

























































































inbreeding avoidance has not been demonstrated universally, empirical evidence
suggests mate selection occurs in mice and humans, and reproductive control

mechanisms are employed in rats, mice and humans (48).
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1.3 Conservation genetics

Conservation biologists have taken advantage of developments in molecular
biology in order to quantify both intra- and inter-population genetic variation. One
of the most informative techniques is that of the analysis of microsatellite loci, as
illustrated in O'Ryan ef al 1998 (3). This investigation of the genetic diversity of
African buffalo found a relationship between gene diversity and population size,
and evidence of population structuring as a result of population fragmentation
and genetic drift. Madsen et al. 2000 (49), in a study of sand lizards (Lacerta
agilis) and adders (Vipera berus), tested the assumption that variation at
microsatellite loci will be reflected in levels of variation at other loci — and
provided evidence that microsatellite heterozygosity was not correlated with
relative population size. However, these authors, determined that the MHC loci

exhibited a significant correlation with population size.

The application of molecular biology in the field of wildlife conservation is
increasing. International legislation incorporates genetic diversity as part of its
conservation strategies and many conservation programs now use molecular
markers to assess the genetic diversity of threatened and endangered species

(50).

Mutation, selection, genetic drift and recornbination all act on DNA, resulting in
variation. Analysis of this variation may provide information at many different
levels. Comparative studies within genomic regions can infer time of separation
(e.g. when a common ancestor became two sister species) (51). Additionally,
regions of DNA with higher mutation rates may be analysed to deduce

relationships between individuals or subpopulations (52). Genetic variation can
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be compared with geographic distributions to gain information on gene flow and
colonisation events. In addition allele distribution and genetic structuring may be

used to estimate population size and identify subdivisions (50).
The Use of Molecular Markers in Conservation Genetics

Molecular markers have been identified as being characterised by differential
mutation rates and patterns. Specific characteristics of these markers are
required to address each of the instances mentioned above. Population genetic
studies must begin with the choice of an appropriate molecular marker. This
choice must take into account the sensitivity of the marker in relation to the
question posed. Assessment at the individual level, such as parentage and
relatedness, could best be analysed using genotypic information. Genotypes are
disrupted by recombination, and therefore only confer information at an individual
level (23). Gene flow and population subdivision might best be assessed at a
genic level. Allele and haplotype frequencies are affected by genetic drift;
founder effects, gene flow and selection, and so contain population level
information. Single copy nuclear markers and mitochondrial markers are used for
investigating both among species and, within and between population variation.
These markers evolve in relation to mutation rate, selection and changes in
effective population size and so are often used for assessing population history

(23).

Genetic variation at a molecular level has been observed using allozyme
analyses, random amplified polymorphic DNA (RAPD), restriction fragment length
polymorphism (RFLP), microsatellite analysis and DNA sequencing. Each
technique differs with regard to sensitivity, cost, execution time and amount of

DNA required (53).
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Allozyme analyses underestimate variation because they measure variation of
the gene product. Variation at the protein level does not reflect third codon
substitutions or any substitution, which does not produce an electrophoretic

amino acid substitution thereby underestimating variation (53).

RAPD’s is a fairly inexpensive technique, which amplifies arbitrary regions of
genomes and reveal more variability than allozymes. However, there are
drawbacks related to the use of arbitrary primers, and repeatability problems as
reviewed by Black 1993 (54). Black suggests that most polymorphisms detected
by this method segregate as dominant markers, rendering the information
problematic if working under the assumptions of the Neutrality theory. Empirical
observations suggest that RAPD’s will have limited application in molecular

systematics above the intraspecific level (54).

Mitochondria are maternally inherited molecules, which do not undergo
recombination. The mitochondrial genome is found in multiple haploid copes
within the mitochondria. Portions of the mitochondrial genome mutate at a high
enough rate to be informative at both the within and between level population
variation (2). The most variable region is the control region, characterised by
sequence and length variation. Because of the uniparental nature of the
inheritance, use of the mitochondrial molecule in population genetics is useful as
it reduces the effective population size (Ne) by one-fourth that of nuclear genes.
The reduction in N, effectively increases detection of the effects of genetic drift
among populations resulting in greater detection of genetic differentiation (53).
However, the maternal inheritance aspect of mtDNA leads to a female-biased

description of population structure (2).
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Another type of marker utilized in population genetics is microsatellite loci.
Microsatellites, tandem arrays of short repeats (e.g. CA-repeats), are highly
polymorphic and numerous within the genome. Microsatellites mutate through
numbers of repeats as opposed to sequence variation, these markers are easily
screened by Polymerase Chain Reaction (PCR) and Polyacrylamide Gel
Electrophoresis (PAGE) size determination (55). The mutation rate of
rnicrosatellite markers, with respect to number of repeats, is approximately 1072

per generation (2).
Choosing a molecular marker

Selection parameters of the marker of choice also relate to the level of variation
seen at that marker. Microsatellite markers provide better insight at a population
level than mitochondrial DNA, but mitochondrial DNA is a better marker for
between population comparisons and phylogenetic studies (24). Most nuclear
markers are selectively neutral, but MHC genes are acted on by‘a selective
pressure. This selection pressure allows assumptions to be made regarding the

immunological fitness of the population under investigation.
Factors influencing genetic structure and variability

Genetic structure is influenced by migration, generation time, breeding structure
and metapopulation structure. Social structured animal populations respond
differently to environmental stresses compared to panmictic breeding animal
populations. This is because mating systems in these populations involve high

levels of non-random mating.

