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Necrobia rufipes (Coleoptera: Cleridae) are
economically essential since most species are
predaceous on other insects in both adult and larval
stages. Molecular investigation is useful for
identifying species and other downstream analysis.
In addition to identification, this research
addresses past gaps in knowledge through
establishing the sequence of current insect COX
genes and other investigations. A novel method
was developed in this study to examine COX gene
sequencing and to determine the relationship
between Cleridae subfamilies. The DNA was
isolated, and a band of 550 bp of the mt COX gene
was amplified. Then the amplicons were
sequenced. Parts of the COX gene were aligned
with Clustal Omega and visualized and edited via
Jalview software. This research presented the
Ts:Tv mutation ratio through a sequencing
technique for the species with reliable results. The
species from the Kurdistan region in this study
were clustered in a monophyletic clade published
in Germany (KU916741.1) with a high identity
value (100%). The COI sequence of the species
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was submitted to GenBank with the PP175929.1
accession number. The base composition of the
COX gene sequence had a higher AT figure at
67.89% compared to the GC’s 32.1%. These
results offer new valuable insights on the Necrobia
rufipes and may provide useful data for its
identification, bioinformatics  uses, and
management applications. The results show that
the mt-COX can be used as a marker for further
molecular experiments.

Keywords: Alignment, Genetic variation, Bioinformatics, Phylogenetic.
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Introduction

Family Cleridae, commonly known as checkered beetles, is a cosmopolitan group
(except for the Antarctic) with approximately 4000 species and 320 genera (5) with (3)
listing 291 species in North America alone. The family Cleridae beetles are a diverse
group of insects with wide geographic distributions (10). The morphology-based
classification of Koliba¢ (17) reduced the number of its subfamilies to four by
employing the Transformation Series Analysis method, namely Tillinae,
Hydnocerinae, Clerinae, and Korynetinae (20).

The Cleridae family are extremely important economically as they prey on other
insect species at both adult and larval stages. Most species in this family exist on plants
and tree trunk (11), but the Necrobia species are scavengers and can infest carcasses
and the hides of vertebrate carrion (2). The Cleridae larvae are generally predacious
and feed upon wood and bark-boring beetles. Several examples have been verified on
flowers, vegetation, dead and dying trees infested with borers, as well as on the bones
and skins of dead animals (8).

Molecular methods using PCR have been instrumental in the development of
biological sciences as they allow for the development of satisfactory, quick, and
reliable approaches and equipment. Accurate insect detection is the first step in pest
management and it is necessary to identify target organisms by sequencing (13).
Indeed, molecular techniques are highly useful when morphological and ecological
evidence is ambiguous (26). In addition to providing accurate and reliable information
for identification when sequencing the mitochondrial DNA, molecular procedures can
also be useful tools for building evolutionary relationships. The mt COI, mt COIll, and
nuclear EF1 DNA sequences for key species have been attained through numerous
molecular phylogenetic investigations (16 and 27). Except for the differences in higher
classification, the phylogenetic relationships within the Cleridae are relatively
different.

The sub-familial relationships are covered in each subfamily with the other three
subfamilies (18), then in turning around among all 4 subfamilies on the molecular data
(4 and 19). It has been argued that morphology-based analyses are weighted towards
the characters used as taxonomic discriminators between lineages and do not provide
an unbiased assessment of phylogenetic relationships (10). Although some molecular
phylogenies have been attempted, they were all reconstructed on the basis of short
nucleotide fragments of mitochondrial cox1, cytb, 12S, and 16S rRNAs as well as
nuclear 18S and 28S rRNAs (4, 7 and 19), which may not contain enough phylogenetic
information as well as provide no information on the genetic variations among them.

Databases or publications on Necrobia rufipes molecular studies in the Iraq -
Kurdistan region in particular are limited. Besides, in the Erbil governorate, no
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sequencing molecular phylogeny is available for this species. There is also scant
information on the extent of the genetic relationship among the Cleridae subfamilies to
establish any similarities and genetic variations among their offspring. Thus, it has been
difficult to obtain molecular information on this species. However, DNA-based
sequencing techniques can independently show how this species behaves with others.
Some studies have highlighted the use of molecular phylogeny with some genes other
than cytochrome oxidase |, for the purpose of species identification only. This study
aims to provide comprehensive information on the molecular experiments and
bioinformatics used on this species obtained from various locations in Erbil. The main
objectives are to align and detect genetic variations, make an accurate phylogeny of the
Necrobia rufipes species with the offsprings in other subfamilies, as well as develop
restriction mapping using the mitochondrial COX subunit I gene.

