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Abstract

Reconstruction of Major Male and Female Lineages of the Kensington Muslim

Community

S. Isaacs

MSc Thesis, Department of Biotechnology, University of the Western Cape

The earliest Cape Muslims were brought to the Cape from Africa and Asia from 1652 to

1834. They were part of an involuntary migration of slaves, political prisoners and

convicts, and they contributed in the ethnic diversity of the present Cape Muslim

population. In addition to migrations, this population has grown by combined and

continuous multiplex processes of intermarriage, natural increase, conversion and

blending with other communities. Previous studies on the Cape Muslim population and

local Cape Muslim communities have taken advantage of the huge amount of archival

material covering the past three hundred years of Cape Muslim history in South Africa.

The aim of this study, however was to investigate the genetic diversity and origins of

one of these local Muslim communities, by taking advantage of the availability of

modern molecular genetics tools. A pilot study conducted with Muslim volunteers

residing all over the Cape Metropolitan area was used as a point of reference for the

Kensington Muslim community study. Samples were investigated for DNA

polymorphisms from both maternal (mitochondrial DNA) and patemal (Y-

chromosome) lineages. Variations in these two types of DNA are grouped into

continent-specific haplogroups or lineages. Six mtDNA and eight Y- chromosome SNP

markers were screened using polymerase chain reaction- restriction fragment length

polymorphisms (PCR-RFLP).
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Matemal lineages of Cape General Muslims were 34Yo African, 33% Asian and 33%o

European. The highest frequency for African lineages was observed in Cape Coloured

Muslims (47%) and Cape Malay Muslims (45%). Cape Indian Muslims however

displayed a higher frequency for Asian lineages (45%), while Cape Other Muslims for

European lineages (50%). Paternal lineages indicated that 5o/o were of African descent,

75o/o Asian, l3oA European and 7%o of lineages remained undefined. Asian lineages

were the most dominant paternal lineage with the highest frequency observed in Cape

Indian Muslims (97%).

In the second part of the study, contributions of major maternal African, Asian and

European haplogroups to the Kensinglon Muslim community gene pool was

investigated. This was achieved by examining mtDNA variations found within this

community using twelve mtDNA coding region SNPs genotyped by the SNaPshot

minisequencing assay. Maternal lineages of Kensington General Muslims indicated that

55o% were of African descent, 34o/o Asiart, lYo European and 100/o were of Eurasian

descent. African lineages were the most frequent lineages of Kensington Coloured

Muslims (56%), Kensington Malay Muslims (67%) and Kensington Other Muslims

(100%). Kensington Indian Muslims maternal lineages were mainly of Eurasian origin

(43%).

The last part of the study investigated the contribution of the major male continent-

specific lineages in the Y-chromosome diversity of the Kensington Muslim community

by typing thirteen Y-chromosome SNP markers. Patemal lineages of Kensington

General Muslims indicated that 4o/o were of African origin, 5l% Asian and 45oh

European. The highest frequency for Asian lineages was observed in Kensington Malay

Muslims (56%'), Kensington Indian Muslims (71%) and Kensington Other Muslims
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(100%). However, Kensington Coloured Muslims patemal lineages were mainly of

European origin (49%)

The data obtained for Cape Coloured Muslims and Cape Malay Muslims and their

Kensington Muslim counterpart's maternal and paternal gene pool were in agreement

with historical findings conceming the origins of earlier Cape Muslims. Cape Indian

Muslims and Kensington Indian Muslims matemal and paternal gene pool however

demonstrated a strong accordance to mtDNA and Y-chromosome lineages observed in

indigenous Indian populations.
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Definitions of Basic Terms used in Thesis

A group of species (or, sometimes, individuals) that share

a closer common ancestry with one another than with any

other such goup; a monophyletic assemblage (Avise

2006).

A sequence type that comprises all identical sequences

(Serk 2004).

A group of haplotypes that share a coflrmon ancestor

defined by an a:ray of synapomorphic substitutions (Serk

2004).

Any array of characters/mutations shared by more than

one haplotype (Serk 2004).

Groups which include all the descendants of the most

common ancestor (Avise 2006)

An artificial assemblage that includes a common ancestor

and some but not all of its evolutionary descendents

(Avise 2006)
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Chapter 1: Review of the Literature

1.1. Introduction

Genetic variation among the human population have significantly impacted studies of

medical genetics, DNA forensics, human evolution and molecular genealogy (Hammer

et aI.2001;Hutchinson et al. 2004; Tishkoff and Kidd 2004; Lind et al.2007). Protein

polymorphisms and ABO blood groups were among the first genetic markers initially

screened for variations (Jorde et al. 1998; Hammer et aI.2001; Wells et al.200l;

Cavalli-Sforza and Felman 2003). These markers provided valuable insights into

population's genetic structure however had limitations, as these systems were few in

number, uniform among populations and were occasionally affected by natural

selection (Jorde et al. 1998). However, advancements in molecular technologies during

the 80's and 90's ushered in a new era allowing genetic variation to be examined on a

DNA level. This has allowed scientist for the first time to characterise different aspects

of human evolution, migration and genetic divergence among populations (Jorde et al.

1998; Cavalli-Sforza and Felman 2003, Hutchinson el al. 2004). These molecular

technologies have also provided modern molecular genetics with the necessary tools to

reconstruct unknown genealogies of human populations (Hutchinson et al. 2004).

1.2. Types of Genetic Data

Autosomal DNA, X Chromosomal DNA, Mitochondrial (mtDNA) and Y-chromosome

DNA (Y-DNA) represent four classes of DNA that are routinely used to study

population genetics (Jorde et al. 1998; Cavalli-Sforza and Felman 2003, Hutchinson et

at.2004). Their differing mode of inheritance has made it possible to either trace recent

or ancient genealogies of any population. This provides knowledge into a population's

genetic structure indicating founder events, sex-biased gene flow and the ongoing

history of a population. However, only two DNA tlpes namely mitochondrial DNA

I
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and the Y-chromosome are extensively used by molecular genetists to reconstruct

ancestral genealogies of a population (Zerjal et al. 1997; Underhill 2000; Behar et al.

2007; Lind et al.2007;. Hutchinson et al. 2004). Since only one variant of mtDNA and

Y-chromosome DNA can be transmitted in contrast to autosomal and X chromosomal

DNA making these loci ideal candidates to determine the origins of a contemporary

population's diversity (Jorde et al. 1998; Underhill 2003; Cavalli-Sforza and Feldman

2003; Hutchison et al. 2004).

1.2.1. Mitochondrial DNA (MtDNA)

The human mitochondrial DNA (mtDNA) genome is a closed double stranded circular

molecule, 16,569 base pairs (bp) in length (Fig 1.1) (Wallace et al. 1999; Ballard and

Whitlock 2004; Parkendorf and Stoneking 2005). The genome is located in the

mitochondria, which is involved in both cellular respiration and oxidative

phosphorylation. There are hundreds of mitochondria in cells each containing an

abundance of mtDNA molecules. This feature alongside a lack of recombination, a

high mutation rate and the mtDNA mode of inheritance has made it popular in tracing

a population's maternal line (Sunnucks 2000; Budowle et al. 2003; Ballard and

Whitlock 2004).

Mother's pass their mitochondrial DNA directly to both male and female children.

Males however, are unable to transmit their mitochondria to their offspring. MTDNA is

therefore transmitted unaltered to each female and carriers with it information

regarding their ancestral maternal line (Wallace et al. 1999; Sunnucks 2000; Lell and

Wallace 2000; Hutchinson et al. 2004). This maternal line is grouped into diverse

mtDNA haplogroups according to distinct polymorphisms. These polymorphisms are

mainly identified by detecting variations occurring within the mtDNA coding region,

2
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and sequencing the two-hypervariable regions in the displacement loop (D-loop)

(Wallace et al. 1999; Van Oven and Kayser 2008).

The D-loop is a l.lkbp segment situated in the control region containing elements

responsible for replication and transcription but is unable to code for DNA

(Hutchinson et al. 2004). Yet it represents the most variable region of the mtDNA with

an estimated mutation rate of 0.075-0.165 x10-6 substitution/site/per year according to

pedigree studies. The D-loop has been influenced by genetic drift and natural selection

and has acquired mutations at an appreciable frequency (Lell and Wallace 2000;

Hutchinson et aL.2004; Parkendorf and Stoneking 2005). Nevertheless, it offers limited

discriminating powers as haplogroups identified in this region are poorly resolved.

Analysis of single nucleotide polymorphisms (SNPs) in the coding region however has

resolved this major drawback and subsequently increased mtDNA haplogroup

discrimination (Quint6ns et al. 2OO4; Alvarez-lglesias et aL.2007).
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1.2.2. Y-Chromosome DNA

The Y-chromosome constitutes the largest non-recombining block of nucleotide

(NRY), or haploid (non-paired) DNA in the human genome (Fig 1.2). The region

consist of 60 million base pairs (Mbp) of DNA representing9l% of the entire genome

(Jobling 2001; Butler 2003; Hammer xd Zegxa 2002; Rootsi 2004). Only two

segments known as the pseudoautosomal regions undergoes recombination with the X

chromosome which represents less than 3Mb of the genomes 60Mbp length (Jobling

and Tyler Smith 2003; Rootsi 2004).

A large portion of the genome is unaltered by meiotic recombination and therefore

preserves the allelic state of the Y-chromosome DNA (Underhill et al. 2001;Hammer

and Zegara 2002; Underhill and Kivisild 2007). This will be inherited only by males

from their fathers due to the sex-determining role of the Y-chromosome. Thus like its

matemal counterpart from the mitochondria, the Y-chromosome DNA may be used to

trace the paternal line of a population (Jobling and Tyler Smith 2003; Hammer et al.

2006; Onofri etal.2006; Kayser et al. 2005).

Single nucleotide polymorphisms (SNPs) and short tandem repeats (STRs) markers are

the main types of markers usually used in male genealogy studies. Both of these

markers offer insights into the paternal ancestry of a population. However, they reflect

different time scales of a population's history. Y-STRs indicate recent events while Y-

chromosome SNPs reveal more ancient events (Hutchison et al. 2004; Onofri et al.

2006; Kaiser et al. 2005 ; Karafet et al. 2008).
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Figure 1.2: The male-specific region of the Y-chromosome. A) Is a representation of
the entire Y-chromosome. B) Is an enlarged view of the euchromatic region with
various euchromatic sequence classes being shown (adapted from Skaletsky et al.

2003).

1.3. Genetic Genealogy Markers

1.3.1. Short tandem repeats (STR)

Short tandem repeats (STRs) are short DNA sequences consisting of repeating units

ranging from 1-6 base pairs (Hammer and Zegxa 2002; Hutchinson et al. 2004). The

number and sequence of these individual repeat units may vary, and are abundant in its

distribution throughout the euchromatic parts of genomes (Hutchinson et al. 2004).

Pedigree studies estimate STR's mutation rate at 2 x l0-3 per generation which is

higher than SNP's thereby allowing for high levels of allelic variation (Hammer and

Zegara2002: Hutchinson et at.2004). STRs can therefore have a dozen or more alleles

whereas SNPs will only have two allelic states. This feature has therefore made STR's

a useful tool for the elucidation of human population history and in forensic analysis

(Hammer and Zegwa 2002; Hutchinson et al. 2004).

1.3.2. Single Nucleotide Polymorphisms (SNPs)

Single Nucleotide polymorphisms (SNPs) are the simplest and most frequent class of

genetic polymorphisms in the human genome (Sobrino et al. 2005). These

polymorphisms occur as insertions, deletions or base substitutions at single positions in
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the genome (Butler 2003; Budowle 2004). The latter represent the most common form

of the polymorphism occurring either between purines (A>G) and pyrimidines (C>T)

or between these two groups (A>T) (Budowle 2004; Hutchinson et al. 2004).

Single nucleotide polymorphisms in both the mitochondrial and Y-chromosome DNA

provide insight into the history and evolution of their respective lineages. This is

mainly attributed to the low mutation rate of SNPs, which enables a low-resolution

view of maternal and paternal lineages (Butler 2003). Maternal (MtDNA) and paternal

(Y-chromosome) lineages are also highly geographic and population specific, and are

therefore routinely employed when examining the genealogical origins of populations

(Sanchez et al. 2003; Hutchinson et aL.2004; Hammer et al. 2006).

A number of methods are currently available to genotype mtDNA and Y-chromosome

SNPs this includes conventional techniques such as restriction fragment length

polymorphism (RFLP) or one of the more automated techniques. The newly developed

automated typing technologies allow for the rapid screening of multiple SNPs using

multiplex amplification and detection formats. This provides a more cost effective and

less time-consuming alternative to conventional techniques (Budowle 2004; Vallone

and Butler 2004; Alvarez-Iglesias et al.2007).

1.4. SNP Typing Methodologies

The growing interest in SNPs and their utilization in a variety of applications such as

medical diagnostics, human identity testing and population genetics have lead to the

development of a number of new typing technologies and assays (Vallone and Butler

2004; Budowle 2004; Sobrino et al. 2005). These were developed according to allelic

discrimination and detection formats. Products of allelic discrimination can be detected
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with various methods, which analyze reactions performed with different assay formats

(Budowle 2OO4; Sobrino et al. 2005).

The main technologies used in SNP typing include allele specific hybridization, primer

extension, oligonucleotide ligation and invasive cleavage. Each of these technologies

can use several detection methods such as electrophoresis fluorescence, fluorescence

resonance energy transfer (FRET), luminescence and mass measurement (Budowle

2004; Sobrino et al. 2005).

This review will focus mainly on two of these technologies namely Luminex and

SNaPshot due to their simultaneous evaluation of multiple SNP markers (Butler 2003;

Vallone and Butler 2004). This review will also cover some of the conventional

methods as a number of laboratories still frequently utilize these techniques.

1.4.1. Conventional Typing Methods

1.4.1.1. Restriction Fragment Length Polymorphism (RFLP)

Restriction Fragment Length Polymorphisms (RFLP) analysis identifies variations in

the mtDNA and Y-chromosome using restriction endonucleases (Parker et al. 1998;

Schurr 2000). The region containing the variation or SNP is first amplified using

polymerase chain reaction (PCR) (Navajas and Fenton 2000; Schlotterer 2004). This

product is then analysed for the polymorphism using a restriction endonuclease that

cleaves at a specific nucleotide sequence known as a recognition site. Since each

polymorphism is unique, it will therefore have a unique recognition site. An individual

will therefore be assigned to a haplogroup based on the RFLP pattern generated from

restriction digestion reactions after agarose gel electrophoresis (Figl.3.) (Parker et al.

1998; Navajas and Fenton 2000; Schlotterer 2004). A number of polymorphic

restriction sites are screened prior to the haplogroup assignment using either low

7

http://etd.uwc.ac.za/



resolution RFLP (using three or six endonuclease) or high-resolution RFLP (using

twelve to fourteen endonuclease en4lmes) analysis (Richards and Macaulay 2001;

Torroni etal.1996).

Fleatriction digestion ancl gel electrotclroresis

9(--\
.a<s. +

FltTbl--tidr b ffil- b

--ratu 
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Figure 1.3: An overview of a restriction digestion reaction. The restriction enzyme

cleaves the DNA fragment at the recognition site resulting in various size fragments.

These fragments are analysed by agarose gel electrophoresis allowing for a haplogroup

assignment (adapted from de Vincente and Fulton 2005).

1.4.1.2. Sequencing

While being one of the more expensive and time-consuming techniques, sequencing

yet provides complete information regarding the entire region of analysis (QuintSs et

al. 2004; Schldtterer et al. 2004). This analysis is usually performed using a DNA

fragment amplified by PCR. However, a number of processes are involved prior to the

actual sequencing reaction. This includes an initial PCR reaction, which undergoes

purification and thereafter is amplified using the forward then reverse sequencing

primer. This product is then analyzed, on a Genetic Analyzer indicating the nucleotide

sequence and substitution events contained within the DNA (Parker et al. 1998; Butler

2003; Budowle 2004).

Sequencing technology has been used for the identification of haplogroups in the

HVI/HV2 region of the mtDNA genome. This was achieved by comparing sequences

obtained from the HVl/HV2 region to the revised Cambridge Reference Sequence
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(rCRS). The rCRS was the first mitochondrial genome to be completely sequenced and

serves as a reference standard to identify any mtDNA insertions/deletions and SNP

polymorphisms (Budowle et al. 2003; Van Oven and Kayser 2008). Sequencing

technology has also been used to identifu variations in the Y-chromosome (Butler

2003).

This technology has also allowed researchers to identiff genes that affect health, cause

disease, and genetic variations (Sobrino et al. 2005). However, the technique is not

practical when determining a large number of individuals sequence data and therefore

more cost --effective and high throughput technologies are being utilized in population

studies (Brandstiitter et al. 2003; Hutchinson et al.2004; Vallone et al.2004).

1.4.2. Automated Typing Technology

1.4.2.1. Luminex Assay

Along with SNaPshot, the Luminex assay allows for the rapid analysis of SNP markers

in parallel using multiplex PCR (Butler 2003; Budowle 2004; Vallone and Butler

2004). The assay is based on the Luminex platform using allele-specific hybridization

and involves the amplification of the SNP region then the labelling thereof using a

fluorescent dye. The fluorescently labelled product is hybridized to allele-specific

probes attached to latex beads (Butler 2003; Sobrino et al. 2005). Each bead varies in

colour and is assigned an oligonucleotide probe for each possible SNP allele. This

enables up to 50 markers to be processed simultaneously as a hundred different bead

colours are possible. These beads are then analysed through Flow cytometry using two

different lasers, one measuring the fluorescence of the labelled product while the other

examines the bead colour passing the detector (Butler 2003; Sobrino et al. 2005). This
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information is then arranged into bins based on bead colour, SNP marker, and allele

state thereby permitting the assignment of a SNP from the two possible allelic states.

This process takes the Luminex 100 flow cytometer instrument 30 seconds to complete

for each individual sample. Therefore, a 96 well reaction plate run will take less than

an hour to complete (Butler 2003). The only disadvantage with this system is the use of

specialised equipment. This has therefore prompted many laboratories especially

forensic laboratories to rather use the SNaPshot assay. Since products from this assay

can be detected on a capillary electrophoresis instrument, which is routinely used in

forensic laboratories when analyzing short tandem repeats for human identification and

lineage based studies (Budowle 2004; Vallone et at.2004).

1.4.2.2. SNaPshot Assay

The SNaPshot rM kit from Applied Biosystems is one of the most common commercial

SNP genotyping technologies (Sobrino et al. 2005). It is based on the allele specific

primer extension (Fig 1.4.) or minisequencing approach (Butler 2003; Vallone and

Butler 2004; Sobrino et al. 2005). During the reaction, a primer that anneals to its

target DNA immediately adjacent to the SNP is extended with a single nucleotide

complementary to the polymorphic site (Butler 2003). Since the reaction is highly

specific, it therefore requires the purification of the initial PCR product (region

flanking the polymorphic site). This is done to remove any excess primers and dNTP's

preventing interference during the primer extension reaction. This procedure is

repeated following the extension reaction prior to product analysis.

