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Abstract

The study aimed to identify Human Papillomavirus (HPV) and its genotypes prevalent among Iraqi 
women. They collected 89 cervical swab samples from diagnosed patients at Baghdad Teaching Hospital’s 
Early Detection Clinic. Using PCR technique on 19 samples, they found HPV16 (57.89%) and HPV6 
(10.52%) genotypes, while HPV-11, 18, and 45 were absent. HPV 16 and HPV 6 were common in cervical 
cancer among Iraqi women. Sequencing revealed nucleic acid variants in HPV-6 (124A>C) and HPV-16 
(225G>T) E6 genes, resulting in silent effects on the encoded protein. These changes did not alter amino 
acid residues (p.74I= and p.L117=). Phylogenetic analysis showed substantial distances between their sam-
ples and other viral types, indicating distinct phylogenetic distances between type-6, type-16, and other 
out-group sequences.
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Резюме

Настоящото проучване има за цел да идентифицира човешкия папиломавирус (HPV) и неговите 
генотипове, разпространени сред иракските жени. Събрани са 89 проби от цервикален секрет от 
диагностицирани пациентки в Клиниката за ранно откриване на инфекции в Багдадската учебна 
болница. Използвайки PCR техника при 19 проби са установени генотипове HPV16 (57,89%) и HPV6 
(10,52%), докато HPV-11, 18 и 45 отсъстват. HPV 16 и HPV 6 са често срещани при рака на маточната 
шийка сред иракските жени. Секвенирането разкри варианти на нуклеинови киселини в гените E6 
на HPV-6 (124A>C) и HPV-16 (225G>T), които водят до беззвучни ефекти върху кодирания протеин. 
Тези промени не са променили аминокиселинни остатъци (p.74I= и p.L117=). Филогенетичният 
анализ показа значителни разстояния между техните проби и други вирусни типове, което показва 
отчетливи филогенетични разстояния между секвенциите на тип 6, тип 16 и други секвенции извън 
групата.

Introduction
Estimates indicate that in 2020, there will 

be 604 000 new cases and 342 000 deaths world-
wide due to cervical cancer in women. Nearly 90% 
of new cases and deaths worldwide in 2020 were 
reported from low- and middle-income countries 
(Bhatla et al., 2021). Cervical cancer is the fourth 
most frequent malignancy in women worldwide, 
with an incidence rate of 13.3% and a fatality rate 
of 7.3 per 100,000 women. (Bautista et al., 2022). 
Other risk factors, including smoking, extended 
oral contraceptive use, coinfections, multiparity, 
and immune-related disorders, appear to direct the  

 
infection on the path to carcinogenesis, and HPV 
infection alone is insufficient to proceed to cervi-
cal cancer. High-risk HPV variants are frequent-
ly linked to invasive squamous cell carcinoma, 
while low-risk varieties are infrequently identified 
in some HPV genotypes that are common around 
the world. Numerous studies have really shown 
that HR-HPVs are the most common types, with 
the most common genotypes being 16, 18, 59, 45, 
31, 33, 52, 58, 35, 39, 51, 56, and 53 in decreas-
ing order of prevalence. According to (Kombe et 
al., 2021). HPV 6 and HPV 11 are the most com-
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mon LR-HPVs and are mostly to blame for genital 
warts. E6, E7, and E5, three early HPV proteins, 
are crucial to the development of cancer (Al-Hade-
ithi et al., 2022). While E5 promotes keratinocyte 
differentiation and immune evasion, E6 and E7 
proteins are associated with functional inactivation 
of the key cell cycle regulators, tumor transforma-
tion suppressors, and telomerase activation (Jensen 
et al., 2013). The study aimed to identify Human 
Papillomavirus (HPV) and its genotypes prevalent 
among Iraqi women.
Material and Methods
Collection of specimens 

Eighty-nine female participants with vari-
ous cervical lesions participated in the study, along 
with 20 healthy volunteers who served as the con-
trol group. All recruited subjects ranged in age 
from 25 to 80. All of the cases who were included 
in the study visited the gynecology and obstetrics 
at Teaching Hospital in Baghdad, Iraq, as well as 
the pediatrics and gynecology clinics in Diyala and 
Medical City. In addition to Pap smears, all patients 
got comprehensive clinical examinations from a 
specialized gynecologist, who also conducted in-
terviews with them all. 

