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Abstract: Oryza sativa (L.) is one of the world’s most important crop providing
staple food for nearly half of the global population. Rice is subjected to
considerable damage by a number of grasshoppers. The accurate identification of
pest species is a crucial step for the appropriate application of control measures.
Molecular characterization and DNA barcoding of grasshopper pests of rice was
performed in the present research work. Six species of grasshopper pests were
identified from different paddy fields using COI gene sequences. Among the
sequences the A+T content (64.2%) was higher than the G+C (35.8%) content. The
interspecific genetic distance ranged between 13 and 34%. The haplotype analysis
of Conocephalus exemptus showed highest (110) mutated sites among the
analyzed species. Both the Maximum likelihood and Neighbor-joining phylogenetic
tree construction showed two distinct clades of short-horned and long-horned
grasshoppers. C. exemptus was found in another monophyletic group. Our results
demonstrate that DNA barcoding is likely to be a powerful tool for identifying and

understanding grasshopper evolution.

Key words: Grasshopper, Rice pest, COI gene, DNA barcoding, molecular
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INTRODUCTION

Grasshoppers of the order Orthoptera are considered as major injurious
pest of rice fields, grasslands, rangelands, corns, small grains and vegetable
crops all over the world (Branson and Sword 2009, Ciplak et al. 2008). The
temperate and tropical species of short-horned grasshoppers can cause
economical damage to postures and agriculture across the world. In the case of
heavy infestations, they attack any plants like trees, shrubs and herbs (Arya
2013). In Bangladesh, the rice production is attacked by number of grasshopper
pests. Plant physiology is disrupted by damage caused by such insects, resulting
in reduced crop yields (Ane and Hussain 2016, Nasiruddin and Roy 2012). When
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they attack crops severely, they can eat entire leaves and reduce the midrib of
plant stems (Riffat and Wagan 2009).

Accurate taxonomic identification is a key issue in attempting any integrated
pest management program. Traditionally, identification of pests at the species
level has been based on morphological analysis. The method of DNA barcoding
has become the choice for fast, dependable and cost-effective identification of
pest species. DNA barcoding not only correctly diagnoses adult specimens, but
also identifies eggs and larvae at the species level. DNA barcodes are intended to
identify species using a short, standardized gene region, the cytochrome c
oxidase subunit I (COI), as a species label (Hebert et al. 2003, Hebert and
Gregory 2005). A 658-bp fragment of COI gene is amplified using primers which
are efficacious at amplifying this region from metazoan mitochondria (Chapco
1999, Mukha et al. 2002, Song and Wenzel 2008). The mitochondrial DNA which
contained the structure and composition of genetic information can be used to
characterize a population, phylogenetic and make it possible to reconstruct
evolutionary relationships (Hebert et al. 2004, Lessinger et al. 2000).

DNA barcoding in grasshopper pests can be challenging, but well worthwhile, as
it may pursue several evolutionary processes. This study is the first assiduity to
construct a DNA reference dataset employing COI genes of grasshopper pests
and their molecular characterization and other related bio-informatic analyses.
Reference database that are stored in the GenBank can be used even by non-
entomologists for easy identification and take appropriate decision for control
measure.

MATERIALS AND METHODS

Sampling of grasshopper: The specimens (Fig. 1) were collected using
insect net from different paddy fields of Savar area. Preliminary identification
was carried out based on their morphology using identification keys (Srinivasan
and Prabakar 2013, Sultana and Wagan 2008, Morris 2002, Thakkar et al
2015). Somatic tissue rich in mitochondria (e.g. legs and wings) were separated
carefully from the specimens, cleaned by ethanol and stored in a -20°C freezer
for molecular analysis. The rest of the body of each grasshopper specimen was
stored as a voucher specimen.

DNA extraction: For genomic DNA extraction, the leg or wing tissue
samples were taken and used Wizard® Genomic DNA Purification Kit, USA,
following the manufacturer’s protocol after little modification as narrated in
Aslam et al. (2019a, 2019b) and Rain et al. (2019). The yield and integrity of
DNA was measured using NanoDrop™ 2000 spectrophotometer (Thermo Fisher
Scientific, USA) which was extracted from the samples.
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Gene Amplification and PCR products visualization: Extracts were amplified by
polymerase chain reaction (PCR) following standard protocols. Primer set used in
this study was LCO 1490 (5'- GGTCAACAAATCATAAAGATATTGG- 3') and HCO
2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') (Folmer et al. 1994). PCR was
performed using a Veriti® Thermal Cycler from Thermo Fisher Scientific, USA.
Amplified PCR products were analyzed using 1% agarose gel electrophoresis and
the DNA was exposed to a gel recording system (BioDoc Analyzer, Biometra,
Germany).