In the SNaPshot " assay, primer extension is facilitated by the use of fluorescently

labelled ddNTP's, which is assigned a particular fluorescent dye. The incorporation of
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a ddNTP can therefore be detected by electrophoresis and fluorescence using an

automated capillary Genetic Analyzer (Butler 2003; Budowle 2004; Sobrino et al.

2005). A number of other technologies are also available for analyzing primer

extension products this includes microarrays, matrix assisted laser

desorption/ionisation and mass spectrometry (Quint6ns et al. 2004).

Primer extension reactions are primarily performed as multiplex reactions and are

separated by the addition of tails at the 5 ' end of the extension primers using varying

lengths of non-human sequences. Similar to the Luminex assay, 96 well reactions may

also be analyzed, allowing for a number of SNP markers to be processed (Sobrino et al.

2005). This is especially important when resolving a number of individual's genotypes

as in the case of population genealogy studies.
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Figure 1.4: Overview of the SNaPshot assay. The five steps of the assay

include amplification, purification of PCR product, extension, purification of
extension product and detection/analysis. The diagram gives a more detailed

description of this process indicating the extension of the target DNA with
an extension primer using fluorescently tagged ddNTP's. Once the ddNTP is

incorporated, the extension reaction is terminated leaving a specific size

product (based on the length of the poly-T tail). This product in addition to

the incorporated ddNTP is used to determine the SNP state (adapted from
Parsons 2006). I I
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1.5. Genealogy Studies

The ongoing research into genetic variation and the demographical history of

populations have provided genealogists with valuable markers in tracing ancestral

lineages. MTDNA and Y-chromosome haplogroups are highly informative when

reconstructing the prehistory of populations (Cavalli-Sforza and Felman 2003;

Underhill and Kivisild2007; Maji et al. 2009). Moreover, they are defined by unique

polymorphisms, which can be represented by phylogenetic trees.

Phylogenetic trees depict the evolutionary history of mtDNA and Y-chromosome

haplogroups and indicate the sequential accumulation of mutations along maternal and

patemal inherited lineages (Hutchison et al. 2004; Underhill and Kivisild 2007; Van

Oven and Kayser 2008). Maternal and paternal lineages can therefore be traced

following the mutations indicated by phylogenetic trees. This is usually achieved by

screening one or more polymorphisms defining major monophyletic haplogroups.

Thereafter additional downstream mutations are screened indicating haplogroups

derived from major haplogroups (Hutchison et al 2004; Cox2006; Athey 2005; Maji et

al. 2009).

Over the years, a number of polymorphism have been discovered and have further

increased the phylogeographic resolution of both Y-chromosome and mtDNA lineages.

Furthermore, has lead to the development of nomenclature systems for both mtDNA

and Y-chromosome haplogroups (Hammer and Zegara 2002; Santos et al. 2004; Cox

2006; Underhill and Kivisild2007; Van Oven and Kayser 2008).
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1.5.1. MTDNA Haplogroup Nomenclature

The nomenclature of mtDNA haplogroups is designated according to letters of the

alphabet except the letter O (Fig 1.5). The first haplogroups identified were titled A, B,

C and D thereafter all other subsequent haplogroups were named after other alphabet

letters (Schurr and Wallace 2002; Van Oven and Kayser 2008). A set of rules were

later proposed by Torroni et al (1996) and Richards et al (1998) in naming haplogroups

to provide a unified nomenclature system (Van Oven and Kayser 2008). This was

based on data generated from RFLPs and sequencing of the HVl/HV2 region in the

control region.

This system however, is not always strictly followed as some researchers use different

nomenclatures to describe haplogroups (Budowle et al. 2003; Van Oven and Kayser

2008). This has been an ongoing issue within the mtDNA community however, no

universal nomenclature system exist for mtDNA phylogeny as seen with the Y-

chromosome (Butler 2003; Budowle et aL.2003; Van Oven and Kayser 2008). This in

part may be attributed to the existing phylogenetic trees available. The most recent

attempts to provide a complete phylogenetic tree of global human mtDNA variation

have been by Van Oven and Kayser (2008). However, the adaptation of a universal

nomenclafure is only possible through the consistent use and recognition of one

nomenclature system within the mtDNA scientific community (Budowle et al. 2003;

Van Oven and Kayser 2008).
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Figure 1.5: A world hee of mtDNA variation indicating the major macrohaplogroups
and haplogroups radiating from these groups (adapted from Jobling et al. 2003).

1.5.1.2. MTDNA Haplogroup Variation

The migration of women out of Africa about 150 000 years before present to various

continents have resulted in unique base substitutions known as polymorphisms in the

mitochondrial genome. These have been shown to be continent specific and are linked

to specific mtDNA haplotypes and groups of related haplotypes (haplogroups)

(Wallace et al. 1999; Budowle et aL.2003; Maji et aL.2009).Initial studies using RFLP

and later sequencing analysis indicated that mtDNA haplogroups were mainly derived

from three macrohaplogroups L, M and N. These branch off into other haplogroups,

which can further be subdivided into smaller branches or subgroups (Fig 1.6). In

addition, macrohaplogroups distribution extends into various regions of the globe

displaying characteristic patterns that are specific and unique to a region and

population (Mishmar et al. 2003; Underhill and Kivisild 2007;Maji et al. 2009).
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Figure 1.6: Distribution of human mtDNA haplogroups and the migration routes to
variou s continents (adapted from www. mitomap. ors/mi tomapilVorldMi grations.pd!.

1.5.1.3. African MTDNA Variation

The most ancient mtDNA haplogroup is macrohaplogroup L consisting of haplogroups

L0, Ll and L2. Haplogroup L is restricted to Africa, particularly to Sub-Saharan

African populations. Haplogroup L3 however radiates out of Africa to form non-

African macrohaplogroups M and N (Mishmar et al. 2003; Underhill and Kivisild

2007; Van Oven and Kayser 2008; Maji et al. 2009).

Haplogroups L0, L1 andL2 harbour a specific HpaI site at np 3592 (C to T at np 3594)

together with a Ddel site at np 10394 (A to G at np 10398) (Chen et al. 2000; Wallace

et al. 1999). Ll is defined by an additional np insertion at Hinfl site 10806 (T to C at np

10810) and represents 52o/o of L haplotypes and 29oh of all African mtDNA.

Haplogroup L2 is defined by an additional mutation at HinJl site 16389 and an Avall

site deletion at np 16390 (G to A at np 16390). Haplogrotp L2 represents 48 % of L

haplotypes and 34% of all African mtDNA (Salas et al. 2002; Wallace et al. 1999).
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Haplogroups L0, Ll and L2 are further divided into subgroups, which show affinities

for various African populations (Wallace et al. 1999; Gonder et at.2007). Two length

mutations have also been observed for haplogroup Ll, a nine np COII/tRNA rv'

deletion at nps 8272 and 8289 and a l}-l2bp insertion of the cytosine's between the

tRNA rv' and COI gene (nps 5895-5899) (Wallace et al. 1999).

Haplogroup L3 is defined by the absence of the Hpal site at np 3592 and Dde I 10394

site. This haplogroup represents only a small fraction of African mtDNA diversity but

represents a large proportion of European and Asian haplogroup diversity (Gonder et

al.2007; Maji et a1.2009).

1.5.1.4. Asian MTDNA Variation

A11 Asian mtDNA haplogroups stem from two macrohaplogroups N and M having

unique distributions within Southeastem and Central Asia (Bermishiva et al. 2002;

Mishmar et al. 2003; Wen et al.2005; Underhill and Kivisild2007). Macrohaplogroup

M, has the most frequent and diverse distribution in Asia, Melanesia and Native

American populations (particularly South Amerindians) (Kivisild et al. 1999;

Bermisheva et al. 2002; Maji et al. 2009). Macrohaplogroup N haplogroups is widely

distributed among East Asian, South Asians, Native American (mainly Central and

North Amerindians) and Polynesian populations.

Macrohaplogroup M is defined by a DdeI site at np 10394 (A to G at np 10398) and an

AluI site at np 10397 (C to T at np 10400) (Wallace et al. 1999; Roychoudhury et al.

2000; Yonggang and Yaping 2003). Haplogroups derived from M have indicated

independent origins among Asian populations. Since certain haplogroups of M are only

associated with, lndian populations while others with South East and East Asian
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populations. M2 is the most ancient M haplogroup (estimated coalescence time around

60,200 
*r 

8600 yrs) and is exclusively found in India among the Dravidian castes and

Mundari speaking Austro-Asiatic tribes (Bemiell-Lee et al. 2008; Maji et al. 2009).

Haplogroups derived from macrohaplogroup M include C, D, E and G. These

haplogroups all harbour the Ddel site at np 10394 and Alul site at np 10397. In

addition, haplogroup C has a deletion at Hinc Il13259 site (A to G at np 13263)while

haplogroup D at the AluI site at np 5176 (C to A at np 5178). Haplogroup E is defined

by the absence of an Hpal site at np 7598 (G to A at np 7600), haplogroup G by the

presence of a HaeIII at np 4830 (A to G at np 4833) (Wallace et al. 1999;

Roychoudhury et al. 2000; Edwin et al. 2002; Cordaux et al.2003; Nelson et at.2007).

These haplogroups are absent in Southern Asian populations but has significant

frequencies in East Asian populations (Tibetans, Koreans and Han Chinese).

Haplogroups C and D also have considerable frequencies among Siberian and Native

American populations (Wallace et al. 1999; Comas et al.2004).

Haplogroups A, B and F originate from macrohaplogroup N and lack the DdeI site at

np 10394 and the Alul site at np 10397. Haplogroups B and F belong to a

subhaplogroup of macrohaplogroup N known as haplogroup R (Wallace et al. 1999;

Tolk et al. 2001; Underhill and Kivisild 2007). Haplogroup A is defined by a Hae III

site at np 663 (A to G at np 663), haplogroup B by a 9bp deletion between COII and

tRNA t" genes occurring between np 8272-8289 (C to G at np 8272-8280) (Wallace et

al.1999; Edwin etal.2002; Schurr and Wallace2002; Nelson etal.2007). Haplogroup

F is defined by the deletion of a Hincll site at np 12406 (G to A at np 12406) (Tolk et

al. 2001; Nelson et aL.2007). The distribution of haplogroup A is mainly restricted to

East Asian, Siberian and Native American populations (Wallace et al. 1999; Comas et
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al. 2004). Haplogroup B is widespread among Central, Southern, and coastal Asian

populations (Wallace et al. L999; Merriwether et al.1999; Schurr and Wallace 2002).

Haplogroup F is common in Southeast Asia with the Vietnamese (32%) having the

highest frequency. It is also frequent among the Chinese (10.8%), Mongolians (8.7%),

Koreans (5.1%), and Japanese (5.1%) but rare in Northeastern Asians (Wallace et al.

1999; Tolk et al. 2001; Schurr and Wallace2002).

1.5.1.5. European MTDNA Variation

The mtDNA haplogroups of Europeans are assessed using data from both RFLP

analysis of the coding region and the sequencing of HVI region (Bermisheva et al.

2002; Piechota et al. 2004; Vallone et alr. 2004). Approximately 98% of European

mtDNAs belong to one of nine haplogroups: H, J, K, T, and U, V, W and I and X

(Torroni et al. 1996; Wallace et al. 1999;Lell and Wallace 2000, Mishmar et aL.2003;

Loogviili et al. 2004; Manwaring et al. 2006). All of these nine haplogroups derive

from macrohaplogroup N and haplogroup R (Mishmar et al. 2003; Nelson et aL.2007;

Tripathy et al. 2008).

Phylogenetic analysis has revealed that European mtDNA's form two distinct groups

based on the presence or absence of the Ddel site at np 10394 (A to G at np 10398).

Haplogroups lacking the site are H, T, U, and V, W and X while those retaining the site

are I, J and K (Torroni et al. 1996; Wallace et al.1999; Lell and Wallace 2000).

Haplogroup H is the most prevalent mtDNA in Europe with the highest frequency (40-

50%) in Westem and Northern Europe. An intermediate frequency (20-40%) is

observed in Southern, South western and Eastern Europe, North Africa and Turkey.

The lowest frequency for haplogroup H is reported in the Middle East, India, and
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Siberia (Wallace et al. 1999; Alves-Silva et al. 2000; Bermisheva et al. 2002; Cordaux

et al. 2003). Haplogroup H is defined by the absence of the Ddel site 10394 and an

AluI site at np 7025 (C to T at np 7028) (Wallace et al. 1999, Nelson et al.2007).

Haplogroups J, T, K and U makeup the next most common haplogroups representing

20 o/o of European mtDNA (Torroni et al. 1996; Piechota et al. 2004). Haplogroup J is

defined by the absence of a BslM site at np 13708 (G to A at np 13078), haplogroup T

bythepresence of aBamHI site atnp 13366 and an AluI site atnp 15606 (Tononi et

al. 1996; Wallace et al. 1999). Haplogroup K is defined by the deletion of the Haell

site at 9052 and an insertion of a Hinfl site at np 13708 (Torroni et al.l996; Macaulay

et al. 1999; Wallace et al. 1999). Haplogroup U is identified by the presence of a Hinfl

site at np 12308 (Torroni et al. 1996; Wallace et al. 1999; Alzualde et al. 2005).

Haplogroups I, K, V, W and X frequencies are relatively low and do not exceed

beyond l0% (Torroni et al. 1996 Wallace et al. 1999; Piechota et al. 2004).

Haplogroup I is characteized by the deletion of the DdeI site at np 1715 (G to A at np

l7l9) and the insertion of a AluI site at np 10032 and is believed to be a European

specific haplogroup (Macaulay et al. 19991' Santos et al. 2OO4; Nelson et al. 2007). The

absence of a HaeII site at np 9052 and the presence of a HinJl site at np 12308

identifies haplogroup K. Haplogroup V is defined by the deletion of a Nle III site at np

4577 (Tononi et al. 1996; Piechota et al. 2004). Haplogroup W is defined by the

insertion of a AvaII site at 8249 and the deletion of the HaeIII site at np 8994 and

haplogroup X by the deletion of a Ddel site at np 1715 (G to A at np 1719).

Haplogroup X is also present among Native American populations (Torroni et al. 1996;

Piechota et al. 2004; Nelson et al. 2007).
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1.5.2. Y-Chromosome Nomenclature

In February 2002 the Y Chromosome Consortium (YCC) published a set of rules to

classifu the various Y-chromosome haplogroups (Hammer and Zegara 2002; Butler

2003; Cox 2006; Karafet et al. 2008). This was based on genotyped markers

representative of a global set of samples identified from 153 haplogroups. The

terminology proposed by de Kniff (2000) was used to describe phylogenetic

relationships (Hammer & Zegora 2002, Kayser et al. 2003; Underhill 2005). Terms

such as lineage, basal lineage, sublineage, clade and subclade were used to describe

hierarchical levels within branches of the Y-chromosome phylogenetic tree. NRY

lineages defined by SNPs were classified as haplogroups while sublineages of

haplogroups defined by STR variation were classified as haplotypes. In addition,

monophyletic haplogroups consisting of basal lineages and monophyletic subclades

were potentially paraphyletic haplogroups. They represent underived internal nodes of

the haplogroup tree and form distinct clusters from lineages defined by a derived state

(Hammer and Zegora 2002, Underhill 2005).

Capital letters A-R were used to denote the 18 major clades, while subclades were

named after the initial of a major clade and paragroups were distinguished by *. There

are two complementary nomenclature systems used to define the relation between

major clades and their subclade. An alphanumeric system which easily conveys the

relationship between a clade and subclade (e.g. G, Gl, etc) and a mutation system

defining haplogroups according to their terminal mutation (eg, G-M201, G-P20)

(Hammer and Zegora 2002; Underhill 2005; Bemiell-lee et al. 2007; Underhill and

Kivisild 2007). The YCC hierarchical nomenclature system has since 2002 been

widely accepted by the scientific community and has been modified by Jobling and

Tyler-Smith in 2003 and most recently by Karafet et al in 2008 (Karafet et al. 2008).
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Figure 1.7: A phylogenetic tree of NRY haplogroups A-R indicating the mutations

defining each haplogroup. (adapted from genographic.nationalgeographic.com/

geno graphic/index. html).

1.5.2.1. Y-Chromosome Variation

The Y-chromosome variation seen in worldwide populations has been attributed to past

migrations of males. lnitial expansions occurred out of Africa then Asia with the latter

heavily influencing global patterns of NRY variation (Hammer et al. 2001). In

addition, NRY variation indicate geographical specificity thought to be influenced by

patrilocality as mtDNA variation show a reduction in haplogroup geographical

clustering in comparison to Y-chromosome lineages (Underhill et al. 2000; Hammer et

al.200I; Cavalli-Sforzaand Felman 2003; Jobling and Tyler-Smith 2003).

The most ancient Y-chromosome lineages, haplogroup A and B are restricted to

Africa. They are distinct from other African and non-African haplogroups due to the

absence of the M168 mutation (Underhill et al.200l; Cavalli-Sforza and Felman 2003;

Jobling and Tyler-Smith 2003; Underhill and Kivisild 2007). The M168 mutation

represents an important central node in the Y-chromosome phylogenetic tree as three

subclusters coalesce at the root of the Ml68 node. This includes haplogroups C, D/E
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and F from which both African and non-African lineages are derived. Haplogroup F

represents an internal node of all other haplogroups (G to R) that encompass both the

M9 and M45 lineages (Fig 1.8) (Underhill 2000; Underhill et al.200l; Cavalli-Sforza

and Felman 2003; Rootsi 2004; Underhill and Kivisildz}}7).

a
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tt$'

dt/|9 4
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Figure 1.8: The global distribution of Y-chromosome haplogroups derived from the

Ml68 mutation and their migration routes (adapted from Underhill 2003).

1.5.2.2. African Y-Chromosome Variation

African Y-chromosome lineages are mainly characterized by three NRY haplogroups

A, B and E. Haplogroup A is defined by the M91 mutation and haplogroup B by

mutations M60 and Ml81. Furthermore, represents the most ancient African and NRY

lineages (Underhill et al. 2001; Cruciani et al. 2002; Hammer and Zegara 2002;

Cavalli-Sforza and Felman 2003; Jobling and Tyler-Smith 2003; Karafet et al. 2008).

Haplogroup A and B are distributed across Africa at low frequencies, present in South

African Khoisan and Bantu speakers. These haplogroups are also present among

Central African pygmies and populations from Sudan, Ethiopia and Mali. The lowest

168
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frequency is observed among North western Africans (Underhill et al. 2001; Cruciani

et a1..2002; Karafet et al. 2008).

Haplogroup E is distinguished from haplogroups A and B, as it has evolved from the

M168 mutation. It is derived from the haplogroup DE that is defined by a YAP

element (Alu insertion occurring on the long arm of the Y-chromosome) and the

equivalent Ml45lM203 base substitutions (Hammer and Horai 1995; Underhill et al.

