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ABSTRACT

Knowledge about the systematic research is problematic, because distinguishing morphological features
are difficult to use in identification of organisms. This problem can be inferred based on DNA sequences
of mitochondrial Cytochrome C Oxidase subunit 1 (CO1). In this study, we distinguished five species
of spiders using their CO/ gene sequences and compared them with 40 earlier published sequences,
retrieved from GenBank on the bases of maximum similarity index. The sequences of gene encoding
CO1 of all five spider species were deposited in GenBank. Out of five spiders in this study, three species
i.e. Leucauge decorata, Oxyopes javanus and Pardosa timidula were first ever spiders of whom any
gene sequences were deposited in nucleotide database. A CO/ profile of all spider species was correctly
assigned and 100% of subsequently analyzed specimens were identified up to their species levels. Such
outcomes establish the potential of CO! as a rapid identification tool and for phylogenetic relationships
of spiders. Despite being sympatric species, the origin and diversification of Araneid fauna in wheat fields
are remarkably distinguished which may help to understand the biology, biogeography and the long-
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standing controversies of their systematic studies.

INTRODUCTION

heat (Triticum aestivum L.) is the most vantage and

pivotal crop in Pakistan (Bashir ez al., 2019). Being
an essential food item and most grown crop it may interact
with a lot of potential problems that ultimately result the
reduction in total yield of crop (Ramzan ef al., 2007). One
of them is the insect pests intensification that can directly
damage the crop through herbivory, or indirectly by acting
as vectors of various diseases. These insects, however,
have a large range of natural enemies, which under
certain circumstances can maintain infestations below
economically damaging levels (Davey, 2010). Naturally
occurring ecosystem services like control of pests through
natural predators is remarkably significant rather than
chemical use.

Spiders (Araneae) can display a good ecosystem
service especially for sustainable crop and environment
by feeding on pests (Symondson, 2002). This tiny creature
belongs to one of the largest universal group of insect
predaceous organisms in the animal kingdom. A total of
110 families, 3859 genera and 42751 species of spiders
have been reported (Platnick, 2012). They are generalist
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predators and critically feed on almost all insects and their
larvae (Kerzicnik et al., 2013). Several studies have shown
that these spiders have the potential to be an effective
component of Integrated Pest Management (IPM)
programs (Maloney et al., 2003; Chandler et al., 2011).
Use of these insect predators coupled with insecticides can
result in a significant increase of total yield of crops and
other natural control pests (Wu and Guo, 2005).

Therefore, engaging spiders in IPM strategies,
identification of beneficial species and knowing about
their best fitness in fields is essential. In this regard,
morphology-based identification of spiders has always
remained a problematic issue for several reasons. First,
the reference keys, mostly restrict to examine only
adults; secondly, the common existence of marked sexual
dimorphism produced severe problems of synonymy, for
example, 46% of spider descriptions considered just one
sex and 1.5% is based upon juveniles (Miller ef al., 2005;
Platnick, 2009) third, identification is significantly limited
by phenotypic plasticity, genetic variability and inability
to detect the cryptic species and at the end taxonomic keys
demanding an extraordinary level of proficiency (Huber
and Gonzalez, 2001; Jocque, 2002).

DNA barcoding, a concept of DNA taxonomy to
arachnids shows that it is possible to identify members
of all existing animal fauna using a short fragment of the
mitochondrial gene coding for Cytochrome C Oxidase
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1 (COI) (Taylor and Harris, 2012). Most obvious
application of a molecular tactic has been proposed that,
CO1 sequences are used in Neighbor-Joining (NJ) trees
to barcode taxa. Since, morphological analysis does
not give a complete picture and are time and resource
consuming; thus, DNA-based approach gives advantages
over traditional taxonomic analyses (Jinbo et al., 2011).
Finally, system of molecular taxonomy is an advanced
technique over pre-offered morphological structure and
it is really obliging to overcome the discrepancies in the
field of molecular taxonomy, which would certainly widen
our information about precise identification through DNA
barcoding (Aslam et al., 2018).

Only a handful of papers from Southeast Asia have
been reported till now which conferred information
regarding phylogenetic analysis of spiders (Su et al.,
2011; Krishnamurthy and Francis, 2012) whereas from
Pakistan, to date, such kind of bio-molecular taxonomy is
not reported. Therefore, current study was conducted to
investigate the genetic barcode of frequently occurring
species of spiders from wheat fields. This attempt will
meagerly provide a starting point to reevaluate the
Pakistani spider’s fauna on bio-molecular bases and best
conservational plan for wheat crop.

