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ABSTRACT

Accurate identification of agricultural pests is key requirement for the successful integrated pest man-
agement (IPM) program. However, due to limitations of conventional morphological methods, other
molecular method like DNA barcoding is used. The current study was designed to evaluate the accur-
acy of morphological identification of insect pests using DNA barcoding. Morphologically, a total of
247 insect pests, representing 10 families, 18 genera, 22 species were identified. However, molecular
identifications confirmed the presence of 11 families, 16 genera, and 20 species of agricultural pests. A
total of 59 specimens were processed for DNA barcoding but genomic sequences of mt COI gene up
to 600bp were revived from 48 samples. Specimens that were misidentified through morphological
studies were placed to their appropriate taxon, using this molecular approach. Results revealed the
existence of clear barcode gap for different pest species. Moreover, the values of distance with the
nearest neighbour recorded were higher than the maximum intra-sequence divergences for all species.
It is concluded that DNA barcoding is a reliable technique for identification of agricultural pests, espe-
cially for immature stages when morphometric studies are ambiguous and will be helpful in the devel-
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opment of more effective pest management options for regulating pest species.

Introduction

Identification of the specimens at the species level is neces-
sary for understanding the diversity of the species, phylogen-
etic patterns, and evolutionary relationships (Platnick 2014).
Though the insects catalog document more than one million
species but millions of them are still undiscovered (Grimaldi
and Engel 2005). Traditionally, different morphological traits
are used for the identification of insect pests (Jinbo et al.
2011). However, identifications based on morphology are
often difficult and time consuming (Barrett and Hebert 2005).
Immature life stages, i.e. juveniles, early instar and pupae are
not identified by routine taxonomy as most of the morpho-
taxonomic keys are used for the analysis of adults only
(Barrett & Hebert 2005). Phenotypic plasticity often compli-
cates the morphological identifications (Murugan et al. 2016).
Cryptic species are also difficult to identify on the basis of
morphology. Moreover, high level of experience is required
for the effective use of taxonomic keys (Ball and
Armstrong 2006).

Molecular methods are now used widely by the taxono-
mists to solve the intricacy associated with traditional mor-
phological method (Navajas and Fenton 2000). Among these
methods, DNA barcoding is the easiest and the most

frequently used technique (Nagoshi et al. 2011; Van der Bank
et al. 2012). In this technique, short standardized gene region
of mitochondrial cytochrome C oxidase subunit | is used for
discriminating species (Hebert et al. 2003). This specific
sequence (658 bp) is known as DNA barcode and is used as a
species tag or barcode tag for each animal taxa (Jinbo et al.
2011). COI gene region is preferably used as it is found in all
eukaryotic life forms. Furthermore, deletions and insertions
are rare in this gene region. Finally, COI fragment bears suffi-
cient sequence divergence to discriminate the closely linked
species (Hebert et al. 2003). In addition, the amplification of
this COI fragment is quite easy due to its appropriate (short)
sequence length and the robust universal primers (Folmer
et al. 1994; Zhang and Hewitt 1997; Simmons and
Weller 2001).

Sometimes, mitochondrial DNA sequences are not gener-
ated, in that case, alternate markers are used (Vences et al.
2005). These supplementary markers include ribosomal DNA
internal transcribed spacers region 2 (ITS-2) (Kumar et al.
2009), 12s, 16s rDNA (Steinke et al. 2005; Vences et al. 2005;
Kappner and Bieler 2006; Aliabadian et al. 2009), NADH
dehyrogenase subunit 1 (nadh1) (Jalali et al. 2015) and cyto-
chrome b (cytb) (Bradley and Baker 2001; Pfunder et al. 2004;
Desalle 2006; Hajibabaei et al. 2006; Jalali et al. 2015).
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Table 1. Mean and maximum value of intra-specific and nearest neighbour distances among different families of insect pests.