2001). Haplogroup E is prevalent in Africa with a moderate frequency in the Middle

East and Southern Europe and is defined by the mutations M40/M96. The haplogroup

also has a sporadic distribution in Central and South Asia (Underhill et a1.2001;

Underhill 2003; Semino et al. 2004; Karafet et al. 2008).

Haplogroup E is comprised of subgroups E-M33, E75 and E-Pz. These haplogroups

are mainly restricted to Sub-Saharan Africa with a low distribution in Europe.

Haplogroup E-PZ has the greatest distribution consisting of three subgroups. However,

only two E-M2 and E-M35 are the most widely distributed (Underhill et al. 2001; Luis

et al.2004; Semino et al. 2004). Haplogroup E-M2 is mainly observed in Sub-Saharan

Africa and indicates Bantu expansion across Africa with the highest frequency

observed in Senegal and a low incidence in North Africa and Iraq. Haplogroup E-M35

is found in Africa, Near East and Europe. Among the subgroups E-M78 is found in

Europe, E-M123 in the Near East, North Africa and Europe while the remaining

subgroups are mainly restricted to Ethiopians (Underhill et al. 2001; Luis et al. 2004;

Semino et al. 2004; Karafet et al. 2008). A small percentage of African lineages also

belong to haplogroups J and R frequently found in Europe and the Middle East

(Hammer and Zegara 2002).
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1.5.2.3. Asian Y-Chromosome Variation

The Asian continent has the highest geographical distribution of NRY haplogroups, as

l5 of 18 haplogroups/paragroups are found within this region. This has been attributed

to genetic drift and displays distinct region specificity among populations (Hammer

and Zegora 2002; Rootsi 2004). Furthermore, Asian lineages also indicate deep

structure within the NRY phylogeny as haplogroups C and D both stem from the M168

mutation (Underhill et al. 2001; Karafet et al. 2008).

Haplogroup C is defined by the M2l6 mutation and is absent in African populations

and is mainly restricted to Asian populations. It is distributed in South eastern Asia,

East Asia extending into Central and Northern Asia as well as Australo-Melanesia and

the Americas (Underhill et al. 2001; Jobling and Tyler-Smith 2003; Underhill and

Kivisild 2007; Karafet et al. 2008).

Haplogroup D is derived from haplogroup DE and is restricted to Asia. This

haplogroup is defined by the Ml74 mutation and is prevalent in Central Asia (Tibet)

and Japan with low frequencies observed in Southeast Asia and the Andaman Islanders

(Underhill et al. 2001; Hammer andZegara2002, Karafet et al. 2008).

Other Asian haplogroups originate from the M89 mutation and subsequent lineages.

Therefore, further characteization of Asian haplogroups will be classed according to

the following mutations: A) haplogroups derived from M89 b) haplogroups derived

from M89 and M9 and C) haplogroups derived from M89 and M45.

1.5.2.3.1. Ifaplogroups derived from M89

This includes haplogroups F and H, which are mainly restricted to the Indian

subcontinent. Macrohaplogroup F is defined by the M89 mutation and has an extensive
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global distribution. However, few populations posses this mutation alone but, rather

downstream mutations defining M89 lineages. Yet in Asia, the haplogroup and

sublineages have been reported which is primarily prevalent in Indian populations

(Athey 2005; Karafet et al. 2008).

Haplogroup H is defined by the M69 mutation and consists of a paragroup and nine

additional lineages. The haplogroup is restricted to the Indian subcontinent and was

initially defined by the marker M52 however, recent studies indicate the marker

defines a subgroup Hl (Hammer and Zegxa 2002, Sahoo et al. 2006; Karafet et al.

2008; Tripathy et al. 2008).

1.5.2.3.2. Haplogroups derived from M89 and M9

Haplogroups harbouring the M9 mutation defined by a C to G base substitution are

common in Asia. Yet, only few individuals in some populations harbour the M9G

mutation alone (Kayser et al. 2003; Karafet et al. 2005). Haplogroups derived from the

M9 mutation have moderate distributions in the Phillipines, Indonesia, Melanesia,

Papua New Guinea (PNG) and Micronesia (Kayser et al. 2003, Karafet et al. 2005;

Karafet et al. 2008). This includes haplogroups L, M, N and O defined by the

following downstream mutations Ml l, M5, l|i42l4 and Ml75 respectively. Haplogroup

L is mainly found in India however, is also present in the Middle East, Central Asia,

Northern Africa, Europe and the Mediterranean coast (Underhill et al.200l; Jobling

and Tyler-Smith 2003; Karafet et al. 2008). Haplogroup M is restricted to near and

remote Oceania and Eastern Indonesia with males from PNG and Melanesia having the

highest frequency (Jobling and Tyler-Smith 2003; Karafet et al. 2005; Karafet et al.

2008).
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Haplogroup N is prevalent in North western Asia whilst haplogroup O in East Asia.

Haplogroup O can also be found in Central Asia and Oceania with moderate to low

frequencies. The haplogroup is also highly diverse as subgroups show regional

specificity. Haplogroup O-M95 is present mainly among Southeast Asians while O-

Ml22 in Austronesians (Hammer and Zegxa 2002; Jobling and Tyler-Smith 2003;

Kayser et al. 2003; Underhill and Kivislid 2007; Kumar et al. 2007; Karafet et al.

2008).

1.5.2.3.3. Haplogroups derived from M89 and M45

The few remaining haplogroups representing Asian diversity include haplogroup P

defined by the mutation M45. This haplogroup is found at a very high frequency in

Central Asia. Later expansions of the haplogroup is observed in the Americas, Europe

and India (Wells et aI.2001; Bortolini et aI.2003). Giving rise to haplogroups Q

defined by the M242 mutation and haplogroup R defined by the M207 mutation.

Haplogroup Q is frequent in Central and Northem Asia with low frequencies in East

Asia, Europe and the Middle East. This haplogroup also represents a major Native

American lineage as haplogroup Q3 defined by the M3 mutation is strictly associated

with Native American populations (Jobling and Tyler-Smith 2003; Cox 2006; Karafet

et al. 2008).

Haplogroup R represent a small percentage of Asian lineages and is widely distributed

across Europe but to a lesser extent across North Africa and West Asia (Cavalli-Sforza

and Felman 2003; Karafet et al. 2005; Underhill and Kivislid 2007; Karafet et al.

2008).
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1.5.2.4. European Y-Chromosome Variation

European Y-chromosome haplogroups are well studied and characteized, indicating

95%o of European Y-chromosome variation belonging to 10 phylogenetic haplogroups.

Haplogroups I, N3, Rla and Rlb represent at least 70-80% of European Y-

chromosome diversity while 20%o is defined by haplogroups E3b, G and J2 (Rootsi

2004; Karafet et al. 2008). Haplogroup I is defined by the mutation M170 and is

widely distributed across Europe with a low frequency in the Middle East. In addition,

haplogroup I along with R represents major European Y-chromosome haplogroups

(Hammer andZegara2002; Rootsi et al.2004; Underhill and Kivislid2}}7; Karafet et

al. 2008). N3 is a sublineage of haplogroup N defined by markers M45/M178 and has

a high frequency among East Siberian ethnic groups (Rootsi 2004; Kharkov et al.

2007). Haplogroup Rl is defined by the l|l{l73 mutation and is derived from

haplogroup R-M207. Haplogroup Rl is widespread across Europe with the highest

frequency occurring in Western Europe among the Basque and British populations

(Wells et al. 2001; Kayser et al. 2005; Sahoo et al. 2006).

Haplogroups E, G and J have a low frequency in Europe attributed to the demic

diffusion of Neolithic farmers into Europe (Underhill et al. 2001;Beleza et aI.2005).

Furthermore, the occurrence of haplogroup E subgroups E-M35 and E-Ml23 in West

Europe has been affributed to late demographic expansions from the Balkans along the

Mediterranean Sea (Rootsi 2004; Beleza et al. 2005). Haplogroup G is defined by

M20l and is common in the Middle East, Mediterranean and the North Caucus. It also

appears in Southeast Europe (Cinnio[lu et al.2004; Monteil et al. 2005; Karafet et.al.

2008).
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The distribution of haplogroup J and lineages occurs in the Middle East, North Africa,

Europe, Central Asia, Pakistan and India. However, a subgroup defined by the Ml72

mutation mainly occurs in Europe while subclade J-M267 is present in the Middle

East, North Africa and Ethiopia (Underhill et al. 2001; Cavalli-Sforza and Felman

2003; Cinnioflu et aL.2004; Underhill and Kivislid2007; Karafet et al. 2008).
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I

1.4. Aims of the present study

Cape Muslims were brought during the 16th and 18th century from Africa and Asia.

They were slaves, convicts and political exiles and they contributed in the ethnic

diversity of the present Cape Muslim population. The history of the Muslims in the

Cape has attracted researchers from different disciplines such as historians,

anthropologists and sociologist. No comprehensive genetic data is available to give

insight into the genetic structure of the present Muslim population in the greater Cape

Metropolitan area. This study therefore attempts to contribute to the existing

knowledge about the Muslim population in Cape Town but from a genetics

perspective. Past demographic events were therefore inferred through the analysis of

the matemal and paternal gene pools of Kensington Muslims and Cape Muslims. The

specific aims of the present study were as follows:

To study the genetic history and diversity of Muslims living in the Cape

Metropolitan area (Cape Muslims) from a maternal and paternal perspective.

MTDNA and Y-chromosome molecular genetic markers were analyzed to

reconstruct the major male and female lineages of Cape Muslims (Chapter II).

To determine the contributions of Major African, Asian and European female

lineages to the maternal gene pool of Kensington Muslims through the analysis

of mtDNA genetic markers (Chapter III).

To assess which male lineages mainly contributed towards the paternal gene

pool of Kensington Muslims by analyzing Y-chromosome genetic markers

(Chapter III).

2
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Chapter 2

Reconstruction of Major Maternal and Paternal Lineages of the Cape Muslim

population

2.1. Introduction

South African Muslims represent a prominent multiethnic minority. The foremost

ethnic groups are the Indian Muslims and the Cape Muslims. The latter representing

the largest and oldest Muslim population in the city of Cape Town (Matthee, 2008).

The establishment of the community represents one of the important and relatively

unexplored chapters in South African history. The community's existence can be

attributed to slave trade, migration, colonialism, ancient trade routes in Africa, inter-

community marriages and the spread of Christianity and lslam in the region. The

earliest Cape Muslims were brought by the Dutch East Indian Company (DEIC) as

slaves, political exiles, and convicts. Originating from various regions in Africa and

Asia, they contributed in the diverse heterogeneity of the present Muslim population at

the Cape (Bradlow and Cairns 1978; Davids 1980; Mahida 1993; Shell 2000; Da Costa

and Davids 1994; Benjeddou et al. 2006). Cunently however, no significant studies

exist regarding the genetic structure of the population. The history of the community

has been extensively researched yet is inadequate to validate the genetic and

geographical origins of the population. The aim of the study described in this chapter

was to investigate the genetic genealogy of the Muslim population living in the Cape

Metropolitan area. Mitochondrial and Y-chromosome DNA variations were used to

infer the geographic/ethnic origins of the population. This was achieved by screening

single nucleotide polymorphisms (SNP) using polymerase chain reaction-restriction

fragment length polymorphism (PCR-RFLP). Single nucleotide polymorphisms are

geographical and population specific and arranged into distinct phylogenetic groups
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known as haplogroups, which have extensively been used in studies to infer past

demographic events and genetic variation in numerous population studies (Torroni et

al. 1996; Zerjal et al. 1997; Jorde et al. 1998; Wallace et al. 1999; Lell and Wallace

2000; Bermisleva et al. 2002; Edwin 2002; Budowle et al. 2003; Jobling and Tyler-

Smith 2003; Kayser et al. 2003; Martinez Marignac et al. 2003; Quintrlns etal.2004;

Hurles et al. 2005; Wood et al. 2005; Underhill and Kivisild2007; Maji et al. 2009).

2.2. Material and Methods

2.2.1. DNA Samples

Buccal samples were collected from a hundred unrelated Muslim males born and

residing within the Cape Town Metropolitan area. Ethics clearance for the study was

obtained from the University of the Westem Cape Ethics Committee. Donors signed an

informed consent and completed an anonymous questionnaire pertaining to their own

as well as their maternal and paternal family history regarding place of birth, religious

affiliation, home language, and ethnicity. Each sample was then catalogued using the

assigned reference number and stored at -20'C.

2.2.2. Questionnaire

The information obtained from the population through the questionnaire was used

together with the results of the genetic study in an integrated manner. This was done to

draw more conclusive answers regarding the population history and explore past

demographic events of this population. The questionnaire was used to deduce some

demographic events such as conversion, migration and inter-ethnic marriages.
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Cape General Muslims: this term was used throughout the thesis and refers to Muslim

individuals bom and residing within the Cape Metropolitan area.

Conversion: The religious denominations of the donor mother and father were

compared to that of their parents to establish if either parent had converted to Islam.

Internal Immigrants: This refers to individuals who migrated from areas such as East

London, Durban, Johannesburg, and Port Elizabeth to the Cape Metropolitan area.

External Immigrants: These are individuals who had immigrated from foreign

countries such as India, and other parts of the world to the Cape Metropolitan area.

Inter-ethnic marriages: This refers to the marriages of individuals of different ethnic

identities.

2.2.3. DNA Extraction

Total genomic DNA was extracted from buccal swabs using the BuccalA*p" DNA

Extraction kit (Epicentre Technologies) according to the manufacturer's specifications

(Appendix I). Extracted DNA was further purified with a standard phenol chloroform

protocol to improve the quality of the DNA as well as the sensitivity of the PCR. The

comprehensive protocol is listed in Appendix I.

2.2.4. Quantification of DNA

Extracted DNA was quantified using the Nanodrop ND 1000 UV-Vis

spectrophotometer. Thereafter 20pl aliquots were prepared as working stock while

the remaining stock was stored at -20'C.

2.2.5. MTDNA Markers and Typing Strategy

A hierarchical strategy (Figure 2.1) was employed to genotype samples using SNP's

for the identification of haplogroups B, H, J, L, and M. The SNP's investigated in the

study included: an Alul deletion at np 7025, Bst OI deletion at np 13704, HpaI
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insertion at np 3592, Ddel insertion at np 10394 and a Alul insertion at 10397.

Furthermore, a 9bp intergenic length mutation defining haplogroup B was screened for

the absence of one of two copies of the tandem repeat sequence (CCCCCTCTA). The

tandem sequence is located between the cytochrome oxidase subunit and TRNALYS

region (region V) on the mitochondrial DNA molecule. Samples were initially

screened for nucleotide positions 10394 Ddel and 10397 AluI. Plblished data using

restriction fragment length polymorphisms have indicated that the absence or presence

of these positions (motif) separate haplogroups into two major categories (Torroni et

al.1996; Merriweather et al. 1999; Wallace et al.1999; Bermisheva et al. 2OO2; Schurr

and Wallace 2002; Loogviili et al. 2004). This reduced the potential haplogroups to

which an unknown mtDNA might belong. These sites are situated adjacent to each

other and was determined using a single amplicon. Following the result from the motif,

samples were then tested for haplogroup specific markers sharing the same motif.

+ 1O394 Dde I
+ 10397 Alu I

+ 3592 Hpal

+ 10394 Dde I
-10391 Alul

10394 Dde I
10397 Alu I

9bp del reg V

B
- 10394 Dde I
- 10397 Alu I

H
- 7025 Alul

Figure 2.1. A simplified phylogenetic tree to illustrate the hierarchical manner in which
mtDNA haplogroups were typed (adapted from Torroni et al. 1996).

M

L

J
- 13704 BstOl
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2.2.6. Y-Chromosome Markers and Typing Strategy

The Y-chromosomal binary markers typed (Table 2.2) included eight SNP's M9,

M170, M173, M35, M52,I|l42, M175 and one YAP insertion polymorphism. All the

markers had been previously published (Underhill et al. 1997; Hammer and Horai

1995, Flores et al. 2003; Kayser et al. 2005). Samples were genotyped using the PCR-

RFLP methodology, following a phylogenetic hierarchical approach (Figure 2.2). The

nomenclature for the Y-chromosome haplogroups was according to the Y

Chromosome Consortium.

ROOT
I

YAP
DE

K
P

M175

Esa Eru KOPR

Figure 2.2. A phylogenetic tree of Y-chromosome haplogroup markers typed in this
study (modified from Jobling and Tyler-Smith 2003). Italicized haplogroups were not

typed.

I
F

M52 Ml70M35M2

73

H
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2.2.7. PCR Amplification

2.2.7.1. Mitochondrial DNA

PCR amplifications were performed in a final reaction volume of 25p,1, containing lx

PCR Buffer with 2.5mM MgCl2 (NEB), lU of Taq DNA polymerase (NEB),0.2mM

dNTPs (Roche),0.2pM of each primer and 10ng of template DNA. Primers were

synthesized by Whitehead Scientific using previously described sequences obtained

from (Martinez-Cruzado et al. 2001 and Santos et al. 2004).

Amplifications were performed using a GeneAmp PCR System 2700 thermal cycler

(Applied Biosystems) and Perkein Elmer GeneAmp PCR System 2400 (Applied

Biosystems). Thermal cycling conditions for primer sequences from Santos et al. 2004

were as follows: I cycle at 94"C for 5 min, 40 cycles at 94'C for 50 s, 1 min at primer

specific annealing temperature and 72"C for lmin (Table 2.1 ), followed by a final

cycle at 72'C for 5 min completing the amplification.

Thermal cycling conditions for Martinez-Cruzado et al. 2001 primer sequence was: I

cycle at 94'C for 5 min,30 cycles at94oC for 1 min,55"C for 1 min and72'C for 1.5

min. The final extension was at72oC for 10 min.
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Motif
Haplogroup

Defining

marker
Primer sequence 5'-3'

Annealing

Temperature

oc

Fragment

Size (bp)

(+^) J,L,M
10394

Ddel Fw TTGATCTAGAAATTGCCCTC 4E.2 276

Rv GTATTCCTAGAAGTGAGATG

Santos et al. 2004

(+/+) M

10397

Alul Fw TTGATCTAGAAATTGCCCTC 4t.2 276

Rv GTATTCCTAGAAGTGAGATG

Santos et al. 2004

(+/-) L

3592

Hpal Fw CTAGGCTATATACAACTACGC 50.9 330

Rv GGCTACTGCTCGCAGTG

Santos et al. 2004

(+t-) J

13704

Bstol Fw TCGAATAATTCTTCTCACCC 47 137

Rv TAGTAATGAGAAATCCTGCG

Santos et al. 2004

(r-) B 9bp del Fw ACAGTTTCATGCCCATCGTC 55 l2l deletion absent

Rv ATGCTAAGTTAGCTTTACAG lll deletion present

Martinez-Cruzado et al. 2001

(r-) H

7025

AluI Fw CCGTAGGTGGCCTGACTGGC 56 123

Rv TGATGGCAAATACAGCTCCT

Santos et al. 2004

Table 2.1: Primer sequences, annealing temperatures and PCR fragment sizes of
mtDNA markers used in this study

* (+/+) indicates the presence of both 10394 Dde I and AluI 10397 sites respectively

* (+L) indicates the absence for Alul10397 site only

* (J-) indicates the absence for both 10394 Dde I and Alu I 10397 sites respectively

2.2.7.2. Y-Chromosome

Standard and Touch down PCR amplifications (Table 2.2) were performed in a final

volume of 25p1, containing lX PCR Buffer with 1.5-2.5mM MgCl2 (Bioline), lU of

Iaq DNA polymerase (NEB), 0.2mM of dNTPs (Roche), 1.8mg/ml of BSA (NEB),

0.4pM (M9, MI70,M173, Ml75, M35 and Yap),0.8pM (M52) and 2pM (M2) of
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each primer and 20-50ng of template DNA. Primers were synthesized by Whitehead

Scientific using previously described sequences obtained from (Hammer and Horai

1995; Underhill et al. 2000; Flores et al. 2003; Kayser et al. 2005; Monteil et al. 2005).

