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RESUMEN

Human papillomavirus 13 L1 gene polimorphism: first report

Irvin Rodrigo Cetina-Cetz, Laura Conde-Ferráez, Jesús Gómez-Carballo, Guadalupe Ayora-Talavera, María 
del Refugio González-Losa*

Regional Research Center “Dr. Hideyo Noguchi”, Campus of Health Sciences, Autonomous Yucatan University. Mérida, Yucatán, 
México.

Polimorfismo del gen L1 del virus de papilloma humano 13: primer 
reporte.
Introducción. El virus de papilloma humano 13 (VPH-13) pertenece 
a los Alphapapillomavirus-10. Es un virus con tropismo por la mucosa 
oral relacionado filogenéticamente con otros papilomavirus humanos (6, 
11, 44, 55 y 74). Es responsable de la Hiperplasia Epitelial Multifocal, 
patología oral benigna poco común, reportada principalment en grupos 
étnicos de América.
Objetivo. Describir la variabilidad genética del gen L1 del virus del 
VPH-13.
Material y Métodos. Se realizó un estudio retrospectivo que incluyó 
50 muestras orales de pacientes con Hiperplasia Epitelial Multifocal, y 
25 de portadores asintomáticos del VPH- 13, todos residentes del area 
Maya de México. Se amplificó y secuenció un segmento de 240 pb del 
gen L1 del VPH-13, que codifica para la proteína mayor de la cápside. 
Las secuencias fueron comparadas con las únicas dos secuencias de 
referencias disponibles. Se construyó el árbol filogenético utilizando 
el software PAUP*
Resultados. Se identificaron ocho polimorfismos de un solo nucleótido, 
incluidos tres polimorfismos sinónimos y cinco no sinónimos. Según 
el árbol filogenético las variantes se    agruparon en dos brazos.
Conclusión. Éste es el primer reporte de la presencia de polimorfismos 
genéticos del VPH 13. Estos resultados son relevantes para futuras 
investigaciones con el objetivo de identificar linajes y sublinajes.  
Nuestro análisis in silico sugiere que los cambios de aminoácidos 
involucran estructuras directamente relacionadas con el reconocimiento 
de antígenos, lo que requiere de mas investigaciones. 
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ABSTRACT
Introduction. Human papillomavirus 13 (HPV-13) 
belonging to Alphapapillomavirus-10 species, is an oral 
mucosotropic virus phylogenetically related to other 
human papillomavirus (6, 11, 44, 55 and 74). It causes 
Multifocal Epithelial Hyperplasia, an uncommon benign 
oral disease reported mainly amongst ethnic groups 
from America. 
Objective. To describe the genetic variability of the 
HPV-13 L1 gene.
Material and Methods. A retrospective study including 
50 oral samples from patients with Multifocal Epithelial 
Hyperplasia, and 25 samples from asymptomatic carriers 
of HPV-13, all subjects living in Mayan area of Mexico. 
A fragment 240 bp corresponding to the HPV 13L1 gene, 
which encodes the major capsid protein was amplified, 
sequenced, and compared with the only two reference 
sequences of HPV-13 available. A phylogenetic tree was 
constructed using PAUP* software.
Results. Eight single nucleotide polymorphisms were 
identified including three synonymous polymorphism 
and five non-synonymous. According to the phylogenetic 
tree, the variants were grouped in two branches.
Conclusion. This is the first report for the presence of 
genetic polymorphisms of HPV-13. These results are 
relevant for future research aiming to identify lineages 
and sub lineages. Our in-silico analysis suggests that 
the amino acid changes would be involving structures 
directly related to antigen recognition, which requires 
further investigations.

INTRODUCTION
HPV-13 is a mucosotropic type of human 

papillomavirus (HPV) phylogenetically related 
to the pygmy chimpanzee papillomavirus type 1 
(PCPV-1) and other HPV types (HPV-6, HPV-11, 
HPV-44, HPV-55, and HPV-74), which all together 
integrates the species Alphapapillomavirus-10 (1, 2). 
In 1983, the HPV-13 was first characterized from 
Multifocal Epithelial Hyperplasia (MEH) lesions 
(3). HPV-13 has a genome of 7,880 bp which shares 
80% of sequence homology with PCPV-1, and both 
produce a similar pathology (4).

