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A common SNP haplotype provides molecular proof
of a founder effect of Huntington disease linking two
South African populations

Janine Scholefield' and Jacquie Greenberg*'

'Division of Human Genetics, Faculty of Health Sciences, Institute of Infectious Disease and Molecular Medicine,
University of Cape Town, Cape Town, South Africa

This study involved the detailed investigation of the region surrounding the huntingtin gene in families
with a history of Huntington Disease (HD) in South Africa. The primary aim was to investigate the origins
of the HD mutation in South Africa by constructing a single-nucleotide polymorphism (SNP) haplotype
around the HD gene and to determine how many haplotypes there are in two different South African
populations. Haplotypes were created by genotyping six SNPs in a total of 13 HD families — seven
Caucasian and six Mixed Ancestry. Of the six Mixed Ancestry families, four shared a common SNP
haplotype, which was observed in two Afrikaans-speaking Caucasian HD families thus indicating that a
founder effect was present in the South African population. The genotyping of a recently identified highly
polymorphic marker close to the HD disease-causing mutation further corroborated the SNP haplotype
results. Computational analysis was used to analyze the extent of the common haplotype identified in the
study cohort in additional South African HD individuals. The results strongly suggest that the common
haplotype extends further into the South African Mixed Ancestry HD population and is predominant in the
Mixed Ancestry HD families.
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Introduction

Huntington disease (HD) is a late onset autosomal
dominant neurodegenerative disorder characterised by
motor impairment, cognitive decline and psychiatric
disturbances associated with selective neuronal death in
the striatum and cortex.! The age of onset of disease
symptoms varies considerably between patients and death
usually occurs 15-20 years after clinical onset of the
disorder.?
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The prevalence of HD is approximately five in 100000
worldwide,? but in South Africa the prevalence of HD
has been reported as approximately two per 100000 in
both the Mixed Ancestry and Caucasian population
subgroups.®* No prevalence data has since been compiled
and it is possible that these figures are underestimates of
the true statistics today.

Groups from several countries, including India, Japan,
Scotland, Spain, Greece and Sweden, have performed
haplotype analysis around the HD mutation.’~'® The
group from Sweden identified multiple haplotypes within
their population; however, 89% of that cohort carried a
common core haplotype consisting of markers within
the HD gene (one of which was the CCG repeat located
immediately 3’ to the CAG 1repeat).6 The same (CCG);
allele has been found to be associated with most of the HD
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Figure 1

mutations studied to date; that is, Scotland, Greece, India
and Spain.>”~? The only distinguishing population appears
to be Japan, where the majority of the expanded (CAG)
repeats were associated with a (CCG)y allele.'®

Map representing locations of SNPs with respect to HD and other genes in the region.

Table 1 Minor allele frequencies and heterozygosity
information for SNPs 1-6 in the control group

SNP? Ethnic group ~ Minor allele frequency ~ Heterozygosity

In 1980, a South African genealogical study proposed 1(G/T) MA 0.35 (G) 0.70
that the HD mutation had been brought to the country C 0.23 (G) 0.36
. . . 2 (A/G) MA 0.10 (A) 0

approximately 300 years ago, with the arrival of a gentle- C 0.24 (A) 0.38
man of Dutch origin (WS van der Merwe).'! As a result of 3(1/2) MA 0.39 (1) 0.56
this comprehensive epidemiological and genealogical c 0.48 (2) 0.57
study, it was suggested that the progeny of Mr van der 4(1/2) EAA 81‘; g; 82;
Merwe ‘spread’ the HD gene throughout the country. 5(A/G) MA 0.28 ) 0.10
However, an important aspect of this hypothesis is that this C 0.48 (A) 0.55
mutation was responsible for most of the Afrikaans-speak- 6(1/2) MA 0.45(2) 0.70
C 0.32 (2) 0.46

ing HD families in South Africa. Genealogically, within the
Caucasian South Africans (of European origin) there are
multiple genetic influences, the majority of which come
from north-western Europe. In addition, there are several
individuals with HD who descend from French immigrants
who came to South Africa via Mauritius.'? Therefore, HD in
the Caucasian population within South Africa originates
from several European countries.

