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ABSTRACT

Human papillomaviruses (HPVs) infect basal epithelial, such as skin and/or mucosal cells; it

is transmitted primarily by skin-to-skin or mucosa-to-mucosa contact and due to insufficient

data there is no probability reported of infection per sexual act. The cervical HPV infection

is frequent among women with active sexual life under the age of 30 years old with the high-

est prevalence under 25 years old. A persistent infection may cause cervical cancer, specially

when women are infected with high-risk genotypes. However, the analytical sensibility of the

MY09/11 system, which is widely used because it amplifies a broad spectrum of HPVs, has

not yet been determined. To explore this issue, biological samples were gathered and isolated

by HPV type-specific primers. Subsequent to this, the HPV fragments were cloned and then

amplified on bacterial cells. Dilution series were used to determine the sensitivity limit of the

MY09/11 system for different HPVs, through a logit model. Taken together, the sensibilities

for the HPV 31, 58, 62 and 66 were elucidated, 162, 117, 423 and 123 copies, respectively.

Knowing the limitations of the MY09/11 system and its sensitivities of each HPV may help as

an auxiliary parameter to corroborate a negative result.
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RESUMEN

Los virus del papiloma humano (VPH) infectan epitelios basales, tales como la piel y/o células

de la mucosa; se transmite principalmente por contacto de piel a piel o contacto de mucosa a

mucosa y debido a la escasez de datos no hay ninguna probabilidad reportada de infección por

acto sexual. La infección cervical del VPH es frecuente entre las mujeres con vida sexual ac-

tiva con menos de 30 años de edad con una prevalencia más alta en mujeres con menos de 25

años. Una infección persistente puede causar cáncer cervicouterino, especialmente cuando las

mujeres están infectadas con genotipos de alto riesgo. Sin embargo, la sensibilidad analı́tica

del sistema MY09/11, que se utiliza ampliamente debido a que amplifica un amplio espectro

de virus del papiloma humano, aún no ha sido determinada. Para explorar esta cuestión, se

recolectaron muestras biológicas y se aislaron mediante cebadores especı́ficos para cada tipo

de VPH. Después de esto, los fragmentos de VPH se clonaron y amplificaron en células bac-

terianas. Se utilizaron diluciones seriadas para determinar el lı́mite de sensibilidad del sistema

de MY09/11 para diferentes virus del papiloma humano, a través de un modelo logit. En con-

junto, las sensibilidades para el VPH 31, 58, 62 y 66 fueron encontradas, 162, 117, 423 y 123

copias, respectivamente. Conociendo las limitaciones del sistema MY09/11 y sus sensibilidades

para cada VPH, la sensibilidad puede ayudar como un parámetro auxiliar para corroborar un

resultado negativo.
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CHAPTER 1

INTRODUCTION

The human papillomaviruses (HPVs) are double stranded DNA viruses that mainly infect basal

epithelial, such as skin and/or mucosal cells. There exist three main classes of tropism: cuta-

neous, mucosal and mixed tropism (Eide & Debaque, 2012), with over 50 genotypes of the 220

currently classified. These viruses belong to the Papillomaviridae family and are characterized

in “high-risk” i.e. 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and “low-risk” i.e. 6, 11, 40,

42, 43, 44, 53, 54, 61, 72, 73, 81 genotypes. Among the two categories the high-risk genotypes

are associated with cervical cancer, they may however, generate cancers in other anogenital tis-

sues. They are furthermore discussed as risk factor for cancers in other mucosal tissues (oral,

bladder, etc.). Yet low-risk genotypes mainly cause benign cervical changes and genital warts,

commonly considered a cosmetic problem that can be treated until warts disappear and do not

come back again.

The cervical HPV infection is frequent among women with active sexual life under the age

of 30 years old with the highest prevalence under 25 years old. Middle-aged and young women

usually have transient HPV infections that can be resolved by the immune system in about 6 to

12 months. However, in presence of a persistent infection, within a period of 15 to 20 years,

there is a high probability to develop a cervical neoplasia (Woodman, Collins, & Young, 2007).

As HPV infections are almost asymptomatic and occur frequently at the transition from

cylindrical to squamous epithelium of the cervix, women have to go to the doctor to be exam-

ined. When infected mild changes can be seen in the epithelium and can be identified though

virological or cytological techniques. Squamous intraepithelial lesions (SIL) can be screened

through cytological examination of cervical smears, there are low or high SIL relying upon how

1



1.1. STATEMENT OF THE PROBLEM CHAPTER 1. INTRODUCTION

affected the epithelium is and how abnormal the cells appear. Nonetheless, when there is a

confirmation of abnormal cells in the cervix detected by histological examination of cervical

biopsies the term cervical intraepithelial neoplasia (CIN) is used, and is graded from 1 to 3;

describing the morphology of the affected epithelial cells as well as the thickness of the cervi-

cal epithelium with abnormal cells. Similar lesions exists for vaginal (VaIN) and vulvar (VIN)

tissues (Cutts et al., 2007).

As previously discussed, certain HPVs genomes can lead to cervical cancer, which is an

important public health issue; it is the most frequent and mortal neoplastic disease worldwide in

the female population. The Latin American female population is on the high-risk list to develop

cervical cancer with up to 68,000 new cases every year. The highest mortality rates belong

to Chile and Mexico, whereas the lowest to Cuba, Puerto Rico and Argentina. However, in

Mexico the cervical cancer is the first cause of cancer related death in women over 25 years old.

Although the Mexican National Health System provides medical assistance to roughly 9,000

cases of cervical cancer, annually there are about 4,000 deaths due to a late diagnosis. Hence, it

is of utmost importance to prevent this type of cancer through education, vaccines and prevention

campaigns (Hidalgo-Martı́nez, 2006).

1.1 STATEMENT OF THE PROBLEM

The primer system MY09/11 is widely used worldwide, because of its great coverage of different

HPV types and its extensive characterization. However, the method was designed originally

based on the L1 sequences of the only mucosal HPV sequences known at that time: 6, 11, 16,

18 and 33. Therefore, the amplified region in other HPVs may not be as efficient due to the

variability of the viral sequences (see Figures 1.1 and 1.2). It is apparent that the variability is

taken into account only partially by the primer design. Nonetheless, due to the high degree of

conservation of these regions, amplification of a large number of HPVs has been reported in the

literature.

Surprisingly, despite its wide use, the information of the method’s sensitivity is scarce. Ergo,

it is not even clear which HPV types are detectable by the degenerated primer system MY09/11.

Moreover, this could mean that the type specific prevalences that have been reported may be

2
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biased by the sensitivity of MY09/11.

The conservation of the MY09/11 regions can be measured by a variability analyses, using

the Shannon entropy (Ruiz, Pérez, & Bonev, 2009). See Figure 1.1 and Figure 1.2.

Figure 1.1: Conservation of the MY09 region, see Table A.1. The conservation of the MY09
region has been determined using the Shannon entropy of the sequence alignment. The sequence
indicated corresponds to the complement of the MY09 primer sequence.

Figure 1.2: Conservation of the MY11 region, see Table A.2. The conservation of the MY11
region has been determined using the Shannon entropy of the sequence alignment. The sequence
indicated corresponds to the complement of the MY11 primer sequence.

3



1.2. OBJECTIVES CHAPTER 1. INTRODUCTION

1.2 OBJECTIVES

1.2.1 General Objective

• Determinate the analytical sensibility for the different HPV types, using the MY09/11

primers.

1.2.2 Specific Objectives

• Obtain biologic samples from the Laboratorios Clı́nicos de Puebla (LCP)

• Using reference sequences for the mucosostropic HPV types obtained from National Cen-

ter for Biotechnology Information (NCBI) design primers encompassing the MY09/11

region through Primer-BLAST

• Use these primers in order to clone different HPV types that are in the Clı́nica Ruiz gene

library.

• Rigorously quantify the plasmids in order to obtain well defined reference DNAs.

• Prepare dilution series of the reference DNAs down to 1 copy/µl or less and amplify them

repeatedly with the MY09/11 system.

• Determinate with the help of the logit model the sensibility limit of the MY09/11 primers.

1.3 HYPOTHESIS

It is possible to determine the type specific limits of detection for the MY09/11 system.

1.4 JUSTIFICATION

To achieve a more accurate a analysis, when detecting and typing the HPV, it is important to

have information about the sensitivity. Because this information is not known for each type

of the HPV when using the MY09/11 system. It arises an important problem when a doctor

has to interpret a negative result. Usually a negative result is interpreted as if the patient has
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normal cervical cells or no HPV infection. However, as there are differences of sensitivity for

different HPVs when using the MY09/11 system a negative result should be interpreted taking

into account these data. Therefore, when reporting a negative result the doctor and the patient

have to understand the limitations of it and put this result into context with other laboratory or

clinical tests.

For example, with regards to a report of a normal cytology and a negative result from a

molecular detection system caution should be taken. Although, the worldwide prevalence of

the HPVs 16 and/or 18 in women with normal cytology is only 3.9%, these two viruses are

responsible of over 70% of the cervical cancers. Therefore, even though a negative PCR result

is reported, it should be kept in mind that the virus just may be not detectable due to a viral

concentration in the sample below the detection limits (Bruni et al., 2015).

Nowadays it is relatively easy around the world to detect the HPV efficiently and systemat-

ically but one problem arise from the primers that are used: the Manos et al., 1990 degenerated

primers. The primers are capable in theory to detect a vast number of the different HPV variants

and types, many laboratories around the globe have been using this detection system since the

90s with good results so far, but what if we could improve the results that are given to the doctor

by measuring the sensibility to each HPV variant, because up to now there is no information in

regards to the sensibility of the Manos et al., 1990 detection system.

This work would help to establish the initial parameters to determine the true sensitivity of

the degenerated primers to each of the different variants of the HPV. It will put into perspective

the results that have been obtained along the last two decades. Furthermore, this work could

be used as a complementary tool to evaluate how strong the reported prevalences of the mu-

cosotropic HPVs could be biased. It is worth mentioning that the reported prevalences thus far

have been used to assess the possible impact of vaccines against different sets of viruses. As far

as the MY09/11 system has been used to obtain these data, defining the sensitivity of the method

will offer a more accurate interpretation of the results and allow an improved knowledge based

evaluation of vaccines on different populations. Finally, the MY09/11 system may be improved

enhancing the detection of as yet difficult-to-detect types by modifying the primer set.
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1.5 SCOPE AND LIMITATIONS

1.5.1 Scope

1. Detection of the sensitivity limits of MY09/11 for selected mucosotropic HPV types

1.5.2 Limitations

1. Significant variability among the HPV sequences retrieved from NCBI and the HPVs on

the biological samples
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CHAPTER 2

LITERATURE REVIEW

2.1 PAPILLOMAVIRUS

Papillomaviridae is the family of a whole set of viruses, who infect the epithelia of vertebrates,

which are called papillomavirus (PV) (Fauquet, Mayo, Maniloff, Desselberger, & Ball, 2005).

In some cases, the infection can lead to neoplastic disorders, such as, cervical cancer, whereas in

other cases the virus in question can persist asymptomatically in the host “for an indeterminate

period of time”. Although PV are highly diverse, there exist more than 189 types (Bernard et

al., 2010), the most common organisms that are infected are mammals and birds (De Villiers,

Fauquet, Broker, Bernard, & zur Hausen, 2004). However, human beings are the priority in

terms of research, because before 1970 papillomaviruses were thought to only cause warts,

which back then was just a cosmetic problem; affecting mammals with cutaneous lesions. In

other words, this was not a major threat to public health; it was until 1980s when using new

protocols it was found out that some HPVs could induce neoplasms (Bernard, 2005).

Not so long ago the PVs had been considered members of the Papovaviridae, nowadays they

are, however, separated into the Papillomaviridae. Originally, it was thought that the similarities

between them was enough to group them in a single family, characterized by features such as

circular double-stranded DNA genomes. But now this idea has been refuted, as the viruses

have different genome sizes, genome organization and gene functions. PVs have no envelope

and a diameter ranging from 50 to 55 nm, their structure is constituted by 72 capsomers in an

icosaedric capsid (Longo et al., 2011).
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Figure 2.1: Electron micrograph of a negatively stained human papilloma virus (Laboratory of
Tumor Virus Biology, 1986).

2.2 HUMAN PAPILLOMA VIRUS (HPV)

It is well known that there are many genera among the HPVs, however, the Alpha and Beta

papillomaviruses are the most important as around 90% of currently characterized HPVs are

found in these two genera (Doorbar, 2006).

Almost 4 decades ago, biochemical and immunological analysis were used as a primary

tool to study biological processes, yet the characterization of viruses in skin warts, anal and

genital condylomata and oral and laryngeal papillomas could not be determined by the lack of

a cell system, where it could be possible to replicate the virus in vitro, this problem is due to

the extensively variable viral content according to their clinical type (Orth, Favre, & Croissant,

1977).

Nowadays, with sequencing technologies and the improvement of computer algorithms in

the last decade, phylogenetic trees have been generated based on DNA sequence and protein

homologies. These data or information has been generated to better understand the classification

and the pathogenic mechanism of the HPVs. However, it has been discovered that there are two

main types that are responsible for 70% of cervical cancer, HPV16 and HPV18, these types are

considered high risk HPVs. Among them other types such as, HPV31, and HPV45 are found

(Longo et al., 2011), whereas the low risk HPVs are the HPV6 and HPV11 and are the ones
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responsible for up to 90% of genital warts.

2.2.1 Transmission

The HPV transmission occurs primarily by skin-to-skin or mucosa-to-mucosa contact, thus care

must be taken in order to prevent infection, especially as there are insufficient data to compute

the probability of infection per sexual act, but due to the high incidence of infections for sure

that the probability is not very low. Unfortunately, different types of HPVs may be transmit-

ted simultaneously by the same transmission route, such as, sexual activity. This is critical as

double to multiple infections seem to increase the probability of cervical cancer development

(Schiffman, Castle, Jeronimo, Rodriguez, & Wacholder, 2007).

2.2.2 Infection

In order to establish an infection, the HPVs have to reach through cuts or abrasions the epithelial

stem cells localized on the basal membrane, after this step, the viral DNA may stay inactive

(latent) or become active. Within the natural infection of the HPV there are four steps: the

latent phase, in which the viral genome stays in a plasmid state, the activation of the viral gene

expressing condylomas or papillomas, this phase may not contain a strong viral DNA replication,

given that the vast part of the epithelial lesions produce few virions. The transition to a dysplasia

if the infection is persistent and the last one, the evolution to a carcinoma (Fuchsmann, Ayari-

Khalfallah, Coulombeau, & Froehlich, 2011).

2.3 GENOME

The genome of the PVs is formed by circular double-stranded DNA (Bernard et al., 2010) of

approximately 7,900 base pairs. On the other hand the genome organization of the whole set of

virus that integrates the Papillomaviridae family has an early region (E), a late region (L) and

a non-coding regulatory region (URR, upstream regulatory region). Some types of oncogenic

HPVs may immortalize human keratinocytes, which are highly specialized epithelial cells (skin

cells) that separate an organism from the outside world (Eckert & Rorke, 1989).
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Figure 2.2: Human Papillomavirus 16 genome. Circular representation of the HPV genomes
wherein blue arrows represent late genes and yellow early genes.

2.3.1 Oncogenic Activity

The oncogenic activity has been reported in the products of E6 and E7 genes, in which the

E6 protein regulates the degradation of the p53 protein that suppresses tumors, whereas the E7

protein binds the product of the retinoblastoma gene and related proteins, a second important

anti-oncogene. The proteins E1 and E2 regulate the viral DNA replication and gene expression.

The L1 gene codes for the mayor protein of the capsid, it constitutes up to 80% of the virion’s

mass. L2 codes for a secondary protein of the capsid. The degree of homology between differ-

ent isolates is used to define types, subtypes, and variants of the virus. If two HPVs differ in

more than 10% of their L1 region sequence they belong to two different types. Nowadays, more

than 200 HPV types have been described (Bernard et al., 2010) and some of them are associ-

ated with specific clinical manifestations, such as, squamous cell carcinomas, epithelial tumors,

carcinoids, small cell carcinomas, sarcomas and lymphomas (Longo et al., 2011).
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2.4 MECHANISM OF INFECTION

The human papillomavirus (HPV) can only reproduce itself within a terminally differentiating

pluristratified squamous epithelium (Fauquet et al., 2005). Virus replication is limited to basal

cells of a stratified epithelium, which is the only tissue type in which they replicate (Schiller,

Day, & Kines, 2010). The mechanism starts when the virus particle binds to heparin sulfate

proteoglycans (HSPGs) on the basement membrane that has been exposed by an injury, this

binding induces a conformational change in which the site of the L2 segment of the virion is

cleaved by furin or a proprotein convertase (PC 5/6). It is suspected that an epitope is exposed

after the L2 cleavage and an unexposed region of the L1 segment is now available to bind to

an unidentified secondary receptor localized on the epithelial cells (Figure 2.3). It is mainly

believed that the virus is internalized in the epithelial cell through the endocytic pathway which

is a slow process in comparison to the infectious pathways of other viruses: it takes 4 hours

to become an early endosome, then after about 12 hours the virus uncoats while the endosome

becomes a late one, and finally the L2 protein with the genome is released. During this step the

L2-genome complex is transported through the cytoplasm, perhaps via microtubules, and enters

the nucleus by 24 hours. After entering the nucleus, gene transcription may start (Schiller et al.,

2010).