The final step involved making the complete 
nucleotide sequence of the HPV L1 gene and genes 
that oncoprotein E6 and E7 degrade tumor suppres-
sor p53 and pRb. The principle of the assay was the 
detection of Human Papillomavirus (HPV) by con-
ventional Polymerase Chain Reaction to determine 
the distribution of HPV genotype.
Extraction and genotyping of HPV_DNA DNA 

According to the instructions of the Max-
well® 16 Viral Total Nucleic Acid Purification Kit 
(Automated extraction), genomic DNA was recov-
ered from the virus sample.prmega, USA The sim-
ple protocol involves three main steps.

1. Lysis buffer and proteinase K are mixed to 
prepare a lysis solution. 

2. Lysis solution is mixed with sample. 
3. The lysate is added into the cartridges. Pu-

rified viral total nucleic acids are ready for analysis 
in approximately 45 minutes.
Primer preparation

Two pairs of PCR-specific primers were de-
signed in this study to partially cover a portion of 
the E6 gene; the gene encodes the transforming 
protein to assess the pattern of the nucleic acids and 
their consequent amino acid variations in the ana-
lyzed viral sequences. NCBI-Primer blast server 

was used in this A highly specific online tool was 
used to perform this task (Ye et al., 2012). 

The forward and reverse primer sequenc-
es for human papillomavirus type-6 were 5- TG-
CAAGAATGCACTGACCAC-3 and 5-TGCAT-
GTTGTCCAGCAGTGT-3, respectively.  A PCR 
fragment with a length of 334 bp was created using 
the NCBI-Primer blast server’s usual default param-
eters. The forward and reverse primer sequences 
for human papillomavirus type-16 were 5- CAGT-
TACTGCGACGTGAGGT-3 and 5-ACAGCTG-
GGTTTCTCTACGTG-3. The NCBI-Primer blast 
service was used to create a 349 bp long PCR frag-
ment using the default default settings. Following 
PCR amplification, the presence of amplification 
was confirmed using agarose gel electrophoresis. 
The standards for the recovered DNA were the only 
ones used for PCR. The PCR product was directly 
put in 5 l to the well. Electricity was turned on for 
60 minutes at 100v/mAmp. DNA moves from the 
cathode to the positive anode poles. The gel bands 
stained with Ethidium bromide were observed us-
ing the Gel Imaging apparatus. PCR amplicon se-
quencing for nucleic acids According to the instruc-
tions of the sequencing business (AniCon Labour 
GmbH), the resolved PCR amplicon was sequenced 
commercially beginning at the front. By contrasting 
the observed nucleic acid sequences of the local vi-
ral sample with the retrieved nucleic acid sequenc-
es, it was possible to determine the virtual positions 
and other details of the retrieved PCR fragments.
Analysis of sequencing data

Using the sequencing findings of the PCR 
products from the targeted sample were edited, 
aligned, and analyzed with the corresponding se-
quences in the reference database using BioEdit 
Sequence Alignment Editor Software Version 7.1 
(DNASTAR, Madison, WI, USA). The sequenced 
sample’s detected changes were given numbers in 
both their corresponding positions in the referenc-
ing genome and the PCR amplicon. The detected 
nucleic acids were assigned numbers in both their 
respective locations in the reference genome and 
the PCR amplicon. The viral sequences under in-
vestigation were entered into the NCBI-bank data-
base with a special accession number for the exam-
ined sample.

In this investigation, two distinct PCR frag-
ments were created, each of which partially cov-
ered the coding areas of the E6 gene in type-6 and 
type-16 human papillomaviruses. Human papillo-
mavirus type-6 had two isolates (designated S1 and 
S2) that had the E6 gene amplified, while type-16 
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had ten isolates (designated S1 to S10) that had the 
E6 gene amplified. The amplified fragments were 
directly subjected to Sanger sequencing tests in or-
der to assess the pattern of genetic polymorphism 
in connection to the samples that were referenced in 
the NCBI database. The precise type and phyloge-
netic distribution of the discovered variants were 
then assessed using a specific comprehensive tree 
that was built.  
Result and Discussion
Molecular diagnosis of Human Papilloma (HPV) 
in cervical cancer patients by conventional PCR

Molecular detection was performed to deter-
mine the prevalence and distribution of the prevail-
ing genotypes in our current study of the virus. Our 
current study was positive for the HPV16 genotype 
(57.89%) and for the HPV6 genotype (10.52%) but 
negative for the genotypes (HPV-11, 18, 45) (Table 
1).