Gene sequencing: After purification (by PCR clean up system of Promega
Corporation- USA) and quality checkup (by NanoDrop Spectrophotometers of
Thermo Scientific spectrophotometer, USA) of PCR products sequencing was
performed to determine the nucleotide sequence of COI region. The sequencing
was carried out using ABI PRISM 3730xl Genetic Analyzer (Applied Biosystems,
USA).

Fig. 1. The morphology of grasshopper species (A. Chondracris rosea, B. Oxya fuscovittata, C.

Phlaeoba tenebrosa, D. Choroedocus violaceipes, E. Atractomorpha lata, F. Conocephalus exemptus).

Sequence analysis: Bio Edit v.7.0.5 software was used to check quality of
the chromatogram. Sequences were aligned by ClustalW with the help of MEGA
(Molecular Evolutionary Genetic Analysis) tools (version 10) (Kimura 1980,
Kumar et al. 2018). Nucleotide compositions were estimated and summarized,
and pairwise distances were assessed using Kimura 2 Parameter (K2P) model
with the MEGA10 program. Jalview, version 2.9 was used for preparing multiple
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sequence alignment (Von der Schulenburg et al. 2001). Popartl.7 software was
used to perform Haplotype networking. Maximum likelihood (ML) and neighbor-
joining (NJ) methods were used for reconstruction of phylogeny using bootstrap
with 1000 times of repetition in MEGA software program v.10.0. Some relevant
sequences were downloaded from NCBI GenBank for phylogenetic tree analysis.

RESULTS AND DISCUSSION

Grasshopper identification: A total of 754 grasshopper samples were
collected from various rice fields of Bangladesh and morphologically classified
(Fig. 1). The COI genes of these species were sequenced and the sequences
consisted of >600bp to <700bp. BLAST analysis (Basic Local Alignment Search
Tool) of retrieved sequences showed almost 100% similarity with the previously
deposited sequences of the NCBI GenBank. It confirms the accuracy of
identification of these grasshopper pests. They were found belong to 6 species
namely Atractomorpha lata, Phlaeoba tenebrosa, Choroedocus violaceipes,
Chondracris rosea, Conocephalus exemptus, Oxya fuscovittata. Among them, P.
tenebrosa, C. violaceipes, C. rosea, C. exemptus, O. fuscovittata were reported for
the first time from Bangladesh.

The successful sequences were submitted to GenBank database and gained
accession numbers (Table 1).

Table 1. Voucher ID, GenBank accession number and the GPS location of the sequenced
grasshopper species

Voucher ID Species name GPS Position GenBank Acc. no.
GHOE2 Chondracris rosea 23.954910N,90.279522E MKO007252.1
GHOK Oxya fuscovittata 23.199978N,90.726010E MH999493.1
GHOQ Phlaeoba tenebrosa 23.873019N,90.267504E MGS587919.1
GHOL3 Choroedocus violaceipes 23.887267N,90.271425E MG587923.1
GHOR Atractomorpha lata 23.771946N,90.375230E MH898871.1
GHOW2 Conocephalus exemptus 23.878203N,90.265187E MKO026737.1

Nucleotide composition of COI sequence: The COI sequences were analyzed for
nucleotide composition (Table 2). Total nucleotide composition of the COI gene
varied among the specimens but all the sequences showed expected maximum
AT biasness. As expected, average AT content (64.20%) was found significantly
higher than the GC content (35.8%) (Table 2). The highest percentage of
thiamine (T= 34.4%), guanine (G= 19.3%) and cytosine (C= 21.2%) found in C.
exemptus, adenine (A= 35.8%) in A. lata. On the contrary, the lowest percentage
of thiamine (T= 31.5%) and guanine (G= 14.4%) found in A. lata, cytosine
(C=17.8%) in O. fuscovittata and adenine (A= 25.1%) in C. exemptus.
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Table 2. Nucleotide composition of COI sequence of grasshopper pests