MATERIALS AND METHODS

Spiders’ collection

An extensive survey was conducted to collect spiders
at University of Agriculture, Faisalabad, Pakistan. Wheat
fields of the Department of Agronomy were selected to
obtain the spider predators. Sampling was done in morning
only for two hours. Captured specimens were recorded and
brought to the Araneae laboratory, Department of Zoology
and Fisheries, University of Agriculture, Faisalabad.
Collected spiders were identified based on traditional
morphometric characteristics, assistance was obtained
from the reference keys and catalogues already available
at laboratory and internet. Only five of them, the most
abundantly found species were selected for the barcode
analysis and stored at —20°C till further studies.

Isolation and manipulation of nucleic acids

DNA extraction from selected spider species (i.e.
Argiope aemula, Leucauge decorata, Oxyopes javanus,
Pardosa timidula and Tetragnatha javana) was done
following the method of Cheung er al. (1993). The
spiders were lowered into liquid nitrogen for 810 sec in
microcentrifuge tubes and homogenized with the help of
sterilized plastic pestle, and 500 puL chilled DNA buffer
(200 mMm Tris-HCI, 70 mm EDTA, 2 m NaCl and 20 mm
Sodium metabisulphite) and 90 uL 5% sarcosyl solution
were added with additional grinding to ensure complete

destruction of tissues. Tubes were then incubated at 65°C
for one hour with occasional mixing and centrifuged at
13,000 rpm for 3 min. The supernatant was precipitated
in 90 pL of 10 M ammonium acetate and 500 pL of chilled
isopropanol. After centrifugation the pellet was washed
with 400 pL of 70% ice cold ethanol and re-suspended in
50 pL sterilized distilled water after heating at 60°C for 1 h.

Primer designing and PCR amplification

We employed in our study one standard
forward primer (Folmer er al, 1994) LCO1490
(5'-GGTCAACAAATCATCATAAAGATATTGG), one
new forward primer and two new reverse primers. Forward 1
(5'-TACTCTACTAATCATAAAGACATTGG), reversel
(5'-CCTCCTCCTGAAGGGTCAAAAAATGA) and
reverse2 (5'-GGATGGCCAAAAAATCAAAATAAATG).
A total of 50 pL volume reaction mixture containing 5 puL
of 10x PCR Tagq buffer (Fermentas), 5 pL of 2 mm dNTPs
mix, 1 pL of each reverse and forward primer with final
concentration of 5 pmoles, a variable quantity of Tagq
DNA polymerase, 1-4 pL of 25 mm MgCl,, a variable
quantity of template DNA and nuclease free water were
used to perform PCR. The PCR conditions included a
denaturation step (94°C for 5 min) followed by 35 cycles
of 94°C for 1 min, 53°C for 1 min, 72°C for 1 min and a
final extension at 72°C for 10 min. Each PCR product was
gel purified using the Qiagen kit in accordance with the
manufacturer’s instructions.

Sequencing and phylogeny

The partial nucleotide sequences of the mitochondrial
COI gene fragments from five specimens of spiders were
sequenced by the dideoxynucleotide method from Center
for Applied Molecular Biology (CAMB), Lahore, Pakistan.
We verified that all sequences were from Arthropoda using
Basic Local Alignment Search Tool (BLAST algorithm)
(Altschul et al., 1990) available on National Center for
Biotechnology Information (NCBI) website (http:/www.
ncbi.nlm.nih.gov/). The partial COI gene sequences
were used to study the phylogenetic relationships among
different spider species. Along with our five selected spider
species, their forty CO/ homologs were also retrieved
from GenBank. All the sequences were aligned using
ClustalX and imported into Bioedit program (Hall, 1999)
for manual alignment. Neighbor Joining phylogenetic trees
were constructed using the program MEGAS (Tamura et
al., 2011) with 100 bootstrap replicates.

RESULTS AND DISCUSSION

Five query sequences along with subject sequences
taken from GenBank were used in the study (Table I).
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Table I. Specimens and sequences used in phylogenetic analyses, with GenBank accession numbers indicated.