Materials and Methods

Sample Collection, Preparation and DNA Isolation: Sixty specimens of the male
red-legged ham beetle Necrobia rufipes were taken (based on the morphological
identification keys) from carrion and carcasses in contact with soil during March-April,
2023 from various localities in the Erbil Province of the Kurdistan region in Irag. Ten
specimens each were placed in plastic bags and stored at -20°C in the refrigerator to be
anaesthetized which is a less painful way than other killing methods. The samples were
then sent to a private molecular laboratory in Erbil where the first process of DNA
isolation was done under controlled and uncontaminated conditions. For the DNA
isolation procedure, only parts of the body (head, thoraxes, and abdomen) of the male
adult insects were used to avoid contaminating other external part.

Total genomic DNA was extracted from the insects in each separate plastic bag
according to the instructions of the ZYMO Quick-DNA Tissue/Insect Micro-prep Kit
(USA-D6015). The isolated DNA was kept at -20°C for downstream applications. The
quality and quantity of the isolated DNA was inspected by Nanodrop 1000 (Thermo
Scientific UK), and ranged from 1.7 to 2. All samples met purity isolated DNA
standards in Nanodrop except for one which was excluded due to low purity of under
1.6 (reference, ZYMO kit instruction procedure).

PCR Primers: The primers of a specific gene in mitochondria, known as the mt-COI
gene, was chosen for PCR amplification using the pairs of primers shown in Table 1,
which exemplified the specific data on the Mt-primers (24). The COX primers were
synthesized at the Micro-gene Center in South Korea.

Table 1: PCR primer COX gene used in the study.

Gene Nucleotide Sequences Product TM°
Size
Cytochrome Oxidase ¢ Forward primer C1-J-1718 550bp 60°
subunit | (COX) 5’- GGAGGATTTGGAAATTGATTAGTTCC- C
3

Reverse primer C1-N-2172(HC02198)
3’- TAAACTTCAGGGTGACCAAAAAATCA
-5’
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PCR Amplification: The polymerase chain reaction (PCR) was done using a thermal
cycler (Bioresearch, PTC-200, Gradient thermocycler) while the final amplification
volume for the reaction mixture was done in 50ul (Table 2). The PCR was adjusted
according to the selected primer by applying a program following (1) as in Table 3.
The 550 bp-sized amplicon were pictured in a 1.5% agarose gel electrophoresis (45
seconds, 75V 1X TBE buffer) stained with 5 pl EtBr. Then the PCR products were
stored at -20°C for future use.

Table 2: PCR amplification components.

No. PCR components Concentration Volume (ul)
1 Master Mix (AMPLIQON A/S Stenhuggervej 22) 2X 25
2 Forward Primer 20 Pmol 3
3 Reverse Primer 20 Pmol 3
4 Template DNA 50ng/ul 4
5 DNase free Water - 15
Total 50
Table 3: PCR program COX gene.
Step PCR temp. (°C) Time (min.) Cycles
Initial denaturation 95 5 1x
Denaturation 95 40 sec 35x
Annealing 60 40 sec
Extension 72 1
Final extension 72 10 1x
Storage 4 00

DNA Sequencing and Submission: The Sanger sequencing of a partial gene of Mt-
DNA-COX was done at the Micro-gene Center in Korea via a BigDye Terminator
Cycle Sequencing Kit (PE Applied Biosystems) and the product was evaluated
utilizing an ABI PRISM 310 (PE Applied Biosystems). The mt-COX gene sequence
chromatograms produced in this work were collected, manually examined, and
inspected via Finch TV v1.4 (accessible at https://digitalworldbiology.com/FinchTV).
Then the attained sequence was submitted and confirmed on the NCBI nucleotide
database (https://blast.ncbi.nlm.nih.gov/Blast.cgi) in GenBank and received the
accession number PP175929.1 for COX gene for comparison and alignment query
sequencing with other downloaded biological sequences to determine further similarity
with others.