MEH is an uncommon oral disease worldwide but 
reported in diverse ethnic groups of Latin America 
countries (5-7). In Mexico, this pathology has 
been poor reported, it occurs mainly in indigenous 
communities living in poverty with poor access to 

health services, however, it is endemic in habitants 
from Mayan areas of Yucatán (8, 9). MEH in the 
Mayan area of Mexico has a prevalence of 11.8% 
among subjects < 13 years living in rural areas, 
contrasting with the prevalence of 3.2% of children 
living in urban areas (10).

Asymptomatic infections are higher in rural areas 
with 29.6%. Furthermore, within the same family 
group is common to find asymptomatic carriers of 
the virus as well as healthy subjects (8). MEH or 
Heck´s disease is a benign pathology of the oral 
cavity caused by HPV-13 or HPV-32 (11, 12). 
Papulonodular painless lesions with a smooth 
surface and rough in appearance characterize this 
pathology, additionally, resilience is an important 
feature of these injuries. Lips, tongue, cheeks, and 
hard palate are the anatomical sites more frequently 
affected (12). Histologically, HEM is characterized 
by thickening and elongation of the epithelial crests, 
acanthosis and parakeratosis (13).

HPV L1 gene is the most conserved gene 
among Papillomavirus, functionally encodes the 
most abundant capsid protein. The relevance 
of the L1 protein lies in the presence of inmune 
response epitopes and its interaction with the 
host cell receptor. Worldwide HPV 13 infection is 
uncommon, however, in endemic on rural area of 
Yucatan State, Mexico. The genetic variability of 
HPVs is being widely studied for several genotypes, 
mainly HPV-16 and HPV-18 (14- 16). However, 
information about the genetic variation of HPV- 
13 is practically non-existent; therefore, this study 
describes and analyzes the polymorphisms that 
occur in the HPV-13 L1 gene from subjects living 
in a Mayan area of Mexico. 

MATERIAL AND METHODS

Sample collections. 
Oral swabs used in this study belong to the 

repository of the virology laboratory of Regional 
Research Center “Dr. Hideyo Noguchi,” 
Autonomous Yucatan University stored at -70° 
C, and a previous Project with ethical committee 
registration 06-82-2015. Twenty-five samples 



98 Cetina-Cetz  et al

Septiembre 2022, Volumen 33, Número 3 https://doi.org/10.32776/revbiomed.v33i3.1033

were collected from patients without MEH lesions, 
but positives to HPV-13 by PCR (asymptomatic 
carriers) living in the rural area of Chemax, 
Yucatán, Mexico. Fifty samples were collected 
from patients with MEH and positive for HPV-
13 living in the rural area of Yaxhachen, Yucatán, 
Mexico. 

DNA extraction and molecular detection of 
HPV 13. 

DNA was extracted from the oral samples using 
the DNeasy® Blood & Tissue kit (QIAGEN). A 
polymerase chain reaction (PCR) was performed 
using the set of primers HPV-13 forward (5’- 
AAATCCCAGCAGAATTATAT-3’) and HPV-13 
reverse (5’-AAAGAGATGATGTAGTGGC-3’) 
to amplify a fragment (240 bp) of the L1 gene, as 
previously described (16). PCR was performed in 
50 µl mix reaction containing 1x PCR buffer, 50 
µM MgCl2, 10 µM dNTPs, 25 pM each primer 
and 1.0 unit of Taq polymerase (Invitrogen). The 
thermal conditions started with a pre-heat of 94°C 
for 4 min, followed by 40 cycles according to 
the protocol: 30 sec denaturation at 94°C, 30 sec 
annealing at 50°C, 30 sec extensions at 72°C, and 
10 min final elongation at 72°C. The amplicons 
were visualized on 2% agarose gel stained with 
SYBR® Safe DNA (Invitrogen).

