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ABSTRACT

Wheat (Triticum aestivum) is a staple crop of Pakistan, and insect infestations can cause
significant yield losses and quality deterioration. This study investigates the comparative
DNA barcoding of wheat crop insects at the beginning and end of the season in Islamabad,
Pakistan. This study's significance lies in enhancing our understanding of wheat crop insect
populations and dynamics throughout the growing season. By comparing insect communities,
valuable insights into factors influencing abundance and species composition can be gained.
The use of DNA barcoding allows for precise species identification, aiding in effective insect
surveillance and management, even for cryptic or morphologically similar species.

The study focuses on the importance of employing the COI mitochondrial barcode method to
identify wheat crop insects and sheds light on the diversity and composition of these insects.
A total of 11 different species of wheat crop insects were morphologically identified
Neoscona adianta, Mycetophila idonea, Auplopus carbonarius, Sogatella furcifera,
Coccinella septempumctata, Scirpophaga incertulas, Exitianus indicus, Sphaerophoria
philanthus, Psammotettix emarginatus, Exochomus quadripustulatus, Sogatella vibix. From
these insects, 6 species those were common at the start and end season of wheat crop;
Neoscona adianta, Sogatella furcifera, Coccinella septempumctata, Scirpophaga incertulas,
Exitianus indicus, Psammotettix emarginatus were processed for barcode analysis. That
involved DNA extraction, PCR amplification using universal primers, sequencing using
BLASTn, and the utilization of phylogenetic tree construction and species demarcation tools.
This research has significant implications for agricultural practices by enabling targeted pest
management and reducing reliance on broad-spectrum pesticides. The DNA barcoding
approach facilitates ongoing monitoring for early detection of new insect pests, promoting

sustainable agriculture in Pakistan.

Xi1



Chapter 1 Introduction and Literature Review

CHAPTER NO.1
INTRODUCTION AND LITERATURE REVIEW

1.1 Wheat crop and its significance in Pakistan

The most important cereal crop amidst the field crops is wheat (Triticum aestivum), which is
not only ancient but also provides a better diet for people. Due to extensive area used for
agriculture, great nutritional content, and connections to some of the world’s oldest and most
significant civilizations, wheat is given a special place among grains. While wheat serves as
the main food source of nutrition for a large part of the world, rice is its primary food source
(Kundu et al., 2006). About more than 600 million tons harvested each year that’s why wheat
is considered among “big three” cereal crops. Humans use a lot of wheat, both in the primary
producing nations (over 100 according to the production statistics of FAO for the year 2004)

and in rest of the nations where it is not farmed (Shewry, 2009).

Triticum tauschii is a species that is diploid (2n=2x=14), and Triticum turgidum is a species
that is a tetraploid (2n=4x=28), both came from, Triticum monococcum and Aegilops
speltoides related species. Both species are diploid. Triticum aestivum is known as common
wheat or bread wheat. Bread wheat/common wheat is hexaploid (2n=6x=42), and it is
originated in the past 30,000 years. The most adaptable of all agricultural species, wheat can

grow in a variety of environmental settings from 470S to 570N (Khan et al., 2012).

Wheat is frequently seen as little more than just a calorie source, due to its 60—70% starch
content in whole grains and 65 to 75% in white flour—and it's undeniably accurate when it
comes to the production of animal feed. Even with the anticipated 60 million tons of
soybeans produced each year, wheat still provides big portion of protein for both human and
animal consumption (calculated by Shewry, 2000),despite having a relatively low protein
concentration (about 8 to 15%). Since bread, noodles, and other foods (such as Bulgar,
couscous) may make up a large portion of the diet in countries that are underdeveloped with
fewer resources, it is crucial to not underestimate the nutritional significance of wheat
proteins. Wheat has been crucial to feeding the planet since prehistoric times. It offers 21%
more protein and 19% more calories (Braun et al., 2010). French bread, chapatti, cookies,
pasta, macaroni, injera, and porridge are just a few examples of the many food varieties that

can be made either by using only wheat flour or combining it with flour from other grains.
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In the past, the wheat culture predominated in Central Asia, Australia, North Africa, Europe,
America, and West Asia. Due to increased urbanization and dietary shifts, the demand for
wheat is rising yearly in all of the different regions, including Australia 2.2%, North Africa
2.2%, South Asia and the Pacific 4.3%, Central and West Africa 4.7%, Central Asia 5.6%,
Eastern and Southern Africa 4.8%, and Australia 2.2% (Shiferaw et al., 2013). The majority
of the nations in the CWANA and Sub-Saharan African areas are gross importers of wheat. In
terms of global wheat imports, Algeria ranks second after Egypt (9 million tonns annually).
Each year, 17 billion pounds of wheat are imported by Sub-Saharan African nations. For
trades involving 184 million tons of wheat overall the yearly wheat trade value in 2016 was

around 36 billion dollars (FAO, 2018).

Wheat is Pakistan’s staple food. Wheat is harvested in Pakistan from many centuries.
Pakistan's climate and soil are favorable for growing wheat. Compared to previous years,
there has been a rise in the national wheat yield. In any case, there are still more opportunities
to raise the yield. In 2023, wheat is harvested on 9260 thousand acres, yielding 27 million
tonns, according to Pakistan's statistics bureau office. Wheat yields in wealthy nations are ten
times higher than Pakistan. The demand for wheat is rising as population continues to rise. In
Pakistan, there are two seasons for agricultural cropping: April through June mark the
beginning of the first sowing season, or Kharif, which concludes in December with harvest.
Rabi, the second sowing season, begins in October and ends in December with harvest in
April or May. Wheat, lentil (masoor), gram, tobacco, rapeseed, barley, and mustard are

considered to be "Rabi" crops.

The agricultural sector is crucial to Pakistan's economy because it employs more than 45% of
the labor force, accounts for around 20% of GDP, and directly or indirectly provides for
about 67% of the country's population. The significant crops (wheat, rice, sugarcane, maize,
and cotton) provide 4.20% of GDP and 21.73% of the value added by the agricultural
industry. According to Pakistan Economic Survey, 2019-2020, other crops are responsible for
about 11.53 percent of the value addition in the agricultural sector and 2.23% of GDP. In
Pakistan's four provinces, wheat is farmed on a smaller to a larger scale. The provinces that
produce the most wheat are listed below: Punjab provided 76% of the wheat, KP produced
5%, Baluchistan province only produced 3% and Sindh produced 16% of the wheat (Igbal et
al., 2022).
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Figure 1 Phenological growth stages of wheat

The diagram presents four distinct aspects related to the development stages in wheat. (A)
Ilustration of the morphological changes in the apex from vegetative to reproductive phases.
(B) Feekes Scale, encompassing stages 1-11, provides a standardized classification system for
wheat growth and development. (C) Zadoks Decimal Scale, ranging from score 0-100, offers a
comprehensive method to assess various growth stages in wheat. (D) An example showcasing
the cumulative degree-days required for near-isogenic lines (NILs) with different vernalization
or photoperiod requirements, grown in inductive conditions, specifically emphasizing the
periods from emergence to heading and emergence to flowering. This information contributes
to a deeper understanding of wheat development and its response to environmental stimuli.
Image source: (Hyles, Bloomfield, Hunt, Trethowan, & Trevaskis, 2020).
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1.2 Classical identification of insect species

Species-level identification of the specimens is required in order to comprehend the diversity
of the species, phylogeny, and their evolutionary relationships (Platnick, 2014). Moreover a
million species of insects are included in the insect catalogue, yet millions of them remain
unknown (Grimaldi and Engel, 2005). Traditional methods for identifying pests such as
insects include a variety of morphological traits (Jinbo et al., 2011). However, identifications
based on morphology are sometimes difficult and lengthy. Juveniles, early instars, and pupae
are examples of immature developmental phases that cannot be distinguished by standard
taxonomy because most morpho-taxonomic keys are only used to study adults (Barrett &
Hebert 2005). The identifications using morphology are frequently complicated by
phenotypic plasticity (Murugan et al., 2016). Using morphology alone to identify cryptic
species is equally challenging. Furthermore, extensive skill is needed to use taxonomic keys

effectively (Ball and Armstrong, 2006).

It must be acknowledged that conventional methods frequently fail, as in the case of fish fillet
species identification (Wong & Hanner, 2008). But even when whole organisms are present,
conventional methods frequently fail to identify samples. For instance, Stribling (2006)
claims that error rates of 10-15% at the level of genus are regarded acceptable for freshwater
benthic invertebrates, creatures that are particularly essential for monitoring water quality,
and that error rates of 45% at the level of genus are occasionally recorded. Many of these
organisms are young insects that need an adult to be identified at the level of species (Packer

et al., 2009).

