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SUMMARY

The following study investigated the molecular identification of five species of pests that infect stored
grains, held from January 2021 to December 2022 in the Misan Province, Southern Iraq. Infected
stored grains’ samples came from the General Company for grain trading in its three branches, local
and central markets, and homes. Results of the presented study showed five species of pests
belonging to the order Coleoptera. These species are Tribolium castaneum, Trogoderma granarium,
Rhyzopertha dominica, Callosobruchus maculatus, and Oryzaephilus mercator. Using the molecular
technique of polymerase chain reaction helped confirm the morphological identification by employing
the gene mtCOXI and identify the mutations present in the local species by comparing with the
species found in the NCBI. Results of the genetic analysis revealed differences in the sequences of the
nitrogenous bases of the gene mtCOXI between the local species and the species recorded in the
NCBI. Likewise, variances appeared with the tree drawn between the studied species and the standard
samples. The five species of pests also received accession numbers OR343196, OR343199,
OR313198, OR343194, and OR343197, respectively, as recorded in the NCBI.
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Key findings: Polymerase chain reaction technology (PCR) is an excellent technique for diagnosing

insect pests that affect stored grains. It can also be effective to confirm species identification when a
phenotypic similarity occurs between two species, such that, it is difficult to distinguish between them.
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INTRODUCTION

Cereals, in general, are valuable in global
agriculture (Jagshoran and Tripathi, 2004).
Stored grains, as exposed during storage to
many pests, acquire quantitative and
qualitative losses. According to the Food and
Agriculture Organization (FAO) of the United
Nations, the causes of losses are mainly due to
insects, microorganisms, and rodents
(Pimentel, 1991). More than 200 species of
insect pests infect stored grains and their
products (Rajendran and Sriranjini, 2008).

Beetles constitute the vast majority of
these pests, belonging to the order Coleoptera,
and are responsible for the largest percentage
of losses that occur in stored grains (Kumar
and Kalita, 2017). The morphological diagnosis
of species based on each species’ external
characteristics necessitates understanding their
evolutionary relationships and diversity.
Morphological traits have traditionally served to
diagnose insect pests (Jinbo et al., 2011).

However, in some cases, this type of
diagnosis is longer and more difficult because
of the changes occurring in the external
characters, as a result of variations arising in
environmental and climatic conditions (Barrett
and Hebert, 2005). Moreover, the use of
taxonomic keys by researchers requires
experience (Ball and Armstrong, 2006). In this
case, the molecular detection becomes the
confirming partial of the morphological
detection (Ball et al., 2005; Timm et al., 2007,
2008).

Molecular detection depends on the
analysis of genetic material, and this method is
efficient and effective in knowing a wide range
of species, even when not diagnosing the
species or is previously unknown (Rugman-
Jones et al., 2009). This study is the first in
Misan Province, but many studies in Basrah
Province have already focused on the genetic
material in molecular diagnosis. Kalaf (2021)
studied the genetic variation existing between
two very similar species, making it difficult to
distinguish between them. These two species
are Tribolium castaneum and Tribolium
confusum.
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Al-farhany and Kareem (2022) studied
the genetic diagnosis of five species of the
family Muscidae in Basrah, South Iraq. The
first-ever study in Misan Province, Southern
Iraq, aimed to determine the molecular
identification of five species of pests infecting
stored grains.

MATERIALS AND METHODS
Collect infected stored grains’ samples

The collection of infected stored grains’
samples transpired from the General Company
for Grain Trade with its three branches in
Misan Province and from local and central
markets and homes from January 2021 to
December 2022. The collected samples’
preservation continued in glass bottles to make
permanent colonies of obtained pests infecting
the stored grains. Species  detection
morphologically relied on the taxonomic keys,
with similar species isolated for molecular
identification to confirm the morphological
detection.

DNA extraction

The isolation of adults for each species
occurred separately, and their crushing used a
ceramic mortar to obtain a homogeneous
powder as much as possible. Deoxyribonucleic
acid (DNA) extraction utilized the kit provided
by the company Geneaid (gSYNC™ DNA
Extraction Kit), following the steps according to
the protocol of the company to extract the DNA
from the tissue.