Amplifications were performed using a GeneAmp PCR System 2700 thermal cycler

(Applied Biosystems) or Perkein Elmer GeneAmp PCR System 2400 (Applied

Biosystems). The primer sequences for Y-chromosome markers M9, M170, M52,

M175, M2 and YAP element were amplified according to standard PCR protocols. All

the primer sequences except M2 and the YAP element had the following thermal

cycling conditions: I cycle at 95"C for 4 min, 40 cycles at 94oC for 30s, 30s at primer

specific annealing temperature (described in Table 2.2), 72"C for 45s followed by a

final cycle at72oC for 10 min.

Thermal cycling conditions for the YAP element were: I cycle at 94'C for 2 min, 40

cycles at94'C for 1 min, 55'C for 30s and 72oC for lmin.

Thermal cycling conditions for M2 were: I cycle at 950C for 4min 40 cycles starting at

94"C for 30s, 62o0C for 30s, 72"C for 45s followed by a final cycle at 72oC for l0 min.

Touchdown PCR was used for M173 and M35 using a GeneAmp PCR System 2700

thermal cycler (Applied Biosystems). The touchdown PCR cycling conditions were as

follows: I cycle at 95oC for 4 min, 14 cycles at 94'C for 30s, 30s at 56-59"C

respectively decreasing annealing temperature by 0.5oC per cycle (Table 2.2),72oC for

45s and a final cycle at 72'C for 10 min this was followed with 40 cycles at a constant

annealing temperature of 63"C.
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Table 2.2: Primer sequences, annealing temperatures and PCR fragment sizes of
Y-chromosome markers

# indicates touchdown PCR

Haplogroup
Defining
marker Primer sequence 5'-3'

Annealing
Temperature

oc
Fragment
Size (bp)

DE
Yap

element Fw CAGGGGAAGATAAAGAAATA 55 150/455

Rv ACTGCTAAAAGGGGATGGAT
Hammer and Horai 1995

E3a M2 Fw AGGCACTGGTCAGAATGAAG 62 209

Rv AATGGAAAATACAGAGCTCCCC

Underhill et al. 1997

E3b M35 Fw TAAGCCTE{u{GAGCAGTCAGAG 59t63# 5r3

Rv CCAATTACTTTCAACATTTAAGACC

Kavser et al. 2005

H M52 Fw GCAGCATATAAAACTTTCAGG 56 88

Rv GACGAAGCAAACATTTCAAG3
Flores et al. 2006

Ml70 Fw TATTTACTTAAAAATCATGGTTC 49 99

Rv CAATTACTTTCAACATTTAAGACC

Kayser et al. 2005

K M9 Fw GCAGCATATAAAACTTTCAGG 54 164

R v GAAATGCATAATGAAGTAAGCG
Kayser et al. 2005

o Ml75 Fw TTGAGCAAGAAAAATAGTACCCA 50 439

Rv CTCCATTCTTAACTATCTCAGGGA

Underhill et al. 2000

RI Mt73 Fw TTTCTGAATATTAACAGATGACAACG 56t63 # 128

Rv CAGTACTCACTTTAGGTTTGCCA

Kayser et al. 2005

38

I

http://etd.uwc.ac.za/



2.2.7.3. Verification of PCR product

PCR amplicons of mtDNA and Y-chromosome were verified by agarose gel

electrophoresis. An aliquot of 9pl PCR product was run on a 2o/o agarose gel w/v

(Whitehead Scientific) stained with 0.lmg/ml Ethidium Bromide and

photodocumentated under UV light. A PCR marker (NEB) was run alongside PCR

products to ensure that the correct amplicon size was observed (Table 2.1 and2.2).

2.2.8. Restriction Digestion

Following PCR verification, respective PCR products were then subjected to restriction

digestion. Reshiction digestion reactions were performed in a final reaction volume of

25prl and 20pl for the mtDNA and Y-chromosome respectively. These reactions

contained 10pl of the unpurified amplified product incubated with the haplogroup

specific restriction enzyme from.l/EB (Table 2.3.) according to conditions specified by

the manufacturer.

Aliquots of 9pl digestion products were electrophoresed on a 3o/o w/v Whitehead

Scientific agarose gel previously stained with 0.lmg/ml ethidium bromide and

photodocumentated under UV light. The banding patterns of the digested fragments

were compared to a PCR marker (NEB) to determine the ancestral and derived

polymorphic states.
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Table 2.3: Restriction enzymes, optimal temperatures and banding patterns used

to genotype mtDNA and Y-chromosome haplogroups.

Haoloerouo Defining marker Enzyme
Temperature

('c)

PCR-RFLP fragments (bp)

Ancestral Derived
MTDNA

J.L.M 10394 Dde I Dde I 37 l7l,l05 133, 105,38

M 10397 Alul Alul 37 276 147.129

L 3592 Hpal Hpal 37 330 207,123

J 13704 BstOl BstOI 60 137 98.39

B 9bp del resion V N/A N/A 120 lll

H 7025 Alul Alul 37 108, 15 78.30. 15

Y
chromosome

DE YAP element N/A N/A 150 455

E3a M2 Nla lll 37 102, 68,39 68, l4l

E3b M35 Btsl 55 513 351,162

H M52 ^t/ I 37 63,25 82

I M170 NIaIV 37 99 23,76

K M9 HinJl 37 100, 64 164

o M175 Ear I 37 87,357 439

R1 M173 HpyCh4tY 37 102,26 128
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2.3. Results and Discussion

2.3.1. Self-Perceived Ethnic Classification

A hundred samples were included in this part of the study. DNA was extracted and

analyzed from these samples. The questionnaire revealed that most donors classified

themselves as Coloured, Malay, or Indian. A small percentage of donors, however,

were reluctant to indicate their ethnicity. The term Other Muslims was used for this

group. A study conducted by Da Costa (1994) concerning Muslim identity reported

that a number of Cape Muslims consider being Muslim as their only and most

important classification. They therefore do not recognise any other racial or ethnic

classification (Da Costa 1994). Other Muslims represented 10% (10) of donors (10%)

while 34Yo (34) were Coloured, 29 % (29) Indian and 27Yo (27) Malay (Figure 2.3).

Figure 2.3. Ethnic goups (as defined by donors) observed in the study

4t
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2.3.2. PCR-RFLP Analysis

All the respective SNP markers used in the study were screened using PCR-RFLP

except mtDNA haplogroup B and Y-chromosome haplogoup DE. These haplogroups

were characterized by either an insertion or deletion polymorphism thereby rendering

restriction digestion non-essential. The banding pattern of the amplified fragment was

therefore sufficient to discern a genotype. None of the donor's harboured the 9bp

deletion for haplogroup B while three individuals harboured the YAP element defining

the haplogroup DE.

Amplicons amplified with mtDNA defining marker 10394 DdeI (Figtre2.4) contained

a non-polymorphic restriction site. This produced cleaved fragments even in the

absence of the polymorphism serving as an internal control preventing false positive

results (Figure 2.5). This was particularly relevant as marker 10394 DdeI was used in

the hierarchical approach to differentiate haplogroups according to their motif. Seventy

-six donors were found to harbour this polymorphism.

Haplogroups defined by the absence of cleaved digested fragments were verified using

both positive and negative controls. The Y-chromosome haplogroup K genotypes were

verified in this manner. Figure 2.6 shows the amplified product of Y-chromosome

haplogroup K while Figure 2.7 indicates the digested fragments. This polymorphism

was found among forty-three individuals in the study, making it the dominant Y-

chromosome haplogroup. The optimal resolution of amplified fragments and digestion

products was achieved using Whitehead Scientific agarose gels but fragments smaller

than 50bp however, could not be detected.
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766bp
500bp
300bp

l50bp

50bp

766bp
500bp
300bp
150bp

50bp

Figure 2.4: PCR amplification
of defining marker 10394 DdeL
Lane I contained the PCR
marker and Lane 2 the negative
control. The remaining lanes
indicate amplified fragments of
276bp.

766bp
500bp

300bp

l50bp

50bp

Figure 2.5: PCR-RFLP screening
for the 10394 DdeI site. Lane 1

contained the PCR marker and
Lane2 the undigested PCR
product (negative control). Lanes
3-12 indicate DdeI digested PCR
products. Five samples harboured
the derived state (lanes 4,7,9, l0
and 12) for the polymorphisms
(133bp, l05bp, and 38bp) while
the remaining samples were
negative (l7lbp, I 05bp).

766bp
500bp

300bp

150bp

50bp

Figure 2.6: PCR amplification of
M9 defining Haplogroup K. Lane
I contained the PCR marker and
Lane2 the negative control.
Lanes 3-7 indicate amplified
fragments of l64bp.

Figure 2.7: PCR-RFLP screening
of marker M9. Lane I contained
the PCR marker. Lane2 contained
a negative control (100bp, 64b) and
Lane 3 a positive control (l6abp).
Lane 4 and 6 indicate samples
harbouring the polymorphism.
Lane 5 and 7 indicate samples
negative for the polymorphism.
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2.3.3. MTDNA Haplogroup Variation

The mtDNA haplogroup frequencies obtained in the study is reported in Figure 2.8 A-

E. The haplogroupsL(34%),M(33%\,H(24%), andJ (9%) characterized the mtDNA

diversity present among the General Cape Muslim population. Haplogroup L was the

most common haplogroup present among all the self-perceived ethnic groups. Cape

Coloured Muslims (47%) and Cape Malay Muslims (44%) showed the most significant

frequencies while Cape Other Muslims (20%) and Cape Indian Muslims Qa%) the

lowest (refer to Figure 2.88, C, D and E).

Haplogroup L is widely distributed among African populations especially in Sub-

Saharan Africa (Wallace et al. 1999; Gonder et al. 2007; Maji et al. 2009). The

presence of this haplogroup therefore suggests Khoisan and Bantu females as likely

contributors of this lineage. However, African slaves originating from Mozambique

and Madagascar may also have been contributors as haplogoup L, represents a

common mtDNA among the Malagasy population (Hurles et al. 2005).

Factors such as conversion, internal immigrants, and inter-ethnic marriage listed in

Table 2.4. were shown to have significantly contributed to haplogoup L frequency in

Cape Coloured Muslims. The combined frequency of these factors represents 24 o/o of

L mtDNA in Cape Coloured Muslims. In Cape Malay Muslims l5Yo of haplogroup L,

frequency was due to internal immigrants and inter-ethnic marriages. In Cape Indian

Muslims haplogroup L accounts for l4Yo of their mtDNA however, 7Yo codd possibly

be attributed to geneflow with the Siddis. The Siddis are tribal groups in India that

were brought as slaves during the 16th and 17ft century to India from East Africa and

other regions in Africa such as Mozambique (Lodhi 1992; Gauniyal et al. 2008). This

is highly plausible given that maternal grandmothers were recent immigrants from
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India (Table 2.4). These results also suggest that the remaining L mtDNA was mainly

derived through recent admixture with either Cape Coloured Muslims or Cape Malay

Muslims.

Figure 2.8. (A) MTDNA haplogroups observed in the Cape General Muslims. (B-E)
MTDNA haplogroups observed in each self-perceived ethnic group.

Cape General Muslims Cape Coloured Muslims Cape Malay Muslims

Cape Indian Muslims Cape Other Muslims

D E

J
toh
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Table 2.4. Distribution of mtDNA haplogroups in the different ethnic groups deduced

from the questionnaire data

No of individuals in each Haploqroup
Ethnic No of

Factor qroups B J L M
No of
individuals

Conversion

Coloured

Cape Malay

Indian

Other

4

0

0

0

3 I ,

Factor groups
Ethnic No of

individuals
No of

B

No of individuals in each Haplogroup

HJLM
Coloured 2

I

3

3

I

3

3

I

Internal
Immigration Cape Malay

Indian

Other

)

No of individuals in each Haploqroup

Factor grouDs
Ethnic No of

individuals
No of

B H J L M

External
Immigrants

Coloured

Cape Malay

Indian

Other

0

20

I
4

I
7 ) r0

Factor
Ethnic
groups

No of
individuals

No of
B

No of individuals in each ttadggfsq_

J L M

Inter-ethnic
marrrage

Coloured

Cape Malay

Indian

Other

3

2

)

I

5

I

't

)
)

4

3

.,

* Ethnic identity is listed as perceived by donor

Haplogroup M was the second most frequent haplogroup in the study. [t is common

among Asian populations and is the most dominant mtDNA haplogroup in India

(Schurr and Wallace 1999 Kivislid et al. 1999; Roychoudhury et al. 2000; Torroni et

al. 2001; Edwin et al. 2002; Cordaux et al. 2003; Tripathy et al. 2008, Maji et al.

2009). A study by Cordaux et al (2003) reported the haplogroup's frequency among

Northeast tribes as being 51% while East, Central and South tribes shared an equal

frequency of 760A. This result was consistent with findings in the study as Cape Indian

Muslims displayed the highest frequency (45%). Furthermore, nearly 34% of
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haplgroup M frequency could be attributed to recent extemal immigrants from India

(Table2.4).

A moderate frequency for haplogroup M was observed among the Cape Coloured

Muslims (32%), Cape Malay Muslims (22%), and Cape Other Muslims (30%). Only a

small fraction of their mtDNA was derived through conversion and inter-ethnic

marriages (Table 2.4). The origin of their mtDNA was likely mainly derived from

female slaves originating from India and South East Asia as a significant number of

Asian slaves originated from India and the Indonesian Archipelago (Bradlow and

Cairns 1978; Davids 1980; Da Costa and Davids 1994). Although, haplogroup M may

even have been introduced via slaves from Madagascar due to their mixed Indonesian

ancestry and recently through admixture with Indian and other Asian populations

(Hurles et al. 2005).

West Eurasian mtDNA, haplogroup H and J were both observed in the study albeit at

different frequencies. Haplogroup H was the third most frequent mtDNA (24%) in the

study (Figure 2.8 A). Among the self-perceived ethnic groups, Cape Other Muslims

displayed the highest frequency (50%) followed by Cape Indian Muslims (38%). The

high frequency of haplogroup H in Cape Indian Muslims was mainly due to internal

and external immigrants their contributions makeup 28Yo of the total haplogroup H

diversity. A lower frequency for haplogroup J was observed mainly prevalent among

the Cape Malay Muslims (15%) and Cape Coloured Muslims (12%). Cape Indian

Muslims had the lowest frequency (3%), while Cape Other Muslims harboured no J

mtDNA.
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Haplogroup H and J may have been introduced via recent and historical admixture with

European and Indian populations. Since haplogroup, H represents nearly 50%o of

European mtDna while haplogroup J represents 11.3% of European mtDNA (Tononi

et al. 1996; Wallace et al. 1999; Lell and Wallace 2000; Maca-Meyer et al. 2001;

Richards and Macaulay 2001; Bermisheva et al. 2002; Loogv[li et aL.2004; Piechota et

al. 2004; Alzualde et al. 2005; Manwaring et al. 2006). In addition, West Eurasian

haplogroups makeup 2Oo/o to 3Oo/o of Indian mtDNA with Northern Indians possessing

a higher frequency of West Eurasian mtDNA than Southern Indians (Roychoudury et

al. 2000; Tripathy et al. 2008).

Haplogroup B was the only mtDNA not observed in the study. The 9bp deletion

defining this haplogroup is routinely used to infer Asian and Polynesian ancestry

(Ballinger et al. 1992; Stone and Stoneking 1998; Edwin et aL.2002; Berniell-Lee et al.

2008). Haplogroup B has a high to moderate frequency among East Indonesians and

Malays (Stone and Stoneking 1998; Merriweather et al. 1999; Schurr and Wallace

2002). Therefore, the absence of this haplogroup was unexpected since a number of

slaves originated from the Indonesian Archipelago (Bradlow and Caims 1978; Davids

1980; Da Costa and Davids 1994). The absence of this haplogroup may possibly be

attributed to the low sample number investigated in this study. Given that, only a

hundred samples were screened in the study. On the other hand may indicate that few

Cape Muslims are from Indonesian descent.

2.3.4. Y-Chromosome Haplogroup Variation

All eight bi-allelic markers analysed in this study were found among the Cape General

Muslim population. Haplogroup frequencies is reported in Figure 2.9 (1x), belonging to

haplogroupsK (43%o), O (22%), H (10%), | (8%), Rl (5%), DE (3%),83a (loh),F,3b
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(l%) while 7o/o rerrrained undefined. Haplogroups K, O, and H were the most frequent

in the study. Cape Malay Muslims displayed the highest frequency (52%) tor

haplogroup K (Figure 2.9 C). At least 27%o of haplogroup K frequency was attributed

to conversion, extemal-immigrants and inter-ethnic marriages (Table 2.5). Cape Indian

Muslims though demonstrated a high frequency for haplogroups O (38%) and H (17%)

(refer to Figure 2.9 D\.Internal and extemal immigrants were responsible for at least

24 o/o of their haplogoup O frequency (Table 2.5). Other self-perceived ethnic groups

also exhibited a high frequency for haplogroups K, O and H (refer to Figure 2.9 B, C

and E).

Males originating from Asia probably introduced haplogroups K, O, and H given their

geographic distribution. Haplogroup K is distributed throughout Asia having a

substantial presence in East Asia (Basu et al. 2003; Kumar et al.2007). Haplogroup O

represents a major Y-chromosome lineage in East Asia and has a moderate or low

frequency in Central Asia, South East Asia, and Oceania (Cordaux et al. 2OO4; Karafet

et al. 2005; Sahoor et al. 2006; Kumar et aL.2007; Karafet et al. 2008). Haplogroup H

is restricted to India and is frequently found among tribal and lower caste population

groups (Ikithika et al.2007; Karafet et al. 2008).
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Cape General Muslims Cape Coloured Muslims Cape Malay Muslims
undefined E3a E3b

undefined

Cape Indian Muslims Cape Other Muslims
E3a
4y.