1.3 Insect pests of wheat crop in Pakistan

Wheat (Triticum aestivum) plants sustain significant harm from a variety of arthropods at
every stage of their development. Wheat pests are either oligophagous (feeding on only a few
plant species) or polyphagous (damaging a great variety of plants), and it is extremely
uncommon to find an insect that is monophagous to wheat crops. Prior to the "green
revolution," it has been estimated that insect pests caused roughly 5.1% of the world's
production losses; however, after the "green revolution," in the 1990s, the losses rose to
9.3%. Pest insects are very adaptable and dynamic in nature. Temperature changes in the
environment can alter a species' physiology, behavior, voltinism, and distribution (Farook et

al., 2019). Major insects of wheat crop that are globally found are Aphids, Cereal leaf beetle,
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Surface grasshopper, Ghujia weevil, Termites, Armyworms, Pod borer, Brown wheat mite,

Pink stem borer brown stink bug, white grubs, wire worms, and these are shown in figure 1.3.

Among the most significant cereal crops and sources of basic nutrition worldwide, including
in Pakistan, is wheat. With a GDP contribution of 18.9%, the agriculture industry is
significant to the economy. Reduced wheat productivity is caused by a variety of biotic and
abiotic causes. Numerous insect pests that attack wheat at various stages of the crop inflict
damage, and ultimately lower output. Wheat crops are attacked by a number of pests,
including aphid, cereal leaf beetle, wheat weevil, wheat midges, grasshopper, white grubs,
termites, hessian flies, flea beetles, armyworm, wheat stem sawfly; pink graminous stem
borer and Helicoverpa armigera. Identification of important insect pest of wheat and their
harms to wheat crop are essential for the development of sustainable pest management
approaches to reduce pest infestation and production losses in the wheat crop. Figure 1.3

depicts all of the insects listed below.

(A) Aphids

Worldwide, aphids are harmful bugs that attack all cultivated crops. At this time, Pakistan is
home to 92 different species of aphid (Irshad, 2001). Schizaphis graminum, Rhopalosiphum
padi and, two aphid species, worldwide seriously harms wheat crops (Hamid, 1983;
Inayatullah et al., 1993). Aphids are soft-bodied, virtually translucent sucking insects. Aphids
have the ability to cause leaf yellowing and early mortality when they are present in large
enough quantities. They release "honeydew" drips, a sugary liquid, which can leave tiny
scorch marks on the foliage. A significant and pervasive pest on cereal crops, aphids. They
can do serious harm if they eat in large enough quantities. Additionally, the aforementioned

species could serve as BYDV virus vectors that are found in early spring season.

(B) Cereal leaf beetle

Oulema melanopa is the term given to this insect in science. The adult beetles are 4-5 mm
long and have a shiny look. They have a black head, a light brown thorax, and wings covered
in parallel lines of tiny dots in blue-green color. The faeces that larvae create and pile on their
backs give them the appearance of a slimy, spherical, black mass. Larvae are initially a dull
to bright yellow color. The presence of prominent, longitudinal stripes on the leaves is the
most observable indication of a cereal leaf beetle infestation. Both adult and larval beetles eat
on the leaves to produce these stripes. Winter wheat production can be significantly reduced,

as can spring wheat grown in the fall.
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(C) Hessian fly

Mayetiola destructor is scientific name of this fly. Hessian flies caused the plants to become
stunted, create thin stands, lodge, and produce less. The larvae, which eat plant tissues and
drink their liquids, are the only ones who do harm. Stems that are infected during jointing
frequently break before they reach maturity. The Hessian fly is 3 to 4 mm in length, with a
pinkish or yellow-brown abdomen and a black head and thorax. One of the most harmful
insect pests on cereals is this one. Hessian flies are mostly a problem for wheat; however they
can also harm barley, rye, and other grasses. The majority of wheat-growing regions in the
world have received reports of this bug. Each year, there are two generations—one in the
autumn and one in the spring. In the middle to end of September, fall-breeding flies typically

become active.

(D) Wheat stem maggot

When new tillers get attacked in the fall or early spring by stem-boring insects, plants that are
infested commonly exhibit the "white head" sign. The adult flies are 6 mm long, light green
to yellow in color, and have dark stripes. Around 10-15% of plants may suffer damage in
contaminated fields. In some years, damage can be severe, but the bug rarely causes
significant harm. However, considerable numbers of the tillers may be eliminated by severe
infestations of specific wheat stands. Larvae of wheat stem maggots overwinter in grasses or

cereal plants.

(E) Sawfly

Cephus cinctus is its official scientific name. Sawflies can cause the head to prematurely
yellow and the grain to shrivel. Later in the crop cycle, lodging is frequent because the larvae
have girdled the stem. Sawflies have one generation per year. The larvae pupate in the spring
after spending the winter in a straw. From late spring to June, little, fly-like wasps called
sawflies emerge. Just behind the crowns of the stems' higher nodes, the females lay tiny white
eggs. Sawfly infestations are typically intermittent, but they can cause severe harm. Although

wheat is favored, almost all domesticated cereals and native grasses serve as hosts.

F) White grubs
The roots of the host plants might be entirely or partially severed by white grubs. The
primary symptoms are wheat plants dying. The largest of these larvae can reach lengths of

several centimeters and a thickness of almost one centimeter when completely developed.
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Figure 2 Harmful insects of wheat crop

A. White backed planthopper B. Yellow stem borer C. Brown planthopper
D. Notched sand grasshopper E. Leathopper. Image source: Google
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A B

C D

E F
Figure 3 Useful insects of wheat crop

A. Orb weaver spider B. Lady bird beetle C. Pine ladybird D. Hover fly E. Fungus gnats F.
Potter spider wasp. Image source: Google
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The larvae of May or June beetles are known as white grubs. In the soil, they lay eggs, and
when they hatch, larvae live by feeding on roots. From species to species, the larval stage
lasts for a different amount of time. The plants may live if the roots are not entirely killed, but
they will likely be stunted and unable to produce heads. However, the geography and

intensity of the attack vary.

(G) Grasshopper

Grasshoppers, or Chrotogonus trachypterus, are naturally polyphagous. They can be found
primarily in India, Africa, and the Orient. Gardens and Triticum aestivum fields are good
places to see and gather them because they usually live on plant surfaces. All phases of
development—egg, larvae pupa, and adult—are present, although nymphs and adults—
including Avena sativa, Hordeum vulgeum, and Gossypium plant—are particularly hazardous
to a number of crops (Abas and Niaz, 2019). Grasshopper harm starts as soon as they hatch,
but it gets worse as they get older and more numerous (Farook et al., 2019). In addition to
peeling and notched leaf symptoms, they reduce crop yields in fully matured crops.
Grasshoppers are a big population of insects; some species like to dwell in swarms like
locusts. They include a few of the worst pests for crops, notably wheat. However, species that
resemble locusts offer us a more convenient position for cultivation and harvesting.
Grasshoppers are valuable commercially since they are utilized as food in many nations.
They are regarded as an alternative protein source in Mexico due to their capacity to
transform low-land food into food with high nutritional properties. As a result, they are

offered in markets for feeding in many different nations (Cerritos and Cano-Santana, 2008).

(H) Ghujia Weevil

The Ghujia weevil, also known as the wheat weevil, may grow up to 7 mm long and is found
in Uttar Pradesh, Bihar and Punjab. A female weevil deposits 50 to 70 eggs at a time in soil.
Before becoming adults, juvenile weevil larvae, also referred to as grubs, eat the humus of the
soil. In June and July, adult wheat weevils begin to appear. Only mature weevils infest crops
and destroy seedlings that are just beginning to germinate. Wheat seedlings and leaves sustain

substantial damage from wheat weevil (Farook et al., 2019).

1.4 DNA barcoding and its applications in species identification
DNA barcoding is a method used to identify a specimen down to the level of species (Packer
et al., 2009). Paul Hebert is the father of DNA barcoding. A DNA barcode, which is a

condensed set of nucleotides extracted from the pertinent region of the genome of
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an organism, can be applied to identify an organism in a species-specific manner. The
differentiation of species is made possible by this sequence's intraspecific variation, which is

orders of magnitude less than known inter-specific variation (Hebert et al., 2003).

