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Abstract 

Molecular pathology laboratories use DNA and mRNA PCR assays to detect hrHPV infections that 

are associated with carcinomas. The objective of this study was to determine the prevalence of HPV 

sub-types in HPV E6/E7 mRNA positive samples from the study cohort. HPV DNA genotyping was 

used to determine HPV prevalence. Epidemiological studies are important for public health, because 

they focus on the patterns of disease occurrence and the factors that influence these patterns. A total 

of 160 LBC samples, sent for routine screening of HPV E6/E7 mRNA were used for this 

observational descriptive study. Demographic information indicated that the samples had been 

collected from Gauteng and Limpopo provinces. The ages of the patients varied from 18 years to 73 

years and patients’ ethnicities were seldom listed. HPV DNA genotyping results indicated that HPV 

16 with a result of 18.83% was the most common HPV sub-type detected and this prevalence of HPV 

16 was consistent with findings reported in the literature.  HPV 59 was the second-most commonly 

HPV sub-type detected with a result of 13.64%. HPV 18 had a relatively lower prevalence result of 

6.49%, together with HPV 51 and was ranked as the ninth commonest HPV sub-type. The 10 most 

prevalent HPV sub-types detected in this study were all from group 1A carcinogens, except for one, 

HPV 35, that was detected as 6 most commonest HPV sub-type with a percentage of 9.09 %. The 

results indicate that the new 9vHPV vaccine would be beneficial for South Africa because it 

vaccinate against 4 of the 5 most prevalent HPV sub-types detected in this study. 
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Chapter 1: Introduction 

Certain human papilloma virus (HPV) sub-types known as the high-risk human papilloma virus 

(hrHPV) sub-types cause cervical cancer in women (1). Molecular pathology laboratories use 

deoxyribonucleic acid (DNA) and messenger ribonucleic acid (mRNA) polymerase chain 

reaction (PCR) assays to detect HPV infections. 

The prevalence of different HPV sub-types varies among diverse populations (2). Various 

hrHPV genotypes have different oncogenic potentials (3). Therefore the prevalence of HPV sub-

types in a population is relevant to the management of HPV infections and the prevention of 

cervical cancer (3).  

In 2010 the South African HPV Advisory Board established three algorithms for screening 

cervical cancer (4). These guidelines were revised in 2017 by Botha et al. (5). The revised 

screening guidelines for cervical cancer include only two algorithms (5). The first algorithm, use 

cytology as primary screening method and the second algorithm use HPV testing as primary 

screening method  (5).  

Effective vaccination against HPV could prevent cervical cancer caused by hrHPV sub-types (6). 

Although a challenge of this strategy is that vaccines are preventative and decades are required to 

determine their effectiveness (6). 
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1.1 Introduction to HPV 

Papilloma viruses are members of the Papillomaviridae family (7). HPV is a small, non-

enveloped double-stranded DNA virus (7,8). Its genome is made up of eight genes and consists 

of 7900 base pair (bp) (8). The genome is divided into three regions: an early region (E), late 

region (L), and a long control region (LCR) (3,9). The early region of the genome encodes early 

genes E1, E2, E4, E5, E6, and E7, which are involved in viral replication, transcription 

regulation, and oncogenesis (3). The late region of the genome encodes structural proteins L1 

and L2 (3). The icosahedral capsid of HPV is composed out of these two structural proteins (3). 

This capsid includes 72 capsomeres (3,8). Each capsomere is a pentamer of the major capsid 

protein, L1 (10). The minor capsid protein, L2, is present in much lower amounts than L1, with a 

maximum of 72 copies per virion at the vertices (11). The LCR region regulates the control of 

DNA replication and transcription of the eight open reading frames (ORFs) (3). The LCR region 

contains the viral early promoter and transcriptional enhancer, the viral origin of replication, the 

late polyadenylation site and the late regulatory element that controls late gene expression at 

various post-transcriptional levels (12). This region has the highest degree of variation in the 

HPV genome (3). Figure 1.1 shows the structure of HPV. 
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Figure 1.1: Structure of HPV. Figure adapted from Fehrmann et al. (13). 

HPV comprises over 100 genotypes that are categorised according to their genomic sequence 

into five genera: alpha, beta, gamma, mu, and nu (3,14). Most HPV types cause benign warts of 

the skin or genital region (15). Alpha papilloma viruses are categorized as high-risk or low-risk 

according to their potential to cause cancer (15). In 2012, the International Agency for Research 

on Cancer (IARC) categorized HPVs into the following 3 groups: group 1 carcinogens, group 2A 

carcinogens and group 2B carcinogens (15). Group 1 carcinogens are carcinogenic to humans 

and this group include: HPV sub-types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 (15).  

Group 2A carcinogens are classified as probably carcinogenic to humans and this group include 

HPV 68 (15). Group 2B carcinogens are possibly carcinogenic to humans and include: HPV sub-

types 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, and 97 (15). Group 1 carcinogens and group 2A 

carcinogens are responsible for 96% of cervical cancers (15).  
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New papilloma virus types are assigned when the full-length genome has been deposited at the 

International HPV Reference Center at the Karolinska Institutet, Stockholm, Sweden, and the L1 

ORF sequence is verified as differing by more than 10% (less than 90% similarity) from the 

closest known HPV type (15). Differences between 2% and 10% homology define a sub-type 

and differences less than 2% define a variant (15). 

1.2 Life cycle and pathogenesis of HPV 

Papilloma viruses are host-specific and successful infection depends on epithelial differentiation 

(14,16). HPV infects the basal layer of the epidermis, and its genome replicates in synchrony 

with cellular DNA replication (13). Infection of the squamous epithelial cells of the genitalia and 

anal verge occurs through the interaction of the virus with the host cellular receptors (17). HPV 

uses the L1 proteins to bind to the cell membrane (10). HPV binds to cellular receptors that are 

trypsin-sensitive structures (10,18). This receptor can either be a protein (usually a glycoprotein) 

or a carbohydrate structure localised on glycoproteins or glycolipids (19).  

The linear polysaccharide Heparan sulfate proteoglycan (HSPG) is proposed as the initial 

binding receptor for HPV (10,20). HPV binds to HSPG on the extracellular matrix and the cell 

membrane (20). This causes proteolytic cleavage of the capsid, leading to conformational 

changes that expose a Furin cleavage site on the L2 proteins (14,20). Cleavage of the L2 proteins 

is caused by the pro-convertase enzyme Furin, leading to the elimination of one of the putative 

nuclear localisation signals (NLSs) (14). When papilloma viruses are exposed to Furin inhibitors, 

they have a lower infectivity potential (14). After HPV binds to the cell surface receptors it 

enters the cell through either clathrin-mediated or caveolin-mediated endocytosis (21). When the 

virus enters the host’s epithelial cells, its coat is dismantled so that the virus’s genome gains 

access to the transcription and replication machinery of the infected cells (20). HPV does not 
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encode DNA polymerase activity for viral genome replication and therefore the host DNA 

replication machinery is required (22). 

The infected cells enter the suprabasal layer of the epidermis, where the cells differentiate from 

the stratum spinosum to the stratum corneum (13). HPV genes are expressed as autonomous 

replicating episomal or extra-chromosomal elements, or as integrated DNA for the E6 and E7 

genes (17,23). 

After leaving the basal membrane, the infected cells initiate the differentiation program (22). 

DNA replication is down regulated in the differentiated cells that exit from the cell division cycle 

(22). Therefore HPV needs to reactivate cell division among the differentiation initiated cells 

(22). Proteins produced by the transcription of the E6 and E7 genes bind to tumour suppressor 

proteins such as p53 and the retinoblastoma protein (pRb) (24). The p53 protein is a tumour 

suppressor protein; its functions are to induce cell cycle arrest, DNA repair, senescence, and 

apoptosis (25). The pRb protein is responsible for the major G1 checkpoint (restriction point) 

blocking S-phase entry and cell growth, and for promoting terminal differentiation by inducing 

both cell-cycle exit and tissue-specific gene expression (26). 

E6 and E7 are important in maintaining infected cells in an undifferentiated state, but terminal 

differentiation is required for the productive replication of HPV (22). The inhibition of E6/E7 

expression by E2 might promote cellular differentiation, which is suitable for the viral 

productive lifecycle (22). E2 has transcriptional transactivator activity, as well as the capacity to 

bind to the viral DNA replication factor E1 (22). E1 has DNA helicase and ATPase activities and 

weak DNA-binding capacity (22). Through its interaction with E2, E1 binds to the replication 

origin, which is essential for the initiation of viral DNA replication (22). Integration of the E6 
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and E7 genes disrupts the E2 gene (27). E1 proteins will keep the cell in the S-phase of cell 

division and it will trigger the activation of a DNA damage response (DDR) and ATM pathway 

(22). The activation of DDR might facilitate HPV DNA replication (22). 

Viral gene products E4 and E5 regulate late viral functions, playing a role in virion release and 

immune evasion, respectively, and are also required for productive viral replication (16). The 

alpha papilloma virus species and all the carcinogenic types were derived from a common 

ancestor E5 protein code, whereas other HPVs either lack a definable E5 ORF or a translation 

start codon for E5 (28). The HPV E5 ORF is classified into four groups – alpha, beta, gamma, 

and delta – which correlate with different clinical manifestations, notably oncogenic potential 

(28). Variants of this protein appear to increase the likelihood of oncogenic transformation 

following persistent infections (28). The absence of E5 indicates that the protein is not essential 

for the life cycle of these viruses but rather enhances infection and transformation (28). The lack 

of an E5 ORF represents a factor that hampers the fully replicative cycle of these viruses (28). 

Some beta HPVs are detected together with HPV 3 or related genotypes, and such co-detection 

with E5-encoding HPV suggests that beta HPVs benefit from E5 delivered by the co-infecting 

HPV sub-type (28). 

Following the genome amplification, in the terminally differentiated cells, the synthesis of capsid 

proteins are triggered (22). A late promoter activates the capsid genes L1 and L2 (12). The 

capsid proteins assemble into virions that encapsidate viral genomic DNA (22). The progenitor 

virions are released externally with keratinocytes that are shed (22). Figure 1.2 shows abnormal 

epithelial differentiation induced by HPV. The arrows indicate the direction of epithelial 

differentiation, from the stratum basale to the stratum corneum. 
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Figure 1.2: Schematic representation of abnormal epithelial differentiation induced by HPV. Figure adapted from 

Fehrmann et al. (13). 

1.3 Evolution of HPV 

Literature indicates that HPV evolved through two processes, namely convergent evolution and 

co-evolution. HPV demonstrates convergent evolution because the high- and low-risk types of 

HPV have independently evolved twice in the alpha genus (29). This style of evolution relates to 

a phenotypic strategy that uses ecological opportunities within human populations (29). An 

example is virulence versus per-contact transmissibility (29). High-virion production enhances 

transmissibility but also provokes an immune response which leads to clearance and limited 

persistence (29). Conversely, low-virion production increases persistence at the cost of 

diminished transmission probability per sexual contact (29). The low risk HPV (lrHPV) types 

use the former strategy, whereas hrHPV types use the second strategy (29).  

The observation that papilloma viruses cause benign infections and are unable to cross the hosts' 

species-barrier has led to the hypothesis that HPV evolved through host-linked evolution (30,31). 

The co-evolution theory for papilloma viruses has been criticised. The orthogenetic definition of 

co-evolution states that parasites of closely related host species should be closely related 
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themselves, and should cluster together in the parasite phylogenetic tree (30). Papilloma viruses 

display discrepancies between both trees, and the parasites and hosts might not have co-evolved 

(30). With an increase in the number of papilloma virus sequences – and their associated hosts, it 

is clear that papilloma viruses and their hosts did not follow identical evolutionary paths (30).  

Several discrepancies that do not support co-evolution can be observed in the phylogenetic tree 

(30). For example,  as mentioned earlier, HPVs are classified into five genera (alpha, beta, 

gamma, mu, and nu) which are dispersed throughout the phylogenetic tree (30). Strict co-

evolution would place the branch leading to the nonhuman-primate papilloma viruses basal to 

HPVs, rather than intermingled as observed (30). Evolutionary events such as cross-species 

infection, recombination, and virus duplication have been suggested to explain the observed 

conflicts (30). As there are no cross-species infections for Papillomaviridae, it is unlikely that 

horizontal gene transfer played a role in the evolution of the Papillomaviridae (30). However, a 

study that investigated the influence of horizontal gene transfer identified one potential cross-

species transmission event, involving ancestors of a porcupine virus (EdPV1) and HPV 41 (30). 

In the early 1960s, another theory of co-evolution was proposed (30). According to this more 

recent theory, the evolution of parasites follows the evolution of host resources rather than the 

evolution of the host species per se (30). This theory explains the shape of the Papillomaviridae 

phylogenetic tree, because specific events in the evolution of the host created new ecological 

niches to which papilloma viruses could adapt (30). Therefore, the availability of new niches to 

infect would have driven the evolution of papilloma viruses (30). Niche sorting and virus–host 

linked speciation were key determinants in the evolutionary history of papilloma viruses (30). 
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1.4 HPV epidemiology 

Epidemiological studies are important for public health. Epidemiology focuses on the patterns of 

disease occurrence and factors that influence those patterns. However, the diversity of HPV 

makes it difficult to form a precise epidemiologic definition of which type of virus is responsible 

for which disease (32) because different HPV types are more prevalent in different cancers. 

HPV is the most common sexually transmitted infection in the world (33). Women who are 

sexually active face a lifetime risk of 80% for contracting an HPV infection (33). The 

development of cervical neoplasia into cervical cancer usually takes a decade or more, hence 

women older than 30 years are most at risk for cervical cancer (34). The numbers of women 

infected with HPV are higher in developing countries than developed countries (35). It is 

estimated that 493 000 new cervical cancer cases and 274 000 related deaths occurred globally in 

2002, with more than 80% of those cases having occurred in developing countries (36,37). More 

recent data indicated that there were 528 000 new cervical cancer cases and 266 000 deaths 

worldwide in 2012 (38). South Africa has an annual incidence of 7735 cervical cancer cases, 

with an estimated annual death rate of 4248 related cases (39).  

A study of a population in Tshwane District of Gauteng province showed that the most common 

HPV infections among this population were HPV types 16, 51, 58, 45, 35, 18, 33, and 52, as well 

as two possibly (group 2B) high-risk types, namely 53 and 66 (40). In another study, five clinics 

in Tshwane District that were known not to offer cervical cancer screening services were 

selected to participate. The study examined the type- and age-specific prevalence of HPV 

infections and cytological abnormalities among women (41). The results indicated that women 

younger than 40 years of age had the highest infection rate of HPV as well as multiple HPV sub-

type infections. These findings could be explained by the relatively high number of sexually 
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active women who were younger than 40. Women older than 30 years showed the highest degree 

of cervical neoplasia, with a decline after 44 years of age.  

At least 21% of women in South Africa harbour a cervical HPV infection at any time (33). The 

prevalence of hrHPV types might be as high as 60% in certain populations and rises to 85% 

among women who are also infected with human immunodeficiency virus (HIV) (34). 

Bzhalava 2013 et al. (32) conducted a systematic review of the prevalence of mucosal and 

cutaneous HPV sub-types. Publications from January 1990 to November 2011 were selected 

from Medline. Bzhalava 2013 et al. (32) stated that HPV prevalence increased with the severity 

of cervical disease, from 12.6% in normal cytology to 89.5% in cases of invasive cervical cancer 

(ICC). They also noted that HPV type 16 was the most frequently detected sub-type in every 

cytological grade. The results showed that HPV types 16, 18, and 45 were more often detected in 

ICC cases than the other hrHPV types, which were more often detected in intermediate cervical 

diagnosis (cervical dysplasia < cervical intraepithelial neoplasia (CIN) 3).  

