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Abstract: Papillomaviruses are circular double-stranded DNA viruses that specifically
infect skin or mucocutaneous epithelium of mammals, reptiles and birds causing
asymptomatic infections, benign and malignant lesions. The classification of
papillomaviruses is based on the L1 gene sequence identity. However, several studies on
Human papillomavirus (HPV) diversity make use of only 450 bp fragment in L1 in order
to classify novel HPV types, subtypes, and variants. It has been observed that this fragment
is not appropriated for detection and genotyping of HPV. The aim of this study was to
develop and apply a novel computational tool based on entropy in order to identify
phylogenetic informative genomic regions that could be used as markers for the detection
and genotyping of HPV. To develop the method, a comparative analysis was performed to
assess the genetic variability of L1 sequences from Alphapapillomavirus,
Betapapillomavirus and Gammapapillomavirus genera. Shannon entropy was calculated.
Informative sites were identified by using a cutoff of 1.0 bits of information. Phylogenetic
trees were constructed based on those informative sites. The entropy measure presented
itself as a good approach to identify phylogenetic informative genomic regions, which is
important to correctly position novel HPV types in a phylogenetic tree, relevant to
genotype these viruses.
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1. Introduction

Papillomaviruses (PVs) are circular double-stranded DNA viruses that specifically infect the skin or
mucocutaneous epithelium of mammals, reptiles and birds causing asymptomatic infections, benign
and malignant lesions [5]. The classification of these viruses is based on the sequence identity of L1
gene, which is the most conserved in the viral genome [1,19].

Among these viruses, five genera are related to human host, Alphapapillomavirus,
Betapapillomavirus, Gammapapillomavirus, Mupapillomavirus and Nupapillomavirus [3]. Human
papillomavirus (HPV) has a great oncogenic potential and so, it has major medical importance. HPV is
the main etiological factor for cervical cancer development. Tumors associated with HPV in the
cervical region are frequent and constitutes a serious public health problem, especially in developing
countries [17]. More than 80% of cases of cervical cancer occur in developing countries, where the
population has no easy access the preventive screening and appropriate treatment of the disease [9].

Invasive cervical cancer (ICC) is the second most common female cancer [8]. For development of
ICC, the presence of carcinogenic HPV is necessary [12]. Alphapapillomaviruses are known for their
association with lesions that can progress to cancer [13]. Among them, 71% of the ICC global burden
is attributed to infections caused by HPV types 16 and 18 [16].

The diagnosis of HPV is based on the identification of cellular changes and the identification of
viral DNA by molecular biology methods. Molecular methods based on polymerase chain reaction
(PCR) have been widely used worldwide for the detection and genotyping of HPV using the primers
MY09/11 and GP5+/6+ [7]. It is recommended to use a set of primers for best results HPV detection
methods [4,10,14] and reducing uncertainties. However, the low sensitivity of MY09/11 primers may
increase the number of false negatives [11]. In addition, GP5+/6+ primers are not appropriated for
HPV genotyping because they do not have sufficient phylogenetic information so we can statistically
confirm novel HPV types, subtypes and variants. In this context, novel genomic markers and primers
that amplified these genomic regions are needed in order to improve molecular diagnostic methods for
HPYV detection and genotyping.

Therefore, this study makes use of a novel entropy-based method to identify HPV genomic regions
that are phylogenetically more informative in order to improve HPV detection and genotyping. The
method is based on Shannon’s entropy and it was designed and prepared to identify conserved regions
in HPV genomes. In this way, novel molecular diagnostic methods could be developed based on these
novel genomic regions.

2. Results and Discussion

Phylogenetic inferences were made to the genera Alpha, Beta and Gammapapillomavirus, which
presented respectively in 1602, 1587 and 1724 sites. We observed the number of conserved sites as
412 (25.72%), 550 (34.65%), and 206 (11.95%), respectively. The number of variables sites were 1157
(72.22%), 1034 (65.15%), 1477 (85.67%), respectively. The number of variable sites is high, which
was expected since this is a very diverse group of viruses [1]. However, this gene is the most
conserved region of the viral genome, thus it is used for the viral classification, which is important for
diagnosis and genotyping [1,3,18]. Among the variable sites, 1090 (68.04%), 947 (59.67%), 1287
(74.65%) sites, respectively, were parsimony informative.



The region selected by the entropy measure shows a higher number of conserved sites for Alpha,
Beta and Gammapapillomavirus, 191 (27.80%), 293 (37.42) and 99 (12.64%), respectively (Table 1).
The low entropy (the region with entropy values under 1.0) region presents a higher percentage of
conserved sites than the region comprehended by the primers MY09/11. The number of variable sites
was also lower in the region specified by the entropy method. This result shows that these low-entropy
regions could be used as a marker in order to develop novel primers to detect HPVs. In addition, the
fact that the entropy approach is able to detect the most conserved regions in the HPV genome is
relevant because we could accurately reconstruct a phylogenetic tree for HPV genotyping.

Table 1. Genetic diversity of diferent human papillomavirus genera.

