CHAPTER 1

INTRODUCTION

1.1 HIV impact and prevalence

Acquired immune deficiency syndrome (AIDS) is caused by an attack on the
immune system, specifically the CD" T-lymphocytes, and is the result of human
immunodeficiency virus (HIV)-1 infection (Webber 2001). It has been the focus
of public health attention for the past two decades and is particularly challenging
as the causative virus genome has a very high mutation rate and is constantly
changing. AIDS is a severe pandemic that has spread to the entire globe.
However, the majority of infected individuals reside in sub-saharan Africa, where

62.5% of HIV infections occur (UNAIDS 2006).

Currently there are approximately 39.5 million people living with AIDS, of which
37.2 million are adults and 2.3 million are children under the age of 15 (UNAIDS
2006). South Africa has one of the largest HIV epidemics in the world by number
of HIV infections. In 2002 the prevalence of HIV in South Africa for people aged
two to 14 years was 5.6%. This increased to a prevalence of 9.3% for youth, aged
between 15 and 24 and as much as 15.5% for adults between the ages of 25 and
49, which is the age bracket of the country’s work force, resulting in a loss in
productivity, as well as an increase in orphans and child-headed households
(Nelson Mandela/HSRC Study of HIV/AIDS 2002). This is confirmed by the age
bracket with the highest percentage of AIDS prevalence in 2005 being 25 to 30

years of age and the second highest age bracket is 30 to 34 years of age according



to the 2006 report by UNAIDS. In 2006 there were approximately 2.9 million
deaths due to AIDS worldwide and 2.1 million deaths due to AIDS in Sub-saharan

Africa which translates to almost 8 000 deaths daily (UNAIDS 2006).

1.2 Basic biology of HIV-1

The genomes of retroviruses and HIV-1 in particular, consist of two identical,
coding single strands of RNA that are tightly associated with one another (Figure
1.2.1a). The RNA strands are surrounded by a shell of proteins encoded by the
gag gene (Figure 1.2.1b). The gag protein of the HIV-1 is initially translated into
a 55kD polyprotein. This is then cleaved into four gag proteins, namely the
matrix protein, the capsid protein, the nucleocapsid protein and p6, all of which
make up the protein shell (Goff et al 2004a and Owens et al 2003). This core
containing the RNA genome also includes the products of the pol gene, namely
reverse transcriptase, integrase and a protease enzyme. Surrounding this core is a
lipid bilayer. Incorporated in the lipid bilayer are clusters of envelope
glycoprotein which are encoded by the env gene. The gag, pol and env genes, as
well as six other genes, are flanked by long terminal repeat (LTR) sequences at
either end of the genome. The reading frames overlap one another and the mRNA

is spliced in different ways to produce different products (Wang et al 2000).
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Figure 1.2.1. a) The genome of HIV-1 consists of 9 genes whose products form

b) the virion.

The virus enters the host T-lymphocytes or macrophages by binding to a CD4
receptor and a chemokine co-receptor on the surface of the cell mediates the entry
of HIV into the cell. Once the virus has entered the cell, the capsid surrounding
the viral RNA is broken down and the RNA is reverse transcribed in the
cytoplasm. Reverse transcription takes place in a large structure known as the
reverse transcription complex (RTC) and involves the synthesis of DNA, copied
from the RNA genome by the enzyme reverse transcriptase. The reverse

transcriptase enzyme is multifunctional and has three activities, namely RNA-



dependant DNA polymerase activity, RNase H activity and DNA-dependant DNA
polymerase activity (Nielsen et al 2005). The viral RNA is then degraded by the
RNase H activity of the reverse transcriptase enzyme and a complementary DNA
strand is synthesized from the initial strand. This results in a double-stranded
DNA product with blunt termini. The DNA remains in a complex known as the
preintegration complex (PIC) or provirus where the 3’ ends of the viral DNA are
cleaved by the viral integrase enzyme (Goff 2004a). Once in the nucleus the viral
DNA is integrated into the host genome by the integrase enzyme (Wang et al
2000). The integrated viral DNA is now the template for transcription. The LTR
sequences, flanking the integrated DNA, include receptors for host transcription
factors and the viral DNA undergoes transcription by the DNA-dependant DNA
polymerase activity of the reverse transcriptase to produce new viral genomes as
well as up to 30 different viral mRNAs for translation into proteins. Splicing of
the mRNAs is performed by host splicing machinery and the viral genome

assembles with proteins transcribed by viral mRNAs to form new virions.

As HIV-1 has a relatively small genome of only 10kb and consists of nine genes
itself, and due to the complexity of its life cycle the virus employs many host
proteins in order to replicate. Therefore, many loci in the human genome have the
ability to affect the severity of the disease phenotype. These loci are thus referred

to as host genetic factors (Goff 2004a, Telenti 2005 and Webber 2001).



1.3 Restriction factors

Retroviral restriction factors are an example of host genetic factors. They are
cellular proteins which influence the result of HIV-1 contact or infection. AIDS
restriction factors differ in the stage in which they act. They can influence either
susceptibility to HIV-1 infection or the progression to AIDS, as well as the stage
of the HIV life cycle in which they act (as reviewed by O’Brien and Nelson
2004). This block occurs in a saturable manner and the restriction factors may
affect any of the following stages in the retroviral life cycle: entry into the host
cell, viral DNA synthesis, movement of viral nucleic acids between the cytoplasm
and nucleus and protein expression (Figure 1.3.1). The genes encoding such
restriction factors are known as AIDS restriction genes (ARG’s) and play an

important role in an innate immunity against viral infection (Goff 2004b).
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Figure 1.3.1 Diagram of the life cycle of HIV-1. Various stages in the life cycle
are susceptible to the action of restriction factors. The block may be to viral
entry, uncoating of the capsid, reverse transcription, movement into the nucleus or

post-transcriptional (modified from Telenti 2005).



Polymorphisms in host genes that play a role in the viral life cycle may result in
differences in susceptibility to HIV-1. AIDS restriction factors may determine
whether an HIV infected person will be a ‘rapid progressor’ or a ‘long term
nonprogressor’. A so-called rapid progressor will develop AIDS symptoms
within 1-5 years, whereas a long term nonprogressor may not develop any AIDS

symptoms for up to 20 years (O’Brien and Nelson 2004).

1.4 TRIMSa

One example of an AIDS restriction factor is TRIMS5a. For many years it has
been evident that primate species differ in their susceptibility to infection by
HIV-1. TRIMS5a was recently identified as the species-specific mediator of this
intrinsic cellular resistance to HIV-1. It was shown to be the factor responsible
for an early post-entry block to HIV-1 infection in Old World monkeys (Stremlau
et al 2004). TRIMSa from African Green monkey (AGM) cell lines is able to
restrict HIV-1 and TRIMSa from humans and rhesus monkeys is able to restrict
N-MLV (N-tropic murine leukaemia virus) (Yap et al 2004) and inhibit infection

by EIAV (equine infectious anaemia virus) (Hatziioannou et al 2004b).

TRIMSa is an alternatively spliced variant of the TRIMS5 gene, situated on
chromosome 11p15 and is approximately 21.5kb in size. It consists of 8 exons, 7
of which are included in the TRIMS5a variant (Figure 1.4.1). The TRIM5 gene

codes for 5 other variants, namely TRIMS, v, 6, € and { (Reymond et al 2001).
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Figure 1.4.1 Relative positions of the introns and exons of TRIMS5a in the TRIMS5

gene. Exon 1 (shaded) is not included in the TRIM5a variant.

The tripartite motif (TRIM) family of proteins have a modular structure consisting
of three zinc-binding domains, namely a RING motif, a B-Box and a coiled-coil
domain. For this reason they are also sometimes referred to as the RBCC family
of proteins (Reymond et al 2001). The TRIM family of proteins may have one or
two B-Box domains that differ in length and consensus sequences and are called
B1 and B2. TRIM5a consists of the RING domain, a B2 domain and a coiled-coil
domain as well as a SPRY domain (Figure 1.4.2) (Stremlau et al 2004). TRIMS5
proteins have been found to associate with one another (multimerize) in the

cytoplasm and to localize to discrete ‘cytoplasmic bodies’ (Reymond et al 2001).

The expression of TRIMSa, extracted from rhesus monkeys, (TRIMSa,;,) in HeLa
cells which express the correct CD4 receptors for HIV-1, blocks infection by
HIV-1 but not MLV. It also inhibits infection by SIV slightly, but not to the
extent that it inhibits HIV-1. Thus, TRIMSa,;, is capable of blocking infection by
HIV-1 in cells of Old World monkeys and to a much lesser extent SIV (Stremlau

et al 2004). TRIMS5a from African green monkey also has the ability to restrict
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both HIV-1 and SIV (Besnier et al 2002, Cowan et al 2002, Munk et al 2002 and
Hatziioannou et al 2004). TRIMS5ay, is a requirement for restriction of HIV-1 in
Old World monkey cells, demonstrated by short interfering RNA’s (siRNA’s)
specifically targeting TRIMS5a,y, resulting in a large increase in HIV-1 infection in

these cells (Stremlau et al 2004).

The p2 linker region joins the capsid and nucleocapsid domains of the polyprotein
in HIV/SIV. A chimeric virus, SIV(HCA-p2)-GFP, which is a recombinant strain
of SIV from rhesus macaque (SIV ) that contains an HIV capsid-p2 domain and
expresses green fluorescent protein, is restricted at the levels that HIV-1 would be
restricted at, rather than at the level SIV . would be restricted at, in primate cells.
Thus, the target of the block is most likely the p2 domain of the capsid protein
(Cowan et al 2002, Owens et al 2003 and Stremlau et al 2004) and the capsid
sequences affect viral susceptibility to the restriction that is mediated by TRIMS5a
from rhesus macaque monkeys (TRIMS5a.;), or more specifically, the capsid-p2
region affects viral susceptibility to TRIMS5oyy, restriction. This specific binding
of TRIMS5a to the capsid has also been demonstrated in another study (Sebastian

et al 2005).

TRIMSa,, causes rapid degradation of the HIV-1 capsid upon entry into the cell.
The restriction is specific to the capsid protein as the matrix, nucleocapsid and
other viral proteins do not undergo this rapid degradation. Binding of TRIMS5a to
the capsid is a requirement for restriction, and the presence of TRIMS5a in the cell

correlates with a decrease in the amount of HIV-1 capsid in the cytoplasm.



Therefore it is likely that TRIMS5Soa-mediated restriction of various retroviruses
occurs by recognizing the capsid cores and disassembling the capsids (Chatterji et
al 2006 and Stremlau et al 2006). TRIMSayy, either accelerates the decay of viral
cDNA or disrupts its synthesis (Stremlau et al 2004). In cells expressing
TRIMSa,, the viral cDNA levels are very low in comparison with control cells

that are not expressing the restriction factor (Stremlau et al 2004).

TRIMSa mutants for RING, SPRY and B-box 2 domains have been tested for
restriction efficiency. Intact B-box 2 and SPRY domains are necessary for HIV-1
inhibition by TRIMS5ao,, whilst an intact RING domain is not an absolute
requirement for restriction of HIV-1 by TRIMSay, (Javanbahkt er al 2005,

Stremlau et al 2004, 2005 and Sawyer et al 2005).

The RING domain has been implicated in the correct localization of TRIM5a
proteins and thus may indirectly affect the level of restriction by affecting the
levels of protein in the cytoplasm (Javanbahkt et al 2005, Stremlau et al 2004,
2005a, 2005b and Sawyer et al 2005). The coiled-coil domain, which is
responsible for homomultimerization of TRIMS5a, is necessary for restriction as
active TRIMS5a is present as a multimeric complex (Perez-Caballero et al 2005).
However the SPRY domain is probably the most important domain in determining
HIV-inhibition by TRIMS5a,,, because other members of the TRIM gene family
are alternatively spliced in such a way that they lack SPRY domain and they do
not have the restrictive properties displayed by TRIMSau. This domain,

specifically the region between amino acids 332 and 340, plays the largest role in
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restriction specificity (Perez-Caballero et al 2005, Sawyer et al 2005 and Yap et
al 2005). Interestingly this region between amino acids 332 and 340 of human
TRIMSa shows the greatest diversity among sequences of human, rhesus and
African green monkey TRIMSa. The SPRY domain is also very important in
determining the amount of restrictive activity of TRIMS5a and less than 2% change
in the human protein can confer strong restrictive activity to HIV-1 (Stremlau et
al 2005). The functions, either proven or hypothesized, of the different domains

in the TRIMS5a protein are summarized in figure 1.4.3 below.
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Figure 1.4.3. The functions of the different domains of TRIMS5a that have been
demonstrated or inferred from genetic evidence. The RING and B-box 2 domains
probably effect retroviral restriction, the Coiled-coil domain is responsible for
dimerization and the SPRY domain determines species specificity (modified from

Perez-Caballero et al 2005)

While TRIMSa interacts with and causes the rapid degradation of the HIV-1
capsid in Old World monkeys, the exact mechanism of action of TRIMS5a has yet
to be discovered. One possible scenario is that TRIMSa binds to the capsid core

and directs it to compartments such as lysosomes where it is uncoated and
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degraded. Another possible mechanism of action is that TRIMS5a provokes core
uncoating so that the uncoated capsid molecules are more susceptible to
degradation than capsid molecules associated with the core. A third possibility is
that TRIMSa facilitates an association of the core with proteases that are then able
to take break down the capsid, rendering the inner reverse transcription complex
dysfunctional (Chatterji et al 2006). It is also uncertain whether the degradation

of the capsid is the cause or a result of TRIMSa-mediated restriction.

The strong block that TRIMSa confers to various retroviruses has probably been
maintained due to the selective advantage it confers (Stremlau et al 2004). There
is evidence of positive selection in TRIM5a in primate species. The ratio of non-
synonymous (dN) to synonymous substitutions (dS) can be used to determine
whether there is positive selection acting on a gene, a value of >1 for this dN/dS
ratio indicates positive selection. TRIMS has an average dN/dS of 1.1 for the gene
with four out of 10 primate species having a dN/dS ratio of >1. There are two
clusters of positive selection in the region encoding the SPRY domain of the gene,
named variable region 1 (v1) and variable region 2 (v2) (Ortiz et al 2006). In
other studies 10 out of 22 primate lineages have dN/dS >1 and 12 out of 20
primate lineages showed dN/dS >1 for the whole TRIM5 gene. This becomes 15
out of 22 primate lineages and 9 out of 20 primate lineages with a dN/dS > 1,
respectively, when looking only at the region of the TRIM5 gene encoding the
SPRY domain (Liu et al 2005 and Sawyer et al 2005). This is evidence of positive
selection in the TRIMS5 gene of various primates and especially the SPRY domain,

presumably due to selection by exposure to previous retroviruses.
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The differences in restriction between different Old World monkey species can
most likely be explained by variation in the TRIMS5 genes (Stremlau et al 2004).
Indeed African green monkey (AGM) TRIMSa has an 18 amino acid insertion
that is not present in rhesus macaque TRIMS5a. This insertion occurs in the SPRY
domain and appears to confer specificity to a broad range of viral capsids
(Keckesova et al 2004). Similarly AGM TRIMSa has a 20 amino acid
duplication in the SPRY domain that is not present in the cynomolgus monkey. A
construct containing this duplication in the background of cynomolgous monkey
TRIMS5a confers the ability to effectively restrict SIVy,. (Nakayama et al 2005).
This again points to the likelihood of the specificity to various retroviruses being
determined by the SPRY domain of TRIMSa. Interestingly, the SPRY domain is
also found in members of the immunoglobulin superfamily, a family of proteins
involved in protection from invading pathogens, so it very well may confer

specificity in pathogen detection (Keckesova et al 2004).

Variation in other regions of the TRIMS5 gene may also play a role in the
differences in restriction mediated by TRIMSa. Single nucleotide polymorphisms
(SNPs) in the regulatory region are able to alter signalling or transcription factor
acivity, thereby influencing the level of gene expression and thus the level of
protein in the cytoplasm (Johnson et al 2005). Upstream polymorphisms may
also be linked to internal functional polymorphisms. As the B-box 2 domain is
necessary for restriction by TRIMS5a, polymorphisms in the part of the gene

encoding this region may also determine the amount of restriction conferred by
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this protein. Variation in the RING and coiled-coil domains may also indirectly

affect restriction by affecting the levels of available protein.