Alignment and Phylogenetics: To achieve consensus for only one sequence, the
DNA sequence was translated to the protein sequence and the frequency of amino acids
for the transcribed sequence was calculated based on the MEGAL1 software. Then the
alignments for the protein sequences were done using the Clustal Omega program
(https://www.ebi.ac.uk/Tools/msa/clustalo/). The phylogenic tree was created via the
Maximum Likelihood method grounded on the Tamura-Nei model in MEGA11l
software (23) with the available sequences of the COX gene of the Cleridae family
belonging to the Korynetinae, Tillinae, Hydnocerinae, and Epiclininae sub-families
taken from the NCBI nucleotide for phylogenetic study.

Restriction Mapping and Theoretical Digestion: The physical mapping and
theoretical digestion procedures were used to detect the virtual position of restriction
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sites on COX gene fragments to produce a restriction map and digested fragments. For
that purpose, a popular program (NEB cutter V.3.0.17, New England Biolabs) tool was
used to obtain the virtual maps and their digested fragments. This software can be
downloaded at https://www.neb.com/en or directly from
http://tools.neb.com/NEBcutter. We selected 1 Cutters restriction enzymes for creating
restriction mapping for identifying a precise palindromic on our gene and makes
specific cuts. Then the ratio of each nucleotide’s frequency and base compositions of
AT% and GC% were determined based on the differences in nucleotides among
alignment sequences.

Results and Discussion

DNA Extraction and PCR Amplification: Based on the proposed methods 20-25ug
of genomic DNA including mt-DNA was successfully isolated from the male insects
(as we did not work on the sex chromosome the insects’ gender did not influence the
study results) with a purity of 1.7 - 2 (one sample was excluded because its purity was
less than 1.6). Then two pulled samples were prepared for the downstream application.
After that, amplification was carried out by traditional PCR aided by a pair of primers
for the mt-COX gene. The amplified amplicon size was 550bps and the bands were
separated by 1.5% agarose gel electrophoresis (45 seconds, 75V 1X TBE buffer)
stained with 5ul ethidium bromide, as shown in Figure 1. The size of the amplicons is
correct and accurate based on (1)

Figure 1: PCR amplification of partial cytochrome C Oxidase | gene from the
insects.

M = Marker type mid-range DNA ladder (100-3000) bp; Lanes 1 and 2 = two replicates with 550 bp of
PCR products from Necrobia rufipes De Geer; and C = negative control.

Sequence Analysis: The PCR product was sent for partial Sanger sequencing of the
Mt-DNA COX gene using ABI 3130X genetic analyzer (Applied Biosystem) and the
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sequence nucleotides were then submitted and confirmed on NCBI nucleotide database
with the accession number PP175929.1. The nucleotide frequencies mt-DNA COX
gene sequence of Necrobia rufipes were A 129 nt (30.39%), T 153nt (37.5%), C 67 nt
(16,42%), and G 64 nt (15.68%), while the base compositions of the COX gene
fragments produced 67.89% for A/T and 32.1% for G/C. They then underwent some
bioinformatics analyzing.

Alignments and Variation Analysis: A query sequence was aligned based on the
protein sequence translated by MEGA V.11 software with the five closest species
(Necrobia violacea KU909322.1/Germany, Necrobia rufipes 0Q842460.1/China,
Necrobia rufipes KF956176.1/South  Africa, Necrobia rufipes voucher
KU916741.1/Germany, and Necrobia rufipes voucher OQ557179.1/Lebanon) in the
same subfamily to reveal the similarity and genetic variations among them (see Figure
2). Alignment was done by MSA Clustal Omega (accessible
at https://www.ebi.ac.uk/Tools/msa/clustalo/) while Jalview software was used to
visualize and edit sequence alignments. As seen in Figure 2, the query sequence has
three missed amino acids in Nos. 4, 28 and 87. Compared to the other sequences, this
study’s sequence was mismatched with the first sequence from Germany in the amino
acid Nos. X33L, X93A, X94L and Y99S. On the other hand, the query sequence was
mismatched with the 2" and 3™ sequences in No. S94L and in only amino acid No.
X1061 while the 3" sequence from South Africa and the 6™ sequence from Lebanon
had one mismatched alignment in No. X32P. The mutations are indicated as “missenses
mutation” because only one amino acid changed without changing the others and had
normal functionality of the gene product as a COX gene. However, they are fully
matched (100%) with the 5™ sequence from Germany (KU916741.1) and the Percent
Identity Matrix created by Clustal 2.1 (Table 4). The average base substitutions of
sequences in this result have overall transitions and transversions shown in Table 5 and
the frequency of each amino acid is shown in Figure 3.