In our present investigation of the virus, mo-
lecular detection was used to as certain the preva-
lence and distribution of the dominant genotypes. 
The HPV16 genotype (57.89%) and the HPV6 gen-
otype (10.52%) in our most recent study were both 
positive, however, the HPV-11,18,45 genotypes 
were not.

Amino acid residues are created from several 
forms of nucleic acids

The amino acid sequences of the target-
ed E6-encoded transforming protein were down-
loaded from the protein data bank website (http://
www.ncbi.nlm.nih.gov). The identified nucleic acid 
changes in the coding areas were translated into a 
reading frame that matched the necessary amino 
acid residues in the encoded protein using the Ex-
pasy online translator (http://web.expasy.org/trans-
late/). Multiple amino acid sequence alignment be-

tween the reference amino acid sequences and their 
reported mutant equivalent was carried out using 
the “align” script of the BioEdit service.
Creation of an extensive phylogenetic tree

For both human papillomavirus fragments 
type-6 and type-16, two specific comprehensive 
trees were constructed in this study and the ob-
served variants were compared with their neigh-
bor homologous reference sequences using the 
NCBI-BLASTn server (Zhang et al. 2000). Then, 
a full inclusive tree, including the observed vari-
ant, was built by the neighbor-joining method and 
visualized as a classical rectangular cladogram and 
circular cladogram using the iTOL suit (Letunic 
and Bork, 2019). The sequences of each classified 
phylogenetic group in the comprehensive tree were 
colored appropriately to indicate the corresponding 
viral type incorporated within the generated phy-
logenetic tree.
Sequencing interpretation analysis

Concerning the E6 locus within the human 
papillomavirus type-6, two samples were includ-
ed in the present study, as assigned as S1 and S2 
samples. These samples were screened to amplify 
E6 gene sequences of the Human papillomavirus 
type-6. The variation of the E6 gene can be used 

for human papillomavirus typing due to its pos-
sible ability to adapt to variable genetic diversity 
as it was seen in different viral serotypes. The se-
quencing reactions indicated the exact identity after 
performing NCBI blast for these PCR amplicons 
(Ye et al., 2012). The NCBI BLASTn engine re-
vealed up to 99% sequence similarity between the 
sequenced S1 and S2 samples and the targeted ref-
erence target sequences of human papillomavirus 
type-6 concerning the 334 bp amplicon. The exact 
locations and other features of the retrieved PCR 

Table 1. Distribution of HPV Genotypes in cervical diseases patients were according to social factors

Cervical diseases
PCR HPV (19)

P value

Genotypes  
HPV
PCR

+ve N HPV-6 2 (10.52%)
< 0.001HPV-16 11 (57.89%)

HPV-11, 18, 45 0 (05)
Total 13
Total 68.42%

-ve N 6
% 31.58 %

Total 6
Total 19 (100%)
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fragments were determined by contrasting the ob-
served and recovered nucleic acid sequences from 
the examined sample (GenBank accession number 
MK313779.1). Using the NCBI server, the targeted 
locus’ full length was calculated, and the viral tar-
get with the highest degree of homology’s start and 
end positions was confirmed (Fig. 1A).

Concerning the 349 bp amplicon, the NCBI 
BLASTn engine found up to 99% sequence simi-
larity between the sequenced S1–S10 samples and 
the specified reference target sequences of human 
papillomavirus type-16. By comparing the ob-
served and obtained nucleic acid sequences with 
those of the examined sample, it was also possible 
to pinpoint the positions and other details of the re-
trieved PCR fragments (GenBank accession num-
ber NC_001526.4). The full length of the targeted 
locus was discovered in the NCBI server, and the 
viral target’s start and end positions were confirmed 
with the maximum level of homology. (Fig. 1B).

The alignment results of the 334 bp samples 
revealed the presence of one nucleic acid variation 
in comparison with the most similar referring refer-
ence nucleic acid sequences of human papillomavi-
rus type-6 (GenBank acc. no. MK313779.1). This 
variant was identified in both S1 and S2 samples. 
The alignment results of the 349 bp samples also 
revealed the presence of one nucleic acid variation 
in comparison with the most similar referring refer-
ence nucleic acid sequences of human papillomavi-
rus type-16 (GenBank acc. no. NC_001526.4). This 
variant was identified in S2, S3, S4, S5, and S10 
samples.