Variation has been found that causes significant differences in susceptibility to
HIV and certain haplotypes seem to have an effect on the progression of AIDS.
There have been three recent studies on various human populations that illustrate
these differences to susceptibility and disease progression. One study on
European- and African-American populations showed significant association
between two alleles in TRIMS5, which cause amino acid substitutions 43H and
136R, and HIV-seropositive status. TRIMS5a variants 43H ad 136Q exhibited
better anti-HIV activity in tissue culture than the 43Y and 136R variants,
respectively (Javanbakht er al 2006). A study on a European-American
population detected no significant differences between HIV-positive and
seronegative samples at any single polymorphic site, however there was
significant association between the two groups for the presence of the haplotype
containing the minor allele for the non-synonymous variant R136Q, with the
haplotype containing 136Q being elevated in HIV-positive samples (Speelmon et
al 2006). The differences in the results obtained by the above studies on the
relationship between this gene and HIV-susceptibility may be due to differences
in sample size as well as differences in the populations used for the studies. In a
third study on a large cohort of HIV-positive subjects, none of the common
TRIMSa variants had any association with disease progression, however weak
association between some haplotypes and disease progression was detected, but

this was not significant. This study also shows that at site 136 the Q variant
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represents the ancestral variant. Interestingly, none of the variation in the human
TRIMS5 gene occurs within the variable regions (vl and v2) (Goldschmidt et al
2006). It seems that while some variants may result in differences in HIV-1

susceptibility, no effects on disease progression have yet been detected.

1.6 Population variation studies of restriction factors

When looking at genetic variation in relation to viral susceptibility it is important
to note that this genetic variation is a subset of overall human genetic variation
and as such it is important to understand the evolutionary processes underlying
genetic variation (Jorde et al 2001). One of these processes is a fluctuation in
effective population size. At some stage in the past the human population
decreased significantly in size and then increased rapidly. This is referred to as a
bottleneck and results in a loss of genetic diversity (Jorde et al 1998, Jorde et al
2001). Another factor that could have an impact on the amount of genetic
variation observed in the human population is the time since the species
originated. A recent evolutionary origin of the species results in low levels of
genetic diversity (Jorde et al 2001). Another process that influences the amount
of genetic variation in human populations is gene flow (Zietkiewicz et al 1997)
however, bottlenecks are more important when comparing DNA sequence
variation in African populations to other populations (Jorde et al 2001 and Akey

et al 2004).

Genetic evidence supports the notion that the global population arose out of

Africa based on mitochondrial DNA, nuclear DNA and Y-chromosome studies.
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This is known as the ‘recent African origin’ (RAO) model. African populations
have been shown to have the greatest variation or diversity, as can be seen by the
long branch lengths of the cladogram in figure 1.6.1 based on mtDNA. This is
most likely due to their population sizes remaining large, whilst other populations
experienced bottlenecks and founder effects (Jorde et al 1998, Jorde et al 2001,
Kimmel 1999, Maca-Meyer et al 2001, Stoneking and Soodyall 1996; Tishkoff
and Williams 2002). Based on the RAO model all variation that exists in other
regions of the world is likely to be a subset of the variation contained within the
African continent or represents new variants that have arisen since the migration

out of Africa (Jorde et al 1998; Risch et al 2002).
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Figure 1.6.1. An unrooted cladogram based on mtDNA from African, European
and Asian populations. The African populations have the longest branch lengths,
indicating greater genetic diversity within and between these populations.

Microsatellite data produces very similar results (modified from Jorde et al 1998).

Analysis of mitochondrial DNA and Y-chromosome haplotypes has been used to
trace historical migration events. African populations underwent three major
migration events before the hypothesized global migration out of Africa (Tishkoff
and Williams 2002). The first migration occurred approximately 120 000 years
ago from the east of the African continent into central Africa and southern Africa.
Populations from these areas, namely the Biaka pygmies and the San respectively,

represent the most genetically diverse populations. The second migration
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occurred 30 000 to 70 000 years ago from the east of Africa into central and
southern Africa, giving rise to the Mbuti pygmies residing in the Democratic
Republic of Congo and Bantu speaking populations of west Africa. The third

migration was into East Africa, Ethiopa and also out of Africa into Eurasia.

Another, more recent, migration is that of Bantu-speaking populations into South
Africa approximately 3 000 years ago, possibly from somewhere in or near
Cameroon (Tishkoff and Williams 2002). The black population of South Africa
makes up 76.6% of the total population and nine of the eleven official languages
are Bantu languages, which are part of the Niger-Congo language family (Lane et
al 2002). The Bantu languages are hypothesized to have their origins in West
Africa 3000 to 5000 years ago. There are two branches of Bantu languages,
namely Eastern and Western, and the South African Bantu languages are the
Southern branch of the Eastern group. Within the South African Bantu speakers
gene frequencies among ethnically defined populations are being affected by
increasing movements of people out of rural areas and into urban areas.
Linguistic distances between seven South-African Bantu speaking groups are
correlated with genetic distances, and geographic distances are also correlated
with genetic distances, however linguistic distances are not significantly
correlated with geographic distances. This could be explained by linguistic and
some genetic differentiation occurring before the groups reached their current
locations and further genetic differentiation taking place after they settled at their

current locations (Lane et al 2002).
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The human population size has increased dramatically in the past 50 000 to
100 000 years, long after speciation from Homo erectus to Homo sapiens, and
even more dramatically after the agricultural revolution of the past 10 000 years.
This population expansion occurred more rapidly in Asian and European
populations than in African populations (Tishkoff and Williams 2002). The effect
of such a rapid population expansion is that low-frequency, jointly transmitted
alleles or haplotypes may be maintained in the population at a higher frequency
than predicted (Tishkoff and Williams 2002 and Watkins et al 2003). Non-
African populations also likely went through more bottlenecks due to founder
effects after the migration out of Africa (Tishkoff and Williams 2002 and Watkins
et al 2003); in this case some rare alleles are likely to be lost due to a smaller

effective population size.

Whilst population relationships and history are studied by using presumably
selectively neutral polymorphisms, selected polymorphisms have the ability to
shape the variation found in AIDS restriction genes due to the selective advantage
that may be conferred by certain genotypes.

Africa is the source of HIV, as is indicated by the similarity between SIV from
Pan troglodytes residing in Africa and HIV-1 (Paraskevis er al 2003 and Keele et
al 2006). HIV-1 pandemic group M and non-pandemic group N have been traced
to distinct chimpanzee communities in Cameroon due to the close relationship
between these HIV groups and SIVcpzPrtt (SIV from Pan troglodytes troglodytes)

strains from the south of Cameroon (Keele et al 2006).
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Alleles at neighbouring loci are often inherited together, a property known as
linkage disequilibrium (LD). This definition can also be extended to the non-
random association between genetic markers such as SNPs. LD is usually lower
in African populations than in non-African populations due to the bottlenecks
experienced by non-African populations (Jorde et al 2001, Reich et al 2001,
Ardlie et al 2002 and Tishkoff and Verrelli 2003). New mutations are usually in
LD with other SNPs in close proximity, however this LD decays over time
(Tishkoff and Verrelli 2003). Even though LD is lower in African populations, it
is also observed that higher levels of LD are observed in populations that have
undergone recent admixture, as is the case with Bantu-speaking populations

moving from rural to urban areas (Jorde et al 2001).

Selection for disease resistant variants also results in an increase in linkage
disequilibrium. Natural selection for an allele results in an increase in LD as it
results in the allele attaining a high frequency more rapidly than would normally
be expected if it were selectively neutral. Thus LD can be used to detect past
natural selection (Ardlie et al 2002). Deviations from normal expected genotypic
frequencies, determined by using Hardy-Weinberg calculations, can also be used
to detect current natural selection, however this is not a robust test as very strong

selection is required to produce deviations from Hardy-Weinberg equilibrium.
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1.7 Problem identification

The majority of studies on variation in AIDS restriction genes have been done
using North-American or European population samples. However, African
populations have been neglected when it comes to studying the variation within
AIDS restriction genes. As the majority of AIDS sufferers reside in sub-saharan
Africa it is important to determine the level of polymorphism within restriction

genes affecting susceptibility to HIV and the rate of progression of AIDS.

Polymorphism exists within the TRIM5,, gene that may have an effect on disease
susceptibility and progression in the case of SIV (Kodama et al 2005), and in
TRIMSy, the same is true (Javanbakht et al 2006 and Speelmon et al 2006). In
African populations, this polymorphism may occur at even greater levels, due to
the greater natural variation and a different history of infectious diseases in these
populations. It is of great interest to examine the role of TRIM5 polymorphism in
intra-species variability to viral restriction in human populations. However, non-
synonymous amino acid changes are often not enough to account for differences
in disease susceptibility and progression; also of importance is regulatory
variation, as polymorphisms in the promoter region of the gene may have an
effect on the amount of protein present or may be linked to polymorphisms within
the gene that play a role in the level of restriction. Studying the genetic factors
associated with susceptibility to HIV-1 infection and onset of disease symptoms
contributes to our knowledge of their influence on this pandemic and may

possibly pave the way for more effective treatment at a population level.
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In this study SNPs in various regions of the TRIMS5 gene as well as in the
upstream non-coding region of TRIM5 of black South Africans were detected and
characterized. Genotypes were compared between HIV-positive samples and

general population samples to examine association with susceptibility to HIV-1.
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CHAPTER 2
MATERIALS AND METHODS
2.1 Samples
The samples used in this population study consisted of 191 DNA samples
obtained from black South Africans infected with HIV and 41 samples obtained
from black South Africans with unknown HIV status, which were used as a

general population.

One hundred and one HIV-positive blood samples were obtained from
participants at the Infectious Disease Clinic at Johannesburg Hospital as well as
two blood samples from individuals of unknown HIV status. Twenty seven HIV-
positive samples were collected from the Themba Lethu clinic at Helen Joseph
Hospital along with one sample from an individual with unknown HIV-status. All
the above HIV-positive samples had clinical data, including age, estimated time of
HIV infection, most recent CD4" cell count and whether or not the participant had
ever been infected with tuberculosis or had any other HIV-related illness. Sixty
three DNA samples extracted from the blood samples of HIV-positive individuals
were provided by Dr Clive Gray from the National Institute for Communicable
Diseases. These samples were accompanied by information on viral load and
CD4" cell count data. Thirty eight blood samples were collected from black
South African staff and students at the University of the Witwatersrand, regardless

of HIV status.
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Written informed consent was obtained from all participants in this study
(Appendix 1). The research protocol and collection of samples was approved by
the Human Research Ethics Committee of the University of the Witwatersrand,

protocol number M040221 (Appendix 2).

2.2 DNA isolation

DNA isolation from blood samples collected at the Infectious Disease Clinic of
the Johannesburg General Hospital was performed by former students of the
Molecular and Cell Biology Department, University of the Witwatersrand. DNA
isolation from blood samples, collected in ethylenediaminetetraacetic acid
(EDTA) tubes, at the Themba Lethu clinic at Helen Joseph Clinic was performed
using the same method. Blood tubes were centrifuged at 2500 x g for 15 minutes
in order to separate plasma, buffy coats (containing leukocytes) and erythrocytes.
DNA was extracted from the leukocytes in the buffy coat using the QIAmp®
Blood DNA kit as per manufacturer’s instructions (Qiagen). RNase was used to
eliminate any contaminating traces of virus or RNA in the sample. DNA
extraction was performed in QIAmp spin columns, which contain a DNA-
adsorbing silica-gel membrane. DNA was eluted from the membrane in Tris-
EDTA (TE) buffer, comprised of 10mM Tris-HCI and 1 mM EDTA, and stored at
-20°C. Isolated DNA was electrophoresed on 0.8% agarose gels in Tris-borate,
EDTA (TBE) buffer at 7.8V/cm for 1 hour in order to determine the size and
estimate the concentration of the DNA. The TBE buffer consisted of 89mM Tris
base, 89mM boric acid and 2mM EDTA. This DNA was used for the detection

and characterization of variation in the TRIM5 gene.
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2.3 Direct detection of variation in regions of the TRIM5 gene
Four regions of the TRIM5 gene were sequenced (Figure 2.3.1) in approximately

twenty samples collected from individuals with unknown HIV status (Table

2.3.1).
Exon Exon2 Exond Exond Exons Exoné Exon? Exond
i
Al B C D
Az [ i N |

Figure 2.3.1. The TRIM5 gene, showing regions that were sequenced (Al, A2, B,

Cand D)

This sample size was sufficient to detect variation that is common in the
population. Detection was done by performing PCR amplification of the four
regions Al, B, C and D (Table 2.3.1), followed by direct sequencing of the four
different PCR products. The regions sequenced were chosen based on the
functions of various domains in the gene. Region Al spans the upstream
promoter of the gene and polymorphisms in this region may play a role in the
levels of protein produced. It also spans the untranslated exon 1 which may
contain polymorphisms that are in linkage disequilibrium with other
polymorphisms in the gene that play a role in restriction. Region B spans exon 2

which codes for the RING and B-box 2 domains, both of which are likely to effect
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viral restriction. Region C spans part of exon 6, exon 7 and part of exon 8. Exon

7 is in the coding region but does not code for any of the functional domains.
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Table 2.3.1. Regions of the gene that are spanned by the PCR primers for

sequencing, sizes of the PCR product and samples sequenced for each region.

Primer
pairs

Region spanned by Region in figure
sequencing 2.3.1

PCR
product size

Samples
sequenced

TSupst2-f
TSupst-r

TSupst-f
TSupst-r

T5ex2-f
TS5ex2-r

T5ex67-f
T5ex67-r

T5ex8-f
T5ex8-r

Upstream and part A2
of 5’UTR

Upstream and part Al
of 5’UTR

Exon 2 B

Part of exon 6, C
intron 6, exon 7,

intron 7 and part of

exon 8

Coding part of exon D
8

714bp

639bp

659bp

713bp

603bp

206, 207, 209,
210, 211, 212,
217,222, 226,
229, 230, 231,
232, 233, 235,
235, 236, 237,
238, 239, 240,
241, 242, 243,
244,245
106", 112",
132", 138",
146", 148",
159", 213,
214,215, 216,
218, 219, 221,
223,224, 225,
227,228
210,211, 212,
214,215, 216,
218, 221, 222,
223,224, 225,
226, 227, 228,
229, 230, 231,
232,233,234
213, 216, 219,
221,222, 224,
225,228, 230,
231, 232, 233,
234,235, 237,
239, 240

206, 207, 209,
210, 211, 212,
213, 214, 215,
216, 218, 219,
221,222,223,
224,225, 228,
229, 230, 232,
234

'Samples were sequenced by a former student.

2Samples are HIV positive samples, all the others are samples from individuals with unknown HIV

status.
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The part of exon 8 that was sequenced codes for the beginning of the SPRY
domain. The final region sequenced, D, includes the coding part of exon 8 and
therefore the entire SPRY domain, which is responsible for viral specificity. An
additional 26 samples (Table 2.3.1) were sequenced for the upstream region, A2,
as a high number of polymorphisms were detected in this region. A different
forward primer was used to detect a polymorphism close to the beginning of the

region amplified in the initial samples for this region (Table 2.3.2).

Polymerase chain reaction was carried out in a 50ul reaction volume. The
reaction mixture contained 1.25 units of Tag DNA polymerase, 2mM MgCl,,
0.8mM of dNTP’s, 1uM of each of the forward and reverse primers and Spg of
template genomic DNA. Sequences of the primers used are shown in Table 2.3.2.
Primers for PCR and sequencing were designed with the use of the online tool

Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3 www.cgi). Primer

specificity was checked by running a BLAST search

(http://www.ncbi.nlm.nih.gov/BLAST/) of the primer sequence against the human

genome sequence in order to guarantee that only the target DNA sequence would
be amplified. All primers used were synthesized by Ingaba Biotechnical
Industries (Pty) Ltd and were resuspended in Tris-EDTA (TE) buffer made up

with 10mM Tris-HCI and 1mM EDTA.

28



Table 2.3.2. Names given to primers, sequences and orientation of all primers
used for PCR and sequencing. PCR annealing temperatures of all primer pairs

used. PCR product sizes produced by PCR with primer pairs.