Figure 2.9. (A) Y-chromosome haplogroups observed in the Cape General Muslims. (B-E)
Y-chromosome haplogroups observed in each self-perceived ethnic group
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Table 2.5. Distribution of Y-chromosome haplogroups in the different ethnic groups deduced from
the questionnaire data

No of individuals in each

Factor
Ethnic
groups

No of
individuals

No of
haologroups DE E3a E3b H I K O Rl undefined

Conversion

Coloured
Cape
Malay

Indian

,4

0

0

,Other .,

3

tI

Factor
Ethnic
groups individuals

No of
haploqroups

ofNo
No ofindividuels in each

DE E3a E3b H I K O Rl undefined

Internal
Immigrants

Coloured
Cape
Malay

Indian

Other

3

3

0

0

3

5

1

3

Factor
Ethnic No of
grouDs individuals

No of
haologrouos

No of individuals in each D

DE E3a E3b H I K O Rl undefined

External
Immigrants

Coloured
Cape
Malay

5

2

t7

4

,

t

3Indian

Other 4

4

I
9

I
7

I

No of individuals in each Ha

Factor
Ethnic No of No of

haplogroupsgroups individuals DE E3a E3b H I K O Rl undefined

Coloured
Cape
Malay

Indian

Other

l2

3

5

)

I 6 3l
Inter-ethnic
marnage I4

I I

* Ethnic identity is listed as perceived by donor

The European Y-chromosome haplogroups observed in the study were Rl and I. These

haplogroups are widespread across Europe and are found at high frequencies in West

Europe (Cavalli-Sforua and Feldman 2003; Rootsi et al. 2004; Fregel et al. 2009).

Haplogroup I was the most frequent in the study (Figure 2.9 A), it observes its highest

frequency (17%) in Cape Coloured Muslims (Figure 2.98), while R1 in Cape Other

Muslims (10%) (Figure 2.9 E). These haplogroups were however, absent in Cape

Indian Muslims. Early male European settlers possibly introduced haplogroup I and

5l
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Rl. This result is common and frequently observed in populations that originate from

slavery and colonization (Torres et al. 2007; Berniell-Lee et al. 2008).

Haplogroups DE, E3a and E3b represented the remaining Y-chromosome haplogroups.

These haplogroups had the lowest frequencies in the study. The YAP element defining

haplogroup DE was observed only in Cape Coloured Muslims (6%) and Cape Other

Muslims (10%). This haplogroup defines both Asian (haplogroup D) and African

(haplogroup E) Y-chromosome lineages. Nonetheless, observes its greatest frequency

in Sub Saharan populations (Hammer and Horai 1995; Agrawal et al. 2005). It is

therefore most likely that haplogroup DE was derived from an African source.

Individual's harbouring the YAP element probably belonged to haplogroup E,

considering that haplogroups, E3a and E3b were also found in the study. These

haplogroups show a distinct geographical distribution in African populations.

Haplogroup E3a is common in Sub Saharan populations and is used to trace Bantu

migrations (Hammer and Zegoru 2002; Beleza et al. 2005; Fregal et al. 2009). The

haplogroup was only observed in an individual classified as Cape Indian Muslim. It is

probably the result of recent admixture considering that E3a was introduced through an

internal immigrant from Durban (Table 2.5).

Haplogroup E3b was restricted to Cape Other Muslims defining Llo/o of their Y-

chromosome haplogroup diversity (Figure 2.9 E). The haplogroup is frequent among

East and North African populations (Hammer and Zegara 2002; Beleza et al. 2005).

From the data listed in Table 2.5 it was established that this haplogroup was recently

introduced possibly as result of recent admixture. However, could possibly be derived

from an East African slave as many Muslims, originally from the Cape Metropolitan
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area have migrated to areas such as Port Elizabeth, East London etc (Davids 1980; Da

Costa and Davids 1994).

2.3.5. The overall geographic origins of the Cape Muslim population

The mtDNA and Y-chromosome haplogroups observed in the study indicated that

Cape General Muslims maternal and patemal lineages originate in Africa, Asia and

Europe. Thereby, demonstrating the highly diverse geographical origins of Cape

General Muslims mtDNA and Y-chromosomes. From the 100 male samples analyzed

in the study, 34o/o caried an African maternal lineage while the contribution of Asian

and European lineages in the population was 33%o in both cases (Figure 2.l0 A).

Cape General Muslims Cape Coloured Muslims Cape Malay Muslims
A

D Cape Indian Muslims E Cape Other Muslims

Figure 2.10 (A) Distribution of the major maternal lineages found in Cape General Muslims
(B-E) Distribution of the major maternal lineages found in each self-perceived ethnic group.
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The continent-specific lineages were found at various frequencies in each of the self-

perceived ethnic groups within the Cape General Muslim population. tn the thirty-four

donors classified as Cape Coloured Muslims 47% (16134) belonged to an African

lineage, 32% (lll34) to an Asian lineage and ZlYo (7134) to European lineages (Figure

2.10 B). The twenty-seven Cape Malay Muslims in the study show a similar frequency

for these lineages as 45o/o (12127) harboured African mtDNA, 22% (6127) Asian and

33% (9127\ European mtDNA (Figure 2.10 C).

In contrast to Cape Coloured Muslims and Cape Malay Muslims, Cape Indian Muslims

maternal lineages significantly differed. Their mtDNA indicated that l4Yo (4129)

carried an African lineage, 45% (13129) Asian and 4lo/o (12129) European lineages

(Figure 2.10D). This correlates well with studies regarding mtDNA variation in India

as Indian females harbour both Asian specific and West European mtDNA

haplogroups (Kivislid et al. 1999; Cordaux et aL.2004). Therefore, it is quite possible

that the high frequency of European lineages observed in Cape Coloured Muslims and

Cape Malay Muslims were perhaps derived from Indian female slaves. The presence of

African lineages in Cape Indian Muslims was probably the result of recent admixture

with Cape Coloured Muslims and Cape Malay Muslims or African immigrant tribal

groups in India. Considering, that indigenous Indian populations do not harbour

African mtDNA and that external immigrants from India significantly contributed to

mtDNA variation of Cape Indian Muslims.

Cape Other Muslims maternal lineages were similar to Cape Indian Muslims as 20%6

(2110) belonged to an African lineage, 30% (3110) to Asian and 50%o (5/10) to

European lineages (Figure 2.10 E).
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The results for matemal lineages for the most part showed a good concordance

between the self-perceived ethnic identity by donors and the origins of their mtDNA

haplogroups with the exception of Cape Malay Muslims. Their mtDNA showed a

higher frequency for African and European lineages rather than the expected Asian

lineages.

Paternal lineages displayed a contrasting genetic structure to maternal lineages

whereby 5oh of male lineages were of African origin, 75Yo Asian, l3oh European, and

7Yo of lineages remained undefined (Figure 2.11 A). The undefined male lineages in

the study may have belonged to either Asian or European Y-chromosome haplogroups,

as these paternal lineages were the most frequent in the study in comparison to African

lineages.
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Cape General Muslims Cape Coloured Muslims Cape Malay Muslims

uDdclined underfined utrderfincd
A 1o/o

Cape Indian Muslims Cape Other Muslims

Figure 2.11 (A) Distribution of the major paternal lineages found in Cape General

Muslims. (B-E) Distribution of the major paternal lineages found in each self-perceived

ethnic group.

Similar to maternal lineages self-perceived ethnic groups demonstrated various

frequencies for certain paternal lineages. Although, all the self-perceived ethnic groups

shared a high frequency for Asian lineages. In Cape Coloured Muslims 6% (2.134)

belonged to African lineages, 56% (19134) to Asian, 23% (7134) to European lineages

and, l5Yo of paternal lineages remained undefined (Figure 2.1 1 B). Cape Malay

Muslims paternal lineages indicated that 78oh (21127) were of Asian descent, 15oZ

(4127) European and 7Yo (2127) of lineages remained undefined (Figure 2.ll C).

Although, notable differences exist between the Cape Coloured Muslims and Cape

Malay Muslims paternal structures. These include a lower frequency of Asian lineages,
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a higher frequency for European male lineages and the presence of African Y lineages.

These two ethnic groups paternal structure yet seem more closely related in

comparison to Cape Indian Muslims.

Cape Indian Muslims paternal lineages indicated that 3%o (1129) carried an African

lineage and 97% (28129) Asian lineages (Figure 2.11 D). These differences were

attributed to the fact that Cape Indian Muslims were mainly the descendants of recent

Indian immigrants as indicated by data listed in Table 2.5. Therefore have undergone

considerable less admixture than Cape Coloured Muslims and Cape Malay Muslims.

Cape Other Muslims paternal lineages were20%o (2110) African, 70Yo Asian (7/10) and

l0% (l) European (Figure 2.1,18). Their paternal lineage composition seems to be

closely related to both Cape Coloured Muslims and Cape Malay Muslims (Figure 2.11

B and C). Given the presence of African Y-chromosome lineages and the high

frequency of Asian lineages

Overall, paternal lineages seem to provide a more accurate correlation of self-

perceived ethnic identity of donors and the origins of their Y-chromosome haplogroups

in comparison to mtDNA haplogroups. This could possibly provide an explanation as

to why certain donors perceive themselves as Cape Malay Muslims and Cape Indian

Muslims even though their mtDNA belong to non-Asian haplogroups.

In conclusion, this study was able to identify the major maternal and paternal lineages

present in the Cape General Muslim population. Maternal lineages of the Cape General

Muslims indicated that fernales of African, Asian and European ancestry equally

contributed to the mtDNA genepool. Whereas paternal lineages indicated males of
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Asian ancestry mainly contributed to the Y-chromosome genepool. The results also

demonstrated a higher contribution of African matemal lineages in comparison to

paternal lineages. It is therefore likely that the slave population brought from Asia

were mainly males, these males mainly married indigenous African fernales given the

high frequency of African maternal lineages in Cape Coloured Muslims and Cape

Malay Muslims.

58

http://etd.uwc.ac.za/



Chapter 3

MTDNA haplogroup analysis of the Kensington Muslim community

3.1. Introduction

Kensington lies 8km from Cape Town and is situated in the northern suburbs between

Maitland and Goodwood. The area is one of the oldest Coloured communities yet its

geographical location has isolated it from the rest of the Cape Flats (Da Costa 1983). In

addition, both the Cape Flats and Kensington are two of forty -four areas in Cape

Town having a significant Muslim population (Matthee 2008). A significant proportion

of this population is made up of descendants of slaves brought to Cape Town during

the 16th and 18ft century (Bradlow and Cairns 1978; Davids 1980; Da Costa and

Davids 1994; Matthee 2008). The slaves came from various geographical regions in

Asia and Africa and along with indigenous African people and colonizing Europeans

contributed to the gene pool of the Cape Muslims (Bradlow and Cairns 1978; Davids

1980; Da Costa and Davids 1994; Matthee 2008). The extent of these contributions to

the maternal ancestry of the Cape General Muslim population was examined in a study

(Chapter 2). The study analysed mtDNA coding region polymorphisms (SNPs)

defining five mtDNA haplogroups. Only four mtDNA haplogroups were observed in

the study and revealed that the Cape Coloured Muslims and Cape Malay Muslims

maternal ancestry were mainly of African origin while Cape Indian Muslims maternal

ancestry were primarily of Asian origin. The aim of this study (described in this

chapter) was to determine the contribution of major African, Asian and European

haplogroups to the maternal gene pool of the Kensington Muslim population. This was

achieved by examining mtDNA variation found within the Kensington Muslim

Community using twelve mtDNA coding region SNPs genotyped by the SNaPshot

minisequencing assay. The assay provides an altemative to the time consuming PCR-

59

http://etd.uwc.ac.za/



RFLP method allowing for a rapid, robust and simultaneous genotyping of multiple

SNP markers (Quintrins et al. 2004; Budowle 2004; Sobrina et al.2004).

3.2. Material and Methods

3.2.1. Biological Samples and DNA extraction

DNA samples were obtained from unrelated Muslim males residing in Kensington.

Informed consent was obtained for all the samples used in the study, which had been

approved by the University of the Western Cape Ethics Committee. An anonymous

survey regarding place of birth, religious affiliation, home language, and ethnicity was

also completed by donors. Additional information about maternal and paternal family

members was also provided.

DNA was extracted, quantified, and stored until further analysis as described in

Chapter 2 (section 2.2.3). A hundred and ten samples were successfully genotyped.

3.2.2. Questionnaire

The data obtained from the Kensington Muslim population was used alongside the

results from the genetic study as described in Chapter 2 (section 2.2.2).

Kensington General Muslims: this term was used throughout the thesis and refers to

Muslim individuals residing within the Kensington area.

The terms conversion, internal immigrants, external immigrants, and inter-ethnic

marriages are also used throughout the thesis. The definitions of these terms were as

previously described in Chapter 2 (section 2.2.2).

3.2.3. MTDNA SNP Selection

The relevant markers were selected from a SNP assay developed by Nelson et al.

(2007\. Based on the data generated from Chapter 2 (section 2.3.3). The assay allowed
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for the genotyping of multiple haplogroups using twelve specific mtDNA SNPs. The

assay has a good discrimination power that allows distinguishing major African, Asian,

and European haplogroups found in the population. A summary of the expected

haplogroup genotypes is illustrated in (Table 3.1). Although the assay was developed

to simultaneously tlpe for the twelve polymorphic sites, markers however were

procured at various stages resulting in two multiplexes. An unforeseen advantage of

the two multiplexes allowed mtDNA haplogroups to be typed following a hierarchical

strategy.

Multiplex I contained the following polymorphic sites: 8272-8280 del, 10398, 10400,

3594, 7028, 12406, and 7600. The presence of one or a combination of these markers

led to the assignment of the following haplogroups: B, E, F, H, LllLz, L3, M, and N

representing more than 50oh of the haplogroups typed using the complete assay (Figure

3.1).

Multiplex II contained polymorphic sites 13263, 1719, 5178, 663 and 4833 which

were only typed following the outcome of Multiplex I results. Multiplex II primarily

contained downstream markers exploring the more basal branches of major

haplogroups present in Multiplex I. Haplogroups C, D, G, I, and X were determined

using Multiplex II (Nelson et al.2007).
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Figure 3.1. A schematic representation of the SNP typing strategy used in the study

(adapted from Nelson et al. 2007).

Table 3.1: The expected base substitutions inferring maternal ancestry for each

haplogroup

Bold letters indicate the expected base substitution (adapted from Nelson et al. 2007)
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Nucleotide position and base substitution

Haploqroup

8272-
8280
del 13263 t7t9 5178 663 1039E 10400 3594 7028 12406 4833 7600

Inferred
ancestrv

A C A G C B A C C T G A G Asian

B G A G C A A C C T G A G Asian

C C G G C A G T C T G A G Asian

D C A G A A G T C T G A G Asian

E C A G C A G T C T G A A Asian

F C A G C A A C C T A A G Asian

G C A G C A G T C T G G G Asian

H C A G C A A C C C G A G European

I C A A C A G C C T G A G European

LIILz C A G C A G C T T G A G African

L3 C A G C A G C C T G A G African

M C A G C A G T C T G A G Asian

N C A G C A A C C T G A G European/Asian

x C A A C A A C C T G A G Europear/Asian
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3.2.4. Multiplex PCR Amplification of Mitochondrial SNP sites

Multiplex PCR was performed using the Qiagen Multiplex kit in a final volume of 10

pl containing 15ng template DNA ,lX QIAGEN Multiplex PCR Master Mix , 0.5 X

Q-Solution (Qiagen) and the respective multiplex primer premix. A detailed guide of

the primer mix can be found in Appendix I. Primer concentrations for each Multiplex

is given in (Table 3.2). Primers were synthesized by Whilehead Scientific using

previously reported sequences (Nelson et al.2007).

Amplifications were performed in a GeneAmpR 2700 PCR System thermal cycler

(Applied Biosystems). The thermal cycling conditions were as follows: 1 cycle at 95"C

for 15 min,40 cycles of 94'C for 30 sec, 60"C for I min and 60 sec, and 72"C for I

min and 60 sec, followed by a final cycle at 72"C for 10 min.

PCR products were verified by agarose gel electrophoresis to ensure that the correct

amplicon size was obtained. An aliquot of 2pl of PCR product was run on a 3Yo

agarose gel stained with O.lmg/ml ethidium bromide.
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Table 3.2: MTDNA multiplex I and II amplicon product size, and final primer
concentrations

Table and primers were adapted from Nelson et aL.2007

Nucleotide

position Primer sequence (5'-3')

Primer

length (bp)

Amplicon

length (bp)

Final

(pM)

Multiplex I

8272-8280 del Fw TAAAAATCTTTGAAATAGGGCCC 23 89 (del) 80 0.35

Rv GTTAATGCTAAGTTAGCTTTACAGTGG 27

r0398/10400 Fw AGTCTGGCCTATGAGTGACTAC 22 86 0.35

Rv AATGAGTCGAAATCATTCGTTT 22

3594 Fw CTTAGCTCTCACCATCGCTCT 2t 90 0.35

Rv AGAATAAATAGGAGGCCTAGGTTG 24

702E Fw TATTAGCAAACTCATCACTAGACATCGT 2t 96 0.35

Rv TGGCAAATACAGCTCCATTGA 22

12406 Fw AATTCCCCCCATCCTTACC l9 78 0.35

Rv GCGACAATGGATTTTACATAATG 23

7600 Fw GGCTAAATCCTATATATCTTAATGGCA 27 64 0.35

Rv GGGAAGTAGCGTCTTGTAGACC 22

Multiplex II

13263 Fw CAAAAAAATCGTAGCCTTCTCC 22 67 0.35

Rv GTTGATGCCGATTGTAACTATTATG 25

t719 Fw CCCACTCCACCTTACTACCAGA ,) 84 0.35

Rv TGCGCCAGGTTTCAATTT l8

517t Fw TAAACTCCAGCACCACGACC 20 79 0.35

Rv GTGGATGGAATTAAGGGTGTTAG 23

663 Fw ACATCACCCCATAAACAAATAGG 23 r08 0.35

Rv TGGTGATTTAGAGGGTGAACTCA 23

4E33 Fw AATAGCCCCCTTTCACTTCTG 2t 72 0.35

Rv AGAAGAAGCAGGCCGGA t7
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3.2.5. SNaPshot Minisequencing Reactions

Following verification, purification of PCR products were performed using USB

Shrimp Alkaline Phosphatase (SAP) and Exonuclease I (ExoI) to remove excess

primers and un-incorporated dNTPs. Aliquots of 5pl PCR product were incubated with

2pl (lunit/pl) of SAP and 2pl (10 units/pl) Exo I enzymes at37'C for 60 min followed

by the inactivation of the enzymes at75"C for 15 min.