The size of a population, breeding structure, historical bottlenecks and the

severity of those bottlenecks may influence genetic structure and variability. For
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example, northern elephant seal (Mirounga angustirostris) numbers, due to the
pressures of hunting, were reduced to 20-100 individuals at the end of the 19"
century. The present population consists of 175,000 individuals. This population
lacks the genetic variation of the pre-bottleneck elephant seals. In a comparison
of 111 contemporary seals with five pre-bottleneck seals (ancient DNA extracted
from bone), Weber et al. (56) found two mtDNA genotypes among the
contemporary population and four mtDNA genotypes among the pre-bottleneck

seals when using the D-Loop of mitochondrial DNA.
The major histocompatibility complex and conservation genetics

Investigation into the causes of transplant rejection led to the discovery of the
MHC at the beginning of the 20" century (7). Research into the MHC is a
diverse field ranging from immunology and genetics to animal behaviour and
evolutionary studies. Its medical importance has ensured that the MHC has been
well characterised both immunologically and genetically in mice and humans,
however, research into animal behaviour and conservation biology are

developing fields.

Hughes (57) ideas about the use of MHC in population and conservation genetics
created controversy in 1991, when he suggested that MHC should be used as
the only molecular marker in genetic studies of captive populations.. Hughes
statement that maintaining MHC diversity to the detriment of other genetic
markers, as most genetic loci are selectively neutral (57), led to great debate
amongst conservation biologists. Many scientists disagreed with Hughes’
statement that a loss of diversity at selectively neutral markers should not cause
concern. Variation throughout the genome would allow rapid responses to

environmental changes. In response to Hughes, Vrijenhoek and Leberg (1991)
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(58) reported that captive breeding programs, which managed populations in
order to increase MHC heterozygosity to the detriment of other loci, may improve
the health of the population but decrease the ability of the population to adapt to
physical challenges in an evolutionary sense (58). Due to the controversy
surrounding the use of MHC in captive breeding programs MHC has not been
readily used in conservation biology until recently. The importance of MHC in the
immune response and inbreeding avoidance, as well as the high levels of
polymorphism within MHC genes, makes this genomic region an ideal target for
conservation biologists to study the biological fitness of endangered species.
MHC diversity is contained mainly within the peptide-binding region (PBR) of the
MHC molecuiles, and the surrounding region of the molecule is highly conserved.
This allows universal primers to be designed easily (59), thus reducing time

spent isolating markers, cloning, sequencing and designing primers.

Maintenance of MHC polymorphisms may be a dual mechanism whereby mate
selection and pathogen-driven selection complement one another. Certain
vertebrate species may favour one mechanism over the other, but throughout the

vertebrate taxa both mechanisms would be represented.
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1.4 Single Stranded Conformation Polymorphism (SSCP)

Single stranded conformation polymorphism (SSCP), a mobility shift analysis of
single stranded DNA was first described by Orita ef al 1989 (60). This technique
utilizes the unique sequence specific conformations of single stranded DNA as a
basis for rapid screening sequence specific polymorphisms. Once optimised
SSCP confers the advantage of being an inexpensive technique which screens
for sequence variation in a large sample set without the need for direct

sequencing of all the samples.

Initial sequence screening studies were performed using restriction fragment
length polymorphism (RFLP) analysis. RFLP is limited because it can only detect
variation at specific restriction enzyme sites (60). A more efficient method,
developed by Noll and Collins employing denaturing gradient gel electrophoresis
(DGGE), employed mobility shift analysis to detect point mutations. SSCP
developed from this under the assumption that the mobility shift in DGGE was
due to conformational changes of single stranded DNA as the duplex DNA

denatured (60).

An SSCP experiment begins with the amplification of source DNA. DNA
fragments must be within a size range acceptable for highest SSCP efficiency
(100 - 400bp) Kukita et al. 1997 (61) claim SSCP sensitivity to be 80% for
fragments smaller than 300bp. Amplified DNA is then denatured in the presence
of NaOH and formamide at 95°C for five minutes. The denatured product can
subsequently be electrophoresed on a non-denaturing or mildly denaturing

polyacrylamide gel. Gel shifts may be visualised by whichever visualisation
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methods are in use in the laboratory. SSCP does, however, require extensive

optimisation. Both gel and electrophoretic conditions must be fully optimised.

SSCP revolutionised sequence screening in medical laboratories and in 1995
Murray et al. 1995 utilised the technique for sequence screening MHC of a

population of beluga whales (Delphinapterus leucas) (62).
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1.5 Research objectives

The aims of this study are to :

(i) Optimise the SSCP technique with regard to PCR product denaturation,
polyacrylamide gel composition, electrophoretic conditions and visualisation

methods.

(i) Use the optimised SSCP technique to investigate the level of genetic
variation within the four South African buffalo populations (KNP, ANP, UHC and

StL) at the PBR of the MHC DRB1 locus.