Figure 2.3: Binding of the HPV virion. (A) The virion encounters HSPGs on the basement of the
membrane. (B) Conformational change in the virion structure exposing a site on L2 susceptible
to furin or PC 5/6 cleavage. (C) After the L2 cleavage, a unexposed region of L1 binds to a
unknown secondary receptor localized on the epithelial cells (Schiller et al., 2010).
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Figure 2.4: HPV virion within the cell. (A) The virus binds to an unknown receptor on the cell
surface. (B) The virus is internalized in the epithelial cell via endocytic pathway. (C) After
4 hours the virus localize itself in an early endosome. (D) Between 8 and 12 hours the virus
uncoats within a late endosome and a L2-genome complex is released. (E) The L2-genome
complex travels through the cytoplasm, perhaps via microtubules and enters the nucleus by 24
h. (F) After nuclear entry, the L2-genome complex co-localizes with ND10 (Nuclear Domain
10) and RNA transcription begins (Schiller et al., 2010).

2.4.1 Replication

The replication of the HPVs occurs exclusively in keratinocytes, in the first stage the virus infects

keratinocyte stem cells that are localized in the basal layer of the epithelium. As it does not code

for an own DNA polymerase, after the initial infection the virus starts using the cell’s machinery

to replicate its genome. Upon continuing differentiation, the cells move towards the outer layers

of the epithelium and the virus keep replicating without increasing their viral load, this is to

remain unnoticed by the immune system (Stanley, 2006), see Figure 2.5.

However, when the infected keratinocyte enters the S-phase in the differentiation compart-

ment of the epithelium, the virus genome will be replicated and reaches a high copy number

of around 1000 per cell. This is when growth promoters E6 and E7 are liberated, which are

the oncogenes of the virus. Expression of the capsid producing late genes L1 and L2 requires

advanced to terminal differentiation. Finally when the keratinocyte dies at the superficial epithe-
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lium, the HPV genomes are packaged into capsids and liberated (Doorbar, 2005).

Figure 2.5: Replication cycle of genital high-risk HPV. The infection starts by a microabrasion
of the mucosal epithelium. However, the infected cells move towards the outer layers of the
epithelium. The evolution of the infection shows the expression of different genes and the copy
number of the virus (Stanley, 2006).

2.4.2 Function of E6 and E7 proteins

E6 and E7 are pleiotropic and have different functions, for instance they interfere with trans-

membrane signaling, regulation of the cell cycle, transformation of established cell lines, im-

mortalization of primary cell line and regulation of chromosomal stability. A relationship be-

tween the E6 and E7 proteins and tumors has been associated because those proteins interact

with and inactivate the main cell cycle regulating tumor suppressors p53 and pRB, respectively.

One of the functions of the E6 protein is to promote cell proliferation by stimulating degra-

dation of the tumor suppressor p53 protein creating a trimeric complex between E6, p53 and

the cellular ubiquitination enzyme E6-AP, which may be related to an increase in tumor cell

growth. On the other hand the E7 protein binds to the retinoblastoma protein in a region so-

called “pocket domains”, which are essential for tumor suppressor activity. However, one of the

main functions of RB is to bind E2F-family transcription factors and repress the expressions of

replication enzyme genes, this activity correlates with the tumor suppression function of RB,

which is responsible for the liberation of E2Fs in their active forms that stimulates replication

and cell-division (Yim & Park, 2005), see the figure below.
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Figure 2.6: Binding of E6 and E7 oncoproteins. E6 binds to E6-AP and p53 creating a trimeric
complex, whereas E7 binds to pRB (Yim & Park, 2005).

2.5 TROPISM

Papillomaviruses are species specific and prefer, depending on the genus and type different epi-

thelial tissues, for example, sole of foot, non-genital skin, anogenital skin or anogenital/oropha-

ryngeal mucosa. This is due to the evolution of the papilloma viruses over millions of years

with different animal hosts (Schiffman et al., 2007). The tropism of the PVs is associated with

its classification and can be used to divide them broadly into two groups: those who infect

cutaneous epithelia and those who infect mucosal epithelia (Figure 2.7), it is well known that

the mucosotropic viruses rarely infect cutaneous regions and vice versa (Bernard, 2005). Only

a few viral types are regularly found in mucosal as well as cutaneous tissues as for example

HPV2, however, even in this case HPV2 is preferentially found in cutaneous lesions.

There are five genera that affect the human beings named with Greek letters: Alpha, Beta,

Gamma, Mu, and Nu (Bernard et al., 2010). The most interesting genus for humans are the

Alpha and Beta PVs, within this two genera roughly 90% of all HPVs are found (Doorbar,

2006).

HPV6 and HPV11 are strongly related with respiratory papillomas, although they are fre-

quently found in the genital area as well, it is worth to mention that these types are the most
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frequent among the HPV-caused viral infections (Fuchsmann et al., 2011).

Figure 2.7: Tropism of HPV. In cutaneous or mucosal epithelia E and L genes designate early
and late differentiation stage in the epithelium. E1, E2, E5, E6 and E7 are expressed early in
the differentiation, meanwhile E4 is expressed at all times. L1 and L2 are expressed during
the final stages of differentiation. The viral genome is maintained at the basal layer of the
epithelium, where the HPV infection is established. As the basal epithelial cells differentiate,
genome amplification, virus assembly and virus release take place. L1 and L2 assemble the viral
capsid in which L1 is the major capsid protein and L2 serves as the link to the plasmid DNA
(Schiffman et al., 2007).

Strong evidence that support the relationship between the HPVs and cervical cancer; i.e. pri-

marily HPV16 and HPV18 have been found in about 95% of all biopsies gained from cancerous

cervixes worldwide. Moreover the HPV16 is the king of all the types, it can be found in more

than half of the infections, whereas HPV18 is found between 10 and 20%. Thus, HPV16 and

HPV18 are the major threat for development of high grade Cervical Intraepithelial Neoplasia

(CIN). There are, however, approx. 5% of cervical cancers without detectable viral DNA, this

could mean two things, there are another factors that could induce cervical cancer and there are

unidentified types of HPVs that are inducing those “special” cervical cancers.

HPV infections of the oral cavity were first detected in 1985, in those investigations the

types that the researchers found were 16, 18, 6, 11 and 2, with a predominance of HPV16.

Other regions of the human body were examined later-on finding that patients with laryngeal
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papillomatosis with laryngeal or lung cancer contained HPV6 or HPV11 and just one case of

HPV16. Moreover, in carcinomas of the nasal sinuses the types that were found were HPV16

and HPV18, whereas HPV57 was more related to an uncommon sinonasal tumour originated by

inverted papillomas (Zur Hausen, 1996).

2.6 CONSEQUENCES OF HPV (CANCER)

The association between HPVs and cervical cancer began during the 1990s due to strong evi-

dence of some HPVs infections led to the development of cervical cancer. The scientific com-

munity reviewed epidemiological and molecular studies and concluded that due to the lack of

another documented hypotheses for the etiology of cervical cancer, the HPVs must be the prin-

cipal factor. In other words, women must be infected by the viral HPV-DNA in order to develop

cervical cancer (Bosch, Lorincz, Munoz, Meijer, & Shah, 2002).

In order to develop cancer there are 4 main steps, “the transmission, viral persistence, pro-

gression of a clone of persistently infected cells to precancer, and invasion” (Schiffman et al.,

2007).

According to the World Health Organization, now the cervical cancer is on the third most

common cancer in women with approx. 529,000 new cases in 2014 (WHO, 2014). The most af-

fected regions by the cervical cancer are Eastern Africa, Melanesia and Southern Africa, whereas

Central America is in the sixth place, followed by the Caribbean and South America, mean-

while the less affected regions are Northern America, Australia/New Zealand and Western Asia

(WHO, 2012).

2.7 EPIDEMIOLOGY

From country to country around the world there are divergent statistics about the rate of new

cases of cervical cancer caused by HPV. In countries like Egypt, China (Shanghai) and many

European countries the incidence is 5 new cases per 100,000 women. On the other hand, in the

Sub-Saharan Africa more than 45 new cases per 100,000 women are reported. Some interesting

findings show that Hispanics living in the USA have higher rates of incidence and mortality
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than whites. The incidence and mortality of cervical cancer around the world varies, however

the most affected regions are Western and Southeastern Africa and Melanesia. Particularly this

type of cancer is the most common in women in Eastern and Middle Africa, see Figures 2.8 and

2.9.

Figure 2.8: Estimated cervical cancer incidence worldwide in 2012 (WHO, 2012).

Figure 2.9: Estimated cervical cancer mortality worldwide in 2012 (WHO, 2012).
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Figure 2.10: Incidence and mortality of cervical cancer by country. Estimated age-standardised
rates (World) per 100,000 (WHO, 2012).

In Mexico there has been in the last 10 years a remarkable increase of the number of patients

with cancer. However, the incidence of the cervical cancer remains on second place just below

breast cancer, with a slope of 7.2 and 9.2 per 100,000 women, respectively (Secretarı́a de Salud,

2012). The Global pattern has shown that in developed countries, cancer rates are dropping,
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whereas in developing countries, cancer rates are increasing (Figure 2.10). The trend of the

increasing cancer rate in developing countries is probably related to the adoption of western life

style rather than genetic differences between the populations. Nonetheless, there is no certainty

of the main difference among the developed and developing countries, although access to better

public health systems may be the most important one.

2.7.1 HPV-16 AA

It is believed that not only the life style has an influence upon the women’s health when they

are infected with HPVs. Although it is widely know that the high risk HPVs such as HPV16

and HPV18 are the main cause of cervical cancer, there may be other variants that affect the

Mexican population. Variants differ by only 1-5% of their nucleotide sequence when compared

to each other. In order to develop a change in the HPV genome, it takes from 10,000 to 100,000

years to yield a 1% sequence diversity. In other words the HPVs and the human beings have

been together for a long time. As a result, certain variants predominate in certain ethnic groups.

In Mexico the prevalence of the HPV16 AA variant among HPV16 infections was of 88%

in a study of women living in Monterrey, Nuevo León, Mexico and is the highest ever detected

in any part of the world. The prevalence is unexpectedly high and specially frequent in people

with an American Indian component but also in Spaniards, perhaps due to the reverse migration

from Latin America. It is worth to mention that solely the HPV16 has been confirmed to have

an increased carcinogenicity in its variants, if this is true the Mexican women are more prone to

develop cervical cancer than previously thought (Calleja-Macias et al., 2004).

Worldwide cervical cancer is a major problem for the women, thus occupies the third place

of the incidence of cancer and the fourth reason of death by cancer with approx. 529,000 new

cases and 275,000 deaths.

Therefore the World Health Organization has provided a general guidance in which the

newest and main elements are: vaccinate 9 to 13-year-old girls with two doses of HPV vaccine,

use HPV tests to screen women for cervical cancer prevention and communicate the preventive

information more widely to reach a wider audience (WHO, 2014).
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2.8 DETECTION OF CERVICAL CANCER

The detection of women in risk to develop cervical cancer has been initially through the Papan-

icolaou test, which detects aberrant cells in cervical smears, low-grade squamous intraepithelial

lesions (LSIL) and high-grade squamous intraepithelial lesions (HSIL). However, due to its in-

herent limitations in many cases a single Papanicolaou test does not assure the detection of

cervical cancer. The false-negative rate (FNR) of a Papanicolaou smear is traditionally calcu-

lated as 6.1%. Yet the true FNR has even been calculated as 7.8% by rescreening abnormal

smears (Renshaw, DiNisco, Minter, & Cibas, 1997).

Although the HPV is associated with cervical cancer in women, cancer does not develop with

the sole presence of the virus. In order to develop cancer a persistent infection must be present

throughout the pathology’s development. In young women, the presence of HPV is considered

a sign of sexual activity, while in women elder than 30 years who have normally more stable

sexual relationships, the detection of HPV is interpreted as a persistent infection and thus at risk

of cancer depending on the viral type. Of special importance is the continuing presence of just

the two viral oncogenes E6 and E7, therefore, HPV-DNA methods have been designed, targeting

the more conserved L1 gene as well as the E6 and E7 genes.

Until now, HPVs can not be cultured in the laboratory nor immunological assays are suitable

to detect HPV infections. The main tools to detect HPV associated lesions have been cytology

and histology. However, in contrast to the past, other tools such as molecular methods based

in HPV-DNA have been incorporated in the diagnostics (Burd, 2003). The techniques can be

either by target amplification or signal amplification.

2.8.1 Papanicolaou

During the last three decades the Papanicolaou (“Pap”) smear or cytology has been the main tool

for the detection of high-risk HPVs. It was initially proposed by George Papanicolaou in 1941

and was the first systematic method to detect early cancer in women. In developed countries this

method has reduced the mortality and morbidity from cervical cancer, whereas in developing

countries the pap smear is not as successful as in the developed countries, this may be due to
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the lack of health infrastructure and financial investments to support the laboratory and human

resources (WHO, 2014).

The traditional pap smear has three steps: the recollection of the cervical cells using a spatula

or brush, the fixation of the cells on a slide with a chemical fixative and the identification of

abnormal cells in the transformation zone and the junction of the ecto and endocervix, where

cervical dysplasia and cancer originate (Cobo, 2012), see Figures 2.11 and 2.12.

Figure 2.11: Pap smear with koilocytic atypia. Hyperchromatic and crenated nuclei surrounded
by a clear halo of cytoplasma. It is widely believed that koilocytosis is correlated with vegetative
HPV infections, however does not differentiate high-risk HPV types from low-risk HPV types.
(Cobo, 2012).

Figure 2.12: ThinPrep pap smear. A ThinPrep liquid-based pap with normal squamous cells on
left and HPV-infected cells with a LSIL on right (Uthman, 2006).
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2.8.2 End-Point PCR

The Polymerase Chain Reaction (PCR) technique exists since 1983 and was understood by few

isolated people at that time, however the credit goes to Kary Mullis, who was awarded in 1993

by the Chemistry Nobel Price (Lewin, Krebs, Kilpatrick, & Goldstein, 2011). This technique

broadly speaking has three steps: denaturation, annealing and elongation of the target DNA

molecule. The temperatures, cycles and the efficiency of the reaction are variants that relay

on the amount of target DNA present at any time (Freeman, Walker, & Vrana, 1999). This

technique started by a single idea, “find” a sequence, likewise one would do it in any word

processing program or in the Internet in any search engine. Kary Mullis developed this idea in 4

months in 1983 at the Cetus Corporation and his first course of action was to create a short piece

of DNA that would find a sequence flanking gene and then it would reproduce itself over and

over again. Hence, the chain reaction concept that it is in the name of the technique (PCR). This

idea was based in the already known process of DNA auto replication when cells divide. In other

words what Mullis basically did; he created the searchers or primers and put them into a tube

with DNA, he uncoiled the DNA by heating (using a thermocycler) and added deoxynucleoside

triphosphates (dNTP) that would be attached to the freshly uncoiled DNA at the location where

primers bonded by a polymerase or the biological glue and finally by decreasing the temperature

a new copy of DNA would be created. This technology was based upon a polymerase that

could handle high temperatures that was found in the Yellowstone thermal water reservoirs, the

bacteria Thermus aquaticus, which is stable in temperatures above that which DNA denatures,

so it is the perfect fit to “glue” the dNTPs.

To view the product of a PCR, one must run an electrophoresis on an agarose or polyacry-

lamide gel, staining the gel with ethidium bromide and observing through on ultraviolet (UV)

light source (Maurer, 2006).

2.8.3 Hybrid Capture II

The Hybrid Capture II method, by Digene Corporation, is an FDA approved liquid/solid phase

signal-amplification technique for the detection of mayor high-risk HPV-DNA in cervical spec-

imens. This method is based on hybridization in solution of long synthetic RNA probes that
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match the genomic sequences of 13 high-risk (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and

68) and optionally 5 low-risk (6, 11, 42, 43, 44) HPV types. This method has five steps: denatu-

ration of the DNA sample, mixing the DNA with the RNA probe, hybridization in the solution,

capture of the hybrids by immobilized antibodies bounded to wells of a microtiter plate and the

luminescent signal generated by chemical reactions (Cobo, 2012).