Sr. No. Accession No. Organism Superfamily Family Homolog
1 KJ957986.1 Argiope ranomafanensis Araneoidea Araneidae Argiope aemula
2 KY467229.1 Argiope minuta Araneoidea Araneidae

3 KJ957939.1 Argiope aetherea Araneoidea Araneidae

4 KJ957977.1 Argiope modesta Araneoidea Araneidae

5 KP657056.1 Gea heptagon Araneoidea Araneidae

6 KJ957965.1 Gea spinipes Araneoidea Araneidae

7 JN308404.1 Argiope trifasciata Araneoidea Araneidae

8 KC195011.1 Argiope bruennichi Araneoidea Araneidae

9 KJ157227.1 Micrathena cubana Araneoidea Araneidae

10 KU876332.1 Tetragnatha versicolor Araneoidea Tetragnathidae Tetragnatha
11 KY269834.1 Tetragnatha pinicola Araneoidea Tetragnathidae Jjavana
12 KT707012.1 Tetragnatha shoshone Araneoidea Tetragnathidae

13 KY270236.1 Pachygnatha listeri Araneoidea Tetragnathidae

14 HQ977051.1 Pachygnatha dorothea Araneoidea Tetragnathidae

15 KY269985.1 Tetragnatha obtusa Araneoidea Tetragnathidae

16 MF467587.1 Larinioides sclopetarius Araneoidea Araneidae Leucauge
17 KT383690.1 Opadometa fastigata Araneoidea Tetragnathidae decorata
18 KY017588.1 Herennia multipuncta Araneoidea Nephilidae

19 MG738592.1 Leucauge venusta Araneoidea Tetragnathidae

20 IN863386.1 Theridion grallator Araneoidea Theridiidae

21 KT708013.1 Yunohamella lyrica Araneoidea Theridiidae

22 KT383753.1 Oxyopes birmanicus Lycosoidea Oxyopidae Oxyopes
23 KY703483.1 Oxyopes heterophthalmus Lycosoidea Oxyopidae Javanus
24 KY269293.1 Oxyopes ramosus Lycosoidea Oxyopidae

25 KY467133.1 Oxyopes sertatus Lycosoidea Oxyopidae

26 KX587522.1 Peucetia viridana Lycosoidea Oxyopidae

27 IN817197.1 Oxyopes licenti Lycosoidea Oxyopidae

28 KX587519.1 Oxyopes lineatipes Lycosoidea Oxyopidae

29 KX587534.1 Oxyopes shweta Lycosoidea Oxyopidae

30 KX587523.1 Oxyopes sunandae Lycosoidea Oxyopidae

31 JF885557.1 Melocosa fumosa Lycosoidea Lycosidae Pardosa
32 KT703657.1 Pardosa moesta Lycosoidea Lycosidae timidula
33 GQ337373.1 Dolomedes dondalei Lycosoidea Pisauridae

34 GQ337361.1 Dolomedes aquaticus Lycosoidea Pisauridae

35 GQ337331.1 Dolomedes minor Lycosoidea Pisauridae

36 KP650044.1 Dolomedes triton Lycosoidea Pisauridae

37 GQ337382.1 Dolomedes schauinslandi Lycosoidea Pisauridae

38 KY270304.1 Dolomedes fimbriatus Lycosoidea Pisauridae

39 KX537002.1 Dolomedes plantarius Lycosoidea Pisauridae

40 IN817192.1 Dolomedes japonicus Lycosoidea Pisauridae
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BLAST is the most popular similarity search algorithm
that can efficiently accommodate nucleotide or protein
sequences. BLAST was used to identify local regions of
similarity and statistical significance of CO! sequences.
The partial nucleotide sequences corresponding to the
gene encoding CO/ were deposited in GenBank and
allotted accession numbers JX307083 (Argiope aemula),
JQ915139 (Leucauge decorata), JX307082 (Oxyopes
Jjavanus), JX307081 (Pardosa timidula) and JX294517
(Tetragnatha javana). We introduced Leucauge decorata,
Oxyopes javanus and Pardosa timidula to GenBank for
the first time by depositing their first ever sequences in
database. Along with our five query sequences of spider
species, 40 most similar subject sequences were also
retrieved from GenBank. Multiple sequence alignments
(MSA) were also performed through Geneious (Kearse
et al., 2012). MSA of 5 query and 40 subject sequences
is shown in Figure 1 while MSA of 5 query sequences is
shown in Figure 3. The truncated sequences were deleted
and longer sequences were shortened in the multiple
sequence alignments to make them all equal in length.
Consensus sequences are also shown in multiple sequence
alignments.

