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Previous studies on gene mapping have firmly established variation in segments of the DNA 
structure amongst different population groups. SULT1A1 is one of four SULT1A genes that 
maps to the short arm of chromosome 16, and this area has been shown to contain many 
repetitive sequences and to be highly duplicated. Using the polymerase chain reaction 
(PCR)-based restriction fragment length polymorphism method, we set out to determine the 
SULT1A1 genotype and allele frequency distributions in the largest sample studied to date: 
a homogeneous South African Tswana population of 1867 individuals from the Prospective 
Urban and Rural Epidemiological (PURE) study, and found the SULT1A1*1 and SULT1A1*2 
alleles present at a frequency of 0.68 and 0.32, respectively. This finding corresponded with 
those obtained for the Black, Caucasian, and mixed-race South African groups reported in 
previous studies. Next, using a quantitative multiplex PCR method to estimate the SULT1A1 
gene number of copies in 459 subjects of our population, we discovered between one and 
five copies: 0.65% of the subjects had a single copy (allele deletion) and 60.14% of the subjects 
had three or more copies. Our findings correspond with an earlier study on a small African–
American group, but differ from those based on two Caucasian groups. Whereas the genotype 
distribution was comparable to the Caucasian groups, there was a significant difference in 
the number of copies, which indicated a genetic link between Tswana and African–American 
populations despite differences in cultural lifestyle associated with their geographical location. 

© 2011. The Authors.
Licensee: AOSIS 
OpenJournals. This work
is licensed under the
Creative Commons
Attribution License.

Introduction
Biochemical sulphation is part of the phase II detoxification metabolism in humans. Human 
cytosolic sulphotransferase (SULT) enzymes catalyse the sulphate conjugation of many 
exogenous substrates, such as drugs and some xenobiotics, but also endogenous substrates, 
such as thyroid hormones1 and neurotransmitters.2 This biotransformation process uses co-
substrate 3’-phosphoadenosine-5’-phosphosulphate to transform the substrates to water-soluble 
compounds through catalysis by sulphotransferase enzymes,3,4 giving rise to the sulphonated 
product and the 3’-phosphoadenosine 5’-phosphate.5 This reaction usually is effective in 
rendering the xenobiotic compound less biologically active and stable enough to be excreted 
from the body.2 However, the reaction sometimes plays a role in the bioactivation of xenobiotics.6 
Population studies on SULT1A1 polymorphisms have been extensive, as it has been shown that 
compromised sulphonation of xenobiotics by the less active SULT1A1*2 enzyme may predispose 
an individual to cancer, especially in combination with other risk factors such as advanced age,  
smoking and a poor diet.2,6,7,8,9,10,11,12,13 

The genotype distribution covers only a partial aspect of genetic diversity; the copy number 
variation should also be considered. The study of human genetic variation at the DNA level 
constitutes a major challenge,14,15 ranging from large, microscopically visible chromosome 
anomalies to single nucleotide changes.16 Deletions, insertions, duplications and complex multisite 
variants,16,17,18 collectively termed copy number variations (CNVs) or copy number polymorphisms 
(CNPs), are found in all humans.19 Often, CNPs and CNVs are associated with disease, and also 
with the evolution of the genome itself and have been observed for a number of genes encoding 
drug metabolising enzymes.20 The extent to which large duplications and deletions contribute to 
human genetic variation and diversity is largely unknown.19 The dominating type of variation 
explored so far in the genome has been single nucleotide polymorphisms (SNPs), overshadowing 
the issue of CNPs (gains and deletions).15 The importance of genotype distribution of the 
SULT1A1 gene is well documented. However, studies carried out previously on South 
African subjects contained individuals from different population groups (Black and mixed-
race groups)21 and only a limited number of cases were included in a study on Nigerian and 
African–American groups.7,11 We set out to observe the SULT1A1 genotypes and CNPs in a 
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South African Tswana population group. In this study, we 
aimed to provide complementary details to the recently 
published comprehensive study on the genome of a single 
individual, Archbishop Emeritus Desmond Tutu, from the 
Sotho–Tswana population group.22 