(i) Perform statistical analysis comparing MHC DRB1 data with previous
microsatellite data on the same samples, in order to assess the value of MHC
genes as markers of overall genetic fitness. Additionally the genetic status of

South African buffalo as a whole will be evaluated.

(iv)  Assess the appropriateness of the SSCP technique to obtain data for

population genetic analysis.
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Chapter 2:

Materials and Methods

2.1

“In all things in nature there is something of the

marvellous”

Sample Information:

Aristotle

Samples consisting of ear nicks (or muscle in the case of the Kruger National

Park (KNP)) were collected from 105 individuals from all three remnant

populations (Kruger National Park (KNP), Umfolozi-Hluhluwe Complex (UHC)

and the Addo National Park (ANP)) and one seeded population (St Lucia

wetlands (StL) seeded from UHC).

Table 2.1: Summary of populations sampled.
Locality Year Size (HA) Total DNA Year No. No.
established population source| sampled| Samples| Samples
analysed
KNP 1898 1945500, 35000 Muscle| 1992-93 34 30
UHC 1897 47 753 8 400 Blood 1993 38 31
St 1977 175 175 Blood 1992 23 13
ANP 1931 85 66 Blood 1994 10 10

' Year buffalo were introduced
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2.2 DNA extraction

DNA samples from South African buffalo of the Kruger National Park (KNP),
Umfolozi-Hluhluwe Complex (UHC), St Lucia Wetlands (StL) and Addo National
Park (ANP) were received from Dr. C. O’'Ryan (3). DNA had been exiracted

using a standard phenol-chloroform technique described in Sambrook ef al. (65).

40



2.3 Selection of primers

Although the PBR is highly polymorphic, the region surrounding it is highly
conserved, making the use of universal MHC primers possible. See table 2.2 for

a summary of primers used.

Table 2.2: Summary of primers used.
Primer name: Primer Sequence: Reference:

DQB1 5'-ctg gta gtt gtg tct gca cac-3' 62
DQB2 5'-cat gtg cta ctt cac caa cgg-3' 62

HLO30 5'-gag cga gtg tca ttt ctt ca-3' 6

HLO32 5'-igt ctg cag tac gtg tcc a-3' 6

DRB1F 5'-gtg tct gca gta cgt gtc ¢-3' Designed in this study

DRB1R 5'-gag cga gtg tca it ctc c-3 Designed in this study

The second exons, containing part of the (PBR), of two MHC genes, DQB and
DRB1, were amplified. Primers: DQB1 and DQB2 (developed in the Beluga
whale, Delphinapterus leucas) (62) were used to amplify DQB. HLO30 and
HLO32 primers developed in cattle, Bos taurus, (6) were used initially to amplify

DRB1.

DQ@B provided irreproducible results and so data was generated using the DRB1
gene. Initial amplifications of the DRB1 gene with the HLO30/HLO32 primer set
were used to generate sequence data in order to verify initial SSCP results. This
sequence data was subsequently used to design the primers used throughout
this study, DRB1F and DRB1R. Further analysis was performed on DRB71 PCR

products. These primers were developed using DNAman (63).

Primers were custom synthesized at the DNA Laboratory, Department of

Molecular and Cell Biology, University of Cape Town.
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2.4 PCR: Amplification of target region

The polymerase chain reaction (PCR) is a primer-mediated enzymatic DNA
amplification, was invented by Kary Mullis in 1987. The PCR process requires a
repetitive series of three steps: 1) denaturation of the double stranded DNA (94-
96°C). 2) Annealing of the primers to the single-strand template (temperature
dependent on the T, or melting temperature of the primer: template hybrid). 3)
Extension of the primers (72°C) via Taqg polymerase activity to produce copies

that can be used as template in subsequent cycles.

Ten to 50 ng of genomic DNA was ampilified in 0.2ml thin walled Eppendorf
tubes. The PCR reaction mixture containing the following: 1.0uM of each primer,
0.8mM dNTP mix 0.375u BIOTAQ™ DNA Polymerase (Bioline UK Ltd) and 1X
corresponding reaction buffer. PCR was carried out in a final volume of 25ul. The
PCR conditions for Syncerus leukocyte antigen DQB (SyLA-DQB) DQB1/DQB2
gene included 2mM MgCl,. Thermal cycling was carried out on a Hybaid PCR
Sprint (Hybaid, UK) as previously described (6). A modified annealing
temperature of 57°C was used. SyLA-DRB71 HLO30/HLO32 was amplified under
similar conditions to SyLA-DQB. The following modifications were used: 1mM
MgCl, was used in the reaction mix. Thermal cycling was carried out on a Hybaid
Thermal Reactor (Hybaid, UK). Cycling consisted of an initial denaturation step
for 4 min at 94°C followed by 35 cycles of 1 min at 94°C, 45sec at 62°C and 1 min
15sec at 72°C. A final extension step of 5 min at 72°C completed the reaction
cycle. SyLA-DRB1 DRB1F/DRB1R was carried out using 1Xfag polymerase
buffer (Southern Cross Biotechnology, Cape Town), 1mM MgCl, and 1.25u Taq

polymerase (Southern Cross Biotechnology, Cape Town). PCR was carried out
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with an initial denaturation of 95°C for 5 min, followed by 30 cycles of 94°C for
30sec, 60°C for 20sec, and 72°C for 20sec, a final elongation step of 72°C for 5
min completed the reaction. Reactions were performed on a Gene Amp PCR
System 9700 (Perkin Elmer Applied Biosystems, USA). A negative control was
included in all amplification experiments, and comprised of a sample that
contained all of the above components except for the template DNA. The size of
the PCR products was determined by 2% (w/v) agarose gel electrophoresis

before continuing with SSCP and RFLP analyses.