Minisequencing reactions were carried out in a final reaction volume of l3.5pl

containing 2pl SNaPshot ru Multiplex Kit (Apptied Biosystems), 2ytl purified PCR

product and 5.35p1 (Multiplex l) or 2.771t1 (Multiplex II) extension primers (final

concentrations listed in Table 3.3). The orientation of each extension primer is given

according to the SNP location (forward or reverse). Primers were manufactured by

Witehead Scientific using previously reported sequences (Nelson et al.2007).

Minisequencing reactions were performed in a GeneAmp* 2700 PCR System thermal

cycler (Applied Biosystems) according to the manufactures specifications: 25 cycles of

96"C for 10 seconds, 50oC for 5 s, and 60" C for 30 s, and storage at4oC.In addition, a

positive and negative control (provided with the kit) was performed for every

minisequencing batch of samples. Minisequencing products were purified with the

addition of 2pl of SAP (USB) to remove the unincorporated fluorescently labelled

ddNTP's. Reactions were briefly mixed then incubated at37"C for 60 min followed by

enzyme inactivation at75"C for l5 min.
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Table 3.3. MTDNA minisequencing primer sequences, length, base substitution
and final primer concentration

Nucleotide

position Primer sequence (5'-3')

Primer

length

(bp)

Final

(pM)

Base

substitution

Multiplex I

E272-8280

del Fw CCCTATAGCACCCCCTCTA l9 0.37 C>G

10398 Fw (21-POLY-T-TAIL) GAGTGACATACAdju{'{GGATTAGACTGA 48 0.259 A>G

3594 Rv (29-POLY-T-TAIL) TAGGAGGCCTAGGTTGAGGTT 50 0.259 C>T

r0400 Rv (24-POLY-T-TAIL) TTCGTTTTGTTTAAACTATATACCAATTC 53 0.296 C>T

7028 Rv (33-POLY-T-TAIL) CCTATTGATAGGACATAGTGGAAGTG 59 0.277 C>T

12406 Fw (50-POLY-T-TAIL) CCCATCCTTACCACCCTC 68 0.259 G>A

7600 Fw (51-POLY-T-TAIL) TATCTTAATGGCACATGCAGC 72 0.259 G>A

Multiplex II

13263 Fw (3-POLY-T-TAIL) TAGCCTTCTCCACTTCAAGTCA 25 0.129 A>G

L7t9 Fw (7-POLY-T-TAIL) CTCCACCTTACTACCAGACAACCTTA 33 0.259 G>A

5l7t Fw (13-POLY-T-TAIL) CTACTATCTCGCACCTGAAACAAG 37 0.149 C>A

663 Fw (19-POLY-T-TAIL) CCATAAACAAATAGGTTTGGTCCT 43 0.155 A>G

4833 Fw (54-POLY-T-TAIL) TTTCCAGAGGTTACCCAAGGC 72 0.333 A>G

Minisequencing primers and table adapted from Nelson et at.2007

3.2.6. Analysis on the ABI3130xl Genetic Analyzer

The minisequencing products (1.5 prl) were mixed with 9.6p1 HiDi " Formamide and

0.4p1 of Genescan " -120 LIZrM internal sizing standard (Applied Biosystems) and

capillary electrophoresis was performed on an ABI Prism 3130XL RGenetic Analyzer

(Applied Biosystems). Following denaturation of samples at 95oC for 5 minutes in a

GeneAmpR PCR System 9600 thermal cycler (Applied Biosystems). Using a 36cm

capillary array filled with Performance Optimum Polymer 7 (POP 7) (Applied

Biosystems). Typical run module parameters were run temperature 60oC, pre-nrn

voltage 15kV, pre-run time 180 s, injection voltage l.zkV, and injection time 23s, run

voltage 15kV, and run time 1200 s. The filter set E5 was used to process data from the
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five dyes dRl10, dR6G, dTAMRA, dROX and LIZ 120 while data analysis was

performed using Genemapper v4.0 software (Applied Biosystems).

3.3. Results and Discussion

3.3.1. Multiplex PCR

Initial multiplex PCR reactions included reverse touch down (as stated by Nelson et al.

2007), gradient, and hot-start PCR techniques but repeatedly failed to ampliff all of the

SNP fragments in each multiplex. This was only achieved once multiplex PCR was

performed using the QIAGEN Multiplex PCR Master Mix kit. However, analyses of

both multiplex PCR products revealed the presence of artifacts. These artifacts may

have been the result of using inexpensive non-HPLC purified oligonucleotides instead

of the recommended purified oligonucleotides. Since the reduction of DNA

concentration, primer concentration and the increase in annealing temperature, reaction

volume showed no significant reduction in the amount of artifacts, This nonetheless

did not interfere with the SNaPshot minisequencing reactions. Electropherograms of

these profiles showed clear distinct peaks of the expected SNP without the presence of

these artifacts.

3.3.2. MTDNA Genotyping Procedure

All I l0 samples were successfully genotyped using multiplex I and II with Figures

3.2. and 3.3. representing electropherograms of samples positive for haplogroup D and

L3 respectively. The SNaPshot multiplex kit provides the following assignment of

fluorescent dyes for each individual ddNTP: dR6G: ddATP (Green), dTAMRA :

ddCTP (Black), dRll0: ddGTP (Blue) and dROX: ddTTP (Red). This indicates

which base substitution occurs for each SNP during the minisequencing reaction. If

however, an extension primer was designed in the reverse orientation such as 10400

(C>T) the reverse complement nucleotide was incorporated during the minisequencing
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reaction, this is illustrated in (Figure 3.2.). Therefore, a simple conversion to the

correct nucleotide base was applied when typing these SNPs. During genotyping, it

was also observed that the detected size of minisequencing products by the automated

sequencer and those listed by Nelson et al. (2007) did not correspond. Factors

influencing size variation as reported by Quintans et al. (2004) include differences in

electrophoresis mobility determined by polymer used, length, sequence and the dye

used to label the minisequencing primer. A greater size variation occurs for short

oligonucleotides rather than longer ones. This may have been the cause as

minisequencing primers listed in the published article by Nelson et al. (2007) were

longer than the actual size of primers. In addition, electrophoresis of minisequencing

fragments was performed using POPT instead of the recommended POP4. Both

systems show good resolution however, POP4 is known to have a shorter resolution

time (Quintiins et al. 2004). Peaks above 400 relative fluorescence units were

considered positive signals and a SNP haplogroup was assigned accordingly.
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Multiplex I Haplogroup D

Multiplex II

Figure 3.2. Electropherogram of multiplex I and II showing the derived state for
haplogroup D defined by SNP sites 10398,10400,7028 and 5178
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Figure 3.3. Electropherograms of multiplex I and II showing the derived state for
haplogroup L3 defined by SNP sites 10398 and7028.

3.3.3. Self-Perceived Ethnic Classification

Samples of a hundred and ten donors were used in the present study. The questionnaire

indicated that donors mainly classified themselves as belonging to three ethnic

classifications:76Yo (84/110) were Coloured while 17% (18/110) Malay and 60/o

(7lll0) Indian Muslims (Figure 3.4). Only l% (llll0) was reluctant to assign an ethnic

classification the term Other Muslims was later used for this individual.

Kensington
Indian Muslims

Kensington
Other Muslims

Figure 3.4. Ethnic groups identified in Kenisington General Muslims
according to donor classification.
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3.3.4. MTDNA Haplogroup Variation

MTDNA haplogroups observed in the Kensington General Muslims and in each self-

perceived ethnic goup is reported in Figure 3.5 A-D. Haplogroup LllL2 was the most

dominant mtDNA haplogroup in the study comprising 47o/o of the total sample (Figure

3.5 A). In the self-perceived ethnic groups, Kensington Malay Muslims had the highest

frequency (61%) followed by Kensington Coloured Muslims (48%), Kensington

Indian Muslims however had the lowest frequency (14%) (Figure 3.5 B, C and D).

Haplogroup Ll and L2 are restricted to Africa with Sub-Saharan populations having

the highest frequency. Furthermore, haplogroup LllLZ share the distinct SNP site 3594

(C>T) characterizing haplogroups of the major African macrohaplogroup L (Chen et

al. 2000; Torroni et al. 2001; Salas et aL.2002). Given the high frequency of LllL2 in

Kensington General Muslims, it is quite possible that these haplogroups were

introduced to the population as a result of inter-ethnic marriages between Asian male

slaves and indigenous African females (Du Pre 1994, Da Costa and Davids 1994).

Since Bantu and Khoisan populations, mtDNA mainly belong to subgroups of Ll and

L2. Further characterization of LllL2 subgroups would undoubtedly provide a more

accurate account of the contributions made by different African populations.

A small percentage (17%) of L1/L2 mtDNA was contributed by converts, internal and

extemal immigrants and inter-ethnic marriages (Table 3.4.). These factors however

only influenced the frequency of LllL2 mtDNA in Kensington Coloured Muslims.

Three variants of haplogroup LllL2 were also detected in the study, which was re-

confirmed by re-extracting donor samples then subjecting it to SNaPshot analysis. The

nine base deletion between 8272-8280 was observed in I l% (6152) of LllLZ mtDNA

this has been previously reported by both Cann and Wilson (1983) and Wrischnik et al.
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(1987) (Wallace et al. 1999). The 9bp deletion was initially thought to be Asian

specific but later studies have indicated the independent and multiple origin of this

marker (Soodyall et al. 1996; Cordaux et al. 2003). In Southern Africa, the 9bp

deletion has only been observed in Bantu -speaking populations (Chen et al. 2000).

The remainingLllL2 variants were defined by an additional SNP site at 12406 and the

absence of the 10398 site. The additional SNP site at 12406 defining haplogroup F may

be a result of heteroplasmy. This event is extremely rare but may arise due to the

following circumstances a) when more than one mtDNA is present in a tissue b) when

an individual is heteroplasmic in one tissue but homoplasmic in another c) when one

mtDNA type is expressed in one tissue while a different type in another (Budowle et

al. 2003). The absence of the SNP site 10398 could possibly be the result of a back

mutation known to occur for coding-region SNPs considered stable mutations (Behar

et al.2007).

The L3 haplogroup displayed a low frequency (8%) in the study mainly present in

Kensington Coloured Muslims (8%) and Kensington Malay Muslims (5%) refer to

Figure 3.5 B and C. Kensington Other Muslims mtDNA belonged to this haplogroup

(data for this ethnic group not shown). This haplogroup observes its highest frequency

in East Africa (Salas et al.2002). Therefore may have been introduced by East African

slaves as a significant number of African slaves originated from East Africa. However,

were predominately male, which could possibly account for the low frequency of

haplogroup L3 in the study (Du Pre 1,994). The haplogroup may also have been

introduced through recent admixture, as 2o/o of L3 mtDNA was introduced through

converts and internal immigrants in Kensington Coloured Muslims while an external

immigrant contributed the L3 mtDNA observed in the Kensington Malay Muslims

(Table 3.4).
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Kensington Malay Muslims Kensington Indian Muslims

C D

Figure 3.5. (A) MTDNA haplogroups observed in Kensington General Muslims. (B-D)
MTDNA haplogroups observed in each self-perceived ethnic group.
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Table 3.4. Distribution of mtDNA haplogroups in the different ethnic groups of
Kensington General Muslims deduced from the questionnaire data

No of individuals in each D

Factor qrouDs
Ethnic No of

individuals
No of
haolosrouos B c D F I LIIL2 L3 M N

Coloured
Cape
Malay

Indian

Other

l0

0

0

0

6 I 5l 2t
Conversion

No of individuals in each

Factor grouDs
No of
haolosrouos B CDFILIIL2L3MN

Ethnic No of
individuals

Coloured
Cape
Malay

Indian

Other

8

0

8

2

I 3l 2t
Internal
Immigrants )

0 I

Factor
Ethnic
groups

No of
individuals

No ofindividuals in each

haplogroupsBCDFlLl/L2L3MN
ofNo

External
Immigrants

Coloured
Cape
Malay

Indian

0ther

I II

0

3

0

4 2t
0

No of individuals in each Haplogroup

Factor
Ethnic
grouPs

No of
individuals

No of
haplogroups B CDFILIIL2L3MN

Inter-ethnic
marrrage

Coloured
Cape
Malay

Indian

Other

3

0

3

0

0

0

* Ethnic identity is listed as perceived by donor

The second most frequent haplogroup in the study was M (22%) which is commonly

found throughout Asia and South East Asia (SEA). The Malays and Sabah Aborigines

have the highest frequency in SEA. In India caste and tribal populations share a

uniform distribution for the haplogroup (Roychoudery et al. 2000; Schurr and Wallace

2002; Maji et al. 2009). The haplogroup had a high frequency in Kensington Indian

Muslims (29%) and Kensington Coloured Muslims (21%). In Kensington Indian

Muslims haplogroup, M was attributed to recent extemal immigrants originating from
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India (Table 3.4). However, in Kensington Coloured Muslims and Kensington Malay

Muslims was likely derived from Asian female slaves from either India or Indonesia.

Given that, only 6%o of haplogroup M frequency in Kensington Coloured Muslims was

contributed by converts and internal-immigrants (Table 3.4).

Other Asian haplogroups found in the study included haplogroup B, C, D, and F.

Haplogroup B was observed in Kensington Coloured Muslims (9%) and Kensington

Malay Muslims (ll%) refer to (Figure 3.5 B and C). This haplogoup is frequent in

SEA and Polynesia (Wallace et al. 1999; Kivisild et al. 1999; Ballinger et al. 2001;

Tripathy et al. 2008). Therefore is likely attributed to slaves brought from the

Indonesian archipelago. Considering that, north and south Indian populations have an

extremely low 9bp deletion frequency (Tripathy et al. 2008). The low frequency of

haplogroup B possibly suggests that few SEA slaves belonged to this haplogroup or

that few Asian slaves originated from this region.

Haplogroups C and D collectively represented 2%o of total mtDNA diversity and occur

frequently among Tibetans, Koreans and Han Chinese (Wallace et al. 1999; Comas et

al. 2004). These haplogroups are possibly the result of recent admixture with East

Asian populations.

Haplogroup F was only observed in Kensington Coloured Muslims representing2o/o of

their total mtDNA diversity. Chinese in East Asia show a high frequency for the

haplogroup while Vietnamese and the Orang Asli of Malaysia in Southeast Asia

(Wallace et al. 1999; Kivisild et al. 1999; Tolk et al. 2001; Schurr and Wallace 2002).

The haplogroup was introduced by a convert and an internal immigrant (Table 3.4)

therefore is possibly the result of recent gene flow with either East or Southeast Asians.
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The remaining haplogroups observed in the study were I and N. Haplogroup I was only

found in Kensington Indian Muslims representing l4Yo of their total mtDN A whrle 2o/o

of mtDNA diversity in the study. This haplogroup is probably the result of historical

admixture as Western Eurasian haplogroups has a moderate frequency in India due to

historical migration and invasions of West European populations (Lell and Wallace

2000; Piechota et at.2004; Berniell-Lee et al. 2008).

Haplogroup N was carried by 43% of Kensington Indian Muslims, 10% Kensington

Coloured Muslims and 6%o Kensington Malay Muslims. This macro haplogroup

encompass both Asian and European haplogroups (Lalueza-Fox et aL.2004; Underhill

and Kivisild2007; Maji et al. 2009). Therefore, the screening of Asian haplogroups (A,

B and F) nested within haplogroup N suggested that individuals with an N mtDNA

probably belonged to a Westem European haplogroup. This though requires the use of

more informative markers to establish which European mtDNA were harboured by

these individuals.

3.3.5. The overall geographic origins of the Kensington Muslim community

The mtDNA haplogroups observed in Kensington General Muslims revealed the

geographic origins of maternal lineages, which are distributed in Africa, Asia, Europe

and Eurasia (Figure 3.6 A). African maternal lineages were the most frequent in the

study as 55Yo of donors harboured this lineage while 34%o caried Asian, 1oZ European

and l0%o an Eurasian lineage. Kensington General Muslims maternal lineages differed

from those observed in Cape General Muslims. Cape General Muslims displayed a

higher frequency for European lineages (33%) and a lower frequency for African

lineages (34%) (refer to Chapter 2, Figure 2.10 A).
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Kensington General Muslims Kensington Coloured Muslims

A B

Kensington Malay Muslims Kensington Indian Muslims

C D

Figure 3.6: (A) Distribution of the major maternal lineages in Kensington General Muslims.
(B-D) Distribution of the major maternal lineages found in each self-perceived ethnic

groups.

A possible explanation for this result was the number of individuals associated with a

particular self-perceived ethnic group in the respective studies. The study conducted on

the Cape General Muslim population had an almost equal number of individuals

representing each of the major self perceived ethnic groups which was made-up of

34Yo Cape Coloured Muslims, 27Yo Cape Malay Muslims, 29 o/o Cape Indian Muslims

and, l0o/o Cape Other Muslims. In the present study self-perceived ethnic groups, were

comprised of 760/o Kensington Coloured Muslims, 17 Yo Kensington Malay Muslims,

60lo Kensington Indian Muslims and lo/o Kensington Other Muslims. Kensington

Coloured Muslims therefore mainly influenced the results of this study. It is important
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to note however, that Kensington was previously a Coloured only residential area

under the former Group Areas Act. Furthennore, the 1996 census data indicated that

from the 4239 Muslims residing in Kensinglon, S60/o were Coloured. The census data

also indicated that different areas in the Cape Metropolitan area have a different

composition of Muslim ethnic groups (Matthee 2008).

Kensington Coloured Muslims maternal lineages showed that 56 % (47184) were of

African origin, 36% (30184) Asian and 8Yo (7184) of Eurasian origin (Figure 3.6 B).

Their counterpart the Cape Coloured Muslims shared a similar affinity for these

lineages particularly for African and Asian lineages. Cape Coloured Muslims matemal

lineages indicated that 47yo (16/34) carried African lineages while 32% (I1l34) Asian

and,2lo/o (7134) European lineages (Chapter 2, Figure 2.10 B). This result was also

observed between Kensington Malay Muslims and Cape Malay Muslims. Kensington

Malay Muslims maternal lineages were 67Yo (1211,8) African, 28% (5118) Asian and

5% (1118) Eurasian (Figure 3.6 C). Maternal lineages of Cape Malay Muslims were

45% (12127) African, 22% (6127) Asian and, 33o/o (9127) European (Chapter 2, Figure

2.10 c).

Based on the results it appears that Muslims perceived as Coloured and Malay share a

uniform distribution of African and Asian lineages while European and Eurasian

lineages may vary within these groups. These results also suggest that perhaps the

geographical distribution of Muslims may possibly influence maternal lineages

promoting admixture with certain ethnic groups. This seems probable considering the

distribution of maternal lineages in Kensington Coloured Muslims and Kensington

Malay Muslims were more similar in comparison to their Cape Muslim counterparts.
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Moreover, Cape Coloured Muslims and Cape Malay Muslims maternal lineage

distribution also show a closer relation in comparison to their Kensington counterparts.

