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Abstract

Swallowtail butterflies (Papilionidae) are among the best-known insects in the world. Mitochondrial
cytochrome c oxidase I (COI, 642 bp) gene from nine species under four genera of swallowtail
butterflies was sequenced and submitted to the GenBank. Basic local alignment search tool (BLAST)
analysis showed that the COI gene sequences of these nine butterflies matched those of respective
species from different geographical areas (99-96% similarity). The interspecific genetic divergence
among swallowtail species was between 0.01-0.15%. Phylogenetic tree constructed using the
maximum likelihood algorithm showed that the species of swallowtail butterflies were originated
from a common ancestor where Papilio polytes, Papilio nephelus, Papilio demoleus, Papilio memnon and
Papilio polymnestor belonged to a cluster. On the other hand, Graphium agamemnon, Atrophaneura
varuna and Pachliopta aristolochige belonged to another cluster. In the TCS haplotype network,
considerable genetic divergence was observed among the nine species of swallowtail butterflies.
Both phylogenetic and haplotype analyses showed that Graphium doson was genetically most
divergent among the swallowtail butterflies studied in the present study. These results indicate that
Graphium spp. might be the good model system to uncover many biological processes like color
vision and image processing in organisms.

Keywords: Butterfly; DNA barcode; Evolutionary history; Graphium spp.; Species identification

1985). The butterflies of this family are the most well-

1 | Introduction

Butterflies are diurnal insects and a crucial group of
flower visitors in tropical ecosystems (Collins & Morris
1985; Bawa 1990). It is also considered as a good
indicator of the health of any specified terrestrial
ecosystem (Ghazoul 2002; Sharma & Sharma 2017) and
therefore treated as an important group of organisms to
study environmental and evolutionary processes
(Regier et al. 2013). Among them, swallowtail butterflies
belong to the Papilionidae family, which are large and
colorful creature of Lepidopterans (Collins & Morris

known group of invertebrates that comprises over 570
species worldwide (Shen et al. 2015). While IUCN-
Bangladesh assessed threat category of 305 species of
butterflies, of which 25 species fall under the
Papilionidae (IUCN Bangladesh 2015).

Swallowtail butterflies are recognized as model
organisms in ecology, visual processing, evolutionary
and behavioral biology (Collins & Morris 1985; Scriber
et al. 1995; Zakharov et al. 2004; Arikawa 2017).
Identification of butterflies, especially for swallowtails,
the molecular methods is important since phenotypic
variability caused by age, sexual dimorphism and
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seasonal variations as well as convergent evolution
cause more confusion to the species (Collins & Morris
1985; Kunte et al. 2011; Wilson et al. 2013). In this regard,
DNA sequences of the mitochondrial cytochrome
oxidase I (COI) gene can serve as a DNA barcode for
identifying all kinds of animals (Hebert et al. 2003). On
the other hand, phylogenetic
framework of butteries is lacking, which is crucial to

comprehensive

understand evolutionary history and
ecological adaptation (Espeland et al. 2018). Therefore,
the present work was conducted to generate COI gene
sequences and analyse the phylogenetic relationship of

timing of

swallowtail butterflies (Papilionidae) based on those
sequences.

2 | Materials and methods

2.1 | Sample collection

Butterfly specimens were collected from various
locations of Bangladesh (Table 1). The specimens were
collected by an insect net in the field and preserved by
dehydration in a small envelope. Butterflies were
identified morphologically by following the keys
described in Talbot (1939, 1947). Voucher specimens
were prepared as per Brower (1996).

2.2 | DNA extraction, amplification and
sequencing

Genomic DNA was extracted from these nine
swallowtail butterflies from the legs of adult using the
Wizard Genomic@ DNA Purification Kit (Promega,
Madison,WI, USA). PCR amplification of 642 bp long
segment of the mitochondrial cytochrome c¢ oxidase I
(CQOI) gene region was performed using the primers
LCO-1490 (5-GGICAACAAATCATAAAGATATIGGS3') and
HCO-2198 (5-TAAACTTCAGGGIGACCAAAAAATCA-3)

(Hebert et al. 2003). PCR was performed in 20 uL of Q2
Green PCR MasterMix (Promega, Madison, WI, USA) in
a thermal cycler (Vetteii, USA). The cycle conditions
were as follows: initial denaturation (94°C for 5 min), 35
cycles of denaturation (94°C for 1 min), primer
annealing (49°C for 1 min), and primer extension (72°C
for 1 min), and a final extension (72°C for 4 min). The
success of amplification was evaluated by 1% agarose
gel electrophoresis light (Bio
Analyzer). The amplification product was sequenced
using an ABI 3500 sequencer.

under ultraviolet

2.3 | Phylogenetic analysis

All The sequences of these nine butterfly species were
edited using Chromas version 2.6.2. The assembled
sequences were aligned using the ClustalW multiple
alignment function in BioEdit version 7.0 (Hall 1999).