43



2.4.1 PCR Optimisation

In order to optimise PCR a series of titrations for MgCl,, primer and DNA
concentration were carried out as well as a range of melting temperature
experiments. These optimisation experiments took place over approximately 40
PCR’s and were visualised by ethidium bromide staining of 2% (w/v) agarose gel.

Further optimisation was required under SSCP conditions.
2.4.2 PCR purification

Ambiguous SSCP banding patterns necessitated the purification of PCR products
prior to SSCP analysis. This purification was carried out using standard plugged

tips.

PCR products were electrophoresed on a 2% (w/v) agarose gel, confirming the
product size and purity. Bands were excised. TE was washed through plugged
tips by centrifugation at 13 000 rpm for one min. Plugged tips were transferred to
a clean 1.5ml eppendorf tubes and the excised agarose gel slices placed on the
filter. This was then centrifuged at 13 000 rpm for 10 min. Ultimately the solution
in the eppendorf tub is sufficiently pure to perform SSCP experiments. Initial
tests comparing this method with a commercially available purification kit showed

that the plugged tip method produced marginally better results.
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2.5 Single Stranded Conformation Polymorphism:
2.5.1 Optimisation

The SSCP protocol required extensive optimisation with regard to denaturation
conditions, gel components (polyacrylamide concentration, acrylamide: bis-
acrylamide ratio, gel additives such as glycerol and urea), electrophoretic

conditions and visualisation methods.

Polyacrylamide gels used ranged from 5-12% neutral polyacrylamide gels (60,
62, 64) with 0%, 5% or 10% glycerol. These gels were electrophoresed at room

temperature or 4°C at 200V overnight.

The SSCP profile was visualised in one of three ways: silver staining (Appendix
A), ethidium bromide (EtBr) staining (Appendix A), or y32P end labelling.
Ethidium bromide staining followed the protocol of Hongyo et al. 1993 (64), with
the following modifications: 30ul of PCR product was mixed with 15ul of a
denaturing solution (60). After heat denaturation, 25ul was loaded onto a 12%
non-denaturing polyacrylamide gel and electrophoresed for 2h at 300V at 4°C.
Primer end labelling method was performed according to O'Ryan et al. (3).
Either one or both primers were radioactively end-labelled prior to thermal cycling
under standard conditions as mentioned above. Silver staining proved to be the

optimal visualisation method.
2.5.2 Parameters used

After amplification, 10pl of PCR product was combined with 10ul of SSCP loading

dye containing 10mM NaOH, 1mM EDTA, 0.01% bromophenol blue, 0.01%
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xylene cyanol and 80% formamide
(http://europium.csc.mrc.ac.uk/usr/database.dir/methods.dir/pcrpract.htm)
(Appendix A). Samples were heat-denatured at 95°C for 5min and immediately
cooled on ice for 2min; 15ul was loaded onto a 10% "Mildly Denaturing” SSCP
polyacrylamide (10% MD-SSCP) gel (a polyacrylamide gel containing 2.66M
Urea, 0.5XTBE, 5% glycerol, 10% (39:1) Polyacrylamide, 0.1% AMPS, 0.001X
TEMED) (Appendix A). This gel had been glued to the plate with y-
Methacryloxypropyl! trimethoxysilane (Sigma) used as per manufacturers
instructions. Control samples, which were co-electrophoresed, included a non-
denatured sample as control for the electrophoretic migration of the double
stranded DNA and APst or AEcoRV as molecular size markers (Appendix A).
Samples were electrophoresed overnight at 200V at 4°C. The SSCP profile was
visualised by silver staining. After disassembling the plates the plate with the gel
adhering to it is first washed with distilled water (dH,O) and then agitated in the
first silver staining solution of 0.1% (w/v) AgNO; for 10 min and subsequently
washed with dH,O. The gel is then immersed in the second solution of 1.5%

(wiv) NaOH, 0.01% (w/v) NaBH, and 0.4% (v/v) formaldehyde (Appendix A).
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2.5.3 SSCP gel scoring method

SSCP gels were scored by a numerical system whereby each unique banding
pattern was given a numerical value. Heterozygote-banding patterns were
matched against homozygote-banding patterns as shown in fig 2.1. These
numerical values were then converted to a di-alleic scoring system (e.g. 0101 for
a homozygote and 0102 for a heterozygote) Fig 2.1. This data conversion

ensures interpretation by statistical packages.