Species name Mean intraspecific divergence

Maximum intraspecific divergence

Nearest neighbour species Distane to NN

Riptortus linearis N/A
Nephotettix nigropictus 0.06
Nephotettix parvus 0.15
Cletus sp. N/A
Nilaparvata lugens 0

Sogatella furcifera 0.08
Antestia degenera N/A
Cnaphalocrocis medinalis 0.12
Diaphania indica 0.15
Scirpophaga incertulas N/A
Scirpophaga innotata 0.77
Pelopidas mathias N/A
Sesamia inferens N/A
Spodoptera sp. 0

Acrida turrita N/A
Oxya chinensis 0.31
Atractomorpha crenulata 133
Conocephalus longipennis 1.39

N/A Cletus sp. 18.93
0.15 Nephotettix parvus 19.46
0.31 Nephotettix nigropictus 19.46
N/A Riptortus linearis 18.93
0 Scirpophaga innotata 26.9
0.15 Nephotettix nigropictus 21.89
N/A Riptortus linearis 20.92
0.31 Scirpophaga incertulas 10.32
0.15 Cnaphalocrocis medinalis 11.37
N/A Cnaphalocrocis medinalis 10.32
0.77 Cnaphalocrocis medinalis 15.61
N/A Cnaphalocrocis medinalis 12.81
N/A Spodoptera sp. 9.28
0 Sesamia inferens 9.28
N/A Oxya chinensis 15.62
0.31 Acrida turrita 15.62
2.66 Acrida turrita 18.93
1.39 Diaphania indica 23.39

N/A denotes that species is singleton.

Unlike nuclear DNA, mitochondrial DNA evolves rapidly due
to the absence of proofreading mechanisms during DNA syn-
thesis (Hoy 2003) as these DNA sequences have no introns
(Saccone et al. 1999; Floyd et al. 2009). They are preferred as
mtDNA are maternally inherited and rarely undergo recombi-
nations (Saccone et al. 1999; Birky 2001). Moreover, mtDNA
are relatively abundant (generally hundreds and thousands of
copies are present per cell) (Hoy 2003) so it is easy to extract
mtDNA even from a small body part of the animal (Stoeckle
and Hebert 2008).

The current study has been undertaken to identify the
insect pests collected from the agricultural fields of Sialkot
and Lahore District with the help of DNA barcoding and to
evaluate the accuracy of this systematic tool for estimation of
species diversity. The generated barcode sequences during
present research were also compared with the previous
sequences at Genebank data for confirmation of the morpho-
metric identifications.

Materials and methods
Insects collection

Live insects were collected from the rice fields of Sialkot
(32.494N, 74.5229E) and Lahore (31.479N, 74.2662E) District
using sweeping net, visual searching, and hand picking
method. Sampling was conducted from July 2017 to
November 2017.

Preservation

Insects collected in glass vials (20mL) were brought to the
laboratory in the Department of Zoology, Government
College University, Lahore. Insects were washed with alcohol
and transferred with the forceps to clean glass vials in the
laboratory. Specimens were preserved in 95% alcohol and
kept at -20°C before DNA extraction. All the samples were
labelled properly with their site of collection, collection date,
collector’s name as well as Geo-coordinates of the area
selected for collection.

Morphological identification

Identification of insects to the species level was done by
investigating the morphological characters of different body
parts, with the help of catalogues and keys available, such as
Vreden and Ahmadzabidi (1986), Pathak and Khan (1994),
Chanthy et al. (2010), Gupta and Singh (2013), Murthy et al.
(2015) and Whiting (2017). Specimens were photographed
with the help of stereozoom dissecting microscope (BCVS121
&BIOCOM UK) and digital camera (Canon power shot G9
digital camera).

DNA barcoding and sequencing

To assess the validity of morphological identification of insect
pests, 658 base pairs of cytchrome C oxidase | (barcode
sequences) was sequenced. For this purpose, DNA was iso-
lated form left leg of specimens according to the protocol of
Thermo Scientific "Genomic DNA Extraction Kit". Barcode
gene region of specimens was amplified via PCR and PCR
products were verified through agarose gel electrophoresis.
For sequencing, the PCR products and tissues were sent to
Canadian Centre for Biodiversity Genomics, University of
Guleph, Canada. Moreover, all the sequenced specimens
were stored as voucher specimens in the library of University
of Guleph, Canada.