Materials and methods
Subjects
This investigation forms part of an international study, 
the Prospective Urban and Rural Epidemiological (PURE) 
programme, which is a prospective cohort study that tracks 
changing lifestyles, risk factors and chronic disease using 
periodic standardised data collected in urban and rural 
areas of 16 countries in transition (developing countries). 
Full details of the PURE study were published on behalf 
of all participating scientific groups.23 Ethical approval to 
participate in the South African component of the PURE 
(PURE-SA) study was obtained from the North-West 
University Ethics Committee (reference approval number 
04M10). A total of 2010 apparently healthy African volunteers 
of Tswana ancestry gave informed consent to participate in the 
baseline study of PURE-SA in 2005 (1002 were from an urban 
setting around Potchefstroom and 1008 were from three rural 
villages ~450 km from Vryburg en route to Botswana). The 
South African population is quite heterogeneous in terms of 
ethnic and societal characteristics. The experimental group 
may, however, be regarded as relatively homogeneous, as 
all participants were of the same ethnic group and complied 
with the PURE definition of a community as ‘a group of 
people who have common characteristics and reside in a 
defined geographical area’23.
 

DNA isolation from blood
Blood was collected intravenously into vacutainer tubes 
containing ethylenediaminetetraacetic acid (EDTA). Sufficient 
blood was available for the successful DNA analysis of 1867 
of the original 2010 experimental subjects of the PURE study. 
The FlexiGene DNA kit (Qiagene, Hilden, Germany) was 
used to isolate DNA from blood. DNA was quantified using 
a Nano-Drop ND 1000 UV/Vis Spectrophotometer (Nano-
DropTechnologies, Wilmington, DE, USA) and was kept at 
–20 °C until further use.

SULT1A1 genotyping 
Genotypes for the SULT1A1*2 polymorphism (Arg213His, 
rs9282861) were carried out by using a set of primers, 
5’-GTT GGC TCT GCA GGG TTT CTA GGA-3’ (forward) and 
5’-CCC AAA CCC CCT GCT GGC CAG CAC CC-3’ 
(reverse), which were designed to amplify a region in an 
intron flanking exon VII as described by Coughtrie et al.7 The 
primers did not contain a restriction enzyme recognition site. 
Amplification of DNA was performed in a 50-µL incubation 
mixture comprising 10 pmol of each primer, 200 µM dNTPs, 
2 mM MgCl2, 1 unit GoTaq (Promega, Madison, WI, USA), 
DNA polymerase, ~100 ng of genomic DNA and 1X Flexi 

buffer (Promega, Madison, WI, USA). Initial denaturation 
was at 94 °C for 5 min. This initial denaturation was followed 
by 39 cycles of denaturation (at 94 °C for 30 s), annealing 
(at 63.4 °C for 30 s) and extension (at 72 °C for 30 s). The 
final extension was at 72 °C for 10 min. PCR performed 
under these conditions results in the specific amplification of 
a 333-bp fragment of DNA which includes exon VII of the 
SULT1A1 gene. PCR reaction products (5 µL) were digested 
with 2 units of HaeII (New England BioLabs, Ipswich, MA, 
USA) restriction enzyme for 90 min at 37 °C in a 20 µL reaction 
mixture containing 1X NEBuffer 4 (pH 7.9; New England 
BioLabs, Ipswich, MA, USA) and 100 µg/mL bovine serum 
albumin. After digestion, 9 µL of digestion product was 
resolved on 3% (w/v) agarose gel for 1 h in a 1X TAE buffer 
(made in-house) (pH 8.5). The 333-bp fragment yielded two 
fragments of 168 bp and 165 bp, after digestion with HaeII. 