Sequencing and analysis of polymorphisms. 
Amplicons were purified using ExoSAP-IT® 

(Affymetrix). Sequencing reaction was performed 
using the BigDye® Terminator v3.1 Cycle 
Sequencing kit (Applied Biosystems) according 
to the manufacturer’s protocol. This reaction was 
performed separately with forward and reverse 
primers. The excess of DyeDeoxy™ terminators 
was removed using Centri-SepTM spin columns 
(Princeton Separations). The samples were 
processed using an ABI PRISM® 310 genetic 
analyzer (Applied Biosystems). The multiple 
sequence alignment was performed using ClustalW 
available at Geneious package (17). Our sequences 
were aligned with the only two sequences HPV-13 
prototypes: X62843 and DQ344807.

Prediction and secondary structure analysis. 
In silico prediction of secondary structure from 

HPV-13 amino acid sequences was estimated using 
the I-TASSER server (18, 19). To identify the amino 
acid positions corresponding to hypervariable 
regions, the amino acid sequences from HPV-13 
were aligned to HPV-16 reference map by using 
ClustalW. To avoid mistakes at positioning of 
residues (since our L1 proteins from HPV-13 are 
partial) an entire genome obtained from one of the 
samples (data not shown, available GenBank ID: 
MT068446) as well as the translated sequence of 
complete L1 gene were included. The ESPript 3.0 
server was used to make a scheme and visualize 
the protein alignment results (https://espript.ibcp.fr/
ESPript/ESPript/).

Phylogenetic analysis. 
The phylogenetic analysis included all unique 

sequences obtained in this work and two HPV-13 
sequences obtained from the GenBank database: 
X62843 (Turkey) and DQ344807 (Central Amazon). 
The phylogenetic tree was generated by software 
package PAUP 4.0, using the Hasegawa-Kishino-
Yano (HKY85) nucleotide substitution model, and 
maximum likelihood method. The phylogenetic tree 
topology was evaluated by bootstrap resampling with 
1000 replicates. Annotations and the visualizations 
of the phylogenetic analysis were built using the 
online tool iTOL.

RESULTS
Eight unique sequences or molecular variants 

were identified from the SNPs combinations. These 
sequences are available from the GenBank database 
under accession numbers: KY690157 - KY690164. 
Particularly, KY690157 and KY690161 share the 
same sequence, however, because the first are from 
asymptomatic carriers and the second from patients 
with MEH lesions these sequences were considered 
independent.

Genetic variation
Compared to the HPV-13 reference sequence 

X62843 a total of eight SNPs were identified, of 
which 5/8 (62.5%) were non-synonymous, and 
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3/8 (37.5%) were synonymous (Table 1). All non-
synonymous SNPs were missenses mutations. 
Among all sequences, 89.3% (67/75) had only one 
polymorphism, 8 % (6/75) had two polymorphisms, 
and 2.6% (2/75) had three polymorphisms. Of these, 
three SNPs were unique among asymptomatic 
carriers (A6554G, A6557G, and A6574C), and 
four SNPs occurred exclusively among patients 

with MEH lesions (A6541T, G6561T, A6595C, 
and C6705A). The T6629C polymorphism was 
the most common, since it was present among all 
samples. The rate of variability in the nucleotides of 
the analyzed L1 gene fragments was 3.3% (8/249), 
while 96.7% (232/240) of nucleotides remained 
conserved. Moreover, the maximum pairwise 
nucleotide difference was 1.2%.

Table 1. Polymorphisms in L1 gene of HPV-13

Nucleotide position 6541 6554 6557 6561 6574 6595 6629 6705 n

X62843: prototype A A A G A A T C

DQ344807 T A A G A A C C

KY690157* - - - - - - C - 23

KY690158* - - - - C - C - 1

KY690159* - G G - - - C - 1

KY690160** - - - - - C C - 1

KY690161** - - - - - - C - 44

KY690162** T - - T - - C - 1

KY690163** - - - - - - C A 1

KY690164** T - - - - - C - 3

Amino acid position 267 271 272 274 278 285 296 322

Amino acid change Q - L E L V - F N - T Y – S S H - N

n Number of samples included within each variant.
* Variants isolates from asymptomatic carriers.
** Variants isolates from patients with MEH lesions