Data analysis

Sequence evaluation tool available in the BOLD (www.
Barcoding life. org) was used to compute distance summaries
as well as for construction of the Neighbour-Joining tree. The
analysis of Barcode gap was also performed with the help of
available tool. For all species, mean and maximum intra-
sequence variations as well as distance with the NN (nearest
neighbour) were assessed. Barcode sequences of the sampled
specimen are available online in the dataset of MTINS pre-
sent in the Database of BOLD.
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Figure 1. Histogram representing clear barcode gap between intra and inter-
specific divergences for insect pests of different families.

Results

Out of the total 59 specimens, genomic sequences of mt COI
gene up to 600 b.p were effectively revived from 48 samples.
Molecular identification studies revealed the existence of 20
species representing 16 genera and 11 families. Barcode gap
of the sequenced specimens revealed that maximum values
of intra-specific divergence vary from 0% in Nilaparvata
lugens, Spodoptera sp. to 2.66% in Atractomorpha crenulata.
The observed range of distance with their nearest neighbour
(NN) was 9.28% in Sesamia inferens, Spodoptera sp. to 26.9%
in Scirpophaga innotata as depicted in Table 1. Moreover, the
histogram shows a clear barcode gap between intra and
intersequence divergence values (Figure 1). Different species
and genera were clearly separated by Neighbour-Joining tree
as represented in Supplementary file 1.

The retrieved barcode sequences were also judged with
previous sequences in Genebank and the specimens that
showed 98% similarity with other specimens in dataset were
considered that particular species available in the Genebank
data. These sequence comparisons revealed close resem-
blence (>99) for Cnaphalocrocis medinalis, Diaphania indica,
Nephotettix nigropictus, Nilaparvata lugens, and Pelopidas
mathias. However, Sogatella furcifera (GCUL-MTINS 26, 27)
and Riptortus linearis (GCUL-MTINS-48) did not show any
resemblance with available sequences in the Genebank
revealed that these were new records to the Genebank.
Acrida sp., Acrida turrita, Atractomorpha crenulata showed
more than 97% similarity with Acrididae sp., while
Atractomorpha crenulata (GCUL-MTINS-60) showed 99%
similarity with Metaleptea brevicornis, Antestia degenera
showed 99% similarity with Dolycoris indicus, Cletus sp.
showed 99% similarity with Cletus pugnator, Conocephalus
longipennis showed 98% similarity with Conocephalus macula-
tus, Nephotettix parvus showed 99% similarity with
Cicadellidae sp., Nephotettix sp. showed 99% similarity with
Nephotettix nigropictus, Oxya chinensis showed 99% similarity
with Oxya hyla, Pelopidas mathias (GCUL-MTINS-16) showed
more than 97% similarity with Parnara guttata, Scripophaga
incertulas showed 99% with Spilartia oblique, Scripophaga
innotata showed 100% resemblance with Euproctis sp,
Sesamia inferens showed 99% similarity with Mythimna sp.,

Sogatella furcifera (GCUL-MTINS-29, 30, 31, 32) showed 98%
similarity with Hemiptera sp. and Spodoptera sp. showed
100% similarity with Spodoptera litura as shown in
Supplementary file 2. Immature and misidentified specimens
were placed to their appropriate taxa on the basis of their
genomic sequences.

Discussion

Morphometric identifications of the insect pests have some
limitations i.e. most of the economically important pests are
difficult to identify via morphotaxonomic keys even by spe-
cialists because large number of insect pests belong to mor-
phologically cryptic species (Busvine 1980; Della Torre et al.
2002; Clark et al. 2005). Identifications of eggs and instars of
pest species are difficult on the basis of morphological char-
acters (Ball & Armstrong, 2006). In these circumstances, DNA
barcoding provide quick and authentic means for species
identification (Hebert et al. 2004; Ball and Armstrong 2006;
Blagoev et al. 2013; Raso et al. 2014; Dona et al. 2015; Xu
et al. 2015). The authenticity of DNA barcoding relies on bar-
code gap. Barcode gap is actually the variations in the bar-
code sequences, which are substantially lower in the
members of same species as compared to members of
closely related species; greater the barcode gap greater is the
validity of results (Hebert et al. 2004; Meyer and Paulay 2005;
Dasmahapatra and Mallet 2006; Meier et al. 2008). Moreover,
in this technique, species is considered as distinct species
from its NN (nearest neighbour), if the maximum value of
intraspecific distances are less as compared to distances of its
nearest neighbour (Ashfaq et al. 2014).