During 2012 McDonald et al. (42) studied the prevalence of hrHPV genotypes among HIV-

negative women in Cape Town, South Africa. In that study, 20.7% of women were hrHPV 

positive, and women with CIN had the highest positive rates. The HPV prevalence decreased 

with increasing age among women without CIN. However, a bimodal age curve was observed 

among women with CIN. HPV 16 and 35 were the most common hrHPV genotypes in all ages 

and CIN groups. HPV 45 became more frequent among older women with CIN grade 2 or 3 

compared with other HPV sub-types. Younger women (17–29 years of age) had more multiple 

hrHPV genotypes overall, and in each cervical disease group, than older women (40–65 years of 
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age). In conclusion, McDonald et al. (42) indicated that in their study HPV types 16, 35, and 45 

were the most frequently detected among patients with CIN 2/3 lesions. 

In 2012, Liverani et al. (27) combined HPV DNA genotyping with HPV E6/E7 mRNA detection 

to evaluate the prevalence of HPV genotypes in women diagnosed with CIN grade 2 or higher. 

The results showed that HPV 16 was the most prevalent genotype found in histologically 

confirmed high-grade cervical lesions, and HPV 31 was the second most prevalent type. Among 

the 979 women who had lesions of CIN grade 2 or lower, 588 (60.1%) tested positive for hrHPV 

DNA types, and 98 (10.1%) tested positive for HPV E6/E7 mRNA from HPV types 16, 18, 31, 

33, or 45. 

HPV types 16 and 18 are the most prevalent hrHPV sub-types in the world and are also the most 

oncogenic (35,43-46). HPV types 16 and 18 are present in more than 50% of high-grade 

squamous intraepithelial lesions and in 80% to 90% of cervical cancers (47). In Africa, HPV 35 

is as common as HPV 16 is in the rest of the world, followed by HPV sub-types 31, 45, 56, and 

58 (43). In general, HPV infections are high in sub-Saharan Africa, with ICC prevalence (31.7 

per 100 000) and mortality (22.9 per 100 000) rates that are among the highest in the world (42). 

However, the proportional prevalence of hrHPV-type infections caused by HPV 16 is lower in 

sub-Saharan Africa than in the rest of the world (42). The low proportional infection rate of HPV 

16 in the region indicates that the current vaccines would not have the same effect in sub-

Saharan Africa as in the rest of the world (42).  

The difference in HPV prevalence among different populations across the globe seems to support 

the more recent theory of co-evolution. As mentioned earlier, this theory states that the evolution 

of parasites follows the evolution of host resources rather than the evolution of host species (30). 
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The theory might explain why certain HPV variants became more prevalent in some populations 

as Homo sapiens migrated out of Africa.  

1.5 Cervical cancer screening 

Cervical cancer screening strategies should ideally detect cancer precursor lesions that will 

progress to invasive cancer (48). Most HPV infections, including CIN1 and CIN2 cases, are 

transient and will not lead to CIN3 or ICC (48). A focus on the detection of transient infections 

causes unnecessary psychological distress and physical discomfort for the patient, because of the 

diagnostic and treatment procedures; these issues may increase the risk of complications in 

future pregnancies (49). 

The addressing the need for advanced HPV diagnostics (ATHENA) study (50) evaluated the 

Cobas HPV assay as a primary screening test for cervical cancer in women aged 25 years or 

older. During the study, 42 209 women (aged ≥25 years) were enrolled and received cytology 

and hrHPV testing. The conclusions were that HPV primary screening was as effective as a 

hybrid screening strategy that used cytology (if patients were 25–29 years old) and co-testing 

(for patients 30 years or older). 

According to the South African HPV advisory board, all South African women should start 

cervical cancer screening at 25 years of age or at the time of diagnosis of HIV seropositivity (5). 

Variation exists in the sophistication of health systems in different geographical areas of South 

Africa (5). Guidelines for cervical cancer screening in South Africa include two algorithms and 

these two algorithms can be divided into 4 components: primary screening, secondary/triage 

screening, treatment and follow-up testing. These components will be discussed in the following 

section. 
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1.5.1 Primary screening 

Even though the South African HPV advisory board prefer HPV testing to cytology, cervical 

cytology and HPV testing are both considered suitable for screening cervical cancer in South 

Africa and screening practitioners or facilities should choose the most appropriate test for their 

setting (5).  

1.5.1.1 Cervical cytology screening 

Cervical cytology screening intervals can vary from every 5 years for HIV unknown or HIV 

negative women to every 3 years for HIV positive women in low resource settings (5). Cervical 

cytology screening intervals can vary from every 3 years for HIV unknown or HIV negative 

women to yearly for HIV positive women in high resource settings (5). Cervical cytology results 

that are negative for intra-epithelial lesions or malignancy are low risk for the development of 

cervical cancer and screening can continue (5). Cervical cytology results indicative of atypical 

squamous cells of undetermined significance (ASCUS) or low-grade squamous intraepithelial 

lesion (LGSIL) are medium risk for the development of cervical cancer and triage testing is 

recommended (5). Follow-up testing is recommended for negative triage test results (5). 

Treatment should start immediately after positive triage test results (5). High-grade squamous 

intraepithelial lesion (HGSIL) cervical cytology results should be treated (5). After treatment, 

follow-up testing is necessary (5). Figure 1.3 is a summary of the guidelines for primary 

cytology screening in South Africa. 
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Figure 1.3: Guidelines for primary cytology screening in South Africa. Figure adapted from Botha et al. (5). 

1.5.1.2 HPV testing 

HPV screening intervals can vary from every 10 years for HIV unknown or HIV negative 

women to every 5 years for HIV positive women in low resource settings (5). HPV screening 

intervals can vary from every 5 years for HIV unknown or HIV negative women to every 3 years 

for HIV positive women in high resource settings (5). hrHPV negative screening results are low 

risk for cervical dysplasia and screening can continue (5). Non-discriminatory tests that are 

positive for hrHPV sub-types and discriminatory tests that are positive for other hrHPV sub-

types are medium risk for cervical dysplasia and triage testing is recommended (5). Follow-up 

testing is recommended if the triage test results are negative (5). Treatment is recommended if 

triage test results are positive (5). Positive discriminatory tests that are positive for highest risk 

HPV sub-types in HIV negative women younger than 35 years of age are medium risk for 

cervical dysplasia and triage testing is recommended (5). Follow-up testing is required if the 

triage test results are negative (5). Discriminatory tests that are positive for the highest risk HPV 
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sub-types for women older than 35 years of age or women that have been diagnosed with HIV 

are high risk for cervical dysplasia and treatment is required (5). After treatment follow-up 

testing is necessary (5). Figure 1.4 is a summary of the guidelines for primary HPV screening in 

South Africa. 

 

Figure 1.4: Guidelines for primary HPV screening in South Africa. Figure adapted from Botha et al. (5). 

1.5.2 Secondary/triage testing 

Triage testing will avoid over treatment of women who do not have a high risk for severe 

dysplasia (5). Triage testing include cytology, HPV testing, immunocytochemistry or simple 

visual inspection with colourant (5). Triage is usually with a different test to the initial screening 

test (5). Visual inspection with acetic acid (VIA) or visual inspection with Lugol’s iodine (VILI) 
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can be used in low resource settings and if cytology or HPV testing are indicative of medium risk 

results (5). Conventional cytology or liquid-based cytology (LBC) can be used in low or high 

resource settings when the cytology or HPV triage test results were medium risk for cervical 

dysplasia (5). Cyto-staining or similar biomarkers can be used in high resource settings when 

cytology or HPV triage test results are medium risk for cervical dysplasia (5). HPV testing with 

or without partial genotyping can be used in high resource settings if the cytology result is 

indicative of medium risk for cervical dysplasia (5). 

1.5.3 Treatment of cervical neoplasia 

The 2006 Consensus Guidelines published by the American Society for Colposcopy and 

Cervical Pathology and its partner organisations utilise a two-tiered system, in which 

histologically diagnosed CIN1 is classified as a low-grade lesion and CIN2 or CIN3 are 

classified as high-grade precursors (49). If a histological diagnosis is indicative of CIN1, no 

treatment is recommended because most low-grade lesions regress spontaneously (49). 

The risk of CIN2 progressing to invasive cancer is low, but CIN2 is used as the treatment 

threshold for safety reasons. That is, the diagnosis of CIN2 has limited replicability and validity 

because CIN2 regresses spontaneously in most cases (49). Surgical treatment options for CIN2/3 

include ablative methods that destroy the affected cervical tissue in vivo (51). These methods 

include cryotherapy, laser ablation, electro fulguration, and cold coagulation, as well as 

excisional methods that remove the affected tissue and provide a specimen for pathological 

examination (51). The excisional methods include cold-knife conization, laser conization, 

electrosurgical needle conization, and loop electrosurgical excision procedures (LEEP) (49). 

LEEP is no more effective than other methods but it has clinical advantages – such as reduced 

operating time and lower rates of haemorrhage, pain and infection (49). In addition, LEEP is less 
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expensive and technically simpler than laser treatment, which makes it the preferred method of 

treatment (49).  

Atypical glandular cell (AGC) cytology results needs adequate investigation of the endocervical 

canal and endometrium (5). The South African HPV advisory board recommended that woman 

younger than 30 years of age with a single AGC result may be treated with antibiotics and the 

cytology must be repeated (5). Women older than 30 years of age with AGC or where a repeat 

cytology remains abnormal, an endocervical or large loop excision of the transformation zone 

(LLETZ) sample and endometrial sample must be obtained for cytology and/or histology (5). 

The South African HPV advisory board prefer excisional treatment with a loop procedure 

treatment option for abnormal screening test results (5). The cervical surface must be stained 

with iodine before the procedure to identify and include all abnormal epithelium (5). Histology 

of the excised specimen is preferred (5). In cases where infiltrating cancer has been excluded, the 

transformation zone is visible and resources for histology are limited, ablative therapy with cryo-

treatment or cauterisation is acceptable (5). The management of normal and abnormal triage 

results recommended by the South African HPV advisory board will be discussed in the next 

section. 

1.5.3.1 VIA or VILI triage test  

Biopsy is necessary for VIA or VILI results indicative of a possible invasive lesion (5). 

Treatment is not required for VIA or VILI results indicative of no lesions (5). Small lesions 

observed with VIA or VILI should be treated with cryotreatment or LLETZ (5). LLETZ should 

be used for the management of large lesions observed with VIA or VILI (5). 
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1.5.3.2 Cytology triage test   

No treatment is required for a normal cytology triage test results (5). Cytology results indicative 

of ASCUS or worse should be managed with cryotreatment or LLETZ (5). No treatment is 

required for normal cyto-stain or similar biomarker results (5). Positive cyto-stain or similar 

biomarker results should be managed with colposcopy or biopsy (5). 

1.5.3.3 HPV triage test 

No treatment is required for a normal HPV triage test results (5). Positive HPV triage test results 

should be managed with colposcopy and biopsy (5). 

1.5.4 Follow-up after treatment 

The South African HPV advisory board recommend that follow-up visits should be at shorter 

intervals than screening visits until all tests are normal (5). In low resource settings follow-up 

testing after treatment of woman that are HIV negative or younger than 35 years of age should be 

done every 5 years or until normal follow-up test results (5). In high resource settings follow-up 

testing after treatment of women that are HIV negative or younger than 35 years of age should be 

done every year or until normal follow-up test results (5). Women that are HIV positive or older 

than 35 years of age should have follow-up tests every year until follow-up tests are normal (5). 

In the case where follow-up tests are normal women should continue with screening (5). If a 

second abnormal test is observed, women should start retreatment (5). In low resource settings 

women can exit screening at 55 years of age or when they have had a hysterectomy (5). In high 

resource settings women can exit screening at 65 years of age or when they have had a 

hysterectomy (5). It is recommended by the South African HPV advisory board that HIV 

positive woman should never exit cervical cancer screening (5). 
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1.6 HPV prevention 

Currently, three prophylactic HPV vaccines are licenced (52). The first vaccine is Gardasil, a 

quadrivalent HPV (qHPV) vaccine that vaccinate against HPV sub-types 16, 18, 6 and 11 (53). 

The second vaccine is Cervarix, a bivalent HPV vaccine that vaccinate against HPV sub-types 16 

and 18 (53). The third and latest prophylactic vaccine is Gardasil®9, a 9-valent vaccine that 

vaccinate against HPV sub-types 6, 11, 16, 18, 31, 33, 45, 52 and 58 (53).  These vaccines 

contain recombinant virus-like particles (VLPs) assembled from the L1 major capsid proteins of 

different HPV sub-types (53). The quadrivalent Gardasil and bivalent Cervarix vaccines are the 

only vaccines available in South Africa (54).  The 9-valent HPV (vHPV) vaccine have been 

licenced in the US, Europe, Canada, Australia, Chile, Hong-Kong, Ecuador, South Korea, and 

New Zealand (53). The 9vHPV vaccine replaced the qHPV vaccine in the US (53).  

Therapeutic HPV vaccines would be extremely valuable because they would eliminate already 

persistent HPV infections (36). The limiting factor for the development of therapeutic vaccines is 

that immunological determinants for viral persistence or regression are poorly defined (36). 

Hosts who have impaired cellular immunity face an increased risk of persistent HPV infection 

and carcinogenic progression (36).  

Bharadwaj et al. (36) stated that ideally HPV vaccines should be chimeric – that is, prophylactic 

as well as therapeutic. This would lead to both humoral and cell-mediated immunity, so that new 

infections could be prevented while established HPV infections are eliminated (36). Chimeric 

VLPs – namely L2E7E6 fusion protein vaccine – in trial studies have been shown to enhance 

immunity to HPV 16 and also enhanced E6- and E7-specific T-cell immunity in healthy 

volunteers (43). Chimeric vaccines would be highly beneficial in populations that do not receive 

routine screening and already have HPV-related cervical disease (36). 
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1.7 Introduction to the methodology 

As mentioned, epidemiological studies are important for public health; such studies focus on 

patterns of disease and the factors that influence those patterns. HPV epidemiological studies on 

mRNA positive samples indicate the clinically relevant HPV types in a population, because HPV 

mRNA is indicative of active HPV infections. In this study, HPV DNA genotyping was used to 

determine the HPV sub-types present in mRNA positive samples. Twelve samples that were 

representative of the 12 oncogenic HPV sub-types (group 1) were sent for sequencing to identify 

the variants present in these samples. 
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Chapter 2: Materials and methods 

The study objective was to investigate the prevalence of HPV genotypes present in HPV mRNA 

positive samples. An Ethics clearance certificate (Appendix E) was obtained from the Human 

Research Ethics Committee (Medical). Samples sent for routine screening of HPV E6/E7 mRNA 

were collected from the Vermaak and Pathcare molecular laboratory in Centurion, Pretoria. All 

the samples that tested positive for HPV E6/E7 mRNA, between January 2013 and January 

2015, were collected. A total of 160 LBC samples were collected. Samples collected from the 

Vermaak and Pathcare molecular laboratory included a total of 10 samples that were sent from 

the National Health Laboratory Service at Steve Biko Academic Hospital, for routine screening 

of HPV E6/E7 mRNA.  

Demographic information indicated that the samples had been collected from northern Pretoria 

(22.62%), eastern Pretoria (11.88%), southern Pretoria (15.63%), western Pretoria (6.25%), 

Pretoria central (5.63%), and from nearby suburbs, towns and cities (37.99%). The latter 

category included Roodepoort, Johannesburg, Randburg, and Bela-Bela in Limpopo province. 