Kensington Indian Muslims maternal lineages however showed little resemblance to

either Kensington Coloured Muslims or Kensington Malay Muslims. Kensington

Indian Muslims maternal lineages were l4o/o (1/7) African, 29o/o (217) Asian, l4oh

European (ll7) and 43% (417) Eurasian (refer to Figure 3.6 D). These lineages are

characteristic of matemal lineages observed in indigenous populations of India with the

exception of African lineages. This lineage was most likely introduced through recent

admixture with Kensington Coloured Muslims, Kensington Malay Muslims or African

Indian tribes such as the Siddis. Their counterpart the Cape Indian Muslims maternal

lineages were almost identical as 14 % (4129) were African, 45Yo (13129) Asian and

4l% (12129) European. These results however were not unexpected as maternal

grandmothers of both Kensington Indian and Cape Indian Muslims were primarily

from India.

Kensington Other Muslims matemal lineage was of African origin while Cape Other

Muslims maternal lineages were 20o/o (2110) African, 30% (3110) Asian and 50oh

(5/10) European. The small sample size for Kensington Other Muslims does not permit

for a comparative analysis with Cape Other Muslim maternal lineage. It does however

reveal that a higher percentage of Cape General Muslims (10%) identifu by only their

Muslim identity in comparison to Kensington General Muslims (l%).

Overall, mtDNA lineages of Kensington General Muslims showed a good correlation

between ethnic identity and mtDNA haplogroups particularly for Kensington Coloured

Muslims and Kensington Indian Muslims. Furthermore, revealed African and Asian
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fernales as the primarily contributors of maternal lineages in Kensington General

Muslims.
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Chapter 4

Y-chromosome haplogroup analysis of the Kensington Muslim Community

4.1. Introduction

The male specific region of the Y-chromosome is suitable in tracing paternal ancestry

as Y-chromosomal diversity has accumulated within lineages forming, male specific

haplogroups distributed among human populations (Jobling 2000). These haplogroups

are well characteized by single nucleotide polymorphisms (SNPs). Y-chromosome

phylogeny is based on more than 200 SNPs defining 18 major haplogroups (Hammer

and Zegara 2002; Cox 2006; Berniell et al. 2007; Karafet et al. 2008). It provides a

detailed phylogeographic portrait of contemporary global population structure and past

population movements and interactions (Underhill et al. 2001). This phylogeographic

framework can therefore be used to infer the origin of the Kensington Muslims

patemal ancestors, and provide insight into the Y-chromosomal structuring of this

community. The Kensington community ancestry is derived from various parts of the

world due the historical importation of slaves to Cape Town and through the of process

of admixture with various population groups (Bradlow and Cairns 1978; Davids 1980;

Da Costa and Davids 1994; Matthee 2008). This study therefore aims to determine the

extent of admixture and assess which Y-chromosome lineages mainly contributed

towards Y-chromosome diversity presently found among Kensington Muslims by

typing thirteen binary markers in a hierarchical manner. Markers defining main

haplogroups are typed first, and thereafter-defining haplogroups nested within the main

haplogroups are genotyped (Berniell-Lee et al.2007).
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4.2. Material and Methods

4.2.1. Biological Samples and DNA extraction

The collection of biological samples, storage and DNA extraction thereof was as

previously described in Chapter 3 (section 3.2.1).

4.2.2. Questionnaire

The data generated from the questionnaire and terms such as Kensington General

Muslims, conversion, internal immigrants, external immigrants, and inter-ethnic

marriages were used as previously described in Chapter 3 (section 3.2.2).

4.2.3. Y-Chromosome SNP Selection

A total of thirteen Y-chromosome binary markers were selected covering the major

haplogroups representing African, Asian and European populations. The findings of Y-

chromosome haplogroup diversity in Cape General Muslims (Chapter 2, section 2.3.4)

was used as a reference for marker selection. Markers had previously been described

by Onofri et al. (2006) and were initially arranged into two distinct multiplexes.

However, in the present study, markers were arranged into four multiplexes (Table 4.2)

due to the acquition of primers at various periods. Multiplex I contained the following

SNPs: M173, M170, M45 and M89 when the derived state for M170 and M89 was

observed samples were assigned to haplogroup I. However, when samples were only

positive for either M45 or M89 further investigation was necessary to define

haplogroups derived from these lineages. This was achieved by using Multiplex III

covering Ml72 and M9 markers, as well as Multiplex IV coveringM2l6, M20l and

M2l4 markers. Haplogroups J2 and K could be assigned when using Multiplex III

while haplogroups C, G and NO for Multiplex [V. The absence of polymorphic

markers for Multiplex I was investigated in Multiplex II and IV. Multiplex II contained

Mgl, M18l ,M52 and M96 defining haplogroups A, B H and E respectively.
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The expected base substitutions for each marker and haplogroup assignment can be

found in Table (a.1). The alteration of the multiplex however did not interfere with the

hierarchical genotyping strategy using the Y-chromosome phylogenetic tree defining

major haplogroups A to R (Figure 4.1). The nomenclature of Y-chromosome

haplogroups were assigned according to the Y Chromosome Consortium.

ROOT

M91

,181

ltl2l6 M96

M20t I0l52 M170 Mt72

M

M89

M9

I

M2t4

I

NO

M45

A B C E FG H I J K P

i},{t73

R1

Figure 4.1. A phylogenetic tree of Y-chromosome haplogroups typed in the study
(modified from Jobling and Tyler-Smith 2003).
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Table: 4.1. Y-chromosome markers and base substitutions used to assign

haplogroups and paternal ancestry

Markers tvped and base substitutions definins each Y-Chromosome lineage

HaDlogroups M91 MIET M2t6 M96 ME9 M20l M52 MUO Ntt72 M9 Mzt4 M45 M173
Inferred
ancestry

A 8T T C G C G A A T C T G A African

B 9T C C G C G A A T C T G A African

C 9T T T G C G A A T C T G A Asian

E 9T T C C C G A A T C T G A African

F 9T T C G T G A A T C T G A Asian/European

G 9T T C G T T A A T C T G A Asian/European

H 9T T C G T G C A T C T G A European

I 9T T C G T G A C T C T G A European

t2 9T T C G T G A A G C T G A European

K 9T T C G T G A A T G T G A Asia

NO 9T T C G T G A A T G C G A Asia

P 9T T C G T G A A T G T A A Asian

RI 9T T C G T G A A T G T A C European

Bold letters indicate the expected base substitution (Table adapted from Nelson et al.
2007)

4.2.4. Multiplex PCR Amplification of Y-Chromosome SNP Sites

Multiplex PCR was performed using 20-25ngof template DNA and Qiagen* Multipl"*

PCR kit (Qiagen). The PCR reaction was setup in a final volume of 17pl comprised of

0.94x QIAGEN Multiplex PCR Master Mix, 0.5x Q-Solution. Primers were

synthesized by Whitehead Scientific using previously described sequences (Onofri et

al. 2006). A primer mix was setup for each of the respective multiplexes (listed in

Appendix I). Primer sequences and final concentration of each primer is given in Table

4.2.

PCR amplifications were performed in a GeneAmp* 2720 PCR System thermal cycler

(Applied Biosystems). The thermal cycling conditions were as follows: 1 cycle at95"C

for l5 min, 40 cycles of 94"C for 30 s, 60'C for 1 min and 60 s, and 72"C for I min and

60 s, followed by a final cycle at 72"C for 10 min.
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PCR products were verified by agarose gel electrophoresis to ensure that the correct

amplicon sizes were obtained for each multiplex. An aliquot of 21tl of PCR product

was run ona3o/o agarose gel stained with 0.1mg/ml ethidium bromide.

Table 4.2. Y-chromosome multiplexes amplicon product size and final primer
concentrations

Primers were adapted from Onofri et al. 2006

Marker Primer sequence (5'-3')

Primer
length
(bp)

Amplicon
length (bp)

Final
(rM)

Multiplex I

Ml70 Fw GTTTTCATATTCTGTGCATTATACAAATTACTAT 34 96 0.21

Rv CATTTTACAGTGAGACACAACCCAC 25

Ml73 Fw AAAATTTTCTTACAATTCAAGGGCATT 27 104 0.21

Rv GCTGCAGTTTTCCCAGATCCT 2t

M45 Fw GGTGTGGACTTTACGAACCAACCT 24 109 0.21

Rv CCTGGACCTCAGAAGGAGCTTT3 ),

M89 Fw CTGCTCAGCTTCCTGGATTCA 2l 110 o.2l

Rv CACTTTGGGTCCAGGATCACC 2t

Multiplex II
M52 Fw CTCCCACCTCAACTTCCCAGAG )) 153 0.21

Rv AGCAAACATTTCAAGAGAGAATGAAA 26

M96 Fw TTCTCCATATCTGTGTAAAGGCAAGT 26 r65 0.21

Rv CCATAGGTTTTTAATATTATACCTGAGTG 29

M18l Fw GCTAGCAAAGTTGGCTTGGG 20 166 0.2t

Rv GCACACTAGCTATAAGCAAAAGAAAT 26

M91 Fw ATTGCGATGTTTTATTTCAAAACAAGATG 29 170 0.21

Rv GCGTATTTTTCAAAAATATATGGAGAA 27

Multiplex III
NIt72 Fw TTTTATCCCCCAAACCCATTT 2t 136 0.21

Rv CATGTTGGTTTGGAACAGTTTATCC 25

M9 Fw AGAACTGCAAAGAAACGGCCTA 'r', 127 0.21

Rv TGCATAATGAAGTAAGCGCTACCT 24

Multiplex IV

M2t6 Fw AAGCCACTTAAATTCCAATGGA 22 t7t 0.21

Rv CACTGCTAGTTATGTATACCTGTTGAA 27

M20l Fw TATGCATTTGTTGAGTATATGTCAAAT 27 r63 0.21

Rv TCCAACACTAAGTACCTATTACGAAAA 27

ill2t4 Fw CAATTGTACAGCACAAATATATGCCTGTAAA 31 207 0.21

Rv GAGGTCAAGGGTGTGGTGAG 20
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4.2.5. SNaPshot Minisequencing Reactions and Analysis

Prior to minisequencing reactions, l5pl of PCR product was purified using 5pl

(lunit/pl) SAP and 0.5p1 (10 units/pl) ExoI enzymes following cycling conditions

specified by manufacturer. Minisequencing reactions were performed as previously

described in Chapter 3 (section 3.2.5) in a final reaction volume of 13.5p1 using 0.15-

0.30pM of extension primer. The primer sequences and final concentration of each

primer is indicated in Table 4.3. Whitehead Scientific manrfactured primers using

sequences previously described by Onofri et al. (2006).

The purification and analysis of minisequencing primers was as previously described

in Chapter 3 (section 3.2.5) using lpl of SAP and 0.8p1 SAP treated product for

analysis.

Table 4.3 Y-chromosome minisequencing primer sequences, length, base

substitution and final primer concentrations

Marker Primer sequence (5'-3')

Primer
Iength
(bp)

Final
(pM)

Base
substitution

Multiplex I
Ml73 Fw CAATTCAAGGGCATTTAGAAC 2l 0.15 A>C

M170 Fw AAATTACTATTTTATTTACTTAAAAATCATTGTTC 35 0.15 A>C

M45 Fw (6.POLY.GACT-TAIL) AAATTGGCAGTGAAAAATTATAGATA 50 0.15 G>A

M89 Rv (34-POLY-T-TAIL) CAACTCAGGCAAAGTGAGAGAT 50 0.15 C>T

Multiplex II
Ivl52 Fw ATACCTATAAGAATATTGCCTGCA 24 0.15 A>C

Ml81 Fw (4-POLY-GACT-TAIL) GGACAACTTGATCATCTTTTTGA 39 0.r5 T>C

M9l Rv (4-POLY-GACT-TAIL) GATACTACAGTAGTGAACTGATTAAAAAAAA 47 0.15 9T>87

M96 Fw (6.POLY-GACT-TAIL) GTAACTTGGAAAACAGGTCTCTCATAATA 53 0.15 G>C

MultiolexIII

iMt72 Rw AAGAAAATAATAATTGAAGACCTTTTAAGT 30 0.23 T>G

M9 Fw (6-POLY-GACT-TAIL)ACGGCCTAAGATGGTTGAAT 44 0.23 C>G

Multiplex IV

:r$[2t6 Rv CACTGCTAGTTATGTATACCTGTTGAAT 28 0.23 C>T

M201 Fw (4-POLY-GACT-TAIL) AGATCTAATAATCCAGTATCAACTGAGG 44 0.30 G>T

M2t4 Rv GA (8. POLY-GACT-TAIL) AGTGTGAGACACTGTCTGAAAACAAC 60 0.23 T>C

Minisequencing primers were adapted from Onofri et al. 2006
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4.3. Results and Discussion

4.3.1. Multiplex PCR

The use of QIAGEN Multiplex PCR Master Mix kit simplified the task of optimising

the respective multiplexes utilized in the study. Since the use of conventional PCR

reagents and methods yielded faint PCR products and inconsistent results. In addition,

frequent drop out for SNP markers was observed during genotyping analyses. This was

rarely observed when ampliffing SNP markers with the kit and only occurred for

individual samples. This was solved by increasing the concentration of template DNA

from 20ng to 25ng. None of the Y-chromosome PCR multiplexes had any artifacts as

observed for mtDNA multiplexes.

4.3.2. Y-Chromosome SNP Genotyping

The thirteen Y-chromosome SNP markers typed in the study generated clear results

using the SNaPshot Multiplex kit (Figure 4.2 and 4.3). This was achieved following

the same guidelines as those previously described in Chapter 3 (section 3.3.2.). When

extraneous peaks were observed within a multiplex, the following factors were

responsible: insufficient purification of either PCR or minisequencing products. Size

variations of minisequencing products were also observed for Y-chromosome

multiplexes due to factors mentioned for mtDNA typing (Chapter 3, section 3.3.2.). A

stronger fluorescent signal was observed for certain SNPs depending on the inserted

ddNTP. This can be seen illustrated in Multiplex I for M89 (Figure 4.2 and 4.3). A

higher fluorescence occurred when a ddGTP (Blue) was inserted rather than a ddATP

nucleotide (Green). Haplogroups were assigned once peaks were above 400 relative

fluorescence. When off-scale peaks occurred, the amount of minisequencing product

was reduced for the ABI analysis.
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Figure 4.2. Electropherogram of multiplex I and II indicating the derived state for
haplogroup E defined by M96. The colour of each peak indicates the incorporated

ddNTP tagged with a unique fluorescent dye (dR6G: ddATP (Green), dTAMRA :
ddCTP (Black), dRl10 : ddGTP (Blue) and dROX: ddTTP (Red).
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Figure 4.3. Electropherogram of multiplex IV and I showing the derived state for
haplogroup G defined by the M89 and M201 polymorphism.

4.3.3. Self-Perceived Ethnic Classification

The ethnic affiliations indicated by Kensington Muslims and their frequency in the

study were as previously described in Chapter 3 (section 3.3.3). Briefly, 76% (84lll0)

of donors perceived themselves as Coloured while 17% (18/110) Malay and 6Yo

(7/ll0) Indian (refer to Chapter 3, Figure 3.4). One donor representing lYo of the total

sample population however did not identify with any ethnic classification. The term

Other Muslim was later used to describe this individual.

M216G

t- t.- l

M2OIT

M214A

t ,l
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4.3.4. Y-Chromosome Haplogroup Variation

Analysis of the thirteen Y-chromosome SNP markers indicated that Kensington

General Muslims Y-chromosomes belonged to haplogroups C (9%),E (4%), F (10%),

G (l%),I (10%), 12 (9%), K (13%), NO (1lyo),P (8%) and Rl (25%). The frequency

of each Y-chromosome haplogoup observed in the study and in each self-perceived

ethnic goup is illustrated in Figure 4.4 (A-D). Haplogroup Rl displayed the highest

frequency in the study (25%) and in Kensington Coloured Muslims (26%). This

haplogroup is common in European populations and observes its highest frequency in

Britain and the Basque (Wells et al. 2001; Kayser et al. 2005; Karafet et al. 2008).

Only 10% of haplogroup Rl frequency was derived from converts, internal and

external immigrants and inter-ethnic marriage (Table 4.4). Therefore, a large

percentage of haplogroup R1 frequency could possibly be derived from colonizing

European males or their descendants.

The presence of other West European haplogroups I, G, and J2 suggest that this

perhaps is the most likely source of these haplogroups. Given that only a small

percentage of haplogroup I (2%) and J (l%) frequency was attributed to recent

admixture introduced by extemal immigrants and inter-ethnic marriages (Table 4.4).

Furthermore, West European haplogroups I, G, J2, and Rl were predominately found

among the oldest Muslim ethnic groups the Kensington Coloured Muslims and

Kensington Malay Muslims (Figure 4.4 B and C). Haplogroup Rl (29%) was the only

West European haplogroup observed in Kensington Indian Muslims (Figure 4.4 D).

This result however is not unexpected as West European Y-chromosome haplogroups

are either absent or rarely present in Indian males. Their occurrence in Indian

populations is a result of recent admixture with either Central Asians or European

populations (Sahoo et al. 2006).
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Figure 4.4. (A) Y-chromosome haplogroups observed in Kensington General Muslims.
(B-D) Y-chromosome haplogroups observed in each self-perceived ethnic group
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Table 4.4. Distribution of Y-chromosome haplogroups in the different ethnic of Kensington

General Muslims deduced from the questionnaire data

No of individuals in each
Ethnic

Factor groups
No of
individuals

No of
haplogroups C EFGIJ2 KNOPRl

Conversion

Coloured
Cape
Matay

Indian

Other

2

0

I
0

2 I

I

No of individuals in each

Factor
Ethnic
grouPs

No of
individuals

No of
haplogroups C EFGIJ2 KNOPRI

Internal
Immigrants

Coloured
Cape
Malay

Indian

Other

35

I
I
0

a 3

Factor groups
Ethnic No of

individuals
No of
haplogroups C

No ofindividuals in each Haplogroup

EFGIJ2KNOPRl

External
Immigrants

Coloured
Cape
Malay

Indian

Other

.,

I

3

1

4

5

I
5

0

)

, lll

No of individuals in each

Factor
Ethnic
grouDs

No of
individuals

No of
haplogroups C EFGIJ2 KNOPRI

Coloured t2
Cape
Malay

Indian

Other

, ) ll t2l 2

Inter- ethnic
marriage II

0

0

* Ethnic identity is listed as perceived by donor

Haplogroups C (9%), F (10%), and K (13%), NO (l loh), and P (8%) represent the

majority of the remaining Y-chromosome haplogroups found in Kensington General

Muslims (Figure 4.4 A-D). Furthermore, reflect haplogroups predominately associated

with Asian Y-chromosome haplogoup diversity (Underhill 1997; Capelli et al.200l;

Cordaux et aL.2004; Kumar et al.2007; Karafet et al. 2008). Thus given the history of

early Muslims and their geographical origins these haplogroups can therefore mainly

be attributed to the importation of Asian slaves, or from later Asian immigrants in the

19th century (Filipino's, Indians and Chinese) (Da Costa and Davids 1994; Du Pre
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1994; van der Ross 2005). [n recent years have mainly been introduced through

internal immigrants and inter-ethnic marriages (Table 4.4).