—_— A

— -_— A

A AP
—— — ——
Initail scoring 4 2 3 4 12 34 13 24
dialellic scores0101 0202 0303 0404 0102 0304 0103 0204

Figure 2.1: An example of SSCP banding patterns and there representative scores.
Heterozygotes are compared with homozygotes in order to assign
representative score for use in statistical packages.
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2.6 Restriction Fragment Length Polymorphism:

Ten microlitres of PCR product was digested to completion at 37°C with 10U of
Rsal, Hhal or Haelll in a final volume of 50ul. Restriction fragments were
resolved on 4% agarose gels, and stained with either EtBr at 0.5ug/ml or
GelStar® Nucleic Acid Gel Stain (BioWhittaker Molecular Applications, USA)

which was used according to manufacturer’s specifications.

The recognition sequences for the above mentioned enzymes are Rsal: GGYCC,

Hhal: GCG"C and Haelll: GT'AC.

Restriction Fragment Length Polymorphism (RFLP) was carried out as a
preliminary study to establish sequence variability while developing the SSCP

technique. Subsequent comparisons are based on the same sample set.
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2.7 Automated sequencing:
Validation of preliminary SSCP results

Initial PCR products amplified using HLO30/HLO32 primer set (6) was sub-
cloned and sequenced to validate preliminary SSCP results and to provide

sequence data for the design of buffalo specific primers.

The second exon of DRB71 (HLO30/HLO32) was amplified and purified using a
QlAquick™ PCR purification kit (Qiagen, Germany). The amount of purified
product was quantitated and ligated using the pGEM®-T Easy Vector System |
(Promega, USA) as per the manufacturer's instructions. Competent XL1-Blue
Escherichia coli cells were transformed using heat shock (65) to an efficiency of
3.4 X 10°cfu/pg and 200ul of each transformation culture was plated onto Luria
Agar containing 100ug/ml ampicillin, 50mg/ml X Gal and 100uM IPTG
(Appendix A). The plates were incubated at 37°C overnight and blue/white
selection was used to identify positive transformants. To confirm the presence of
an insert, three positive colonies were picked with a sterile toothpick and used
directly as template in a standard DRB7 (HLO30/HLO32) PCR reaction. The
same three positives were then also used to innoculate a 5mi liquid culture of
Luria Broth containing 100ug/ml Ampicillin.  Plasmid purification of the 5ml
cultures was carried out using a QlAprep® Spin Miniprep Kit (Qiagen, Germany)
and 2ul of the purified plasmid was then used as a template for a standard PCR
to check for the presence of an insert. Subsequently, two clones were selected
for three individuals: one putative homozygote and two putative heterozygotes as
determined by preliminary SSCP data. The plasmids isolated from these clones

were cycle sequenced (Sequencing Service, Department of Molecular and Cell
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Biology, University of Cape Town) on a GeneAmp PCR System 9700 (Perkin
Elmer Applied Biosystems, USA) and the products run on an ALFexpress DNA
Automated Sequencer (AEC Amersham, SA) using the chain termination protocol

of Sanger et al. 1977 (66).
Validation of SSCP gel scoring method

Direct sequencing of PCR products (DRB1F/DRB1R) from the ANP population

was used to confirm SSCP gel scoring.

PCR products were electrophoresed through a 2% w/v agarose gel (Appendix
A), the distinct bands excised and gel extracted using a QlAquick™ gel extraction
kit (Qiagen, Germany). Purified products were then cycle sequenced using
DYEnamic ET Dye terminator Cycle sequencing Kit for MegaBACE on a
GeneAmp PCR System 9700 (Perkin Elmer Applied Biosystems, USA) as above
using either (DRB1F/DRB1R) primer. These sequencing reactions were
electrophoresed through LPA long-read gel matrix on the MegaBACE 500
Automated Capillary DNA Sequencing System (Molecular Dynamics part of
Amersham Pharmacia Biotech (Amersham Biosciences, USA). Sequences were
analysed with MegaBACE 500 Sequence Analyser v2.4. All sequencing was
performed at the DNA Sequencing Facility, Department of Molecular and Cell

Biology, University of Cape Town.
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2.8 Population genetic analysis

SSCP is a qualitative sequence screening technique, but for the purposes of
comparing the SSCP data with microsatellite data the banding patterns were
scored in a similar fashion to microsatellite gels and analysed using the same
population genetics programs. GenePop (see Appendix B for input file format)
(67), FSTAT (see Appendix D for input file format) (68), Arlequin (see Appendix
E for input file format) (69), and GenAlEx (see Appendix C for input file format)
(70) were used for data analysis. GenePop (67) was used to estimate Hardy-
Weinberg proportions. FSTAT (68) was used to calculate F-statistics. Arlequin
(69) was used for Analysis of Molecular Variance (AMOVA). GenAlEx (70) was

used for population assignment.
2.8.1 Sequence alignment

DNAman (63) was used to align sequences and construct homology trees, as
well as translating to amino acid sequence for the purposes of alignments and

synonymous: non-synonymous change calculations.
2.8.2 Genetic Variability Measures

SSCP gels were scored according to haplotype patterns; homozygotes were
given an arbitrary score representative of the banding position on the gel.
Heterozygotes were subsequently scored as double homozygotes, hence
heterozygotes without corresponding homozygote patterns within the population

were discarded, as they could not be accurately scored.