The wildtype allele frequency distribution was calculated 
according to Snyder et al.24 Allele frequency of AA = [(2 x 
AA) + AH]/2 x N and HH = 1 – AA. Where AA (Arg/Arg) is 
the total cases of SULT1A1*1 form, AH (Arg/His) is the total 
cases of the SULT1A1*1/*2 form, HH (His/His) is the total 
cases of SULT1A1*2 form and N is the total number of cases. 

SULT1A1 gene copy number
Because of the high costs of copy number analysis, not all 
1867 PURE samples could be analysed for this part of the 
study. Hence, a proportional stratified sample of 459 was 
selected to investigate SULT1A1 gene CNP. The stratification 
was based on gender, area and genotype. The SULT1A1 copy 
number was estimated by calculating the height and area 
ratio of the 212 bp amplicon of SULT1A1 to the reference 
208 bp amplicon of SULT1A2 as described by Hebbring 
et al.20 The set of PCR primers used were designed, as per 
Hebbring et al.20, to co-amplify a 212-bp fragment within 
exons 2 and 3 of SULT1A1 and a 208-bp fragment within 
exons 3 and 4 of SULT1A2. In this case, SULT1A2 was used 
as an internal control for copy number. Amplification of the 
required DNA fragments from ~25 ng genomic DNA was 
performed in a 25-µL incubation mixture comprising 0.4 µM 
each of SULT1/2 forward (5’-6FAM/TCA CCG AGC TCC 
CAT CTT-3’), SULT1/2 reverse (5’-GTTT GGG GCA GGT 
GTG TCT TCAG-3’), Factor V forward (5’-6FAM/ATG GAC 
TTC CAC ATT AGG GAC-3’) and Factor V reverse (5’-GTTT 
GAA GGT AGT GGA TTC TCC ATCA-3’) primers; 200 µM 
dNTPs; 2 mM MgCl2; 1 unit GoTaq DNA polymerase and 
1X Flexi buffer (pH 9.0). Initial denaturation was at 95 °C for 
10 min. This was followed by 29 cycles of denaturation (at 
95 °C for 30 s), annealing (at 58 °C for 30 s), and extension (at 
72 °C for 30 s). The final extension was at 72 °C for 10 min. 

PCR product (1 µL) was diluted a 100X with high-
performance liquid chromatography–grade purified water, 
and 1 µL of this dilution was added to a 9-µL mixture of Hi-
Di formamide and GeneScan 500 LIZ size standard (15 µL 
LIZ size standard for every 1 mL of Hi-Di formamide; 
both Applied Biosystems, Foster City, CA, USA) in a PCR 
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microtitre well plate. After loading samples, the plate was 
incubated at 94 °C for 5 min (denaturation). Thereafter the 
microtitre well plate was centrifuged at 1500 rpm for 30 s at 
room temperature, and the samples were analysed further in 
a Hitachi 3130xl genetic analyser (Applied Biosystems, Foster 
City, CA, USA) according to the conditions recommended 
by the manufacturer. The peak heights between 100 and 
7500 (arbitrary units) were accepted as the minimum and 
maximum (samples whose peak heights were higher than 
7500 were re-analysed but diluted 150X, and samples whose 
peak heights were lower than 100 were re-analysed but 
diluted 75X). The samples were analysed in duplicate.

Statistical analyses
If Χ1, Χ2 and Χ3 

indicate the number of times each of 
these genotypes are observed over the n trials, then 
Χ = (Χ1, Χ2, Χ3) follows a multinomial distribution with 
parameters n and π = (π1, π2, π3), where π1, π2 and π3 are the 
true (population) occurrence probability of the three genotypes 
and π1 + π2 + π3 = 1. The estimates of these probabilities were 
calculated and the method proposed by Goodman25 was used 
to construct the 95% simultaneous confidence intervals for 
π = (π1, π2, π3). Chi-square dependency tests were also performed 
to determine if the distribution of the copy number differed 
between Caucasian and African populations. Histograms 
and bar charts are used for graphical presentation. SPSS 
version 18,26 Statistica version 9,27 R28 and Excel29 statistical 
software programs were used for the statistical analyses.