Name Primer Sequence Orientation Regionin Ann. Size®

fig 2.3.1 temp.1

TSupst-f 5’TGCAGCTCCTTTTCTGTTCATAZ’ Forward

TSupstr  5’CAGTTTTGTCCCAAAGACTTCC3  Reverse Al 4.9°C 63%p
TSupst2-f 5’CCCTCTCCAGATAAATTTCTAGC3  Forward
TSupst-r  5’CAGTTTTGTCCCAAAGACTTCC3'  Reverse A2 55.9°C  714bp
TSex2-f  5’GGGATCTGTGAACAAGAGGAAC3'  Forward
TSex2r  5’CTGTAATTGGGTGAAATGCAAA3  Reverse B 549°C  659bp
T5ex67-f  5’GAGAGTGTTTCGAGCTCCTGAT3  Forward
T5ex67-+ 5’ GTTTCGGAGAGCTCACTTGTCT3  Reverse C 57.7°C 713bp
T5ex8-f  5’GACAGTGGCTCCAAACAACAT3Y  Forward
TSex8+  5’AGGGGCTGAGTGTGTAAGAAGG3'  Reverse D 57.6°C 603bp

'PCR annealing temperature of the primer pair

*Size of the PCR product produced by amplification

PCR amplification consisted of one denaturation cycle for 2 minutes at 94°C,
followed by 35 cycles of denaturation for 30 seconds at 94°C, annealing of
primers for 45 seconds at annealing temperatures given in Table 2.3.2 and
extension for 60 seconds at 72°C. This was then followed by a final extension for
5 minutes at 72°C. The presence and size of the PCR product was confirmed by
electrophoresing Sul of the PCR product on a 1% agarose gel in Tris-borate
EDTA (TBE) buffer at 7.8V/cm for 45 minutes with 2pg GeneRuler™ 1kb DNA

Ladder (Fermentas Life Sciences). Gels were visualised under UV light using the
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UVP BioDoc-It™ system. The PCR product was purified and sequenced by
Ingaba biotec. Two samples of each PCR product were sequenced in both
directions in order to determine the best primer to be used for sequencing of the
additional 18 samples. Sequences were aligned to a TRIM5 reference sequence
obtained from the Ensembl genome browser (http://www.ensembl.org) and
analysed using the computer software tool Sequencher™ 4.5. Segments at the
ends of the sequence, where signal peaks overlapped, were removed and
differences between sequences were examined more closely to determine whether

they were artefacts of sequencing or true reflections of sequence variation.

2.4 Identification of known variation

Known single nucleotide polymorphisms (SNP's) were identified using the SNP
database of Ensembl (http://www.ensembl.org). The Human GeneSNPview of
the transcript ENST00000380034 was used to detect known SNPs as well as the
the genomic sequence of the gene ENSG00000132256, with all variation shown,

in the Human GeneSeqview.

2.5 Indirect SNP detection

Four SNPs were chosen to be genotyped by indirect methods (Table 2.5.1). One
of the SNPs that is common in the upstream region at position -5116, two
polymorphisms in exon 2 of the TRIMS5 gene which result in non-synonymous
substitutions in the RING and Coiled-coil domains of the TRIMSa protein,
respectively, and a fourth polymorphism that causes an amino acid change in the

SPRY domain were genotyped. All three of these domains have been implicated
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in binding specificity of TRIM5a to HIV, especially the SPRY domain (Stremlau
et al 2004). Two different methods of indirect detection were employed, namely
allele specific amplification (ASA) (Zetterquist and Olerup 1992) and PCR-
restriction fragment length polymorphism (PCR-RFLP) (Nomura et al 1991 and
Mercier et al 1992). PCR-RFLP was used for sites where the polymorphism
introduced or abolished a restriction endonuclease recognition site. ASA was
used if the polymorphism did not result in either the introduction or destruction of
a restriction endonuclease recognition site, as with the polymorphism at site 127,
or if restriction yielded products which were too small to be resolved by agarose

gel electrophoresis, as with the polymorphism at site -5116.

Table 2.5.1. Positions and locations of SNP's genotyped by two indirect methods,
Allele specific amplification (ASA) and PCR-Restriction Fragment Length

Polymorphism (PCR-RFLP), as well as the amino acid changes they confer.

Amino acid

SNP Position Location Alleles Method
change
1 -5116 Upstream G/A None ASA
2 127 Exon 2 C/T H43Y ASA
3 407 Exon 2 G/A R136Q PCR-RFLP
4 15323 Exon 8 C/T P479L PCR-RFLP
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2.5.1 Allele specific amplification (ASA)

Allele specific amplification (ASA) makes use of two different primers specific
for each allele of the polymorphism. The primers were designed so that the 3'
terminal end of primer A is specific for, and therefore binds to, allele A and
similarly the 3' terminal end of primer B is specific for allele B (Zetterquist and
Ollerup 1992). A common primer was designed to amplify in the opposite
direction, towards primers A and B (Figure 2.5.1.1). Primer sequences are given
in table 2.5.1.1. If there is mismatch between the primer and the target sequence,
there was no PCR amplification and obviously no product. Thus, heterozygous
samples (AB) at this locus should yield a PCR product for PCR reactions
performed with both Primer A and B and homozygous samples should yield a

PCR product with one of the primers only.

A'B
[

Eeverse primer

T
— A A specific primer
B B specific primer

Figure 2.5.1.1. Diagram showing how primers bind to and amplify two different

products based on the allele present at the 3' end of the primer binding site.

PCR reactions were carried out at a 10ul volume and contained 0.25 units of Tag
DNA polymerase, 2mM MgCl,, 0.8mM dNTPs, 1uM of primer A or primer B,
1uM reverse primer and 1pg template genomic DNA. A control PCR reaction
was also carried out at a 10ul volume containing 0.25 units of Tag DNA

polymerase, 2mM MgCl,, 0.8mM dNTPs, 1uM of primer A or primer B and 1pM
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reverse primer. Controls were performed in which template genomic DNA was
replaced with dH,O. This was done in order to eliminate the possibility of DNA

contamination from a source other than the genomic DNA sample.

The allele specific amplification was optimized for samples that had known
nucleotide sequences based on direct sequencing results. PCR amplification was
carried out at an initial denaturation temperature of 94°C for two minutes,
followed by 35 cycles of denaturation for 30 seconds, annealing of primers for 45
seconds at temperatures given in table 2.5.1.1 for primer pairs and extension for

60 seconds at 72°C, followed by a final extension cycle for 5 minutes at 72°C.
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Table 2.5.1.1. Primer sequences and annealing temperatures for the primers used

for ASA.
Site Allele Annealing
Primers Primer sequence
amplified temperature'
-5116 5’AATACTTGGCTG
TRIM-5116A-f (Primer A) A allele 54.0°C
GGTTAATCTA3’
5’AATACTTGGTGG
TRIM-5116G-f (Primer B) G allele 54.9°C

GTTAATCTG3’

5S’CAGTTTTGTCCC
T5upst-r (Reverse primer)
AAAGACTTCC3

127 5'GCATGCCTCACT
T5ex2C-f (Primer A) C allele 54.7°C
GCAAACC3'

5'GCATGCCTCACT
T5ex2T-f (Primer B) T allele 55.6°C
GCAAACT3'

5'CTGTAATTGGGT
TS5ex2-r (Reverse primer)
GAAATGCAAA3'

Optimized annealing temperature for specific forward primer with common reverse primer

Genotyping was performed by scoring the presence versus absence of a 436bp
band on a 1% agarose gel for the polymorphic site -5116 and the presence versus
absence of a 489bp band on a 1% agarose gel for polymorphic site 127,
corresponding to the presence or absence of the allele. Gels were electrophoresed
in TBE buffer consisting of 89mM Tris-borate and 2mM EDTA with a
GeneRuler™ 1kb DNA ladder (Fermentas Life Sciences) for 45 minutes at

7.8V/cm. Gels were visualized using the UVP BioDoc-It™ system.
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2.5.2 Polymerase chain reaction- Restriction fragment length polymorphism
(PCR-RFLP)

PCR-restriction fragment length polymorphism (PCR-RFLP) relies on the
introduction or removal of a restriction endonuclease recognition site by the
replacement of a single nucleotide. PCR was first performed in order to amplify a
region surrounding the SNP site and, where possible, a second control restriction
site. The PCR product was then digested by the appropriate enzyme, which was
determined by analysing the sequence information already obtained. The
restriction products were electrophoresed on an agarose gel to determine whether
the fragment had been cut by the restriction enzyme (Figure 2.5.2.1) (Nomura et

al 1991 and Mercier et al 1992).

35



Mot-watiant restriction Vanant restriction enzyne
ENZVINE rECOgnition sequence recognition sequence

! N

' ' PCR product
L] L]

& allele
B allele

b)
A4 homozygote AB heternzvgate BB homozygate  Uncut DMA

Figure 2.5.2.1. The products of PCR-RFLP. a) Products of PCR. The variant
restriction enzyme recognition sequence is the one introduced by the B allele SNP
or abolished by the A allele SNP, whilst the non-variant restriction enzyme
recognition sequence is a control site. b) Products of restriction as seen on an

agarose gel.

PCR was carried out in a 20pl reaction volume. The reaction mixture contained
0.5 units Tag DNA polymerase, 2mM MgCl,, 0.8mM dNTPs, 1uM of each of the
forward and reverse primers and 2pg template genomic DNA. PCR
thermocycling consisted of an initial denaturation at 94°C for 5 minutes, followed
by 35 cycles of denaturation for 30 seconds at 94°C, annealing of primers for 45
seconds at various temperatures depending on GC content of primers (Table
2.5.2.1), extension for 1 minute at 72°C and a final extension for 5 minutes at

72°C. Presence of PCR product was confirmed by electrophoresing Sul on a 1%
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agarose gel in TBE buffer consisting of 89mM Tris-borate and 2mM EDTA along

with the appropriate marker for determining the fragment size.

Restriction was carried out in a 30ul reaction volume. The reaction mixture
contained 75-150ng PCR product, determined visually by gel electrophoresis, 7
units of restriction endonuclease and 1X appropriate buffer (Table 2.5.2.1).
Restriction digests were incubated for 8 hours at the optimum temperature of the
restriction endonuclease (Table 2.5.2.1). Restriction products were
electrophoresed on 2% agarose gels in TBE buffer consisting of 89mM Tris base,
89mM boric acid and 2mM EDTA along with the appropriate marker for

determining the fragment size (Figure 2.5.2.2).
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a) 407 AA GA GG Uncut DNA

655
585bp  —— S
468bp _ —
117hp _ —
Mon-wariant
fragment Chld)
by 15323 cC CT IT Uncut DNA
603hp
Mon-wanant
fragment I - -
181tp S —
12y ——
0ty —— —_—

Figure 2.5.2.2. Sizes of restriction fragments obtained for various genotypes for
each of the SNP's genotyped by PCR-RFLP. a) Size of fragments obtained by
restriction of 659bp fragment for genotyping at site 407 and b) Size of fragments

obtained by restriction of 603bp fragment at site 15323.
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2.6 Data Analysis

2.6.1 Allele and genotype frequency determination

Genotype and allele frequencies were determined by counting the number of
alleles and genotypes and calculating the frequency of each allele type and

genotype in the population.

In a population with the sample size given by n, if a locus has two alleles, namely
A and a, the frequency of the A allele is p and the a allele is g. The possible
genotypes at this locus are AA, Aa and aa. If we let the number of individuals
carrying each of the genotypes be P, Q and R respectively, then the allele

frequencies, p and ¢, can be calculated as follows:

p=2P+Q
2n

qg=2R+0Q
2n

where, p+¢g=1

Observed genotypic frequencies for AA, Aa and aa are calculated as follows:

Frequency of AA =P
n

Frequency of Aa =Q
n
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Frequency of aa = R
n

2.6.2 Calculation of Hardy-Weinberg equilibrium

The observed genotype frequencies were compared to the expected frequencies
according to the Hardy-Weinberg principle. This was done in order to determine
whether the allele and genotype frequencies deviate from expected proportions of
the Hardy-Weinberg principle for the other analyses. The Hardy-Weinberg
principle states that, if an infinitely large population is mating randomly, with all
the members of the population breeding and producing the same number of
offspring and no occurrence of mutation, natural selection or migration in or out

of the population:

a locus with alleles A and a at frequencies p and ¢, should give the following
genotypic frequencies: flAA) = p2, Jf(Aa) = 2pq and flaa) = q2 where p2 + 2pq + q2

=(p+ q)2 = (1)* = 1 (Falconer and Mackay 1996 and Crow 1986).

Once the allelic frequencies p and g were determined the expected genotypic
frequencies were calculated using the Hardy-Weinberg equation above.
Deviations of observed genotypic frequencies from expected genotypic
frequencies according to Hardy-Weinberg equilibrium were determined using the

chi-squared () test:
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_y (oe)
X=T =

where o = observed number and e = expected number
If the x2 value showed significant deviation from zero (P value < 0.05) this was

considered significant evidence of deviation from Hardy-Weinberg proportions.

2.6.3 HIV-1 susceptibility association

Genotype numbers were compared, for each genotype, between HIV-positive and
general population samples to determine whether there were significant
differences between these two groups in their susceptibility to HIV-1 infection.

The comparison was done using a Chi-square test with the software tool SAS.

2.6.4 Calculation of linkage disequilibrium

Genes that are non-randomly associated are said to be in linkage disequilibrium
(LD); this occurs when alleles at adjacent loci are found occurring more
frequently together than would be predicted under random segregation. Pairwise
linkage disequilibrium was calculated with the use of the computer software tool
Linkage Disequilibrium Analyzer (LDA) version 1.0 (Ding et al, 2003). Linkage
disequilibrium was calculated separately for the polymorphisms detected in the
upstream region by sequencing and for the polymorphisms genotyped by indirect

methods.

The most simple measure of linkage disequilibrium is denoted by the symbol D
and is the product of the frequencies of the alleles segregating randomly

subtracted from the observed frequency of the haplotype with the two alleles in
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question (Lewontin 1964). More simply put, consider two loci (A and B) on the

same chromosome with alleles A, a and B, b:

Thus, the possible gametic genotypes produced by this individual are AB, Ab, aB
and ab. If the haplotype in question is that consisting of the alleles A and B (Pap).
The linkage disequilibrium for the gametic type AB is given by the equation:

D =Pag—PaxPp

Where Pap is the frequency of the gamete with alleles A and B. P4 is the
frequency of allele A at the one locus and Pg is the frequency of allele B at the
other locus. If D > 0O, allele A is associated with allele B, if D = 0, alleles are
randomly associated and if D < 0, alleles A and b are associated and alleles a and

B are associated.

Quantitatively, this statistic is not very accurate as it depends on allele frequencies
(Jorde 2000). Thus a more useful measure is ID’l. This value is obtained by the

equation:

D)= ===
Dunae

where Dp,x is the maximum value D can be, given the values of the allele
frequencies (Lewontin 1964). A value of 1 for ID’l indicates complete LD
between the two alleles. Disruption of ancestral LD results in a value less than 1

for ID’l. The allele frequency also has no effect on the measurement of LD using
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this statistic (Lewontin 1964, Jorde 2000 and Weiss and Clark 2002), however the
ID’| measure is inflated at low (<50) sample sizes or in cases where one allele

frequency is extreme (Teare et al 2002).

Another measure of linkage disequilibrium is the square of the correlation

coefficient between loci A and B, or * where:

Jog

r= PaPPEP

Under selectively neutral evolution, at equilibrium, the value of #* can be

calculated using the simple formula:

1

= 4Nz + 1)

where N is the population size and ¢ is the recombination rate per nucleotide.
This measure of linkage disequilibrium is more dependant on allele frequency and
usually gives a lower value for LD than ID’l does (Jorde 2000 and Weiss and
Clark 2002), however it is not sensitive to sample size. The linkage
disequilibrium between polymorphism pairs was measured using both the ID’l
measure, and the 7 statistic as both of these measures are appropriate measures of

LD and under many circumstances are almost identical (Devlin and Risch 1995).

2.6.5 Haplotype analysis
Adjacent alleles occuring together within blocks of linkage disequilibrium are
referred to as haplotypes (Reich et al 2001). Alternatively put, haplotypes are sets

of alleles or markers proximal to one another on a chromosome that display a
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tendency to be transmitted jointly (Tishkoff and Williams 2002). Haplotypes and
haplotype frequencies were estimated using the computer software tool PHASE
version 2.1 that makes use of Gibbs sampling for phase reconstruction (Stephens

et al 2001).