In the current work, morphological traits that were utilized
for identification process were later confirmed via DNA bar-
coding. In our results, morphological method failed to recog-
nize immature insect pests of Noctuidae family as well as
some members of Crambidae, Tettigonidae, Hesperiidae, and
Pentatomidae family. DNA barcoding played an important
role to successfully resolve this intricacy and assigned each
species to appropriate taxon. DNA barcoding is helpful to
solve problems even when morphological studies are
ambiguous (Candek and Kutner 2015). Many other research-
ers have also reported the difficulties during morphotaxo-
nomic identifications of different insect groups that includes
Phyllaphaga sp. larva (Coleoptera, Scarabaeidae) (Doskocil
et al. 2008), Bactrocera tryoni, Queensland fruit fly
(Tephritidae) (Blacket et al. 2012) and whiteflies (Shatters
et al. 2009). DNA barcoding technique aid researchers by
accurately identifying these species.

In the present study, mitochondrial COI gene based identi-
fication was successful for all pest species. At first, clear bar-
code gap was not observed for different pest species due to
overlap in inter and intrasequence divergence values.
However, when the members of Acrida sp, Nephotettix sp,
Sogatella furcifera and Pelopidas mathias species that were
either misidentified or showed no match with previous
sequences in the Genebank data were removed, a clear cut
barcode gap was observed between inter and intrasequence
divergence values. Moreover, the maximum intrasequence


https://doi.org/10.1080/23802359.2018.1532334
https://doi.org/10.1080/23802359.2018.1532334

variation recorded was lower than the distance with NN for
different species of agricultural pests. Liu et al. (2014) worked
on Noctuidae and Arctiidae family and observed the similar
results. Similar results were attained by Gopurenko et al.
(2013) during identification of leafhoppers, treehoppers, and
planthoppers (Hemiptera: Auchenorrhyncha) via
DNA barcoding.

In our results, Nearest Neighbour distances were effect-
ively larger than the maximum values of intra-sequence
divergences for all species. Park et al. (2011) have reported
similar results for true bugs (Hemiptera: Heteroptera) i.e. less
than 2% nucleotide divergence was observed within mem-
bers of same species. Likewise, in tussock moth pest species,
mean intra-specific barcode variations achieved was <1%
(Ball and Armstrong 2006). Huang et al. (2013) reported par-
allel  results for grasshoppers of Acridoidea family
(Orthoptera: Caelifera), such as nucleotide variations within
members of same species are slightly less or distinctly greater
than 1%.

In some cases, barcode variations among the members of
same species were exceptionally larger than previously esti-
mated values. For example, in one of Chinese grasshopper
species, Sinopodismqa lofaoshana, the maximum intrase-
quence divergences achieved was 5.56% (Huang et al. 2013).
However, in our findings, the maximum value of intraspecific
divergence recorded was 2.66%, which is in the range of
intraspecific threshold value estimated by Carew et al. (2007)
while working on various invertebrates and insect species.

It can be concluded that DNA barcoding is an effective
approach for screening agricultural pests present in rice
fields. In this study, morphological identification alone works
satisfactorily. However, integrated barcoding, combination of
traditional taxonomy and molecular methods, enhance the
accuracy and reliability of results. Overall, this study contrib-
utes important information to the molecular ecology of pest
species attacking paddy crops in Punjab, Pakistan, and will
be helpful in the development of more effective pest man-
agement strategies.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Aliabadian M, Kaboli M, Nijman V, Vences M. 2009. Molecular identifica-
tion of birds: performance of distance-based DNA barcoding in three
genes to delimit parapatric species. PLoS One. 4:1-8.