The use of the rDNA internal transcribed spacer region 2 (ITS-2) (Ashok Kumar et al. 2009),
cytochrome c oxidase subunit 1 (COX 1), NADH dehydrogenase subunit 1 (nadhl), and
cytochrome b (cytb) markers in current molecular analyses has greatly improved our
comprehension of the phylogenetic relationships between species of insects. However,
cytochrome ¢ oxidase subunit 1 (COX 1) has been extensively used by molecular scientists

all over the world to identify between various insect species.

Since COX 1 sequencing must be done on samples that have already been identified by a
taxonomist, DNA barcoding is a modern technique that necessitates the creation of a
trustworthy database. Therefore, the technological stage of creating a database of pests of
insects and natural enemies in the whole world will be a necessity for genetic research. It is
considered effective to use species identification markers from the mitochondrial COX 1
region for molecular identification and phylogeny. The quick collection of molecular data is
the primary benefit of DNA barcoding (Monaghan et al., 2005). The energy-producing
organelles known as mitochondria are present in almost all cells of virtually all plant and
animal species. Because it is found in all eukaryotic creatures and evolves more quickly than
nuclear DNA, especially the mitochondrial genome has proven to be quite useful in
interpreting the evolution of species. Different inheritance patterns can be seen in nuclear and
mitochondrial genomes (Behura, 2006). As mitochondrial DNA (mtDNA) is inherited from
the mother, it evolves rather quickly, and the majority of nucleotide alterations occur at sites
that are neutral, mitochondrial markers is employed to indicate phylogenetic relationships
across related groups. The COX 1 marker gene amplification sequence data was used to study

the intra- and inter-phylogenetic interactions related to this genetic marker.

In coordinated evolution, mutations quickly propagate to even if the gene family is spread
over multiple chromosomes; relative homogeneity is maintained (Arnheim 1983; Gerbi 1985;
Tautz et al., 2002). Although mt-DNA was once thought to serve as an impartial indicator
that recorded the ancestry of the species, recent arguments by Ballard and Whitlock (2004)
and Bazin et al., (2006) contend that, in contrast to other genomes, mitochondria frequently
experience vigorous selection and evolve according to distinct evolutionary principles.

According to the hypothesis made by Hurst and Jiggins (2005), selection may have a direct or

10
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indirect impact on mtDNA depending on the equilibrium state of other maternally transmitted

DNA.

The majority of life on earth is comprised of insects, which have evolved into an enormous
variety of various species. Taxonomists only described 10% of the projected total number of
species after approximately 200 years. In this situation, insect identification has been a
challenging endeavor that necessitates the availability of more specialists and funds.
Naturalists developed the concept of categorizing living things based on taxonomy, a field
related to science that enables us to characterize a living organism based on morphological

traits, in order to catalogue the enormous number of species.

A novel technique termed DNA profiling, a method of DN A-based taxonomy, is currently
being used for identifying known and new species based on the pattern of nucleotide
organization in a sample of DNA of a certain species, 250 years after Darwin and Linnaeus
(Novotny et al., 2002). In light of the present biodiversity issue, several academics have
suggested using species descriptions using DNA profiling in taxonomy (Hebert et al., 2003;
Ball and Armstrong, 2006). Wilson (2012) noted that relationship between library barcodes
and other data, especially Linnaecan names, collecting places, morphology represented by
digital photographs, occurs through the voucher specimens from where they originated. This
technology is frequently used to compile a list of every species on Earth and is well
acknowledged by governmental and nongovernmental organizations as well as hard-core

taxonomists and graduate molecular biologists.

Since the development of molecular biology and molecular instruments, it has become
simple, fast, and accurate to identify various life forms, including insects. In contrast to
morphology-based taxonomy, which may not be able to identify all developmental phases of
insects, their food webs, or their biotypes, DNA profiling techniques are a consistent and
useful approach of identifying insect species. Morphological data generally take time and
require experts. Molecular data do agree with morphological theories, according to statistical
taxon separation analysis and tree-based taxon clustering. As a result, it was demonstrated
that for the taxa under study, species identification based on DNA sequence analysis was
possible. Biologists may find DNA barcoding to be a useful technique. Two examples
include the creation of particular primers for tea mosquito bugs and tiny barcodes for archival
items of how it has aided in the evolution of many sophisticated tools for species diagnosis

(Rebijith et al., 2012).

11
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As these genes are maternal and devoid of recombination, mt-genes are chosen and utilized
as universal DNA profiling markers for animals (Birky, 2001). There is no effective
recombination because paternal mtDNA is removed prior to, during, or after fertilization
(Moses, 1961; Sutovsky et al., 1999; White et al., 2008); as a result, within a species, there
are a few variants. A high rate of CO1 mutation results in intra-specific diversity, which
facilitates the identification and delimitation of species recognition (Hlaing et al., 2009;
Wheat & Watt, 2008; Williams & Knowlton, 2001). Additionally, each cell contains several
copies of mitochondria rather than just one copy of each parent's nuclear DNA (nDNA)
(Randi, 2000). Additionally, mt-DNA can be extracted from damaged or tiny samples
(Stoeckle & Hebert, 2008; Waugh, 2007).

In plants, polyploidy and hybridization are prevalent, making it challenging to differentiate
between different species (Fazekas et al., 2009; Rieseberg et al., 2006). Due to frequent
recombination and a low mutation rate, (Palmer et al., 2000) the mt-genome is not ideal for
profiling of DNA in plants (Cowen et al., 2006; Fazekas et al., 2008; Kress et al., 2005). The
rate of additional nucleotide substitution in plant mt-DNA is 40 to 100 times less than that in
mt-DNA of animal (Cho et al., 2004; Mower et al., 2007). The plastid genes for maturase
(mat-K)) and ribulose bisphosphate carboxylase (rbcL) are regarded as advanced plant
barcode genes. As a complimentary area, the DNA internal transcribed spacer (ITS) region is
employed (Chase et al., 2005; CBOL plant working group 2009; Consortium for the barcode
of life, 2009; Kress et al., 2005). The ITS region is regarded as a universal barcode of DNA
in the case of fungi (Nilsson et al., 2006; Seifert et al., 2007; Seifert, 2009).

Due to their complex evolutionary past, protists have a genetic makeup that is extremely
diversified. There are various genetic markers utilized in protists for various populations.
These markers are mitochondrial CO1, ribulosel,5-bisphosphate carboxylase-oxygenase
(rbcL), ribosomal ITS1/ITS2, D1-D2/D2-D3 sections at 50 end of 28S ribosomal DNA,
ribosomal ITS1/ITS2, chloroplastic 23S rRNA, and spliced leader RNA genes (Barth et al.,
2006; Chantangsi et al., 2007; Decelle et al., 2012; Evans et al., 2007; Gentekaki & Lynn,
2009; Gile et al., 2010; Hagino et al., 2011; Hamsher et al., 2011; Kosakyan et al., 2012;
Kucera & Saunders, 2008; Liu et al., 2009; Mann et al., 2010; McDevit & Saunders, 2009;
MacGillivary & Kaczmarska, 2011; Moniz & Kaczmarska, 2010; Nassonova et al., 2010;
Robideau et al., 2011; Saunders, 2008; Schoch et al., 2012; Sherwood & Prestling, 2007,
Stern et al., 2010, 2012; Trobajo et al., 2010; Votypka et al., 2010). The Consortium for the
Barcode of Life Protist Working Group (CBOL ProWGQG) is attempting to develop standards

12



Chapter 1 Introduction and Literature Review

for a barcode that is unique or universal for protists (Moritz & Cicero, 2004; Taylor & Harris,

2012).

Researchers may also employ additional alternative loci as makers for species identification
in the event that there is insufficient data to delimit species using CO1 alone (Vences et al.,
2005). Other mt-gene areas that can be employed as tracers are cytochrome b (Bradley &
Baker, 2001; DeSalle et al., 2006; Hajibabaei et al., 2007; Pfunder et al., 2004), 12S rDNA,
and 16S rDNA. Nijman &Aliabadian (2010) concluded that after contrasting CO1's
efficiency in identifying species with that of 16S rRNA and cytochrome b, it was shown that
16S rRNA genes were less effective at designating species in DNA barcoding (Doyle &
Gaut, 2000). Nicolas et al. (2012) used three mitochondrial genes (16S, cytb, and cytc) to
identify species in the Praomyini tribe (Rodentia: Muridae), with a success rate of up to
99%.The 16S gene's discriminating power is lower since it has 2.5% less variation than cytb
and cytc, they added. Soil nematodes and other tiny organisms were identified by Blaxter
(2004) using the 18S (nuclear) gene. According to Skerratt et al. (2002), the Sarcoptesscabiei
population marker for wombats, dogs, and people in Australia was the mitochondrial 12S

rRNA.