The discovered variant for human papillo-
mavirus type 6 was indicated by the replacement 
of cytosine for adenine in the 124th position, or 
124A>C. The discovered variant for human pap-
illomavirus type-16 was indicated by the replace-

ment of thymine for guanine in the 124th position, 
or 225G>T.
Translation of nucleic acids to amino acids

The positions of the analyzed nucleic acid 
sequences in the transforming protein were deter-
mined through further analysis of the sequences. In 
the full transforming protein of the human papil-
lomavirus type-16, it was discovered that the rep-
resented fragment stretched from the amino acid 
residues 43 to 158. In the full transforming protein 
of the human papillomavirus type-16, it was dis-
covered that the represented fragment stretched 
from the amino acid residues 43 to 158 (Fig. 2). 
All of the ribosomal sequences under investigation 
were uploaded to the NCBI web server and given 
individual accession codes. To represent the S1 and 
S2 samples of the human papillomavirus type-6, 
GenBank OQ918080 and OQ918081 were depos-
ited in NCBI, respectively. Regarding GenBank 
OQ918082, OQ918083, OQ918084, OQ918085, 

OQ918086, OQ918087, OQ918088, OQ918089, 
OQ918090, and OQ918091 S1, S2, S3, S4, S5, S6, 
S7, S8, S9, and S10 samples of human papilloma-
virus type-16, respectively, were each deposited in 
NCBI (Table 2).
Phylogenetic analysis 
Type 6 Human papillomavirus

A thorough phylogenetic tree was created in 
the current study based on nucleic acid variations 
found in the amplified 334 bp of the E6 gene ampli-
cons of human papillomavirus type-6 to provide a 
phylogenetic understanding of the actual distances 
between our investigated sample and the other viral 
types. Samples S1 and S2 under investigation with-
in this main clade displayed a modest tilt in com-
parison to the other neighboring H. papillomavirus 
type-6 sequences (Fig. 3 and Table 3).

Fig. 1. The human papillomavirus types-6 and 16 in branches A and B of the chromatogram of the viral 
samples under investigation. 
The code for the study’s examined samples is denoted by the sign “S#”.



14

Type-16 Human papillomavirus
The genetic diversity of human papillomavi-

rus type-16 taken from ten patients with cervical 
cancers was also analyzed using phylogenetic tree 
construction. Human papillomavirus type 16 is a 
well-studied and clinically significant type of HPV 
that is strongly associated with the development of 
cervical cancer and other types of anogenital and 
oropharyngeal cancers. While HPV-16 is highly 
prevalent, it exhibits a relatively low level of ge-
netic diversity compared to other viruses. This is 
likely because HPV-16 has a relatively small ge-
nome (~8,000 base pairs), a slow mutation rate, and 
a predominantly clonal mode of transmission (Mo-
bini Kesheh et al., 2022). 

Despite its low genetic diversity, HPV-16 
still exhibits some variations in its genetic se-
quences that can be used for phylogenetic analysis. 
Phylogenetic analysis of HPV-16 sequences from 
around the world has identified five distinct line-
ages or subtypes, each with different geographical 
and ethnic distributions. Phylogenetic analysis of 

HPV-16 sequences from around the world has iden-
tified five distinct lineages or subtypes, each with 
different geographical and ethnic distributions. The 
most common HPV genotypes in invasive cervical 
cancer worldwide are 16, 18, 31, 33, 35, 45, 52, and 
58 (Wang et al., 2022). 

The distribution of HPV subtypes also ex-
hibits regional differences, with HPV16 being the 
predominant type in Beijing and Jiangsu province, 
while HPV52 was the most common type in Shang-
hai and Zhejiang province. In a study of HPV-posi-
tive cases, HPV16 was the most prevalent subtype, 
followed by HPV52 and HPV58. These findings 
highlight the importance of understanding the dis-
tribution of HPV subtypes in different regions to 
inform the development of effective prevention and 
treatment strategies. Additionally, phylogenetic 
analysis has been used to identify specific amino 
acid changes in the E6 oncoprotein of HPV-16 that 
were associated with differences in cervical cancer 
risk (Xi et al., 2007). 

Accordingly, studying the phylogenetic anal-

Fig. 2. The extensive circular cladogram evolutionary tree of human papillomavirus type-6 genomic dif-
ferent E6 gene segment variants. 
The triangle in black indicates the analysed viral variants. All of the figures corresponded to the referred species’ GenBank 
entries. The number “0.1” at the top of the tree indicates the full degree of scale range for all tree-categorized creatures (6). The 
letter “S#” stands for the code for the sample that is the subject of the examination.