Results
SULT1A1 genotyping 
The SULT1A1 gene is one of the three closely related 
sulphotransferase genes located on chromosome 16p11.2-
12.1.8,30 Digestion does not take place with DNA fragments 
amplified from SULT1A1 alleles harbouring the CGC→CAC 
polymorphism at codon 213, as this alters the restriction site 
recognition sequence for HaeII (Figure 1). The wildtype, 
heterozygous and homozygous genotype groups were found 
to be 43.76%, 47.13% and 9.11% with 95% simultaneous 
confidence intervals given as [41.03; 46.52], [44.38; 49.90] 
and [7.63; 10.83], respectively. The wildtype allele frequency 
distribution was found to be 0.68 for the Tswana group. 

Copy number estimation
The distribution of the calculated SULT1A1/1A2 ratio values, 
which was used to estimate the number of SULT1A1 gene 
copies, is shown in Figure 2. The copy number estimation in 
459 subjects was as follows: 0.65% demonstrated a deletion 
within the SULT1A1 gene (which had one copy), and 60.14% 
had three or more copies, with 95% simultaneous confidence 
intervals given as [0.17; 2.55] and [48.83; 74.00], respectively 
(Table 1). It has been shown that CNV is highly replicable and 
that biallelic CNVs may present in various classes, ranging 
from simple to complex profiles. 
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FIGURE 1: An electrogram showing representative results of a polymerase chain 
reaction-based restriction fragment length polymorphism assay to indicate the 
mutation in exons VII of SULT1A1. The genotypes represented are 1A1*1/*1 
(both alleles are wildtype), 1A1*1/*2 (one allele is wildtype and the other is a 
mutant), 1A1*2/*2 (both alleles are mutants), a 400-bp ladder and a blank (no 
template). 

Discussion
The SULT1A1*2 allele contains a non-synonymous 
polymorphism and has been extensively reported to occur in 
individuals in various populations (Table 2).7,9,10,11,21,31,32,33 We 
used PCR-based restriction fragment length polymorphism, 
a method known to observe the SULT1A1 genotype 
distribution in a much bigger (1867), homogeneous South 
African population group. Availability of nearly 2000 
samples from a well-defined profile for each participating 
individual brought with it uniqueness to this study. From 
the results presented in Table 2 there seems to be a distinct 
pattern that populations follow, depending on ancestry. 
Asian populations show a much higher wildtype genotype 
frequency when compared to the rest, therefore showing a 
much lower mutant allele frequency compared to Caucasian 
populations and African populations. A previous study by 
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Cann et al.34 on mitochondrial DNA concluded that genetic 
lineage for human origins is in Africa, although the argument 
is complex, as noted in the study on the genome of the 
southern African Khoisan and Bantu.22

A study by Dandara et al.21 focused on mixed-race and 
Black South African populations. Their Black subjects were 
mainly Xhosa-speaking, and came originally from either the 
Transkei area of the Eastern Cape or from the Western Cape. 
The mixed-ancestry individuals are a mix of nationalities 
resulting from gene flow amongst Black South Africans, 
Western Europeans, the San, the Khoikhoi, Indonesians and 
Malaysians who settled in the Cape from the 17th century 
onwards. The homozygous genotype (Table 2) in mixed-race 
populations compares relatively closely to the Black South 
African population but differs to that obtained for the Tswana 
population. SULT1A1*2 polymorphism has consequences for 
the sulphonation of drugs and carcinogens. 

We calculated 95% simultaneous confidence intervals for 
this study, as well as for the findings from previous studies 
(Table 2). This calculation gives lower and upper limits that 
can be used as a guide to how close the findings are to the 
true distribution of the population. In general, larger sample 
sizes produce lower and upper limits that are closer together. 