2.8.4 MY09/11

Among all the HPVs genomes one can find regions of DNA that share homology. Manos et al.

identified in 1990 such regions in 5 HPV types (6,11,16,18 and 33) with 20 to 25 bp in length,

this regions were degenerated to amplify distinct regions from over 25 of genital HPVs using an

L1 consensus primer pair. Through PCR the set of consensus primers were used to amplify HPV-

DNA, the positive strand primer is called MY11 (GCMCAGGGWCATAAYAATGG) whereas

the negative strand primer is MY09 (CGTCCMARRGGAWACTGATC); The MY09/11 primer

system. This primers are degenerated in different positions to complement to each of the 5 HPVs

previously mentioned and produce an approx. 450 bp product. For the degenerated primers M

stands for A or C, R for A or G, W for A or T, and Y for C or T. To identify and analyze the

PCR products, acrylamide or agarose gel electrophoresis can be used, staining with ethidium

bromide will show products that contain at least 200 copies of an HPV (Ting & Manos, 1990).

There is only scarce information about type specific sensitivities of the MY09/11 system. Patti

E. Gravitt argues that some types such as the HPV 16 and 18 have a sensitivity of around 10

genomes/PCR (Rohan & Shah, 2006). However, in another study that used PCR and RFLP;

25 copies of HPV18 and three copies of HPV16 were detected (Chen, Watanabe, Haruyama, &

Kobayashi, 2013).

The sensitivities of the method to detect the HPV through PCR assays have been reported for

some HPV types, which were analyzed with plasmids containing their entire genomes (Depuydt

et al., 2007). The sensitivities are shown in the Table 2.1.
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HPV Sensitivity
(HPV copies)

HPV 16 102

HPV 18 102

HPV 31 101

HPV 33 102

HPV 35 104

HPV 39 102

HPV 45 102

HPV 51 105

HPV 52 104

HPV 53 104

HPV 56 104

HPV 58 102

HPV 59 102

HPV 66 102

HPV 67 103

HPV 68 103

Table 2.1: Sensitivity of MY09/11 in PCR assays.

2.8.5 PGMY09/11

As already stated, so far the HPVs cannot be cultured, therefore the detection methods relay upon

the detection of viral nucleic acids (Brink, Snijders, & Meijer, 2007). It is worth to mention

some others detections systems such as the PGMY09/11 primer system, which is a detection

method based on the binding regions used for MY09/11. Instead of using degenerated bases,

heterogeneity is created through mixture of various primers sequences (Roulston & Bartlett,

2004), the arrangement of the primers are a set of 5 upstream oligonucleotides (PGMY11) and a

set of 13 downstream oligonucleotides (PGMY09) (Gravitt et al., 2000). This consensus primers

were designed to improve the reproducibility, sensitivity and specificity of L1 consensus PCR

(Coutlée et al., 2002).

2.8.6 GP5+/GP6+

The GP5+/GP6+ detection system is conformed by a mixture of primers with a fixed nucleotide

sequence (Qu et al., 1997), amplifying the L1 consensus region. The length of the amplicon is
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150 bp and amplify a wide range of HPV types in a PCR, this is accomplished by lowering the

annealing temperature during the PCR. However, the products have sufficient internal hetero-

geneity to produce a new set of specific primers or probes to characterize the HPVs (Roulston

& Bartlett, 2004).

2.9 VACCINE

The HPV vaccine is made from empty protein shells or virus-like particles (VLP), this tech-

nology is available through biotechnology using recombinant technology, in which empty VLP

are synthesized containing neither DNA nor live biological products and hence this particles are

non-infectious. Currently there are three HPV prophylactic vaccines: Gardasil R© from Sanofi

Pasteur MSD, a tetravalent vaccine (HPVs 6, 11, 16 and 18); Gardasil R©9 from Merck Sharp and

Dome, a nonavalent vaccine (HPVs 6, 11, 16, 18, 31, 33, 45, 52 and 58); and Cervarix R© from

GlaxoSmithKline Biologicals, a bivalent vaccine (HPVs 16 and 18).

Table 2.2: Characteristics of two HPV vaccines (Cutts et al., 2007).

However, the vaccine by itself is only half the answer to address the HPV infections, as

in countries with limited or poor health care systems the vaccine is not widely available. The

high cost of over $100 dollars per dose (tetravalent vaccine) is a major obstacle. In order to

be feasible, immunization programs in developing countries should cost less than $10 to $25

dollars. Thus avoiding, the death of over four million women worldwide over the next decade

(Koutsky, 2009). Studies have shown that the HPV vaccines are very effective with protection

that lasts for at least 5 years. Nonetheless, continuous screening in vaccinated women will

remain important, because although the HPV vaccines reduce the risk of cervical cancer, they

do not eliminate it (Cutts et al., 2007).
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2.10 BIOINFORMATICS

During the last 15 years, many techniques have been developed in a computer programs as a

demonstrative example of how to apply computational concepts to biology, however it seems

that now is a real prerequisite for model building and different technologies such as, sequencing

technologies, microarrays, spectral analysis, data mining, etc. (Saeys, Inza, & Larrañaga, 2007).

Bioinformatics is a relative new and rapidly evolving discipline with the aim to use compu-

tational tools and techniques to manage and analyse biological data sets.

Nowadays with high speed Internet connections around the world and new technologies such

as, Next-Generation Sequencing (NGS), biological data is increasing rapidly. Public databases

such as GenBank and the Protein Data Bank have increased their catalog exponentially in recent

years. Therefore, the information can be accessed rapidly, easily and virtually at no cost from

anywhere around the world (Tisdall, 2001).

2.10.1 C

Since the 1940’s many programming languages have been created to assist engineers. The orig-

inal idea of a programming language was to be capable of solving any numerical or logical

problem (Rojas et al., 2000). As the years passed by many other programming languages were

developed. Yet, it was not until 1972 that the C programming language was developed, which

is a general-purpose programming language, among its features one can find economy of ex-

pression, modern control flow, data structures and a rich set of operators. The language is not

very high-level and it is not specialized to any particular area of application and hence it is more

convenient and effective than other programming languages (Kernighan & Ritchie, 1988).

2.10.2 Python

On the other hand there are newer and easier to learn programming languages one of them is

Python a very high-level programming language with growing use in commercial and academic

applications. Some of its characteristics are: easy syntax to learn, object-oriented program-

ming capabilities, a wide array of libraries, it can interface with optimized code written in C,
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C++ or even FORTRAN and in company with numpy (Numerical Python), Python is a great

choice for scientific programming. In addition, since 1999 Chapman and Chang founded the

Biopython project, which is “a mature open source international collaboration of volunteer de-

velopers, providing Python libraries for a wide range of bioinformatics problems. Biopython

includes modules for reading and writing different sequence file formats and multiple sequence

alignments, dealing with 3D macro-molecular structures, interacting with common tools such as

BLAST, ClustalW and EMBOSS, accessing key online databases, as well as providing numeri-

cal methods for statistical learning” (Cock et al., 2009).

2.11 R PROGRAMMING

R is a computer programming language for statistical data manipulation and analysis, which

by itself is an implementation of the S language developed by AT&T, S stands for statistics.

In addition S was later sold to a small company, which added a graphical user interface, the

company renamed the programming language as S-PLUS. However, R has become more popular

than S or S-PLUS, because it is free and there is a big online community contributing to its

development (Matloff, 2011).

The benefits of using the R programming language for scientific computation are “the ex-

istence of a substantial collection of good statical algorithms, access to high-quality numerical

routines and integrated data visualization tools” (Gentleman, 2008). One of the main advantages

of R is the reproducibility of any statistical analysis, through Sweave or Knit package. The abil-

ity to integrate text and code into a single document facilitates the writing of scientific papers

and ensures that all figures, graphics and facts are based on the same data and are reproducible

by anyone.
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CHAPTER 3

MATERIALS AND METHODS

3.1 SEQUENCES

The sequences that were used to design the type-specific HPV primers were obtained from the

NCBI GenBank database, and limited to those types that had been previously detected in Clı́nica

Ruiz. The retrieved sequences were studied around the L1; i.e. L2 and the URR. See Table A.3.

3.2 PRIMER DESIGN

The primer design to the specific HPVs was done through an algorithm based on Biopython to

select the L1 region and its surroundings (L2 and URR). Primer-BLAST was used to generate

each HPV set of primers (Figure 3.1). This software uses Primer3 and BLAST to find the target-

specific primers, hence avoids primer pairs that may cause non-specific amplifications (Ye et al.,

2012). The used criteria to select the best primers sets are documented in Table 3.1.

Criteria Parameter

Amplicon size < 1000 bp
Difference in Tm min

Self 3’ complementary min

Table 3.1: Criteria for the HPV type-specific primers.
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Figure 3.1: Algorithm to find the HPV type-specific primers. The Biopython script searches the
HPV sequence identifier in the NCBI database and retrieves the L1 region and its surroundings
(L2 and URR). Using Primer-BLAST and the retrieved regions different type-specific primers
are generated.

3.3 SAMPLES

The samples were obtained from stored DNA extractions of cervical scrapes previously pro-

cessed, typed and banked by the laboratory between 2012 to 2015.

3.4 PCR AMPLIFICATION

The PCR reaction for the HPV type-specific amplification used the primers that were designed

and synthesized by IDT R©. The reaction concentrations were: 2.5 U/µl HotStarTaq DNA Poly-

merase, 1x enzyme buffer (Tris·Cl, KCl, (NH4)2SO4, 1.5 mM MgCl2; pH 8.7 (20oC); the con-

centrations, except for MgCl2 have not been specified by QIAGEN), 0.2 µM dNTPs, 0.5 µM

type-specific primer, 1 µl HPV-DNA and filled up with H2O grade HPLC in a volume of 25 µl

per reaction.

The PCRs were performed in a Veriti R© Thermal Cycler. The reactions were submitted to

the following amplification program: denaturation of 15 min at 95oC, followed by 40 cycles of

29



3.5. GEL ELECTROPHORESIS CHAPTER 3. MATERIALS AND METHODS

30 sec at 94oC, 30 sec at the optimized hybridization temperature, 1 min at 72oC and 30 min at

72oC at the end of the cycles for extension.

3.5 GEL ELECTROPHORESIS

A polyacrylamide gel at 4.5% was used to reveal the PCR products, TBE was used as the buffer,

the gel ran at 200 volts and was stained with EtBr.

3.6 FRESH COMPETENT BACTERIA

Competent bacteria from the One Shot R© Mach1TM kit showed low transformation efficiency,

therefore the bacterial cells were grown in a plate with solid LB medium and incubated for 24

hours at 37oC. The cells were treated to make them competent using a standard protocol with

CaCl2 (Sambrook, Fritsch, & Maniatis, 1989).

3.7 DNA CLONING

The transformation of the cells were done using the TOPO R© TA Cloning R© Kit and the pCRTM

2.1-TOPO R© vector in a final volume of 6 µl and 1 µl of fresh HPV PCR product.

3.8 PLASMID EXTRACTION

The plasmid with the HPV insert was extracted through a standard alkaline lysis protocol with

SDS (Sambrook et al., 1989).

3.9 DNA PURIFICATION

The plasmid DNA was purified through a phenol/chloroform extraction. Phenol pH: 8.0, chloro-

form:isoamyl alcohol (24:1), sodium acetate pH: 5.2, EtOH 100%, EtOH 70% and resuspended

with 200 µl of TE buffer.
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3.10 DNA QUANTIFICATION

The double stranded DNA extracted and purified was quantified using a LightCycler R© 2.0 from

Roche and the Quant-iTTM PicoGreen R© dsDNA Assay Kit.

3.11 DNA COPY NUMBER

The quantification of the DNA copy number (cp/µl) was obtained by the concentration obtained

with the Quant-iTTM PicoGreen R© dsDNA Assay Kit, the average weight of a DNA base pair

and the Avogadro’s number.

3.12 SENSITIVITY

To determine the sensitivity of the MY09/11 system, the plasmids were linearized by restriction

digestions, re-purified and diluted. The dilutions were made from 1010 to 100 copies per µl with

human DNA at 0.025 ng/µl. Each dilution from 105 to 100 was first amplified in duplicate to

find the approximate detection limit and then intermediate dilutions were made to determine the

exact sensitivity limit. The PCR conditions were: 2 U/µl FastStartTM Taq DNA Polymerase, the

buffer enzyme, 0.2 mM dNTPs, 0.4 µM MY09/11 primer mix, 1.7 mM MgCl2, 2 µl of diluted

HPV-DNA and filled up with H2O grade HPLC in a volume of 25 µl per reaction. The PCRs

were done in a Veriti R© Thermal Cycler following the amplification program: denaturation of 4

min at 95oC, followed by 40 cycles of 15 sec at 94oC, 50 sec at 55oC, 30 sec at 72oC and 2 min

at 72oC at the end of the cycles for extension.

3.13 LOGISTIC REGRESSION

A logistic regression model (Kleinbaum & Klein, 2010) was built using the data points obtained

from the PCR positive amplifications of the HPV-DNA dilutions. The model was constructed in

the R programming language and the sensitivity limit was calculated by interpolation at 95% (R

Development Core Team, 2011).
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CHAPTER 4

RESULTS

4.1 PRIMER DESIGN

Type-specific primers were design to each of the HPVs that were available at the LCP with the

objective of isolate the HPVs to later clone them, 67 different types in total. The sequences

were obtained from the NCBI website and are listed in the Table A.3, the sequences complete

genomes were analyzed to find the L1 region and its surroundings, both the HPV type and the

extracted sequences were compiled into a new database, which was used to generate possible

type-specific primers around the region MY09/11, through Primer-BLAST, see Figure 4.1.

Figure 4.1: Primer-BLAST design. The design of the type-specific primers considered the out-
side boundaries of the MY09/11 region to later test the specificity of the MY09/11 system within
the amplified region.
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Ten different primers were generated flanking the MY09/11 region of each HPV (Figure 4.2),

the criteria to select the best pair was based on the amplicon size with less than 1000 bp, a mini-

mum difference in the Tm of the forward and reverse primers and a low 3’ self-complementarity

in both forward and reverse primers. Subsequently the primers were synthesised by IDT R©, a

complete list is shown in Table A.4.

Figure 4.2: Example of generated primers through Primer-BLAST. HPV16 type-specific primers
generated by Primer-BLAST around and including the MY09/11 region.
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4.2 TYPE-SPECIFIC AMPLIFICATIONS

To amplify HPVs with the designed type-specific primers, samples from the LCP where se-

lected, which had been previously typed by RFLP. Type-specific primers were matched with

the expected HPV in the stored sample. As optimal amplification conditions were not known

for these primers, PCR with a temperature gradient across a thermal block of 55-62oC (hy-

bridization temperature) was performed. Amplification conditions that do not yield non-specific

products were chosen for subsequent amplifications. No further amplification parameters were

optimized. In Figure 4.3 the electrophoresis gels of some products of the type-specific ampli-

fications are shown and based on the temperature the amplification products that were selected

were the ones without non-specific amplifications.

Figure 4.3: Type-specific PCR amplification. Electrophoresis gel of the products of the PCR for
type-specific amplifications established on the PCR amplification method with a temperature
gradient across the thermal block. MW: molecular weight (pUC18 / HpaII). (A) HPV16 has
a better amplification profile above 58oC (hybridization temperature), while (B) HPV18 above
56oC.

4.3 COMPETENT BACTERIA AND DNA CLONING

Competent bacteria from the TOPO R© TA Cloning R© Kit showed low transformation efficiency.

Therefore, fresh competent bacteria were prepared from the supplied Mach1TM E. coli strain

by standard CaCl2 treatment. The low efficiency bacteria were cultivated on a Petri plate with

solid LB medium for 24 hours at 37oC, then one colony was selected to be cultivated in 2 ml

of liquid LB medium for 24 hours at 37oC with agitation. The very next day, the OD600 was

measured and then the bacteria with the medium were diluted with liquid LB medium to OD600

= 0.01 and incubated at 37oC, its OD was measured every 30 min until it reached a OD600 = 0.2.

After that the fresh competent bacteria and the DNA cloning methods were followed obtaining
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a satisfactory transformation efficiency of 1.92×106 transformants/µg DNA.

4.4 CULTIVATION AND PLASMID EXTRACTION

To cultivate the transformed bacteria, solid LB medium with ampicillin/kanamycin was used.

Five isolated transformed bacteria were selected to be grown in liquid LB medium of each HPV

type in a volume of 2 ml for 24 hours at 37oC with agitation. The incubated bacteria were

later cultivated on solid LB medium with antibiotic and stored at 4oC. One milliliter of the

transformed bacteria that were grown in the liquid LB medium was later used it in a minilysates

protocol (Sambrook et al., 1989) to extract the vector with the insert of the HPV. After the vector

extraction a digestion cut out the insert to visualize it in an agarose gel, see the Figure 4.4 below.

Figure 4.4: HPV Minilysates. Agarose gel with the digested amplicons (EcoRI) of the HPVs 31
(colony 2 and 4) and 62 (colony 2 and 5) that were cloned through the pCRTM 2.1-TOPO R© in
competent Mach1TM cells. ND = Not Digested, D = Digested.