Polymerase chain reaction

The polymerase chain reaction (PCR) of the
species pests infecting stored grains proceeded
using the master mix prepared from Bioneer
Company and a universal invertebrate primer
with sequences as LCO1490 (5/ GGTC AACAAA
TCATAAA GATATTGG -3/) and HC02198 (5/
TAAACTTCAGGGTGACCAAAAAATCA -3/) to
amplify portion of the mitochondria gene
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(mtCOXI-mitochondria Cytochrome Oxidase
subunit I) (Folmer et al., 1994). This prepared
primer came from the Macrogen Company as a
dried product with different concentrations.
Adding to each tube of the Master Mix 2 pl
forward and reverse primers, 5 pl DNA of each
species, and 6 pl nuclease free water before
the tubes’ placement in a ThermoCycle. The
program used for amplification is as follows:
initial denaturation, 5 min at 95 ©°(C,
denaturation, 1 min at 95 °C, annealing, 1 min
at 49 °C, extension, 1 min at 72 °C, and final
extension, 2 min at 27 °C, except for the
Rhyzopertha dominica with the temperature
annealing at 48 °C. The amplified gene for

each species bore confirmation by
electrophoresis on agarose gel with a
concentration of 1%. The agarose gel’s

transfer to ultraviolet light helped examine the
bands resulting from polymerase chain
reactions. If bands appear, the camera can
photograph them.

RESULTS AND DISCUSSION
Measurement of the DNA concentration

The extraction results showed the DNA
concentration of five species of pests infecting
stored grains. These are Tribolium castaneum,
Oryzaephilus mercator, Trogoderma
granarium, Rhyzopertha  dominica, and
Callosobruchus maculatus at 175, 171, 162,
182, and 193 ng/uL, respectively. Meanwhile,

the purity was 1.81, 1.75, 1.96, 1.62, and
1.87, respectively.

Results of the polymerase chain
reactions revealed the target gene appeared in
the five species Tribolium castaneum,
Oryzaephilus mercator, Trogoderma
granarium,  Rhyzopertha  dominica, and
Callosobruchus maculatus, at a molecular
weight of 710 bp compared with the DNA
ladder. Such studies can be beneficial in
diagnosing species and conducting comparative
studies between local species with those in the
gene bank to know their occurring differences
as a result of environmental conditions.

DNA sequences are one of the vital
ways in diagnosing species and the extent of
convergence or divergence between local
species with those in different geographical
locations (Pons et al., 2006). The results’
analysis of the PCR product continued in the
Macrogen Company in Korea. After the
alignment, the comparison of the DNA
sequences of a partial of the mtCOXI gene of
the five local species studied ensued with the
sequences of those recorded in the NCBI
GenBank in different parts of the world. The
study used the BLAST search tool, which
indicated existing mutations.

The sequences of partial of the mtCOXI
gene of the five local species of pests infecting
stored grains received accession numbers, as
mentioned in Table 1. The percentage of match
ranged from 95%-100% between the local
species and the species registered in the
GenBank (NCBI). The species Tribolium

Table 1. Accession number for the five local species and the accession number of related species in

Accession of species that were close to local species in the
GenBank

NCBT.

Species Local species accession
number in the GenBank

Tribolium castaneum OR343196

Oryzaephilus mercator OR343197

Trogoderma granarium OR343199

Rhyzopertha dominica OR343198

Callosobruchus maculatus OR343194

0Q509919.1, OP604564.1, OP604557.1 ,KM439779.1,
ON505589.1, ON482348.1

MG458965.1

LC386209.1 ,0Q358899.1, OP597472.1, HM398878.1
MN271961.1, MH91005, KY440152.1, KM450240,
OM882649.1, KC407717.1

MG45897.1, MT641322.1, KU912434.1, MK649857.1,
MT422564.1, MT42256.1,

MT422540.1
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castaneum was identical to the samples
recorded in India, Germany, South Korea, and
Mexico. However, the species Oryzaephilus
mercator had the percentage closer between
the local species and the species recorded in
the USA at 0.003, with the Indian specimen at
0.006, and with Nigerian specimens at 0.008.
As for the species Trogoderma
granarium, it is close to the Japanese samples
and the samples in the USA, Australia, and
Canada at the rate of 0.0016 and China at the
rate of 0.0017. The species Rhyzopertha
dominica is identical to the samples recorded in
India, Germany, and South Korea. The species
Callosobruchus maculatus is alike with the
species recorded in the USA and differed from
specimens recorded in India at 0.027.