10 20 30 40

| |
KU909322.1|__ Germany/I-133 GAGTG*TVYPPXSSNIAHGGSSVDLAIF
00842460.1)_China/1-135
KF036176.1|__ South_Africa/l-107
PPI759291|  Irag:Kurdistan Region/1-133
KU9I6741.1|_Germany/1-135
0Q357179.1|_ Lebanon/1-104

50 100
IPLFV*AVAITXXLLLLYLPV 102

IP*FV*AVVITASLLLLSLPV 102
IPLFV*AVVITASLLLLSLPV 102
IPLFV*AVVITALLLLLSLPV 102

IPLFV*AVVITALLLLLSLPV 102
IPLFV*AVVIFALLLLLELPV 71

KU909322.1|_ Germamy1-135
00842460 1|_China/1-133
KF936176.1|__ South_Africa/l-107 2
PPI759291|  Irag:Kurdistan Region/1-135 51
KU916741.1|_Germany/1-135 5
0Q357179.1|_ Lebanon/1-104

110 120

KU909322.1|__ Germany/I-135 103 DAGET II LLI.L.F FIPAGGGIP I LIII 135
00842460.1|_China/1-133 103 LAGAITILL L FFDPAGGGDPIL 135
KF936176.1__ South_dfvicall-107 103 DAGAX - - - - - - - - - - - o e oo oo 107
PPI75920.1| _ Irag:Kurdistan Regionl-135 103 LAGAT | L FFDP | | 135
KU916741.1|_Germany/1-135 103 LAGAT 135

LL PAGGG P
ILL PAGGGDPI

Figure 2: Clustal Omega multiple sequence alignment of the cytochrome oxidase
subunit I (COX) protein sequence.

00337179.1|_ Lebanon/1-104 T2 LAGAT 104

Same colors indicate perfectly matched sequences, * represents missing amino acids, different colors
are a mismatch, and — represents gaps.
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Table 4: Percent Identity Matrix created by Clustal2.1.

KU909322.1 0Q842460.1 KF956176.1 PP175929.1 KU916741.1 0Q557179.1

Germany China South Africa Iraq Germany Lebanon
KU909322.1 100.00 45.45 16.19 96.21 96.21 11.88
Germany
0Q842460.1 45.45 100.00 80.00 47.73 47.73 13.86
China
KF956176.1 16.19 80.00 100.00 17.14 17.14 13.51
South Africa
PP175929.1 96.21 47.73 17.14 100.00 100.00 10.89
Iraq_
KU916741.1 96.21 47.73 17.14 100.00 100.00 10.89
Germany
0Q557179.1 11.88 13.86 13.51 10.89 10.89 100.00
Lebanon

Accessed from: https://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-120240619-095152-
0019-68103995-p1m/pim.

Table 5: Average base substitution of the sequences (transition and
transversion).
Query Database Sequences Transition Mutations Transversion Mutations
Sequence % %
PP175929.1 KU909322.1 Germany 3.3 14.9
Iraq 0Q842460.1 China 2.6 4.6
Kurdistan KF956176.1 South 75 0
Africa
KU916741.1  Germany 0 0
0Q557179.1 Lebanon 3.7 0
The results from submissions to the NCBI GeneBank indicated that the highest

query coverage was 100% with KU916741.1 (Germany) at 100% identity, while the
lowest query coverage was 76% with OQ557179 (Lebanon). Since there were no
previous submissions on Necrobia rufipes in Iraq and most of the Middle east
countries, except Saudi Arabia’s unverified sequences and one in Lebanon, the
sequence submission in this study are the first on record in Irag.