Once the successful cloning had been confirmed, the transformed strain was grown in 100

ml of liquid LB medium + antibiotic for 24 hours at 37oC with vigorous agitation. The next

day, a standard alkaline lysis protocol with SDS (Sambrook et al., 1989) was used to extract the

plasmid and resuspend it in 250 µl with TE+RNase.
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4.5 DNA PURIFICATION

A good DNA purification step is essential for a correct DNA quantification, therefore the ex-

tracted plasmid was purified through a phenol/chloroform extraction in which firstly the DNA

extraction was raised to 400 µl with TE, an equal volume of phenol was added to the tube and

then a three step process was followed: invert for 10 min, centrifuge 3 min at max speed and

transfer the supernatant to a new tube. In addition, an equal volume of chloroform:isoamyl al-

cohol (24:1) was added to the new tube followed by the three step process. Additionally, the

chloroform:isoamyl alcohol step was repeated twice to eliminate impurities. On a new tube with

the supernatant one tenth of NaOAc and 2.5 times of EtOH 100% of the supernatant volume

were added and then incubated on ice for 10 min. The tube was then centrifuged at max speed

for 5 min, the supernatant was thrown away and approx. 2 ml of cold EtOH 70% was added and

incubated for 1 min. The tube was centrifuged at max speed for 5 min and the supernatant was

thrown away, the DNA pellet was resuspended with 200 µl TE.

After the DNA purification procedure a digestion was performed to ensure that the vector

and insert were not altered during its growth in the big volume of 100 ml of liquid LB medium

+ antibiotic. Albeit this step had already been done in the small scale culture, it was required to

assure the quality of the reference material after large scale culture. The digestions are shown in

the Figure 4.6.

Figure 4.5: DNA’s large scale culture gel. HPV 16, 31, 58, 62 and 66 in agarose gel without
digestion before DNA quantification. OC = Open Circular, CCC = Covalently Closed Circular.
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Figure 4.6: Digestions of purified plasmid DNAs. Vector and inserts of HPV 16 (HindIII +
EcoRV), 31, 58, 62 and 66 digested with EcoRI that show two fragments indicating successful
transformation in a large scale culture before DNA quantification.

4.6 DNA QUANTIFICATION

The DNA quantification of the purified DNA was done with the Quant-iTTM PicoGreen R© ds-

DNA Assay Kit, which uses a fluorophore that becomes fluorescent upon binding to DNA, the

fluorescence intensity depends on the amount of formed complex. This technology gives a more

accurate results than the ones obtained by UV absorbance readings, as difficult to remove small

RNAs (tRNA, 5S rRNA, see intense low-molecular weight band in Figure 4.5) present in the

DNA preparation tend to largely overestimate its DNA concentration (Thermo Fisher Scientific,

2006). A standard curve from 0 ng/µl to 10 ng/µl was used to determine the sample concen-

tration (Figure 4.7). The sample was diluted based on its optical density at 260 nm and the

dilution factor was later used to determine the original DNA concentration of the sample. For

the experiment a LightCycler R© 2.0 from Roche was used. The results are shown in Table 4.2.

Figure 4.7: Calibration curve of DNA quantification. Concentrations of the different standards
for the calibration curve from 0 to 10 ng/µl. See data on Table 4.1.
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Concentration (ng/µl) Standard (ng/µl)

[0.0562] 0
0.537 0.5
0.879 1.00
2.00 2.00
4.03 4.00
6.23 6.00
7.55 8.00

[10.2] 10.0

Table 4.1: Calibration data from the standards. DNA quantification curve to determine the
concentration of the HPVs after large scale growth and purification.

HPV Concentration (ng/µl)

16 232
31 113
58 336
62 309
66 154

Table 4.2: HPV-DNA concentration. Concentrations of the vector + insert after large scale
growth and DNA purification. The dilution factor was used to calculate the original DNA con-
centrations on the samples.

4.7 DNA COPY NUMBER AND SENSITIVITY

To calculate the HPV-DNA copy number in the sample different data was gathered such as, its

DNA concentration and the length of the vector + insert. The molecular weight was calculated

multiplying the total length times the average weight of a base pair of 650 Da and the Avogadro’s

number was expressed as 6×1011cp/pmol. The formula is shown in Equation 4.1 and the results

in Table 4.3.

Concentration pg/µl
Molecular weight pg/pmol

· 6×1011 cp/pmol = cp/µl (4.1)
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HPV Copy Number (cp/µl)

16 4.64×1010

31 2.12×1010

58 6.36×1010

62 6.09×1010

66 2.94×1010

Table 4.3: HPV copy number. Calculus to determine the copy number per µl of the different
HPV using the eq. 4.1 after large scale growth, DNA purification and DNA quantification.

Once the concentration in copies per µl had been determined, the sensitivity of the MY09/11

method was elucidated with the help of a dilution series (Figure 4.8). Each dilution was ampli-

fied ten times and the number of successful amplifications was recorded (Table 4.4). A logistic

model was constructed and the sensitivity limit of the MY09/11 method was determined at 95%

of successful amplifications (Figure 4.9). The results are summarized in Table 4.5.

Figure 4.8: Initial dilution of HPV66. Aliquots of 1×104 down to 1×100 cp/µl of HindIII
digested plasmids were subjected to amplification with the MY09/11 system. The approximate
sensitivity level lies between 1×102 and 1×101 cp/µl.
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Quantity (cp) Positive Negative

1.11 2 8
3.33 5 5
10 7 7
33.33 9 1

Table 4.4: Intermediate dilutions of HPV66 with concentrations between the limits as defined
previously were subjected to ten amplifications. The number of successful amplifications has
been recorded.

HPV Sensitivity (cp)

16 –
31 162
58 117
62 423
66 123

Table 4.5: HPV sensitivity limit. A logistic regression model was used to determine the sensi-
tivity limits of the MY09/11 method at 95%.

Figure 4.9: Regression curves of the HPV66. (A) Logistic curve of the HPV66 that shows
the concentration as cp/µl vs the probability of amplification, using the MY09/11 primers. The
sensitivity limit was calculated at the 95% level as 123 cp. (B) The linear regression model for
the HPV66 had a R2 of 0.9928 and a P-value of 0.003605.
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CHAPTER 5

DISCUSSION

5.1 HPV SAMPLES

One of the main problems with the samples in the DNA-bank was that many of them were

apparently degraded, most probably due to repeated freeze-thaw cycles. Indeed when the sam-

ples were re-amplified with the MY09/11 system many of them were reported as negative and

new samples were gathered from new patients. Nevertheless, the amplification could have also

been hampered by the fact that the amplification conditions for the newly designed type-specific

primers had not been optimized completely (MgCl2 concentrations, temperature profile and

primer concentrations). Furthermore, variations in the primer binding sites in these less con-

served regions cannot be ruled out. However, as the MY09/11 re-amplification had already

failed in several of these samples, this is mere speculation.

5.2 TYPE-SPECIFIC PRIMER DESIGN

One of the main goals of this thesis was to design type-specific primers in bulk or large scale. In

order to automate this step, a Python script was developed, which through the package Bio from

Biopython the packages Entrez and SeqIO allowed sequence files to be imported. Entrez is

a package that allows the script to connect to NCBI over the World Wide Web, while SeqIO is

the standard Sequence input/output interface for Biopython that handles different sequence file

formats.

A Python script or any other algorithm facilitates greatly the process of retrieving and editing

DNA sequences without the struggle to do it by hand and improves the accuracy of the design
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because a computer script follows an algorithm and a human being is more prone to make a

mistake when being committed to a repetitive task such as retrieve and edit 67 different HPV

genomes.

5.3 SENSITIVITY AND DETECTION LIMIT

The MY09/11 sensitivity for the different HPVs was established by PCR with the MY09/11

primers on different dilutions of a type-specific HPV amplicon, which was cloned and isolated

by type-specific primers. There are very few reports of the type specific sensitivities of the

MY09/11 primers (Table 2.1). Therefore, the main objective of this thesis was to develop a pro-

tocol to elucidate the MY09/11 sensitivities and compare them to the scarce information avail-

able in the literature (Ting & Manos, 1990; Rohan & Shah, 2006; Chen et al., 2013; Depuydt et

al., 2007).

HPV Results Literature

31 162 cp 10 cp*
58 117 cp 100 cp*
62 423 cp NA
66 123 cp 100 cp*

Table 5.1: Comparison of HPV sensitivities. * (Depuydt et al., 2007).

The sensitivity of the MY09/11 system is essential for the validation of the method; to de-

termine it correctly so-called reference materials are required, i.e. a rigorously quantified virus

derived DNA. It was obtained by cloning of a relevant part of the viral genomic DNA present in

patient samples using type-specific primers. Subsequently, the copy number of the HPV-DNA

obtained from a large scale culture was determined by fluorescence spectroscopy with DNA

specific dyes.

Sensitivity and amplification efficiency when using the MY09/11 system will be compro-

mised when the degenerated primers do not hybridize correctly on the viral sequences. Es-

pecially if the hybridization of the 3’ end is affected, the amplification efficiency will drop.

However, a “minimal mismatch” may exist within the last 5 to 6 nucleotides at the 3’ end of the

primer without deleterious effects (Dieffenbach, Lowe, & Dveksler, 1993).
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As can be seen in Table 2.1 there is a rather good correlation between the sensitivities re-

ported herein and those documented in literature. It should be noted that the exact procedure

applied by Depuydt (2007) has not been well documented and seems to be based on the rather

coarse method of endpoint dilution. According to the Poisson distribution this approach may

lead to large errors in estimating the sensitivity limit.

The data published by Depuydt has been further analyzed. For example, it should be ex-

pected to observe a correlation, although not perfect, between the number of mismatches and

the sensitivity limits. Three different plots were constructed; relating the sensitivity and mis-

matches with the primers MY09, MY11 and both of them as shown in Figures 5.1, 5.2 and

5.3.

Figure 5.1: Mismatches and sensitivity with the MY09 primer
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Figure 5.2: Mismatches and sensitivity with the MY11 primer

Figure 5.3: Mismatches and sensitivity with the MY09/11 primers

It is apparent that the sensitivity, measured in copies (cp) does not correlate well with the

number of mismatches. For example: while HPVs 31, 59, 39 and 35 all have the same total

number of mismatches (4) there is a spread of the sensitivities over 3 log units. In addition,
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there is no good linear correlation among the mismatches and sensitivity, i.e. the HPV31 with

four mismatches has a sensitivity of 10 cp, whereas the HPV53 with just two mismatches has a

sensitivity of 10,000 cp.

This simplistic linear model (Fig. 5.4) shows as discussed a bad correlation of the Depuydt’s

data between the mismatches and the expected sensitivity. However, as stated, it is a rather

simplistic model giving each mismatch the same weight, while it is clear that mismatches at the

3’ end have a higher impact on the Tm and thus on the amplification efficiency (Kwok et al.,

1990).

To continue with the analysis of discrepancies, they are especially evident on different HPV

pairs and groups. For example: between the HPV 31 and 35, where the same number of mis-

matches are present at the 5’ end and the central part, the reported sensitivities differ with 3

orders of magnitude (Table 5.2). HPV53 has an apparent sensitivity of 10,000 cp as do the

HPVs 35, 52 and 56, but it has only two mismatches located at the 5’ end as compared to the 4

mismatches of HPV56 (Table 5.3). And finally the HPV 51 and 68 share the same mismatches

on the 3’ end and middle with the exception of an extra mismatch on the 5’ end of the MY11,

however, the sensitives differ surprisingly in two orders of magnitude (Table 5.4).

Figure 5.4: Linear model of mismatches and sensitivity with the MY09/11 primers. The linear
regression model for the Depuydt’s results had a R2 of 0.2641 and a P-value of 0.04172. * The
gray shadow represents the confidence interval at 95%.
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Table 5.2: Mismatches on HPV 31 and 35

MY09* G A T C A G T W T C C Y Y T K G G A C G

HPV-031 - - - - - - - - - - - A - - - - - T - -
HPV-035 - - - - - - - - - - - G - - - - - C - -

MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-031 - - T - - - - - - - - C - - - - - - - -
HPV-035 - - - - - A - - C - - - - - - - - - - -

* Complement Sequence (5’→ 3’)

Table 5.3: Mismatches on HPV 35, 52, 53 and 56

MY09* G A T C A G T W T C C Y Y T K G G A C G

HPV-035 - - - - - - - - - - - G - - - - - C - -
HPV-052 - - - - - - - - - - - - - - A - - T A -
HPV-053 - - - - - - - - - - - - - - - - - C A -
HPV-056 - - - - - A - - - - - A - - - - - T A -

MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-035 - - - - - A - - C - - - - - - - - - - -
HPV-052 - - G - - - - - C - - C - - - - - - - -
HPV-053 - - - - - - - - - - - - - - - - - - - -
HPV-056 - - - - - A - - C - - - - - - - - - - -

* Complement Sequence (5’→ 3’)

Table 5.4: Mismatches on HPV 51 and 68

MY09* G A T C A G T W T C C Y Y T K G G A C G

HPV-051 - - C - - A - - - G - A - - - - - T - -
HPV-068 - - C - - A - - C - - A - - A - - - - -

MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-051 - - G - - - - - - - - C - - - - - - - -
HPV-068 - - - - - - - - - - - C - - - - - - - -

* Complement Sequence (5’→ 3’)

The effects of the mismatch positions on amplification efficiency have been analyzed in var-

ious articles (Dieffenbach et al., 1993; Kwok et al., 1990; Chou, Russell, Birch, Raymond, &
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Bloch, 1992; Ledeker, 2012; Boyle, Dallaire, & MacKay, 2009). Mismatches located in the

3’ end and the central parts of the primers affect significantly primer binding and amplification

efficiency. However, recently it has been documented that mismatches on the 5’ end and com-

binations of mismatches between forward and reverse primers may affect the efficiency of PCR

amplifications in higher proportions as previously thought (Ledeker, 2012).

Figure 5.5: Weighted logarithmic model of MY09. The linear regression model had a R2 of
0.2845 and a P-value of 3.913×10−5. * The gray shadow represents the confidence interval at
95%.

Figure 5.6: Weighted logarithmic model of MY11. The linear regression model had a R2 of
0.07741 and a P-value of 0.04367. * The gray shadow represents the confidence interval at
95%.
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The 3’-terminal position controls the mispriming with the DNA template (Kwok et al., 1990)

and within primer pairs. The last one is an undesired phenomenon that results in amplification

of the so called primer-dimers thereby lowering the efficiency of the PCR by competing for the

DNA polymerase (Chou et al., 1992). In order to improve the relationship of mismatches at dif-

ferent positions and the amplification efficiency we introduced differential weights incrementing

exponentially towards the 3’ ends of the MY09/11 system. See Figures 5.5 and 5.6. However,

again there was no good correlation observable.

The MY11 primer is better designed on the 3’ end with a lower weighted sum score (Fig.

5.6), which represents fewer mismatches on the 3’ end, whereas the MY09 primer has signif-

icantly higher values (Fig. 5.5). For easy interpretation, the higher the score for the weighted

sum and the average mismatch ratio the less likely is the amplification of an HPV through the

MY09/11 system, but more importantly, HPVs with significant mismatches on 3’ end of the

MY09 primer affect more the sensitivity and may be correlated with the expected sensitivity for

the number of mismatches.

The sensitivity of MY09/11 for the HPV31 was significantly worse than the one reported in

the literature (Depuydt et al., 2007).

Interestingly, there are strains of HPV31 which show various numbers of mismatches with

regards to the MY primer sequences. The discordant results could thus be explained if by chance

the reference materials used in both studies were different. However, further experiments are

needed to analyze this hypothesis.

On the other hand, the HPVs 58 and 66 sensitivities correspond or are similar to the ones that

are found in the literature, whereas for the HPV62 there is no information available. The match

in sensitivities may be due to less mismatches between the MY09/11 system and our reference

material of the HPVs 58, 62 and 66 with 1, 4, and 3 mismatches, respectively. Wherein, the

mismatches are present on the 5’ end with the exception of of the HPV62 with one mismatch on

the 3’ end (Table A.5 and A.6).

As previously discussed, the data consistency of Depuydt can be challenged and seems to be

rather limited with respect to precision. In addition, as in our study, it relied mainly on patient

derived reference materials. As discussed above for HPV31, there exist variants of each virus
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type infecting the global human population. The reference sequences as defined by GenBank

are based mainly on the first published sequence of a given type (Table A.3) irrespective of its

worldwide frequency. In order to document the variability within a viral type was calculated as

the fraction of unique sequences among different isolates of the same HPV type (Table 5.5). The

unique sequences are listed in the Tables A.7 and A.8 with its respective count of appearance.

The complete list of the HPV variants within its type is shown in Table A.9.