The ages of the patients varied from 18 years to 73 years, with an average of 31 years and 8
 

months. The patients’ ethnicities were seldom listed, with roughly 15% of the samples being 

marked as from black African, white, coloured, or Indian and Asian patients. 

For each LBC sample received, 1000 µL was transferred into an Aptima transfer tube which 

contained a buffer that stabilises RNA. Before the samples were transferred into the Aptima 

tubes they were stored at 25 °C, and after transfer they were stored at 8 °C. The Aptima HPV 

E6/E7 mRNA assay from Hologic® (USA) is a qualitative method for detecting mRNA from all 

the HPV sub-types in group 1 (HPV sub-types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59), 

group 2A (HPV 66) and 1 HPV sub-type from group 2B (HPV 68) using a target capture method 
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(55). Capture oligomers bind to the HPV mRNA, which is then amplified by a transcription-

based method (55). Detection of the integration of HPV into the host genome relies on detecting 

HPV E6/E7 mRNA with the direct tube sampling (DTS) system or the Panther from Hologic® 

(USA). Routine processing of samples send to the molecular laboratory of Vermaak and 

Pathcare included 3 negative calibrators and 3 positive calibrators as quality control. Figure 2.1 

indicate the basic flow of the experimental protocol. 

 

  

Figure 2.1: Basic experimental protocol. 

2.1 HPV DNA extraction  

HPV DNA was isolated from HPV E6/E7 mRNA positive samples, using the Roche High Pure 

viral nucleic acid isolation kit (Switzerland) and the ZR Viral DNA/RNA Kit™ from Zymo 

Research (USA). 

A total of 160 (including 10 samples from the 
NHLS) HPV E6/E7 mRNA positve samples 

collected from Vermaak and Pathcare 
molecular laboratory 

HPV DNA isolation 

HPV DNA genotyping 

Sequencing 
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2.1.1 Roche High Pure viral nucleic acid isolation kit 

The working solution of the High Pure viral nucleic acid kit was made up as follows: Proteinase 

K was dissolved in 5 mL elution buffer, and the poly(A) carrier RNA was dissolved in 0.5 mL 

elution buffer and stored as 50 µL aliquots at -15 °C to -25 °C.  Thereafter, 20 mL absolute 

ethanol was added to the inhibitor removal buffer and 40 mL absolute ethanol was added to each 

wash buffer.  

After the working solutions had been prepared, the samples were isolated as follow: in a 1.5-mL 

RNase/DNase-free tube, 200 µL binding buffer supplemented with poly(A) and 50 µL 

Proteinase K was added to 200 µL of each sample. The samples were incubated at 72 °C for 

10 min. After incubation of the samples, 100 µL binding buffer was added to each sample. A 

High Pure filter tube was combined with a collection tube for each sample, and the mixture was 

transferred to the upper reservoir. It was centrifuged at 8000 g for 1 min. 

After the samples had been centrifuged, the flow-through in the collection tubes was discarded 

and the filter tubes were placed into a new collection tube. Then 500 µL inhibitor removal buffer 

was added to the samples and the samples were centrifuged at 8000 g for 1 min. The flow-

through was discarded, and the filter tubes were placed into new collection tubes, after which 

450 µL wash buffer was added to each sample and the mixture was centrifuged at 8000 g for 

1 min. The flow-through was discarded, and the filter tubes were placed into new collection 

tubes. Again 450 µL wash buffer was added to each sample and centrifuged at 8000 g for 1 min. 

The samples were centrifuged at maximum speed (13000 g) for 10 s, after which the flow-

through was discarded and the filter tubes were placed into new collection tubes. Then 50 µL 

elution buffer was added to each sample and the mix was centrifuged at 8000 g for 1 min. The 

flow-through was transferred into 1.5 mL RNase/DNase-free tubes. 
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2.1.2 ZR Viral DNA/RNA Kit™ 

The ZR Viral DNA/RNA Kit™ features a single buffer system, which facilitates complete viral 

particle lysis and allows for subsequent DNA/RNA binding to the matrix of the Zymo-Spin™ IC 

XL Column. In this study, HPV DNA was isolated as follows: 300 µL of lysis buffer was added 

to 100 µL of each sample. The samples were transferred to a Zymo-Spin™ IC XL Column in a 

collection tube and centrifuged at 12000 g for 1 min. The collection tube with the flow-through 

was discarded, and the column was placed into a new collection tube. Then 400 µL of 

DNA/RNA Prep buffer was added to the column and the mixture was centrifuged at 12000 g for 

30 s. The flow-through was discarded and the column was placed into a new collection tube. 

Thereafter, 700 µL of DNA/RNA wash buffer was added to the column and centrifuged at 

12000 g for 15 s. The flow-through was discarded, and the column was placed into a new 

collection tube.  

The previous step was repeated with 400 µL DNA/RNA wash buffer. The flow-through was 

discarded, and the column was placed into a new collection tube. The column in the empty 

collection tube was centrifuged at maximum speed for 5 min to ensure complete removal of the 

DNA/RNA wash buffer. The column was placed into a DNase/RNase-free tube and 50 µL 

DNase/RNase-free water was added to the column. The sample was incubated for 1 min at room 

temperature and the mixture was then centrifuged at maximum speed for 30 s to elute the DNA.  

2.2 HPV DNA Genotyping 

HPV DNA genotyping was performed using the Anyplex™ II HPV28 DNA genotyping kit from 

Seegene® (South Korea), with the CFX96 Real-time Thermocycler from Biorad (USA). This 

stage of the experiment was aimed at determining the epidemiology of hrHPV sub-types in 

mRNA-positive samples for the sample population in Gauteng and Limpopo, South Africa.  
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The Anyplex™ II HPV28 detection kit is a qualitative in vitro test for detecting 28 HPV sub-

types in LBC specimens and cervical swabs (55). According to the classification of HPV into 

high and low risk types by the IARC as described by Burd et al. (15), the Anyplex™ II HPV28 

detection kit detects all 12 types in group 1 (HPV sub-types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 

58, and 59), group 2A (HPV 68) and 6 of group 2B (HPV sub-types 26, 53, 66, 69, 73, and 82). 

The Anyplex™ II HPV28 also detects 9 lrHPV sub-types (HPV sub-types 6, 11, 40, 42, 43, 44, 

54, 61 and 70). The target of detection for this assay is the L1 gene (56). This assay also detects a 

house keeping gene, human beta globin as an internal control (56). The Anyplex™ II HPV28 

detection assay consists of two PCR reactions, set A and set B. Set A is a multiplex assay that 

permits the simultaneous amplification of target DNA from all 12 HPV sub-types in group 1, 

group 2A and one HPV sub-type from group 2B (HPV 66). Set B is a multiplex assay that 

permits the simultaneous amplification of target DNA of 5 HPV sub-types from group 2B and 9 

lrHPV sub-types. The Anyplex™ II HPV28 detection assay represents Seegene’s proprietary 

technologies and is based on a newly developed tagging oligonucleotide cleavage and extension 

(TOCE) technology, which enables detection of multiple pathogens in a single fluorescence 

channel on real-time PCR instruments (56). The TOCE technology uses artificial, template-based 

melting temperature instead of the current, probe-based melting temperature and distinguishes 

multiple targets in a single channel in a real-time PCR reaction (57).  

The master mix for the real-time PCR reaction was prepared as indicated in Table 2.1. and Table 

2.2. In both cases, 5 µL of the samples was added to the master mix and nuclease-free water was 

added to the final volume of 20 µL. The real-time PCR was performed using the CFX96 from 

Biorad®.  
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Table 2-1: HPV DNA genotyping master mix A 

Reagent Final concentration in 20 µL 

HPV28 TOM A x4 x1 

Anyplex PCR Master Mix (with UDG) x4 x1 

 

Table 2-2: HPV DNA genotyping master mix B 

Reagent Final concentration in 20 µL 

HPV28 TOM B x4 x1 

Anyplex PCR Master Mix (with UDG) x4 x1 

 

2.3 Sequencing 

Sanger sequencing was used to sequence 12 samples representing the 12 oncogenic HPV sub-

types (group 1) at Inqaba Biotech. Only HPV type 33 and 56 were successfully sequenced, and 

the sequencing results for HPV 33 were indicative of HPV 67. The other samples either had no 

amplification or showed mixed profiles. Because mixed profiles were observed with sequencing, 

cloning was performed to isolate single infections for sequencing. Before cloning, the quality of 

the DNA was tested on a 0.8% agarose gel with the following conditions: 10 V/cm and 3 A, for 

1 h. 

2.4 Cloning 

HPV 33, 56 and 58 possessed sufficient genomic DNA concentrations to proceed with cloning. 

HPV 56 had already yielded successful sequencing results and it was thus included in the cloning 

experiment merely as a control. Cloning was performed with the InsTAclone™ PCR cloning kit 

from Thermo Fisher Scientific (USA). The InsTAclone™ PCR cloning kit takes advantage of the 

terminal transferase activity of Taq DNA polymerase and other non-proofreading thermostable 
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DNA polymerases. These enzymes add a single 3’-A overhang to both ends of the PCR product. 

The structure of these PCR products favours direct cloning into a linearised cloning vector with 

single 3’-ddT overhangs. Recombinant clones are selected based on blue/white screening. 

 

Blue/white screening is based on the following biochemical principle: β-galactosidase is a 

protein that is encoded by the lacZ gene of the lac operon. During cloning, a mutant form of this 

enzyme – called the ω-peptide – is used. This form of β-galactosidase has residues 11 to 41 

deleted from its N-terminal. The mutant form of β-galactosidase is unable to produce a tetramer, 

which results in an inactive form of the enzyme. The mutated enzyme may become active when 

complemented with a α-peptide which contain the residues missing from the ω-peptide form of 

the enzyme. During cloning, the E. coli contains the ω-peptide form of the β-galactosidase 

enzyme, and the plasmid has the α-peptide. Cloning is based on the principle of the disruption of 

the complementation process between the two peptides. 

 

The plasmid carries within the lacZα gene internal multiple cloning sites. The multiple cloning 

site (MCS) sequence can be cut by restriction enzymes so that a foreign DNA target can be 

inserted. Doing so would disrupt the production of the α-peptide. During the cloning process, the 

target DNA sequence is inserted into the MCS of the lacZα gene. This disrupts the production of 

the α-peptide, which leads to inactive β-galactosidase.  

 

Active β-galactosidase can be detected by X-Gal solution. X-Gal is a colourless analog of 

lactose. It can be cleaved by β-galactosidase to form 5-bromo-4-chloro-indoxyl, which 

spontaneously dimerises and oxidises to form a bright blue insoluble pigment 5,5’-dibromo-4,4’-

dichloro-indigo. If no target DNA is inserted into the MCS of the lacZα gene, the α-peptide is 

produced. If the plasmid is transformed into the E. coli, the α-peptide and the ω-peptide 
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complement each other; this results in an active form of β-galactosidase, which will cleave 

lactose and result in the production of the blue colour. Figure 2.2 shows the map of the 

pTZ5/R/T cloning vector. 

 

Figure 2-2: Map of the pTZ5/R/T cloning vector (figure reproduced from InsTAclone™ PCR cloning kit package 

insert). 

2.4.1 Cloning PCR 

Degenerate primers were used for cloning. The primer stock solution had a concentration of 

100 µM. The published source of the sequences of the primers used for cloning was Sasagawa et 

al. (51), and the primers were synthesised by Inqaba Biotec. The sequences of the primers used 

are shown in Table 2.3. 

Table 2-3: Primer sequences 

    Primer     Sequence 

    LCRF 1 (forward primer)     5’-WWARGGWGTRACCGAAAACGG-3’ 

    LCRF 2 (forward primer)     5’-WWWGGGTCSAACCGAAAACGG-3’ 

    LCRF 3 (forward primer)     5’-WRGGKTTAGGACCGAAAACGG-3’ 

    E7R-2 (reverse Primer)     5’-TCWTCMTCHTCRTCTGAGCTGT-3’ 

    E7R-3 (reverse primer)     5’-CACWAWATTKTGTGACGCTGTG-3’ 
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A primer is degenerate when some of its positions have several base pairs (58). The symbols 

used in the degenerate primers to indicate multiple base-pair substitutes were as follows: R, W, 

Y, K, S, V, H, B, and N. The possible base pairs that are associated with the symbols are: R, 

A/G; W, A/T; Y, C/T; K, G/T; S, G/C; V, G/A/C; H, A/T/C; B, G/T/C; and N, A/G/C/T. The 

following reagents were used in the cloning PCR master mix: 

 10x PFU buffer, Thermo Scientific, USA 

 2.5 U/µL DNA polymerase from the hyper-thermophilic archaeum Pyrococcus furiosus 

(PFU) 

  DNA polymerase enzyme, Thermo Scientific, USA 

 10 mM deoxynucleotide triphosphate (dNTP), Thermo Scientific, USA  

 Water (H₂O), nuclease-free, Thermo Scientific, USA 

Table 2.4 show the final concentrations of the reagents used in the master mix for the cloning 

PCR reaction. Finally, 5 µL DNA was added to the master mix and nuclease-free water was 

added to the volume of 25 µL. 

Table 2-4: Cloning PCR master mix 

Reagent     Final concentration in 25 µL 

Primers 20 mM     2 mM 

PFU x10 buffer      x1 

    PFU polymerase 2.5 U/µL 1 U/µL 

    dNTPs 10 mM o.  4 mM 

 

The PCR cycling conditions were as follows. The mixture was denatured at 95 ºC for 5 min, 

followed by a continuous cycling step of 35 cycles. The 35 cycles included 95 ºC for 1 min, 

55 ºC for 30 s, and 72 ºC for 1 min 30 s; the last step of the PCR was 72 ºC for 10 min. A 2% 
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agarose gel was set up with the conditions of 10 V/cm and 3 A for 1 h 45 min, to indicate if the 

PCR reactions had been successful. The reagents used for the gel were as follows: 

 3,6-anhydro-α-L-galacto-β-D-galactan (Agarose), Sigma-Aldrich, USA 

 TRIS acetate-EDTA (TAE) buffer (0.4 M Tris acetate, 10 Mm EDTA, at pH 8.3), 

Sigma-Aldrich, USA 

 Ethidium bromide 10 mg/mL, Thermo Scientific, USA 

 MassRuler low-range DNA ladder, ready-to-use (60.8 ng/µL), Thermo Scientific, USA 

After gel electrophoresis, the DNA was purified using the Macherey-Nagel (Germany) PCR 

clean-up gel extraction kit. The first step of the PCR clean-up was to cut the DNA band out of 

the gel and to measure the mass of the gel piece. In line with the manufacturer’s instructions for 

a <2% agarose gel, 200 µL of buffer NTI was added for each 100 mg of gel. The gel was 

dissolved at 50 ºC for 5 to 10 min.  