[
N OB O

Frequency %

o N B O

W of ¥ O P 0 T P TS

Amino Acids

Figure 3: Amino acid frequencies of the insects.
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Phylogenetic Analysis of the mt-COX gene: The bootstrap method for the test of
phylogenic tree was developed with the No. bootstrap replication at 1000 via the
maximum likelihood statistical method based on the Tamura-Nei model with a very
strong branch swap filter in MEGA11 software (Figure 4). A segment of the mt-COX
gene was utilized as an insect DNA barcode. It is known that mutation rates occur
quickly and are adequate to differentiate even between closely related species (12).

To do phylogenetic analysis, species belonging to these subfamilies were used:
Korynetinae (15 species, the query is included), Tillinae (5 species), Hydnocerinae (4
species), and Epiclininae (4 species) for a total of 28 species among the 4 subfamilies.
The constructed tree in this study indicated the formation of some clades depending on
variations in COX sequences. Maximum likelihood related tree established that the
close relationships achieved from the BLASTn alignment showed that the clustered
query sequence (Korynetinae subfamily) had the same recorded sequences that were
analyzed within the same subfamily in other countries. From sequence divergence it
was found that species fitting with corresponding genera were adjoining to one.
Moreover, the query sequence in the Kurdistan region of Iraq (indicated as a red line)
along with the German KU916741.1 sequence was clustered together, and both were
clustered with the next clade (China 0Q842460.1, Saudi Arabia MG574957.1, South
Africa KF956176.1, and Lebanon OQ557179.1) with one shared ancestor. Similarly,
sequences from the other researches are particularly similar and may have mixed with
other subfamilies to form different clusters based on the similarities, genetic distances,
and variations with each other in different countries.
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E A PP175929 1 Necrobia rufipes Korymefinag/Iraq* ™

KU916741.1 Necrobia rufipes voucher - Korynetinae/ Germani ~ Germany
_|: (0Q842460.1 Necrabia rufipes Korynetinae/ China
MG374957.1 UNVERIFIED: Necrobia rufipes - Korynetinae/ Saudi Arabia
— KF956176.1 Necrobia rufipes - Korynetinae/ South Africa
1 Q5571791 Necrobia rufipes voucher - Korynefinae/ Lebbar ~ Lebanon
MHY920333.1 Necrobia rufipes - Korynetinae/ India
— MF637161.1 Madoniella dislocata voucher - Korynetinae/ Canada
ss—— MF641895.1 Madoniella dislocata vousher - Korynetinae/ Canada
al MG988577.1 Cymatodera sobara - Tillinae/South Affica
MG988576.1 Cymatodera psendotsugae - Tillinae/South Africa
; MN182989.1 Tarsostenus mivittatus voucher - Korynetinae/ France
1
IE
1
1
1

MG988574.1 Leconte]1a brumnea - Tillinse/South Afiica
KC524685.1 Eleale aulicodes voucher - Epiclininae/ Ausiralia
1 s KC524635.1 Eleale parallela voucher - Epiclinina/ Australia
KC758835.1 Epiclines basalis voucher -Epiclininac/Czech Republic
0 MHO84486.1 Lemidia violacea voucher - Hydnocerinae/Czech Republic
KC524633.1 Cleromorpha novemguttata voucher -Epiclininae/Australia
r— KF946398.1 Tarsostzninae sp. ACP-2013 voucher - Korynetinae/ UK
11— MG988537.1 Neocallotlls elegans - Tillinae/ South Africa
OK148462.1 Korynetes caerulens voucher - Korynetinse/ Germani
1 MG988539.1 Monophylla terminata - Tillinae/ South Afica
r— KU915744.1 Necrobia violacea voucher - Korynetinae/ Germani
% KM246022.1 Necrobia violacea voucher - Korynetinae/ Germani
1
1
1
1

HQ954410.1 Necrabia violacea voucher - Korynetinse/ Canada
MG475156.1 Phyllobacnus subfasciatus voucher - Hydnocerimae/ Canada
MN345696.1 Phyllobacnus meralis voucher - Hydnocerinae/ Canada
— MF636439.1 Tsohydnocera curtipennis voucher - Hydnocerinae/ Canada

1

Figure 4: Phylogenic tree of Necrobia rufipes from Iraq’s Kurdistan region (*).