Table 5.5: Unique HPV sequences among different isolates

HPV MY09 MY11

HPV016 1.34% (4/298) 1.34% (4/298)
HPV018 5.26% (4/76) 1.32% (1/76)
HPV031 4.65% (2/43) 4.65% (2/43)
HPV033 2.70% (1/37) 5.41% (2/37)
HPV035 7.69% (4/52) 1.92% (1/52)
HPV039 13.33% (4/30) 10.00% (3/30)
HPV045 2.70% (1/37) 2.70% (1/37)
HPV051 3.70% (2/54) 3.70% (2/54)
HPV052 1.06% (2/188) 0.53% (1/188)
HPV053 11.54% (3/26) 7.69% (2/26)
HPV056 36.36% (4/11) 27.27% (3/11)
HPV058 0.52% (1/193) 1.04% (2/193)
HPV059 22.22% (4/18) 5.56% (1/18)
HPV066 26.67% (4/15) 6.67% (1/15)
HPV067 11.11% (1/9) 11.11% (1/9)
HPV068 18.52% (5/27) 18.52% (5/27)

Finally, as a secondary result of the performed sequence analyses I propose to change some

degenerated bases to increase the sensitivity of the MY09/11 system. MY09 should be changed

to (GATCARTWTCCYYTDGGWMG) and MY11 to (GCMCARGGHCAYAAYAATGG).

These changes would result in 52.63% and 66.67% less mismatches, respectively among

different variants of the same HPV type (Table A.9). Of course these proposed modifications

have to be carefully analyzed whether they do not increase self- and cross- complementarity

within the primer pairs, which are the trigger for the formation of primer-dimers during the

amplification. Excessive primer-dimer formation reduces significantly the sensitivity. Anyway,

whether the MY09/11 system is modified or not, it is necessary to determine the sensitivities
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for all the HPVs. However, the sensitivities are bound to the analyzed reference sequences.

Considering the variability within each HPV and the particular pattern of differences it is quite

obvious that the sensitivities may vary significantly from one isolate to another within a given

HPV type. Sensitivities will thus be just a small window into the real distribution of sensitivities.
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CONCLUSION

This study was set to determine the sensitivity of the MY09/11 detection system through the

design of a protocol that is able to elucidate the sensitivities of different HPVs. The literature

on this subject is scarce and inconclusive due to the limited quality of the information for the

discussed reasons. The main question to answer in this thesis was:

1. May the sensitivity of the MY09/11 detection system be determined for each HPV type?

Different methods or systems are available to detect HPV based mainly on degenerate or

type specific primers. The MY09/11 amplify a broad spectrum of HPV and they are widely

used, hence the sensitivity is an important piece of information. The sensitivities of the HPV

31, 58, 62 and 66 by the MY09/11 detection system were determined as a proof-of-concept,

however due to limitations in time it has not been possible to determine the sensitivities of other

HPVs that had been successfully amplified by the MY09/11 system. Nonetheless this thesis

contains the protocol and information to continue with the search of the sensitivities of all the

others HPVs, the type-specific primers are shown in Table A.4.

The sensitivity of the MY09/11 system may help as an auxiliary parameter to interpret a

negative result. Not surprisingly the laboratories are required to know the sensitivities of their

methods for the validation and certification of their tests, therefore the sensitivities for each or

at least the most important HPVs is a requirement that should be addressed in every clinical

laboratory to ensure the quality of their results and to generate values that may serve doctors to

interpret their results.
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It cannot be stressed enough that the sensitivities as determined by this protocol may be

limited, since within the types there is some variability and if this variability affects the binding

sites of the primers then the sensitivities will be affected. It would therefore be useful not to

only use a reference sequence but a small sample of sequences and determine in each of them

the sensitivity (intra-type), to determine how much varies the sensitivity of an isolate to another

and verify if they are equal, different or the difference between each other, since the variations

may be large.

It is possible to improve the results presented in this thesis by considering different sequences

of the same HPV and analyze the differences in the sensitivities within the HPV group of the

same type. Moreover, using more than one reference material as sample to ensure the diversity

of the different HPVs that are present within a certain population, in our case a fraction of

the patients from the state of Puebla, Mexico. Therefore, by combining the two strategies the

interpretation of negative results will improve significantly.
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Gál, Á. B., Carnwath, J. W., Dinnyes, A., Herrmann, D., Niemann, H., & Wrenzycki, C. (2006).
Comparison of real-time polymerase chain reaction and end-point polymerase chain re-
action for the analysis of gene expression in preimplantation embryos. Reproduction,
Fertility and Development, 18(3), 365–371.

Gentleman, R. (2008). R Programming for Bioinformatics. CRC Press.
Gravitt, P., Peyton, C., Alessi, T., Wheeler, C., Coutlee, F., Hildesheim, A., . . . Apple, R. (2000).

Improved amplification of genital human papillomaviruses. Journal of clinical microbi-
ology, 38(1), 357–361.

Hazard, K., Karlsson, A., Andersson, K., Ekberg, H., Dillner, J., & Forslund, O. (2007). Cu-
taneous human papillomaviruses persist on healthy skin. Journal of Investigative Derma-
tology, 127(1), 116–119.

Hernandez-Suarez, G., Pineros, M., Vargas, J., Orjuela, L., Hernandez, F., Peroza, C., . . . Perez,
G. (2013). Human papillomavirus genotypes in genital warts in Latin America: a cross-
sectional study in Bogota, Colombia. International journal of STD & AIDS, 24(7), 567–
572.

Hidalgo-Martı́nez, A. C. (2006). El cáncer cérvico-uterino, su impacto en méxico y el porqué
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TABLES

Table A.1: Primer MY09: comparison between the different HPVs to HPV16.

MY09• G A T C A G T W T C C Y Y T K G G A C G

HPV-016* G A T C A G T T T C C T T T A G G A C G

HPV-002 - - C - - A - - - - - C - - G - - T - -
HPV-006 - - - - - - - A - - - - - - G - - - - -
HPV-011 - - - - - - - - - - - C C - T - - - - -
HPV-013 - - - - - - - A - - - C C - T - - C A -
HPV-018 - - - - - A - A - - - C C - T - - - - -
HPV-026 - - - - - A - - - - - A C - - - - G - -
HPV-027 - - C - - A - - - - - - - - G - - T - -
HPV-030 - - C - - A - - C - - A C - G - - C A -
HPV-031 - - - - - - - - - - - A C - G - - T - -
HPV-032 - - - - - - - - - - - A - - G - - T A -
HPV-033 - - - - - - - - - - - - - - G - - - - -
HPV-034 - - - - - - - - - G - C - - - - - T A -
HPV-035 - - - - - A - - - - - G - - G - - C - -
HPV-039 - - - - - A - - C - - - - - G - - - - -
HPV-040 - - - - - A - - - - - A - - - - - - - -
HPV-042 - - - - - A - - - - - - - - - - - T A -
HPV-043 A C C - - - - - - - - C - - - - - G - -
HPV-044 - - - - - A - A - - - C C - T - - T A -
HPV-045 - - - - - A - A - - - C C - T - - T - -
HPV-051 - - C - - A - - - G - A - - G - - T - -
HPV-052 - - - - - - - - - - - - - - - - - T A -
HPV-053 - - - - - - - - - - - - C - T - - C A -
HPV-054 - - C - - - - - - - - C - - G - - T - -
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MY09• G A T C A G T W T C C Y Y T K G G A C G

HPV-016* G A T C A G T T T C C T T T A G G A C G

HPV-056 - - - - - A - - - - - A C - G - - T A -
HPV-057 - - C - - A - - C - - C C - G - - - - -
HPV-058 - - - - - - - - - - - - - - G - - - - -
HPV-059 - - - - - - - - - - - - - - G - - - - -
HPV-061 - - - - - - - - - - - - - - G - - G - -
HPV-062 - - C - - - - - - - - - - - G - - G - -
HPV-066 - - - - - - - - - - - - - - G - - T A -
HPV-067 - - - - - A - - - - - C - - - - - T A -
HPV-068 - - C - - A - - C - - A - - - - - - - -
HPV-069 - - - - - A - - - - - A C - G - - C A -
HPV-070 - - - - - - - - - - - - - - G - - G - -
HPV-071 - - - - - - - - - - - A - - G - - G - -
HPV-072 - - - - - - - - - - - - - - - - - G - -
HPV-073 - - C - - - - - - - - - - - G - - - A -
HPV-074 - - - - - A - A C - - C C - T - - T A -
HPV-081 - - - - - - - - - - - - - - G - - T - -
HPV-082 - - - - - - - - - G - A - - G - - T - -
HPV-083 - - - - - - - - - - - - - - G - - C - -
HPV-084 - - - - - - - A - - - C - - G - - T - -
HPV-085 - - - - - - - - - - - - - - - - - - - -
HPV-086 - - C - - A - - - - - A C - G - - C - -
HPV-087 - - C - - A - - - - - - - - G - - C - -
HPV-089 - - C - - - - - C - - - - - G - - T - -
HPV-090 - - C - - A - - C - - - C - T - - C A -
HPV-091 A C - - - A - - - - - A - - - - - - - -
HPV-097 - - - - - A - A - - - - C - T - - - - -
HPV-102 - - - - - A - - - - - - - - G - - G - -
HPV-106 - - C - - - - - - - - C - - G - - T A -
HPV-114 - - - - - A - - - - - - - - - - - C - -

* Denotes the HPV16, which was used as a reference to compare the other HPVs. “-” represents

no difference to the reference and a letter represents the change in that particular site.

• Complement Sequence (5’→ 3’)
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Table A.2: Primer MY11: comparison between the different HPVs to HPV16.

MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-016* G C A C A G G G C C A C A A T A A T G G

HPV-002 - - C - - A - - G - - - - - C - - - - -
HPV-006 - - C - - - - - A - - T - - C - - - - -
HPV-011 - - T - - - - - A - - T - - C - - - - -
HPV-013 - - C - - - - - A - - - - - - - - - - -
HPV-018 - - - - - - - - T - - T - - C - - - - -
HPV-026 - - - - - - - - T - - T - - - - - - - -
HPV-027 - - C - - - - - A - - T - - - - - - - -
HPV-030 - - - - - - - - A - - - - - - - - - - -
HPV-031 - - T - - - - - A - - - - - - - - - - -
HPV-032 - - - - - A - - - - - - - - - - - - - -
HPV-033 - - - - - A - - T - - T - - - - - - - -
HPV-034 - - C - - - - - A - - A - - C - - - - -
HPV-035 - - - - - A - - - - - T - - - - - - - -
HPV-039 - - C - - - - - - - - - - - C - - - - -
HPV-040 - - C - - - - - - - - T - - C - - - - -
HPV-042 - - - - - A - - A - - - - - - - - - - -
HPV-043 - - C - - - - - A - - T - - - - - - - -
HPV-044 - - G - - - - - - - - - - - - - - - - -
HPV-045 - - C - - - - - - - - T - - C - - - - -
HPV-051 - - G - - - - - T - - - - - - - - - - -
HPV-052 - - G - - - - - - - - - - - - - - - - -
HPV-053 - - C - - - - - A - - T - - - - - - - -
HPV-054 - - C - - - - - T - - A - - C - - - - -
HPV-056 - - C - - A - - - - - T - - - - - - - -
HPV-057 - - C - - - - - A - - T - - C - - - - -
HPV-058 - - - - - A - - T - - T - - C - - - - -
HPV-059 - - T - - - - - T T T A - - C - - - - -
HPV-061 - - C - - - - - - - - - - - C - - - - -
HPV-062 - - G - - - - - - - - T - - - - - - - -
HPV-066 - - - - - - - - - - - T - - - - - - - -
HPV-067 - - - - - A - - T - - T - - C - - - - -
HPV-068 - - - - - - - - A - - - - - C - - - - -
HPV-069 - - C - - - - - T - - T - - - - - - - -
HPV-070 - - C - - - - - A - - - - - - - - - - -
HPV-071 - - - - - - - - - A C A - - C - - - - -
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MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-016* G C A C A G G G C C A C A A T A A T G G

HPV-072 - - C - - - - - T - - - - - C - - - - -
HPV-073 - - - - - - - - A - - A - - - - - - - -
HPV-074 - - G - - A - - - - - - - - - - - - - -
HPV-081 - - - - - - - - - - - T - - - - - - - -
HPV-082 - - C - - - - - - - - - - - - - - - - -
HPV-083 - - C - - - - - A - - T - - - - - - - -
HPV-084 - - C - - - - - T - - T - - C - - - - -
HPV-085 - - C - - - - - A - - A - - - - - - - -
HPV-086 - - G - - - - - A - - - - - - - - - A -
HPV-087 - - C - - - - - - - - - - - - - - - - -
HPV-089 - - - - - - - - - - - T - - - - - - - -
HPV-090 - - - - - - - - - - C T - - C - - - - -
HPV-091 - - - - - - - - G - - T - - - - - C - -
HPV-097 - - C - - - - - - - - T - - C - - - - -
HPV-102 - - C - - - - - A - - - - - - - - - - -
HPV-106 - - - - - - - - - - G A - - C - - - - -
HPV-114 - - T - - - - - A - - - - - C - - - - -

* Denotes the HPV16, which was used as a reference to compare the other HPVs. “-” represents

no difference to the reference and a letter represents the change in that particular site.
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Table A.3: HPV sequences and their identifiers.

HPV Sequence Identifier

2 NC 001352.1
6 NC 001355.1
7 NC 001595.1
8 M12737.1

10 NC 001576.1
11 M14119.1
13 DQ344807.1
16 NC 001526.2
18 NC 001357.1
23 U31781.1
26 NC 001583.1
27 X74473.1
30 X74474.1
31 J04353.1
32 NC 001586.1
33 M12732.1
34 NC 001587.1
35 M74117.1
39 M62849.1
40 X74478.1
42 GQ472847.1
43 AJ620205.1
44 U31788.1

HPV Sequence Identifier

45 X74479.1
51 M62877.1
52 X74481.1
53 NC 001593.1
54 NC 001676.1
55 U31791.1
56 X74483.1
57 AB361563.1
58 D90400.1
59 X77858.1
61 NC 001694.1
62 AY395706.1
66 U31794.1
67 D21208.1
68 EU918769.1
69 AB027020.1
70 U21941.1
71 AY330623.1
72 X94164.1
73 X94165.1
74 AF436130.1
81 AJ620209.1
82 AB027021.1

HPV Sequence Identifier

83 AF151983.1
84 AF293960.1
85 AF131950.1
86 AF349909.1
87 AJ400628.2
89 AF436128.1
90 NC 004104.1
91 AF419318.1
97 DQ080080.1
98 FM955837.2

100 FM955839.1
101 NC 008189.1
102 DQ080083.1
103 NC 008188.1
104 FM955840.1
105 FM955841.1
106 DQ080082.1
108 NC 012213.1
111 EU410349.1
113 FM955842.1
145 HM999997.1
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Table A.4: HPV forward and reverse primers from the samples that were available in LCP and
generated by Primer-BLAST