HPV Genus Length  Conserved sites  Variable sites Parsimony informative
sites
Alphapapillomavirus 687 191 (27,80%) 487 (70,89%) 468 (68,12%)
Betapapillomavirus 783 293 (37,42%) 487 (62,20%) 450 (57,47%)
Gammapapillomavirus 783 99 (12,64%) 667 (85,20%) 586 (74,84%)

Estimated conserved sites, variables and Parsim-informative of low-entropy region for the

Alphapapillomavirus, Betapapillomavirus and Gammapapillomavirus genres.

Therefore, this method constitutes an effective tool in determining regions that have more
probability to be homologous. In addition, the more conserved the HPV genomic region the more
propitious to primer design. Another positive point in the entropy approach is to reduce the
computational time spent on phylogenetic analysis [1].

HPV phylogeny was reconstructed using the Neighbor-Joining method, widely used in the
reconstruction of PVs [18,20]. Our phylogenetic analyzes based on the entropy selected regions have
shown that they are more informative than the one comprehended by the primers MY09/11 (Figure 1).
In this study we adopted bootstrap greater than or equal to 70% to statistically evaluate the HPV types.
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Figure 1. Neighbor-Joining phylogenetic tree of human papillomavirus L1 region based on
amino acid sequences. a) Phylogenetic tree of Alphapapillomavirus using the complete L1
gene sequence. b) Phylogenetic tree of Alphapapillomavirus using the MY09/11 region. ¢)
Phylogenetic tree of Alphapapillomavirus using the regions selected by the entropy
approach.

The reconstructed trees based on entropy regions presented clusters similarly to the complete L1
gene and better statistical support than the MY09/11 region. The bootstrap values of internal nodes of
the entropy region based tree of Alphapapillomavirus and Betapapillomavirus genera were above 70%,
unlike the MY09/11 region, which presented internal nodes below this value. The internal nodes of the
Gammapapillomavirus tree also showed better bootstrap values in the entropy based trees. However,
not all groups presented bootstrap values above 70%, which was expected since the genetic variability
in this group of viruses is very high.

A study carried out by Batista et al., (2013) showed that the effectiveness of the use of entropy in
selecting phylogenetic informative regions for proper reconstruction of bovine papillomavirus
phylogeny [1-2]. In this study, we could show that this approach was also efficient and more accurate
in order to select informative regions in HPV L1 gene, which is very important to identify novel
markers to detect and genotype these viruses.

3. Experimental Section
3.1. Data collection and development of a local database

In order to develop a local database, 158 nucleotide sequences of the L1 gene of
Alphapapillomavirus, Betapapillomavirus and Gammapapillomavirus were collected from the
Papillomavirus Episteme (PAVE) database (http://pave.niaid.nih.gov). The nucleotide sequences were




stored in a local database along with DNA content information. These sequences were converted into
amino acids prior to the alignment. Multiple Alignments were performed by using the MUSCLE
algorithm [6], incorporated into the MEGAS software [17]. The aligned amino acids were back
translated into nucleotides. Sequence variability parameters were then estimated: total number of
aligned sites, number of variable sites, and number of conserved sites.

3.2. Entropy-based approach to identify phylogenetic informative genomic regions

The entropy approach to identify phylogenetic informative genomic regions in HPV sequences is
based on the method described by Batista [1]. The entropy measures were calculated to assess the
complexity and variability of each nucleotide site. The entropy was calculated for each position using
the Shannon entropy formula:

4
Hi= —(Z 1 Pij log2Pij)
j=

where Hi corresponds to the entropy of each site 7; j is equal to 1, 2, 3 and 4, corresponding to the A,
C, G and T nucleotides, respectively; and Pij is the proportion of the nucleotide j in the site i. A
window size equal to 100 units was used in order to reduce information noise. Regions with low
entropy values were selected as more informative for use in a molecular diagnostic system.
Informative sites were defined as being less than or equal to 1.0 bit of information.

3.3. Phylogenetic reconstruction of HPV L1 sequences

These informative sites were selected in order to reconstruct the phylogenetic relationships of HPV
L1 sequences. The neighbor-joining method was used to reconstruct HPV trees in MEGAS software
[15], using Kimura 2-parameter evolutionary model.

Ten datasets were then created for comparison. The complete L1 gene was used for each genus (one
dataset for Alphapapillomavirus, one for Betapapillomavirus, and one for Gammapapillomavirus).
Another dataset was created with the complete L1 gene using all three genera together. Datasets based
on the region of MYO09/11 primers for each genus were also created. Finally, datasets based on the

entropy selected regions were created for each genus.
4. Conclusions

The results showed that it was possible to identify regions in HPV genome that provide robust
phylogenetic topologies, and good statistical support. Therefore, the entropy measure presented itself
as a good approach to identify phylogenetic informative genomic regions, which is important to
correctly position novel HPV types in a phylogenetic tree, relevant to genotype these viruses. This
entropy based approach could be used to design degenerate primers that are able to amplify
phylogenetic informative regions, increasing the sensitivity and specificity of the HPV diagnosis.
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