Ashfag M, Hebert PDN, Mirza JH, Khan AM, Zafar Y, Mirza MS. 2014.
Analyzing mosquito (Diptera: Culicidae) diversity in Pakistan by DNA
barcoding. PLoS One. 9:1-12.

Ball SL, Armstrong KF. 2006. DNA barcodes for insect pest identification:
a test case with tussock moths (Lepidoptera: Lymantriidae). Can J
Forest Res. 36:337-350.

Barrett RDH, Hebert PDN. 2005. Identifying spiders through DNA barco-
des. Can J Zool. 83:481-491.

Birky CW. 2001. The inheritance of genes in mitochondria and chloro-
plasts: laws, mechanisms, and models. Annu Rev Genet. 35:125-148.
Blagoev GA, Nikolova NI, Sobel CN, Hebert PDN, Adamowicz SJ. 2013.

Spiders (Araneae) of Churchill, Manitoba: DNA barcodes and

MITOCHONDRIAL DNA PART B 1223

morphology reveal high species diversity and new Canadian records.
BMC Ecol. 13:44-44.

Blacket MJ, Semeraro L, Malipatil MB. 2012. Barcoding Queensland fruit
flies (Bactrocera tryoni): impediments and improvements. Mol Eco
Resour. 12:428-436.

Bradley RD, Baker RJ. 2001. A test of genetic species concept: cyto-
chrome-b sequences and mammals. J Mamm. 82:960-973.

Busvine JR. 1980. Cryptic species of insect disease vectors and their
importance. Endeavour. 4:108-112.

Candek K, Kuntner M. 2015. DNA barcoding gap: reliable species identifi-
cation over morphological and geographical scales. Mol Ecol Resour.
15:268-277.

Carew ME, Pettigrove V, Cox RL, Hoffmann AA. 2007. DNA identification
of urban Tanytarsini chironomids (Diptera: Chironomidae). J North Am
Benthol Soc. 26:587-600.

Chanthy P, Belfield S, Martin R. 2010. Insects of upland crops in
Cambodia. Australian Centr Int Agric Res. 132. ISBN: 978-1-921615-88-
7.

Clark AR, Armstrong KF, Carmichael AE, Milne JR, Raghu S, Roderick GK,
Yeates DK. 2005. Invasive phytophagous pests arising through a
recent tropical evolutionary radiation: the Bactrocera dorsalis complex
of fruit flies. Annu Rev Entomol. 50:293-319.

Dasmahapatra KK, Mallet J. 2006. Taxonomy: DNA barcodes: recent suc-
cesses and future prospects. Heredity. 97:254-255.

Della Torre A, Costantini C, Besansky NJ, Caccone A, Petrarca V, Powell
JR, Coluzzi M. 2002. Molecular and ecological aspects of incipient spe-
ciation within Anopheles gambiae: the glass is half full. Science
(Washington DC). 298:115-117.

Desalle R. 2006. Species discovery versus species identification in DNA
barcoding effort, response to Rubinoff. Conserv Biol. 20:1545-1547.
Dona J, Diaz-Real J, Mironov S, Bazaga P, Serrano D, Jovani R. 2015. DNA
Barcoding and minibarcoding as a powerful tool for feather mite stud-

ies. Mol Ecol Resour. 15:1216-1225.

Doskocil JP, Walker NR, Bell GE, Marek SM, Reinert JA, Royer TA. 2008.
Species composition and seasonal occurrence of Phyllophaga
Coleoptera, Scarabaeidae infesting intensely managed Bermudagrass
in Oklahoma. J Econ Entomol. 101:1624-1632.

Floyd RM, Wilson JJ, Hebert PDN. 2009. DNA barcodes and insect bio-
diversity. Insect Biodiv Sci Soc.417-431. ISBN: 978-1-4051-5142-9.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. DNA primers for
amplification of mitochondrial cytochrome c oxidase subunit | from
diverse metazoan invertebrates. Mol Mar Bio Biotech. 3:294-299.