HPV Forward Primer Reverse Primer

2 GGTGAGCACTGGTCTAAGGG ACGCCTTACCCGTTTTCGTT
6 AAATCGCACGTCTGTAGGGAG TGCTAAGGGCAACCGAAAAC
7 GGCTTTGGTGCCATGGATTT TTACGTTTGGGGGTGACTGA
8 TCCATGTGCAGAGGACCAAC CCTGACGGAGCCCCTAGATA
10 AATCGGGCTAGTGCTGTTGG TGTACCGAAATCGGTCTCCTG
11 CCTGTGCCTGATGACCTGTT TACGTTTTCGTTTGGGGGCT
13 ACTCCCAGTGGCTCTCTTGT ACAGCGTGCTGCAACAAATC
16 TAGGGCTGGTACTGTTGGTG GGTGGTGGGTGTAGCTTTTC
18 TACGGCGTGAGCAGCTTTTT CTAGGGCGCAACCACATAAC
23 GCACACCGTGCTTAGGTGAA TTCGAGTTGCAGGCCGTTT
26 GGGAGAGCACTGGGGTATTG GGGACGTTTGGTGCCTAGTT
27 AGGGCTGGTAAGATGGGTGA AAACTGCACGCAACCGAAAA
30 ATAGGGCAGGTGCTATTGGT AAAGGGTGGAGGACATAGGGA
31 AGCGGCTCCATGGTTACTTC CGGACCGGGTGTACAACTTT
32 TTGGCGAGCATTGGGGTAAG TGACTGGAAGATGCTGTTCGTT
33 GTAAGCCTCCAACAGGGGAA TTTTGCAGACGATGTGCGGG
34 GGCAGGTACTGTAGGCGATG CCTGTAACCTAGGACGGGCA
35 TGGTAACCTCCGATGCACAA AGCTTACCAACAGCAACCGA
39 ATACGTGCAAACCCCGGTAG CTTCGGTCGCCACAAAATGG
40 GGCGACATGGTGGATACTGG GCAAGGGTGTATTCCCCAGA
42 GCCTGTACACCACAGTCCAA GCTGTAGACGCCTTTCGTTT
43 CCCAGTGGGTCTTTGGTTACTT GGAAGACGTTCAGACGCCA
44 CCGTTAGGTGAGCATTGGGG GACGTTTCCTACCCACACGAA
45 CCCTTCTCCCAGTGGCTCTAT ATCGGTTGCACAGCAAAATGG
51 CTTGTAGGTGTTGGGGAAGACA GGTAGGGCAATAGGGACGC
52 GGGGATTGTCCTCCCCTACA CGATGATGCAGGGCGTTTTAG
53 GCAGGCGTTATTGGTGAGGA AAACAGGGACGCCACCTAAC
54 GAACACTGGGCTAAAGGCAAC GCACGCTTTACAGGCCGAAG
55 GGGAGCATTGGGGTAAGGG TCTACCCACACGAACAGAGGA
56 TAGAGAACCCCCTCCGAGTT GCAACCACGCGTAAAAGCA
57 TTCTTCAATCGGGGTGGGTC CATGCAGCGGGGACAATTAC
58 TTGGGGTAAAGGTGTTGCCT GCCGAACGTTTTAGTCTGGG
59 TGCCAACCCAGGCAGTTATT ACACGTTTTGGTGATGGGGT
61 ACAGGATGGCGATATGGTGG TTTTGCGTTTTGTAGCAGGGG
62 TTGCAAATGGCTGCAGAACC TACGGGACACAGCAACAGAC
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66 AGGGGATTGTCCACCTCTTG AGGCAGATACACTAGCCTTGG
67 ATGGCTAGCGAGGCTTATGG GGCATGGGCAGGGATATAGG
68 TGTATATGCCCCCTCGCCT GTCACAGGGTGCAACCACAA
69 GTCAAGGTCGTGAACCTCCAA TTCGGTTCGCAAAAAGGAACA
70 GGTGGGCGACACAATACCTT ACAGGGTGCAACCACAAATG
71 CACAGGTTTTGGGGCAATGG TGCAACCCTTTTACGGGACA
72 CCAGCGGCTCTATGGTGTC GAAAAGGCGGGAGACCGAAA
73 TGGCTGCTGATCCCTATGGT CTTAGGTGTGGCACTTGTGGT
74 TATGCATGGTAGGCTGTGCT GCCGAACGCTTTTTACCTACA
81 TGCTCCAGCACAAAACGAATG TACGGGACACAGCAAAAGACC
82 TTGGTGATGCCATTCCAGACA ATAGGGACGCCACCTAAACAC
83 GGTACTGTGTGTTCCGGTGT AGACACAGACACAGAACGGG
84 GGGGAACATTGGGGTAAGGG AGACGCTGTACGTTTACGGG
85 GGAGATGCAGTACCGGAAACA AAGGGCACACAGGATACACAG
86 GCAGGCTATGGTGCTATGGA AGTTTTGCGACGTTTGGAGG
87 AGGATGGCGACATGGTTGAG AGTAGAGGTAGAGGCGGGAC
89 TATGTATATGCCCCAACGCCC AACCGGTCGCTGAACTCAAA
90 GAGCAGGTACTATGGGCGAC TTTGTAGAGGGGGCGGTAGA
91 AACAGGGCGAACATAGCAGG GCCATGACTACCACCAGACC
97 AGAGCTGGAACAATGGGTGA TACGACGGACACGTAAACGC
98 TTTCGTTCGTGGGGGTAAGG CGTGTTCAGACCGACAGTGA

100 CCACCTGCCACATTGGAAAAC TGATTAACCGGGTGCGGTC
101 GTGACAGTGTTCCAGAGGAGG CCCAGGTGTGGCCAAAATAC
102 ACCCCCTATTGGGGAACACT GGCAGACGTGGATGTAGAGG
103 ATGTGCAGATGCTAGGCAGG GGTCTCTACACGAGACCGCT
104 TGCAGGAGATCAACAGGGAA CTTCGTTTTGCAGTACCCCG
105 CCAGGATGGGGATATGGCAG TTCTTTTGCGTTTGGTTCCCC
106 TACTACTACATCCCGCGCCT GGCCACAAGGACTGGACTAC
108 TGACATTGGCTTTGGTGCCT AGGACCGTGGGCGTTTTATAG
111 CGTCTATGGGGACGCTTGTT GCGTCTGCGTTTTGCAGATT
113 GACTCTGAAGCAGGCAACCA AAGAGCGTTTTCGCGTTTGT
145 GCGAGAGCAATGTTATGCCAG GGGCGCGGTTACTAGTGTT
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Table A.5: Primer MY09 vs HPV sequences: comparison between the MY09 primer to different
HPV sequences.

MY09• G A T C A G T W T C C Y Y T K G G A C G

HPV-002 - - C - - A - - - - - - - - - - - T - -
HPV-006 - - - - - - - - - - - - - - - - - - - -
HPV-011 - - - - - - - - - - - - - - - - - - - -
HPV-013 - - - - - - - - - - - - - - - - - C A -
HPV-016 - - - - - - - - - - - - - - A - - - - -
HPV-018 - - - - - A - - - - - - - - - - - - - -
HPV-026 - - - - - A - - - - - A - - A - - G - -
HPV-027 - - C - - A - - - - - - - - - - - T - -
HPV-030 - - C - - A - - C - - A - - - - - C A -
HPV-031 - - - - - - - - - - - A - - - - - T - -
HPV-032 - - - - - - - - - - - A - - - - - T A -
HPV-033 - - - - - - - - - - - - - - - - - - - -
HPV-034 - - - - - - - - - G - - - - A - - T A -
HPV-035 - - - - - A - - - - - G - - - - - C - -
HPV-039 - - - - - A - - C - - - - - - - - - - -
HPV-040 - - - - - A - - - - - A - - A - - - - -
HPV-042 - - - - - A - - - - - - - - A - - T A -
HPV-043 A C C - - - - - - - - - - - A - - G - -
HPV-044 - - - - - A - - - - - - - - - - - T A -
HPV-045 - - - - - A - - - - - - - - - - - T - -
HPV-051 - - C - - A - - - G - A - - - - - T - -
HPV-052 - - - - - - - - - - - - - - A - - T A -
HPV-053 - - - - - - - - - - - - - - - - - C A -
HPV-054 - - C - - - - - - - - - - - - - - T - -
HPV-056 - - - - - A - - - - - A - - - - - T A -
HPV-057 - - C - - A - - C - - - - - - - - - - -
HPV-058 - - - - - - - - - - - - - - - - - - - -
HPV-059 - - - - - - - - - - - - - - - - - - - -
HPV-061 - - - - - - - - - - - - - - - - - G - -
HPV-062 - - C - - - - - - - - - - - - - - G - -
HPV-066 - - - - - - - - - - - - - - - - - T A -
HPV-067 - - - - - A - - - - - - - - A - - T A -
HPV-068 - - C - - A - - C - - A - - A - - - - -
HPV-069 - - - - - A - - - - - A - - - - - C A -
HPV-070 - - - - - - - - - - - - - - - - - G - -
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MY09• G A T C A G T W T C C Y Y T K G G A C G

HPV-071 - - - - - - - - - - - A - - - - - G - -
HPV-072 - - - - - - - - - - - - - - A - - G - -
HPV-073 - - C - - - - - - - - - - - - - - - A -
HPV-074 - - - - - A - - C - - - - - - - - T A -
HPV-081 - - - - - - - - - - - - - - - - - T - -
HPV-082 - - - - - - - - - G - A - - - - - T - -
HPV-083 - - - - - - - - - - - - - - - - - C - -
HPV-084 - - - - - - - - - - - - - - - - - T - -
HPV-085 - - - - - - - - - - - - - - A - - - - -
HPV-086 - - C - - A - - - - - A - - - - - C - -
HPV-087 - - C - - A - - - - - - - - - - - C - -
HPV-089 - - C - - - - - C - - - - - - - - T - -
HPV-090 - - C - - A - - C - - - - - - - - C A -
HPV-091 A C - - - A - - - - - A - - A - - - - -
HPV-097 - - - - - A - - - - - - - - - - - - - -
HPV-102 - - - - - A - - - - - - - - - - - G - -
HPV-106 - - C - - - - - - - - - - - - - - T A -
HPV-114 - - - - - A - - - - - - - - A - - C - -

“-” Represents no difference to the reference and a letter represents the change in that particular

site.

• Complement Sequence (5’→ 3’)
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Table A.6: Primer MY11 vs HPV sequences: comparison between the MY11 primer to different
HPV sequences.

MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-002 - - - - - A - - G - - C - - - - - - - -
HPV-006 - - - - - - - - - - - - - - - - - - - -
HPV-011 - - T - - - - - - - - - - - - - - - - -
HPV-013 - - - - - - - - - - - C - - - - - - - -
HPV-016 - - - - - - - - C - - C - - - - - - - -
HPV-018 - - - - - - - - - - - - - - - - - - - -
HPV-026 - - - - - - - - - - - - - - - - - - - -
HPV-027 - - - - - - - - - - - - - - - - - - - -
HPV-030 - - - - - - - - - - - C - - - - - - - -
HPV-031 - - T - - - - - - - - C - - - - - - - -
HPV-032 - - - - - A - - C - - C - - - - - - - -
HPV-033 - - - - - A - - - - - - - - - - - - - -
HPV-034 - - - - - - - - - - - A - - - - - - - -
HPV-035 - - - - - A - - C - - - - - - - - - - -
HPV-039 - - - - - - - - C - - C - - - - - - - -
HPV-040 - - - - - - - - C - - - - - - - - - - -
HPV-042 - - - - - A - - - - - C - - - - - - - -
HPV-043 - - - - - - - - - - - - - - - - - - - -
HPV-044 - - G - - - - - C - - C - - - - - - - -
HPV-045 - - - - - - - - C - - - - - - - - - - -
HPV-051 - - G - - - - - - - - C - - - - - - - -
HPV-052 - - G - - - - - C - - C - - - - - - - -
HPV-053 - - - - - - - - - - - - - - - - - - - -
HPV-054 - - - - - - - - - - - A - - - - - - - -
HPV-056 - - - - - A - - C - - - - - - - - - - -
HPV-057 - - - - - - - - - - - - - - - - - - - -
HPV-058 - - - - - A - - - - - - - - - - - - - -
HPV-059 - - T - - - - - - T T A - - - - - - - -
HPV-061 - - - - - - - - C - - C - - - - - - - -
HPV-062 - - G - - - - - C - - - - - - - - - - -
HPV-066 - - - - - - - - C - - - - - - - - - - -
HPV-067 - - - - - A - - - - - - - - - - - - - -
HPV-068 - - - - - - - - - - - C - - - - - - - -
HPV-069 - - - - - - - - - - - - - - - - - - - -
HPV-070 - - - - - - - - - - - C - - - - - - - -
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MY11 G C M C A G G G W C A T A A Y A A T G G

HPV-071 - - - - - - - - C A C A - - - - - - - -
HPV-072 - - - - - - - - - - - C - - - - - - - -
HPV-073 - - - - - - - - - - - A - - - - - - - -
HPV-074 - - G - - A - - C - - C - - - - - - - -
HPV-081 - - - - - - - - C - - - - - - - - - - -
HPV-082 - - - - - - - - C - - C - - - - - - - -
HPV-083 - - - - - - - - - - - - - - - - - - - -
HPV-084 - - - - - - - - - - - - - - - - - - - -
HPV-085 - - - - - - - - - - - A - - - - - - - -
HPV-086 - - G - - - - - - - - C - - - - - - A -
HPV-087 - - - - - - - - C - - C - - - - - - - -
HPV-089 - - - - - - - - C - - - - - - - - - - -
HPV-090 - - - - - - - - C - C - - - - - - - - -
HPV-091 - - - - - - - - G - - - - - - - - C - -
HPV-097 - - - - - - - - C - - - - - - - - - - -
HPV-102 - - - - - - - - - - - C - - - - - - - -
HPV-106 - - - - - - - - C - G A - - - - - - - -
HPV-114 - - T - - - - - - - - C - - - - - - - -

“-” Represents no difference to the reference and a letter represents the change in that particular

site.
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Table A.7: Unique MY09 sequences among the same HPV types

Type Sequence MY09• 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 N

HPV016 HQ644284 GATCAGTTTCCTTTAGGACG G A T C A G T T T C C T T T A G G A C G 294
HPV016 AB889492 GATCAGTTTCCTTTAGGTCG G A T C A G T T T C C T T T A G G T C G 1
HPV016 HQ644257 GATCATTTTCCTTTAGGACG G A T C A T T T T C C T T T A G G A C G 1
HPV016 HQ644294 TATCAGTTTCCTTTAGGACG T A T C A G T T T C C T T T A G G A C G 2
HPV018 NC001357 GATCAATATCCCCTTGGACG G A T C A A T A T C C C C T T G G A C G 72
HPV018 DQ486472 GATCAGTATCCCCTTGGACG G A T C A G T A T C C C C T T G G A C G 5
HPV018 JQ917454 GATCAATATCCCCTTGGGCG G A T C A A T A T C C C C T T G G G C G 1
HPV018 EF202151 AATCAATATCCCCTTGGACG A A T C A A T A T C C C C T T G G A C G 1
HPV031 J04353 GATCAGTTTCCACTGGGTCG G A T C A G T T T C C A C T G G G T C G 41
HPV031 KJ754578 GATCAGTTTCCCCTGGGTCG G A T C A G T T T C C C C T G G G T C G 1
HPV033 A12360 GATCAGTTTCCTTTGGGACG G A T C A G T T T C C T T T G G G A C G 241
HPV035 M74117 GATCAGTTTCCGTTGGGCCG G A T C A G T T T C C G T T G G G C C G 1
HPV035 HQ537722 GATCAATTTCCGTTGGGCCG G A T C A A T T T C C G T T G G G C C G 49
HPV035 JN104062 GGTCTATTTCCGTTGGGCCG G G T C T A T T T C C G T T G G G C C G 1
HPV035 GQ479032 GATCAATTTCCGTTAGGCCG G A T C A A T T T C C G T T A G G C C G 1
HPV039 JN104068 GATCAATTCCCTTTGGGACG G A T C A A T T C C C T T T G G G A C G 21
HPV039 JQ902116 GATCAGTTCCCTTTGGGACG G A T C A G T T C C C T T T G G G A C G 1
HPV039 JN104069 GATCAATTCCCCTTGGGACG G A T C A A T T C C C C T T G G G A C G 1
HPV039 U45899 GATCAGTATCCCTTGGGACG G A T C A G T A T C C C T T G G G A C G 7
HPV045 EF202157 GATCAATATCCCCTTGGTCG G A T C A A T A T C C C C T T G G T C G 37
HPV051 KF436866 GACCAATTTGCATTGGGTCG G A C C A A T T T G C A T T G G G T C G 53
HPV051 KF707621 TACCAATTTGCATTGGGTCG T A C C A A T T T G C A T T G G G T C G 1
HPV052 X74481 GATCAGTTTCCTTTAGGTAG G A T C A G T T T C C T T T A G G T A G 174
HPV052 EU077221 GATCAGTTTCCTTTAGGCAG G A T C A G T T T C C T T T A G G C A G 14
HPV053 KF436825 GATCAGTTTCCTCTTGGCAG G A T C A G T T T C C T C T T G G C A G 23
HPV053 DQ486475 GATCAGTTTCCCCTTGGCAG G A T C A G T T T C C C C T T G G C A G 1
HPV053 KF436823 GATCAGTTCCCTCTTGGCAG G A T C A G T T C C C T C T T G G C A G 2
HPV056 X74483 GATCAATTTCCACTGGGTAG G A T C A A T T T C C A C T G G G T A G 8
HPV056 KC815982 GATCAGTTTCCCTTTGGACG G A T C A G T T T C C C T T T G G A C G 3
HPV056 KC815983 GATCAGTTTCCTCTTGGACA G A T C A G T T T C C T C T T G G A C A 1
HPV056 KC815981 GATCAGTATCCCTTGGGACA G A T C A G T A T C C C T T G G G A C A 1
HPV058 FJ385261 GATCAGTTTCCTTTGGGACC G A T C A G T T T C C T T T G G G A C C 1
HPV059 AF374230 GATCAGTTTCCTTTTGGACG G A T C A G T T T C C T T T T G G A C G 1
HPV059 JQ902128 GATCAGTTTCCCTTTGGGCG G A T C A G T T T C C C T T T G G G C G 1
HPV059 AB437933 GATCAGTATCCCCTGGGACG G A T C A G T A T C C C C T G G G A C G 1
HPV059 AB437934 GATCAGTATCCCCGGGGACG G A T C A G T A T C C C C G G G G A C G 1
HPV066 EF177189 GATCAGTTTCCTTTGGGTAG G A T C A G T T T C C T T T G G G T A G 11
HPV066 AY147908 GATCAGTATCCNTTGGGTAG G A T C A G T A T C C N T T G G G T A G 1
HPV066 EF177182 GATCAGCTTCCTTTGGGTAG G A T C A G C T T C C T T T G G G T A G 1
HPV066 U12498 GATCAGTTTCCTTTTGGTAG G A T C A G T T T C C T T T T G G T A G 2
HPV067 D21208 GATCAATTTCCCTTAGGTAG G A T C A A T T T C C C T T A G G T A G 8
HPV068 M73258 GACCAGTTTCCTTTAGGACG G A C C A G T T T C C T T T A G G A C G 17
HPV068 Y17206 GATCAGTTTCCCCTTGGACG G A T C A G T T T C C C C T T G G A C G 1
HPV068 AJ831567 GATCAGTATCCSTTTGGACG G A T C A G T A T C C S T T T G G A C G 1
HPV068 DQ080079 GACCAATTCCCATTAGGACG G A C C A A T T C C C A T T A G G A C G 5
HPV068 KC470270 GACCAATTTCCATTAGGACG G A C C A A T T T C C A T T A G G A C G 2