Phylogenetic tree construction from COI sequences
Phylogenetic trees were generated to study
evolutionary relationships of CO/ gene sequences of
various spider species (Fig. 2). All selected spider species
were found to be belonged to two different superfamilies
i.e. Araneoidea and Lycosoidea. Three query spider
species (i.e. Argiope aemula, Tetragnatha javana and
Leucauge decorata) appeared in Araneoidea superfamily,
while Oxyopes javanus and Pardosa timidula fell in
Lycosoidea superfamily. The Araneoidea superfamily was
further subdivided into two different clades (i.e. Araneidae
and Tetragnathidae). Argiope aemula has appeared in
Araneidae family clade and Tetragnatha javana appeared
in Tetragnathidae family clade and showing their
evolutionary closeness at superfamily level and divergence
at family levels. Interesting observation was found in case
of Leucauge decorata that did not join any clade and
showing its evolutionary divergence from rest of the spider
species. L. decorata is also a member of Tetragnathidae
family according to its taxonomical classification, but it did
not appear in Tetragnathidae clade. L. decorata is showing
a strong evolutionary relationship (with 100 bootstrap
value) with Larinioides sclopetarius of Araneidae family.
It is an interesting observation and also a question mark
on the classification of both spider species. Moreover, the
ancestral node of all spider species belong to Araneoidea
superfamily (marked with red arrow) is multifurcating
which is evident that this superfamily clade cannot be fully

resolved because some of the evolutionary information has
been lost.

Oxyopes javanus has appeared in subclade Lycosoidea
I and Pardosa timidula in subclade Lycosoidea II.
Although both spider species belong to same superfamily
yet appeared in two different subclades because the spider
species of subclade Lycosoidea I belong to Oxyopidae
family while members of Lycosoidea II subclade belong to
different families (i.e. Pardosa timidula, Melocosa fumosa
and Pardosa moesta belong to Lycosidae family, and
rest of the species of this subclade belong to Pisauridae
family). This is showing that both families have strong
evolutionary relationships. Moreover, the mulrifurcating
ancestral node of Pardosa timidula (labeled with black
arrow) has revealed that both families could not be resolved
completely as the evolutionary information has been lost.
At the bottom, Buthus sp. was used as an outgroup to root
the tree.

Here, in this study the species clustering within
Leucauge and Pardosa are highly debatable. Such genera
are found to be fused with other species in tree. The
main reason might also be is due to the introgression or
incomplete lineage sorting since the time of speciation
(Ballard and Whitlock, 2004). Another reason is the
presence of mitochondrial fragments in a number of copies
that can be preferentially amplified in various times that
may lead to the misidentification of species (Rubinoff,
2006). These arguments point towards the limitations of
barcoding approach. In many other circumstances it makes
more obvious while analyzing the data if we have very
low number of individuals per species for instance, up to
17% misidentified species of gastropods were observed
on account of non-inclusive databases (Meyer and Paulay,
2005) that may also cause statistical inconvenience whilst
estimating the intra-inter specific variations (Matz and
Nielsen, 2005).

COI sequences from five selected query spider
species were aligned and compared (Fig. 3). Conserved
regions (=5 bases) were highlighted. The size of bases in
sequence logo is showing the number of occurrence of
bases in these species at that specific position.

A phylogenetic tree of COI sequences from five
selected query spider species was also generated (Fig.
4) to reveal evolutionary relationships among these
species. Argiope aemula and Leucauge decorata shared
a common ancestor with a high bootstrap value (i.e. 91)
that revealed a close evolutionary relationship between
both species. Tetragnatha javana appeared as a separate
branch beneath A. aemula and L. decorata. These three
species appeared as a monophyletic group that is expected
as they are members of the same superfamily. Oxyopes
Jjavanus and Pardosa timidula shared a common ancestor
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Fig. 1. Multiple sequence alignment of Cytochrome C Oxidase subunit 1 from selected spider species. Similar color bars are
showing similar sequences. Consensus sequence and identity bars are also shown in the alignment.

with maximum bootstrapping (i.e. 100) that is evident of
a strong evolutionary relationship between both species.
DNA sequencing technology has been improved
greatly in the past 30 years from manual to automated
sequencing. Because of improvement in sequencing
facilities, the nucleotide databases (i.e. GenBank, DDBJ
and ENA) have been providing more and more sequencing
data on accepted barcoding markers. This development
has greatly improved species identification through
DNA barcoding and also helped to propose standardized
methods by allowing better designing of universal primers

(Valentini et al., 2009). The DNA barcoding technique
uses a standardized DNA region that serves as a tag to
identify various species rapidly and accurately (Ahmad
et al., 2019). The species identification using classical or
morphological traits has number of limitations including
misidentification of taxa because of phenotypic plasticity
of their traits or presence of cryptic taxa (Knowlton, 1993).
Therefore, vast experience and expertise are required in
ecological studies for correct identification of species.
Currently, DNA barcoding method is representing the best
solution for species identification when the morphology
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of those species is of inadequate or no use (Ahrens ef al.,
2007).