Haplotypes and haplotype frequencies were estimated separately for the samples
genotyped by sequencing as there was information on the genotypes at eight sites,
and the samples for which there was only genotype information for the four sites
genotyped by indirect methods. There was a sample size of 38 for samples
sequenced for the upstream region and 170 for those genotyped by indirect
methods. Only samples with one or no missing data points were included in the

haplotype analysis.

In addition haplotypes, resolved to a probability difference of >0.15 for the
haplotype pair, were compared between HIV-positive and general population
samples. There was a sample size of n = 94 for the HIV-positive samples and n =

33 for the general population samples.
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CHAPTER 3

RESULTS

3.1 DNA Isolation

Genomic DNA was successfully extracted from the buffy coat of centrifuged
blood (Figure 3.1.1). Different concentrations of DNA, based on different yields
from the blood samples, were reflected in the varying intensities of the bands on a
0.8% agarose gel. High molecular weight DNA obtained by extraction from the
buffy coat of the blood samples was observed on the low percentage gels. There
was little evidence of degradation of DNA or the presence of RNA. Differences
in the intensity of the bands were either due to lower yield because of the

efficiency of extraction or differences in the CD4" count in the blood samples.

1 2 3 4 5 6 7 8 9 10 11 12

10000bp —>

Figure 3.1.1. Extracted genomic DNA used in sequencing and genotype
analysis. Genomic DNA was separated on a 0.8% agarose gel. Lane 1 contains a
1Kb DNA ladder and lanes 2-12 each contain Sul of genomic DNA solution,

extracted from 11 blood samples.
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3.2 Direct sequencing
All sequence traces of polymorphisms detected by directed sequencing are given
in Appendix 3 and the genotypes of all samples genotyped by direct sequencing

are given in Appendix 4.

3.2.1 Upstream region

Sequencing of the upstream region 639 bp PCR product which was obtained by
amplification using primers TSupst-f and T5upst-r (Figure 3.2.1.1) resulted in
432bp of good sequence with well defined signal peaks for 19 samples. Five
polymorphisms (Figure 3.2.1.2) were detected between -5253bp and -4821bp
upstream of the start of translation (in exon 2). These include four
polymorphisms that have previously been detected and can be found in the NCBI
dbSNP (reference numbers in Table 3.2.1.1) and one novel polymorphism. The
previously detected polymorphisms are at sites -5116, -4998, -4904 and -4876 and

the novel polymorphism is at site -4819 (Figure 3.2.1.2)
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750bp —> <+—— 639p

500bp —>

Figure 3.2.1.1. PCR product of the upstream region of the TRIM5 gene. The
639bp PCR product of the upstream region of the TRIMS5 gene obtained by
amplification using primers TSupst-f and TSupst-r was separated on a 1% agarose
gel. Lane 1 contains a 1Kb DNA ladder. Lanes 2-6 contain the 639bp fragment

obtained by PCR amplification with primers T5upst-f and TS5upst-r.
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Figure 3.2.1.2. Positions of polymorphisms identified by sequencing the
upstream region of the TRIM5 gene. Five polymorphisms were identified by
sequencing the upstream region of the TRIMS5 gene. This region includes Exon 1,
which is not incorporated in the alternatively spliced a variant of the TRIMS5
protein, as well as the 5’ untranslated region (UTR) and approximately 430bp
upstream of the 5° UTR. The polymorphisms at sites -5116, -4998, -4904 and
-4876 were in the NCBI dbSNP database and the polymorphism at site -4819 was

a previously unrecorded polymorphism.

The polymorphisms at sites -5116 and -4904 were found to be common (Table

3.2.1.1) while the polymorphisms at sites -4998, -4876 and -4819 were rare, with

no homozygotes for the minor allele and few heterozygous samples.
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Table 3.2.1.1. SNPs found by sequencing a 639 bp fragment of the upstream

region of the TRIM5 gene.

Site  Alleles # samples Genotype numbers SNP
reference’

GG GA AA

-5116  G/A 19 6 3 10 rs3802981
GG GC CC

-4998  G/C 19 17 2 0 rs16934387
CC CT TT

-4904 C/T 19 11 6 2 rs3802980
TT TC CC

-4876  T/C 19 14 5 0 rs16934386
GG GA AA

-4819  G/A 19 16 3 0 -

"SNP reference from NCBI dbSNP

Due to the large number of polymorphisms detected in this region, genotyping
was performed by sequencing an additional 26 samples for an upstream region of
714bp amplified using primers TSupst2-f and TSupst-r (Figure 3.2.1.3). This was
done in order to be able to analyse these polymorphisms with respect to the
presence or absence of linkage disequilibrium. Good sequence, with well defined
signal peaks, was obtained for 416bp spanning from position -5276bp to -4860bp.
No additional SNPs were observed in these sequences. Allele and genotype

frequencies obtained by direct detection of variation are given in Table 3.4.1.
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Figure 3.2.1.3. PCR product of the upstream region of the TRIMS5 gene
amplified. The 714bp PCR product of the upstream region of the TRIMS5 gene
obtained by amplification using primers TS5upst2-f and TSupst-r was separated on
a 1% agarose gel. Lane 1 contains a 1Kb DNA ladder. Lanes 2-14 contain the
714bp fragment obtained by PCR amplification with primers TS5upst2-f and
TS5upst-r. Lane 1 contains a 1Kb DNA ladder. Lane 15 contains a control in

which template DNA was replaced with dH,O.

3.2.2. Exon 2

Sequencing of 21 samples for the 659 bp PCR product spanning exon 2 (Figure
3.2.2.1) gave 545bp of sequence with well resolved signal peaks. Analysis of this
sequence revealed 3 polymorphisms between the region spanning from base pair

position -47 to 498 in the gene.
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Known polymorphism at site -2 was found to be common (Table 3.2.2.1), while
the known polymorphisms at sites 127 and 407 were rare with no homozygotes

for the minor allele and only three out of 21 samples with both alleles.

1 2 3 4 5 6 7 8 9 10 11 12 13

750bp —>
<+— 659bp

500bp —>

Figure 3.2.2.1. PCR product of the exon 2 region of the TRIMS5 gene. The
659bp PCR products of the exon 2 region of the TRIMS gene were obtained by
amplification using primers TSex2-f and TSex2-r and were separated on a 1%
agarose gel. Lane 1 contains a 1Kb DNA ladder. Lanes 2-12 contain the PCR
product of amplification using primers T5ex2-f and T5ex2-r. Lane 13 contains a

control in which template DNA was replaced with dH,O.
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Table 3.2.2.1. SNPs found by sequencing a 659bp fragment of the exon 2 region

of the TRIMS gene.

Site  Alleles # samples Genotype numbers SNP reference’
CcC CcG GG

-2 C/IG 20 12 4 4 rs3824949
CcC T IT

127 C/T 21 18 3 0 rs3740996
GG GA AA

407 G/A 21 18 3 0 rs10838525

TSNP reference number from the Ensembl SNP database

3.2.3 Exon7

Sequencing of 17 samples for the 713 bp PCR product, obtained using primers

TSex67-f and T5ex67-r, spanning exon 7, intron 7 and part of exon 8 (Figure

3.2.3.1) revealed no variation. Well defined peaks were obtained for the 470bp

region spanning from base pair position 14223 to 14693.
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Figure 3.2.3.1. PCR product of the exon 7 region of the TRIMS5 gene. The
713bp PCR products of the exon 7 region of the TRIMS5 gene were obtained by
amplification using primers T5ex67-f and T5ex67-r and were separated on a 1%
agarose gel. Lane 1 contains a 1Kb DNA ladder. Lanes 2-6 contain the products
of PCR amplification by primers T5ex67-f and T5ex67-r. Lane 7 contains a

control in which template DNA was replaced with dH,O.

3.2.4 Exon 8

Sequencing of the 603bp PCR product for the region of exon 8, excluding the
3’UTR (Figure 3.2.4.1) gave 418bp of sequence with well defined peaks between
base pairs 14906 and 15324 in the TRIMS gene. There was 1 polymorphism at site
15323 in 21 samples. The polymorphism has alleles C and T and is rare, with 4
heterozygotes in 21 samples and 17 homozygotes for the C allele. No
homozygotes for the T allele were observed. The polymorphism has the identity

rs7104422 in the NCBI dbSNP.
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1 2 3 4 5 6 7 8 9 10 11

750bp —

<«— 603bp
500bp —>

Figure 3.2.4.1. PCR product of the exon 8 region of the TRIMS gene. The
713bp PCR products obtained by amplification using primers T5ex8-f and T5ex8-
r, which span exon 8, excluding the 5’ untranslated region, were separated on a
1% agarose gel. Lane 1 contains a 1Kb DNA ladder. Lanes 2-10 contain the PCR
products of amplification by primers T5ex8-f and TSex8-r. Lane 11 contains a

control in which template DNA was replaced with dH,0.

3.3 Indirect SNP detection
PCR-RFLP and allele specific amplification were performed in order to detect the
four SNPs at sites -5116, 127, 407 and 15323, which were found by sequencing.

All genotypes of samples at these sites are given in Appendix 5.

3.3.1 Polymorphic site -5116
Allele specific amplification was performed on all 222 samples in order to detect
alleles at polymorphic site -5116. PCR with primer pair TRIM-5116A-f and

TSupst-r yielded a 436bp product if the A allele was present at this site. PCR with
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primer pair TRIM-5116G-f and TSupst-r yielded a 436bp product if the G allele

was present (Figure 3.3.1.1).
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ayl 2 3 4 5 6 7 8 9 101112 13 14 15

GA GA GA GA GA GA GA AA GA GA GA AAGA

by 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

GA GA GA GA GA GA GA AA GA GA GA AAGA

Figure 3.3.1.1. The products of allele specific amplification at polymorphic site -

5116. An example of the product of allele specific amplification of a 436bp region
upstream of the 7TRIMS5 gene, amplified using the following primer pairs:
a) TRIM-5116A-f and TSupst-r, specific for the A allele and b) TRIM-5116G-f and
TSupst-r, specific to the G allele. Lane 1 in both gels contains a 1kb DNA ladder. Lanes
2-14 in both gels contain the same samples which were amplified by the different primer
pairs and lane 15 contains no-template controls for the different primer pairs used. Lanes
2-8 as well as lanes 10, 11, 12 and 14 show similar intensity bands for both primer pairs,
therefore these samples are heterozygotes. Lanes 9 and 13 have PCR product for the

primer pair used in a) but not that used in b), so they represent AA homozygotes.
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3.3.2 Polymorphic site 127

Allele specific amplification was used to detect the polymorphism at site 127. If
the C allele was present, amplification with the C specific primer (T5ex1C-f) and
the reverse primer, TSex1-r, yielded a 489bp band on the gel. Similarly the
presence of the T allele was determined by the presence of a 489bp band on the
gel upon amplification with the T specific primer (TSex1T-f) and the reverse

primer (Figure 3.3.2.1).
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a) 12 3456 7 891011121314

CCCCcccece crteccerececceccecce

Figure 3.3.2.1. The products of allele specific amplification at polymorphic site 127.
An example of the product of allele specific amplification of a 489bp region of exonl in
the TRIMS gene amplified using primer pairs a) T5ex1C-f and TS5ex1-r specific to the C
allele and b) T5ex1T-f and TSex1-r specific to the T allele. Lane 1 in both gels contains a
1kb DNA ladder. Lanes 2-13 in both gels contain the same samples which were
amplified by the different primer pairs and lane 14 in both gels contains no-template
controls for the different primer pairs used. Samples in lanes 2-13 in gel a) all have the C
allele and samples in lanes 6 and 8 in gel b) have the T allele at this site. Therefore the
samples in lanes 6 and 8 in both gels are CT heterozygotes and the samples in lanes 2, 3,

4,5,7,9,10, 11, 12 and 13 are CC homozygotes.
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3.3.3 Polymorphic site 407

To detect alleles at polymorphic site 407 PCR-RFLP was performed. PCR
yielded a 659bp product (Figure 3.3.3.1). Restriction of the PCR product with
restriction endonuclease Smal resulted in different size fragments present on a gel
based on the alleles present in the sample at this site. The presence of the A allele

at this site resulted in 585bp and 74bp fragments and the presence of the G allele

resulted in 468bp, 117bp and 74bp fragments (Figure 3.3.3.2).

Figure 3.3.3.1. A 1% agarose gel of the 659bp PCR product. Lane 1 contains a
1Kb DNA ladder. Lane 9 contains a control in which template DNA was replaced

with dH,O.
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123 456738 910111213

<+— 659%p

600bp
<«—— 585bp
500bp
<+—— 468bp
200bp
100bp <+—— 117bp
80bp <—— 74bp non-variant band

GG GG GG GG GG AG AG GG GG GG AG <4— Primer

dimers

Figure 3.3.3.2. The restriction products of digestion by Smal. The restriction
products of digestion of the 659bp PCR product by restriction endonuclease Smal
were resolved on a 1% agarose gel. Lane 1 contains a low range DNA ladder.
The samples in lanes 2-6 and 9, 10 and 11 only have the 468 bp band. The
samples in lanes 7, 8 and 12 have 468bp and 585bp fragments. Lane 13 contains

an undigested 659bp PCR product control.

3.3.4 Polymorphic site 15323

PCR-RFLP was performed on all samples to detect the SNP at site 15323, which
has alleles C and T. PCR resulted in a 603bp product (Figure 3.3.4.1).
Restriction of the PCR product with FspBI resulted in different size fragments
present on an agarose gel based on the alleles present at this site. The presence of
the C allele at this site resulted in 422bp, 112bp and 69bp fragments and the

presence of the T allele resulted in 422bp and 181bp fragments (Figure3.3.4.2).
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The 422bp fragment is the non-variant fragment and is present on all gels,

indicating complete digestion of the PCR product by the restriction endonuclease.

1 2 3 45 6 7 8 9 1011 12 13 14 15

750bp —>
<+— 603bp
500bp —>

Figure 3.3.4.1. A 1% agarose gel of the 603bp PCR product of exon 8. Lane 1
contains a 1Kb DNA ladder. Lanel5 contains a control in which template DNA

was replaced with dH,O.
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12 3 45 67 8 9101112 13 14 15

600bp —> ' 603bp

422bp
Non-variant
Band

200bp —»
181bp
112bp

100bp —»
80bp —» <+—— (69bp
<4—— Primer
dimers

Figure 3.3.4.2. The restriction products of digestion by FspBI. A 1% agarose
gel showing the products of restriction of the 603bp fragment containing
polymorphic site 15323 by restriction endonuclease FspBI. Lane 1 contains a low
range DNA ladder. The samples in lanes 2-13 have the 422bp, 112bp and 69bp
bands and thus represent samples with the CC genotype at this site. The sample in
lane 14 has 422bp, 181bp, 112pb and 69bp fragments and therefore contains both
C and T alleles. It should however be noted that the 69bp fragments are not easily
distinguishable from the primer bands. Lane 15 contains an undigested 603bp

control.
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3.4 Allele frequencies and Hardy-Weinberg equilibrium

Allele frequencies were determined separately for HIV® samples, general
population samples and the entire study population. x2 and P-values were
calculated and no significant deviation from Hardy-Weinberg equilibrium was
observed at any of the sites (Table 3.4.1). There was, however, an overall low

frequency of homozygotes for the minor allele at sites 407 and 15323.
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Table 3.4.1. Results of genotyping of all polymorphic sites, by direct and indirect

methods, showing the observed genotype numbers, allele frequencies and 2

values for a fit to Hardy-Weinberg equilibrium.