Species Position T (%) C(%) A(%) G(%) (A+T)% (G+C)%
1st 421 269 152 157
2nd 28.6  10.7  58.7 2.0 67.3 32.7
A. lata
3rd 239 173 335 254
1st 41.0 288 142  16.0
o Ond 333 12.7 4938 4.2 62.3 37.7
C. violaceipes
3w 20.8 19.8 27.8 31.6
1st 412 284 147 s15.6
2ond 38.1 9.0 49.5 3.3 64.4 35.6
C. rosea
3rd 21.8 194 280  30.8
1st 403 284 147  16.6
ond 40.8 152 355 8.5 59.5 40.5
C. exemptus
3rd 223 19.9 251  32.7
1st 416 280 145 159
nd 66.2 33.8
0. fuscovittata 2 35.5 7.9 55.1 1.4
3nd 23.8 173 280 308
1st 4255 274 142  16.0
ond 35.2 8.7 53.4 2.7 65.6 34.4
P. tenebrosa
3rd 243 183 271  30.3

Sequence alignment: Alignment was performed among the 6 grasshopper
pest species. The alignment result (Fig. 2) showed that the species had high
conserved region and low non- conserved region among them. So, all of the
grasshoppers species were closely related. The C. exemptus had highest degree
of non- conserved region and they were mostly diverse among them.

Interspecific genetic distance: The analysis was done using 6 nucleotide
sequences. Codon positions comprised were 1st+2nd+3rd+Noncoding. The
number of base substitutions in each site among the sequences is shown in
Table 3. The percentage of interspecific genetic divergence of grasshopper was
ranged from 13 to 34%. The lowest percentage (13%) of pairwise distance was
observed between O. fuscovittata and P. tenebrosa and highest distance (34%)
was found between A. lata and C. exemptus.
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Atractomorpha_lata/1-590 1 C.T........... AAT AAT .. . AL R .. 80