 

The samples were loaded into a NucleoSpin® gel and PCR clean-up column, which was inserted 

into a collection tube (2 ml). The samples were centrifuged at 11000 g for 30 s. The flow-

through was discarded, and the column was placed back into the collection tube. Then 700 µL of 

buffer NT3 was added to the NucleoSpin® gel and PCR clean-up column and the mixture was 

centrifuged at 11000 g for 30 s. The flow-through was discarded, and the column was placed 

back into the collection tube. The samples were centrifuged at 11000 g for 1 min to remove 

buffer NT3 completely. The NucleoSpin® gel and PCR clean-up column was placed into a new 

1.5 mL micro-centrifuge tube, and 15 µL to 20 µL buffer NE was added to the samples. The 

mixtures were incubated at room temperature (18–25 °C) for 1 min, after which the DNA was 

eluted by centrifuging the samples at 11000 g for 1 min. 
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2.4.2 DNA A-Tailing 

During DNA A-tailing, Taq DNA polymerase adds adenine to the 3’ end of the target DNA. This 

causes adenine of the target DNA to hybridise to the thymine 3’ overhangs of the vector. After 

the cloning PCR, DNA A-tailing was performed. Reagents for the A-Tailing reaction included: 

 10x Taq buffer with (NH₄)₂SO₄ and 20 mM MgCl₂ , which comprised 750 mM 

Tris-HCl (pH 8.8 at 25 ºC), 200 mM (NH₄)₂SO₄, 0.1% (v/v) Tween 20, and 20 mM 

MgCl₂(Thermo Scientific, USA) 

 2 mM dATP, Thermo Scientific USA 

 Taq DNA polymerase 5 U/µL, Thermo Scientific, USA 

 25 mM MgCl₂, Thermo Scientific, USA 

The concentrations of the reagents in the master mix are listed in Table 2.5. Thereafter, 8 µL of 

the samples were added to the master mix. After the PCR products were added to the master mix, 

the mixtures were incubated at 70 ºC for between 15 min and 30 min. After DNA A-tailing, a 

PCR clean-up was performed using the Macherey-Nagel PCR clean-up gel extraction kit.  

Table 2-5: DNA A-tailing master mix 

Reagents Final concentration in 15 µL 

10x Taq buffer NH4SO4 x1 

2 mM dATP 0.4 mM 

Taq polymerase 5 U/µL 0.33 U/µL 

25 mM MgCl2 2.5 mM 

 

The first step was to add NTI buffer to the samples at a ratio of 2:1 (buffer: original sample). The 

samples were then loaded into a NucleoSpin® gel and PCR clean-up column, which was inserted 

into a collection tube (2 mL). The samples were centrifuged at 11000 g for 30 s. The flow-

through was discarded and the column was placed back into the collection tube, and 700 µL of 
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buffer NT3 was added to the NucleoSpin® gel and PCR clean-up column. The mixture was 

centrifuged at 11000 g for 30 s, and the flow-through was then discarded and the column was 

placed back into the collection tube. The samples were centrifuged at 11000 g for 1 min to 

remove buffer NT3 completely. The NucleoSpin® gel and PCR clean-up column was placed into 

a new 1.5 mL micro-centrifuge tube. Then 15 µL to 30 µL buffer NE was added to the samples 

and the mixture was incubated at room temperature (18–25 °C) for 1 min. The DNA was eluted 

by centrifuging the samples at 11000 g for 1 min. After the PCR clean-up of the DNA A-tailed 

samples, the samples were tested on a 2% agarose gel. The duration of the gel electrophoresis 

was 1 h 45 min under the following conditions: 10 V/cm and 3 A. After gel electrophoresis, the 

DNA was re-purified with the Macherey-Nagel PCR clean-up gel extraction kit as described 

previously. 

2.4.3 Ligation 

After PCR clean-up, the samples were ligated. The InsTAclone PCR cloning kit was used for the 

ligation reaction, and the ligation reaction master mix was prepared as shown in Table 2.6. 

Table 2-6: Ligation reaction master mix 

Reagent Final concentration in 10 µL 

Vector pTZ57R/T 55 ng/µL 11 ng/µL 

5x Ligase buffer x0.5 

T4 DNA Ligase enzyme 5 U/µL 1 U/µL 

A 2-µL insert (HPV DNA) was added to the master mix of the samples indicative of HPV sub-

types 33 and 56 respectively. For the sample indicative of HPV 58, 1 µL of the insert was added 

to the master mix. Nuclease-free water was added to 10-µL volume. After the ligation reaction, 

the master mix was prepared, and the samples were then added and incubated at 22 ºC for 1 h.  
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2.4.4 Preparation of LB agar selection plates 

Before the transformation process was started, the lysogeny broth (LB) agar plates were 

prepared. Reagents used for the LB agar selection plates included the following: 

 Media for culture (LB plate and LB broth) 

 Ampicillin, Sigma-Aldrich, USA 

 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside solution (X-Gal + 

dimethylsulfoxide), Sigma-Aldrich, USA 

 Isopropyl β-D-1-thiogalactopyranoside (IPTG) solution (IPTG + water), Sigma-Aldrich, 

USA 

 Tryptone powder, Sigma-Aldrich, USA 

 Sodium chloride 

 Yeast extract EZMix™, Sigma-Aldrich, USA 

 3,6-anhydro-α-L-galacto-β-D-galactan (Agarose), Sigma-Aldrich, USA 

The LB agar plates were prepared as follows: 2 g of tryptone, NaCl, 1 g yeast powder, and 3 g 

agar were dissolved in 200 mL water. After the reagents had been dissolved, 200 µL sterilised 

ampicillin stock was added. The solution was poured into a petri dish and incubated at room 

temperature. After the plate was set, 150 µL of sterilised X-GAL solution and IPTG solution 

were combined and 80 µL of this solution was streaked into the set plates. 

2.4.5 Transformation reaction 

Competent DH5α E. coli cells were prepared before cloning by being thawed for 15 to 20 min 

before the transformation reaction. After the cells were thawed, 10 µL of the ligated samples was 

added to the cells and the mixture was incubated on ice for 30 min. The samples were then 

incubated at 42 ºC for 90 s; thereafter, they were placed back on the ice immediately for 5 min. 
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Then 900 µL LB broth was added to each sample and the mixture was incubated at 37 ºC for 

45 min. The samples were centrifuged at maximum speed for 5 min. After centrifugation, 

900 µL supernatant was removed and the pellet was dissolved in the remaining fluid. The 

samples were plated onto agar plates and the mixture was spread all over the plates by streaking 

it in a clockwise direction. The plates were incubated overnight at 37 ºC. The next day, blue and 

white colonies were observed on the plates. The white colonies were picked off the plates, 

inoculated onto new plates, and incubated overnight at 37 ºC. The plates were incubated at 4 ºC 

until the colony PCR was performed. 

2.4.6 Colony PCR 

 The reagents used for the colony PCR included the following: 

 100 µM forward primer (same primers used for cloning PCR), Inqaba Biotec 

 100 µM reverse primer (same primers used for cloning PCR), Inqaba Biotec 

 2x Go Taq master mix, Thermo Scientific, USA 

One colony of E. coli cells was inoculated in 20 µL water. The samples were boiled at 95 ºC for 

10 min and then centrifuged at 13000 g for 1 min. After DNA extraction, the master mix for the 

colony PCR was prepared as shown in Table 2.7. 

Table 2-7: Colony PCR master mix 

Reagent Final concentration in 25 µL 

20 µM forward primer 0.4 µM 

20 µM reverse primer 0.4 µM 

2x Go Taq master mix x1 
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The next step was to add 11.5 µL DNA to the master mix. The PCR was set up as follows: one 

cycle at 95 ºC for 2 min, 30 cycles at 95 ºC for 2 min, 55 ºC for 30 s, 72 ºC for 45 s, and a final 

cycle at 72 ºC for 5 min. After the PCR, a 2% agarose gel was set up for 1 h 45 min. 

2.4.7 Plasmid extraction 

Plasmids were selected for isolation using the Macherey-Nagel plasmid DNA purification kit 

based on the colony PCR results. Samples indicative of amplicons at the 650 bp region were 

used; this represents the length of the insert (target DNA). Before the purification of the 

plasmids, bacterial cells were cultivated and harvested. For cultivation of the bacterial cells, one 

colony of E. coli cells was inoculated in 1 mL LB broth and was then incubated overnight at 37 

ºC on a heated shaker. After incubation, samples were centrifuged at 11000 g for 30 s. The 

supernatant was discarded and the pellets were lysed.  

Thereafter, 250 µL buffer A1 was added to the pellet and it was resuspended by vortexing. After 

this, 250 µL buffer A2 was added to the resuspended cells and the mixture was gently mixed by 

inverting the tubes, between six and eight times. Samples were incubated at room temperature 

for up to 5 min or until the lysate appeared clear. Thereafter, 350 µL buffer A3 was added to the 

samples, which were then mixed by inverting the tubes between 6 and 8 times until the blue 

samples turned colourless. The samples were centrifuged at 11000 g for 5 min at room 

temperature.  

After centrifugation, the supernatant was transferred into a NucleoSpin® Plasmid / Plasmid 

(NoLid) column, which was placed into a collection tube. The samples were centrifuged at 

11000 g for 1 min. The flow-through was discarded, and the NucleoSpin® column was placed 

back into the collection tube. The silica membrane was washed with 600 μL buffer A4 
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(supplemented with ethanol) and centrifuged at 11 000g for 1 min. The flow-through was 

discarded and the NucleoSpin® column was placed back into the empty collection tube. Samples 

were centrifuged at 11 000g for 2 min, and the collection tubes were discarded. The 

NucleoSpin® column was placed into a 1.5 mL micro-centrifuge tube and 50 μL buffer AE was 

added. The samples were incubated for 1 min at room temperature and were then centrifuged at 

11000 g for 1 min to elute the DNA. The plasmids that were isolated were sent to Inqaba Biotec 

for sequencing. 
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Chapter 3: Results 

3.1 HPV DNA genotyping results 

After genotyping analysis of 160 HPV mRNA positive samples, a total of 130 samples tested 

positive for HPV DNA. Six samples were invalid. Fifty-two samples were indicative of co-

infections with other hrHPV sub-types. The percentage prevalence was calculated for each HPV 

sub-type using the total (N) of 154 samples, as summarised in Table 3.1. 

Table 3-1: HPV DNA genotyping results 

HPV sub-type 

 

N positive  

(total N=154) 

% positive 

(total N=154) 

16 29 18.83 

59 21 13.64 

58 20 12.99 

33 16 10.39 

52 15 9.74 

53 14 9.09 

35 14 9.09 

31 12 7.79 

51 10 6.49 

18 10 6.49 

66 7 4.55 

68 6 3.90 

39 6 3.90 

45 5 3.25 

56 5 3.25 

73 3 1.95 

82 3 1.95 

26 0 0 

69 0 0 

The HPV DNA genotyping results indicated that HPV type 16 was the most common HPV sub-

type and was detected in 18.83% of the samples analysed. HPV type 59 was detected in 13.64%, 

making it the second-most common HPV type in this study. The hrHPV sub-types 58, 33, and 52 

were detected in 12.99%, 10.39%, and 9.74% of the samples respectively. HPV 18 had a 
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relatively low prevalence at 6.49% and was ranked as the ninth-most common HPV sub-type in 

this study, along with HPV 51 (6.49%). The data are summarised in Figure 3.1. 

 

Figure 3-1: Prevalence of oncogenic hrHPV sub-types among the cohort. The prevalence of these 12 oncogenic 

HPV sub-types was analysed using Anyplex™ II HPV28 DNA genotyping assay. 

In the following graphs, Figure 3.2 indicates the prevalence of other hrHPV genotypes, which 

was analysed with the HPV DNA genotyping kit from Seegene®. The prevalence of lrHPV 

types is summarised in Figure 3.3. Figure 3.4 is a representation of all the HPV genotypes 

detected by the HPV DNA genotyping kit from Seegene®.  

 

Figure 3-2: Prevalence of other hrHPV sub-types among the cohort. Prevalence was analysed using the Anyplex™ 

II HPV28 DNA genotyping assay. 
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Figure 3-3: Prevalence of lrHPV sub-types among the cohort. Analysis was performed using the Anyplex™ II 

HPV28 DNA genotyping assay. 

 

Figure 3-4: Overall HPV prevalence among the cohort. Prevalence of oncogenic, hrHPV, and lrHPV sub-types was 

analysed using the Anyplex™ II HPV28 DNA genotyping assay. 

Figure 3.5 indicate cytology results that were available (N=112) for the samples from the cohort 

in this study. 
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Figure 3-5: Cytology results for the cohort. Results for mRNA positive samples that had cytology results available 

(N=112). Cytology results included LGSIL, ASCUS, HGSIL, suspected of HPV, negative for malignancy, not 

enough sample for analysis, atypical squamous cells cannot exclude HGSIL, negative for endocervical 

transformation zone (EC/TZ) and cytology results not available (N/A).  

There were 29 discordant results between the HPV mRNA and DNA genotyping assays. Among 

this group of samples, 24 were HPV DNA negative and five were negative for hrHPV DNA but 

positive for lrHPV sub-types (HPV sub-types 6, 44, 61, and 70). Cytology for 10 of the 24 

samples that tested positive for HPV mRNA but negative for HPV DNA was indicative of ≤ 

LGSIL. Fourteen of the 24 samples had no cytology results available. Cytology results for the 5 

HPV mRNA positive samples that were negative for hrHPV DNA but positive for lrHPV DNA 

were all indicative of ≤ LGSIL. Table 3-2 summarise the discordant results between the HPV 

mRNA and HPV DNA genotyping assays. 
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Table 3-2: Discordant results between the HPV mRNA and HPV DNA genotyping assays 

Sample hrHPV DNA Result lrHPV DNA Result Cytology 

374259 Negative Negative ASCUS 

377932 Negative HPV 61 LGSIL 

382621 Negative Negative LGSIL 

464020 Negative Negative Not Available 

459768 Negative Negative Not Available 

387040 Negative Negative Not Available 

387170 Negative Negative Not Available 

387908 Negative Negative Not Available 

388769 Negative Negative Not Available 

389017 Negative Negative Not Available 

389024 Negative Negative Not Available 

389881 Negative Negative Not Available 

395812 Negative Negative LGSIL 

403185 Negative  HPV 6, HPV 70 LGSIL 

405132 Negative  HPV 70 Not Available 

301271321 Negative Negative Negative EC/TZ 

518472 Negative Negative LGSIL 

301224059 Negative Negative Not Available 

301255641 Negative Negative Not Available 

518338 Negative Negative Not Available 

520120 Negative  HPV 70 ASCUS 

301257963 Negative Negative Not Available 

513835 Negative Negative Negative EC/TZ 

518576 Negative HPV 44 ASCUS 

515457 Negative Negative Negative EC/TZ 

513862 Negative Negative LGSIL 

518471 Negative Negative ASCUS 

515045 Negative Negative LGSIL 

301209800 Negative Negative Not Available 

After HPV DNA genotyping, twelve samples were sequenced. These samples represented the 12 

known oncogenic (group 1) HPV sub-types, and they were sent for sequencing to investigate the 

variants of HPV sub-types that might be present in these samples. Sequencing results indicated 

that most samples had either mixed infections or no amplification although HPV DNA 

genotyping results were indicative of single infections. One of the samples used for sequencing 
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was positive for HPV sub-type 33 but sequencing results were indicative of HPV sub-type 67. 

Cloning was done to separate the mixed profiles and to sequence single infections.  

3.2 Cloning results 

All the samples initially sent for sequencing were used for the cloning PCR. Gel confirmation 

(Figure 3.6) of the PCR results showed that only HPV sub-types 33, 56, and 58 were amplified.  

 

Figure 3-6: Cloning PCR results. Lane M was loaded with a 100 bp fragment length marker. This gel indicates 

fragment lengths of 650bp for HPV sub-types 33 (lane 1), 56 (lane 3), and 58 (lane 5), indicating that cloning was 

successful for these samples. 

 

Only the 3 HPV sub-types that were amplified were used further for cloning. At the end of 

cloning, the plates containing HPV sub-types 33, 56, and 58 displayed blue and white colonies 

(Figure 3.7).  
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Figure 3-7: Schematic representation of the LB agar plates after cloning. The blue colonies represent E. coli cells 

with a plasmid that has no target DNA insert. The colourless colonies represent E. coli cells with a plasmid that has 

the target insert fragment. The colourless colonies were used for sequencing. 

As previously explained, the white colonies are indicative of E. coli cells with a plasmid that has 

a target DNA insert, and these colonies were used for sequencing. The colony PCR gel showed 

amplification for HPV of both type 33 and type 58 (Figure 3.8).  