Secondary structure analysis. 
Based on L1 protein analysis, we identified five 

amino acid changes: glutamine to leucine (Q267L), 
valine to phenylalanine (V274F), asparagine to 
threonine (N278T), tyrosine to serine (Y285S) and 
histidine to asparagine (H322N). The in- silico 

analysis showed that 80% (4/5) of the mutations 
occurred in coil structures, and only 20% (1/5) 
occurred in a β-sheet structure. On the other hand, 
the FG loop was affected by four mutations, while 
the HI loop domain remained unchanged (Figure 
1). According to our comparison between the 
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hypervariable regions of our results and HPV-16, 
the non- synonymous mutations found in this study 
occur on exposed loops of the L1 protein (20). In this 
way, amino acid changes Q267L, V274F, N278T, 

and Y285S were located within FG loop, while the 
H322N mutation did not occur within some loop 
structure but is close to HI loop (21).

Figure 1. In silico prediction of the secondary structure of the HPV-13 L1 protein. Highlighted boxes with dotted lines corres-
pond to the exposed-surface loops on HPV-13 L1 amino acid sequence: BC, DE, EF, FG, and HI. Highlighted box with red dotted 
lines concentrates four amino acid changes on the FG loop. The HPV-16 data (PDB: 1DZL, https://www.rcsb.org/structure/1DZL) 
was used as a reference to identify sites corresponding to surface-exposed loops of the HPV-13 L1 protein.
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Phylogenetic analysis. 
The phylogenetic analyses clustered our variants 

(representing 75 sequences) in two main groups 
(Figure 2). A major branch A was formed by three 
variants and the HPV-13 isolated from the Central 
Amazon (DQ344807). Specifically, the sub-A1 
included only one variant the KY690159, whereas 
the sub-A2 contained the variants KY690162 and 
KY690164 closely related to DQ344807. On the 
other side, a major branch B had five variants, where 
the sub-B1 showed a close relationship between 
the variants KY690158 and KY690163. Likewise, 
the sub-B2 included the variants KY690157, 
KY690160, and KY690161. Interestingly, the 
prototype X62843 is the most ancestral.

Figure 2. Phylogenetic analysis based on nucleotide sequen-
ces of HPV-13 L1 gene Phylogenetic analysis performed using 
the Maximum Likelihood method. The first view (A) includes 
the percentage of sequences in each HPV-13 variant. Variants 
identified from asymptomatic carriers (n = 25) are indicated by 
black circles, and variants identified from patients with MEH 
lesions (n = 50) are indicated by black squares. The second view 
(B) shows the distribution of HPV-13 variants.

DISCUSSION
We report novel information concerning the genetic 

variability in the HPV-13 L1 gene. To the best of our 
knowledge, this is the first report of the existence of 
polymorphisms in the HPV-13. Worldwide, HEM is 
considered rare, and Mexico is not the excepcition 
cases have been reported in the states of Mexico 

and Puebla (22, 23), but in southeast Mexico is very 
frequent and endemic in some Mayan rural areas 
HEM and only HPV-13 has been identified (8-10).

The study of HPV genetic variability dates from 
the 1990s, and most of the reports have focused on 
HPV-16 and HPV-18. More recently, the genetic 
variation also has been reported on HPV-58, HPV-
31, and others high-risk HPV (24-26). The intratypic 
variability of HPV-16 has demonstrated that HPVs 
have co-evolved with humans. This means that 
the distribution of HPVs is consistent with the 
geographical distribution of the major human 
groups, therefore, HPV-16 is classified according to 
the geographic region of origin in following lineages: 
European (E), Asian-American (AA), African 1 
(Af1), African 2 (Af2), and North American (NA1) 
(27). Genetic variability has clinical relevance, 
for example, has been demonstrated that women 
infected with AA and Af variants of HPV-16 have a 
higher risk to develop HSIL (high-grade squamous 
intraepithelial lesions); conversely, women affected 
with E variants present a lower risk to produce HSIL 
(28).