Choroedocus_violaceipes/1-590 1 T.A A ... cC..G..C .C. LT..C. .. 80

Chendracris_rosea1-390 1 T A . LT G T .. 80

Conocephalus_exemptus-500 1C T A ... ... G.AT. ... .. ... T..C... ...... G .. 80

Oxya_fuscovittata/f-580 1 c.T T 80

Phlaeoba_tenebrosa1-590 1 cC.T.. LT I .. 80

Atractomoipha_lata/1-390 8 .T.T..T LA .Gl A LA ACoo T.... 160
Choroedocus_violaceipes1-590 81 T T T.. CLG VAL LT .. 160
Chondracris_rosea/f-590 8 C c T A T G c.T 160
Conocephalus_exemptusi-590 aT.o .. AL AL T..... G..o..... c..... AL ..C..TC. .. 160
Quxya_fuscovittata/1-530 81 T ... T..C.. T LT .. 160
Phlaecba_tenebrosa/!-390 a1 o T A T B .. 160
Atractomorpha_lata/1-590 161 [ T [ A .C T .C.T. G..T AT A 240
Choroedocus_violaceipes/1-590 161 .. ... .. T T T ... c..T. [ C.G...T.A .A 240
Chondracris_roseaf-590 161 . ... .. T Coo T LT..C. S T..T 240
Conocephalus_exemptus1-390 161 T.A.. c..T .C G..T...... c.cc.g..C...... TT.A..T 240
Oxya_fuscovittataf-580 161 ... .. LG AL T..T. T A..T..T 240
Phlaeoba_tenebrosa1-950 161 c..T A .C c..T [+ TT.A 240
Atractomorpha_lata/1-590 41 A .G AL CAG. .CAL LALTA. AL ... G... ... T.. AT A AL 320
Choroedocus_violaceipes/1-320 241 LT .. GGA. .G..T..C..... G LT .. 320
Chondracris_roseaf-580 24 LW T T..T..T..T..... G LT, .. 320
Conocephalus_exempius/1-500 241 CG.GAGAAGCC . TA.C. . A..T. . G.. A C..T..T G C C 320
Quxya_fuscovittata/1-530 AT T AT .G............ A..C.. 320
Phlaeoba_tenebrosa1-590 4 LT, AL T TALLTOLAL T T LT [ . 320
Atractomoipha_lata/1-390 3 LTA.A AL T Coo L ALAL AL T .. 400
Choroedocus_violaceipes/1-590 321 T A..C..C G T C. 400
Chendracris_rosea’1-590 an G..A T T A A [ 400
Conocephalus exemptusd-590 3211 7. .T..T T CT.A.....G..C..A C. G..T.. ....... .. 400
Ouya_fuscovittata/T-580 3 LTLT LG CLT T .. 400
Phlaecba_tenebrosa/!-390 3 LA L c. . 400
Atractomorpha_lata/1-590 401 TAG [ A AC TAC. A T A A..C..T. . A 4B0
Choroedocus_violaceipes -390 401 .. ... ... .. ..., . ... ... LT ST AC c. o T .C 480
Chendracris_rosea1-390 a0 LT LA L T ... G..T.. Al LT 480
Conocephalus_exemptus/-390 401 . T. . A. ... ..... ...G..CCTG.G. . . T.T..T. . C.... T C..T...G.T........... .C 480
Oxya_fuscovittata/f-580 401 A T A T T 480
Phlaeoba_tenebrosa-590 401 G A T.A A T A 480
Atractomoipha_lata/1-390 a8 7. .C. B T AL AL G .. 560
Choroedocus_violaceipes/1-390 481 7. . T. Coo G..TC... .. ..... LT C.o.Coo Gl .. 560
Chondracris_rosea/f-590 481 C . TC cC.T..T T..T..T G c.C 560
Conocephalus_exemptus-590 481 C. . T.GC.TT T..T C..AC.T G..C..C..CG T c.T T..G 560
Quxya_fuscovittata/1-530 481 C . TT. T..T. T AT T G..CC......... .. 560
Phlaecba_tenebrosa/!-390 a8 7. .C. Cc.T. T G AL T..T.. o T ol T LGl .. 560
Atractomorpha_lata/1-580 561 T A T..T 590
Choroedocus_violaceipes/1-530 561 T A..C 590
Chondracris_roseaf-590 561 LA T .G..A..T..... 590
Conocephalus_exemptus1-390 561 LT T T..T..T..... 590
Ouya_fuscovittata/T-580 561 T T.....T..C..... 590
Phlasoba_tenebrosaf-590 561 T C G.. A C..T 590

Fig. 2. Multiple sequence alignment of COI genes of grasshoppers. Dots indicate the conserved and
the base pairs denote the non- conserved region.

Table 3. Interspecific genetic distances among 6 species of grasshopper pest

Species name 1 2 3 4 5 6
Atractomorpha lata
Choroedocus violaceipes 24

Chondracris rosea 22 17

Conocephalus exemptus 34 30 30

Oxya fuscovittata 20 16 14 30
Phlaeoba tenebrosa 22 15 16 32 13

Haplotype: A broadly used approach for measuring levels of genetic
variation within and between species is through the construction of haplotype.
TCS can also be used to visualize and estimate relationships among organisms
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using diagrams. Here, the haplotype analysis was performed among
mitochondrial gene of 6 grasshopper species (Fig. 3). The haplotype result of
mitochondrial COI gene of grasshopper indicated that all the species were highly
genetically diverse. O. fuscovittata and C. rosea separated from its immediate
common ancestors by 12 and 45 mutational steps. The P. tenebrosa showed 39
mutated sites from its immediate ancestor and the immediate ancestor among
them showed 8 mutational steps. Also, the immediate ancestor of P. tenebrosa
and C. exemptus and C. violaceipes separated from 13 mutational sites. C.
violaceipes genetically remote from its common ancestor by 38 mutational
numbers and C. exemptus showed highest (110) amount of mutated sites among
the grasshopper species.

Choroedocus_\iplaceines

Phizeoba_tengbross

Corocenhalus_exemplis

Oxya fuscovittata

Chonatacris_rosed

Fig. 3. Haplotype analysis. Large circles denote the haplotype and small circles the immediate
common ancestors. Mutational steps are marked hatch marks.

Phylogenetic analysis: Phylogenetic relationships were constructed using
the COI sequences of this study to examine whether the evolution of all
grasshopper species occurred in a common ancestor and the species were
closely related. The same species from GenBank was taken along with to confirm
the relationship. The hymenopteran species Apis mellifera (Acc. no. AF250946.1)
used as outgroup (Fig. 4 and J5).