Genetic variation within the South African buffalo populations sampled was

quantified using the mean number of alleles per locus (A), observed
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heterozygosity (H,) and expected heterozygosities (He) under Hardy-Weinberg
equilibrium  (71). All three values were calculated for DRB1 and previously
reported microsatellite loci (3) for each population, and averaged over all loci

using GenePop (67).
Hardy-Weinberg Equilibrium

GenePop (67) was used to calculate observed heterozygosity (H,) and expected
heterozygosity (He). Deviations from Hardy-Weinberg expectations (Equation 1)
were determined by chi-squared analysis (Equation 2) (72). The inbreeding
estimator of Weir and Cockerham 1984 (71), Fis (Equation 3) is a measure of
allele frequency in the individual (j) relative to the sub-population (s). Fis was
calculated for each population at both the DRBT locus and the previously
reported microsatellite loci (2). Hardy-Weinberg exact probabilities were

estimated using the Markov chain method (Guo and Thompson 1992) (74).
P+ 2pq+q°=1 Equation 1
X? = X (obs — exp)?/ exp Equation 2

Fis=(H;— H)/H; Equation 3

52



2.8.3 Estimates of Population Differentiation

Levels of population differentiation were calculated using F-statistics from the

programs FSTAT (68).

Fst (Equation 4) (75), designed as a measure of genetic differentiation, was
used in this study for comparison with a previous microsatellite study (3). Fgris
a measure of allele frequency variance in a sub-population (s) relative to the total

population (1) (75).

Fsr=(H;- Hg) /H; Equation 4

Analysis of molecular variance (AMOVA) was used to identify the distribution of
variation within and among populations. AMOVA was performed using Arlequin

(69). The Arlequin (69) AMOVA calculation is based on Excoffier et al. 1992 (76).

Assignment tests were implemented to strengthen population differentiation
analysis by determining whether sampled individuals could be assigned to their
respective populations based on locus specific identity. These tests were carried
out on all individuals in each population, using GenAlEx (70). GenAlEx
calculates the log likelihood assignment values for each sample in the data set.
Based on the assignment value for each individual, the most likely genetic origin
of the sample is identified. Assignment tests are calculated based on a method

described in Cornuet et al. 1999 (77).
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Chapter 3: Results

“Their understanding
Begins to swell and the approaching tide
Will shortly fill the reasonable shores
That now lie foul and muddy.”
William Shakespeare

3.1 PCR Products:

PCR products of the expected size were obtained for DQB, DRB1
(HLO30/HLO32) and (DRB1F/DRB1R) and were 171bp, 286bp, and 225bp
respectively. For both genes there were no noticeable size differences among
the amplicons for all the buffalo samples tested. DQB produced irreproducible
SSCP results and thus further analysis of this gene was not pursued. Buffalo
specific primers, DRB1F and DRB1R were designed in this study after initial
sequencing data had been generated with HLO30/HLO32 and so only DRBT

(DRB1F/DRB1R) was used for further SSCP analyses.
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3.1.1 PCR Optimisation

The titration curves for different MgCl, concentrations at different primer

concentrations is shown below in Fig. 3.1.

% success
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Figure 3.1:  The MgCl, titration curves of the DRB1F/DRB1R primer set. These data

points were obtained by agarose gel electrophoresis. 2mM MgCl, and
0.5uM primer concentration were deterrnined to be optimal for agarose
gel electrophoresis. PCR success was determined as the presence of a
single, clear band of expected size on an ethidium bromide stained
agarose gel.

Further optimisation was required under SSCP conditions. The optimal primer

concentration was increased to 1uM and further SSCP analysis was performed at

this higher concentration.
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3.1.2 PCR purification

Initial PCR’s were performed using Bioline Taq polymerase (Bioline UK Ltd.)
resulted in irreproducible SSCP patterns. However, the purification of PCR
products extracted from agarose gel slices solved this problem (Fig. 3.2). Two
PCR purification methods were compared for purity and yield of PCR product:
purification through p1000 plugged tips were compared to GenElute™ columns

(Fig. 3.3).

- .-’".i‘i LN -"i[."fn_'s} l‘,"{‘:" '.I:_": :‘Il“\jtj “L) Fay

PCR 1 PCR.Z PC R

Figure 3.2: Comparison of purified and unpurified PCR products after SSCP. “Eluted
DNA” has been purified through a plugged tip prior to SSCP; “PCR
product” is unpurified but has undergone the same SSCP process.

Effect of storage on PCR products. PCR 1 and PCR 2 represent the
same sample amplified in two reactions. PCR 1 had been stored at 4°C
for 7 days prior to SSCP and PCR 2 is a freshly amplified sample.
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Figure 3.3:

Eletad wsing OO0 filber tips

| Wy LB 852
[ iadd o

Comparison of purification methods using a P1000 filter tip or a
GenElute™ column for sample S52. The amplicons purified through filter
tips produced a stronger, clearer banding pattern on a silver stained 10%
MD-SSCP gel. Sample codes are representative of population specific
samples. U21and U8 are UHC samples 21 and 8 respectively, S52 and
K20 represent StL sample 52 and KNP sample 20 respectively.
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3.2 RFLP

A preliminary RFLP screen was performed to assess the variability of the DRB1
gene. Three restriction enzymes were used, but only Rsal gave reproducible
results. High levels of variation were found with 14 gel phenotypes (labelled A to
N). The gel is shown in figure 3.4 with a graphical representation below. In spite
of numerous attempts to produce a clear photograph, the representation was
necessary because the gel photograph is a composite of a number of gels to

compare restriction patterns of the entire sample set.