Phylogenetic tree of the mtCOXI gene for
five species of pests

The results of phylogenetic tree analysis of the
five species of pests infecting stored grains in
the promising study targeted the mtCOXI
gene. The species Tribolium castaneum is
genetically identical to species with accession

numbers 0Q509919.1, O0P604564.1, and
0OP604557.1 from India, KM439779.1 from
Germany, ON505589.1 from Mexico, and
ON482348.1 from South Korea (Figure 1).

The Oryzaephilus mercator is
genetically close with species with accession
numbers MG458965.1 from the USA,

MH910051.1 from India, and MW728029.1 and
MW728028.1 from Nigeria (Figure 2). The
Trogoderma granarium is genetically similar to
species with accession numbers LC386209.1
from Japan, 0Q358899.1 from the USA,
OP597472.1 from Australia, and HM398878.1
from Canada, with the same degree of
convergence (Figure 3).

The species Rhyzopertha dominica is
genetically identical to species with accession
numbers MN271961.1, MH910056.1,
KY440152.1, and OMS882649.1 from India,
KM450240.1 from Germany, and KC407717.1
from  South Korea (Figure 4). The
Callosobruchus  maculatus is genetically
identical with species with accession numbers
MG458967.1 from the USA and close with
species with accession number MT641322.1
from South Korea (Figure 5).
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Figure 1. Phylogenetic tree of the mtCOXI gene of the pest, Tribolium castaneum.

1151



Hamdan and Kareem

(2025)

® MWwW728033.71 Oryzaephilus mercator Nigeria

0.0032

b @& MW728037.171 Oryzaephilus mercator Nigeria
20096 | ©0-0032

0.000] | MW728029.1 Oryzaephilus Nigeria

10096 - MWwW728028.17 Oryzaephilus Nigeria

0.0174

0.0000

= l. MHOT10057. 1 Oryzaephilus mercator India

16
0096
0.0032

® Oryzaephilus mercator OR343197 Iraqg

0.0032

0B MG458965.1 Oryzaephilus USA

0.01

0.0255

- MWwW728030.7 Oryzaephilus mercator Nigeria

Figure 2. Phylogenetic tree of the mtCOXI gene of the pest, Oryzaephilus mercator.
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Figure 4. Phylogenetic tree of the mtCOXI gene of Rhyzopertha dominica.
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Figure 5. Phylogenetic tree of the mtCOXI gene of Callosobruchus maculatus.

Stored grains and their products are
among the most essential main sources for
humans and represent the chief part of food
for many peoples worldwide. The presence of
insects in these stored grains results in many
damages, including secretions and undesirable
odors, resulting from a substance called
benzoquinones. This substance is one of the
prime causes of cancerous diseases of various
types and also causes allergic diseases in
humans (Lu et al., 2012; Angadi et al., 2014).

More than 60 species of insects infect
grains and their products, with most of these
species belonging to the order Coleoptera and
Lepidoptera (Jian, 2019; Abbasi et al., 2021).
The species that retune to the order Coleoptera
constitute the largest percentage of pests
infecting grains, with among these 500 species
found in grains and stored products, only 100
species feed on and damage grains and reduce
their economic value. As for the remaining
species, they feed on fungi contaminating
grains and grow on them, while other pests
feed on dead warehouse insects (Rajasri et al.,
2020). Insects possess huge genetic diversity

that can be detected wusing molecular
techniques focusing on DNA  markers.
Differences in insects transcend beyond
morphological characters. However, these

manifest in behavior and size within an insect
population and even within individuals of the
same species (Petrson et al., 2012).
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Detecting
appearing in a
analyzing a small

the biological diversity
species can proceed by
piece of the organism's
genome, using one or more genes for
diagnosis. In this way, inexperienced
researchers can obtain information in the field
of identification and classification of unknown
species and even the classification of new
species. The genetic diversity available in pests
of stored grains may correlate with the
geographic origin of the strains infecting the
grains, or there may be a problem with trade
between countries (Ajayi and Rahman, 2006).
Recently, DNA barcodes have served to
confirm  morphological identification. This
method depends on the diversity that occurs in
the sequences of the mtCOXI, known as the
DNA barcode (Heberts et al., 2003).