Here, the polymorphisms identified in HPV-
13 L1 sequences represent the 3,3% (8/240) of 
the nucleotides studied, which is relatively high, 
considering that only 16% (240/1500) of the L1 gene 
was analyzed. Similar studies of other genotypes 
identified variations of 1, 2% (19/1595) and 2,9% 
(13/450) for L1 gene (29, 30). Our results identified 
that the genetic variation of the HPV sequences is 
congruent with HPVs rates of nucleotide mutations, 
occurring at rates of 10-8 – 10-7 nucleotides/year 
(31). Although, the L1 gene is the most conserved 
within the HPVs genome, polymorphisms can 
occur, and one fixed in the population, they cause 
genetic variability (32). We found that amino acid 
changes in the L1 protein of the HPV-13 occurred 
on well documented (for other types of HPV) 
immunodominant epitopes such as FG and HI loops. 
Studies with virus-like particles (VPLs) shown that 
amino acid changes within FG and HI loops are 
biologically important.

Such changes can modify the structure of those 
loops, decreasing the reactivity of the specific 
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monoclonal antibodies (MAbs) against the epitopes 
of viral capsid (33-35). The above suggests that 
conformational alterations in the protein structure 
induced by amino acid changes might decrease 
the antigen-antibody affinity of the virus in vivo. 
Nevertheless, the biological implications previously 
mentioned should be examined exhaustively by in 
vitro assays that have been developed to analyze 
other genotypes (36, 37).

The phylogenetic distribution of the HPV-13 
variants does not correspond to their pathological 
characteristics such as symptomatic or healthy 
carrier; therefore, the clustering occurred regarding 
their genetic identity. Interestingly, in branch A, 
three HPV-13 variants from Yucatan cluster with 
the HPV-13 strain from the Central Amazon, 
whereas branch B formed a closed separated cluster 
that can be considered endemic of the Yucatan 
Peninsula, and possibly suggesting two independent 
introduction events. The dichotomy of the 
phylogenetic tree suggests the existence of different 
lineages for HPV-13; however, we are limited to 
establish this taxonomic level since this study just 
considered partial L1 sequences. Although it will 
be indispensable a complete genome analysis to 
establish lineages of HPV-13 (1). We report show 
the first time an overview of the phylogenetic 
distribution of an HPV genotype not studied at 
the genetic level. Furthermore, the phylogenetic 
analysis data provides information that can be 
used in future research to determine lineages and 
sublineages for HPV-13. In fact, the complete L1 
gene obtained from the sample labeled KY690157, 
corresponds to a sequence present in 89% of the 
studied population (67 samples), and therefore can 
be cautiously considered as “representative”.

Although only L1 partial sequences were analyzed, 
the complete genome from one of the samples was 
recovered (data not shown), which supported the 
structural implications inferred for the complete 
HPV-13 L1 gene respect to HPV-16 L1 gene. 
Likewise, this provides the basis for deeper studies. 
On the other hand, the disproportionate knowledge 
about other HPV genotypes in comparison to the 
scarce information on HPV13, reflects the fact that 

it is responsible of a neglected disease affecting 
predominantly Latin American populations and 
minority ethnic groups, and urges to generate more 
knowledge on its biology, physiopathology, and 
epidemiology.

Finally, the limitations of this study were that 
samples represent merely HPV13 viruses circulating 
in two communities of the Mayan area on Yucatan 
and that the L1 sequences analyzed are partial. 
The strengths are that a non-depreciable number 
of samples were included in the analyses, and 
this is an important contribution on the molecular 
characteristics of an understudied viral genotype, 
considering that most presently available reports are 
medicales cases.

CONCLUSIONS
We have reported a significant knowledge about 

the genetic variation of HPV-13 from asymptomatic 
carriers and patients with MEH lesions. Likewise, 
to the best of our knowledge, this is the first report 
for the presence of genetic polymorphisms of this 
genotype. These results are relevant for future 
research aiming to identify lineages and sub lineages 
for HPV-13. Our in-silico analysis suggests that the 
amino acid changes would be involving structures 
directly related to antigen recognition, which 
requires further investigations. 
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