Nucleotide compositions calculated and
summarized, and pairwise distances were estimated
using the Kimura 2 Parameter (K2P) model with the
MEGA10 program (Kimura 1980; Kumar et al. 2018).
Phylogenetic trees were constructed in MEGA10 using
the K2P model and 1000 bootstrap replications with the

maximum likelihood methods (Kumar et al. 2018).

were

Orthetrum sabina from Bangladesh was used in
phylogenetic analyses as an outgroup (Table 1).

2.4 | Haplotype network

Haplotype network was constructed using the program
POPART 1.7 (Leigh & Bryant 2015) based on TCS
network (Clement et al. 2000). The haplotype network
identifies  the
haplotypes.

mutational  relationship  among

Table 1. List of taxa, GenBank accession numbers and the GPS coordinates of Papilionidae species used in this study

Species Name GPS Date of collection Voucher GenBank
Coordinates No. Accession No.

Papilio polytes 23.8725 N 90.2675 E 06-07-2017 BBV 0237 MG892099
Papilio demoleus 23.8758 N 90.2683 E 18-07-2017 BBV 0238 MF775396
Papilio memnon 24.3278 N 91.7836 E 12-05-2018 BBV 0236 MKO014745
Papilio polymnestor 23.8758 N 90.2683 E 02-11-2017 BBV 0241 MKO014746
Papilio nephelus 24.3278 N 91.7836 E 30-04-2017 BBV 0239 MHO019969
Graphium agamemnon 23.87442 N 90.26814 E 24-08-2017 BBV 0230 MH019968
Graphium doson 23.87442 N 90.26814 E 18-07-2017 BBV 0228 MKO014744
Atrophaneura varuna 24.32647 N 91.78356 E 16-03-2018 BBV 0226 MH807562
Pachliopta aristolochiae 23.8758 N 90.2683 E 26-02-2018 BBV 0235 MHB807561
Orthetrum sabina* 23.872742 N 90.267578 E 14-06-2017 DRBV 029 MF784360

* Orthetrum sabina is a dragonfly and used as out-group in the phylogenetic analysis
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3 | Results
Nine swallowtail butterflies'
mitochondrial  cytochrome ¢

oxidase I (COI) gene sequences
were generated and they were T
subsequently submitted to NCBI's
GenBank. The accession numbers
are listed in Table 1. BLAST results
that the COI gene
sequences of nine species matched
(99% to 96%) with those species in
the NCBI's GenBank submitted

from different geographical areas.

showed

Graphium_doson

3.1 | Genetic distance analysis

Nucleotide divergence values of SRS

the nine species based on the
Kimura-2 parameter model ranged
from 0.01 to 0.15 (Table 2). The
shortest distance of 0.01 was
obtained between P.polymnestor

marks and numbers.

and P.memnon, indicating that these two species are the
closest in their genetic makeup. The highest distance of
0.15 was obtained between A.varuna and P.memnon,
A.varuna and P.polymnestor as well as A.varuna and P.
nephelus, respectively.

3.2 | Phylogenetic analysis

The maximum likelihood phylogenetic tree of the nine
species showed monophyletic entity and shared a
common ancestor (Fig.1). Phylogenetic tree revealed
two main clades, A and B. Clade A consisted of six

5 Papilio polytes (MG892099)
_: Papilio nephelus (MH019969)
Papilio demoleus (MF775396)
r Papilio memnon (MK014745)
100 L Papilio polymnestor (MK014746)

Graphium agamennon (MH019968)

76

42 3

Graphium doson (MK014744)

S ——
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Figure 2. TCS haplotype network of Swallowtail butterflies based on mitochondrial
COI gene (642 bp). Large circles represent the haplotype and small circles represent
the immediate common ancestors. Mutational steps are presented by the hatch

species of one genus that includes Papilio polytes, Papilio
nephelus, Papilio demoleus, Papilio memnon and Papilio
polymnestor, while Clade B consisted of three species of
three genera that includes Graphium agamemnon,
Atrophaneura varuna and Pachliopta aristolochiae (Fig. 1).
On the other hand, Graphium doson situated distantly
compared to these two clades.