HD has been well documented in a second population
group, specific to South Africa. The traditional Mixed
Ancestry group in the Western Cape has admixture from
the Khoi (Hottentot) and San (Bushman) population, with
English, French Huguenot and Dutch input; a significant
Indonesian (Malay) contribution; and, to a lesser extent,
genetic contributions from indigenous Africans from
Mozambique and Angola and persons from India and
Ceylon.?

The aim of this study was to ascertain the extent of the
previously proposed founder effect using a molecular
genetic approach and to determine the origin of the
mutation within these two South African population
groups.

Materials and methods
Family triads selected for haplotyping

Initially, individuals representing 13 Mixed Ancestry and
Caucasian families were selected for this study from the

Indicates the alleles that occur; where this was not known owing to
the manner of genotyping, alleles were assigned numerical values.

Human Genetics laboratory database. To the best of our
knowledge, none of the families are related to the degree
of first cousins. Aliquots of DNA samples were taken from
the DNA bank and coded with a unique study number to
protect patient confidentiality. All families of Mixed
Ancestry were numbered MAL...n; Afrikaans-speaking
Caucasian, ACl...n; and English-speaking Caucasian,
EC1...n. Mutation status was confirmed by performing
the molecular genetic test as described previously.'> DNA
was isolated using a standard protocol.'* The study was
approved by the UCT Human Ethics committee (reference
006/2004) and informed consent was obtained from all
individuals.

Haplotype analysis

Six single-nucleotide polymorphisms (SNPs) were selected
for the haplotype construction and chosen based on
informativity from public databases with available geno-
typing data (Figure 1). At the time, only one informative
SNP was found within the HD gene itself. In addition,
HAPMAP showed that only SNP6 lies within the same
haplotype block as the mutation. Controls were genotyped
to ensure that all the SNPs were in Hardy-Weinberg
equilibrium (Table 1). In addition, a single microsatellite
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Table 2 Primer sequences and genotyping details for the construction of haplotypes
NCBI/Ensembl Relative positions Genotyping

Marker database number ~ TSC number  according to Ensembl  Primer sequences (5'-3') (TA)? O) method

SNP1 rs624833 TSC000339 2851054 F gaaaaccattgaaatagatcctttg 55 Banl RE digest
1 R cacagacagtgctggtcacag

SNP2 rs878931 T5C021277 2880416 F accctctcctagcgcecttac 50 Smal RE digest
0 R gagaaacggttcaggcactt

SNP3 rs762847 TSCO011703 2881861 F gaccgcatggttgaagagtc 50 SSCP
4 R agcagggattacagacaggaa

SNP4 rs1419044 TSC061900 2993638 F cccagcttgaggcattctaata 55 dHPLC
1 R aaacaggcaggacaagaatgtt

SNP5 rs1557213 TSC044426 3008213 F cccagcttgaggcattctaata 50 Stul RE digest
6 R aaacaggcaggacaagaatgtt

11CAHD — — 3055056 F agacgaccagcatagccaac 60 ABI 3100

R cccaccagcaataagtgacc
SNP6 rs2269478 — 3204626 F gcaagttctcagcaccaacc 55 SSCP

R CCTTGTCctaggcacacaca®

4(Ta) represents the annealing temperature required for each PCR.

PBase-pair sequences shown in upper case indicate exonic sequences. Note that new primers were designed for I1CAHD, such that the allele size
reported in the results does not correspond with the size of the amplicon generated by these primers, but has been changed to correspond with that of

the previous publication.

marker, [1ICAHD, located in intron 1 of the HD gene was
genotyped in all HD patients. Primer pairs were designed
for each of the selected polymorphisms chosen for the
haplotype construction (Table 2).

PCR was optimized for each amplicon and performed for
SNPs numbered 2, 3, 4, 5 and 6, as well as IICAHD, in a
total volume of 25 ul containing 200 ng of DNA; 10 pmol of
each primer; 0.2mM of each of the four dNTPs, 1 x PCR
buffer, 0.5 unit of Taq polymerase. For SNP1, the PCR
contained an additional 0.2mM MgCl,, as well as 1%
glycerol. Standard cycling conditions were used.