Asian haplogroups and their high prevalence (51%) in the study also suggest that

various Asian populations have contributed to the Y-chromosome haplogroup diversity

of Kensington General Muslims. Since haplogroups NO and C are found frequently in

Central and East Asia but show a higher diversity in South East Asia and Melanesia

(Jobling and Tyler-Smith 2003; Sahoo et aL.2006; Underhill and Kivisild et al. 2007).

Haplogroup F is coflrmon among Indian populations and haplogoup K is widespread

in Asia, while haplogroup P observes its highest frequency in Central Asia (Wells et

al. 2001; Al-Zackery et al. 2003; Bortolini et al.2003; Kayser et at.2003; Athey 2005;

Karafet et al. 2005).

Haplogroup E had one of the lowest frequencies in the study present in Kensington

Coloured Muslims (4%) and, Kensington Malay Muslims (ll%) (Figure 4.4 B and C).

The haplogroup is widespread across Africa and may possibly be attributed to recent

gene flow or from African slaves from East Africa.

4.3.5. The overall geographic origins of the Kensington Muslim Community

The analysis of 13 Y-chromosome SNP markers from the Y-chromosome of 110

Kensington General Muslims identified 10 patemal lineages that are distributed

throughout African, Asian and European populations. The Y-chromosome lineages and

their frequencies in the study and in each self-perceived ethnic goup are reported in

Figure 4.5 A - D. Kensington General Muslims paternal lineages were 4Yo African,

5l% Asian and45%o European (Figure 4.5 A). Thereby, demonstrating a high degree
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of diversity and indicated that males of Asian and European ancestry were mainly

responsible for Y-chromosome diversity in Kensington General Muslims.

Figure 4.5. (A) Distribution of the major paternal lineages found in Kensington General

Muslims. (B-D) Distribution of the major paternal lineages found in each self-perceived

ethnic group.

Paternal lineages in Cape General Muslims showed a similar distribution, as African

lineages were the least frequent(5%) while Asian (75%) and European lineages (13%)

the most frequent (Chapter 2, Figure 2.ll A). Kensington General Muslims however

demonstrated a higher frequency for European lineages. The result was possibly

influenced by the sample group mainly consisting of Muslims perceived as Coloured

(76%). This was previously discussed in Chapter 3, section 3.3.5, which indicated that

Kensington was a former Coloured only residential area. The data from the 1996
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census also indicated that from the 4239 Muslims residing in Kensington, 860/o arc

Coloured (Matthee 2008)

Kensington Coloured Muslims paternal lineages were 3o/o (2184) African, 48% (40184)

Asian and 49o/o (34184) European (Figure 4.5 B). Cape Coloured Muslims paternal

lineages show a very similar distribution, as 6%o (2134) were of African oigin, 56%o

(19134) Asian, and 23o/o (7134) of European origin (Chapter 2, Figwe 2.ll B).

However, l5oh of their Y-chromosome lineages remained undefined which was

speculated to be either of Asian or European origin. This seems plausible considering

the high frequencies of Asian and European lineages observed in Kensington Coloured

Muslims.

Similarities between Kensington Malay Muslims and Cape Malay Muslims lineages

were also observed. Kensington Malay Muslims paternal lineages were I l% (2118)

African, 56% (10/18) Asian and33o/o (6/18) European (Figure 4.5 C). Paternal lineages

of Cape Malay Muslims were 78%o (21127) Asian and 15o/o (4127\ European with 7o/o

(2127) of their lineages remaining undefined (Chapter 2, Figxe 2.ll C). The absence

of African lineages in Cape Malay Muslims could possibly be attributed to the few

African markers screened in the study. In the present study all, the major African

haplogroups were screened, however only one African haplogroup was found in

Kensington General Muslims, haplogroup E. It is therefore quite possible that a

percentage of the undefined lineages of Cape Malay Muslims could actually belong to

haplogroup E. Considering that only markers M2 and M35 were screened defining sub

lineages of haplogroup E whereas in the present study M96 was screened defining

haplogroup E.
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Kensington Indian Muslims patemal lineages indicated that Tloh were of Asian origin

and 29Yo of European origin (Figure 4.5 D). Cape Indian Muslims paternal lineages

were 97o/o Asian and3oh African (Chapter 2, Figure 2.11 D). The African lineage was

probably derived from recent admixture with Cape Coloured Muslims and Cape Malay

Muslims.

Kensington Other Muslim paternal lineage was of Asian origin (data not indicated).

Since only one individual belonged to this group comparative, analysis with Cape

Other Muslims could not be achieved.

Overall, both Kensington Indian Muslims and Cape Indian Muslims paternal lineages

correlated with findings of Y-chromosome diversity in India, as different Indian

populations share distinct frequencies for certain Y-chromosome haplogroups. Tribal

groups and lower caste lndian populations exhibit a higher frequency for Asian and

Indian specific Y-chromosome haplogroups. Indian upper caste populations however

show a higher frequency for non-Asian and Indian specif,rc haplogroups. Their Y-

chromosome lineages mainly belong to subgroups of haplogroup R (Sahoo et al. 2005).

It is therefore possible that Kensington Indian Muslims and Cape Indian Muslims

paternal lineages were derived from different populations in India. This is evident from

the distribution of their patemal lineages and that both Kensington Indian Muslims and

Cape Indian Muslims Y-chromosome lineages were mainly derived from recent Indian

immigrants.

The results obtained in the study suggest that Kensington General Muslim's paternal

lineages were mainly derived from males of Asian and European origin. African

patemal lineages were also observed in the study but at a lower frequency present in
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Kensington Coloured Muslims and Kensington Malay Muslims. Their Y-chromosome

lineages show a similar construct in comparison to Kensington Indian Muslims.

Furthermore, their paternal lineages were in agreement with historical data concerning

early Muslims geographical origins and showed a higher degree of admixture in

comparison to Kensington Indian Muslims. Overall, Y-chromosome lineages were also

found to correlate with ethnic classification of donors.
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Chapter 5

Conclusion

The present study forms part of a greater research project aimed at investigating the

genetic diversity and origins of local Muslim communities living in the Cape

Metropolitan area. These communities are investigated for DNA polymorphisms both

from matemal (mitochondrial DNA) and paternal (Y-chromosome) lineages

extensively. Variations in these two types of DNA are grouped into continent-specific

haplogroups or lineages. Geographic origin is then assigned to each lineage, and

consequently migration patterns are traced back to these communities. This also allows

for the study of interactions with other communities living in the same residential

areas. The contributions of these communities to the gene pool of the Cape Muslim

communities through intermarriages, conversion and blending was analyzed.

The initial part of the study investigated the genetic genealogy of the Muslim

population living in the Cape Metropolitan area. Mitochondrial and Y-chromosome

DNA variations were used to infer the geographic/ethnic origins of the population.

This was achieved by screening single nucleotide polymorphisms (SNPs) using

polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).

Matemal lineages of Cape Coloured Muslims and Cape Malay Muslims suggest that

females mainly of African origin influenced their maternal gene pool. Whereas Asian

and European females mainly influenced mtDNA diversity observed in Cape Indian

Muslims. Cape Other Muslims maternal lineages revealed females of European and

Asian ancestry as the main contributors of their lineages. Patemal lineages however
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indicated Asian males as the major contributors of Y-chromosome diversity in Cape

General Muslims. This finding was observed for all the self-perceived ethnic groups.

The results of maternal and patemal lineages in Cape Coloured Muslims and Cape

Malay Muslims correlated well with the historians findings concerning the

geographical origins of earlier Muslims. This also indicated that the slave population

brought from Asia were probably mainly Muslim and male thereby promoting inter-

ethnic marriages with indigenous African females. The maternal and paternal lineages

of Cape Indians correlated with findings concerning mtDNA and Y-chromosome

studies performed on ethnic Indian populations. These results were also in agreement

with the family history of Cape Indian Muslims as they were mainly the descendents of

recent Indian immigrants.

In the second part of the study, contributions of Major African, Asian and European

haplogroups to the Kensington General Muslim maternal gene pool was investigated.

This was achieved by examining mtDNA variations found within this community

using twelve mtDNA coding region SNPs genotyped by the SNaPshot minisequencing

assay. The assay provided an alternative to the time consuming PCR-RFLP method

allowing for the rapid, robust and simultaneous genotyping of multiple SNP markers.

Kensington Coloured Muslims, Kensington Malay Muslims and Kensington Other

Muslims maternal lineages indicated African females as the main contributors of their

female lineages. Kensington Indian Muslims maternal lineages however indicated

Eurasian and Asian females mainly influencing their maternal gene pool.

This study also determined the extent of admixture and assessed which patemal

lineages mainly contributed towards Y-chromosome diversity presently found among
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Kensington General Muslims by typing thirteen binary markers in a hierarchical

manner. Markers defining main haplogroups were typed first, and thereafter

haplogroups nested within the main haplogroups were genotyped.

Paternal lineages of Kensington General Muslims indicated that both Asian and

European males significantly contributed to Y-chromosome diversity within the

community. Kensington Malay Muslims, Kensington Indian Muslims and Kensington

Other Muslims paternal lineages were mainly derived from Asian males. Whereas,

Kensington Coloured Muslims patemal lineages indicated European males then Asian

males mainly influencing Y-chromosome diversity.

The Kensington-Factreton residential area in the Cape Peninsula was created to

accommodate displaced Coloured people, Muslims and Christians, as a result of the

Group Areas Act. It is therefore recommended to conduct a similar study on the

Kensington Christian community in order to determine the extent of interactions

between the two communities. The effect of inter-religious marriages and conversions

on the genetic diversity of both populations can indeed be investigated.

Future studies of the local Muslim communities living in the Cape metropolitan area

should include Y-chromosome STR and mitochondrial DNA sequence analysis. This

would provide more detailed information on the genetic diversity within these

communities and pinpoint more accurate geographic and ethnic origins.
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Appendix I: Protocols

DNA Extraction from buccal swabs using Epicenter protocol

l. Place the buccal swap tip into 250u1 of Epicenter extraction buffer after

removing it aseptically with a sterile scalpel blade.

2. Then vortex for 15 seconds and heat for 5 minutes at 65oC

3. Thereafter vortex for 15 seconds and heat for 2 minutes at 98"C

4. Remove the swab and dispose into a medical waste container

5. DNA extract can then be quantified and then stored at -20 C

DNA Purification using the Phenol Chloroform method

l. An equal volume of Phenol/Chloroform/Isoamyl Alcohol (25:24:l) was added

to the DNA solution to be purified (l00pl to 400p1) in a 1.5m1 eppendorf tube.

A volume of 40pl of DNA solution was used which was made-up to a final

volume of l00pl by adding TE buffer to reduce sample loss during the

extraction procedure.

2. The appropriately labelled tube was then shaken for 5 minutes.

The tube was then placed in a bench-top centrifuge (Eppendorf, 5415D) and

the mixture was centrifuged at 13200rpm for 2-5minutes at room temperature.

The top aqueous phase was then carefully transferred to a clean appropriately

labeled tube using a 200pIpipette.

5. To this, an equal volume of chloroform/isoamyl alcohol Qa:l) was added.

The tube was then shaken for 2 minutes and centrifuged for 5minutes at

1000rpm.

7. The top aqueous phase was then transferred to a clean-labelled eppendorf tube.
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8 l/lOth volume of 3M Sodium acetate pH 5.5 was added to the mixture and

mixed briefly

Thereafter, 1.25 volume of isopropanol was added ,mixed and left at -70 "C for

30 minutes alternatively it could be left ovemight at -20'C

10. The tube was then spun in a centrifuge at 8000-l0000rpm for l5 minutes.

I 1. The supernatant was then carefully removed as not to disturb the DNA pellet

200p1 of cold 7\%oBthanol was added to the DNA pellet which was then

centrifuged for 5 minutes.

9

12.

13.

t4

Electrophoresis on the ABI PRISM 3130x1 Genetic Analyzer

Preparation of 96 well Plate

After centrifugation the 200p1 of supernatant was removed carefully from the

tube without disturbing the DNA pellet. The remaining ethanol was removed

by allowing it to evaporate in a37"C water bath or by leaving it on a bench

desk for l0 minutes.

Once the ethanol was evaporated the DNA pellet was resuspended in the

desired volume of TE buffer.

1 Use a clean 96 well plate when preparing purified minisequencing products for

electrophoresis on the ABI PRISM 3l30xl Genetic Analyzer. These

preparations are always performed on ice to minimise degradation of

samples and reagents.

To each well aliquot the desired volume of minisequencing product

undergoing analysis. A sample sheet is used to record the arrangement and

description of samples.

2
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4.

6.

I

2.

J

To this loading mixture is added containing 0.4p1 of size standard (Liz 120)

and HiDi rM Formamide (HiDi rM Fo..na-ide volume may vary depending on

the minisequencing product used for analysis).

Sample arrangement is always co-ordinated in rows of two as the Genetic

Analyzer is a 16 capillary system allowing 16 samples to be analyzed

simultaneously. Therefore when an uneven number of samples (e.g. eight

samples) needs to be analyzed fill the remaining wells with equal volumes of

HiDi rM Formamide.

5. Once the plate has been setup, place a plate septa or covering over

Plates may be made-up on the run date or alternatively may be setup a few days

prior to run date and stored in the -4"C freezer.

Setting up the Genetic Analyzer

Press restart all on the service console allocated on the desktop of ABI

computer (lights will change to amber then green)

Once this has been achieved press the button allocated on the ABI machine

which moves the buffer and water dispenser forward

Buffer and water containers should be changed daily, however may be

changed every alternate day.

Discard the water and 1X buffer then rinse containers with distilled water. This

is followed by wiping the inside surface with paper towel thereafter

replenishing these containers with the specified liquid. In addition, ensure that

the Genetic Analyzer is setup with a 36cm capillary array and POP -7 polymer

Prepare the plate run on the Genetic Analyzer by clicking on the ga 3l30xl icon

then proceed to Plate manager.

At plate manager select new, a screen will appear with the following questions

ll9
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this needs to be completed in the following manner: Name S.Isaacs,

Description: MTDNA Multiplex I, Application: GeneMapper-UWC-

IUUOIVLCILX, Plate Type: 96-well, Owners Name S.Isaacs, Operator

Name: S.Isaacs. Bold letters indicate fields that will vary according to user.

A run sheet will then automatically appear list all the samples being analyzed

and complete the run sheet as indicated: Size Standard: GS1,20LIZ, Panel:

None, Analysis: SNaPshot Default, Result Group Forensics_SNPs and

Instrument Protocol: Snapshotl_JM. Save the run sheet as this creates a plate

for analysis. During this time samples in the 96 well plate may also be

denatured at 95'C for 5 min and thereafter be kept on hold at 4'C or placed on

lce.

Proceed to Run Scheduler, select Plate View and locate the plate recently saved

once the plate is located, select it then assemble the standard 96-well plate for

electrophoresis. Place the 96-well plate on a plate adapter ensure the notch at

Al matches to the plate adapter. Press down on all four corners of the adapter

to ensure a proper seating. Then use 96 well plate septa to seal samples and

load plate onto the platform designated on the Genetic Analyzer.

Link the plate to the Genetic Analyzer by selecting either bay A or B (if only

one plate is processed select A) if this is done successfully the bay will appear

green. Thereafter, return to Plate View (check if the correct lanes were chosen

for analyses) then click the green arrow located on the top left corner of toolbar

as this will initiate the run

10. Once the run is completed retrieve the run folder

Processing and Genotyping of Samples from the 3130x1 Genetic Analyzer

Open the Genemapper software select new project and the SNaPshot analysis

format.

8

9

I

120

http://etd.uwc.ac.za/



J

4

2. Select file and import the relevant run folder then click the analyze tab to

analyze samples.

Once analysis has been completed examine each individual sample to ensure

that all the SNP markers have been detected. During this stage samples may be

genotyped as well.

Genotlping is done manually by comparing the observed SNP to the two

allelic states known to occur for a particular SNP marker.

MTDNA PCR Reactions

Preparing primer mixtures from l00pM stocks:

From the l00pM primer stocks 1Opl of the forward and reverse primer is aliquoted into

a labelled tube, which subsequently is used to setup 10X primer mix

10x primer mix for Multiplex I

8272-8280
12406
7600
10400/10398
3594
7028

Dilute in

5pM
5trM
5pM
5pM
5pM
5pM

201:,1 HzO

(from the 50 uM F& R mix take 5 Pl)

10x primer mix for Multiplex II

13263
l719
5178
4833
663

5pM (from the 50 uM F& R mix take 5 pl)
5

5

5

5

pM
pM
pM
pM

Dilute in 251tL Hz0
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Y-Chromosome PCR Reactions

Preparing primer mixtures from 100pM stocks:

From the l00pM, primer stocks 10 pl of the forward and reverse primer is aliquoted

into a labelled tube, which subsequently is used to setup 10X primer mix

10x primer mix for Multiplex I

Ml70
Ml73
M45
M89

Dilute in

5pM (from the 50 uM F& R mix take 5 pl)

Hz0

5pM
5pM
5pM

30pl

10x primer tuu iq f4ubplex ll

}l52
M96
Ml8 t
M9l

Dilute in

5pM
5pM
5trM
5pM

30pl HzO

(from the 50 uM F& R mix take 5 pl)

10x primer mix for Multiplex III

Mt72
M9

Dilute in

5pM
5trM

40pl HzO

(from the 50 uM F& R mix take 5 pl)

10x primer mix for Multiplex IV

M'zl6
M201
}/[zt4

5trM (from the 50 uM F& R mix take 5 pl)
5pM
5pM

35prlDilute in Hz0
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Appendix II. Composition of Buffers and Solutions

Commercial Stock

10x 3730 Running Buffer with EDTA

Phenol /Chloroform/Isoamyl alcohol

Chloroform/ Isoamyl alcohol

Isopropanol

lOX TBE Buffer (1L)

108g Tris Base EDTA

-55g Boric Acid

Add Tris Base, EDTA and Boric Acid to 700mL dHzO and mix to dissolve. Thereafter

makeup to the final volume of 1L

lX TBE Buffer (1L)

100mL lOX TBE Buffer

add TBE to 900mL dHzO to makeup the final volume to lL

707o Ethanol (500mL)

350 mL 100% Ethanol

Add 150 ml dHzO to makeup the final volume of 500mL

TE Buffer

Dissolve lml of Tris HCI (1M) in 200p1 of EDTA (ph 8.0). Add 100m1 of dH2O. The

ph of the solution should be 8.0

1,23
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3M Sodium Acetate (500mL)

3M Sodium Acetate

123 .0529 Sodium Acetate (anhydrous)

400 mL dH20

pH to 5.5 then adjust volume to 500mL with distilled thereafter autoclave solution
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