• Complement Sequence (5’→ 3’)
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Table A.8: Unique MY11 sequences among the same HPV types

Type Sequence MY11 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 N

HPV016 HQ644284 GCACAGGGCCACAATAATGG G C A C A G G G C C A C A A T A A T G G 296
HPV016 HQ644246 GCACAGGGCCACAATACTGG G C A C A G G G C C A C A A T A C T G G 1
HPV016 AF084952 ACACAGGGCCACAATAATGG A C A C A G G G C C A C A A T A A T G G 1
HPV016 HM057182 GCACAGGGTCATAACAATGG G C A C A G G G T C A T A A C A A T G G 85
HPV018 U45891 GCACAGGGACATAACAATGG G C A C A G G G A C A T A A C A A T G G 2
HPV031 J04353 GCTCAGGGACACAATAATGG G C T C A G G G A C A C A A T A A T G G 42
HPV031 AJ831566 GCCCAGGGTCATAAGAATGG G C C C A G G G T C A T A A G A A T G G 1
HPV033 A12360 GCACAAGGTCATAATAATGG G C A C A A G G T C A T A A T A A T G G 32
HPV033 DQ486473 GCACAGGGTCATAATAATGG G C A C A G G G T C A T A A T A A T G G 13
HPV035 M74117 GCACAAGGCCATAATAATGG G C A C A A G G C C A T A A T A A T G G 52
HPV039 JN104068 GCCCAGGGCCACAACAATGG G C C C A G G G C C A C A A C A A T G G 22
HPV039 JQ902116 GCCCAGGGCCACAATAATGG G C C C A G G G C C A C A A T A A T G G 1
HPV039 U45899 GCCCAGGGTCATAATAATGG G C C C A G G G T C A T A A T A A T G G 7
HPV045 EF202157 GCCCAGGGCCATAACAATGG G C C C A G G G C C A T A A C A A T G G 37
HPV051 KF436866 GCGCAGGGTCACAATAATGG G C G C A G G G T C A C A A T A A T G G 48
HPV051 KF707617 GCGCAGGGCCACAATAATGG G C G C A G G G C C A C A A T A A T G G 192
HPV052 KJ676024 GCTCAGGGCCACAATAATGG G C T C A G G G C C A C A A T A A T G G 1
HPV053 KF436825 GCCCAGGGACATAATAATGG G C C C A G G G A C A T A A T A A T G G 25
HPV053 DQ486475 GCACAGGGACATAATAATGG G C A C A G G G A C A T A A T A A T G G 1
HPV056 X74483 GCCCAAGGCCATAATAATGG G C C C A A G G C C A T A A T A A T G G 8
HPV056 KC815982 GCCCAAGGACATAATAATGG G C C C A A G G A C A T A A T A A T G G 2
HPV056 KC815983 GCCCAAGGACATAACAATGG G C C C A A G G A C A T A A C A A T G G 1
HPV058 D90400 GCACAAGGTCATAACAATGG G C A C A A G G T C A T A A C A A T G G 193
HPV058 HQ537773 GCACAAGGTCATAACAATGA G C A C A A G G T C A T A A C A A T G A 1
HPV059 KC470263 GCTCAGGGTTTAAACAATGG G C T C A G G G T T T A A A C A A T G G 13
HPV066 EF177189 GCACAGGGCCATAATAATGG G C A C A G G G C C A T A A T A A T G G 10
HPV067 U12492 GCCCAGGGACATAACAATGG G C C C A G G G A C A T A A C A A T G G 1
HPV068 M73258 GCACAGGGACACAACAATGG G C A C A G G G A C A C A A C A A T G G 18
HPV068 JQ902131 GCACAAGGACACAACAATGG G C A C A A G G A C A C A A C A A T G G 5
HPV068 KC470275 GCACAAGGGCACAACAATGG G C A C A A G G G C A C A A C A A T G G 1
HPV068 AJ831567 GCCCAGGGTCATAAGAMTGG G C C C A G G G T C A T A A G A M T G G 1
HPV068 AJ831568 GCCCAGGGACATAAGAATGG G C C C A G G G A C A T A A G A A T G G 1
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Table A.9: Variants of HPVs and their identifiers

Type Sequence Type Sequence Type Sequence Type Sequence

HPV016 HQ644284 HPV016 GQ479010 HPV045 KC470259 HPV053 EF546474
HPV016 HQ644275 HPV016 DQ680078 HPV045 U45907 HPV056 X74483
HPV016 FJ610149 HPV016 HQ644238 HPV045 U45908 HPV056 EF177181
HPV016 FJ610146 HPV016 HQ644240 HPV045 U45909 HPV056 EF177180
HPV016 HQ644234 HPV016 AF472508 HPV045 U45910 HPV056 EF177178
HPV016 JQ004094 HPV016 GQ479011 HPV045 EF202162 HPV056 EF177179
HPV016 AF125673 HPV016 HQ644298 HPV045 EF202163 HPV056 EF177176
HPV016 JQ004099 HPV016 AY098926 HPV045 EF202161 HPV056 JQ902126
HPV016 HQ644267 HPV016 AF003031 HPV045 KC470257 HPV056 EF177177
HPV016 HQ644264 HPV016 AF084952 HPV045 U45911 HPV056 KC815982
HPV016 HQ644283 HPV016 KP161010 HPV045 U45914 HPV056 KC815983
HPV016 HQ644297 HPV016 KP160988 HPV045 U45916 HPV056 KC815981
HPV016 KP212152 HPV016 KM058644 HPV045 JQ902121 HPV058 D90400
HPV016 AY686581 HPV016 EU477377 HPV051 KF436866 HPV058 HM639578
HPV016 KP212153 HPV016 AF043287 HPV051 KF436868 HPV058 HM639600
HPV016 KP212150 HPV016 HM057182 HPV051 KP090027 HPV058 HM639595
HPV016 HQ644280 HPV016 JF728170 HPV051 KP090024 HPV058 AB819279
HPV016 AB818687 HPV016 FJ797044 HPV051 KP090012 HPV058 HQ537760
HPV016 HQ644236 HPV018 NC001357 HPV051 KP090011 HPV058 HM639588
HPV016 KF954093 HPV018 GQ180786 HPV051 KP090009 HPV058 HM639508
HPV016 AF534061 HPV018 EF202145 HPV051 KP090008 HPV058 HM639614
HPV016 HQ644235 HPV018 GQ180784 HPV051 KP090002 HPV058 HM639617
HPV016 FJ610150 HPV018 GQ180788 HPV051 KP090004 HPV058 HM639585
HPV016 AB889494 HPV018 GQ180789 HPV051 KP090031 HPV058 HM639591
HPV016 HQ644287 HPV018 GQ180790 HPV051 KP090007 HPV058 HM639621
HPV016 KP874716 HPV018 GQ180792 HPV051 KP090000 HPV058 HQ537756
HPV016 HQ644261 HPV018 KC470208 HPV051 KP090020 HPV058 HM639581
HPV016 AB818691 HPV018 KC470209 HPV051 M62877 HPV058 HM639612
HPV016 AY686580 HPV018 EF202147 HPV051 KP090013 HPV058 HM639618
HPV016 KP212155 HPV018 EF202148 HPV051 KP090003 HPV058 HM639619
HPV016 AB818688 HPV018 EF202149 HPV051 KF436867 HPV058 JX313761
HPV016 FJ610151 HPV018 KC470212 HPV051 KP090006 HPV058 JX313771
HPV016 AB889489 HPV018 AY262282 HPV051 KP090016 HPV058 HM639606
HPV016 JQ004093 HPV018 GQ180785 HPV051 KF707617 HPV058 HM639620
HPV016 JQ067943 HPV018 GQ180791 HPV051 U45917 HPV058 HM639709
HPV016 FJ610147 HPV018 GQ180787 HPV051 KF707621 HPV058 HM639710
HPV016 HQ644271 HPV018 KC470213 HPV051 KP090033 HPV058 HM639692
HPV016 KF880690 HPV018 EF202144 HPV051 KF436879 HPV058 HM639716
HPV016 HQ644274 HPV018 FJ528600 HPV051 KF436878 HPV058 HM639613
HPV016 JQ067944 HPV018 EF202150 HPV051 KF436877 HPV058 HM639708
HPV016 HQ644260 HPV018 X05015 HPV051 KF436876 HPV058 FJ407208
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Type Sequence Type Sequence Type Sequence Type Sequence