# Observed Allele x2 P-
Site  Alleles Group samples genotype frequency V(i}}llf}e value
numbers

GG GA AA

5116 A/G HIV* 150 32 87 31 0.497 2.5991 0.1069

Gen 39 9 15 15 0.577 3.8425 0.0500

Total 189 41 102 46 0.513 0.9224  0.3368
GG GC CC

-4998 G/C Total 38 31 7 0 0.908 0.3911 0.5317
CC CT TT

-4904 C/T Total 37 22 10 5 0.730 3.667  0.0555
TT TC CC

-4876  C/T Total 38 30 6 2 0.868 3.6304 0.0567
GG GA AA

-4819 G/A  Total 35 30 5 0 0.929 0.2071  0.649
CC CT 1T

127 C/T HIV* 155 102 51 2 0.823 2.5107 0.1131

Gen 40 32 6 0 0.875 0.2630 0.6081

Total 195 134 57 2 0.833 22610 0.1327
GG GA AA

407 G/A HIV* 129 112 16 1 0.930 0.2548 0.6137

Gen 38 34 4 0 0.947 0.1173  0.7320

Total 167 146 20 1 0.934 0.1200  0.7290
cCC CT TT

15323 C/T HIV* 126 107 19 0 0.925 0.8378  0.3600

Gen 33 28 5 0 0.924 0.2217 0.6377

Total 159 135 24 0 0.925 1.0596 0.3033
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3.5 HIV-1 susceptibility association

A X2 test was used to determine whether there are significant differences between
the genotype numbers of the HIV-positive samples and the general population
samples. The test was performed under a dominant model and a recessive model
in order to compensate for the relatively low frequencies of homozygotes at some
of the sites. The dominant model groups the two genotypes containing the major
allele together before the comparison is made between the HIV-positive and
general population samples. The recessive model groups the two genotypes
containing the minor allele together before comparing the HIV-positive and
general population samples. The test was performed using a co-dominant model
for the polymorphism at site 15323 as there are only two classes of genotype
information for this site. The co-dominant model compares all three genotypes

between HIV-positive and general population samples.

Table-wide significance was determined according to the sequential Bonferroni
technique (Rice 1989). A P value below 0.005 was taken to indicate significant
differences between HIV-positive and general population genotype numbers for
the 7 comparisons made in table 3.5.1. Significant deviation was not observed
between the HIV® and general population genotype numbers at any of the sites,

-5116, 127, 407 and 15323, under any of the models.
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3.6 Linkage disequilibrium analysis

Pairwise linkage disequilibrium (LD) was calculated for samples that had
genotype information at all eight polymorphic sites (n = 38) and separately for all
the samples at the four sites genotyped by indirect methods (n = 175), as there is a
larger sample size with genotype information at these four sites. In addition,
pairwise linkage disequilibrium was determined for HIV-positive samples only
(n = 137). Table-wide significance was determined for all linkage disequilibrium

analyses using the sequential Bonferroni technique (Rice 1989).

Linkage disequilibrium analysis of the alleles at all eight sites showed nonrandom
association as can be seen by the high 1 and ID’| values (Table 3.6.1). P values
below 0.002 were taken to reflect significant linkage disequilibrium. However,
the high ID’l values observed, for example ID’| values of 1, are most likely due to
the small sample size of 38 and the low frequency of certain alleles, rather than a
true reflection of linkage disequilibrium. This is because a ID’| value of 1 means
that only 3 of the possible four combinations are present in the population. [D’l
also tends to be inflated at low sample sizes (Teare et al 2002) so the # statistic is
a better determinant of LD for the samples with information at all 8 polymorphic

sites, as this subset has a small sample size.

ID’l values are significantly different from zero for the polymorphism at site -5116
and all the other upstream polymorphisms except the polymorphism at site -4876
(Table 3.6.1). This may be due to their close proximity to one another as these

polymorphisms can all be found within 300bp of each other. Significant linkage
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disequilibrium was also observed between polymorphisms at site -4998 and site

127 as well as between polymorphisms at sites -4998 and 15323. It may be that

there is significant linkage disequilibrium between these polymorphism pairs,

however this significance should be viewed with caution due to the small sample

sizes. The same can be said for the significance of the linkage disequilibrium

observed between polymorphism pairs at sites -4904 and 15323 (Table 3.6.1).

Table 3.6.1. Levels of linkage disequilibrium between all 8 polymorphic sites,

given as a coefficient of correlation (1?) and as ID’l, with a ¥2 statistical test of the

ID’I measure of LD. Polymorphism pairs1 with significant P-values are indicated

in bold text in the table.
Polymorphism N r’ D’ x2 P-value
pairs1

1 -5116,-4998 38 0.1621 1 12.159 0.0005
2 -5116,-4904 37 0.5426 0.92 40.1497 0

3 -5116,-4876 38 0.0077 0.1778 0.5747 0.4484
4 -5116,-4819 35 0.1365 1 9.8286 0.0017
5 -4998,-4904 37 0.0093 0.33 0.6693 0.4133
6 -4998,-4876 38 0.0011 0.1471 0.0733 0.7866
7 -4998,-4819 35 0.0202 0.5385 1.3505 0.2452
8 -4998,127 35 0.2382 1 17.8676 0

9 -4998,407 30 0.0154 1 1.1682 0.2798
10 -4998,15323 30 0.2596 0.5625 18.9519 0

11 -4904,-4876 37 0.0023 0.0476 0.1655 0.6841
12 -4904,-4819 34 0.0038 1 0.2605 0.6098
13 -4904,127 34 0.012 1 0.8165 0.3662
14 -4904,407 29 0.0579 1 4.3403 0.0372
15 -4904,15323 29 0.2381 1 17.1429 0

16 -4876,-4819 35 0 0.0286 0.0028 0.9577
17 -4876,127 35 0.006 0.275 0.4021 0.526
18 -4876,407 30 0.0054 0.3556 0.3596 0.5487
19 -4876,15323 30 0.0128 1 0.9359 0.3333
20 -4819,127 32 0.0164 1 1.1967 0.274
21 -4819,407 27 0.1041 0.4643 7.0764 0.0078
22 -4819,15323 27 0.012 1 0.8165 0.3662

T . . ’ ’ ’ ’
Refers to polymorphic sites between which pairwise comparisons were done
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For all the samples with genotype information at the four sites genotyped by
indirect methods, generally low levels of linkage disequilibrium were detected
between polymorphisms (Table 3.6.2), as can be observed from the low r* values.
P values below 0.01 indicate that ID’l is significantly greater than zero. The ID’l
value of pair 6 does not reflect this low disequilibrium due to the absence of
homozygotes for the minor allele at site 15323 and the presence of only one
homozygote for the minor allele at site 407. There is evidence of significant

linkage disequilibrium between alleles at sites 127 and 407.

Table 3.6.2. Levels of linkage disequilibrium between polymorphic sites
genotyped, given as a coefficient of correlation (r2) and as ID’l, with a y2 statistical
test of the ID’| measure of LD. The bold text indicates the polymorphic sites

between which significant linkage disequilibrium was found.

Polymorphism N r’ D’l ¥2 value  P-value

pairs1
1 A-5116G, C127T 153 0.0035 0.1406 1.1868 0.276
2 A-5116G, G407A 137 0.0021 0.1788 0.691 0.4058
3 A-5116G, C15323T 140 0.008 0.3239 2.5608 0.1095
4 C127T, G407A 149 0.0184 0.2148 6.13 0.0133
5 C127T, C15323T 152 0 0.039 0.0065 0.9356
6 G407A, C15323T 135 0.0057 1 1.7984 0.1799

T . T f f f f
Refers to polymorphic sites between which pairwise comparisons were done

For all the HIV-positive samples, with genotype information at the four sites

genotyped by indirect methods, overall low levels of linkage disequilibrium were
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detected between polymorphic sites (Table 3.6.3), as can be observed from the

low r*

values. P values < 0.01 were taken to indicate significant linkage
disequilibrium. There is no evidence of significant linkage disequilibrium
between any of the polymorphisms. Again, a D’ value of 1 was observed for pair

six, however this is not significant and is probably due to the low frequency of the

T allele.

Table 3.6.3. Levels of linkage disequilibrium between polymorphic sites in HIV-
positive samples given as a coefficient of correlation (%) and as ID’I, with a X2

statistical test of the ID’| measure of LD.

Polymorphism pairs1 N r D’ ¥2 value P-value
1 A-5116G, C127T 118 0.001 0.0733 0.2684 0.6044
2 A-5116G, G407A 104 0.0116 0.3904 2.9571 0.0855

3 A-5116G, C15323T 109 0.0056 0.2633 1.3841 0.2394

4 C127T, G407A 114 0.0174 0.2197 4.5261 0.0334
5 C127T, C15323T 120 0.0009 0.2434 0.221 0.6383
6 G407A, C15323T 105 0.0061 1 1.4862 0.2228

T . . . ’ ’ ’
Refers to polymorphic sites between which pairwise comparisons were done
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3.7 Haplotype analysis

Haplotypes and haplotype frequencies were analysed for all eight polymorphisms
(Table 3.7.1). Haplotypes and haplotype frequencies were analysed separately for
the four polymorphisms genotyped by indirect methods for all the samples, as
there is a larger samples size with genotype information for these sites (Table
3.7.2). All haplotyping was performed with the use of the computer software tool,

Phase version 2.1.1 (Stephens et al 2001).

Haplotyping analysis of all eight polymorphic sites gave nine haplotypes in 24
samples, with Hap 1 being the most common with a frequency of 0.420551 and
Hap 9 being the least common with a frequency of 0.031707. The haplotypes all
have the G allele at site 407 (position 7). Eight of the nine possible haplotypes
have the major allele at site 127 (position 6), site 15323 (position 8) and site
-4998, with only one haplotype containing the alternate allele. This is most likely
due to the frequencies of these alleles at these sites. Similarly, at site -4876 seven
of the nine haplotypes contain the G allele. In general the haplotype frequencies
obtained by haplotype analysis with Phase seem to be a reflection of the allele

frequencies, this is likely due to the small sample size.
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Table 3.7.1. Haplotypes and haplotype frequencies, given by Phase, for all eight

polymorphic sites in 24 samples.

Name Haplotype Frequency
Hap 1 AGCTGCGC 0.420551
Hap 2 GGTTGCGC 0.115521
Hap 3 AGCTGTGC 0.063386
Hap 4 GGTTACGC 0.059316
Hap 5 AGCTGCGT 0.053140
Hap 6 GCTTGCGC 0.050804
Hap 7 GGCCGCGC 0.041667
Hap 8 GGCTGCGC 0.033269
Hap 9 AGCCGCGC 0.031707

For the four polymorphisms genotyped by indirect methods, eleven of the sixteen
possible haplotypes were detected in 124 samples. Hap 1 is the most common,
with a frequency of 0.380261 and Hap 11 is the least common, with a frequency
of 0.004559 (Table 3.7.2). Again, the haplotype frequencies seem to be a
reflection on the allele frequencies more than an indication of inherited haplotypes

due to selection.
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Table 3.7.2. Haplotypes and haplotype frequencies, given by Phase, for the four

polymorphic sites genotyped by indirect methods in 128 samples.

Name Haplotype Frequency
Hap 1 ACGC 0.380261
Hap 2 GCGC 0.357464
Hap 3 GTGC 0.061827
Hap 4 ATGC 0.061582
Hap 5 ACGT 0.035026
Hap 6 GCGT 0.028710
Hap 7 ACAC 0.025551
Hap 8 GCAC 0.023744
Hap 9 ATAC 0.010793
Hap 10 ATGT 0.005400
Hap 11 GTAC 0.004559

HIV-positive samples and general population samples were compared for
haplotype pairs that were resolved to a probability difference of >0.15. That is,
for each sample with more than one possible haplotype, a list of the possible
haplotypes was given, with the probability of each haplotype. Only haplotypes
with a probability greater than 0.15 more than the other haplotype probabilities
were used for this comparison. Haplotypes were compared between the HIV-
positive and general population samples in order to determine which haplotypes
were more common in each group and if their frequencies differed between
groups (Table 3.7.3). Hap 1 is most common in the HIV-positive samples and
Hap 2 is most common for the general population group, whilst Hap 5 and Hap 9
are not present in the general population samples despite occurring in the HIV-
positive samples at frequencies of 0.011 and 0.005 respectively. It should also be

noted that a larger proportion of the haplotypes in the HIV-positive samples were
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not able to be resolved than in the general population sample group and that this
may result in the discrepancies seen in the comparison, along with the relatively
small sample size of the general population group compared with that of the HIV-

positive group.

Table 3.7.3. Haplotypes and haplotype frequencies for the haplotype pairs,
resolved to a probability difference of >0.15, for the four polymorphic sites
genotyped by indirect methods in 93 HIV-positive samples 31 general population

samples.

Name Haplotype  Frequency in HIV* Frequency in

general population

Hap 1 GCGC 0.296 0.306
Hap 2 ACGC 0.290 0.403
Hap 3 GTGC 0.027 0.016
Hap 4 ATGC 0.022 0.016
Hap 5 GCAC 0.011 0
Hap 6 ACGT 0.005 0.032
Hap 7 ACAC 0.005 0.016
Hap 8 GCGT 0.005 0.016
Hap 9 ATAC 0.005 0
Unresolved 0.333 0.194
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CHAPTER 4
DISCUSSION

Direct sequencing of the four regions, spanning a total of 2689bp in the TRIMS5
gene, revealed nine polymorphisms in an average of 20 samples. Three
polymorphisms, at sites -5116, -4904 and -2, are common, with a minor allele
frequency close to 0.15 and six of the polymorphisms are rarer (q<0.15). Five
polymorphisms were detected in the upstream region of the gene, four of which
were known and one that has not previously been detected, at site -4819.
Sequencing of exon 2 revealed three previously detected polymorphisms. No
variation was detected in exon 7 despite the fact that there is one recorded
polymorphism in this region, in intron 7 at site 14345, according to the NCBI

dbSNP. One polymorphism was detected in exon 8.

Methods devised for the indirect detection of four SNPs were successful. Two
different methods of indirect detection were used, namely allele specific
amplification (ASA) and polymerase chain reaction restriction fragment length
polymorphism (PCR-RFLP). Where the single nucleotide polymorphism (SNP)
introduced or disrupted an endonuclease recognition sequence PCR-RFLP was
used, unless the fragments of restriction were too small to be resolved on an
agarose gel as in the case of the polymorphism at position -5116, where ASA was
used. ASA was also used for the indirect detection of the polymorphism at site
127 as it conferred no change to any endonuclease restriction recognition

sequence. There was no evidence of deviation from Hardy-Weinberg equilibrium
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for any of the five polymorphisms genotyped by sequencing 40 samples or the

four sites genotyped by indirect methods in more than 150 samples.

Significant differences in genotype proportions were not observed between HIV-
positive and general population samples at any of the four sites genotyped for all
the samples. No significant differences between of the genotype numbers for
HIV-positive and general population samples at non-coding site -5116 were
observed. There were also no significant differences observed between genotype
numbers for the two population groups for coding sites 127, 407 and 15323,
which code for variants H43Y, R136Q and P479L respectively. This implies that
none of the variation studied has a protective effect on the population studied.
However, as the general population samples are few and not persistent long term
high-risk seronegative samples, it is premature to say that there is no protective

effect conferred by any of these variants.

In general, low levels of linkage disequilibrium were observed for the four
polymorphisms. This is consistent with the low levels of LD observed in African
populations. However, linkage disequilibrium was observed between
polymorphisms at sites 127 and 407 in the analysis of all the samples. No linkage
disequilibrium was observed between polymorphisms at any of the sites in the
analysis on the HIV-positive samples. A ID’l value of 1 for a polymorphism pair
means that two or three haplotypes are present in the population, and not all of the
four possible haplotypes for the pair. This was observed between polymorphisms

at sites 407 and 15323 and was confirmed by haplotype analysis, with the A allele
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at site 407 and the T allele at site 15323 not being present in the same haplotype
in any samples. However, this is not significant and is possibly due to the absence
of homozygotes for the minor T allele at site 15323 and the presence of only 1
homozygote for the A allele at site 407 rather than a result of complete linkage
between the G and C alleles. Another study found that the A allele at site 407 can
occur in the same haplotype as the T allele at site 15323, albeit at a very low

frequency (<0.1) (Goldschmidt et al 2006).

Haplotyping analysis showed that there are two haplotypes with high frequencies,
namely GCGC and ACGC, with frequencies of 0.3575 and 0.3803 respectively.
This is most likely due to the low frequency of rare alleles at all of the sites except

site -5116.

Six of the polymorphisms which were detected are in non-coding regions, whilst
three of the polymorphisms detected result in amino acid substitutions. These
non-synonymous changes, namely H43Y, R136Q and P479L, occur in the RING,

coiled-coil and SPRY domains of the TRIMS5a protein respectively.

A recent study on the effects of TRIM5 polymorphisms on susceptibility to
HIV-1 shows that the TRIMSa protein containing a tyrosine at amino acid
position 43, which corresponds to the T allele at site 127, is less efficient at HIV-1
restriction in tissue culture that that containing a histidine residue in this position,
which corresponds to the C allele at site 127 (Javanbakht et al 2006). This

implies a protective effect conferred by the C allele, which was not observed by
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comparing genotype numbers between HIV-positive and general population

samples.