Studies using these markers have
focused on molecular differences between and
within the same species (Gupta and Jindal,
2013; Zufall et al., 2013). The presented study
diagnosed five species of pests infecting stored
grains in Misan Province, Southern Iraq, using
a universal primer and the PCR technique to
amplify a part of a gene mtCOXI. It also
obtained the gene’s sequence for five selected
species for submission in the database of the
GenBank (NCBI).

The rate of genetic match between
local species and species registered in the
GenBank as well as distributed in different
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parts of the world was from 95% to 100%.
This included India, Germany, Mexico, and
South Korea for the Tribolium castaneum
species; the USA, India, and Nigeria for the
Oryzaephilus mercator species; and Japan and

the USA for the Trogoderma granarium
species. Other species comprised India,
Germany, and South Korea for the

Rhyzopertha dominica species and the USA for
Callosobruchus maculatus. This match ratio
indicates the species of the pest maintained its
genetic structure and moved with grains
between continents, spreading and adapting to

varying climate changes and different
environments.
This study aimed to confirm the

morphological diagnosis of the pests as
recorded in stored grains in Misan Province,
South Iraq. Many studies used the primer
employed in the said study with different
annealing temperatures to distinguish or
diagnose different species in various parts of
the world and even in different provinces of
Iraq. Aslam et al. (2019a) distinguished two
species similar in characters, making it difficult
to distinguish between them. These two
species are Tribolium castaneum and Tribolium
confusum, with an annealing temperature 72
°C. Their research showed the two species with
a molecular weight of 658 base pairs.

The same researcher also detected
three species of pests infecting grains, and
these species were Callosobruchus chinensis,
Sitophilus oryzae, and Oryzaephilus
surinamensis with a temperature annealing of
49 ©°C (Aslam et al.,, 2019b). In China,
identification of five species belonged to the
genus Cryptolestes, as well as in Northern
India and other geographical locations
(Varadinova et al., 2015). Primer sequences to
find out the genetic diversity occurring in the
species Rhyzopertha dominica with an
annealing temperature of 48 °C, and the bands
appeared with a molecular weight of 700 base
pairs, either in Iraq or elsewhere. Hamad and
Sultan (2021) used the annealing temperature
of 55 °C to diagnose the genetics of two
species of Tribolium castaneum and Tribolium
confusum from other studies in Iraq. Mzhr et
al. (2022) made the molecular detection of
pests infecting rice crops in Mosul, Baghdad,
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Saladin, Diyala, and Dhi Qar, using the same
primer and showed bands belonging to the
species after electrophoresis at a molecular
weight of 700 bp.

Among the difficulties encountered
during the presented study are the steps of
extracting DNA, as Coleoptera needs more
incubation periods when using adults compared
with larvae or legs. It is due to the hard
exoskeleton covering the entire body, which
consists of chitin, complex proteins, and
peptides, and the nature of these compounds.
It reduces the efficiency of the materials used
in the extraction and, thus, reduces the
concentration and purity of the extracted DNA.
For this reason, many modifications occurred in
the methods of work. These modifications
include an increase in incubation periods when
using adults, from three hours to five hours or
more. Continuous shaking ensued every 15
min for samples during the incubation period to
ensure for the compounds to enter the tissue
and destroy the tissue and cells to reach the
DNA and extract it.

CONCLUSIONS

Polymerase chain reaction technology (PCR) is
an effective and rapid means of diagnosing and
confirming the analysis of species being
difficult to diagnose morphologically or whose
numbers are small.
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