HPV016 JN565302 HPV018 EU834744 HPV051 KF436875 HPV058 FJ407201
HPV016 HQ644286 HPV018 KC456642 HPV051 KP090001 HPV058 FJ407194
HPV016 HQ644259 HPV018 EF202143 HPV051 GQ487711 HPV058 FJ385267
HPV016 AY686583 HPV018 AY863160 HPV051 KF436873 HPV058 FJ385262
HPV016 HQ644256 HPV018 AY863157 HPV051 KF436874 HPV058 FJ385265
HPV016 HQ644258 HPV018 AY863156 HPV051 KF436869 HPV058 HM639699
HPV016 AF536179 HPV018 AY863161 HPV051 KP090023 HPV058 HM639717
HPV016 HQ644262 HPV018 AY863158 HPV051 KP090026 HPV058 HM639532
HPV016 HQ644282 HPV018 AY863159 HPV051 JQ902122 HPV058 HQ537757
HPV016 KP212157 HPV018 AY863162 HPV051 KF436871 HPV058 HQ537759
HPV016 HQ644272 HPV018 U89349 HPV051 KF436872 HPV058 HM639701
HPV016 AB889492 HPV018 JF728187 HPV051 KF707619 HPV058 HM639697
HPV016 HQ644266 HPV018 JF728184 HPV051 AB438955 HPV058 HM639610
HPV016 AB889488 HPV018 JF728185 HPV051 AB438954 HPV058 FJ385263
HPV016 HQ644248 HPV018 JF728186 HPV051 KP090028 HPV058 FJ385261
HPV016 HQ644268 HPV018 DQ486472 HPV051 KF436884 HPV058 HM639573
HPV016 FJ610148 HPV018 JQ917454 HPV051 KF436883 HPV058 HM639712
HPV016 EU918764 HPV018 JQ902111 HPV051 KF436882 HPV058 FJ407216
HPV016 KC935953 HPV018 U45889 HPV051 KF436881 HPV058 HM639715
HPV016 FJ610152 HPV018 EF202146 HPV051 KF436880 HPV058 EU999960
HPV016 FJ006723 HPV018 KC470210 HPV051 KF707626 HPV058 EU999961
HPV016 KP212151 HPV018 KC470211 HPV051 KF436886 HPV058 JX313768
HPV016 HQ644245 HPV018 EF202151 HPV051 KF436885 HPV058 JX313772
HPV016 EU118173 HPV018 U45890 HPV051 KF436887 HPV058 HM639616
HPV016 JF728173 HPV018 U45891 HPV051 KF707624 HPV058 HM639714
HPV016 JF728179 HPV018 KF225496 HPV051 KF707618 HPV058 HM639706
HPV016 JF728176 HPV018 KC470214 HPV052 X74481 HPV058 HM639703
HPV016 JF728159 HPV018 KC470216 HPV052 EU077193 HPV058 HM639684
HPV016 JF728164 HPV018 KC470217 HPV052 EU077195 HPV058 FJ407192
HPV016 JF728181 HPV018 KC470219 HPV052 EU077196 HPV058 FJ407195
HPV016 JF728182 HPV018 KC470222 HPV052 EU077197 HPV058 FJ385268
HPV016 JF728155 HPV018 KC470218 HPV052 EU077198 HPV058 JX313759
HPV016 JF728183 HPV018 EF202152 HPV052 EU077199 HPV058 JX313758
HPV016 JF728175 HPV018 KC470226 HPV052 EU077200 HPV058 KC860270
HPV016 JF728180 HPV018 EF202155 HPV052 EU077201 HPV058 HM639711
HPV016 JF728174 HPV018 KC470228 HPV052 EU077202 HPV058 HM639707
HPV016 JF728168 HPV018 KC470224 HPV052 EU077203 HPV058 EU918765
HPV016 JF728167 HPV018 KC470227 HPV052 EU077204 HPV058 HM639457
HPV016 KJ467225 HPV018 KC470225 HPV052 EU077206 HPV058 HM639529
HPV016 KJ467230 HPV018 KC470223 HPV052 EU077207 HPV058 HM639522
HPV016 KJ467234 HPV018 AY863165 HPV052 EU077208 HPV058 HM639524
HPV016 U89348 HPV018 JF728188 HPV052 EU077209 HPV058 HM639318
HPV016 EU430680 HPV018 U45894 HPV052 EU077211 HPV058 HM639509
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HPV016 GQ465886 HPV018 U45892 HPV052 EU077212 HPV058 HM639525
HPV016 GQ465880 HPV018 KC470221 HPV052 EU077213 HPV058 HQ537752
HPV016 JX313720 HPV018 U45893 HPV052 EU077215 HPV058 HQ537753
HPV016 GQ465881 HPV018 EF202153 HPV052 EU077216 HPV058 HQ537755
HPV016 GQ465897 HPV018 KC470215 HPV052 EU077220 HPV058 FJ407200
HPV016 JX313709 HPV018 KC470229 HPV052 HQ537731 HPV058 FJ407199
HPV016 JX313708 HPV018 KC470230 HPV052 HQ537732 HPV058 AB819278
HPV016 JX313699 HPV018 AY863164 HPV052 HQ537734 HPV058 AB819276
HPV016 KC166220 HPV018 AY863163 HPV052 HQ537735 HPV058 AB819275
HPV016 GQ465891 HPV018 EF202154 HPV052 HQ537736 HPV058 HM639486
HPV016 EU430672 HPV031 J04353 HPV052 HQ537737 HPV058 HM639528
HPV016 GQ465896 HPV031 HQ537668 HPV052 HQ537738 HPV058 HM639458
HPV016 GQ465878 HPV031 HQ537666 HPV052 HQ537739 HPV058 HM639530
HPV016 GQ465893 HPV031 HQ537675 HPV052 HQ537740 HPV058 HM639485
HPV016 GQ465885 HPV031 KJ754573 HPV052 HQ537741 HPV058 HM639504
HPV016 GQ465894 HPV031 KJ754572 HPV052 HQ537745 HPV058 HM639500
HPV016 GQ465877 HPV031 KJ754569 HPV052 HQ537746 HPV058 HM639488
HPV016 JX313700 HPV031 KJ754576 HPV052 JN874419 HPV058 HM639337
HPV016 GQ465889 HPV031 HQ537686 HPV052 JN874422 HPV058 HM639459
HPV016 GQ465883 HPV031 HQ537685 HPV052 JN874424 HPV058 HM639359
HPV016 GQ465884 HPV031 U37410 HPV052 KJ675998 HPV058 HM639428
HPV016 GQ465882 HPV031 KJ754579 HPV052 KJ676004 HPV058 HM639464
HPV016 GQ465895 HPV031 KJ754563 HPV052 KJ676012 HPV058 HM639454
HPV016 JX313703 HPV031 HQ537687 HPV052 KJ676022 HPV058 HM639521
HPV016 GQ465887 HPV031 KJ754565 HPV052 KJ676031 HPV058 AB819277
HPV016 GQ465890 HPV031 KJ754577 HPV052 KJ676035 HPV058 JX313765
HPV016 JX313697 HPV031 KJ754566 HPV052 KJ676041 HPV058 HM639481
HPV016 JX313695 HPV031 KJ754568 HPV052 KJ676043 HPV058 HM639513
HPV016 GQ465892 HPV031 HQ537680 HPV052 KJ676045 HPV058 HM639489
HPV016 JX313705 HPV031 KJ754562 HPV052 KJ676046 HPV058 HM639474
HPV016 GQ465888 HPV031 KJ754564 HPV052 KJ676047 HPV058 HM639492
HPV016 GQ465879 HPV031 HQ537681 HPV052 KJ676048 HPV058 GQ472850
HPV016 JX313702 HPV031 HQ537679 HPV052 KJ676050 HPV058 HM639317
HPV016 JX313715 HPV031 HQ537678 HPV052 KJ676051 HPV058 HM639351
HPV016 JX313696 HPV031 KJ754571 HPV052 KJ676053 HPV058 HM639487
HPV016 KM058636 HPV031 HQ537677 HPV052 KJ676055 HPV058 HM639493
HPV016 KP161014 HPV031 HQ537676 HPV052 KJ676058 HPV058 HM639506
HPV016 KP160999 HPV031 KJ754567 HPV052 KJ676059 HPV058 HM639497
HPV016 KM058645 HPV031 KJ754561 HPV052 KJ676061 HPV058 JX313766
HPV016 KM058642 HPV031 HQ537667 HPV052 KJ676062 HPV058 HM639518
HPV016 FJ797033 HPV031 KJ754575 HPV052 KJ676064 HPV058 HM639490
HPV016 KM058665 HPV031 HQ537671 HPV052 KJ676065 HPV058 KC860271
HPV016 DQ155283 HPV031 KJ754570 HPV052 KJ676066 HPV058 HM639442
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HPV016 AF140365 HPV031 HQ537672 HPV052 KJ676070 HPV058 HM639678
HPV016 FJ797051 HPV031 HQ537673 HPV052 KJ676071 HPV058 FJ385264
HPV016 FJ797050 HPV031 HQ537670 HPV052 KJ676072 HPV058 HM639615
HPV016 FJ797035 HPV031 HQ537682 HPV052 KJ676078 HPV058 HM639611
HPV016 FJ797043 HPV031 HQ537683 HPV052 KJ676084 HPV058 JX313770
HPV016 KM058666 HPV031 KJ754580 HPV052 KJ676085 HPV058 HM639582
HPV016 DQ469930 HPV031 KJ754578 HPV052 KJ676087 HPV058 HM639527
HPV016 AF134177 HPV031 HQ537674 HPV052 KJ676095 HPV058 HM639471
HPV016 KM058637 HPV031 HQ537669 HPV052 AB819272 HPV058 JX313752
HPV016 FJ797048 HPV031 AJ831566 HPV052 AB819273 HPV058 HM639688
HPV016 AY177679 HPV033 A12360 HPV052 AB819274 HPV058 HM639695
HPV016 KM058654 HPV033 HQ537694 HPV052 GQ472848 HPV058 HM639690
HPV016 FJ797040 HPV033 HQ537693 HPV052 HQ537742 HPV058 HM639667
HPV016 FJ797036 HPV033 HQ537692 HPV052 HQ537743 HPV058 HM639656
HPV016 FJ797034 HPV033 HQ537691 HPV052 JN874416 HPV058 HM639671
HPV016 FJ797056 HPV033 HQ537690 HPV052 JN874417 HPV058 HM639664
HPV016 U34173 HPV033 HQ537688 HPV052 JN874420 HPV058 HM639520
HPV016 U34187 HPV033 GQ479013 HPV052 JN874423 HPV058 HM639531
HPV016 U34167 HPV033 HQ537689 HPV052 JN874425 HPV058 HM639472
HPV016 U34181 HPV033 GQ479014 HPV052 JN874426 HPV058 HM639516
HPV016 U34179 HPV033 HQ537697 HPV052 JN874427 HPV058 HM639515
HPV016 U34193 HPV033 HQ537700 HPV052 JN874428 HPV058 HM639466
HPV016 U34171 HPV033 HQ537699 HPV052 JN874430 HPV058 HM639519
HPV016 U34185 HPV033 HQ537698 HPV052 JN874434 HPV058 HM639526
HPV016 U34169 HPV033 GQ479015 HPV052 JN874436 HPV058 HM639477
HPV016 U34168 HPV033 HQ537701 HPV052 KF225497 HPV058 HM639511
HPV016 JX313707 HPV033 HQ537706 HPV052 KJ675965 HPV058 HM639467
HPV016 JX313701 HPV033 GQ479018 HPV052 KJ675967 HPV058 HM639470
HPV016 JX313723 HPV033 HQ537704 HPV052 KJ675969 HPV058 JX313764
HPV016 JX313693 HPV033 HQ537703 HPV052 KJ675970 HPV058 JX313763
HPV016 NC001526 HPV033 GQ479016 HPV052 KJ675971 HPV058 HM639523
HPV016 AY098925 HPV033 HQ537705 HPV052 KJ675973 HPV058 HM639478
HPV016 JF728163 HPV033 GQ479019 HPV052 KJ675976 HPV058 HM639483
HPV016 JQ004092 HPV033 HQ537707 HPV052 KJ675977 HPV058 KC860269
HPV016 JQ004096 HPV033 HQ537702 HPV052 KJ675979 HPV058 HQ537758
HPV016 AB818693 HPV033 GQ479017 HPV052 KJ675980 HPV058 HM639608
HPV016 AB818692 HPV033 U45896 HPV052 KJ675981 HPV058 HQ537754
HPV016 JN565303 HPV033 GQ479012 HPV052 KJ675982 HPV058 HM639705
HPV016 AB889491 HPV033 DQ486473 HPV052 KJ675985 HPV058 HM639650
HPV016 AY686584 HPV033 FJ202004 HPV052 KJ675987 HPV058 HM639674
HPV016 HQ644246 HPV033 FJ202006 HPV052 KJ675988 HPV058 HQ537771
HPV016 AB889490 HPV033 EF626588 HPV052 KJ675989 HPV058 AY101598
HPV016 AB889493 HPV033 EU779744 HPV052 KJ675990 HPV058 HQ537769
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HPV016 JF728177 HPV033 EU918766 HPV052 KJ675993 HPV058 HM639622
HPV016 JF728178 HPV033 HQ537695 HPV052 KJ675994 HPV058 HQ537766
HPV016 EU430688 HPV033 HQ537696 HPV052 KJ675995 HPV058 HQ537767
HPV016 JX313706 HPV033 KF436865 HPV052 KJ675996 HPV058 HQ537768
HPV016 JX313698 HPV035 M74117 HPV052 KJ675997 HPV058 HQ537770
HPV016 JX313722 HPV035 HQ537722 HPV052 KJ675999 HPV058 HM639672
HPV016 JX313694 HPV035 GQ479029 HPV052 KJ676000 HPV058 HQ537763
HPV016 EF547252 HPV035 HQ537725 HPV052 KJ676001 HPV058 HQ537762
HPV016 GQ465899 HPV035 GQ479024 HPV052 KJ676005 HPV058 HM639662
HPV016 GQ465900 HPV035 HQ537726 HPV052 KJ676006 HPV058 HQ537761
HPV016 FJ797047 HPV035 GQ479036 HPV052 KJ676007 HPV058 HM639655
HPV016 AF393502 HPV035 GQ479025 HPV052 KJ676008 HPV058 HM639675
HPV016 AF043286 HPV035 HQ537711 HPV052 KJ676009 HPV058 HQ537764
HPV016 KJ571159 HPV035 GQ479033 HPV052 KJ676010 HPV058 HQ537765
HPV016 HQ644296 HPV035 HQ537708 HPV052 KJ676011 HPV058 HM639624
HPV016 HQ644299 HPV035 GQ479023 HPV052 KJ676014 HPV058 HQ537774
HPV016 HQ644290 HPV035 HQ537709 HPV052 KJ676015 HPV058 HQ537775
HPV016 HQ644293 HPV035 HQ537710 HPV052 KJ676016 HPV058 HQ537776
HPV016 AF536180 HPV035 GQ479037 HPV052 KJ676017 HPV058 HM639657
HPV016 U34183 HPV035 X74477 HPV052 KJ676018 HPV058 HM639629
HPV016 GQ465902 HPV035 GQ479020 HPV052 KJ676019 HPV058 HQ537772
HPV016 GQ479009 HPV035 GQ479028 HPV052 KJ676020 HPV058 HM639659
HPV016 GQ465901 HPV035 GQ479021 HPV052 KJ676021 HPV058 HM639641
HPV016 GQ479007 HPV035 HQ537712 HPV052 KJ676023 HPV058 HM639669
HPV016 U34189 HPV035 GQ479027 HPV052 KJ676024 HPV058 HQ537777
HPV016 U34172 HPV035 HQ537728 HPV052 KJ676025 HPV058 HM639668
HPV016 U34188 HPV035 HQ537729 HPV052 KJ676026 HPV058 HM639677
HPV016 JQ004097 HPV035 HQ537730 HPV052 KJ676027 HPV058 HM639670
HPV016 JQ004098 HPV035 JX129488 HPV052 KJ676028 HPV058 HM639673
HPV016 HQ644263 HPV035 JX129487 HPV052 KJ676029 HPV058 HM639658
HPV016 AY686582 HPV035 GQ479022 HPV052 KJ676032 HPV058 HM639666
HPV016 HQ644252 HPV035 HQ537713 HPV052 KJ676034 HPV058 HQ537773
HPV016 AY686579 HPV035 HQ537714 HPV052 KJ676036 HPV058 HM639676
HPV016 HQ644239 HPV035 HQ537715 HPV052 KJ676037 HPV058 HM639609
HPV016 HQ644237 HPV035 HQ537716 HPV052 KJ676038 HPV058 HM639484
HPV016 HQ644273 HPV035 HQ537718 HPV052 KJ676040 HPV059 KC470263
HPV016 HQ644279 HPV035 GQ479026 HPV052 KJ676074 HPV059 KC470264
HPV016 HQ644244 HPV035 HQ537717 HPV052 KJ676075 HPV059 KC470265
HPV016 AB818689 HPV035 GQ479039 HPV052 KJ676076 HPV059 KC470266
HPV016 HQ644291 HPV035 GQ479038 HPV052 KJ676079 HPV059 X77858
HPV016 HQ644250 HPV035 GQ479034 HPV052 KJ676080 HPV059 EU918767
HPV016 AF472509 HPV035 JX129485 HPV052 KJ676081 HPV059 U12496
HPV016 HQ644257 HPV035 JN104064 HPV052 KJ676089 HPV059 KC470261
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HPV016 HQ644281 HPV035 JQ902115 HPV052 KJ676091 HPV059 KC470262
HPV016 HQ644277 HPV035 HQ537721 HPV052 KJ676093 HPV059 AF374230
HPV016 HQ644254 HPV035 GQ479035 HPV052 HQ537744 HPV059 DQ486471
HPV016 HQ644242 HPV035 JN104062 HPV052 EU077194 HPV059 U45932
HPV016 HQ644241 HPV035 HQ537723 HPV052 EU077214 HPV059 JN104073
HPV016 HQ644249 HPV035 HQ537724 HPV052 KJ676088 HPV059 JN104074
HPV016 HQ644270 HPV035 GQ479030 HPV052 EU077218 HPV059 JQ902128
HPV016 HQ644243 HPV035 HQ537727 HPV052 KJ676030 HPV059 AB437933
HPV016 KP161006 HPV035 HQ537719 HPV052 EU077219 HPV059 AB437934
HPV016 KP161001 HPV035 JX129486 HPV052 HQ537733 HPV059 AJ617548
HPV016 U37217 HPV035 GQ479031 HPV052 KJ676042 HPV066 EF177189
HPV016 FJ797046 HPV035 GQ479032 HPV052 KJ676054 HPV066 EF177184
HPV016 KJ467228 HPV035 JN104063 HPV052 KJ676063 HPV066 EF177191
HPV016 KJ467238 HPV039 JN104068 HPV052 KJ676067 HPV066 EF177183
HPV016 GQ479008 HPV039 KC470233 HPV052 KJ676068 HPV066 EF177188
HPV016 KP161013 HPV039 KC470234 HPV052 KJ676083 HPV066 EF177187
HPV016 KP161012 HPV039 KC470235 HPV052 KJ676094 HPV066 EF177190
HPV016 KP161011 HPV039 KC470236 HPV052 JN874421 HPV066 DQ486474
HPV016 KP161009 HPV039 KC470232 HPV052 KJ675983 HPV066 AY147908
HPV016 KP161008 HPV039 KC470237 HPV052 KJ676013 HPV066 EF177182
HPV016 KP161007 HPV039 M62849 HPV052 KJ676033 HPV066 U31794
HPV016 KP161005 HPV039 KC470231 HPV052 KJ676039 HPV066 EF177186
HPV016 KP161004 HPV039 KC470239 HPV052 KJ676077 HPV066 EF177185
HPV016 KP161003 HPV039 KC470240 HPV052 KJ676090 HPV066 U12498
HPV016 KP161002 HPV039 KC470241 HPV052 KJ676092 HPV066 HM585478
HPV016 KP161000 HPV039 KC470242 HPV052 EU077205 HPV067 D21208
HPV016 KP160998 HPV039 KC470243 HPV052 EU077217 HPV067 HQ537778
HPV016 KP160997 HPV039 KC470245 HPV052 KJ675991 HPV067 HQ537781
HPV016 KP160996 HPV039 KC470244 HPV052 EU077221 HPV067 HQ537780
HPV016 KP160995 HPV039 JQ902116 HPV052 EU077222 HPV067 HQ537779
HPV016 KP160994 HPV039 KC470238 HPV052 EU077223 HPV067 HQ537784
HPV016 KP160993 HPV039 KC470248 HPV052 EU077224 HPV067 HQ537783
HPV016 KP160992 HPV039 KC470249 HPV052 EU077225 HPV067 HQ537782
HPV016 KP160991 HPV039 JN104070 HPV052 HQ537747 HPV067 U12492
HPV016 KP160990 HPV039 KC470247 HPV052 HQ537748 HPV068 M73258
HPV016 KM058638 HPV039 JN104069 HPV052 HQ537749 HPV068 KC470273
HPV016 KP160989 HPV039 U45899 HPV052 HQ537750 HPV068 KC470272
HPV016 FJ797045 HPV039 U45901 HPV052 KJ675978 HPV068 KC470274
HPV016 AF134178 HPV039 U45900 HPV052 KJ675984 HPV068 FR751040
HPV016 U34174 HPV039 U45904 HPV052 KJ676073 HPV068 JQ902131
HPV016 U34176 HPV039 U45905 HPV052 EU077226 HPV068 KC470279
HPV016 U34175 HPV039 U45902 HPV052 HQ537751 HPV068 U45934
HPV016 KP212156 HPV039 U45903 HPV053 KF436825 HPV068 KC470281
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HPV016 KP212159 HPV045 EF202157 HPV053 KF436824 HPV068 KC470280
HPV016 KP212158 HPV045 EF202158 HPV053 EF546479 HPV068 KC470283
HPV016 JQ004095 HPV045 EF202159 HPV053 GQ472849 HPV068 KC470282
HPV016 HQ644247 HPV045 EF202160 HPV053 JQ902124 HPV068 KC470277
HPV016 HQ644289 HPV045 KC470253 HPV053 EF546482 HPV068 KC470278
HPV016 KP212154 HPV045 KC470254 HPV053 EF546481 HPV068 GQ472851
HPV016 HQ644285 HPV045 KC470255 HPV053 DQ486475 HPV068 KC470275
HPV016 HQ644278 HPV045 U45912 HPV053 EF546480 HPV068 KC470276
HPV016 HQ644276 HPV045 X74479 HPV053 EF546476 HPV068 Y17206
HPV016 HQ644269 HPV045 EF202156 HPV053 EF546478 HPV068 AJ831567
HPV016 HQ644253 HPV045 KC470250 HPV053 KF436823 HPV068 AJ831568
HPV016 HQ644294 HPV045 KC470251 HPV053 KF436822 HPV068 DQ080079
HPV016 HQ644255 HPV045 DQ080002 HPV053 KF436818 HPV068 KC470267
HPV016 HQ644295 HPV045 KC470256 HPV053 KF436819 HPV068 KC470268
HPV016 HQ644288 HPV045 U45906 HPV053 KF436821 HPV068 KC470269
HPV016 AF402678 HPV045 U45913 HPV053 KF436820 HPV068 X67161
HPV016 KJ467232 HPV045 U45915 HPV053 NC001593 HPV068 KC470270
HPV016 GQ479006 HPV045 KC470252 HPV053 EF546473 HPV068 KC470271
HPV016 AF134175 HPV045 EF202164 HPV053 EF546470
HPV016 FJ797037 HPV045 EF202165 HPV053 EF546472
HPV016 U34170 HPV045 EF202166 HPV053 EF546471
HPV016 U34165 HPV045 EF202167 HPV053 X74482
HPV016 KM058656 HPV045 KC470258 HPV053 EF546469
HPV016 AB818690 HPV045 KC470260 HPV053 EF546475
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