In 2011, Luo et al. evaluated the efficiency of the other protein-coding genes that are
mitochondrial and the global CO1 barcoding area in eutherian species. They recommended
that, at least for eutherian species identification, preference should be given on mitochondrial
protein-coding genes for the standard DNA barcode. In this investigation, the species
recovery rate was greater than 90%. Instead of Cytochrome b, 12S rDNA and 16S rDNA, it is
preferable to use fragment of 650 bp of the 50 end of the mt-gene Cytochrome C Oxidase 1
(Doyle & Gaut, 2000). They contain indels that make sequence alignment difficult. In terms
of evolution, CO1 is three times more significant because of its greater rate of substitutions at
the position of third nucleotide (Knowlton & Weigt, 1998). All eukaryotes contain the CO1
gene, which is readily amplified and sequenced due to its relatively small length and the
availability of credible universal primers and it is used by scientists despite the fact that there
are no restrictions on choosing a particular gene (Folmer et al., 1994; Simmons & Weller,
2001; Zhang & Hewitt, 1997). Due to its elevated mutation rate and variety, the CO1 gene
tends to be used to distinguish between species that are geographically dispersed and those
that are closely related. It has also been demonstrated that shorter CO1 fragments are useful

for identifying species with damaged DNA (Cox & Hebert, 2001; Moritz & Cicero, 2004;
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Figure 4 Organization of insect mitochondrial genome

The regions encoding for cytochrome b (Cyt B), various subunits of NADH-coenzyme Q
reductase (ND), cytochrome ¢ oxidase (COX), ATPase, and ribosomal RNAs (rRNA) are
indicated on mitochondrial DNA, which indicates its circular structure and comprises of two
strands—the outer a heavy and the inner a light strand. Image source: (Connor et al., 2017).
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Wares & Cunningham, 2001). By employing a mini-barcode, or 100-base fragment
Hajibabaei et al. (2006b) were able to effectively spot the museum samples of moths and

wasps.

With millions of species and vast diversity in their life stages, accurate identification becomes
a difficult problem for taxonomy. DNA barcoding, a new method of DNA-based taxonomy,
is used to identify both recognized and unidentified species based on the sequence of
nucleotide organization in a sample of DNA from the target species (Moritz and Cicero 2004;
Hebert and Gregory 2005; Schindel and Miller 2005). DNA barcoding provides the fastest

way for taxonomists to sort specimens and helps in species identification.

Some applications of species identification by using DNA barcoding are mentioned here as
identification of species is the core component of describing biodiversity. The majority of
animal species are classified according to morphological characteristics, with insects being
the most prevalent group. Utilizing a standardized section of their genome, DNA barcoding is
a substitute method that is more trustworthy and accurate, quicker and more effective for
identifying and differentiating between species. The prompt detection of alien unwanted bug
species is essential for preserving biosecurity in any country due to their economic
importance. Furthermore, insect pests pose a serious challenge for farmers everywhere,

making accurate pest identification essential.

With millions of species and wide differences in their life stages, taxonomy finds it difficult
to make the accurate identification. However, because to recent scientific developments, it is
now possible to distinguish between known and undiscovered species using a technique
called DNA barcoding, which is based on DNA-based taxonomy. Taxonomists can classify
specimens and identify species more quickly due to DNA barcoding. To make sure that a
variety of biological materials may be quickly and precisely identified, Paul Hebert (Jinbo et
al., 2011) devised this method in 2003. It involves employing a primer designed to amplify
the mt cytochrome-c oxidase subunit 1 (COI) gene over a 648 base pair (bp) region (Hebert et
al, 2003). Based on numerous investigations using this area on numerous taxa, the 5'
fragment of the COI gene has been regarded as the universal/standard barcoding region in
mammals. Regarding evolution and speciation, this area of the COI gene has been seen as

being extremely instructive.

The fundamental requirement of biology is the discovery, description, naming, and

identification of various species or taxa (Blaxter & Floyd, 2003; Carvalho et al., 2008; Lee,
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2002; Lipscomb et al., 2003; Meier et al., 2006; Moritiz & Cicero, 2004; Prendini, 2005).
Without understanding and recognizing the species, scientists working in the field of biology
are unable to discuss their findings and results (Wilson, 2004). There are many species on

the waiting list to be found, identified, and described.

A quick and precise procedure that can play a revolutionary role in altering the established
taxonomy and accelerating work is needed in such a situation (Godfray, 2002; Hebert et al.,
2003b; La Salle et al., 2009; Tautz et al., 2003; Wheeler, 2007). Since 2003, many
researchers have had success separating the species via barcoding. Birds (Kerr et al., 2007),
butterflies (Lukhtanov et al., 2009), spiders (Hebert & Barrett, 2005), and plant species
(Kress et al., 2005) identification and recognition have all benefited greatly by DNA
barcoding. Nearly 40700 spider species and subspecies from 109 families and 3694 genera
have been identified worldwide (Sharma, 2014).

DNA barcoding base identification is particularly helpful for such diversity. For different
taxa, there are different genetic variations between two barcode sequences. Some taxa do not
allow for simple barcode identification of species. This is due to the complexity of speciation
events, the genetic system's wide range of activities, natural selection, and evolutionary time.
Inter-specific divergence generally outweighs intra-specific diversity in importance (Meyer
&Paulay, 2005). However, in earlier investigations, divergence values below 2% were also
noted (Sbordoni, 2010).Typically, species delimitation considers divergence values of 2% or
less. (Carvalho et al., 2011; Hubert et al., 2008; Mabragana et al., 2011; Pereira et al., 2011a,
b; Ward, 2009; Ward et al., 2009).

When it comes to identifying spiders, DNA barcoding is very effective. With intra-specific
divergence of 1.4% and inter-specific divergence of 16.4%, Barrett & Hebert (2005) All
specimens were accurately classified to their respective species with 100% accuracy. There
have been attempts to determine the trophic interactions/relationships between the organisms
using DNA amplification from the contents of the gut or waste materials (Dunshea, 2009;
Farrell et al., 2000; Fournier et al., 2008; Gariepy et al., 2007; King et al., 2010; Matheson et
al., 2007; Sheppard & Harwood, 2005;Weber& Lundgren, 2009). A study was done on the
red bat, Lasiurus borealis, and its prey. Bats, with the exception of Arctiidae, primarily hunt
on Lepidopterans, as revealed by the DNA barcode amplified from their faeces. This
investigation also provides information or hints about more sophisticated defense systems in
Arciinae (Clare et al., 2009). There have been attempts to use DNA amplification from the

food contents of stomach or waste products to identify the feeding relationships among the
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organisms. The red bat, Lasiurus borealis, and its prey have been the subject of research.
According to the DNA barcode generated from bat faeces, except for Arctiidae, bats mostly
hunt on Lepidopterans. This study also offers details or suggestions concerning more

advanced Arciinae protection systems.

This method is widely applicable for determining the authenticity of food. This method has
shown to be very successful for seafood to be traced (Filonzi et al., 2010). Through
barcoding, poisonous puffer fish (illegally imported) at a store in Chicago was incorrectly
labeled as headless monkfish and that was discovered in a case of food poisoning (J. Deeds,
personal communication, 13 November 2007). Similar to this, Barbuto et al. (2010) found

instances of Shark slices with different species sold in Italy under the slang name "palombo."

In surveillance efforts for diseases spread by vectors, accurate and thorough parasite and
vector identification is crucial. Because their hosts and vectors rarely possess morphological
competence, many parasites make morphometrics extremely challenging or perhaps
impossible (Besansky et al., 2003). Non-taxonomists may recognize these vectors thanks to
DNA barcoding, which contributes to our understanding of and ability to control infections
and pests that spread disease (www. http://barcoding.si.edu/PDF/CBOL). Identification of
vectors that spread disease, like mosquitoes, is made easier because of DNA barcoding.
Using DNA barcoding, Wang et al. (2012) identified the primary mosquito (Alcaide et al.,
2009; Ashfaq et al., 2014; Kumar, 2013; Townzen et al., 2008) species in China. Insect pests,
as well as their predators and parasitoids, are being accurately and quickly identified by
agricultural experts using DNA barcoding. Lepidoptera: Insecta pests belonging to the
Noctuidae family were identified using DNA barcoding by Li et al. (2012). DNA barcoding
procedures created for the controlled arthropods, nematodes, fungi, bacteria, and
phytoplasmas of the European Union have been shown to be highly helpful for identifying
plant pests and pathogens for the quarantine organism’s barcoding of life (QBOL) project
(Vossenberg et al., 2013).