 

Figure 3-8: Colony PCR results. Lane M was loaded with a 100 bp fragment length marker. This gel indicates 

amplification fragment lengths of 650 bp for HPV 33 (lane 1) and 58 (lane 3), indicating that the colony PCR was 

successful. 

A PCR digest reaction was performed to test whether the cloning was successful. The gel 

confirmation for the digest reaction was negative for both HPV sub-types, a result that indicated 
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cloning was not successful. It was decided, based on the colony PCR that HPV sub-types 33 and 

58 would be sent for sequencing.  

3.3 Sequencing results 

Sequencing (shown in Appendix D) was successful for HPV 33, but HPV 58 had no 

amplification. A basic local alignment search tool (BLAST) on National Center for 

Biotechnology Information (NCBI) confirmed that the sequencing results for the sample that was 

positive for HPV 33 were again indicative of HPV sub-type 67. 
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Chapter 4: Discussion 

McDonald et al. (42) stated that HPV 16 was less prevalent in Africa than the rest of the world, 

although a study conducted by McDonald et al. (42) among HIV negative women with or 

without CIN from the Western Cape, Cape Town, indicated that HPV 16 was the most prevalent 

HPV type detected in their study. Results for this study on HIV unknown women with or without 

CIN results from Gauteng and Limpopo provinces, indicated that HPV type 16 was the most 

common HPV sub-type and was detected in 18.83% of the samples analysed. A study conducted 

by van Aardt et al. (40) among peri-urban women without cytological abnormalities in the 

Tshwane district of Gauteng, South Africa, also indicated that HPV type 16 was the most 

prevalent HPV type detected in their study.  HPV type 18 had a low prevalence of 6.49% and 

was ranked as ninth commonest HPV sub-type in this study, along with HPV 51. HPV sub-types 

(in descending order) 59, 58, 33, 52, 35 and 31 were all more prevalent than HPV 18. Even 

though HPV 16 and 18 are the most prevalent HPV sub-types in the world (35,43-46), type-

specific prevalence differences within each disease grade have also been observed by Bzhalava 

2013 et al. (32) and Smith et al. (59). 

There were discordant results between the Aptima HPV E6/E7 mRNA and Anyplex™ II HPV 

28 DNA genotyping assays. Possible reasons for the discordant results include: different targets 

of amplification, possible mRNA contamination, cross-reactivity of the HPV E6/E7 mRNA 

assay with lrHPV sub-types and the quantity of DNA extracted. 

As mentioned already HPV genotyping with the Anyplex™ II HPV 28 DNA genotyping kit 

relies on detection of the L1 gene (56). The L1 gene becomes disrupted and downregulated if 

viral integration occurs (60-61). This fact renders detection of HPV DNA difficult in assays that 

only detect the L1 region. However, for this specific study it cannot be assumed that the 
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disruption or downregulation of the L1 gene is responsible for the discordant result because there 

is not enough evidence. There is no histological evidence to confirm the severity of cervical 

dysplasia and there were no follow-up tests done on the patients samples.  

Another explanation for the discordant results could be mRNA carry over contamination during 

processing of the samples. Unfortunately, the samples send for routine HPV E6/E7 mRNA 

screening were not retested because contamination was not expected at the time of testing. It is 

standard operating procedure for the laboratory staff at the molecular laboratory of Vermaak and 

Pathcare to include negative calibrators on every run. Since the calibrators were negative no 

contamination was suspected. 

Good quality DNA extraction is important for the sensitivity of HPV DNA detection. The LBC 

sample volume used for extraction of HPV DNA was 200 µL. The LBC sample volume used for 

the Aptima HPV E6/E7 mRNA assay was 1000 µL. The difference in sample volume used could 

influence the sensitivity of the DNA test and could therefore explain the HPV mRNA positive 

but HPV DNA negative samples. As mentioned already, the Anyplex™ II HPV28 detection kit 

amplifies beta globin as an internal control. Even though the internal control was detected in all 

the samples that tested positive for HPV mRNA but negative for HPV DNA, the volume used for 

extraction could still influence the sensitivity of the detection kit especially for samples that had 

a low HPV viral load. This was also observed by Lillsunde et al. (62). 

The discordant samples that were HPV mRNA positive, hrHPV DNA negative but lrHPV DNA 

positive could be false positivity due to cross-reactivity to untargeted, low risk genotypes (63). 

Cross-reactivity has been described in literature for the Aptima HPV E6/E7 mRNA assay (63-

64). Gibson et al. (64) described untargeted amplification and detection of HPV 26, HPV 67, 



47 

 

HPV 70 and HPV 82 leading to false positive results. Preisler et al. (63) described untargeted 

amplification and detection of HPV 61, 62, 70, 82 and 83. The Aptima HPV E6/E7 mRNA assay 

package insert indicate untargeted amplification of lrHPV types 26, 67, 70, and 82 leading to 

false positive results (63). Four of the 5 HPV mRNA positive, hrHPV DNA negative but lrHPV 

DNA positive results were indicative of HPV 61 or HPV 70.  

To investigate the HPV variants present in the samples used for this study, 12 samples indicative 

of single HPV infections were sent for sequencing. Only two samples were sequenced 

successfully; the other samples had either mixed profiles or no amplification. The mixed profiles 

observed during sequencing could be caused by non-specific primer binding by the degenerate 

primers used for sequencing. Another explanation is that the threshold set for the HPV DNA 

genotyping assay on the CFX analyser could have been set too high to detect other types, which 

may have had low amplification and were considered as background information by the 

instrument. No amplification could be the cause of DNA degradation. One sample tested positive 

for both HPV mRNA and HPV type 33 DNA, but sequencing results for this sample were 

indicative of HPV type 67. This result could be explained by non-specific primer binding, higher 

sensitivity of sequencing, or false mRNA positivity due to cross-reactivity as described by 

Gibson et al (64).  

The high sensitivity and high throughput of HPV molecular screening are reasons for the choice 

of this screening strategy for cervical cancer caused by HPV. According to Chan et al. (61) the 

choice of the HPV test depends on the application. Molecular epidemiological studies and 

evaluating vaccine efficacy studies require assays with high analytical sensitivity (61). HPV 

typing assays with high analytical sensitivity and specificity can be used for virological 

surveillance, including the evaluation of vaccination impact on the prevalence of vaccine-
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covered types, identification of new types, discrimination of types in multiple infection, and 

monitoring of potential type replacement in the post-vaccine era (61). Since most HPV infections 

clear without inducing cell dysplasia, HPV-testing struggles with clinical specificity (62). 

Therefore assays with lower analytical sensitivity may produce a better positive predictive value 

(PPV) for cervical neoplasia and will be more effective in cervical cancer screening and post-

treatment follow-up (63). 

HPV DNA testing is very sensitive for the detection of HPV, but this high sensitivity leads to a 

low PPV of 15-25% for high-grade lesions by biopsy (33). With regard to HPV DNA genotyping 

additional genotype information is valuable (3) as the risk of developing neoplasia may vary 

with different HPV sub-types (55). Smelovet et al. (65) conducted a long-term study over 14 

years; the results showed that the cumulative incidence for CIN3 in women infected with the 

hrHPV types 16, 18, 31, and 33 was above 28% (55). Therefore, information on specific 

genotypes could be important for patient treatment and follow-up (66-68).  

In persistent infections there is overexpression of E6/E7 mRNA, and therefore the infection is 

less likely to regress (15). Detection of overexpression of E6/E7 mRNA may be more directly 

associated with disease progression (15). Although HPV mRNA testing is more specific in 

predicting the presence of dysplasia when compared to HPV DNA testing, a weakness of HPV 

mRNA testing is that it is less sensitive in detecting the presence of HPV latent infections (69). 

Certain cofactors are associated with increased risk for persistence and integration by HPV (33). 

These cofactors include HIV co-infection, tobacco smoking, high parity, and long-term 

hormonal contraceptive use (33). Co-infection with Chlamydia trachomatis and Herpes simplex 

virus type 2, immunosuppression, and certain dietary deficiencies have been identified as 
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possible cofactors (33). Patients’ age and sexual activity influence screening intervals and 

treatment strategies too (48).  
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Chapter 5: Conclusion 

HPV DNA genotyping results indicated that HPV 16 with a result of 18.83% was the most 

common HPV sub-type detected and this prevalence of HPV 16 was consistent with findings 

reported in the literature. The 10 most prevelant HPV sub-types detected in this study were all 

from group 1A carcinogens, except for one, HPV 35,  that was detected as 6 commonest HPV 

sub-type with a percentage of 9.09 %.  

Considering the advantages and disadvantages of HPV DNA and HPV mRNA assays, the 

cofactors that influence screening strategies for cervical cancer, the fact that the prevalence of 

different HPV sub-types varies among diverse populations and type-specific prevalence 

differences within each disease grade, triage testing as recommended by the HPV advisory board 

is probably the most important step in cervical cancer screening. 

Considering the number of discordant results in this study it is imperative that HPV prevalence 

studies must be standardized before actual testing. Factors that can influence the sensitivity of 

HPV testing must first be optimized. An example is the extraction method used. As observed in 

this study the sample volume used could possibly influence the sensitivity of the assay.  

It is important to include as much information as possible for the cohort used in a study because 

it can be used to explain discordant results. For instance, histological information could have 

explained mRNA positive but DNA negative results as seen in this study. 

Even though the aim of this study did not focus on the effectiveness of vaccines in South Africa 

and only 160 samples were used for this study, results indicate that the new 9vHPV vaccine 
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would be beneficial for South Africa because it vaccinate against 4 of the 5 most prevalent HPV 

sub-types in this study. 
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Appendix A 

Table A: HPV DNA epidemiology of 160 HPV mRNA positive samples 

Sample                           

Number 

Oncogenic  

HPV 

Sub-types 

hrHPV  

Sub-types 

     Low-risk 

 HPV 

Sub-types 

              

Cytology 

364122 16, 59  6 LGSIL 

365399 39 66 40, 42 N/A 

365668 33   LGSIL 

366151 16  6 Negative 

366201 31, 51, 58  42,54 LGSIL 

366202 16   N/A 

367341 56  43 LGSIL 

367393 18, 52   ASCUS 

367983 33 66  ASCUS 

368915 45, 16   LGSIL 

368936 16   HGSIL 

369112 18, 31, 35, 58 53  N/A 

369943 16   Negative 

370179 33  54, 70 LGSIL 

370180 16   ASCUS 

370347 58   LGSIL 

370348 16   LGSIL 

370373 39   LGSIL 

370823 16   LGSIL 

371757 58  44 ASCUS 

372873 16, 59 73 61 ASCUS 

373042 31, 39   LGSIL 

373990 16, 18, 31   LGSIL 

374259 Negative Negative Negative ASCUS 

374260 18, 35, 51   LGSIL 

374647 16   HGSIL 

375540 58   LGSIL 

375916 58   Negative 

376559 16   Negative 

377279 31, 52   LGSIL 

377932   61 LGSIL 

377933 33, 51 66  LGSIL 

378114 58   ASCUS 

378900 58   CIN1 

378916 16, 35, 45  6, 54 LGSIL 

380356 51 66  LGSIL 
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382621 Negative Negative Negative LGSIL 

382623 52 82  LGSIL 

382746 33   LGSIL 

384004  53 70 ASCUS 

384639 45   LGSIL 

384849 16, 35 68 6 LGSIL 

384850 33, 51, 52  6, 40, 42, 43, 44, 61 LGSIL 

385157 35   HGSIL 

464016 58   N/A 

464020 Negative Negative Negative N/A 

459768 Negative Negative Negative N/A 

460046 16   N/A 

458558 52   N/A 

456170 59  54 N/A 

385159 52 73  LGSIL 

385160 56   LGSIL 

385563 16   ASCUS 

386211  53, 68  LGSIL 

386212 16   HGSIL 

386427 51, 52 53  Negative EC/TZ 

386428 16   LGSIL 

386869  68 70 LGSIL 

387040 Negative Negative Negative N/A 

387170 Negative Negative Negative N/A 

387290 52 68  LGSIL 

387391 39   ASC-H 

387756 33   N/A 

387903 18  6 N/A 

387908 Negative Negative Negative N/A 

388768 51   N/A 

388769 Negative Negative Negative N/A 

388824 18   Negative 

388967 33   N/A 

389013 58   N/A 

389017 Negative Negative Negative N/A 

389024 Negative Negative Negative N/A 

389331 56, 59  43 LGSIL 

389332 59   LGSIL 

389334 59   LGSIL 

389335 16,51 53  LGSIL 

389812 35, 39   ASCUS 

389813 59   ASCUS 

389881 Negative Negative Negative N/A 
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390671 45, 58 53 44 Negative EC/TZ 

391068 31   N/A 

391412 16   N/A 

391891 39, 58   LGSIL 

392135 33, 35  40 HGSIL 

392359 35, 45, 56, 59 73 40, 42, 43 LGSIL 

392402 31, 35 53  LGSIL 

392403 16, 33  11, 40 HGSIL 

392466 16, 59   N/A 

393216 16   LGSIL 

393505 33, 59   LGSIL 

393933 31, 35, 59   N/A 

394277 35   N/A 

394755 31   Negative 

394756 35, 52, 59   LGSIL 

394892 51 68  ASCUS 

394893 52   HGSIL 

395812 Negative Negative Negative LGSIL 

396172 58 53  LGSIL 

397375 51 82 42, 44 LGSIL 

400494 59   Negative 

400600 16  43, 44 LGSIL 

400801 33   Negative 

401256 58   Negative EC/TZ 

401257 31   N/A 

401718 31   Suspected HPV 

402717 59 66      Invalid          

403185   6, 70 LGSIL 

403299 59   N/A 

403742 52   N/A 

404551 Invalid Invalid Invalid ASCUS 

404832 33  42 Negative EC/TZ 

405132   70 Invalid 

405684 52, 58   ASCUS 

406724 16 53,68, 82 54 LGSIL 

406740  66  N/A 

407168 59 53, 66 61 LGSIL 

407475 58 53  LGSIL 

407477 56 53 43 LGSIL 

407478  53, 82  LGSIL 

407681 16   Negative EC/TZ 

408977 59  54 Negative EC/TZ 

404370 59 53  LGSIL 
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467960 52   N/A 

468673 52, 59 53  N/A 

470547 18, 33   N/A 

472907 35, 59   N/A 

301271321 Negative Negative Negative Negative EC/TZ 

514832 33 53  LGSIL 

518472 Negative Negative Negative LGSIL 

301224059 Negative Negative Negative N/A 

515181 58   Negative EC/TZ 

301255641 Negative Negative Negative N/A 

518161 Invalid Invalid Invalid LGSIL 

518338 Negative Negative Negative N/A 

520120   70 ASCUS 

516463 Invalid Invalid Invalid ASCUS 

515703 58   LGSIL 

512878 18   HGSIL 

518339 16   N/A 

515265 Invalid Invalid Invalid ASCUS 

519527 Invalid Invalid Invalid ASCUS 

301257963 Negative Negative Negative N/A 

513610 58  70 Negative EC/TZ 

301217273 59   N/A 

513835 Negative Negative Negative Negative EC/TZ 

518576   44 ASCUS 

515457 Negative Negative Negative Negative EC/TZ 

430008798 58   N/A 

518786 33   ASCUS 

514188  53  ASCUS 

513862 Negative Negative Negative LGSIL 

518162 16   HGSIL 

518471 Negative Negative Negative ASCUS 

301254258 Invalid Invalid Invalid N/A 

515045 Negative Negative Negative LGSIL 

301209800 Negative Negative Negative N/A 

518208 18   LGSIL 

102109836 18, 35   N/A 

102111853 16   N/A 

518151 31, 52   Negative 
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Appendix B 

The concentration of DNA in the samples was measured because some of the samples did not 

amplify during sequencing. The results obtained from the Nano drop, summarised in table B, 

showed DNA concentrations of between 222.02 ng/µl and 713.82 ng/µl at 260 nm in the 

samples. 