ABC BDEFEGDHEIIJ 11 1 EIJIEJKLMKIMIKKN

Figure 3.4: RFLP products (Rsal digested), electrophoresed on a 4% Agarose
gel, visualised with GelStar™. Below is a diagrammatic representation
of the gel. (Each banding pattern represents a discrete genotype,
reflecting sequence variation at the PBR of the SyLA-DRB1 locus)
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3.3 SSCP

After optimisation of all the variables discussed in the methods (p 45), the
optimum conditions in terms of reproducibility and clarity of SSCP patterns were
as follows: equal volumes of PCR product and SSCP loading dye were denatured
at 95°C for 5 min and cooled on ice for 2 min before being loaded onto a 10%
polyacrylamide (39:1) gel containing 2.66M urea and 5% glycerol. Samples were
electrophoresed overnight at 200V at 4°C. The SSCP profile was visualised by

silver staining.

Data from optimised conditions is shown in Fig. 3.5. SSCP reveals very high
levels of variation. SSCP gels were scored by a numerical system where each
unique banding pattern was given a numerical value. Subsequently
heterozygote-banding patterns were matched against homozygote banding
patterns. Heterozygotes were then given numerical values similar to di-allelic
markers (e.g. 0103); the homozygote scores were also converted to a di-allelic
scoring system (e.g. 0101). This data conversion ensures interpretation by

statistical packages.

Asev Kb U4BU1B8 U5 U3 U2 U1 S62 S61 S52 S51 S50 S48 S46 S45S3 S2 S5 A3 A2 Aocen
ﬁ T

- B e =“<

Figure 3.5: SSCP products electrophoresed on a 10% MD-SSCP gel visualised
by silver staining. Lane labelling as follows: K = KNP, U=UHC, S=StL,
A = ANP
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SSCP analysis identified 74 gel phenotypes in 84 individuals. The KNP
contained 26 gel phenotypes, whilst ANP contained 9; the UHC and StL
contained 33 and 9 gel phenotypes respectively. The 74 gel phenotypes found in
the total sample set translated into 77 alleles based on the above scoring

method.
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3.4 Sequencing:
Validation of preliminary SSCP results

The sequencing results showed that the two heterozygotes (U0O8 and K13) from
UHC and KNP respectively, each produced two unique sequences. The putative
homozygote, U21, yielded two sequences that differed by two base pairs. Two
transitions in the U21 DNA sequence resullted in two non-synonymous mutations
between alleles:(i) leucine (L) changed to a proline (P), both of which are neutral
and hydrophobic; (ii) a polar amino acid threonine (T) was converted to a
hydrophobic amino acid alanine (A) (Fig. 3.6). The two sequences for individual
K13 revealed 35 base pair differences between two alleles, which correlated to
21 amino acid substitutions (Fig. 3.6). Individual U8 has nine nucleic acid
mutations, which manifest themselves as seven non-synonymous mutations (Fig.

3.6).
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Putative Heterozygote K13

K13 HSETLSDPVVVSAVRVHGGPLVLQDVLLAVHVLGGRPPQLGHRPELAPVAVEAHV
K13 | R----RP P v Q QG

K13 LFSIEVSLQVLHSLRPIGEMTLALNILQEMCCRERI
K13 -—-—-SVI—V-—-EP--P-—-VE C-f

Putative Heterozygote U8
U8 ETLNDPVVVSAVRVHRGLRLLQEVLLAVPVLGVRPPQLGHRPELAPVAVEAHVLFS

us G---PLV----D G
U8 IIEVSLQVLHSLRPIGEMTLALNILQEMCCRE
us

Putative Homozygote U21

U21 ETLNDPVVVSAVRVHLGPLVLQDVLLAVPVLGVRPPQLGHRPELAPVAVEAHVLF
U21

U21 SIIGSISAGTALAPSHWRNDTRSHTPGNVLQ
u21 P A

Figure 3.6: Amino acid sequence comparison of the DRBT exon 2 for three
individuals. These sequences reflect a portion of the PBR for the DRB1
gene. (Amino acid changes indicated in red are conversions between
amino acids of the same group, those changes indicated in blue are

conversions between amino acids of different groups)

The above mentioned sequences were used to design buffalo specific DRB1

primers (DRB1F and DRB1R), which were subsequently used in PCR-SSCP

analysis.
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Validation of SSCP gel scoring

All individuals in the ANP sample set were cycle sequenced directly from PCR
products in order to confirm SSCP data. These sequences were aligned and a
homology tree based on sequence comparisons was constructed in DNAman

(63) (Fig. 3.7).