Restriction Mapping and Theoretical Digestion: Restriction enzymes and their
cleavage site locations have a central role in molecular studies for their ability to slice
double-stranded DNA into fragments in particular sequences to yield either sticky or
blunt ends. This is crucial for downstream analysis such as cloning, creating restriction
mapping on the genes, and others. This study developed restriction mapping for
circular and alternative linear mitochondrial COX genes based on the 1-cutter
restriction enzymes, which produce multiple restriction sites on the DNA sequence.
Colors and signs are illustrated in the section above the mapping as shown in Figures
5 and 6.
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Necrobia rufipes De Geer

Display (2] Cleavage (2] Supplier (2] Site @
o i S s EI Blunt-End Cut B NEB . #* Affected by CpG methylation
. I Cuts 1 strand M Other supplier # Afffected by other methylation
Linear 2 cutters 1 5' Extension M Not commercially available () Ambiguous site
Alternative 3 cutters 13 Extension
BseRl
NlalV
BstYI Ecil*
BamHI Acil*
Bsll HpyAV

Swal Dral Mboll
BtsCl
Fokl

Necrobia rufipes De Geer
408 bp
Bsrl Sspl
Fatl
Nialll CviAll
Sfel
BfuAl BspMI
HpyCH4lIV * Bagl POV
Asel

Figure 5: Circular restriction mapping for the Necrobia rufipes COX gene with
indications.

' | | | ] | J 408

Sep |
Swa |

Figure 6: Alternative linear restriction mapping for the COX gene.
Colored lines indicate the cutting sites.

Then, some enzymes were selected to digest the COX gene sequence with BamHl,
Mbol, and Apol endonuclease enzymes (Figure 7) which yielded some bands for each
restriction enzymes. The size of the methylated and unmethylated bands are shown in
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the fixed table brought from the NBE cutter V3 software (Table 6) and the AT of
67.89% and the GC of 32.1% were determined using the same software.

Table 6: Unmethylated and methylated lengths of the COX gene bands.

List: UnMethylated Lane v

S Ends Coordinates Length Affected by
(bp) Methylation

1 - ) 382-381 408 Dam

2 - 382-121 148 Dam

3 - 238-336 99 CpG,Dam

4 = 122-189 68 Dam

5 - 190-237 48 CpG,Dam

6 - Mt 343-363 21 Dam

7 - ‘ 364-381 18 Dam

8 - Aj 337-342 6 CpG,Dam

List: | Methylated Lane v

B Ends Coordinates Length Affected by
(bp) Methylation
1 Y - Al 382-189 216 Dam
ol - 190-342 153 CpG,Dam
- 343-381 39 Dam

Marker Unmethylated Methylated

Figure 7: Virtual digestion of gel electrophoresis with BamHI, Mbol, and Apol
restriction enzymes.

In this research, the first molecular analysis and application of multiple alignments,
phylogenetic trees, and restriction mapping on the Necrobia rufipes samples from the
Iragi Kurdistan region were reported to make a comprehensive study based on the COX
gene sequence, that is the residue within the mt-DNA. This study was conducted due
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to disputes among researchers on this species and its genetic variations and
relationships with those identified in different countries. Molecular experiments and
bioinformatic databases using software (online and downloaded) were used in this
study to address the issues and present accurate and reliable information.

This is the first time that the results provide partially forward sequencing for the
mitochondrial COX gene of the Necrobia rufipes in Irag and most countries in the
Middle East, except for unverified sequences in Saudi Arabis and one in Lebanon. The
COX gene was adopted for this study since it is widely used for various purposes and
is usually considered a barcoding gene in insects. The obtained sequence was submitted
to the GenBank and received its accession number for verification and be a database
for upcoming studies on this species. Moreover, multiple sequence alignments were
applied based on the downloaded reference sequences coming from the species which
were reliably identified in other countries. These were utilized for search regions for
similarities and in displaying the genetic variances between query and reference
sequences.