Microgastrine wasps are one of the most varied and numerous parasitoids of lepidopterans,
with DNA tag sequences having been produced for over 20 000 collections from 75 different
countries, covering 50 genera with over than 1700 species, according to Smith et al. (2013).
This will undoubtedly quicken the process of this group's species identification. When
examining semi-processed or visually indistinguishable animal products or when conducting
commercial trade monitoring of protected species, DNA barcoding is useful to wildlife

authorities (Eaton et al., 2012; Panday et al., 2014). Nougoue (2012) investigated surveillance
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of wildlife trade using DNA profiling and came to the conclusion that when used in this

context, DNA barcodes offer a quick and accurate approach for species identification.

Forensics is an important key application of DNA profiling (Shen et al., 2013). In addition to
their natural significance in decomposition, such as in the case of meat flies (Diptera:
Sarcophagidae), captured insects from crime scenes can also be utilized in forensic inquiries
as proof (Catts & Goff, 1992; Erzinclioglu, 1983).The barcoding of DNA is also utilized for
identifying specific animals in more advanced animals such as birds, fish, reptiles, mammals,
and amphibians, as well as to distinguish across species. In Panama (Crawford et al., 2011), a
new Eleuotherodatylus species (Anura: Eleutherodactylidae) was found and named. A
barcode data source repository for Korea's reptiles and amphibians (68%) was developed by
Jeong et al. in 2012. A uniform identification framework for monitoring purposes was

established by this study.
1.5 Major drawbacks of barcoding and future prospective

Although DNA barcoding is becoming more and more common in taxonomy, it still has
significant drawbacks and critics when it comes to identifying and defining species. Due to
the need for certain laboratory processes like tissue extraction, specimen preservation, and
sequencing, this technology is not available to the general public (Cameron et al., 2006).
Additionally, it costs $5 US to calculate one specimen's sequences. It is not a cost-effective
technology because it requires 10 or more specimen sequences of a species for effective
results, which increases the cost (Cameron et al., 2006; Hajibabaei et al., 2005; Meyer &
Paulay, 2005). Insufficient geographic sample makes it impossible to identify recently
divergent species, related to this; scientists ignore the unknown biodiversity in favour of
studying populations that are genetically related to them (Sperling, 2003). How species are
defined it depends upon the difference of intra-specific and inter-specific divergence levels.
For a few species, like birds, (Hebert et al., 2004b), spiders (Barrett & Hebert, 2005), fish
(Ward et al., 2005), and butterflies (Hajibabaei et al., 2006a), it is true. In a select few other
species (such as cowries, Meyer &Paulay, 2005; amphibia, Rubinoft et al., 2006; Vences et

al., 2005), it was found that the intra and inter-specific divergence values overlapped.

The economic advantages, rapid identification, and precision of DNA barcoding, according to
its proponents, outweigh the expenses and costs (Hebert & Gregory, 2005). About nearby
species delimitation, DNA barcoding offers information. It only defines the limits of taxa that

differ genetically. The species is not entirely described by it (Hebert et al., 2004b; Gregory
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2005; Ward et al., 2005). By geographically and globally sampling many different taxonomic
groups, the problem of limited sampling can be resolved (Robinson et al., 2009). As a result,
cryptic, allopatric, and recently divergent species will be identified. DNA sequences are
available to the general public, whereas traditional taxonomy requires knowledge for species
identification (Coyne & Orr, 2004). DNA barcode sequences are available online because

DNA analysis is inexpensive.

Despite negative criticism of DNA barcoding from some experts, the technology is becoming
more and more popular because it is user-friendly. The promise of DNA barcoding as a
method for identifying, differentiating, and defining species has been demonstrated
(Robinson et al., 2009). It i1s now simple to identify cryptic species that were previously
difficult or nearly impossible to identify using morphological characteristics thanks to DNA
barcoding (Dasmahapatra et al., 2010; Decaens & Rougerie, 2008; Hausmann et al., 2011;
Hebert et al., 2004b; Janzen et al., 2005; Mitchell & Samways, 2005; Pfenninger et al., 2007,
Smith et al., 2006; Vaglia et al., 2008; Wheat & Watt, 2008). The projected barcoding of
25,000 species in IBOL by a working group for agricultural and forestry pests and their

parasitoids include aphids, thrips, real fruit flies, scale insects, saw flies, and gall wasps.

1.6 Significance of DNA barcoding

Significant food and financial losses are brought on by insects and other pests. The insects
that harm crops of wheat causes significant, albeit temporally and spatially varied, harm and
are apparently responsible for 10-50% (on average) of losses to wheat crops globally (e.g.,
Oerke, 2006; Savary et al., 2019). Even though farmers had taken preventive measures by
applying herbicides to 71% of their wheat acreage, fungicides to 30%, and insecticides to 7%
of the cropped area (in 2017) (USDA-NASS, 2018, authors' calculations), $209 million was
paid out to wheat farmers in the U.S. on insurance claims for crop losses attributable to
insects, diseases, and weeds between 2010 and 2020 (USDA-RMA, 2021, authors'

calculation).

Crop pest losses are anticipated to be significant for smallholder farmers in developing
nations, especially given the low adoption of contemporary seed types and the even lower
usage of agricultural pesticides that can lessen these losses (Sheahan and Barrett, 2017;
Pardey et al., 2022). Maintaining the world's food supply depends on determining how pests
and illnesses affect yield losses. However, it is notoriously difficult to estimate wheat yield

losses quantitatively. Researchers present a quantitative experiment-based estimate of wheat

19



Chapter 1 Introduction and Literature Review

yield losses in China from 2000 to 2018 brought on by pests and diseases. Researchers
discovered that losses to regional yield from pests and pathogens were 16.29%, 7.46%,
11.71%, 12.64%, 6.54%, and 4.84%, respectively, in the Yellow and Huai River valleys, the
middle and lower reaches of the Yangtze River, the Southwest China, the Loess Plateau, the

Northeast China, and the Xinjiang province.

In terms of overall production, area, and yield per acre, Pakistan ranks as the tenth greatest
producer of wheat in the world. In Pakistan, the average annual per capita consumption of
wheat is around 125 kg, making almost 60% of the average person's daily calorie intake.
Wheat is a key component of the population's diet and plays a major role in the government's
agricultural policies (Shahid, 2003). The agricultural sector is crucial to Pakistan's economy
because it accounts for 20% of the country's GDP, employs more than 45% of the labour
force, and provides food directly or indirectly for around 67% of the population. Any internal
or external shock to agriculture is likely to have an impact on the performance of the nation's
economic growth as well as a significant portion of its people. Wheat, Pakistan's main food
staple, adds around 13% to the value added in agriculture and 2.8% to the country's gross

domestic product (GOP, 2009).

The study on comparative DNA barcoding of wheat crop insects at the start and end of the
season has significant implications for the field of agriculture and entomology. Here are some

of the reasons why:

e Identification of insect species
The process of DNA barcoding entails the sequencing of a specific DNA region to
identify a species. This method was employed by the researchers in this study to
distinguish between wheat crop insects at the beginning and end of the growing
season. The diversity and abundance of insect species in a given area can be estimated

using this information.

e Crop health
Insects can spread diseases that can harm the health of crops. The potential for disease
transmission and the spread of disease during the crop season may be revealed by

changes in the genetic diversity and genetic makeup of insects.
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e Ecosystem health
Changes in genetic diversity of insects, which play significant roles in ecosystems,
may have effects on the overall health of ecosystems. For instance, if pollinator insect
genetic variety declines over the growing season, it may have an impact on plant
reproduction and ultimately biodiversity in the surrounding environment.

e Monitoring pest populations
Wheat crop insects have the potential to seriously harm crops, costing farmers money.
Insects' DNA may be compared at the beginning and end of the season, allowing
researchers to track changes in pest populations and implement the necessary controls.

e Understanding insect behavior
Insects have a complicated life cycle, a number of variables, such as the environment
and the availability of food, might have an impact on their behaviour. Researchers can

learn more about how insects behave and how that behaviour might affect agricultural

yields by examining the DNA of insects at various periods of the season.