Gopurenko D, Fletcher MJ, Locker H, Mitchell A. 2013. Morphological and
DNA barcode species identifications of leafhoppers, planthoppers &
treehoppers (Hemiptera: Auchenorrhyncha) ar Barrow Island. Rec West
Aust Mus Sup. 83:253-285.

Grimaldi D, Engel MS. 2005. Evolution of the Insects. New York:
Cambridge University Press.

Gupta R, Singh D. 2013. Taxonomic notes on five species of the genus
Cletus Stal (Heteroptera: Coreidae) from northern India with particular
reference to their female genitalia. J Entomol Zoo Stud. 1:44-51.

Hajibabaei M, Janzen DH, Burns JM, Hallwachs W, Hebert PDN. 2006.
DNA barcodes distinguish species of tropical Lepidoptera. Proc Natl
Acad Sci USA. 103:968-971.

Hebert PDN, Penton EH, Burns JM, Janzen DH, Hallwachs W. 2004. Ten
species in one: DNA barcoding reveals cryptic species in the neotrop-
ical skipper butterfly Astraptes fulgerator. Proc Natl Acad Sci USA. 101:
14812-14817.

Hebert PDN, Ratnasingham S, De Waard JR. 2003. Barcoding animal life:
cytochrome ¢ oxidase subunit 1 divergences among closely related
species. Proc R Soc Lond B Biol Sci. 270(Suppl 1):96-99.

Hoy MA. 2003. Insect molecular genetics: an introduction to principles
and applications. San Diego, California: Academic Press.

Huang J, Zhang A, Mao S, Huang Y. 2013. DNA barcoding and species
boundary delimitation of selected species of Chinese Acridoidea
(Orthoptera: Caelifera). Plos One. 8:282400.

Jalali SK, Rakshit O, Venkatesan T. 2015. DNA barcoding for identification
of agriculturally important insects. In: Chakravarthy AK, editor. New
horizons in insect science: towards sustainable pest management.
New Dehli: Springer; p. 13-23.



1224 H. M. TAHIR

Jinbo U, Kato T, Ito M. 2011. Current progress in DNA barcoding and
future implications for entomology. Entomol Sci. 14:107-124.

Kappner |, Bieler R. 2006. Phylogeny of venus clams (Bivalvia: Venerinae)
as inferred from nuclear and mitochondrial gene sequences.
MolPhylogenet Evol. 40:317-313.

Kumar A, Jalali SK, Venkatesan T, Stouthamer R, Niranjana P, Lalitha Y.
2009. Internal transcribed spacer-2 restriction fragment length poly-
morphism (ITS-2-RFLP) tool to differentiate some exotic and indigen-
ous trichogrammatid egg parasitoids in India. Biol Control. 49:
207-213.

Liu XF, Yang CH, Han HL, Ward RD, Zhang AB. 2014. Identifying species
of moths (Lepidoptera) from Baihua Mountain, Beijing, China, using
DNA barcodes. Ecol Evol. 4:2472-2487.

Meier R, Zhang G, Ali F. 2008. The use of mean instead of smallest inter-
specific distances exaggerates the size of the barcoding gap and leads
to misidentification. Syst Biol. 57:809-813.

Meyer CP, Paulay G. 2005. DNA barcoding: error rate based on
Mitochondrial DNA Barcoding detects some species that are real and
some that are not. Mol Ecol Resour. 10:264-273.

Murthy MS, Nagaraj SK, Prabhuraj A, Kalleswaraswamy CM. 2015. Rice
leaf folder Cnaphalocrocis medinalis (Lepidoptera: Crambidae) on
wheat (Triticum aestivum; Poales: Poaceae) in India. Florida Entomol.
98(4):1269-1270.

Murugan K, Vadivalagan C, Karthika P, Panneerselvam C, Paulpandi M,
Subramaniam J, Wei H, Alsalhi MS, Devanesan S, Nicoletti M, et al.
2016. DNA barcoding and molecular evolution of mosquito vectors of
medical and veterinary importance. Parasitol Res. 115:107-121.

