363264556 Trema ocons odipes KERALA
KM207077 1 Logtocodsa sp —
KOG51389 1 Legtocorisa vencoms
MGE38333 1 Leptoconsa acuta
KU094066. 1 Legtoconsa acta
GQ292203 1 Legtoconsa chinensis
KCH88870.1 Lept oconsa vencoms.
@ KOBO3054 1 Leptoconsa vencomis KERALA
GO202202 1 Leptoconsa chinensis —
 e—

8
)

7

Leptocoris augur

188

Cletomorpha spp.

Leptocorisa spp.

L KRO34433 1 Auteius imgressicolis
‘ 45, KC510111.1 Rigtottus daatus
GO2IZN4 1 Riptortus clanatus
KXSSS002 1 Riptonus pedestss
NGE38421 1 Riptortus pedests
@ KE03048 1 Riptortus pedestris KERALA
MGE38422 1 Riptortus pedesins
78|, MH446999.1 Rigtortus pedestris Riptortus spp.
MH446094 1 Rptonus pedestrs
! rass001 1 Rptortus pecestss
MH446920 1 Riptortus pedestris
MHL45987 1 Riptortus pedestris
671 K3450925 1 Riptortus sp —
MK395575 1 Tetroda hsteroices

n

Figure 2 Phylogenetic tree og bugs of Superfamily Coreoidea based on CO1 gene sequences using K2P model and NJ method using
MEGAG6 software. The species of present study are labeled.
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evolutionary distances used to infer the phylogenetic tree. Kimura
2-parameter is the method selected for calculating evolutionary
distances (Kimura, 1980) and is in the units of the number of base
substitutions per site. The analysis is done with 59 nucleotide
sequences. Codon positions included 1st+2nd+3rd+Noncoding. All
ambiguous positions were removed for each sequence pair. There
were a total of 461 positions in the final dataset. Evolutionary
analyses were conducted in MEGAG6 (Tamura et al., 2013). In the
neighbour-joining tree for all sequences, two clades were obtained:
the first cluster consisting of all Riptortus species of family
Alydidae and the other consisting of all other species taken in
study. In this tree, closely related species are clustered together and
separated from other species. The CO1 sequences of present study
are grouped with other conspecific sequences retrieved from
GenBank, confirming its identification. T. lobipes of the present
study is standing alone since there was no other conspecific or
congeneric sequence in the database. Hence this mitochondrial
sequence is new contribution to the database by this study.
Different species of Cletus got separated from same node except in
case of C. bipunctatus.

The members of C. punctiger, C. schmidti and C. feanus are
having a common ancestor. The C. punctiger of present study.
shares node with conspecific from China. Leptocoris augur,
Acanthocoris scabrator, Cletomorpha hastata of this study is
showing greatest similarity with its conspecific Indian sequences.
All members of Leptocorisa genus are <clustered " together.
Leptocorisa varicornis of present study is showing barcode sharing
with L. chinensis from Korea is similar to the results of Tembe et
al. (2014). All members of Riptortus genus are clustered separately
in the phylogenetic tree when other members of the superfamily
Coreoidea including the family Alydidae.in which Riptortus genus
is present, are clustered together. Since R. pedestris is a
widespread species, it is/likely to‘show considerable genetic
variation to adapt to different environments and the distinct
separate clustering then'can be attributed to its high intraspecies
divergence (Tembe et al., 2014).

The intraspecific divergence should be much less than the interspecific
divergence is the key of species identification using molecular marker
like CO1 sequences (Tembe et al., 2014). This is confirmed by this
study as the intraspecific and inter specific divergence are 0.53% and
18.48% respectively. Thus the present work shows the usefulness of
mitochondrial CO1 gene sequences in the identification and
conservation of the evolutionary processes that generate and preserve
biodiversity. DNA barcoding techniques greatly favor the taxonomic
studies. Molecular studies coupled with classical taxonomic works will
help in the current biodiversity crisis. The specimens of current work
belong to pest category since they cause destructive effects on crops.
The accurate and speedy identification of the pests are needed for a
suitable pest control strategy.
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Thus DNA barcoding and CO1 sequences are also helpful in
simple and rapid identification of invasive species and destructive
pests and also contributing to the world biodiversity database.

Conclusions

Our study results reveal that mitochondrial CO1 barcoding will
help for the identification of insect species quickly. An accurate
knowledge of this method is required for the proper use of it.
Present work contributes mitochondrial €O1 sequences to the
barcode data of bugs by the addition .of data from Southern parts of
India. Only if the database is kept.robust‘and renewed, the
identification and comparison ofspecies all around.the world will
be easy. It also aids the researches to identify,and study about the
cryptic and polymorphic forms.
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