Table B: Nano drop results 
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Appendix C 

After the inoculation of the transformed E. coli cells, blue and white colonies were observed on 

the plates. The white colonies were picked off and inoculated onto new plates. The growth of 

theses E. coli cells are shown in figure C.1-C.3. 

  

Figure C.1: HPV 56 agar  plate. Figure C.1 indicate the growth of the white colonies that were picked of the 

inoculated transformed E. coli cells for HPV 56. 
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Figure C.2: HPV 58 agar plate. Figure C.2 indicate the growth of the white colonies that were picked of the 

inoculated transformed E. coli cells for HPV 58. 

 

                     

Figure C.3: HPV 33 agar plate. Figure C.3 indicate the growth of the white colonies that were picked of the 

inoculated transformed E. coli cells for HPV 33. 
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Appendix D 

Sequencing results of the samples send to Inqaba for sequencing. 

16_E7R2-3 mix_E12_15 

GGGTCAATTWAWGCACGCYTGAAACCCTRCAGAGWCTGGAGGWTGCAGGTCTAAT

ACAATATCCTTTAGGGTARCATGTCTTCCATGCATGWTGTCCAGCAGTGTAKGCAGC

RACCCTTCCACGTACAATTTARCTTTATGAACCGKGCCTTGGTWAGTATATGTTTTA

CCTTTTCTACTTCWCACRGCGGWTTGYGACACAGGTAGCACCGAATTAGCACGTCT

AAAATGTCTTGTTTASTTTCTTCTTCAACAGTTGTTGCATATCCAGCATAATCAAAGT

GTCTATATTGGTTAATTTTTCCATGAAATTCTAGGCASCACGYGCAKGCTGCATATG

GATAGCCGCCTCGAAACAGGACCTTTAGCTGWTTATATGCWTATGAATAAATCTCT

GCAKTGGTCAGTGCATTCTTGCAAAACACACAATTAATTTGCAACGTATGCATAGAT

ASATTAAMCGTCTTGCACAACTGGTCTATGGTCGTTGCAGACGTGGAGGCATTTGCA

CTTTCCATAATGCCTCGTTKGCTAAATTTTAGGGYTGGWTTATATACAACCGTTTTC

GGWTGAACCGTTTTCGRTCACTCCWWWAAGGTGCGACCGTTTTCAGAAAATCCTG

WGCMCCKGGTCACMAAATTTTTGTGAAGATGWKCACAAAATTTTGTGAACAGGGK

CACAAAATTTTGTGACGCKGGTCACAAAATTTTGTGCACAGSGWCACAAAATTTTG

WGAMGAKGKTCACAAAATTTTGGMAGCRRGKCACAAAATTTTGTGMMGCRGGKCA

CAAAATTTTGTGCACAGKGRTCACAAKATTTTTGYGAAGAKGGKCACAAAATTTTG

CGAAGAGYGTCACAAWATTKTTGTGACGMSKRKCCACAAAATTTCGYGAASAKGW

TCACAAAATTTTGYGACGCAKSRTCTCAAAAATTTTGTGASAKRGTCACAAMAYTYT

GCGACGCWMTMYAYAAAATTTTGTGACARGTCACA 
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16_LCRF-1_E11_14 

GCCGCCYTAWTTAACMGACTAAATTAGCAACGAGGCATTATGKAASTGCWAATGC

CTCCACGTMTGCAACGACCATARACCAGTTGTGCAAGACGTTTAATCTATCTATGCA

TACGTTGCWAATTAATTGTGYGTTKWGCAMKAATGCACTGACCACTGMWGAGATT

TATTCATATGCATATAARCAGCTAAAGGTCCTGTTTCRAGGCGGCTATCCATATGCA

GCCTGCGCGTGCTGCCTAGAATTTCATGGAAAAATTAWCCAWTATARACACTTTGA

TTATGCTGGATATGMAAMAACTGWTRAARAARAAACTAAACAASACATTTTARACK

TGCTAWTTCGGKGCTACCTGKGTCACAAACCGCTGGGWGAARWAAAAAARGYAAA

ACWTATACTAACCAAGGYACGGTKCATAAAGYTAGRTTGYACGYGRAAGGGYCGC

TGCCTACRCTGCTGRACAACRTGMATGGAAGACATGTTACCCTAAAGGATATTGYA

TTAGACCTGCAACCTCCASACCCTGWWGGGTTACATTGCTATRACCAATTASWASA

CAGCTCARACGAWRAGRACRAT 

 

31_LCRF-2_A12_03 

AMGYTTTTAAATATATATGTGTGAGCGCTGCCTGCGGACGCGATGTTASATAATMCT

GCWRAARGACCTCGGAAATTGCATGAACTAAGCTCGGCATTGGAAATACCCTACGA

TGAACTAAGATTGAATTGTGTCTACTGCAAAGGTCAGTTAACRGAAACAGAGGTATT

AGATTTTGCATTTACAGATTTAACAATAGTATATAGGGACGACACACCATACGGAGT

GTGTACAAAATGTTTAAGATTTTATTCTAAAGKAAGTGAATTTAGATGGTATAGATA

TAGTGKGTATGGAACAACATTARAAAAATTGACAAACAAAGGTATATGTGATTTAT

TAWTTAGGTGTATAACGKGTCAAAGACCGWTGTGTCCAGAARAAAAACWAAGAC

WTTTGGATAAAAARAAACGATTCCWCWACATAGGAGGAAGGWGGACWGGACGTT

GCATAGTATGTTGGAGAAGACCTCGTACTGAAACCCAAGTGTAAACATGCGTGGAG

BIO
TRACE
BioEdit v ersion 7.2.0 (4/30/2013)

Model 3500
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Sequencing Format 2.0

File: 16_LCRF-1_E11_14.ab1

16_LCRF-1

Lane 14

Signal G:122 A:102 T:93 C:75

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1386 to 8058

Page 1 of 1

9/16/2015

Spacing: 11.8085708618164

G C C G C CY T A

10

W TTAA C M G A C

20

T A A A T T A G CA

30

A C G A GG C AT T

40

A T G K A A ST G C

50

WAA T G C C T C C

60

A CG T MT G CA A

70

C G A C CAT A R A

80

C CA G T T GT G C

90

AA G A C GT T TA

100

AT C T AT CT A T

110

G CA T A CG T T G

120

CWA AT T A A T T

130

GT G Y GT T KWG

140

CA MK A AT G CA

150

C T

G AC CA C T G

160

MWG AG AT T TA

170

T T CAT A T G C A

180

T AT A A RCA G C

190

T AA AG GT C CT

200

G T T T C R AG G C

210

G G C T AT C CA T

220

A T G CA G C C T G

230

C G CG TG C T G C

240

C T A GA AT T T C

250

AT GG A A AA AT

260

T AWC C AWT A T

270

A R A C A C T T T G

280

AT T AT G C T GG

290

AT AT GMAA MA

300

A CT GWT R A A R

310

A AR

A AA C T A A

320

A C A A S A C A T T

330

T T A R A C KT G C

340

T A WT T CG GKG

350

CT A C C T G KGT

360

CA CA A A C C G C

370

T G G GWG A A RW

380

A A A A A AR GY A

390

A A A CWT A T A C

400

T A A C C AA G G Y

410

AC G G T K CAT A

420

A A G Y T A G RT T

430

G Y A C G YG R AA

440

GGG YC G C T G C

450

CT A CR C TG C T

460

G R A CA A C RT G

470

MAT G

G A AG A C

480

AT GT T A C C CT

490

A A A GG AT A T T

500

G Y AT T A G A C C

510

T G C A A CC T C C

520

A S A C C C T G WW

530

G G GT T A C AT T

540

G C T AT R A CC A

550

A T T A SWA S A C

560

AG CT CA R A C G

570

A W R A G R A CR A

580

T
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AAACACCTACATTGCWAGACTATGWGTTAKATTTGCAWCCTGAGGCAWCTGACCT

CCWCTGTWATGAKCWATTACCCGACAGCTCWRACKATGARGATGAATATATATAT

ATATATATATATATATATATATATATATATATATATATATATATATATATATCTATAT

ATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT

ATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT

ATATGTATATATATATATACATATATATATATATCTATATACATATACATTCATATAT

CTATAAAYAAAAAAAACTATAKACCTGTACACCCCCCCTCCATATATATATATATAT

ATGTCGATACATATATATSTYTYTATATCMAATATCTATACATATA 
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31_LCRF-2

Lane 3

Signal G:83 A:104 T:94 C:53

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1371 to 13538

Page 1 of 3

9/16/2015

Spacing: 11.9139719009399

A MG Y T T T T A

10

A ATA TA T ATG

20

TG TGAG C GCT

30

GC CT GCGG A C

40

G CGAT G TT A S

50

AT A AT MCT G C

60

WR A AR G AC CT

70

CG G AAAT T G C

80

A T G A AC TA AG

90

C T CG G C AT T G

100

G AA AT AC C C T

110

A C G AT G AA C T

120

A AG AT T G A AT

130

T GT GT CT AC T

140

G CA AAG GT CA

150

G T T A A C R G A A

160

A C A

G AG G T AT

170

T A G AT T T T G C

180

AT T T A CA G AT

190

T T A A C AA T A G

200

T AT AT A G G G A

210

CG A C ACA C C A

220

T A C G G AG T G T

230

GT ACA A A A T G

240

T T T A A G AT T T

250

T AT T CT A A A G

260

KA A GT G A AT T

270

T A G AT G GT AT

280

A G AT A T A GT G

290

KG T AT GG A A C

300

A A CA T T A R A A

310

A AAT T G A CA A

320

A CA A

A G GT AT

330

A T G T G AT T T A

340

T T AWT T A GGT

350

GT A T A A C G KG

360

T CA A AG A CC G

370

WT GT GT C CAG

380

A A R A A A A A CW

390

A AG A CWT T T G

400

G AT A A A A A R A

410

A AC G AT T C CW

420

CWAC AT AG G A

430

G G A AG GWG G A

440

CWG G A CG T T G

450

CA T A G TA T G T

460

T G G AG A AG AC

470

C T C GT A C T G A

480

A AC C CBIO
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31_LCRF-2

Lane 3

Signal G:83 A:104 T:94 C:53

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1371 to 13538

Page 2 of 3

9/16/2015

Spacing: 11.9139719009399

A AG T G

490

T A AA CA T G C G

500

T G G AG A AA CA

510

C CT A CA T T G C

520

WA GA CT A T GW

530

G T T A K AT T T G

540

CA WC C T G AG G

550

CAWC T G A C CT

560

C CWC T G T WAT

570

G A K CW AT TA C

580

C CG A C A G C T C

590

WR A C KA T G A R

600

G AT G A A T A T A

610

T AT AT A T A T A

620

T A T A T A T A T A

630

T AT A T AT A T A

640

T A T A

T AT A T A

650

T A T A T AT A T A

660

T A T A T A TC T A

670

T A T AT A T A T A

680

T AT A T AT A T A

690

T A T A T A T AT A

700

T A T A T A T A T A

710

T A T AT A T AT A

720

T AT A T A T A T A

730

T AT A T AT A T A

740

T A T A T A T A T A

750

T AT A T A T A T A

760

T AT AT A T AT A

770

T A T A T AT A T A

780

T A T AT A T A T A

790

T A TG T A T A T A

800

T A T A T A T A C A

810

T A T A T AT A T A

820

T A T C T A T A T A

830

C AT AT A C AT T

840

C A T A T A TC T A

850

T A A A Y A A A A A

860

A A ACT AT A K A

870

CC TG T A C AC C

880

CC C CC T C C A T

890

A T A T A T A T A T

900

A T A T A TG T CG

910

A T A C AT AT A T

920

A T ST Y T Y T A T

930

AT CMA AT A T C

940

T A T A C A T AT A
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33_E7R2-3 mix_D12_12 

TATTCGKCCTAGCAGTATAGTCAGTTGTTCGGGTTTTAATCTAGTATATAATCTTGCA

ATGTAGCTTTGTCTCCACGCATGGCTTCAAATATTATACCTGGGTCTGCGTTCGTTGA

GGTCTCCAACACACTGAACACCGTCCTGTCCAACGATTGGAAATATTATGAAATCGC

TTTTTGCGATCGACATGCCTTTGCTTTTCTTGTGGACACAATGGTCTTTGACATGTTA

TACATCTTATTGTAATTTCATTTAATGGTTTATGCACAATTTCTTCTAAAGTATTTCC

ATATACTGAATAGTTAAAATATCTATATTCACTAACTTTTGATAACAGTCTTAGGCA

TTGCTTACATACCCCATACGGATTCCCACATCTGTATACTATGTGCAAATCAGTAAA

TAAAAAGTCATATACCTCGTTTCTGTCCAAAGTTTTTTTGCACTGCACGCAGGGCAA

ACTTATTTCATGCACCGTGGTTTCCAAAGCTTCACACAATTCGTGCAAGTTGCGTGG

TTTTTCGTCTGTGTCCTGGAACATATTTCTTGCACTGTAGGTGGACACTGGTGTGCTT

TATATATTTACCGTTTTCGGTYAAAACCGYWCWCGGTWTTAAMCCTWAMA 

 

 

33_LCRF-4_C12_09 

ASYCAATRTAAGCWACCAGTGTGCACCTACAGYGCAGGACTAAGKTCCAGGACCM

RACGAGMAACCACTCWACTTGCMCKAATTGWGCGAAGCTTTGGAAACCACGGTGC

CCGAAATAARTTTGCCCTGMRYGCAGKGCAAAAAAACTTTGTACRAATTCTARGTA

TATGATTTTTTATTTACTGATTKGCGCATAGTATACAGATGTGGGAATCCGYATGGS

GTATGAMTGCAATGCCTARKACTGKWATCWAAAKWTWKTGAMTATWSATATTTTA

RCTATTCWKTATATGAAAWTACTTTAAAASAATTTGWGCATAWWCCATTAARTGA

WATTACATTAMRATGACTATCGTGTCCAARACCATTGYGWCCGCATGAAAAKCRM

ARGMATGKCKATCRTAAWATTCCATTTCRTAATATTTCCCRTCGTTGRACGKGACGG
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33_E7R2-3 mix
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Page 1 of 1
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Spacing: 11.8407716751099