Nagoshi RN, Brambila J, Meagher RL. 2011. Use of DNA barcodes to iden-
tify invasive armyworm Spodoptera species in Florida. J Insect Sci. 11:
154-111.

Navajas M, Fenton B. 2000. The application of molecular markers in the
study of diversity in acarology: a review. Exp Appl Acarol. 24:751-774.

Park DS, Foottit R, Maw E, Hebert PDN. 2011. Barcoding bugs: DNA-based
identification of the true bugs (Insecta: Hemiptera: Heteroptera)). PLoS
One. 6:¢18749

Pathak MD, Khan ZR. 1994. Insect pests of rice. Int Rice Res Inst. ISBN-
971-22-0028-0.

Pfunder M, Holzgang O, Frey J. 2004. Development of microarray based
diagnostics of voles and shrews for use in biodiversity monitoring

studies and evaluation of mitochondrial cytochrome oxidase | vs. cyto-
chrome b as genetic markers. Mol Ecol. 13:1277-1286.

Platnick NI. 2014. The world spider catalog, version 10.0. American
Museum of Natural History. [accessed 2018 September 10]. http:/
research.amnh.org/entomology/spiders/catalog/index.html.

Raso L, Sint D, Rief A, Kaufman R, Traugott M. 2014. Molecular identifica-
tion of adult and juvenile Linyphiid and Theridiid spiders in Alpine
Glacier Foreland communities. PLoS One. 9:101755.

Saccone C, De Giorgi C, Gissi C, Pesole G, Reyes A. 1999. Evolutionary
genomics in Metazoa: the mitochondrial DNA as a model system.
Gene. 238:195-209.

Shatters RG, Jr. Charles AP, Laura MB, He L. 2009. Improved DNA barcod-
ing for Bemisia tabaci biotype-specific michondrial cytochrome c oxi-
dase | polymerase chain reaction primers. J. Rocono. Entomol.
102(2):750-758.

Simmons RB, Weller SJ. 2001. Utility and evolution of cytochrome b in
insects. Mol Phylogenet Evol. 20:196-210.

Steinke D, Vences M, Salzburger W, Meyer A. 2005. Taxl: a software tool
for DNA barcoding using distance methods. Philos Trans R Soc Lond B
Biol Sci. 360:1975-1980.

Stockle MY, Hebert PDN. 2008. Barcode of life. Sci American. 299:82-88.

Van der Bank FH, Greenfield R, Daru B, Yessoufou K. 2012. DNA barcod-
ing reveals micro-evolutionary changes and river system-level phylo-
geographis resolution of African silver catfish, Schilbe intermedius
(Actinopterygii: Siluriformes) from seven populations across different
African river systems. Acta Icth et Piscat. 42:307-320.

Vences M, Thomas M, Bonett RM, Vieites DR. 2005. Deciphering amphib-
ian diversity through DNA barcoding: chances and challenges. Philos
Trans R Soc Lond B Biol Sci. 360:1859-1868.

Vreden GV, Ahmadzabidi AL. 1986. Pests of rice and their natural ene-
mies in Peninsular Malaysia. CABI. 230. ISBN-9022008908.

Whiting D. 2017. Key to insect orders. CMG GardenNotes. 314-316.

Xu X, Liu F, Chen J, Li D, Kuntner M. 2015. Integrative taxonomy of the
primitively segmented spider genus Ganthela (Araneae: Mesothelae:
Liphistiidae): DNA barcoding gap agrees with morphology. Zool J
Linnean Soc. 175:288-306.

Zhang DX, Hewitt GM. 1997. Assessment of the universality and utility of
a set of conserved mitochondrial COI primers in insects. Insect Mol
Biol. 6:143-150.


http://research.amnh.org/entomology/spiders/catalog/index.html. 
http://research.amnh.org/entomology/spiders/catalog/index.html. 

	Abstract
	Introduction
	Materials and methods
	Insects collection
	Preservation
	Morphological identification
	DNA barcoding and sequencing
	Data analysis

	Results
	Discussion
	Disclosure statement
	References