The maximum likelihood tree (Fig. 4), indicates that the short-horned
species of Acrididae family namely C. violaceipes, P. tenebrosa, O. fuscovittata, C.
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rosea and A. lata were originated from one monophyletic group and the long-
horn species C. exemptus under Tettigoniidae family from another monophyletic
group. The species A. lata showed 64% identity with C. violaceipes forming a
major subclade. All other species formed many sub-branched among them with
different bootstrap value. C. violaceipes and P. tenebrosa diverge from a common
ancestor with 79% similarity, the C. rosea and O. fuscovittata also originated
from an immediate ancestor of P. tenebrosa with 26% similarity and showed
41% homology between them. All the individual species group showed 100%

similarity among them. The neighbor- joining tree (Fig. 5) also showed the same
result.

KY839506.1 Oxya fuscovittata
100 KC261379.1 Oxya fuscovitfata
47

MHS99493. 1 Oxya fuscovittatafresearch sp.)

2 L MKO007252 1 Chondracris rosea (research sp.)

MG587919.1 Phlaeoba tenebrosa (research sp.)
- 4100&92?509.1 Phlaeoba tenebrosa
gg, MG587923. 1 Choroedocus violaceipes (research sp.)
MG587918.1 Choroedocus violaceipes
- 100 | | FJ571158.1 Choroedocus violaceipes

KC139850.1 Choroedocus violaceipes
JQ301451.1 Choroedocus violaceipes

|— MHB98871.1 Atractomorpha lata (research sp.)

= HA180484. 1 Atractomorpha lata
l? KF966602.1 Atractomorpha lata
HA180485.1 Atractomorpha lata

MKO026737.1 Conocephalus exemptus (research sp.)

KY963259.1 Conocephalus exemptus

100

KY¥963258. 1 Conocephalus exemptus
1| KY963257. 1 Conocephalus exemptus
47 K¥963256.1 Conocephalus exemplus

KY963253.1 Conocephalus exemptus
731 KY963252 1 Conocephalus exemptus

AF250946.1 Apis mellifera (Outgroup)

nne

Fig. 4. The evolutionary chronicle of grasshopper species - deduced by Maximum Likelihood (ML)
method.

DNA barcoding is an effective tool for molecular identification of insects,
especially grasshoppers (Cywinska et al. 2006). The fundamental purpose of
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DNA barcoding is to standardize molecular methods for complementary
morphological species identification (Azpurua et al. 2010, Gutierrez et al. 2014,
Adeniran et al. 2019). Six grasshopper species were identified that were collected
from different paddy fields. Nasiruddin and Roy (2012) reported nine species of
grasshopper pests from paddy fields from two areas of Hathazari, Chittagong,
but they have no molecular evidence.

Various parameters are used to characterize DNA sequences (Dwivedi and
Gadagkar 2009). Among the sequence the average AT (64.2%) content is higher
than the GC (35.8%) content. The GC content of grasshopper is analogous to
the typical values of 33-53% in other animal lineages (Min and Hickey 2007).
This result shows identical pattern as reported by Zhang et al. (2010), Muraji
and Nakahara (2001), Muraji and Nakahara (2002). Previously different COI
sequence analysis from Bangladesh showed similar maximum AT content (Das
et al. 2020, Aslam et al. 2019a and 2019b, Sarker et al. 2019a and 2019Db).

JQ301451.1 Choroedocus violaceipes
¥ FJ571158.1 Choroedocus violaceipes
98 | | KC139850.1 Choroedocus violaceipes
MG587923.1 Choroedocus violaceipes (research sp.)
931 MG587918.1 Choroedocus violaceipes
5 MG587919.1 Phlaeoba tenebrosa (research sp.)
991 KF727509.1 Phlaeoba tenebrosa

MK007252.1 Chondracris rosea (research sp.)

57 MH999493.1 Oxya fuscovittata(research sp.)
51
— a3 lK Y839506.1 Oxya fuscovittata
601 KC261379.1 Oxya fuscovittata

MHB98871.1 Atractomorpha lata (research sp.)
KF966602.1 Atractomorpha lata
HN180485. 1 Atractomorpha lata
HN180484.1 Atractomorpha lata
MK026737.1 Conocephalus exemptus (research sp.)