T A T T C G KC C

10

TAG CAG TATA

20

G T CAG T T G TT

30

C G GG TT TT A A

40

T C TA G TATAT

50

AA T C T T G CAA

60

T GT A G C T T T G

70

T CT C CACG CA

80

T G G CT T CAA A

90

T AT T AT A C CT

100

G G GT CT G C GT

110

T CGT T G AG GT

120

CT C CA A CA C A

130

C T G A A CA C C G

140

T C C T G T C CA A

150

C G AT T G G A

AA

160

T AT T AT G A A A

170

T C G C T T T T T G

180

C G AT C G A CAT

190

G C C T T T G C T T

200

T T CT T GT GG A

210

CA CA A T G G T C

220

T T T G AC AT GT

230

T AT A CAT C T T

240

AT T GT A AT T T

250

CA T T T A AT G G

260

T T T AT G CA CA

270

A T T T C T T C T A

280

A AGT AT T T C C

290

A T A T A C T G A A

300

T A G T T A A A A T

310

AT C T AT AT T C

320

A C T A A C T T T T

330

G AT A A C A G T C

340

T T A G G C AT T G

350

C T T A CA T A C C

360

C C A T A C GG AT

370

T C C CA C A T C T

380

G T A T A C T A T G

390

T G CA A A T C A G

400

T A A AT A A A A A

410

GT C AT A T A C C

420

T C G T T T C T GT

430

C CA A A G T T T T

440

T T T GC A C T G C

450

A C G C AGG G C A

460

A A CT T A T T T C

470

A T G C A C C GT G

480

G

T T T C CA A AG

490

C T T CA C A C A A

500

T T C G T G C AA G

510

T T G C G T G G T T

520

T T T C GT C T G T

530

G T C C T G G A A C

540

A T A T T T C T T G

550

C A C T G T A GG T

560

G G AC AC T G GT

570

G T G CT T T AT A

580

T AT TT A C C G T

590

T T T C GGTYA A

600

A A C C G Y WC WC

610

G GTWTTA A MC

620

C TW AM A
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AGACCTSWGYGAWGGARACCTCARCKATCRCATACCCAGGCATGMTATTTGACGCC

RTGCCTGKASACRAWKMTACATTGCAWKATTATMTMCTARATTYWGAMCCCKACT

GMTCTGACCTATWCTGTTATGASCMATTGCATGAACRRCTCAGACAAGAAGRACAA 

 

33-clone 1_M13-F-20_C04_07 

CCWGCTRTGCATCTARATTGTAAGGTGAGACCGAAAACGGTTTAACCGAAAACGGT

AAATATATAAAGCMCACCAGTGTCCACCTACAGTGCAAGAAATATGTTCCAGGACA

CAGACGAAAAACCACGCAACTTGCACGAATTGTGTGAAGCTTTGGAAACCACGGTG

CATGAAATAAGTTTGCCCTGCGTGCAGTGCAAAAAAACTTTGGACAGAAACGAGGT

ATATGACTTTTTATTTACTGATTTGCACATAGTATACAGATGTGGGAATCCGTATGG

GGTATGTAAGCAATGCCTAAGACTGTTATCAAAAGTTAGTGAATATAGATATTTTAA

CTATTCAGTATATGGAAATACTTTARAAGAAATTGTGCATAAACCATTAAATGAAAT

TACAATAAGATGTATAACATGTCAAAGACCATTGTGTCCACAAGAAAAGCAAAGGC

ATGTCGATCGCAAAAAGCGATTTCATAATATTTCCAATCGTTGGACAGGACGGTGTT

CAGTGTGTTGGAGACCTCAACGAACGCAGACCCAGGTATAATATTTGAAGCCATGC

GTGGAGACAAAGCTACATTGCAAGATTATATACTAGATTTAAAACCCGAAACAACT

GACCTATACTGCTATGAGCAATTGCATGACAGCTCAGACGATGAGGAAGAAATCGG

ATCCCGGGCCCGTCGACTGCAGAGGCCTGCATGCAAGCTTTCCCTATAGTGAGTCGT

ATTAGAGCTTGGCGTAATCATGKCATASYYKKKKKTYYYYKYWRA 
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A S Y C A A T R T

10

A A GC W A C C A G

20

T GT G CA C C TA

30

CA G Y G C AGG A

40

C T A AG K T C CA

50

G G AC CMR AC G

60

AG MA AC CA C T

70

CWA CT T G CMC

80

K A AT T G WG C G

90

AA G C T T T G G A

100

A AC CA C G G T G

110

C C CG AA AT A A

120

RT T T GC C CT G

130

MR Y G CAG KG C

140

A A A A A A A C T T

150

T G T

A C R A A T T

160

C TA R G T AT A T

170

G AT T T T T T AT

180

T T A C T G AT T K

190

G CG CAT AG T A

200

T AC A G AT GT G

210

G G A A T C C G Y A

220

T G G S GT AT G A

230

M T GC A AT G C C

240

T A R K A CT G KW

250

AT CWA A AKWT

260

WKT G AMT AT W

270

S AT AT T T T A R

280

C T A T T CWKT A

290

T AT G A A AWT A

300

C T T T A A A A S A

310

A T T T

GWG C AT

320

AWWC CA T T A A

330

RT G AWA T T A C

340

A T T A MR AT G A

350

CT A T C GT GT C

360

CA A R A C C AT T

370

G Y GW C CG CA T

380

G A A A A K C RM A

390

RG MA T G K CK A

400

T C RT A AWAT T

410

C C AT T T CR T A

420

A T AT T T C C CR

430

T C G T T G R A C G

440

KG A C G G AG AC

450

C T SWG YG A WG

460

G AR AC CT C A R

470

C KA T

C R C AT A

480

C C CA GG C AT G

490

MT AT T T G A CG

500

C C RT G C CT G K

510

A S AC R AWKMT

520

A C A T T G C AWK

530

AT T A T MT MC T

540

A R A T T YWG AM

550

C C C K A C T GM T

560

C T G A C C T AT W

570

C T GT T AT G A S

580

C MAT TGCAT G

590

AAC R R C T C AG

600

A C A AG A A GR A

610

C AA
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51_E7R2-3 mix_F12_18 

CGCSGGCCAAWWTGAYSCGTTCAAATTTTTGYACAGYGGGCAAAAATTTGGTGCCA

KGGTCCAAAATTTWGTGARARGTAAATAAATTATTGWCCCMGGGTCCRAAAATTTG

GCGAGCCCGTTSCCAAAAATTWGCGCCTTGCCCCAMAAAACGTCCCGCTATTTCRTG

GAAACTTTTTTTTTCAYCCYCCAATTATTGCTTTCCTTCAGGCCCAAATGGTCTTWGC

AATCTATGAYACCTTTTCGAMGCTYATTTTAGCTTTTTTTAAWAWTTGCTTTTAATG

TTGTMCCCTACACCACCCTATTATAWCCWCTATACCCTCTAATTTTTGAATAAAACR

CACAACTTTGKGTCCATACTGCAATGGTTSTTTATCCCTATTTACAATCTTATTTGCA

CAAMATGCTAMATTTTWTWCATCCGCTCTACATAATTCCTTTTTCCAATACACACAC

TCTTCCGGWACATTGCACATAAAAWCGTTCACAMCTTCYCATAATTCGTGCAMCGT

TCCACGACTTTCCCTCTWGCCCTCCACCATGTKGTTCTWCGATMCTCACACCATTGC

GCGYWYATATGCACCGKTTTCGGTGACGCCGARCACAAAAATTTGGYGAACAGCG

BIO
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Page 1 of 2
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Spacing: 12.1348571777344

CC W G C T R TG

10

CAT C T A R AT T

20

GT AA G GT G A G

30

AC C G AA AAC G

40

GT T T AA C C G A

50

A A AC G G T AA A

60

T AT AT A A A G C

70

MC A C CA G T GT

80

C CA C CT A CA G

90

T G CA A G A A AT

100

AT GT T C CA G G

110

A CA CA G A C G A

120

A A AA C CA C G C

130

AA CT T G C A CG

140

A AT T G T G T G A

150

A G CT T T G G

A A

160

AC CA C G G T G C

170

AT G A A AT A A G

180

T T T GC C C T G C

190

G T G C A GT G CA

200

A A A A A A C T T T

210

G G AC AG A A AC

220

G AG GT AT A T G

230

A C T T T T T A T T

240

T AC T G AT T T G

250

CA C A T A G T A T

260

A CA G AT GT G G

270

G A AT C C GT AT

280

G G G GT AT G T A

290

A GC A AT G C C T

300

A AG AC T G T T A

310

T C A A A A GT T A

320

G T G A AT AT A G

330

A T AT T T T AA C

340

T A T T CA G T AT

350

AT G GA A AT A C

360

T T T A R A A G A A

370

AT T GT G C AT A

380

A A C C A T T A A A

390

T G A A A T T A C A

400

A T A A G AT GT A

410

T A A C A T G T C A

420

A A G A C CA T T G

430

T G T C CA C A AG

440

A A A A G C A A A G

450

G C A T GT C G AT

460

C G C A A A A A G C

470

G AT T T C A T A A

480

T

AT T T C CA A T

490

C GT T G GA C A G

500

G A CG G TG T T C

510

A G T G T G T T G G

520

AG AC CT C A A C

530

G A AC G C A G A C

540

C C AG G T AT A A

550

T AT T T G AA G C

560

CA T G C G T G G A

570

G A C A A A G C T A

580

C A T T G C A A G A

590

T T A T A T A C T A

600

G A T T T A A A A C

610

C C G A A A CA A C

620

T G A C C T A T A C

630

T G C T AT G A G

BIO
TRACE
BioEdit v ersion 7.2.0 (4/30/2013)

Model 3500

KB.bcp

Sequencing Format 2.0

File: 33-clone 1_M13-F-20_C04_07.ab1

\n

33-clone 1_M13-F-20

Lane 7

Signal G:733 A:840 T:617 C:396

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1421 to 10476

Page 2 of 2

8/17/2016

Spacing: 12.1348571777344

C

640

A A T T G C A T G A

650

C A G C T C A G A C

660

G AT G A G G A A G

670

A A AT C G G AT C

680

C C G G G C C C G T

690

CG A C T G C A G A

700

G GC C T G C AT G

710

CA A G C T T T C C

720

C T A T A G T G AG

730

T C GT AT T A GA

740

G C T T G GC GT A

750

AT CAT GK CAT

760

ASYYKK KKKT

770

Y YY YKY WR A
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WCACAAAAATTTTGGGGCCGCKRGGRCACAAGATTTTTGTGAAGAGMGKCACAAA

ATTTTGGTGACGCRGGRKCACAAAAATTSTTGTGGCCCCGCGYCACAAAATTTGGTG

ACGMTGGWCACAAAATTSTTGGGGMSCAGSGSCACAAAATTTGTGAAGCGGGRCAC

AAAATKTTGTGMAGCGCGTCACAAAATKTTGYGGCAGCKMGRKCACAAATTKTGG

GGAGCGGGTCACWAAATTTTGGGGCMCCGGGKCACAAAATTTGGGGAGCGRGCCA

CAAAATCTTGGYGCCCCSCGTCACCARATCTGYGCCGCGMGYCACAMRATYYTGSG

ACGAYRTSCACCAMAATTTTGKGACSMGGGYCACAACATSTGTGAMGAGRRTCWC

WARATKTYGTGMACMRSRGTCWCTAWRATKTCGSKGCACGASCGRTCTWCATAAA

TTTTGGGCASCAMGRRATMTMTAASATKTYTGCGAMCSAGMGGAKYACMWMASAC

TTTTTGGGAMSAAGGATAYCAAMAAATKTTCGGYGTAMGMRAGGRTTCATCAATM

AATSCTKTTGTGGGCGTMMACGACRCGAGKAT 

 

 

51_LCRF-1_F11_17 

TCCCTWRWAGTACAGMTTTCGGTCCCCCTTAAGWGTTCMRAAAGGGKCWMTTCAG

AGCGCTGGATAAATTATAGACTATGGARCGATCTATGCGCATATAAGGTAGTGTGTC

CGTATTGGAAAAAKGAWTATGTAYAACMGATGTCCTTTTGTCCCATTTACTGAAAT

TAYRATTGTACTAGGGATAATACYCCGATGCAGYATGCCCTTATGTTTTCTGTTTTAT

TCRAWACTTATTRAGTATWAACSTTATACGAGGTCTGTGTATGGTACTACCTTAMAC

YCTTTACTAWAAAAAGCTTATATGATTGATCAATAAKGRGKCATAAATGGCAAASA

CCACTTGGGCCAGAAGAAACCGAAAACTTGKTGKCCRAAAAAAGAAGGTTCCATGA

BIO
TRACE
BioEdit v ersion 7.2.0 (4/30/2013)

Model 3500

KB.bcp

Sequencing Format 2.0

File: 51_E7R2-3 mix_F12_18.ab1

51_E7R2-3 mix

Lane 18

Signal G:56 A:48 T:49 C:41

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1313 to 13309

Page 1 of 2

9/16/2015

Spacing: 11.7762889862061

C G C S G G CC A

10

A WW T G AY SCG

20

TT C A AA T TTT

30

T G YAC A G YG G

40

GCA A AA AT T T

50

G G T G C C A KGG

60

T C CAA A AT T T

70

W G T G A R A RG T

80

A AAT AA AT T A

90

TT GW C C C MG G

100

G T CC RA A AA T

110

T T GG C G A GC C

120

CG TT S CC AA A

130

A A T T WG CG C C

140

T TG C C C CAMA

150

A AA C

GT C C CG

160

C T AT T T C RT G

170

GA A A CT T TT T

180

T T T T C A YC C Y

190

C CA A T TA T T G

200

C TT T C C T T CA

210

G GC CCA A A T G

220

G TC T T WG CAA

230

T C T A T G AY A C

240

C T T T T C GA MG

250

C T Y AT TT T A G

260

C T T T T T T T A A

270

WAWT T G CT TT

280

T AAT GT T GT M

290

C C CT A C A C C A

300

C C C T AT T AT A

310

WC CWC

T A T A C

320

C CT C T AA T T T

330

T T G AA T AA AA

340

CR CA C A A CT T

350

T GKG T C CA TA

360

C TG C A AT GGT

370

TS TT T A T C C C

380

T AT T T A C AA T

390

C T T AT T T G CA

400

C AA MAT G C T A

410

M AT T TT WT WC

420

AT C CG C T CTA

430

C AT A A T T C C T

440

T T T T C CA AT A

450

C A C A CA C T C T

460

T C C GGW AC A T

470

T GC A C

A T AA A

480

AWCG T T CA C A

490

MC T T C YC A T A

500

A T T CG T G CAM

510

C GT T C C A CGA

520

CT T T C C CT CT

530

WG C C CT C CA C

540

C AT G T KG T T C

550

T WC G A TMC T C

560

A C A C CA T T G C

570

G C G Y WYA T A T

580

G C A C CG K TT T

590

C GGTG A CG C C

600

G AR C ACA AAA

610

A T TT GGY G AA

620

CAG C G WC A C A

630

AAAA T

T T TGG

640

GG CCGC KRGG

650

RC AC AAGA TT

660

TTT GT G A AG A

670

G MG K C AC A AA

680

A T T TTGGT GA

690

C G CRGGRKC A

700

CAAAAATTST

710

TG TGG C CCC G

720

C G Y CA C A A A A

730

T T T GG T GA CG

740

M TG GWC A C AA

750

A ATT STTGGG

760

G M SC AG S G S C

770

AC A A A A T T T G

780

T G A A G CG G G R

790

C A C AAA A T KT

800

T G T G MAGC G C

810

G T CA CA A A A T

820

KT TG YGGCA G

830

C KMG RKCA C A

840

A AT T KT GG GG

850

A GC G GG T C A C

860

W A A A T T TTGG

870

GGC MC C GGG K

880

C A CA A A A T T T

890

GGGG A G C G R G

900

C CA CA A A A T C

910

T TGG YGC C C C

920

S C G T C A CC A R

930

A T C T G Y GC C G

940

C G MG Y CA C A M

950

RA
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AATACCCCGACRTTGGACGGGGCAATGCGCTAWTCGCTGACAACCAACACWACAA

CGTAACKACWCCMAAGTGTACTAAAGCCMTGCGTGGTAATGTACCACAATTAAAA

AATGTTWTATTGCATTTARCACCCCAWACTGAWTTTGACTTRCAWTGCTACGGCAA

TTTGACACTCTCAGACGAYMAACTGTTATCGGTTACTCCTCTAGGYGTCTCCGMCTT

CGGTTACTCMTTCCGGAGTCCCCCGCTCCCCCKTTA 

 

 