3.3 | Haplotype network

The TCS haplotype network of mitochondrial COI gene
of nine butterflies showed mutational relationship
among them (Fig. 2). P. polytes and P. nephelus separated
from its immediate common ancestor by 22
and 24 mutational steps, respectively. These
two species were separated again from P.
memnon by 23 mutational steps. On the other
hand, P. polymnestor, P. demoleus, P.
aristolochiae and A. varuna were diverged from
its immediate common ancestors by 1, 21, 16
and 32 mutation steps respectively. G.
agamemnon and G. doson showed highest
number of mutated sites among other
swallowtail species and genetically distant
from its common ancestors by 35 mutational
numbers.

[=~]

4 | Discussion

Figure 1. Maximum likelihood tree of the swallowtail butterflies based

on partial sequences (642 bp) of mitochondrial COI gene. Bootstrap
values are shown at the branching points. O. sabina was used as the

out-group.

DNA sequences of the mitochondrial

cytochrome oxidase I (COI) gene can serve as
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Table 2. Interspecific genetic distance among Papilionidae species based on Kimura 2 Parameter on COI gene fragment

(642 bp)
Species Name 1 2 3 4 5 6 7 8
Papilio polytes
Papilio demoleus 0.10
Papilio memnon 0.08 0.09
Papilio polymnestor 0.08 0.08 0.01
Papilio nephelus 0.07 0.09 0.09 0.08
Graphium agamemnon 0.13 0.12 0.14 0.14 0.13
Graphium doson 0.12 0.12 0.14 0.13 0.12 0.12
Atrophaneura varuna 0.13 0.14 0.15 0.15 0.15 0.13 0.13
Pachliopta aristolochiae 0.12 0.10 0.12 0.12 0.12 0.11 0.11 0.08

a DNA barcode for identifying all kinds of animals,
especially cryptic species in tropical regions (Hebert et
al. 2003, 2004a b; Ward et al. 2005; Hajibabaei et al. 2006).
In the present study, COI gene sequences of nine species
of swallowtail butterflies were generated and submitted
to NCBI's GenBank. BLAST results showed that the COI
gene sequences of nine species matched with the COI
sequences of respective species, which already
deposited in NCBI GenBank databases. These
sequences will help to identify such butterflies
effectively in future studies including monitoring of
iodiversity, elucidation of cryptic species and new
species descriptions.

Besides taxon identification by means of COI gene
sequences, systematic and phylogenetic analysis using
the gene sequences were carried out by several workers
in different groups of insects including swallowtail
butterflies (Simonsen et al. 2011; Rukhsana et al. 2014;
Ruihua et al. 2018). In the present study, phylogenetic
relationship of the swallowtail butterflies determined
by the ML method using partial sequences of the COI
gene, which is generally supported the results obtained
by traditional classification methods. Here,
phylogenetic analysis showed that there are two clades
where G. doson situated distantly among all swallowtail
butterflies. In many behavioral patterns including
foraging and color discrimination, Graphium spp.
showed distinguished responses than any other
butterflies including Papilio (Chen et al. 2016).
Moreover, in the haplotype analysis highest mutational
steps (35 steps) were observed both for G. agamemnon
and G. doson respectively (Fig. 2). These results indicate
that genetic makeup of these butterflies is unique than
any other studied swallowtail species. In addition, these
results are also supported by phylogenetic tree analysis
in the present study as well. These genetic variations of
Graphium spp. are caused by the mutation which is
fundamental to evolutionary process. However, animal

with a higher rate of mutation is beneficial for faster

adaptation to its environment (Sprouffske et al. 2018).
As mentioned previously that the behavioral and
physiological responses of Graphium spp. is notable in
nature, as they are very much fast flier and have
remarkable color vision capacity than any other
butterflies including Papilio (Chen et al. 2016). In color
vision, Papilio xuthus has six classes of photoreceptors in
eye Graphium  sarpedon
remarkably has 15 classes of photoreceptors (Arikawa
2017; Chen et al. 2018). Taken together, it is evident that
genetic makeup of Graphium spp. is different and
unique among all butterflies, and hence might be the

its compound whereas

promising model organism to solve many biological
processes in future.

5 | Conclusions

The present study reveals DNA barcoding in the
identification of nine swallowtail butterflies and
develops a comprehensive DNA barcode database for
these butterfly species from Bangladesh. The present
study also elucidates the molecular phylogenetic
relationship among swallowtail butterflies. Among the
studied species, Graphium doson is unique in its genetic
makeup and this could be a good model system to
uncover many biological processes in future.
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