Mitochondrial DNA has been confirmed for
instituting the genetic constructions and phylogenetic
associations of arthropods (Matz and Nielsen, 2005).
Due to its maternal inheritance it has been proven to be
an inexpensive and easy tool for such kind of studies. In
mitochondrial gene encoding COI, a DNA stretch of ~600
base pairs has been accepted as a standardized, practical
and species-level DNA barcode for a number of animal
groups including spiders (Hebert and Barrett, 2005). So
far, gene encoding COI has been used and proved suitable
to identify large range of animal taxa. Greenstone et
al. (2005) successfully amplified species-specific CO!
regions of Pardosa milvina, Rabidosa rabida, Frontinella
communis, Grammonota texana and Cheiracanthium
inclusum all from Araneae order of spiders. They also
successfully identified all immature stages (i.e. eggs,
larvae/nymphs, pupae) by comparative analysis of
amplified regions with those of adults. Similarly, Candek
and Kuntner (2015) also successfully identified 20 spider
species of nine different families using COI gene and
concluded that DNA barcoding is an effective tool to
identify spider species over geographic scales. According
to our study, the phylogenetic tree demonstrated the
discriminatory power of COI barcodes. Present study
depicts that each species is representing a different
clade because five exclusive unlike species (a very small
number) from every solo genus does not agree to extract
the exact approximation of the intra-specific comparisons
with inter-specific variations. Therefore, we also retrieved
forty sequences from GenBank to generate a meaningful
phylogenetic tree as accurate species identification needs

a broad comparative molecular phylogeny against which
unidentified specimens can be identified.

Fig. 2. Molecular phylogenetic analysis of Cytochrome C
Oxidase subunit 1 from selected spider species. The tree
was rooted with Buthus sp. as an out-group. The scale bar
represents the sequence divergence. Bootstrap values (100
replicates) are shown at the nodes.

Fig. 3. Multiple sequence alignment of Cytochrome C Oxidase subunit 1 from query spider species. Similar color bars are showing
similar sequences. Consensus sequence, identity bars and sequence logo are also shown in the alignment. Conserved regions have

been highlighted in pink rectangles.
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Fig. 4. Molecular phylogenetic analysis of Cytochrome C
Oxidase subunit 1 from query spider species. The scale bar
represents the sequence divergence. Bootstrap values (100
replicates) are shown at the nodes.

Identification of selected spider species was the
main goal of this study not phylogenetic reconstruction.
Relatively short and partial sequences of rapidly
evolving CO!I gene region we used in this study could
not be expected to necessarily give an accurate and deep
phylogeny. In fact, it is clear by inspecting Figure 2 that
COl is unable to provide a deep phylogeny to address
the composition of spider families. A single gene cannot
be expected and used to resolve complete phylogenies
at all levels of our interest (Maddison et al., 1999). For
this purpose, molecular phylogenetic inference based on
various sets of more slowly evolving sequences should be
used (Arnedo et al., 2004).

Identification of spiders using such molecular
method is predictable to become increasingly precise
and inexpensive tool in the conservation of species
within wheat fields of Pakistan. In spite of the clear need
for further systematic studies and for harmonization
of molecular and taxonomic data, the consequences
of this study are encouraging. Owing to their diversity
and significant position in terrestrial food webs, bio-
surveillance protocols that include spiders are highly
desirable. We propose that cooperation towards building
a worldwide community resource consisting of expert-
identified specimens in eternal assemblages allied to
online specimen and sequence records will be the most
productive step towards understanding spider biodiversity.
It is further suggested that rechecking all the catalogues
and identification reference keys is necessary along the
inclusive database updates to the GenBank.

CONCLUSION

The nucleotide profiles of COI successfully
discriminated and identified all selected spider species.
The evolutionary relationships among five studied spider
species and also with forty other species retrieved from
nucleotide databases were also revealed. A phylogenetic
tree was generated to study evolutionary relationships of
selected spider species. Out of five spider species, one

species could not be resolved completely on phylogenetic
tree. This is the first study reporting the COI barcodes of
spiders from Pakistan. Furthermore, its genetic propagation
would be further analyzed to explore the Araneae predator-
prey roles in wheat fields.
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