The study by Javanbakht et al (2006) showed an elevated frequency of the T allele
at site 127 in HIV-1-seronegative African American individuals (n = 302) as well
as in high-risk exposed HIV-1 uninfected African American individuals (n = 77),
in comparison to HIV-1 seroconverters (n = 282). They therefore suggested that
this allele may provide an HIV-1-protective effect (Javanbakht et al 2006). No
significant difference in genotype numbers between HIV-positive and general
population samples was observed at this site. Furthermore, another study
conducted on European American males having sexual intercourse with males
showed no significant difference in allele frequencies between high risk exposed
seronegative (n = 96) and HIV-infected (n = 140) individuals at this site
(Speelmon et al 2006), which is in agreement with our findings. The discordant
results between the study by Javanbakht et al (2006) and this study may be
explained by differences in the populations studied and in the sampling of the
populations, as that study was on African-Americans, whereas this study was on
Black South Africans and their study had access to high-risk uninfected
individuals as well as HIV-seronegative individuals, whereas this study only
makes use of a relatively small group of samples with unknown HIV status. The
differences of the results in the Javanbakht et al (2006) and Speelmon et al (2006)

studies may be explained by the differences in the population groups studied.
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The data produced by Javanbakht and colleagues also suggests that the A allele
frequency at site 407 is elevated in HIV-1-seronegative (n = 420) and high-risk
exposed uninfected (n = 80) African American individuals in comparison with
seroconverters (n = 295) and that this allele may also provide an HIV-inhibitive
effect (Javanbakht et al 2006). The study by Speelmon et al (2006), however,
shows a contradictory result. They show that there is no significant difference
between allele frequencies in the HIV-uninfected (n = 96) and HIV-positive (n =
140) groups in a European American population, as our data also reflects, but
found that the haplotype containing the A allele had an elevated frequency in
HIV-positive individuals (Speelmon et al 2006). This elevated frequency of the
haplotype containing the A allele in HIV-positive individuals was not observed in
this data. These results show that the haplotypes containing the A allele have a
frequency of 0.021 in HIV-positive individuals and 0.03 in the general population

samples.

Another study investigated the role of TRIMS5a variants on disease progression
using a large cohort of 979 samples (Goldschmidt et al 2006). They found no
association between any of the TRIMSa variants and disease progression. They
did, however, note that none of the common variation detected occurs within the
blocks of positive selection in the primate lineage, vl and v2 (Goldschmidt et al
2006). There was also no variation detected in these variable regions by
sequencing this region in a black South African population. As these regions of
positive selection represent parts of the gene that may be functionally important in

retroviral resistance, it is surprising that no variation is detected within these
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regions, while there is variation in other parts of the gene. The variation that this
and other studies have detected in the rest of the gene may therefore have been

selected for by past viral epidemics that were not related to HIV.

The Javanbakht et al (2006) study did not detect the polymorphism at position
-5116 while neither the Speelmon et al (2006) or Goldschmidt et al (2006) studies
found any association of the SNP at site -5116 with HIV-susceptibility. This
study did not reveal a significant difference between genotype numbers for the
HIV-positive sample population and the general population with respect to site
-5116, however, differences in the haplotype frequencies for haplotypes
containing the A and G alleles at this site were observed between HIV-positive
and general population samples. The function of this polymorphism is not known,
however it may regulate levels of TRIMS5a protein in the cell. It is also in linkage
disequilibrium with the other upstream polymorphisms of the gene at sites -4998,
-4904 and -4819. Alternatively, it may be in linkage disequilibrium with another
polymorphism in the gene that was not investigated in this study. It is also
possible that it is not a single variant that has a protective effect against HIV but
rather a combination of variants that determine susceptibility to HIV. However, it
should be noted that the sample size of resolved haplotypes in the general
population which was used for comparison between haplotype frequencies was

very small and the differences revealed may be an artefact of this.

Another discrepancy between our data and that of Javanbakht et al (2006) is that

they found SNP’s at sites 127 and 407 to be in complete negative linkage
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disequilibrium, that is the T allele at site 127 and the A allele at site 407 never
occurring together in the same haplotype. This was not the case with our data, as
can be seen in samples 185 and 311. Sample 185 has the genotypes TT and GA
and sample 311 has genotypes CT and AA at sites 127 and 407 respectively, thus
it is possible for the T and A alleles to occur on the same haplotype. However,
this study did detect the existence of significant linkage disequilibrium between

these two polymorphic sites.

Interestingly, despite the fact that more variation was expected in this African
population than that which has been reported for other populations, there were
seven polymorphisms that have previously been detected according to
submissions to the Ensembl SNP database that were not present in any of the
samples that sequenced in this study. These SNPs occur in the upstream region at
position -5321 (rs16934390), the 5° untranslated region of exon 1 at position -
4811 (rs28381978), exon 2 at sites 334 (rs11601507) and 369 (rs35216582),
intron 7 at site 14345 (rs34525757) and two SNPs in exon 8 at sites 15017
(rs35852130) and 15142 (rs28381981). The polymorphism at site -5321 has a
minor allele frequency of 0.075 in Yoruba mother-father-child trios and 0.087 in
23 African American individuals. This occurs at a frequency that one would have
expected to be detectable by sequencing the number of samples sequenced in this
study. However, it may occur in the South African black population at a lower
frequency. The polymorphism at site -4811 was detected with a minor allele
frequency of 0.02 in a sample population of 48 Swiss Caucasians, so it is not

improbable that it was not detected in the study population due to its low
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frequency. However, the absence of this polymorphism in these samples may also
be due to population differences between populations that it has been detected in
and African populations. At site 334 the polymorphism was not detected in any
of the populations genotyped by the HapMap project and the SNP was validated
by multiple submissions to dbSNP but no frequency information was supplied.
The polymorphisms at sites 369, 14345 and 15017 had no frequency data and no
information on the validation of these SNPs so it was not possible to determine
whether the inability to detect them in this study is due to the sample size or
differences between populations. At site 15142 the SNP had a minor allele
frequency of 0.08 in 48 Swiss individuals and 0.04 in an unknown population of
7832 individuals. Again, differences in the frequencies of the polymorphism in
different populations may explain this, depending on the origin of the latter

sample population.

The polymorphisms in exon 2 both result in amino acid substitutions as do those
in exon 8. The three other studies that resequenced in order to detect variation
were able to detect some of these polymorphisms that are present in the Ensembl
database; Javanbakht et al (2006) detected rs11601507, Speelmon et al (2006)
detected rs28381975 and rs11601507 and Goldschmidt et al (2006) detected
rs28381975. In addition, all the studies detected rs28381981, a polymorphism at
site 15142, in the SPRY domain of the TRIMS5 gene (Goldschmidt et al 2006,
Javanbakht et al 2006 and Speelmon et al 2006); however not one of them was
able to detect the polymorphism at site 15323 (rs7104422), also a non-

synonymous substitution in the SPRY domain.
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The SNP at site 15142, which does not occur in any of our samples, causes a
change in amino acid 419 from histidine to tyrosine; the minor allele is present in
approximately 1% of an African American population and 5-6% of three
Caucasian populations (Javanbakht et al 2006 and Speelmon et al 2006).
Similarly, the polymorphism at site 334 that was not present in any of our samples
causes amino acid 112 to change from valine to phenylalanine; the minor allele is
present in approximately 1% of an African American population and in 7% of two
European American populations (Javanbakht et al 2006 and Speelmon et al 2006).
Thus, it is not all that surprising that these polymorphisms were not detected by
sequencing 20 samples of the black South African population, as they occur at
such a low frequency in the African American population compared to European
American populations. They may in fact be European population-specific
polymorphisms as African -American populations have 6.8% - 22.5% European
genetic ancestry (Parra ef al 1998). The polymorphisms at sites 334 and 15142
were found to have no significant differences between HIV-positive and -negative

samples (Javanbakht er al 2006 and Speelmon et al 2006).

The differences between this study and those by Goldschmidt et al (2006),
Javanbakht et al (2006) and Speelmon et al (2006) may be explained by sample
size differences. Approximately 150 HIV-positive samples and 40 general
population samples were genotyped in this study. The Goldschmidt study had
979 HIV-seroconverter study participants and the Javanbakht study had sample

sizes of 251-295 for HIV-seroconverters, 282-420 for HIV-seronegative and 74-
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80 for high-risk exposed uninfected groups, depending on the polymorphism
genotyped. The Speelmon study had a sample size of 95-96 for high-risk exposed
seronegative individuals and 96-140 for HIV-1 infected individuals, depending on
the polymorphism genotyped. In addition it must be taken into account that in
this study the general population samples are not as informative as HIV-negative
and high risk seronegative samples when looking at a possible protective effect of

certain alleles or haplotypes.

However, these discrepancies may also be reconciled by genetic differences
between African Americans, black South Africans and European Americans. It is
likely that if seronegative individuals were genotyped and these comparisons were
made, rather than making the comparisons between seronegative and general
population samples, these differences may be reconciled. This is due to the fact
that there is a high prevalence of HIV in the black South African population, in
2002 it was estimated at 12.9% (Nelson Mandela/HSRC study of HIV/AIDS
2002), thus the general population group in this study may contain as many as 5
HIV-positive samples. It would also help to have a larger population size to

genotype in order to further investigate these differences.

It is not possible to definitively say whether there is more variation in this gene in
the black South African population than in European or African American
populations. Sequencing a larger sample size may help to better answer this
question. There is also no conclusive evidence that any of the polymorphisms

characterized in this study are directly or indirectly involved in the restriction of
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HIV-1 through regulation of the gene, linkage disequilibrium with another
polymorphism in the gene, or in combination with other variants. The results of
this study, taken together with those from other similar studies (Goldschmidt et al
2006 and Speelmon et al 2006), do not point to a protective effect conferred by
variants of TRIMS5a to HIV-1. To investigate this further, it would be helpful to
have larger sample sizes and a sample group of high-risk seronegative individuals
for comparisons. The haplotypes present in the population were not completely
resolved, however there may be haplotypes acting outside of the regions
investigated that play a role in HIV inhibition. Again, genotyping of a larger
sample size may help to better resolve the haplotypes, alternatively molecular
haplotyping could be performed. As no correlation has been found between any
of the polymorphisms in the TRIMS5 gene and disease progression, it would be
interesting to investigate this with the use of long term cohorts with good disease
progression data. It would also be interesting to compare more populations to one
another with regard to the amount of variation and susceptibility to HIV to
determine whether there really are major differences in the TRIM5 gene between

populations.
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CONCLUSIONS
Until recently the effect of TRIM5 polymorphism on HIV had not been explored
and this is the first study on TRIM5 polymorphism in a black South African
population. Here, a novel polymorphism in the upstream region of the TRIMS
gene has been reported at site -4819 and the presence of eight other
polymorphisms has been confirmed. However, there are reported low frequency
polymorphisms that were not detected and sequencing of a larger population size

may be able to detect these.

No significant differences were observed between HIV-positive and general
population groups for genotype numbers. Generally low levels of linkage
disequilibrium were detected as is consistent with African populations, but
significant linkage disequilibrium was observed between alleles at sites -5116 and

407.

Haplotyping analysis gave inconclusive results; the haplotypes were not
completely resolved due to the low frequency of the minor allele at three of the
sites genotyped, however there is a difference in the most common haplotypes for
HIV-positive and general population samples, although this not statistically

supported.

Future work on black South African populations includes molecular haplotyping,

the use of larger population sizes and the establishment of long term cohorts with

samples from high risk long term seronegative individuals, for comparison with
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data from HIV-positive individuals. It would also be worthwhile to perform an

analysis of the function of polymorphisms in the upstream non-coding region.
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APPENDIX 1

Patient Information and Consent Form

PATIENT INFORMATION & CONSENT Form

“Population Genstics of HIV resistance in southern Africa”

PATIENT NUMBER

Dear Patiant,

We, in the Depariments of Molecular and Call Biokogy and the Clinical HIV
Research Unit at the University of the Witwatersrand want to gain a better
understanding of the variation in pecple's responsas to HIYV and AIDS, Some
people in other paris of the world have genes that make them respond fo HIV
in different ways: We want to examine variation in these genas in people of
southern African origin. Your blood and your medical history will aliow us o
determine what genetic variation is common and what effacts that variation
has on how fast HIV positive people become sick with AIDS.

We would be very grateful if you would donate 5 ml {1 t=p) of blood, drawn
from an arm vein only once. Slight discomfort may be associated with
drawing blood; this may include pain, swelling or bruiging at the site of
punciure. \We also ask that you allow us to have access to your medical
records at this clinic.

POTENTIAL BENEFITS

There will be no immediate benefit to you by participating in this study, Yeou
will be assisting in collecting accurate information about patients infected with
HIV. We hope the data will help us to assess long term trends and design
effective treatments for people In southem Africa.

VOLUNTARY PARTICIPATION
You may choose fo take part in this study and you may decide to withdraw
from the study at any time.

PRIVACY

We will keep your recards confidential. Your blood samples are encoded with
a number and your identity will only ba known to the principal investigator and
your dactor :

COST OF PARTICIPATION
Thare will be no charge for the laberatory tests or procedures which are

required for your participation in the study. The study institution (University of
the Witwatersrand, School of Molecular and Cell Biology) may compansate
you for any travel expenses incurred by you to attend the clinic up to R20.
There Is no other form of compensation for your participation.
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CONTACT NUMBERS

The investigatar in charge of this study is Prof Tracy Mclelian who may be
reached for answers to questions concemning this study at 011 T17-6357.

If you have questions about patient rights, you may contact The Committee
for Research on Human Subjects, telephone (011) 717-1234. :

If there is an emergency, you may contact the doctor, Dr P MacPhaill, at 278-
8800,

CONSENT

I, have voluntarily agreed to take part in
this research study! | have read this consent form (or had it read to me by the
social worker) and have had an opportunity to discuss this with my doctor. Al
guestions have bean answerad to my satiefaction and | fully understand my
participation in this study. | will be given a copy of this consant form to keap.

Signature of Patient Dete Time
Signature of Witness | Date Time
Signature of Investigator Dale Time
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FATIENT QUESTIONNAIRE
“Population Genatics of HIV Resistance ir Southess Africa”
Fatient Murnher File number

W nesd information about you and your relatives in arder to determine I spopalations differ from sach ather, Pleage try to
b as accugare & possible, 1 is hetter b leave gut information then ta give 1 sorething thet might be wrong,

Tou

Place of birth Brovince ar éomntry

Hams language

YOUR PARENTS

Your mother v Your Father
Place of hirth Place of bink
Provinge or country Pravince or cousdry
Fome language _ Home languags
TOUR GEAN]}P;MIPI'B

¥our mother's mother ) Your futher's mother
Floce of binth Flace of birth
Frovinee o country Provines or country
Home language Hume language
Your mother's father Your Exiber's fnther
Flace of birth Place of hirth
Provinge o country Provines or country
Home: langaage Hoame langunge
Medieal information

Year of birth

HIV + since

Mos! recent CT4+ conint Daxe

Cither canditions:

Tubersulasis?
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APPENDIX 2

University Of the Witwatersrand Ethics Clearance Certificate

Rl4/% PdcLellan -

CLEARANCE CERTIFICATE PR L
FROJECT Population genetics of resintance to HIV in Southern
INVESTIGATORS Prof T MeLellan
DEPARTMENT lecuker .
Mo & Cell Bialogy
DATE CONSIDERED 04,0227 )

DECISION OF THE COMMITTEE* Appeoved anconditionally

DATE 0403.23 CHAIRPERSON ., &ém;;&w

*Caldelines for writizn “infirmed sansens® artached where applicabis
ot Bupervisor : Prof T McLellan

B O 3.