5g) KY963253. 1 Conocephalus exemptus

99 KY963252.1 Conocephalus exemptus

a4 || KY963259.1 Conocephalus exemptus
58 KY963258.1 Conocephalus exemptus
s KY963256.1 Conocephalus exemptus
311 KY963257.1 Conocephalus exemptus

AF250946.1 Apis mellifera (Outgroup)

0.05

Fig. 5. The evolutionary relationship among grasshopper species was reckoned using the Neighbor-
Joining (NJ) method.
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In percentage terms, the range of intraspecific and interspecific COI variation is
found in other life groups, such as moths, beetles, birds which typically exhibit
<3% intraspecific variation and >2% interspecific variation (Rivera and Currie
2009, Pentinsaari et al. 2014, Schmidt et al. 2015, Huemer et al. 2018). The
interspecific genetic distance of grasshopper ranges between 13.8 and 34.5%
which supports the above range. Guo et al. (2011) reported interspecific
variation in sarcophagus species ranging from 7 to 10%.

The phylogenetic analysis provided better relationships among various
grasshopper species. The short-horned species and long horned- species were
grouped in two different clades. Our findings support the results of Hawlitschek
et al. (2017) and Nazir et al. (2014).

Moreover, all the grasshopper species were correctly identified with highest
identity values. The properties of the DNA sequences were precisely studied and
subsequently utilized for inferring the evolutionary data and the genetic
divergence was appropriately congruent. Therefore, this study may provide
deeper insights into the knowledge of grasshopper pests in rice and other
economically valuable crops based on their nucleotide sequences and
evolutionary history. In conclusion, the proper identification of these
grasshopper will help in control them from the injury of crops.

LITERATURE CITED

ADENIRAN, A. A., FERNANDEZ-SANTOS, N. A., RODRIGUEZ-ROJAS, J. J., TREVINO-GARZA, N.,
HUERTA-JIMENEZ, H., MIS-AVILA, P. C. and RODRIGUEZ-PEREZ, M. A. 2019. Identification
of phlebotomine sand flies (Diptera: Psychodidae) from leishmaniasis endemic areas in
southeastern Mexico using DNA barcoding. Ecol. and evol. 9(23): 13543-13554.

ANE, N. U. and HUSSAIN, M. 2016. Diversity of insect pests in major rice growing areas of the
world. J. Entomol. Zool. Stud. 4(1): 36-41.

ARYA, M. K. 2013. Community dynamics and secondary productivity of grasshoppers (Insecta:
Orthoptera) in a high altitude forest ecosystem in the Kumaun Himalayas, India. Ann. For.
21(2):273 245.

ASLAM, A. F. M., SULTANA, S., RAIN, F. F., SARKER, S., DAS, S. R., SIDDIKA, A. and HOWLADER,
A. J. 2019a. Molecular characterization and identification of three stored grain pests based on
mitochondrial cytochrome C oxidase subunit I (COI) gene sequences. Bangladesh J. Zool. 47(1):
1-11.

ASLAM, A. F. M., SULTANA, S., DAS, S. R. and HOWLADER, A. J. 2019b. DNA barcoding to resolve
the confusion in identifying Tribolium confusum and Tribolium castaneum. Bangladesh J.
Zool. 47(2): 333-342.



Molecular characterization and identification 227

AZPURUA, J., DE LA CRUZ, D., VALDERAMA, A. and WINDSOR, D. 2010. Lutzomyia sand fly
diversity and rates of infection by Wolbachia and an exotic Leishmania species on Barro
Colorado Island, Panama. PLoS Negl. Trop. Dis. 4(3): 627-635.

BRANSON, D. H. and SWORD G. A. 2009. Grasshopper herbivory affects native plant diversity and
abundance in grassland dominated by the exotic grass Agropyron cristatum. J. Restor. Ecol.17
(1): 89-96.

CHAPCO, W., KUPERUS, W. R. and LITZENBERGER, G. 1999. Molecular phylogeny of melanopline
grasshoppers (Orthoptera: Acrididae): the genus Melanoplus. Ann. Entomol. Soc. Am.
92(5):617-623.

CIPLAK, B., SIRIN, D., TALAN, M.S. and KAYA, S. 2008. Altitudinal size clines, species richness and
population density: case studies in Orthoptera. J. Orthop. Res..17(2):157- 163.

CYWINSKA, A., HUNTER, F. F. and HEBERT, P. D. 2006. Identifying Canadian mosquito species
through DNA barcodes. Med. Vet. Entomol. 20(4): 413-424.