e Developing targeted pest management strategies
Broad-spectrum insecticides with the potential to harm the environment and non-
target creatures are frequently used in traditional pest management techniques.
Researchers can create focused pest management tactics that are more effective and
environmentally benign by employing DNA barcoding to identify specific insect
species.

e Overall, this work has significant implications for raising crop yields and lowering the
costs and harm caused by insect infestations in wheat crops on the economy and

environment.
1.7 Aims and objectives
1. Collection of wheat crop insects from various locations across Islamabad, Pakistan
2. Extraction and amplification of DNA from the collected insect samples
3. Sequencing of the amplified DNA fragment

4. Morphological and molecular identification and comparative analysis of wheat crop
insects obtained from diverse host plants across Islamabad, Pakistan, at the beginning

and end of the crop season, utilizing the mt-CO1 gene as a DNA barcode
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5. Phylogenetic analysis and construction of a matrix to assess the genetic relationships

among the insect specimens.
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CHAPTER NO.2

Materials and Methods

This chapter includes the materials and methods to study wheat crop insects at the start and
end of the crop season. This includes sample collection, morphological identification of
insects, DNA extraction, PCR, gel electrophoresis, DNA sequencing, phylogenetic analysis

and Specie demarcation tool.
2.1 Sample collection

Wheat crop insects were sampled using the sweep net technique, targeting various host wheat
crops across distinct geographical areas within Islamabad named Chak Shehzad, National
Institute of Health (NIH), National Agriculture Research Center (NARC) and Quaid-i-Azam
University. Subsequently, all collected insect samples were promptly immersed in 95%
ethanol as a preservation medium. The samples were then transferred to the Molecular
Virology Laboratory situated in the Department of Biotechnology at Quaid-i-Azam
University for subsequent DNA isolation procedures. To maintain sample integrity, the
preserved specimens were securely stored at a temperature of -20°C in 95% ethanol, ensuring

their viability for future utilization.
2.2 Morphological Identification of collected insects

Sogatella vibix and Sogatella furcifera can be identified using the morphological key of
Dupo and Barrison, 2009 (Dupo & Barrion, 2009). Scirpophaga incertulas can be identified
using morphological key of Hattori and Siwi, 1986 (Hattori & Siwi, 1986). Psammotettix
emarginatus can be identified using morphological key of Greene, 1971 (Greene, 1971).
Sphaerophoria philanthusis can be identified using morphological key from USDA (USDA,
1862). Exitianus indicus can be identified by using morphological key of Khatri, Rustamani,
Ahmed, & Sultana, 2014 (Khatri, Rustamani, Ahmed, & Sultana, 2014). Exochomus
quadripustulatusis can be identified using morphological identification key from Nature spot
(Nature spot, 2009). Neoscona adianta can be identified using morphological identification
key of Preston-Matham, 1998 (Preston-Matham, 1998). Coccinella septempunctata can be
identified using morphological identification key of Abdalla et al., 2022 (Abdalla et al.,
2022). Mycetophila idonea can be identified using morphological identification key from
North Carolina State University. Auplopus carbonarius can be identified using morphological
identification key of Buck, 2012 (Buck, 2012). These insects are shown in figure 2 and 3.
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2.3 DNA extraction from insect specimen

Organic DNA extraction method using 2X CTAB was used for the extraction of DNA from
wheat crop insects. In a 1.5ml eppendorf tube or centrifuge tube, a single whole insect or an
insect’s head /abdominal part was taken and crushed in micro mortar and pestle. 150ul of 2X
CTAB was added to the crushed wheat crop insect in the tube and 5ul of Proteinase K (1%)
was also added to the centrifuge tube. The centrifuge tube containing the reaction sample was
incubated for one hour at 55°C in a water bath. The reaction sample was shaken at regular
intervals after 10-15 minutes. After withdrawing from the water bath, the reaction sample
was cooled for 2 minutes and then 150ul of chloroform: isoamyl alcohol was added and
shaken gently for the cloudy appearance of reaction sample. The tube was opened in order to
release the pressure in tube. Then the tube with reaction sample was centrifuged for 10
minutes at 14000 rpm. After centrifugation, the supernatant was transferred to a new tube and
pellet was removed. 150ul 0f'100% ethanol and 30ul of sodium acetate was added to the
supernatant in centrifuge tube. Then the reaction sample was placed in freezer at -20°C for 2
hours. After cooling, the reaction sample was again centrifuged at 14000 rpm for 10 minutes.
After centrifugation supernatant was discarded and the tube was place upside down on paper
to dry out. Then 1501 of 70% ethanol was added to the tube. After adding 70% ethanol, the
sample was once again centrifuged at 14000 rpm for 5 minutes. The resultant supernatant was
discarded, and the tube was left open to dry out at room temperature. The pellet was then
dissolved in 20ul of ddH>O and the extracted DNA sample was then stored at 4°C for further

use.

2.4 PCR (Polymerase chain reaction)

All the PCR tubes were labeled. An Eppendorf tube was taken to make the PCR master mix
manually. Then, added all the PCR components of PCR reaction mix including dNTPs,
MgCl,, buffer, Taq polymerase, ddH20O and forward primer, reverse primer. A final reaction
volume of 25ul was prepared using 2.5ul diluted DNA template. Thermal cycling conditions

and primer sequences and their names are enlisted in Table 3 and 4.
2.5 Gel electrophoresis:

For confirmation of the PCR results, 1% agarose gel was prepared by using 50ml of 1X TAE
buffer and 0.5g of agarose. Addition of 5pl of Ethidium bromide to the gel and the mixture

was transferred in to gel tray and gel comb was placed for formation of wells. Around 5pl of
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each DNA samples, mixed well with 2ul of loading dye were then loaded in the wells after
solidification of the gel. A 1.5ul of 1kb DNA ladder was also loaded as a standard for
measuring the size of DNA samples. It was then run across a voltage of 80 volts for 35
minutes. The DNA bands were observed under UV light in an ultraviolet (UV) trans-

illuminator. The results were compared with the ladder to identify the size of DNA sample.
2.6 DNA sequencing

The positive PCR products were sequenced unidirectional using Sanger sequencing method
(Macrogen, South Korea) using Universal primers LCO 1490 and HCO 2198. The total
numbers of samples sequenced were 6 those were common in both seasons and we got 4

accurate sequences of different types of insect species.
2.7 Phylogenetic analysis

Sequences were trimmed and aligned using BLAST tool in NCBI
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to identify sequence similarities. Closely related
sequences were retrieved from databases in FASTA format and aligned using MUSCLE
implemented in MEGA ver. X (Saitou and Nei, 1987) and phylogenetic tree was constructed
using 1000 bootstrap values by maximum likelihood method (Saitou and Nei, 1987) where

Bemisia tabaci MF289534.1 was used as an out-group.
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Figure 5

Steps involved in the process of Insect DNA using 2X CTAB
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Table 1 Preparation of solutions used for DNA extraction and analysis
Solutions for DNA extraction
Nam? e Composn.tlon cl Preparation and storage of working solutions
solution solution
Tris. HCI (pH.8)
27X CTAB =100mM CTAB buffer was prepared by dissolving all the
(50ml) EDTA (pH.8)=20mM | reagents in dH,O and then autoclaved. Buffer was
NaCl =1.4M stored at room temperature for further use.
CTAB =2%
PV-40= 1%
Ina 1.5ml tube, 0.02g of Proteinase-K powder
Proteinase-K 20me/ml and 1ml of PK buffer were added and mixed well.
(1%) & Then 200ul of glycerol was added in the tube.
’ Finally, the prepared 1% Proteinase-K solution
was stored at -20°C for further use.
'Chloroform: 24ml chloroform Mixed 24ml chloroform with 1ml isoamylalcohol
isoamylalcoh + ) .
) to prepare 24:1 chloroform: isoamylalcohol
ol 1 ml isoamylalcohol solution
(24:1) '
Sodium 40.8g Sodium acetate Added 40.8g sodium acetate in 100ml dH,O to
acetate (3M) 100m] dH,0 prepare 3M solution of sodium acetate
Solutions for DNA analysis (Gel electrophoresis)
In a beaker, 121.14g of tris-base (2M), 9.306g of
EDTA (50mM) and 28.59ml glacial acetic acid
50X TAE 50X (1M) were added in 200mldH,O. The solution
buffer was mixed very well. The final volume of the
solution was adjusted at 500ml by adding more
dH,O0.
0.5g of agarose was dissolved in 50ml (1%) of
1% Agarose 1% w/v agarose TAE buffer and boiled to properly dissolve it.
’ gl Ethidium bromide Allowed it to cool down. Before gel casting, Sul
£¢ (0.5pg/ml) of Ethidium bromide (0.5pg/ml concentration)
was added.
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Table 2  Master Mix preparation for 25ul PCR reaction mix