Tobe i i
Smmmwlﬁn??ﬂfmuﬂ ONE COPY returmed to the Secretary at Boom 10005, 10th Floar,
Wnﬁﬂ%mmmdhﬁmmwmlﬁmmmmmw:hmuw&
ressanch ERaranies 3 essurs complionee wi ﬂrmemuiﬂims.hm]dmrdwmmh
wmmmMemmumasappmmdLﬁmundmhtarmmmWamlmthe

PLEASE QUOTE THE PROTOCOL NUMBER ¥ ALL ENQUIRIES
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Sequencher contig sequence view of polymorphism at site -5116

APPENDIX 3

o . - ol n

iE) 106 TSUPST-F

FGOCTTAATCTEAALCTATETCL

B 12 Tsupst-F |GOGTTAATCTHAAACTATGTCA
B 122 TSUPT.F |GGGTTAATC THAAACTATGTCA
i8] 138 TSUPST-F [GGGTTAATCTHAAACTATETCA
1] 146 TSUPST-F [GGGTTAATCTHAAACTATETCA
1142 TSUPST-R |GGGTTAATC THAAACTATGTCA
iE) 150 TSUPST-F |GGGTTAATC TERIALACTATGTCA
iE) 206 TsupstF |GGGTTAATCTERALACTATGTCA
i 207 Tsupst F |GGG TTAATCTEALACTATGTCA
B 2o Tsupst F |GGG TTAATC THALACTATGTC A
B 20 Tsupst F |GGG TTAATC THALACTATGTC A
13 213ups GGGETTAATCT|AAACTATGTCA
E 14 Tsupst F |GGG TTAATCTERIAAACTATGTC A
1B 214ups GOGTTALTCTEALACTATGTC A
B 215 Tsupst F |GGG TTAATCTEALACTATGTCA
4B 215ups GGGTTALTCTEAAACTATGTCA
15 216ups GGGTTAATCTMLALCTATGTCA
163 218ups GGGTTAATCTMLALCTATGTCA
219 Tsupst F |GGG TTAATC THALACTATGTC A
B GOGTTALTCTEALACTATGTC A
Bl 222 Tsupst F |GGG TTAATC THALACTATGTCA
1B 222 GGGTTAATCTHMLAACTATGTCA
16 224 GGGTTAATCTMLALCTATGTCA
i 225 Tsupst F |GGG TTAATC THAAACTATGTC A
i 226 TSupst F |GGG TTAATC THALACTATGTCR
1B 227 GEGTTAATCTIMLALCTATGTCA
1B 220 GGGTTALTCT{EAAACTATGTCA
Bl zzoTsupst F O |GOGTTAATCTERALACTATGTCA
B 20 Tsupst F |GGG TTAATC THAAACTATGTC A
i 21 Taupst F |GGGTTAATCTERAALACTATGTC A
234 Tupst F |GGG TTAATC THALACTATGTC A
iE 238 TsupstF |GGGTTAATC THALACTATGTCA
iE 230 TsupstF |GOGTTAATC THAAACTATGTCA
[T1)40 frag bases |50 [siz0 l-5110

selected at GGGTTAATET&AAAETATGTCA

COnNsEnsLE »

pozition -5,116
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Sequencher chromatogram view of polymorphism at site -5116

T

&

. I
T

C
C

224 Fragment base #160. Base 160 of 554

-

AR AR ACTAHT

T

AAVAAAAAAMAN

225 Thupst F Fragment base #102. Base 192 of 496

T & a T C T A A &8 C T A TG

TRARRARTCTRAARRACLCTAR ARTITLG

M AN

226 Thupst F Fragment base #193. Base 193 of 4497

T & A 7T C THRA A A C T A TG

TRARRARTCTRARARRAELCTR ATHG

T

&

T

TTIIIﬂﬁﬁE

5

=227 Fragment base#171. Base 171 of 363 =
C

N A A ACTAHT

T

A A T

A T

T

T B & & & C

T

=

=228 Fragment base #160_ Base 160 of 354 =
C

A AT

AAAAAAAAAAAAA

G AR AC T ARART

T

ment base#194_Base 194 of 3

=229 Taupst F Fra

C TRAA & AC T AT G
I A TCTGAARARTCTARATG

T A & T
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Sequencher contig sequence view of polymorphism at site -4998

" Sequencher - [Contig[0047]]
|E| File Edit Select Conktig Sequence  YWiew %

iE] 106 TEUPST-F
3B 112 Tupst-F
JE8 132 TRUPT-F
1E5) 138 TSUPSTLF
13 146 TSUPST-F
1E3 142 TSUPST-R
iE] 150 TSUPST-F
iE) 206 ToupstF
iE) 207 Taupst F
I8 209 Taupst F
JE8 210 Taupst F
q@ 213ups

1B 214 Toupst F
qEHhhﬁ

B 215 Toupst F
qEﬂ 215ups=

4@ 21fup=

4@ 218ups

JE8 219 Tupst F
45 21

163 222 Thupst F
4 123

4 224

iE) 225 Toupst F
IE) 226 Toupst F

B T
4 228

JE8| 220 Tupst F
18] 230 Taupst F
16 231 Thupst F
1E3 234 TSupst F
iE) 232 ToupstF
iE) 30 ToupstF

CAGCTACAC B
CAGCTACAC B
CAGCTACAC B
CAGCTACAC B
CAGCTACACGH
CAGCTACLACGH
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGETG
CAGCTACACGMCCCGGETG
CAGCTACACGEICCCGGETG
CLGCTACACGERICCCGGLETG
CAaGCTACACGRMICCCGGCTG
CAGCTACACGEMCCCGGCETG
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGCET
CAGCTACACGEMCCCGGETG
CAGCTACACGEICCCGGETG
CAGCTACACGEICCCGGETG
CAaGCTACACGRMICCCGGCTG
CAGCTACACGEMCCCGGCETG
CAGCTACACGERICCCGGCETG
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGETG
CAGCTACACGEICCCGGETG
CAGCTACACGEICCCGGETG
CLGCTACACGMCCCGGETG
CAGCTACACGEMCCCGGCETG
CAGCTACACGERICCCGGCETG
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGCET
CAGCTACACGERICCCGGETG

CCCGGCTG
CCCGGCTG
CCCGGCTG
CCCGGCTG
CCCGGCTG
CCCGGCTG

E#D frag bazes

zelected at
CONZENSUS

position -4 938

CAGCTACACGECCCGGCTD

5010 I—E:u:u:l |
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Sequencher chromatogram view of polymorphism at site -4998

= 213ups Fragment base #288_ Bas e 288 of 570
C A C G Cc C C G G C
C AC G W C CTZCUG G C

—

215ups Fragmernt base #264. Base 264 of S48
v A C G C C C
C AC GG CTCC

AV i

N

-3 Iy

216ups Fragmernt base #2723, Base T8 of 530
C & Cc cE C C C G
C AC G G CTCTECOG

218ups Fragment ba5e #1748, Base 278 of S60
C_ & C G C C C G G
C A C E C C G G

@mﬁAAA

221 Fragment hase #233 BE‘EE 233 nf555 -
C
C

A L
AR C HEEEEEE

@mﬂAaAAﬁAAAJ

GG

N
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Sequencher contig sequence view of polymorphism at site -4904

- - - - = ]

iE 106 TSUPST-F
1 12 Taupst-F
i 132 TSUPT-F
i) 132 TSUPST-F
15 146 TSUPST-F
165 142 TSUPST-R
1] 150 TSUPST-F
iE 206 Taup=tF
15| 207 Taupst F
iE 200 Tupst F
I 210 Taupst F
q@ 213up=s
qEHhhm

q@ 215up=s

qu 216up=

q@ 218up=s

4 2

4B 222

4 224

16 225 Toupst F
1E5| 226 Toupst F

B
4E 228

IE) 220 Taupst F
15 230 Toupst F
iE 231 Taupst F
165 234 Toupst F
iE 238 Taup=tF
165 229 TupstF
iE 240 THupstF
IE| 241 Tup=tF
15| 242 ToupstF
1E 242 Taup=tF

TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC L
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC L
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGRGT GAGC A
TTTCCTGCCCTGAGHIGTGAGC A
TTTCCTGCCCTGAGENGT GAGC A
TTTCCTGCCCTGAGNGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC L
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGENGT GAGC A
TTTCCTGCCCTGAGHIGTGAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC L
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGMGT GAGC A
TTTCCTGCCCTGAGMGTGAGC A
TTTCCTGCCCTGAGRGT GAGC A

|E3E§ frag bases
zelected at
CONZEnzLE
pozitian -4,904

4320 I-4210 l-as
TTTCCTGCCCTGAGMETGAGE A
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Sequencher chromatogram view of polymorphism at site -4904

= 213ups Fragment base #382. Base 382 of 570 =
E T G & G G T G .fi-. G E .fl‘-.
G A G

/\/\/\/\/\ ,«T/\/\/\/\A

=214ups Fragment hase #355 Base 335 of 318 =
T G A G G C A

-215up5 Fragment ha5e #353 Ba5e 353 uf543 -
G & &
E T G A G

/\N\/\A[\A/\M\/\/\N

21Eiup5 Flagment hase HaT2. Elase 3?2 u:uf 539

218ups Fragment hase #3?2 Base v of EEIZI
T G A G G C A
T G A G G C A |

/\/V\A/\/\M/\/\M\/\z

-221 Fragment hase#332 Base 382 ef555-
G .ff-. G G .ﬁ. G
E T

i,
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Sequencher contig sequence view of polymorphism at site -4876

iE) 106 TSUPST-F ICGGTTCCTCMAGGAARAT
B 12 supaF [CGGTTCCTCEAGGALAAT

iE) 132 SUPTF |CGGTTCCTC
iE) 138 TSUPST-F ICGGTTCCTC
iE) 146 TSUPSTF ICGGTTCCTC®
i) 148 TSUPST-R ICGGTTCCTC
iE) 159 TSUPST-F ICGGTTCCTC
iE) 206 TSupstF - ICGGTTCCTCg
B 207 SupstF |CGGTTCCTC
Blawsmsupar [CGGTTCCTCH

LGGAARAT
AGFAARAT
AGFAARAT
GFAARAT
WGFAARAT
GFAARAT
GGAARAT
GGAARAT

BlaomupaF [CGGTTCCTCEAGGALAAT
1B #13ups CGGTTCCTC@MAGGAAAAT
1E) 214ups CGGTTCCTC@AGGAAAAT
1E) 215ups CGGTTCCTC@AGGAAAAT
qi'lﬂups CGGTTCCTCWAGGAARAT
q@iﬁup«s CGGTTCCTCWAGGFAARAT
q@ﬂl CGGTTCCTC GGFAARAT
qm CGGTTCCTCMAGFARAAT

B 224 CGGTTCCTC
B s oupstF |CGGTTCCTCR

GFALAAT
GGALALAT

i) 226 hupst F [CGGTTCCTC@AGGAAAAT
(B 227 CGGTTCCTCEMAGGALAAT
P=pos CGGTTCCTCMAGGALAAT

Bl 220 st F [CGGTTCCTC Y
)20 SupstF [CGGTTCCTCHY
iE) 231 TSupst F
Bl 234 upstF |[CGGTTCCTCAGGAARAT
B2 TupstF [CGGTTCCTCAGGAARAT
B39 TSupstF [CGGTTCCTCEAGGAARAT
iE) 240 TSupstF ICGGTTCCTCEAGGAAARAT
iE 241 TSupstF [CGGTTCCTCAGGAARAT
iE) 242 TSwpstF [CGGTTCCTC@AGGAARAT
B2 BupstF [CGGTTCCTCWAGGAARAT

GGALAAT
GGAARAT

@32%9 bases |Io l-asa0 1-4
selected at CGGTTCCTC GGALAAT
congensus | .

position -4,876




Sequencher chromatogram view of polymorphism at site -4876

215up=s Fragment baze §386. Base 386 of 546
[ C C T ¢ A G G A A A A
c C T CTAG GRAAR RRA

216ups Fragment baze §400. Ba=se 400 of 539

C C T CHBA G G A & & A
C CTCTAGGAARAMRA

218up= Fragment baze §400. Ba=se 400 of 560
r . C T C & G G A A A A
c C TCTAGIGA AR AR AR

WA AN

221 Fragment base #410. Basze 410 of 555
T

C C T CHll AG G A A A A
L C TC T AG G AA A A

=223 Fragment base#411_Base 411 of 462 =
T cCc T CHM A& G G A A A A
L C T CcCAGG AR CAHA
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Sequencher contig sequence view of polymorphism at site -4819

15 242 ThupstF
IE 207 Toupst F
155 215 Thupst F
1E5 206 TaupstF
165 209 Thupst F
165 239 ThupstF
IE 210 Tsupst F
155 214 Thupst F
1E 242 TaupstF
155 234 Thupst F
1E 148 TSUPST-R
15 230 Thupst F
IE 2290 Tsupst F
165 226 Toupst F
165 225 Thupst F
IE) 222 Toupst F

45 227

1B 2

qEI 213up=

IE 146 TSUPST-F
qEI 216up=

46 228

1B 224

qEI 218up=

IE) 132 TSUPT-F
155 112 Thupst-F
IE 138 TSUPST-F
qEI 215up=
@%ﬂ%ﬁ

36 159 TSUPST-F
165 106 TSUPST-F

TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TAACCACH
TadCCACH
TadCCACH
TadCCACH
TaaCCACHE
TadCCACH
TadCCACH
TadCCACH
TadCCaCH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCACH
TadCCAC
TadCCACH
TadCCACH

CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTT

CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC
CTTCCC

A frag bazes
selected at
CONSEnsLE
pogition -4,813

a0 TR
TaaCCACETCTTCCC
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Sequencher chromatogram view of polymorphism at site -4819

227 Fragment base #4628, Base 462 of H65
L C A C E T |: T T C C C
C CA C T €C C C

AN

-221 Fragment haae#dﬁ? Base-c‘lE? uf555-
E & C E C
I E C A C T E C C

\/\N\AA/\/I/\M

224 Fragmert bEEE #4457 Bage 4!5? of 554
C & C T C €
C A C T C C

A

-214up5 Fragment hase #chll] Bmeddﬂ of 318 =
C & CH T C C C
I E C A C N T E T T C CC

WA

213up5 Fragmerit base #467. Base 467 n:-f A7
C A CHR T C T £ E C
I E CACG T C T T C C C 1
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Sequencher contig sequence view of polymorphism at site -2

i@ 210 exl exon int short
i@ 210-ex1 exon’ int

I g

1@ 211 ex1 exonl int short
I .

1@ 211-ex1 exond int

i@ 212 exl exon int short
i@ 212-ex1 exonl int

i@ 214 exl exon int shart
I .

1@ 214 exond int

£ s ea-r

i@ 216 ex1 exonl int short
1B 218 exir

i@ 221 exl exond int short
165 221 exont int

165 222 exont int

I .

1@ IIlex! exond int short
163 222 exont int

I g

1@ 223ex1 exonl it short
165 224 exwont int

i@ 22den] exand int shart
15 225 exont int

I .

1@ 225ex] exont int short
1B 226 exont int

I g

1@ 22fex1 exonl int shart
15 227 exont int

1B 228 exont int

I .

1@ I1%ex! exond int short
165 229 exont int

I .