In this investigation, the query sequence aligned 100% with the reference sequence
KU916741.1 Germany and 92.21% with KU909322.1 Germany, while only 10.89%
aligned with the OQ557179.1 Lebanon species and 17.11% for the KF956176.1 South
Africa species. This lower alignment may be due to microdeletion occurring in the
nucleotide numbers 1 to 31 and 107 to the end of the sequences, respectively, clearly
leading to a reduction in similarity between two sequences. Then genetic variations
(transition and transversion) occurred, as illustrated in Table 5. Many factors may have
caused such variations and mutations but the most significant are environmental factors
such as radiation, the application of insecticides to protect lands and herds, the use of
various antibiotics for animals, and possibly climate change (14).

In the substitution matrix aspect, data on the transition and transversion mutation is
generally utilized as a multiple substitution degrees indicator and the probability
depending on the data run show a nearly similar ratio between them. As such, sufficient
DNA have to be sequenced to attain a precise and accurate evaluation of the TS versus
TV ratio and also the genetic variations and relatedness between taxa (22 and 25). The
population of the same species in different locations may vary in their biological
characteristic and genetic diversities due to geographical isolation, environmental
issues, and selection pressures (9, 15 and 21). The developed COX sequences have a
strong base composition bias of both AT (67.89%) and GC (32.1%) which is reliable
and in line with prior studies on mitochondrial DNA sequences in several orders of
insect species (28). The tendency near this bias may be due to the fact that GC bonds
are stronger than AT or may be due to natural selection adaptations to natural disasters
(29).

The first COX gene phylogeny for subfamilies of Necrobia rufipes are presented to
evaluate relationships among the major grouping. Monophyly was recovered in
KU916741.1 Germany while paraphyly with other groups descended from common
ancestors with some in other ancestors from the initial common ancestor showing
polyphyly with other species in different subfamilies. These findings are relatively
consistent with Bocak (6). However, depending on our availability, relationships based
on families or superfamilies within the clerid lineage could not be as fully or strongly
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determined as those by (6), due to limited sampling size. Furthermore, the result of
restriction mapping of the 1 cutters endonuclease revealed the different sizes of
multiple fragments on the DNA segments. This study did not use 2 and 3 cutters
restriction enzymes since only 3 to 4 endonucleases were incorporated into the 2 cutters
whereas no restriction enzymes were seen in the 3-cutter enzymes, possibly due to the
short segment of the mt-COI-DNA.

Conversely, the virtual digestion COX gene with BamHI, Mbol, and Apol showed
different fragment sizes in both methylated (39,153 and 216 bp) and unmethylated (6-
408 bps) DNA bands. This study collected an insufficient sample size since the tools
for this in vivo assessment of the molecular characterization and bioinformatics uses
of this species was done for the first time. Thus, the initial purpose was to collect basic
indicators on the use of these techniques in more complex experimental designs than
for existing standard morphological uses in the Irag Kurdistan region. Among the
obstacles faced by researchers in this study was the lack of public agricultural land and
access to private properties for both animals and plants in Irag and the Kurdistan region
in particular. Also, no funding was received for this study and researchers had to
contend with the lack of bioinformatics databases and development tools for this
research.

Conclusions

This molecular investigation on detecting genetic mutations and phylogeny, and
developing restriction mappings of the Necrobia rufipes COX gene was based on the
reference collections of DNA sequences of individuals from reliably identified species
and was done for the first time in Kurdistan/Irag. Using the sequencing technique for
the mt-COX gene was found to be highly effective for aligning query sequences with
the closest related species in detecting regions of similarity and sequence variations
such as transitions and transversions. Moreover, the phylogeny of the query species
with other subfamilies of previously recorded sequences in different countries showed
the suitability of this gene as the optimum variable in developing phylogenetic
trees among four subfamilies in the Erbil Governorate.

In this study, the developed sequence-divergence resemblance data and phylogeny
showed that the species related to matching genera were clustered together.
Additionally, restriction mapping and virtual digestion are critical, reliable, and
reasonable methods for detecting the palindromic sequence of each endonuclease in
various molecular and biotechnology experiments. This study recommends that
additional samples from other regions be investigated to develop a comprehensive
phylogeny profile of family insect species.
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