DAS, S. R, TITHI, J. F., SARKER, S., RAIN, F. F. and ASLAM, A. F. M. 2020. Molecular diagnosis of
three pumpkin leaf beetle (Aulacophora spp.: Chrysomelidae; Coleoptera) pests through
molecular mt-DNA COI barcode approach. Bangladesh J. Zool. 48(2): 399-411.

DWIVEDI, B. and GADAGKAR, S.R. 2009. The impact of sequence parameter values on phylogenetic
accuracy. Biol. Med. 1 (3):50-62.

FOLMER, O., BLACK, M., HOEH, W., LUTZ, R. and VRIUENHOEK, R. 1994. DNA primers for
amplification of mitochondrial cytochrome c oxidase subunit I from diverse metazoan
invertebrates. Mol. Marine Biol. Biotechno. 13(5): 294-299.

GUO, Y., CAI, J., CHANG, Y., LI, X., and LIU, Q. 2011. Identification of forensically important
sarcophagid flies (Diptera: Sarcophagidae) in China, based on COI and 16S rDNA gene
sequences. J. Forensic Sci. 56: 1534-1540.

GUTIERREZ, M. A. C., VIVERO, R. J., VELEZ, I. D., PORTER, C. H. and URIBE, S. 2014. DNA
barcoding for the identification of sand fly species (Diptera, Psychodidae, Phlebotominae) in
Colombia. PLoS One. 9(1): e85496.

HAWLITSCHEK, O., MORINIERE, J., LEHMANN, G.U.C., KROPF, M., DUNZ, A., GLAW, F. and
SZUCSICH, N. U. 2017. DNA barcoding of crickets, katydids and grasshoppers (Orthoptera)
from Central Europe with focus on Austria, Germany and Switzerland. Mol. Ecol. Res. 17(5):
1037-1053.

HEBERT, P.D., CYWINSKA, A., BALL, S.L. and DEWAARD, J.R. 2003. Biological identification
through DNA barcodes. Series B: Biol. Sci. 270 (1512): 313-321.

HEBERT, P.D., STOECKLE M.Y., ZEMLAK T.S. and FRANCIS, C.M. 2004. Identification of birds
through DNA barcodes. PLoS. Biol. 2: 1657-1663.

HEBERT, P.D. and GREGORY, T.R. 2005.The promise of DNA barcoding for taxonomy. System. Biol.
54 (5):852-859.



228 Das et al.

HUEMER, P., HEBERT, P. D. N. and FIEDLER, K. 2018. Large geographic distance versus small DNA
barcode divergence: Insights from a comparison of European to South Siberian Lepidoptera.
PLoS One. 13:1-19.

KIMURA, M. 1980. A simple method for estimating evolutionary rate of base substitutions through
comparative studies of nucleotide sequences. J. Molecul. Evol. 16 (2):111-120.

KUMAR, S., STECHER, G., LI M., KNYAZ, C. and TAMURA, K. 2018. MEGA X: Molecular
Evolutionary Genetics Analysis across computing platforms. Mol. Biol. Evol. 35 (6):1547-1549.

LESSINGER, A.C., JUNQUIERA, M.C.A., LEMOS, T.A., KEMPER, E.L., DA SILVA F.R., VETTORE,
A.L. and AZEREDO-ESPIN, A. M. 2000. The mitochondrial genome of the primary screwworm
fly Cochliomyia hominivorax (Diptera: Calliporidae). Insect Mol. Biol. 9 (5):521-529.

MIN, X. J. and HICKEY, D. A. 2007. DNA barcodes provide a quick preview of mitochondrial genome
composition. PLoS One. 2(3): 325- 329.

MORRIS, S.J. 2002. Identification guide to grasshoppers (Orthoptera: Acrididae) in Central Otago
and Mackenzie country. Wellington, New Zealand: Department of Conservation.

MUKHA, D., BRIAN, W.M. and SCHAL, C. 2002. Evolution and phylogenetic information content of
the ribosomal DNA repeat unit in the Blattodea (Insecta). Insect Biochem. Mol. Biol. 32(9): 951-
960.

MURAJI, M. and NAKAHARA, S. 2001. Phylogenetic relationships among fruit flies, Bactrocera
(Diptera, Tephritidae), based on the mitochondrial rDNA sequences. Insect. Mol. Biol. 10: 549-
559.