Restriction endonuclease digests were carried out accord-
ing to the manufacturer’s instructions. Restricted frag-
ments were analyzed using 8% polyacrylamide gel
electrophoresis (PAGE). SNP3 and SNP6 were genotyped
using the two buffer PAGE system-based single-stranded
polymorphism analysis as described previously.'® Analysis
of SNP4 was performed using denaturing high-perfor-
mance liquid chromatography, based on the WAVE
technology procedure.'® Heteroduplexed PCR products
were analyzed on the WAVE system (Transgenomic) using
a melting temperature of 55.2°C on the basis of a
previously described procedure.!” The PCR products for
marker IICAHD were genotyped by capillary-based elec-
trophoresis on the ABI 3100 Genetic Analyzer (Applied
Biosystems), followed by analysis using GeneScan version
3.7 software (Applied Biosystems).

Extended study using SNPHAP and FASTEHPLUS
analyses

Additional samples from unrelated affected individuals
were selected from the DNA bank and genotyped as above.
Anonymous, unrelated control samples from each of the
ethnic subgroups represented in the study cohort were
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Table 3 Number of individuals represented in the
extended haplotype study

Total number of unrelated Number of

Ethnicity HD individuals® unaffected controls
Mixed Ancestry 1 10
Total Caucasian 15 22
EC 9 13
AC 6 9
Total 26 32

“The total number of unrelated mutation positive individuals including
one affected member from each of the families used in the triad
studies. EC represents Caucasians of British descent; AC represents
Caucasians of Dutch descent.

genotyped to exclude the possibility of the common
haplotype being present at a high frequency in the
background population (Table 3). A haplotype assignment
program, SNPHAP by Clayton (2002), was used to investi-
gate the extent of the founder haplotype within the
different ethnic subgroups and to infer haplotypes in the
case of phase-unknown data. SNPHAP analysis was per-
formed on the Mixed Ancestry and Caucasian (both
Afrikaans and English) groups. In addition, the Caucasian
group was stratified into Afrikaans-speaking Caucasians
and English-speaking Caucasians according to language,
which roughly indicates the country of origin. For each
group, an input file was constructed containing geno-
typing data from one HD individual from each of the
triad families, in addition to the unrelated HD individuals
selected for the extended study. Furthermore, input files
were created for each of the population groups mentioned
above using unrelated controls. Therefore, genotyping data
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was divided into ethnic subgroups of individuals with The allele size range of the intronic microsatellite marker
disease and control individuals. was shown to be from (CA)q35 to (CA),73, which correlates

The program FASTEHPLUS'® was adapted to find sig- well with the study by Moutou et al.!® The most common
nificant differences between the genotypes in the group of allele associated with the expanded HD chromosome is
affected individuals and the group of controls in the Mixed (CA)157 and is one of the most frequent alleles in both data
Ancestry population. These were the same as those used for sets. With regard to the triad studies, the (CA);s7 allele was
the SNPHAP program. observed in families MA1, MA2, MA3 and MA4, as well as

AC3 and AC4 - the same six families that share SNP
haplotype 1.