Table 2. Comparing the pattern of the mutations found in the human papillomavirus type-6 and type16 
PCR products to their respective NCBI reference sequences (GenBank accession numbers MK313779.1 
and NC_001526.4, respectively) 

No. Sample Native Allele Position in PCR fragment Position in the protein Variant summary 

1 S1, S2 A C 125 74 125A>C 
(p.74I=)

2 S2, S3, S4, S5, S10 
0

G T 225 117 225G>T 
(p.L117=)

The silent effect of the identified variant is denoted by the sign “=”.
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ysis of HPV-16 can provide valuable insights into 
the genetic diversity and evolution of the virus, 
as well as its clinical and epidemiological signifi-
cance. However, it is important to use phylogenet-
ic analysis in conjunction with experimental and 
clinical studies, to fully understand the biology and 
pathogenesis of HPV-16 infections. 

Phylogenetic trees are a powerful tool for vis-
ualizing the genetic relationships between different 

types of human papillomaviral sequences. Several 
studies have used phylogenetic analysis to inves-
tigate the genetic diversity of human papillomavi-
rus type-16 isolates obtained from different clinical 
sources. These studies have identified different lin-
eages or subtypes of HPV-16, which have different 
geographical and ethnic distributions.

For example, a study conducted in Saudi Ara-
bia found that HPV-16 isolates from Jeddah were 

Table 3. The location and size of the 247 bp PCR amplicon utilised to amplify a section of the E6 gene’s 
coding regions in the type-6 and type-16 human papillomavirus genomes
Amplicon Sequences of the reference locus (5'–3)' length
Sequencing of the E6 gene in the 
human papillomavirus type-6

TGCAAGAATGCACTGACCACTGCAGAGATTTATTCA
TATGCATATAAACAGCTAAAGGTCCTGTTTCGAGGC
GGCTATCCATATGCAGCCTGCGCGTGCTGCCTAGAA
TTTCATGGAAAAATTAACCAATATAGACACTTTGATT
ATGCTGGATATGCAACAACTGTTGAAGAAGAAACTA
AACAAGACATTTTAGACGTGCTAATTCGGTGCTACCT
GTGTCACAAACCGCTGTGTGAAGTAGAAAAGGTAAA
ACATATACTAACCAAGGCACGGTTCATAAAGCTAAA
TTGTACGTGGAAGGGTCGCTGCCTACACTGCTGGAC
AACATGCA

334 bp

E6 gene sequences found in type-16 
human papillomavirus

CAGTTACTGCGACGTGAGGTATATGACTTTGCTTTTC
GGGATTTATGCATAGTATATAGAGATGGGAATCCAT
ATGCTGTATGTGATAAATGTTTAAAGTTTTATTCTAA
AATTAGTGAGTATAGACATTATTGTTATAGTTTGTAT
GGAACAACATTAGAACAGCAATACAACAAACCGTTG
TGTGATTTGTTAATTAGGTGTATTAACTGTCAAAAGC
CACTGTGTCCTGAAGAAAAGCAAAGACATCTGGACA
AAAAGCAAAGATTCCATAATATAAGGGGTCGGTGGA
CCGGTCGATGTATGTCTTGTTGCAGATCATCAAGAAC
ACGTAGAGAAACCCAGCTGT

349 bp

Fig. 3. The complete circular cladogram evolutionary tree of the human papillomavirus type-16’s E6 gene 
sequences. 
It is noteworthy that the study’s use of the E6 gene sequences has provided additional evidence for the presence of the accurate 
identification of the true type of this viral organism. This in turn provides more evidence that the E6 gene-specific primers now 
in use may accurately define the human papillomavirus under investigation and its phylogenetic locations.
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distributed in six lineages, including A1, A2, A4, 
B1, C, and D2 (Sait et al., 2019). This study found 
that HPV-16 and HPV-18 are known as high-risk 
types associated with the development of cervi-
cal cancer. Thus, phylogenetic analysis has been a 
useful tool for understanding the genetic diversity 
and distribution of HPV-16, which can inform the 
development of effective prevention and treatment 
strategies.
Conclusion

The study found that HPV-16 and HPV-6 
were the most prevalent genotypes, suggesting a 
heightened risk of cervical cancer among the wom-
en examined. 

Sequencing the E6 gene emerged as a robust 
method for identifying and characterizing clinical 
samples of both HPV-6 and HPV-16, offering ad-
vantages like high sensitivity, specificity, low cost, 
and quick results. 

The proximity of the investigated HPV-6 
samples to European strains and HPV-16 samples 
to Asian strains suggests a likely European and 
Asian clinical origin, respectively, indicating the 
geographical source of these HPV types in the stud-
ied samples.
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