MURAJI, M. and NAKAHARA, S. 2002. Discrimination among pest species of Bactrocera (Diptera:
Tephritidae) based on PCR-RFLP of the mitochondrial DNA. Appl. Entomol. Z. 37(3): 437-446.

NASIRUDDIN, M. and ROY, R.C. 2012. Rice field insect pests during the rice growing seasons in two
areas of hathazari, Chittagong. Bangladesh .J Zool. 40(1):89-100.

NAZIR, N., MEHMOOD, K., ASHFAQ, M. and RAHIM, J. 2014. Morphological and molecular
identification of acridid grasshoppers (Acrididae: Orthoptera) from Poonch division, Azad
Jammu Kashmir, Pakistan. J. Threat. Taxa. 6 (3): 5544-5552.

PENTINSAARI, M., HEBERT, P. D. N. and MUTANEN, M. 2014. Barcoding beetles: A regional survey
of 1872 species reveals high identification success and unusually deep interspecific
divergences. PLoS One. 9(9): 651-658.

RAIN, F.F., HOWLADER, A.J. and ASLAM, A.F.M. 2019. Molecular identification and
characterization of medically and veterinary important flies of Bangladesh based on
mitochondrial COI gene sequences. AsPac J. Mol. Biol. Biotechnol. 27 (4): 69-79.

RIFFAT, S., and WAGAN, M. S. 2009. Studies on morphology and ecology of grasshopper,
Hieroglyphus oryzivorus Carl, 1916 (Acrididae: Orthoptera). Pak. J. Zool. 41(5): 329-334.

RIVERA, J. and CURRIE, D. C. 2009. Identification of Nearctic black flies using DNA barcodes
(Diptera: Simuliidae). Mol. Ecol. Resour. 9(1): 224-236.



Molecular characterization and identification 229

SARKER, S., HOWLADER, A. J., RAIN, F. F. and ASLAM, A. F. M. 2019a. Predator performance of
Coccinella transversalis and its molecular identification. Bangladesh J. Zool. 47(2): 229-241.

SARKER, S., HOWLADER, A. J. and ASLAM, A. F. M. 2019b. Aphid Predation Efficacy of Coccinella
Septempunctata and Its Molecular Characterization Based on COI Gene Sequence. Nuclear Sci.
and Appl. 28(1&2): 51-55.

SCHMIDT, S., SCHMID-EGGER, C., MORINIERE, J. and ET, A. L. 2015. DNA barcoding largely
supports 250 years of classical taxonomy: Identifications for Central European bees
(Hymenoptera, Apoidea partim). Mol. Ecol. Resour. 15: 985-1000.

SONG, H. and WENZEL, J. W. 2008. Phylogeny of bird-grasshopper subfamily Cyrtacanthacridinae
(Orthoptera: Acrididae) and the evolution of locust phase polyphenism. Cladistics. 24(4): 515-
542.

SRINIVASAN, G. and PRABAKAR, D. 2013. A pictorial handbook on grasshoppers of Western
Himalayas. Zool. Survey of India. 1-75 pp.

SULTANA, R. and WAGAN M.S. 2008. Notes on the taxonomy, distribution and ecology of
Hieroglyphus nigrorepletus 1. Bolivar, 1912 (Hemiacridinae: Acrididae: Orthoptera) a major
paddy pest in Pakistan. Pak. J. Zool. 40(3):19-23.

THAKKAR, B., PARMAR, S. and PARIKH, P. 2015. Study on diversity of orthopteran fauna in South
Gujarat, India. Pure and Appl. Zool. 3:368-374.

Von der SCHULENBURG, J.H.G., HANCOCK, J.M., PAGNAMENTA, A., SLOGGETT, J.J., MAJERUS,
M.E. and HURST, G.D. 2001. Extreme length and length variation in the first ribosomal
internal transcribed spacer of ladybird beetles (Coleoptera: Coccinellidae). Mol. Biol. Evol.18 (4):
648-660.

ZHANG, B., LIU, Y. H.,, WU, W. X. and WANG, Z. L. 2010. Molecular phylogeny of Bactrocera species
(Diptera: Tephritidae: Dacini) inferred from mitochondrial sequences of 16S rDNA And COI
Sequences. Fla. Entomol. 93: 369-377.

(Manuscript received on 15 August 2022 revised on 29 August, 2022)