1@ 229 ex1 exonl int short
1B 230 exont int

I g

1@ 230 ex1 exonl int short
165 231 exont int

1B 231 exont int zh

1B 232 exontint

|E3? frag bazes
zelected at
CconEenzuE postion
-2

TGCAATAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGOTT!
TGGALTAGCTAMTATGGCTT!
TGGAATAGCTAMTATGGCTTC
TGCAATAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGOTT!
TGGALTAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGAATAGCTAMTATGGCTTI
TGGALTAGCTAMTATGGOTT!
TGCAATAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGOTT!
TGGALTAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGAATAGCTAWTATGGCTTI
TGGALTAGCTAMTATGGOTT!
TGCAATAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGALTAGCTAMTATGGOTT!
TGGALTAGCTAMTATGGCTT!
TGCAATAGCTAMTATGGCTT!
TGGAATAGCTAMTATGGCTTI
TGGALTAGCTAMTATGGOTT!
TGCAATAGCTAMTATGGCTT!
TGGAATAGCTAMTATGGCTTC
I-10 11

TGoAATAGCTAMTATGGCTTI
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Sequencher chromatogram view of polymorphism at site -2

=226 exonl int Fragment base#46_ Base 46 of 343 =
TA G C A, T A TG G C T TC TG
AT 1 AT1 AT A1 1d A Ad Al

226ex1 exonl int short Fragment base #46_. Bas e 46 of 364 -
TaG C TA T A TG G CT T C TC
AT1 d ATIT AT AT 1 dA A d AI

227 ewond Fmgmen‘t base #46 Base of 545

T E TGGELCT T LC TG
HT]EIHTEIHT A11d A Ad A1

=228 exond int Fragment base #46_ Base 46 of 544 =
T &4 G C T A T 4 TG G C T T C T40@
AT 1d AT I AT RT 1 d4d A8 Ad A1

228ex1 exonl intshort Fragment base #46. Bas e 46 of 359 -
Ta GC TANB TA TG GLC T TE TG
AT 1d AT I AT A1 1d A A d A1

T e e T T )
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Sequencher contig sequence view of polymorphism at site 127

15 210 ext exontint short|[CCTCACTGCALAC MACAAGALG,
16 210-ex1 exont int CCTCACTGCALACMACALGLAGT
3B 211 ext exontint short|[CCTCACTGCALAC MACAAGALG,
165 211-ex1 exont int CCTCACTGCALAC[MACALGLAGT
1) 212 et exontint shont|[CCTCACTGCALAC MACALGALG,
1] 212-ex1 exont int CCTCACTGCAALCMACALGALG,
15 214 et exontint short|[CCTCACTGCAAAC MACAAGALG,
1] 214 exont int CCTCACTGCAALCMACAAGALG,
iE 115 enR CCTCACTGCALACMACALGLAGT
16 216 ext exontint short|[CCTCACTGCALAC MACAAGALG,
18 112 exir CCTCACTGCALAC[MACALGLAGT
355 221 et exontint shont|[CCTCACTGCALAC MACLAGALG,
1) 221 exont int CCTCACTGCAALCMACALGALG,
16 222 exont int CCTCACTGCALACMACALGLAGT
1) 222ex1 exont int short [CCTCACTGCALAC MACAAGALG,
1 223 exont int CCTCACTGCALACMACALGLAGT
165 223ex1 exontint short [CCTCACTGCALAC MACAAGALG,
16 224 exont int CCTCACTGCALAC[MACALGLAGT
165 224ex1 exont int short [CCTCACTGCALAC MACLLAGLLG,
15 225 exont int CCTCACTGCAALCMACALGALG,
165 225ex1 ewont int short [CCTCACTGCAAAC MACAAGALG,
15 226 exont int CCTCACTGCAALCMACAAGALG,
365 226ex1 exontint short [CCTCACTGCAAACMACAAGALG,
1) 227 exont int CCTCACTGCAALCMACAAGALG,
16 228 exont int CCTCACTGCAAACMACAAGRAG,
155 228ex1 exont int short [CCTCACTGCALACMACALGALG,
15 229 exont int CCTCACTGCAALCMACALGALG,
165 220 et exontint short|[CCTCACTGCAAAC MACAAGALG,
15 230 exont int CCTCACTGCAALCMACAAGALG,
36 230 ext exont int shot |[CCTCACTGCAAACMACAAGALG,
1) 231 exont int CCTCACTGCAALCMACAAGALG,
163 231 exont int sh CCTCACTGCALAC[MACALGLAGT
1) 232 exont int CCTCACTGCALACMACALGLAGT
ESEIfrag bazes lizn B lisn
selected at EETEAETGEAAAEEAEAAGAAGT
consensus position || LT
127
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Sequencher chromatogram view of polymorphism at site 127

227 exonlint Fragment base #174. Basze 174 of 544

TGC A & o CHMA C A &G A &G

C
d

T

d

AT d T T TddT ddT T I TTITA

A/J\A/\M/\A/\A/\/\MMA\/

C C

A C A A G A MG T

ment base #174. Base 174 of 544 =

7]

=228 exoniint Fra

TG C A & & C

AT d TT TddTdTTIT TIAH dd

C C

T

=228ex1 exonl intshord Fragment base #174. Base 174 of 559 =

TG C oA & A CHllA CA A G A AG

AT d TT TAddTdHdTTITTTITAH d4d

f\/\AMA/\/\/\/\/\/\/\A/\f\

228 exonlint Fragment baze #174. Basze 174 of 546

TG C A A A CHEEATLCA A G A AGT

C

C

AT d TT Td dTdTTITTIA dd

228 exl exond int short Fragment base #174. Base 174 of 466

[

TG Cca A o CHEA C A A G & A G T

ATd T T TddTAdTT ITTTIARH dd
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Sequencher contig sequence view of polymorphism at site 407

165 214 exont int

E 25 B0R

i@ 216 exl exon int short
1B 212 extr

i@ 221 exl exonl int short
165 221 exont int

16 223 exont int

i@ Ir2exl exond int short
1B 223 exont int

i@ 21%ex1 exonl int short
16 224 exont int

i@ 22den] exonl int short
16 225 exonl int

i@ I5ex1 exond int short
1) 226 exont int

i@ 22fex1 exonl int short
160 227 exont int

16 228 exoni int

i@ 228! exont int shart
1) 229 exont int

i@ 219 exl exon int short
16 230 exont int

i@ 230 exl exonl int short
15 231 exont int

16 231 exont int sh

18 232 exont int

i@ 3Zexl exonl int short
16 233 exont int

1E3) 233 exont int sh

16 234 exont int

i@ 234 exl exond int short

q@ ex ref

i@ 2iTexl exon int short

AGGTTGCCCE|GGAGTAC
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTALC
AGGTTGCCCORIGGALGTALC!
AGGTTGCCCEIGGAGTAC!
AGGTTGCCCE|GGAGTAC
AGGTTGCCCE|GGAGTAC
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTALC
AGGTTGCCCORIGGALGTALC!
AGGTTGCCCEAGGAGTAC
AGGTTGCCCE|GGAGTAC
AGGTTGCCCE|GGAGTAC
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTALC
AGGTTGCCCORIGGALGTALC!
AGGTTGCCCEIGGAGTAC!
AGGTTGCCCE|GGAGTAC
AGGTTGCCCEGGAGTALC!
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTALC
AGGTTGCCCORIGGALGTALC!
AGGTTGCCCEIGGAGTAC!
AGGTTGCCCHEIGGAGTRC!
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTALC
AGGTTGCCCRIGGALGTRC!
AGGTTGCCCEIGGAGTAC!
AGGTTGCCCEIGGAGTAC
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTAC
AGGTTGCCC|GGAGTALC

|E4EI frag bases
zelected at
conzensus position

407

laoo laio
AGGTTGCCCEGGAGTAL
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Sequencher chromatogram view of polymorphism at site 407

232end e:-ccln1 int short Fragmert baze #4454, Basze 444 -:-f 5EiEi
T T C C C ﬂ G G A G C I:
A AR J d d d 11 17 1 d d

g

233 Ex-:un1 int Fmgment baze #464 Base 454 of 546

T & C
HIIEIEIEI?]?]IIT?]HHEI

AANSY

233 exonl int =h Fragment base #454. Base 454 of 566
T 76 cCc G G A G T
A A1 44 431 1 1 T 1 A

=234 exoni int Fragment base #150. Base 130 of 241
T G C C C G G A& O T & C

234 EI'| exu:-n1 int =hort Fmgment baze #3782, Baze 378 of 4‘83
cCcC CHBG G & G T
H H ZI dd d1 1 31T 1A

/\/\/\/\/VLM /W\Mo
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Sequencher contig sequence view of polymorphism at site 15323

|~ & T T

16 206 ext

155 207 ext

1E5| 209 ex?-F
iE 210 BG-F
I 211 ext-F
1B 212 ext-f
15| 213 ext-f
16| 214 ext-f
16 215 exr-f
15 216 exr-f
15| 218 ext-f
15| 219 ex?-F
I 221 ent-f
16 232 ext-f
1] 223 ext-f
15| 224 ext-f
i) 225 ent-f
16 228 exr-f
1] 229 ext-f
165 230 ext-f
165 232 ext-f
16 234 exr-f

q@eﬂm

TTTALATCM
TTTLAATC|M

AGARAD
AGhAAD

TTTALATCMTAGARLDLR
TTTALATCMTAGARDLR
TTTALATCMTAGARDLD

TTTLAATC|M
TTTLAATC|M
TTTLAATC|S

AGhRAD
AGhRAD
AGALRAL

TTTLAATCWTAGADRR
TTTAAATCMTAGALALR
TTTLAATCMTAGADDLR
TTTAAATCWTAGADAR
TTTLAATCWTAGADRR
TTTAAATCMTAGALALR
TTTLAATCMTAGALALR
TTTAAATCWTAGADAR
TTTLAATCNTAGALLAR

TTTALATCMTAGARDLD
TTTLAATCMTAGALALR
TTTAAATCWTAGADAR
TTTAAA

TTTAAATEEA Gridobof
TTTLAATCMTAGAL LR

EEE frag bazes
zelected at
CONEEnsLIE
posgition
15,323

0 li53z20 |
TTTAALATCMTAGALLL
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Sequencher chromatogram view of polymorphism at site 15323

CHE T &
TH

T

206 ex? Fragment base #4289, Base 429 of 430
T

A A

G A & A
G AR A AR

C

G A A A

G AR A A

M C B

T

207 ex? Fragment baze #4290, Baze 429 of 491
T

-
A

C C TA

A

209 ex?-F Fragment base #429. Bas=e 429 of 491

CHR T2 GA & A AT

TA A A& T

A ARAT CCTA GA A AAT

210 E4r-F Fragment base #476. Base 476 of 538

G A A & A

CHS T2

A A A T

NAVAVAV VAV AWNAYAVAYAY

AR ARART CCTRAR GAAARAA

211 ex?-F Fragment base #437. Base 437 of 492
A 4 s T CHET &4 G & & & &
AARARTCCTAGARARBAR
212 ex¥-f Fragment base #436. Base 436 of 495
A A oa T CHMT & G A A A A
AAATCCTAG AAARA
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APPENDIX 4

Genotype information obtained by sequencing of the upstream region of the

TRIMS gene.

Samples -5116 -4998 -4904 -4876 -4819
106 GA GG CC CT GG
112 AA GG CC TT GG
132 AA GG CC TT GG
138 AA GG CC CT GG
146 GA GG CT CT GG
148 AA GG CC TT GG
159 GA GG CT TT GA
206 GG GC TT TT GA
207 GA GC CT TT
209 AA GG CC TT GG
210 GA GG CC TT GG
211 AA GG CC TT GG
213 GA GC CT TT GG
214 GG GG CT TT GA
215 GG GG TT TT GG
216 AA GG CC TT GG
217 AA GG CC CT GG
218 AA GG CC TT GG
219 AA GG CC TT GG
221 GG GC TT TT GA
222 AA GG CC TT GG
223 AA GG CC CT GG
224 AA GG CC CT GG
225 AA GG CC TT GG
226 AA GG CC TT GG
227 GA GG CT TT GG
228 GA GG CT TT GG
229 GG GC TT TT GA
231 GG GG TT TT
235 GG GG CC CC GG
237 NN GG CC TT GG
239 AA GG CC TT GG
240 GA GG CT TT GG
241 GA GG CC TT
242 AA GG CT TT GG
243 GA GC CT TT GG
244 GG GC TT GG

245 GG GG CC CC GG




APPENDIX 5

Genotype information obtained by indirect genotyping of four single nucleotide

polymorphisms. General population samples are shown in bold text.

Samples -5116 127 407 15323
101 GG CC
105 GA CC
106 GA CC
108 AA CC GG
111 AA
112 AA
113 AA CC
114 GA CC
116 GG
117 TT
119 GG CT CC
120 AA CT
123 AA CT
124 CC
125 GA CT GG CC
126 GA CC GG CT
127 GG CT
128 GA CC GA CC
129 GA
130 AA CC
131 GG GG CC
135 GG
137 CC CC
138 AA
142 AA CT
145 GA CT GG CC
146 GA CC CC
147 GA CT GG CC
148 AA CT GG CC
149 GA CT GG CC
150 GA CC GG CC
151 AA CT GG CC
152 CT GG CC
153 GA CC GG CT
154 GA CT GG CC
155 GA CT GG CC
156 GA CC GG CC
157 GA CT GG CC
158 GA CT GG CC
159 CT GG CC
160 GA CC GG CC
161 GG CC GG CC
162 GA CT
163 GA CC CC
164 CC GG CT
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166
167
169
170
171
172
173
175
176
177
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
203
205
143
144
206
207
209
210
211
212
213
214
215
216
217
218
219
221
222

GA
GG
GA
GG

GA
GG

GG
AA
AA
GA
AA
GA

GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GG
GG
AA
GA

GA
GG
GA
AA
GA
AA
GA
GA
GG
GG
AA
AA
AA
AA
GG
AA

CT
CC
CC
CT
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CT
CC
TT

CT
CC
CC
CT
CC
CC
CC
CT
CC
CC
CC
CT
CC
CC
CT
CC
CT

CT
CT
CT
CT
CcC
CcC
CcC
CcC
CcC
CcC
CT
CcC
CcC
CcC
CcC
CcC

GA

GG

GG
GG

GG

GG

GG
GG

GG
GG
GA

GA
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GA
GG
GA
GG
GG
GG
GG
GG
GG

GG
GG
GG

GG
GG
GG
GG

CC
CC
CC
CC
CC
CC
CT
CC

CC
CC
CC
CC
CC
CC
CC

CC
CC
CT
CT
CC
CC
CC
CC
CC
CT

CC
CC
CC
CC

CC
CC

cC
CcC
cC
CT
CT
cC
cC
cC
cC
cC
cC

CcC
CcC
CT
CcC
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223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
312
525 028
525 160
525 171
525 298
525 301
525 316
525 327
525 343
536 015
536 031
536 107
536 121
536 149
536 173
541 036
541 049
541 062
541 098
541 115
541 131
541 144
541 178
541 180
541193
541 228
541 234
541 242
541 256

AA
AA
AA
AA
GA
GA
GG
AA
GG
GA
GA
GA
GG
GG

AA
AA
GA
GA
AA
GA
GA
GG
AA
GA
GG
GA
GA
GG
GA
GG
GG
GA
AA
GG
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GA
GG
GA

CcC
CcC
CcC
CcC
CcC
CcC
CcC
CC
CcC
CcC
CcC
CcC
CcC
CcC
CcC
CcC
CcC
CcC
CT
CcC
CcC
CcC
CcC
CcC
CT
CC
CC
CC
CC
CC
CC
CC
CT
CC
CC

CC
CC

CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC

GG
GA
GG
GG
GG
GG
GG
GG
GA
GG
GG
GA
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG

GG
GG
GG

GG
GG
GG
GG
GG
GG
GA
GG

GG
GG
GG
GA
GG
GG
GG
GG
GG
GG
GG
GA

GG

CcC
CcC
CT

CC
CcC
CcC
CC

cC

cC
cC
cC

CC
CcC
CcC
CT
CcC
CcC
CcC

CT
CT

CC
CC
CC
CC
CC
CC
CC
CC
CT
CC
CC
CC
CC
CC
CC
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541 353
615015
615 026
615 031
615 044
615 059
615 067
615 078
615 080
615 093
615107
615110
615 121
615 136
615 325
615 332
615 340
615 358
615 366
615 377
615 381
615 394
615 406
616 017
616 042
616 091
616 445
616 453
616 457
616 472
616 486
616 499
616 503
304
305
306
307
308
309
310
311
313
314
315
317
318
319
320
321
322
323
324

GA
GA
GA
GA
AA
GA

AA
GG
GA
GA
GA
GA
AA
GA
GA
AA
AA
GA
GA
AA
GA
GG
GA
AA
AA
GA
AA
GA
GG
GG
GA
GA
GA
GA
GA

AA
GG
GA
AA
GG
GG
GA
GG
GA
AA
AA
GG
GG
GA
AA

CT
CC
CT
CT
CT
CT
CT
CC
CC
CC
CC
CC
CC
CC
CC
CT
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CT

CC
CC
CT
CT
CT
CC
CC
CC
CT
CT
CC
CC
CT
CT
CT
CT

GG
GG
GA
GG
GG

GG
GG
GA
GA
GG

GG
GG
GG
GG

GA
GG
GG
GG
GA
GG
GG

GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
AA
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG

CT
CT
CT
CT
CC
CT
CT
CC
CC
CC
CC
CC
CC
CT
CC
CT
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CT
CC
CC
CC

CC
CC
CC

CC
CC
CC

CC
CC
CC
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325
326
328
329
330
331
332
333

GG
GA
GA
GA
GG
GG
GG
AA

CC
CT
CT
CT
CC
CT
CT

GG
GG
GA
GA
GG
GG
GG
GA

CC

CC
CC
CC
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