52_E7R2-3 mix_G12_21 

ACSCGMWTWWTKCACKYCGTACCAATTTGTGTSCCCAGYGTCACAKATTTTGTGAC

RCTGTGTC 
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File: 51_LCRF-1_F11_17.ab1

51_LCRF-1

Lane 17

Signal G:65 A:45 T:43 C:39

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1338 to 10644

Page 1 of 2

9/16/2015

Spacing: 11.8738679885864

T C C C TW R W A

10

G T A CAG M T T T

20

C G G TC C CC CT

30

T A A GWGT T C M

40

R A A A G GG K C W

50

M T T C A G A GCG

60

CT GG A TA AA T

70

T AT A GA C T A T

80

G G A RC G A T C T

90

AT G C GC A TA T

100

A A G GT A G T G T

110

G TC C G T AT T G

120

GA A A AA KG A W

130

T AT GTA Y A A C

140

M GA TG T

C C T T

150

TT GTC C C A T T

160

T AC T G AA AT T

170

AY R AT T G T A C

180

T A G G G AT AA T

190

A C YC C G AT GC

200

AG Y AT G C CC T

210

T A T G T T TT C T

220

G T T T T AT T CR

230

AWAC T TA T T R

240

AG T AT WA A C S

250

T T AT AC G A G G

260

T C T G TGT A T G

270

GT A CTA CCT T

280

A MAC Y C T T T A

290

C T AW AA A AAG

300

C T

T AT AT G A T

310

TG A T CA AT A A

320

K G R GK C A T AA

330

AT GG CA A A S A

340

C C AC T T G GG C

350

C A G AAG AA AC

360

C G A A A A CT T G

370

KT G KC C R A A A

380

AA AG AA G GT T

390

C CAT G A AA T A

400

C C C C GA C R TT

410

G G A C GGG G CA

420

AT G C G CT AWT

430

CG CT G A CA A C

440

C AA C A C WA C A

450

A C GT A AC KA C

460

WCC

MA AG TG T

470

ACT A AA G C CM

480

TG CG TG GT AA

490

T GT A C C A CA A

500

T T AA A A A A TG

510

T TW T AT TG C A

520

T T T A RC A C C C

530

C AWA CT G AW T

540

T T G A C T T R CA

550

WT GC T A CG G C

560

A A T T T G ACAC

570

T CT C AG A CG A

580

YM A A CT GTT A

590

T CG GT TA CT C

600

C TC T A G G YGT

610

C T C C G MC T TC

620

G GT T A CT C MT

630

TC C G G AG T CC

640

CCCGC T C CC C

650

C K T T A

BIO
TRACE
BioEdit v ersion 7.2.0 (4/30/2013)

Model 3500

KB.bcp

Sequencing Format 2.0

File: 52_E7R2-3 mix_G12_21.ab1

Ði

52_E7R2-3 mix

Lane 21

Signal G:162 A:156 T:96 C:84

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1334 to 1908

Page 1 of 1

9/16/2015

Spacing: -13.2546834945679

A C S C G M W TW

10

W T K C AC KYCG

20

T A CCA A T TT G

30

T GT SC C CA G Y

40

GT CAC A KATT

50

T TGT G AC RC T

60

G TGTC
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52_LCRF-1_G11_20 

GGTCCTTTTTATGAGGYACCRAWTCGGCACCCWTTTAAAAGGAGAC 

 

 

56_LCRF-3_B12_06 

ARMRRCTTATCTGTGTGGAATATTCATGGAGCCACAATTCAACAATCCACAGGAAC

GTCCACGACGCCTGCACCACTTGAGTGAGGTATTAGAAATACCTTTAATTGATCTTA

GATTATCATGTGTATATTGCAAAAAAGAACTAACACGTGCTGAGGTATATAATTTTG

CATGCACTGAATTAAACTTAGTGTATAGGGATGATTTTCCTTATGCAGTGTGCAGAG

TATGTTTATTGTTTTATAGTAAAGTTAGAAAATATAGGTATTATGACTATTCAGTGTA

TGGAGCTACACTAGAAAGTATAACTAAAAAACAGTTATGTGATTTATTAATAAGGT

GCTACAGATGTCAAAGTCCGTTAACTCCGGAGGAAAAGCAATTGCATTGTGACAGA

AAAAGACGATTTCATCTAATAGCACATGGTTGGACCGGGTCATGTTTGGGGTGCTGG

AGACAAACATCTAGAGAACCTAGAGAATCTACAGTATAATCATGCATGGTAAAGTA

CCAACGCTGCAAGACGTTATATTAGAACTAACACCTCAAACAGAAATTGACCTACA

GTGCAATGAGCAATTGGACAGCTCAGACGAAGRAWGAWGAAA 
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BioEdit v ersion 7.2.0 (4/30/2013)

Model 3500

KB.bcp

Sequencing Format 2.0

File: 52_LCRF-1_G11_20.ab1

ü®

52_LCRF-1

Lane 20

Signal G:259 A:214 T:121 C:111

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1307 to 1746

Page 1 of 1

9/16/2015

Spacing: -13.2546834945679

G G T CC T T TT

10

TA TG AGG YA C

20

C RA WT C G G C A

30

CCCW TT T A A A

40

A G G AG AC

BIO
TRACE
BioEdit v ersion 7.2.0 (4/30/2013)

Model 3500

KB.bcp

Sequencing Format 2.0

File: 56_LCRF-3_B12_06.ab1

56_LCRF-3

Lane 6

Signal G:695 A:821 T:706 C:404

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1404 to 8376

Page 1 of 1

9/16/2015

Spacing: 11.8603048324585

A RMR R C TT A

10

T C T GT G T G G A

20

A T AT T CAT G G

30

AG C CACAA T T

40

CAA CAA T C CA

50

CA G G AA C GT C

60

CA C G A CG C CT

70

G CA C CA C T T G

80

A GT G AG GT AT

90

T A G AA AT AC C

100

T T T A A T T G AT

110

CT T AG AT T AT

120

CA T G T GT AT A

130

T T G CA A A AA A

140

G A A CT A A C A C

150

G T G CT G AG

GT

160

AT AT A A T T T T

170

G CA T G C A C T G

180

A AT T A A A C T T

190

A G T G T AT A G G

200

G AT G AT T T T C

210

C T T A T G C AG T

220

G T G CA G AGT A

230

T GT T T AT T G T

240

T T TA T A GT A A

250

A GT T A G A A A A

260

T AT A G GT AT T

270

AT G A C T A T T C

280

A G T GT AT G G A

290

G C T AC A C T A G

300

A A A GT A T A A C

310

T A A A A A AC A

G

320

T T AT G T G AT T

330

T AT T A AT A A G

340

GT G C T A C AG A

350

T GT CA A A GT C

360

C GT T A A CT C C

370

G G AG G A A A AG

380

C A A T T G C AT T

390

G T G A C A G A A A

400

A A G A C G AT T T

410

C AT C T A AT A G

420

C A C A T G G T T G

430

G AC CG GG T C A

440

T G T T T G G GG T

450

G CT G G AG A C A

460

A A C AT C T A G A

470

G A AC CT A G

AG

480

A AT CT A C AG T

490

AT A A T C A T G C

500

AT G G T A A AG T

510

A C C A A CG C T G

520

CA AG A C GT T A

530

T AT T A G A A C T

540

A A C A C C T C A A

550

A CA G A A AT T G

560

A C C T A C A GT G

570

CA A T G AG C A A

580

T T G G A CAG C T

590

CA G ACGA A G R

600

AWG AWGAAA
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58_E7R2-3 mix_H12_24 

AWATATKCAGGCAGATATGTGAGCTGCRCCAGCGTCACAAATATTCTAACGTTRTY

CTATTGTCGCTGGTTTGGGGAGGTCATGGCGGYGTACAGGTTACACTTGACGTTTGT

CTACGTCKGGGAATCCATCGGCTGCACAGCACCCTGTCCAACGACCCKAAATATTAT

GAAACCTTTTGTTTAAATCCTGTGCCTTTTTTTTTCTTGTGGACACTTGGTCTTTGACA

AATAATACATCTAATTAATATTTCATTTAAACACTTTTTTASAGTTTGTTCTAATGCT

YCTCCCAATAWCAAATAATTTTAWGGCCTATACTCCCTTATTTTAAATAGCRGTCSY

GAACACACTTTACATACTGSAAATGGATTTCCATCTCTATACACTATTCTTATWTCTG

CGAATACAAAAGCGTATACCTCTWATCGCTGCAWGGGCTTTTTGCATTAAACGCTT

TTCAMTTCGATTTCATGGWCAMATGWCTCCGRCRCGCGACRCAAATCGTGCAATGT

CCKTGGTYTCTCCTCTGCGTCCTGRAACATAKTCCTGCRGTAACCTACCAAAWAATG

TCTGCTTTATATATGCACCACAGMGTATTAAATCTTTTACGGCKGWCCACAGMGTA

ACAAWATWTKGKGACGCKGKGCACAGMGTMWCAAAATRTKGKGACGCKGKGCAC

AGMGTCACAAWATWTKGKGACGCKGKGCACAGMGTCACAAWATRTKGTGACGCK

GWGCACAGMGTMAYAAKATRTKGTGASGCTGGGCACAGMGTAAYAAKATRTGKG

ACGCTGSCACAGCGTCAYAAKWTKTGGGACGCTGGCACAGRTMAYARATKTGKGA

CGCTGYGCACAGMGWCAYAAKATGTGTGACGSTGTGCACAGMGWCACAAGWTGY

GTGACGCTGSCACAGGATMYAAKATGTGGRCGCTGGACACAGGTWMWAAGWTGT

GGRCSTGGCAAGGTCMAGTTTKGGRCGCTGTCMAGGTCMAAGATTSGGASSTGCCA

GGTCAAGTTCGARCGTGGMCAGGTCAATGGASCTGCAAGGTTCAAA 
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File: 58_E7R2-3 mix_H12_24.ab1

58_E7R2-3 mix

Lane 24

Signal G:127 A:90 T:87 C:73

KB_3500_POP7_BDTv3.mob

?? no 'MTXF' field

Points 1293 to 13296

Page 1 of 2

9/16/2015

Spacing: 11.8781213760376

A WA T A T K C A

10

G G CAG A TA TG

20

T G A GC TG CR C

30

CAG CG T CAC A

40

A A T AT T CT AA

50

C GT TR T Y C T A

60

T TG T CGC TG G

70

TT TG G GG AGG

80

T CAT G G CG GY

90

G T A CA G G T T A

100

CA C T T GACG T

110

T T GT CT AC GT

120

C K G G GA A T C C

130

A T C G G C T G CA

140

CA GC ACC CT G

150

T C CA

ACG A C C

160

C K A A AT AT T A

170

T G AA A CC T T T

180

T GT T T A A AT C

190

C T G T G C C T T T

200

T T T T T T CT TG

210

T G G AC AC T T G

220

GT C T T T G AC A

230

A AT A AT AC A T

240

C T A AT T A A T A

250

T T T CA T T TA A

260

A C A C T T T T T T

270

A S AGT T T G T T

280

C T A A T G CT Y C

290

T C C CAAT A WC

300

A A A T AA T T T T

310

AW GG

C CT AT A

320

C T C C C T T A T T

330

T T A A A T AG CR

340

G T C S YG A A C A

350

C A CT T T A CA T

360

A C T G S A AAT G

370

G AT T T C C A T C

380

T C T AT A CA C T

390

A T T C T T A TWT

400

C T G C GA AT A C

410

A A A AGC GT AT

420

AC C T C T WA T C

430

GC T G C AWG GG

440

C TT T T T G C AT

450

T A A A C G C TT T

460

T CAMT T C G AT

470

T T C AT

G GWC A

480

M AT GW CT C CG

490

R C R C G C G A CR

500

C A A A T CG T G C

510

A A T GT C CKT G

520

GT Y T C T C CT C

530

T GC GT C CT G R

540

A ACA T A KTC C

550

T G CRG T A A C C

560

T AC CA A AWA A

570

T G T CT G CT T T

580

ATA T A T G C A C

590

C AC AG MGT A T

600

T A A A TC T T T T

610

A C G G C KG WC C

620

AC A GMG T A A C

630

A AW

A T WT K G K

640

GA C GC KG K G C

650

AC AGM G T MWC

660

A A A A T RT KG K

670

G A CG C KG KG C

680

AC A GMG T CAC

690

A A W AT WT KG K

700

G A CG C KG KG C

710

A C A GMG T C A C

720

A AWA T RT K GT

730

G A CG C K GWG C

740

A C AG MG T MAY

750

A A KA T RT KG T

760

G A S GC TGG G C

770

AC A G MG T A AY

780

A AK A T R T

G K G

790

A CG C T G S CA C

800

AG C G T CAY AA

810

KW T K T GG G A C

820

G C T G G C AC A G

830

R T M A Y A R A T K

840

T G K GA CG C T G

850

YG CA C A GMG W

860

CA Y AA KA T G T

870

G T GA CG S T G T

880

G C A C A GMG W C

890

A C A A GW T G Y G

900

T GA CG C T G S C

910

AC A G GAT M Y A

920

A KA T GT
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58_LCRF-1_H11_23 

TYWAACCMGAAACTTTTAGCAGACTTTTGTTGGCAAGGYACCCRCAGAACWTGKA

CARGACGRAAKGAGATGATTTGAATTAGGCGAGTTGARTCTGWGCTGAAACCTCTT

TGAATTGCRTCGAATGCAAATGCACTTTGCGCCGATCKACTTTACATCACTTTGARTT

TKCAGACTTTGKAWTTGYGTATAKAGAAGGAMMTCCATTAGAYGGATGTCCAGTG

KGMKTACGAMTGCTGTCTAMACYATKGGARTMTARACWTTRTAAGTATTCSCTTTA

TGSAYAAMCATTAYAACAAACACCATTAAASTGTTCAAACGAAATATCACTMACAG

GTATTATTTGTAAATGACKTCCGCGTCCCACACCACTGCMWCCGCMTGAGMATYTM

MSGCTGGGYTTCWTAATATTTCGGGTCMTAGGACWGGGCGCCGTCCRACGKGCCG

CACCCCCCGCGTAGACAACCCCTAKTGTAACCTCTYCCCCTGCCCTCCGACCCCCCC

ACCCR 
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T Y WAA C C M G

10

AA A C TTTT A G

20

C AG AC TTT T G

30

T T G G CA AGGY

40

ACCCRCA GA A

50

CW T G K A C A R G

60

A C G R A A KG AG

70

A T G AT T TG A A

80

T TAGG C G A GT

90

T G A R T C T G WG

100

C T G AA AC CT C

110

T T T G AAT T G C

120

R TC G A AT G C A

130

AA T G C AC T TT

140

G C GC C G A T CK

150

AC T

T T A CAT C

160

AC T T T G A RT T

170

T K C AG AC T T T

180

G KAWTT G YGT

190

AT A KA GA A G G

200

AMM TC CAT T A

210

G AY G G A TGT C

220

C AG T G KGM KT

230

A C G AMT G CT G

240

T C T AM A C Y AT

250

KG G A R TMT A R

260

A CWT T RT A AG

270

T A T T C S CTT T

280

AT G SAY A A M C

290

AT T AY A A CA A

300

AC A C C AT T A A

310

A ST

GT T C AA A

320

C G A A AT A T C A

330

C T MAC A G GT A

340

T TA TT TG T A A

350

AT G AC KT C CG

360

C GT C CCAC A C

370

CAC T G CMWC C

380

G CMT G AGM AT

390

Y T MM S G C T GG

400

G YT T CWT A AT

410

AT T T CG GGT C

420

MT A G GA C WGG

430

GC G C CG TC C R

440

ACG KG C CG C A

450

C C C C C C G C G T

460

A G AC A A CC C C

470

T
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