Results
Analysis of 13 HD triad family pedigrees as a whole Discussion
revealed the presence of multiple haplotypes (Table 4). SNP genotyping analysis using the initial triad families
Within the families of the Mixed Ancestry group, a founder showed multiple haplotypes within the Caucasian HD
haplotype (haplotype 1) was observed to be tracking in four population group, but strongly suggests a common
of the six family triads — MA1, MA2, MA3 and MA4. haplotype in the Mixed Ancestry group. The results
Haplotype 1 was also observed in two of the Afrikaans- indicate that there are at least six, but no more than seven,
speaking Caucasian families — AC3 and AC4. SNP haplo- haplotypes across the 13 HD families that formed the study
type 2 was identified in MA6 and AC1. cohort (six Mixed Ancestry and seven Caucasian families).
Using the program SNPHAP, the proposed founder Of the six Mixed Ancestry families, four (MA1-MA4)
haplotype, haplotype 1, was shown to be the most have been shown to share a common founder SNP
probable haplotype in the extended HD group for the haplotype referred to as haplotype 1. Interestingly, this is
Mixed Ancestry population (Table 5). SNPHAP considered shared by two of the Afrikaans-speaking Caucasian
haplotype 1 in the control population but at a probability families, that is, AC3 and AC4. The molecular finding that
of less than 1x107° which further validates this as a the HD gene was transmitted into the Mixed Ancestry
haplotype associated with the disease and not simply a population from the Afrikaans-speaking Caucasian group
haplotype found at a high frequency in the control is supported by the knowledge of the general genetic
population (Table 5). SNPHAP indicated that for three of contribution of the Dutch emigrants to this South African
the additional families (subjects MA8, MA9 and MA10), population group.? The findings of this current study,
haplotype 1 was the most likely assignment (Table 5). The using SNP markers, in conjunction with previous reports,
same analysis was performed on an extended group of the thus confirms that the founder haplotype was indeed
Caucasian population; however, no common haplotypes brought over from the Netherlands, and is seen in a
were identified, even upon separation into different significant fraction of the HD families in South Africa
language groups (data not shown). The program FASTEH- today. In addition, family MA6 has haplotype 2, which is
PLUS was used to make a direct comparison of the disease shared by a Caucasian HD family (AC1), further reinforcing
and control groups. The Mixed Ancestry population data the extent of the genetic admixture of this population
was incorporated into an input file for the FASTEHPLUS group. Although it is acknowledged that SNPs chosen
program and a P-value of 0.0317 was calculated. within the same haplotype block would be ideal,

Table 4 Mixed Ancestry and Caucasian family haplotypes found to be associated with HD

SNPs? MAT MA2 MA3 MA4 MAS MAé6 ACT AC2 AC3 AC4 EC1 EC2%¢ EC3°
1 G G G G T G G T G G T T T
2 G G G G G G G G G G G G A
3 2 2 2 2 1 2 2 1 2 2 1 X X
5 1 1 1 1 2 2 2 1 1 1 1 2 2
6 G G G G G G G A G G G X X
7 1 1 1 1 1 2 2 1 1 1 1 1 1
Hap® 1 1 1 1 3 2 2 4 1 1 5 3 6
11CAHD® 157 157 157 157 157 161 161 157 157 157 163 161 155

#SNPs are presented in order of their relative positions in the genomic region.

PHap - represents the numbered haplotypes assigned to each triad family studied.

“The 11CAHD microsatellite marker has been added at the end of the haplotype, to reinforce that the haplotype numbers represent the SNP haplotype
and do not include I1TCAHD.

9Number 3’ - represents a variation of haplotype 3.

x represents loci where the genotyping data did not allow for phase to be deduced.
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Table 5 SNPHAP data for the cohort of HD and controls from the Mixed Ancestry population group®?