Reagents Stock Working Working

concentration concentration volume
DNA template - - 2.5ul
dNTPs solution 2mM (each) 200uM 2.5ul
Taq buffer 200mM 20mM 2.5 ul
MgCly 25mM 1.5mM 1.5uL
Forward primer 10uM 0.2uM 0.5ul
Reverse primer 10pM 0.2uM 0.5ul
Taq polymerase 5U/ul 1.25 Units 0.25ul

ddH>O - - 14.75ul

Table 3 Primers for mt-CO1 gene of wheat crop insects DNA samples

Primer Target | Reading Sequence 5°-3° Ann
gene | direction temp
range
LCO1490 COI | Forward | GGTCAACAAATCATAAAGATATTGG 48-
55°C
HCO2198 COI | Reverse | TAAACTTCAGGGTGACCAAAAAATCA | 48-
55°C

Table 4 PCR conditions for wheat insects DNA amplification

Step Temperature °C Number of Time (min)
cycles
Initial denaturation 94°C 1 10 min
Denaturation 94°C 30 sec
Annealing 49°C 35 30 sec
Extension 72°C 45 sec
Final extension 72°C 1 10 min
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CHAPTER NO.3

RESULTS

This chapter includes the study of wheat crop insects at start and end of the crop season by
morphological identification of insects, description of insects, their features and geographical
location in the tabular form, amplification of insect barcode region, sequence analysis,

phylogenetic analysis and species demarcation tool SDT.
3.1 Insect Identification based on morphology
(A) Sogatella vibix

Sogatella vibix, also known as the white-backed planthopper, has forewings transparent and
unmarked; the face is white with dark brown genae; parameres have a slim and petiolated
base; the apex is strongly cleft with the apico-outer side obliquely truncate and the apico-

inner sides acute and converging (Dupo & Barrion, 2009).
(B) Sogatella furcifera

Brown planthopper is the popular name for Sogatella furcifera, which may be identified
morphologically by its prominent pterostigma; Frons, gena, and clypeus are entirely black,
with the exception of a whitish carina in the frons and clypeus. Parameres have a bulbous sub
basal inner edge, an unequally cleft apex with a little inner spine, and a more apically

rounded outer section (Dupo & Barrion, 2009).
(C) Scirpophaga incertulas

Scirpophaga incertulas, also known as the yellow stem borer, can be identified by its
morphological characteristics, which include hind wings that are ochreous brown in males
and orange yellow in females with black spots on them. Frons is absent, and male fore wings
measure 8 to 9 millimeters in length while female fore wings measure 11 to 13 millimeters

(Hattori & Siwi, 1986).

(D) Psammotettix emarginatus

The common name for Psammotettix emarginatus is the "notched sand grasshopper." Males
range in length from 3.00 to 3.40 mm, while females range from 2.95 to 3.40 mm. Males
have heads that are 0.94 to 0.98 mm wide, while females are 0.92 to 1.00 mm wide, with a

crown that has a median sulcus that extends anteriorly 0.61 to 0.79 median lengths. Pronotum
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color varies whereas circular pits are restricted to the region above the anterior border of the

scutum (Greene, 1971).
(E) Sphaerophoria philanthus

Sphaerophoria philanthus is commonly known as hover fly and has black and yellow stripes

on body, long slender body with transparent wings (USDA, 1862).
(F) Exitianus indicus

Exitianus indicus, often known as the Asian rice grasshopper, has a vertex that typically has a
transverse brown band with an arcuate shape. Basal triangles on the scutellum are a light
brown color. Male bears 2-3 apical brown or black macrosetae on pygofer side. Strong lateral
compression of the aedeagal shaft, a big gonopore with a rim that forms a concave border,

and two tiny dorso basal processes are present (Khatri, Rustamani, Ahmed, & Sultana, 2014).
(G) Exochomus quadripustulatus

Exochomus quadripustulatusis commonly named as pine ladybird and it is black in color with

four red spots, 4.5 mm in length (Nature spot, 2009).
(H) Neoscona adianta

Neoscona adianta, also known as the orb weaver spider, has the morphological
characteristics of a brown to red abdomen that is decorated with a sequence of black-bordered
white or cream triangles. The male is considerably smaller than the female, measuring just

about 9 millimeters (0.35 in) in length (without the legs) (Preston-Matham, 1998).
(I) Coccinella septempunctata

Coccinella septempunctata is commonly known as seven spotted ladybird and it is orange-red

in color and has seven black colored spots on its body (Abdalla et al., 2022).
(J) Moycetophila idonea

Mycetophila idonea, often known as the fungus gnat. Long, multi-segmented antennae, a
hump-backed thorax, long legs with long coxae, huge bristles, and apical spurs on the tibiae
are morphological characteristics that help identify the body color is dull yellow or dark gray
(North Carolina State University).
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(K) Auplopus carbonarius

The potter spider wasp, or Auplopus carbonarius, is black in color with a large thorax and
broad wings that measure about 10 millimeters in length. The male can be identified by the

ivory-colored maculae next to the eyes (Buck, 2012).
3.2 Amplification of insect barcode region

For the optimization of PCR conditions for wheat crop insects DNA amplification, annealing
temperature adjustment was applied ranging from 48°C to 52°C. Optimum results were
obtained when annealing temperature was adjusted at 49°C, as displayed by the sharply
bright bands in gel on UV trans-illuminator after undertaking gel electrophoresis of PCR
product in 1% agarose gel at 80V for 35 minutes. Strong and bright bands of desired size i.e.
~700bp were visible on the gel. The size of band was calculated by comparing its position

with 1kb DNA ladder (Fermentas) as shown in Figure 6 and 7.
3.3 Sequence analysis

For sequence analysis a total of 6 DNA amplified products were sent for sequencing
(macrogen South Korean). The obtained sequences from macrogen were refined and aligned
using BLASTn to find and compare with similar sequences in the NCBI database. Alignment
result showed 4 different insects those have accurate sequences. Remaining samples were
identified morphologically by using morphological identification keys. Detail of the both
season samples is present in the table 5 and 6. Based on the sequence similarity, 7-9
sequences including out- group sequence were downloaded for each sequence of this study
from NCBI GenBank with accession number, for phylogenetic tree reconstruction and
analysis. For the construction of phylogenetic tree, all the sequences were aligned on MEGA
X software using MUSCLE. We constructed phylogenetic tree with method of maximum

likelihood using the kimura-2 model of MEGA X with 1000 bootstraps replicates.
3.4 Sequence Demarcation tool (SDT) analysis

For the validatation of phylogenetic analysis, SDT analysis of the sequences were also
performed using sequence demarcation tool (SDTv1.2) as shown in Figure 9, 10 and 11
representing four clusters in Sogatella furcifera and seven clusters in Scirpophaga incertulas,
Exitianus indicus, and Exitianus indicus varifying our tree. The SDT similarity score ranged
between 95-100% for Sogatella furcefera, Scirpophaga incertulas, Exitianus indicus, and