100%95% 90% 85% 80% 75% 70% 65% 60%
[ || 1 ] l | |

ANP9 1212
313 Q8%
ANP10 1313 |38

ANPI 1313

o1 I

ANPS 1216 | 1

ANPO6 1216

ANP20778 |0l

60 %

ANP5 0707 [10(4%

ANP7 0707

ANP4 2127

Figure 3.7: A homology tree drawn in DNAman (63) from a multiple sequence
alignment. Sample names are followed by their GenePop genotype
designations.

The alleles of the heterozygote ANP2 differ by two base pairs, SSCP analysis
could not discern between the two alleles and so ANP2 was initially scored as a
homozygote (0707). Sequencing revealed the polymorphism and so ANP2’s
genotype was changed to (0778). In the remaining ANP individuals the
sequencing data confirmed SSCP results. That is homozygotes that were scored

as having the same genotype grouped together in the homology tree. For
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example ANP1 and ANP10 were both scored 1313 and sequencing results
confirmed that they were in fact the same allele. Likewise, the two heterozygotes
ANP8 and ANP6 that were scored as the same genotype 1216, were grouped

together based on sequence data in the homology tree (Fig. 3.7).
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3.5 Population Genetic Analysis
3.5.1 Levels of genetic variability

Allelic variation

Analysis of 84 African buffalo from the four populations using SSCP resulted in

77 alleles observed at the DRB1 locus (Table 3.1).

Table 3.1: Variation at the DRB17 gene within South African buffalo populations.
Population | Number of [Number off, Number of Number of Heterozygosity

samples alleles | unique alleles | heterozygotes {Ho)

KNP 30 38 32 21 6.70

UHC 31 29 26 14 0.45

StL 13 11 7 6 0.46

ANP 10 8 3 5 0.50

Total 84 77 68 50 0.59

Allelic patterns and frequencies in the four populations are illustrated in Fig. 3.8

below.
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A Allelic patterns in the four populations
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Figure 3.8: Comparison of allelic patterns A and allele frequencies B as determined
by PCR-SSCP analysis, between the four populations.

The SyLA-DRBT1 gene displayed a very high level of allelic diversity, with eight
alleles determined for ANP, 38 alleles determined for KNP, 29 alleles in UHC and
11 alleles in StL as summarised in Fig. 3.9. Of these alleles the percentage of
unique alleles found in each population was: 37% in ANP, 84% in KNP, 89% in

UHC and 63 % in StL as illustrated in Fig. 3.10.
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Percentage of Alleles in each population
60.00
49.35
50.00
40.00 37.66
BANP
KNP
30.00 ‘ =]
m UHC
20.00 oSt
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0.00
ANP KNP UHC StL

Figure 3.9: The percentage of alleles found in the MHC DRB1 locus in the four
populations investigated.

Percentage of Private Alleles in each Population
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Figure 3.10: The percentage of private alleles at the MHC DRB1 locus in each
population. Total number of alleles is indicated in parenthesis.

The allele frequencies were found to differ markedly between the populations and
correlate to population size. KNP (population size: 35 000) supported 38 alleles,

32 of which (84.21%) are unique; UHC (population size: 8 400) had 29 alleles, of
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which 26 (89.65%) are unique; StL. (population size: 175) has 11 alleles, seven
are (63.63%) unique and ANP (population size: 85) had three (37.50%) unique
alleles out of eight. The KNP population showed a range of alleles at similar
frequencies all above 0.02, with a dominant allele (allele 21) at a frequency of
0.12. UHC and StL, each displayed a dominant allele (allele 5) and (allele 4)
respectively, with a frequency of 0.13 and0.27 respectively. ANP has two

dominant alleles (alleles 7 and 12), both with a frequency of 0.25.

When using RFLP as an indication of sequence variation, analysis of the same
individuals found RFLP to be less sensitive than SSCP at detecting sequence
variation. DRB1 PCR product was digested with Rsal and revealed 14 discrete
restriction patterns or “genotypes” (A — N) distributed across the three remnant

buffalo populations tested (Fig. 3.11).
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Genotype Frequencies of South African buffalo populations at the SyLA-DRB1
locus analysed by RFLP

0.6 - ——— -
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Figure 3.11: A graphical representation of the DRB1 genotype frequencies as
determined by PCR-RFLP analyses.

Two DRB1 genotypes were found to be shared between the populations:
genotype E was found to be shared between KNP and UHC and genotype | was
found to be shared between UHC and ANP. As in the case of the SSCP
generated allele frequencies, the RFLP genotype frequencies (Fig. 3.11) showed
that KNP had many genotypes all at similar, low frequencies, whilst ANP and

UHC each had one dominant genotype.

As mentioned previously a total of 84 individuals from four South African buffalo
populations (KNP, UHC, StL and ANP) were screened for sequence level
polymorphisms by SSCP at the DRB1 locus. These 84 individuals supported 77
alleles. The microsatellite study conducted by O’Ryan et al. (3) genotyped 104
individuals in the same four populations at seven polymorphic microsatellite loci,
supporting 61 alleles. Measures of gene diversity (72) calculated in GenAlEx
(70) indicated that all loci displayed high levels of genetic diversity as shown in

Fig. 3.12.
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