Primary output file of data from unrelated
individuals with HD

Secondary output file of data from unrelated
individuals with HD

Primary output file of data from unrelated

control individuals

Most probable Family Most probable Most probable

haplotype in group P cP number  assigned haplotypes P haplotypes P cP
GG21G1 0.273012 0.273012 MA1 GG21G1 TG12G2  0.9999745 GG11G1 0.276828 0.276828
TG12G2 0.227268 0.500280  MAT1 GG21G2 TG12G1 0.0000255 TG12G2 0.131494  0.408322
GG21G2 0.125209 0.625489 MA2 GG21G1 TA22A2 0.0068646 TA22A2 0.116660 0.524982
TA22A1 0.079728 0.705217 MA2 GG21G2 TA22A1 0.7541376 TG22A2 0.101823  0.626805
TA22G1 0.056324 0.761541 MA2 GG21A2 TA22G1 0.2389978 TG21G1 0.100072  0.726878
GG21A2 0.056299 0.817840 MA3 GG21G1 GG11G1 1.0000000 TG21G2 0.099928 0.826805
GG22A2 0.045457 0.863297 MA4  GG21G1 GG21A2  0.9995877 TG22G1 0.099926 0.926731
GG11G1 0.045455 0.908752  MA4 GG21G2 GG21A1 0.0004123 GG21A1 0.073172  0.999902
GG22G1 0.045455 0.954206 MA5 GG22G1 TG12G2 1.0000000 TG22G2 0.000096 0.999998
GG22A1 0.045452 0.999658 MA6 GG22A2 GG21G2  0.9999999 TG12G1 0.000002  1.000000
TA22A2 0.000312 0.999970 MA7 TA22G1 TG12G2 1.0000000 GG11G2 0.000000 1.000000
GG21A1 0.000025 0.999995 MAS8 TG12G1 GG21G2  0.0000255 TG21A2 0.000000 1.000000
TG12G1 0.000005 1.000000 MAS TG12G2 GG21G1  0.9999745 GG22A1 0.000000 1.000000
GG22G2 0.000000 1.000000 MA9 TA22A1 GG21G1 0.9998693 GG21A2 0.000000 1.000000
TG12A2 0.000000 1.000000 MA9 TA22G1 GG21A1 0.0001307 GG11A2 0.000000 1.000000
TA22G2 0.000000 1.000000 MA10 GG21G1 GG21G2  1.0000000 GG21G1 0.000000 1.000000
TG12A1 0.000000 1.000000 MAT1 TG12G1 GG22A2 0.0000557 GG11A1 0.000000 1.000000
— — — MAT11 TG12G2 GG22A1 0.9999443 GG21G2 0.000000 1.000000
— — — — — TG12A2 0.000000 1.000000
— — — — — TA22G2 0.000000 1.000000
— — — — — TG22A1 0.000000 1.000000
— — — — — TA22A1 0.000000 1.000000
— — — — — TG21A1 0.000000 1.000000
— — — — — TG12A1 0.000000 1.000000
— — — — — TA22G1 0.000000 1.000000
— — — — — GG22A2 0.000000 1.000000

P is the probability of the haplotype occurring; CP is the cumulative probability of each additional haplotype.

PHaplotype 1 data is highlighted in bold.

retrospectively, analysis of the in-phase triad data shows
that the entire length of the haplotype travelled with the
disease in all the families analyzed. The inclusion of SNPs
1-5 lying outside the haplotype block incorporating the
mutation, thus indicates the larger extent of the haplotype
shared between families, reinforcing the fact that they
share a mutation from a relatively recent, rather than
ancient, ancestor.

The addition of a highly polymorphic marker (I1CAHD)
located close to the HD CAG repeat was subsequently
added to the haplotype profile to ascertain whether the
addition of a microsatellite marker could reaffirm the SNP
haplotypes. In the published literature, this marker is
shown to have a heterozygosity of 85% and is the closest
highly polymorphic marker to the HD gene, with the
exception of the CCG repeat. Molecular analysis of this
marker reaffirmed the initial findings of a founder effect in
the triad studies using the SNP haplotypes, in that all the
(CA);57 alleles taken from unrelated individuals in Table 4
were linked with disease-associated chromosomes. This
marker is located closest to the mutation and might
represent an older allele, either carrying the expansion or
predisposed to expansions, whereas the SNPs further away
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might be subject to recombination, thus resulting in
multiple haplotypes.

Bioinformatics programs showed that haplotype 1 is
highly unlikely to occur in the background population.
The low frequency of this haplotype on normal chromo-
somes reinforces that haplotype 1 is indeed only common
in the disease population. Furthermore, analyses revealed
that haplotype 1 is likely to be present in three out of an
additional six Mixed Ancestry HD families, suggesting that
this haplotype is common in this population group. These
results were reinforced by a second program that showed
that the difference in haplotypes existing between the
cases and controls in the Mixed Ancestry population is
significant. It is important to note that owing to smaller
than usual sample sizes the power of this study is affected.
However, the incorporation of the two computational
analyses aids to reduce this occurring.

In conclusion, we have shown that, using SNP haplotype
analysis and two computer software programs, the well-
documented proposed South African HD founder effect
does exist. A common haplotype is present in the Mixed
Ancestry population with HD, which is clearly of the same
origin as the original mutation brought over by the Dutch



settler who was proposed to be responsible for HD in the
majority of Afrikaans-speaking Caucasian HD families.'!
Although this is not surprising, owing to the well-acknowl-
edged admixture between the two groups, these findings
serve to reinforce the extent of admixture between the
South African populations and provides conclusive mole-
cular evidence of the previously suggested founder effect of
HD in South Africa.
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