Exitianus indicus.
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Table 5 Insects collected after sowing of wheat crop and their geographical
locations
Serial Common name Scientific Location Morphological identification
number name
White-backed Sogatella Chak Slender, elongated body with a typical
1 planthopper vibix Shehzad/NARC/NIH/ planthopper shape, body is relatively
QAU University flat and laterally compressed. About 6-
7 mm in length, pale to yellowish
colored.
Yellow stem Scirpophaga NARC/QAU The Yellow Stem Borer has a
2 borer incertulas University relatively slender body with a typical
moth-like shape, wingspan ranging
from 20 to 30 mm, primarily yellow or
golden-brown, with darker brown or
blackish-brown markings, six legs, he
hind wings are paler and more
uniformly colored.
Brown Sogatella Chak Brownish body color, about 3 to 4 mm
3 planthopper furcifera Shehzad/NARC/NIH/ in length, Its body is elongated and
QAU University slender.
Notched sand Psammotetti NARC/QAU The body may be brown, green, or a
4 grasshopper X University combination of these colors, 5 to 7
emarginatus millimeters in length, has six legs. The
legs are adapted for jumping and are
often long and slender.
Leathopper Exitianus Chak shehzad, QAU Variable colors, the body may be pale
5 indicus University yellow, greenish-yellow, or a
combination of these colors. The wings
may have patterns or markings, such as
spots or lines, 5 to 6 millimeters in
length.
Orb weaver Neoscona NARC/ QAU Smm in length, brown in color,
6 spider adianta University marking on abdomen
Lady bird beetle | Coccinella Chak Orange in color, seven spot ladybird
septempunct | Shehzad/NARC/NIH/
; ata QAU University
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Table 6 Insects collected near harvest of wheat crop and their geographical
location
Serial Wheat crop Scientific Names Location Key identification features
Number: Insects
1 Orb weaver spider | Neoscona adianta | NARC/ QAU University 5mm in length, brown in color,
marking on abdomen
2 Fungus gnats Mycetophila Chak Brown abdomen, 2.2 mm in
idonea Shehzad/NARC/NIH/QAU length, head and thorax are
University somewhat darker.
3 Potter spider wasp Auplopus NARC/QAU University Black body with, big thorax
carbonarius region and broad wings
4 Brown planthopper | Sogatella furcifera Chak Brownish body color, about 3 to
Shehzad/NARC/NIH/QAU 4 mm in length, Its body is
University elongated and slender.
5 Lady bird beetle Coccinella Chak Orange in color, seven spot
septempumctata | Shehzad/NARC/NIH/QAU ladybird,
University
6 Yellow stem borer Scirpophaga NARC/QAU University The Yellow Stem Borer has a
incertulas relatively slender body with a
typical moth-like shape,
wingspan ranging from 20 to 30
mm, primarily yellow or golden-
brown, with darker brown or
blackish-brown markings, six
legs, he hind wings are paler and
more uniformly colored.
7 Leafthopper Exitianus indicus Chak shehzad, QAU Variable colors, the body may be
University pale yellow, greenish-yellow, or
a combination of these colors.
The wings may have patterns or
markings, such as spots or lines,
5 to 6 millimeters in length.
8 Hover fly Sphaerophoria Chak Black and yellow stripes on
philanthus Shehzad/NARC/NIH/QAU body, long slender body with
University transparent wings
Notched sand Psammotettix NARC/ QAU University Overall coloration of is variable.
grasshopper emarginatus The body may be brown, green,
or a combination of these colors,
9 5 to 7 millimeters in length, has
six legs. The legs are adapted for
jumping and are often long and
slender.
10 Pine lady bird Exochomus Chak shehzad, QAU Black in color with four red

quadripustulatus

University

spots, 4.5 mm in length
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Table 7 Comparison of insects after sowing and before harvest of wheat crop

1. Brown plant hopper
2.Yellow stem borer
3. Leathopper

1.Brown planthopper 4 Notched sand grasshopper

2.Yellow stem borer 5.White-backed planthopper

3.Leafhopper 6.0rb weaver spider

7.Ladybird beetl
4.Notched sand grasshopper adybird beetle

5.0rb weaver spider
6. Ladybird beetle 1.0rb weaver spider
2.Fungus gnats
3.Potter spider wasp,
4.Brown planthopper
5. Ladybird beetle
6.Yellow stem borer,
7.Leathopper
8. Hover fly

9.Notched sand grasshopper

10. Pine ladybird
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Figure 6

Figure 7

Results

PCR product illustrated by UV trans-illuminator after gel electrophoresis

Lane 1 shows the ladder while bands in lane 2-7 shows amplified mt-COI fragments of wheat
crop insects sampled at the start of the wheat crop season.

PCR product illustrated by UV trans-illuminator after gel electrophoresis

Lane 1 shows the ladder while bands in lane 2-10 shows the amplified mt-COI fragments of
wheat crop insects sampled at the end of the wheat crop season.
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Figure 8 Phylogenetic analysis of Sogatella furcifera

The above figure shows a phylogenetic tree reconstructed through maximum likelihood
method after sequence alignment of our sequences with those sequences downloaded from
NCBI GenBank. Sequence labeled with red rhombus represents the sequence of this study
while the black rhombus sequence at the bottom of tree represents out-group. This
phylogenetic tree was reconstructed using MEGA X version software.
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Figure 9 Phylogenetic analyses of Scirpophaga incertulas, Exitianus indicus,
Psammotettix emarginatus

The above figure shows a phylogenetic tree reconstructed through maximum likelihood
method after sequence alignment of our sequences with those sequences downloaded from
NCBI GenBank. Sequence labeled with red rhombus represents the sequence of this study
while the black rhombus sequence at the bottom of tree represents out-group. This
phylogenetic tree was reconstructed using MEGA X version software.
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The above figure represents homology index among sequences of this study for Sogatella
furcifera and those sequences downloaded from NCBI GenBank. A percentage similarity
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score between two sequences is represented by each square that is colored. Software known as
Sequence Demarcation Tool Version 1.2 (SDT 1.2) was used to create this figure.
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Psammotettix emarginatus
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The above figure represents homology index among sequences of this study for Scirpophaga
incertulas, Exitianus indicus, Psammotettix emarginatus and those sequences downloaded
from NCBI GenBank. A percentage similarity score between two sequences is represented by
each square that is colored. Software known as Sequence Demarcation Tool Version 1.2 (SDT
1.2) was used to create this figure.
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CHAPTER NO.4

DISCUSSION

Wheat holds immense agricultural significance as the primary staple food crop in Pakistan.
However, throughout its developmental stages, wheat plants face substantial challenges
caused by various arthropod pests. These pests can be categorized as either oligophagous,
feeding on a limited number of plant species, or polyphagous, causing harm to a very large
range of plants. This is exceptionally rare to encounter an insect species that exclusively
targets wheat crops (monophagous). Before the advent of the "green revolution," which
entailed the introduction of crop cultivars with high yields, and modern agricultural practices,
it was estimated that insect pests caused approximately 5.1% of global wheat production
losses. However, following the implementation of these new agricultural approaches in the

1990s, the losses attributable to pest insects escalated to 9.3%.

This increase in pest-related losses highlights the adaptability and dynamic nature of these
insects in response to environmental factors. Temperature fluctuations within the
environment exert notable effects on the physiology, behavior, reproductive patterns
(voltinism), and geographic distribution of insect pest species. Changes in temperature can
influence the developmental rates of insects, their metabolic processes, and the synchrony of
life cycle events. Consequently, temperature variations can directly impact the abundance and
distribution of insect populations, potentially leading to increased pest pressure on wheat

crops (Farook et al., 2019).

It is necessary to study and comprehend the dynamics of insect pests in wheat cultivation to
develop effective strategies for their management. By employing scientific methodologies
such as DNA barcoding, researchers can accurately identify and classify insect species
associated with wheat crops. This knowledge contributes to a deeper comprehension of the
biodiversity and ecological interactions within the wheat agro-ecosystem. Given the critical
role of wheat as a major food source, it is crucial to mitigate the impacts of pest insects on its
production. Sustainable pest management practices that integrate biological control, cultural
practices, and judicious use of insecticides can help minimize yield losses caused by insect

pests while promoting ecological balance and reducing environmental risks.

In this study, we employed a PCR-based method for the identification of various wheat crop

insects collected from diverse regions within Islamabad, Pakistan. The DNA was extracted
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using 2XCTAB methods. The quantity of DNA extracted from 2XCTAB methods was good
so it was adapted as the primary protocol for all extractions. The DNA obtained from Wheat
crop insects were detected through PCR. Samples from different locations of Islamabad
showed positive results for mt-COI primers. The annealing temperature was tested at 48°C,
49°C and 50°C. The band size of positive PCR products was approximately 700bp. Total 6
samples were sequenced from Macrogen, South Korea. Out of 6 samples 4 were accurate
sequences. The sequences were then aligned with the other sequences present in NCBI
through BLASTn tool. Then phylogenetic analyses were performed and phylogenetic tree

was constructed using MEGA X software.

In conclusion, the utilization of DNA barcoding, an established methodology involving a
standardized DNA region for species identification, has gained considerable traction across
diverse scientific disciplines, including entomology. However, the comparative DNA
barcoding analysis of wheat crop insects specifically within the agricultural milieu of
Islamabad, Pakistan, remains an uncharted territory. In view of the paucity of research in this
area, understanding the genetic diversity, species composition, and population fluctuations of
these insects during distinct phases of the growing season assumes paramount importance for
devising effective and sustainable pest management protocols. This study seeks to address
this research gap by undertaking a comprehensive comparative DNA barcoding analysis of
wheat crop insects at the inception and culmination of the growing season in Islamabad,

Pakistan.
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