Copy number polymorphisms are found in all humans19; 
results from previous studies are summarised in Table 3. 
From the results shown in Table 3, we can conclude that the 

two Caucasian groups and the two African groups do not 
differ in distribution. This lack of difference was verified by 
using a Chi-square dependency test, which produced p-values 
of 0.651 and 0.72 for the Caucasian and African groups, 
respectively. We subsequently pooled the Caucasian groups 
and the African groups to test for a difference in distribution 
between the Caucasian and African groups, which revealed 
a p <0.001. This pooled distribution is presented graphically 
in Figure 3.

These copy number findings confirm results from a much 
smaller African–American study, and suggests a possible 
genetic link between the African Tswana and the heritage of 
the African–Americans. The number of copies demonstrated 
by each subject does not seem to be conditioned by geography, 
but could be hereditary.

Copy number variations influence gene expression, 
phenotypic variation and adaptation by disrupting genes 
and altering gene dosage, and can cause disease, as in 
microdeletion or microduplication disorders, or confer risk to 
complex disease traits. CNVs often represent an appreciable 
minority of causative alleles at genes at which other types 
of mutation are strongly associated with specific diseases. 
Furthermore, CNVs can influence gene expression indirectly 
through position effects, predispose to deleterious genetic 
changes, or provide substrates for chromosomal change 
in evolution.16,35 Because many CNVs include genes that 
result in differential levels of gene expression, CNVs may 
account for a significant proportion of normal phenotypic 
variation.36,37

Information on SNPs and CNPs clearly has a clinical 
significance. Several studies have established that 
interindividual and interethnic polymorphic differences 
are important in responses to factors like chemical exposure 
and drug treatment, and often relate to the detoxification 
ability of individuals.38,39 In this regard, it has been shown 
that the SULT1A1 polymorphism has been associated with 

TABLE 1: The number and percentage of subjects with one or more SULT1A1 
copies and the 95% simultaneous confidence interval distribution of the 
SULT1A1 copy number.
SULT1A1 copy 
number

Number of 
subjectsa

Percentage of 
total

95% Simultaneous 
confidence interval

1 3 0.65 [0.17; 2.55]
2 182 39.65 [33.96; 45.64]
3 174 37.91 [32.29; 43.87]
4 85 18.52 [14.31; 23.63]
4+ 15 3.27 [1.71; 6.16]
a, Per copy number variation group.

TABLE 2: SULT1A1 genotype (mean [95% confidence interval]) and allele frequencies in previously studied populations. 
Population Genotype Allele frequency

SULT1A1*1 SULT1A1*1/*2 SULT1A1*2 n SULT1A1*1 SULT1A1*2 Number of 
chromosomes 

testedMean 95% CI Mean 95% CI Mean 95% CI

Caucasian7 46.7 [39.9; 53.7] 42.3 [35.6; 49.3] 10.9 [7.3; 16.1] 293 0.679 0.321 586
Caucasian11 35.2 [29.0; 41.9] 46.8 [40.1; 53.6] 18.1 [13.4; 23.9] 310 0.585 0.415 620
Caucasian10 39.9 [35.5; 44.6] 45.5 [40.9; 50.1] 14.6 [11.6; 18.1] 666 0.627 0.373 1332
Caucasian31 47.7 [38.2; 57.3] 37.1 [28.3; 46.8] 15.2 [9.5; 23.5] 151 0.662 0.338 302
Japanese9 69.2 [59.4; 77.6] 28 [20.0; 37.7] 2.8 [0.9; 8.3] 143 0.832 0.168 286
Chinese32 83.3 [78.6; 87.2] 14.3 [10.7; 18.9] 2.4 [1.1; 4.8] 426 0.905 0.095 852
Japanese33 70.9 [59.3; 80.3] 25.2 [16.5; 36.6] 3.9 [1.3; 11.4] 103 0.835 0.165 206
Nigerian7 53.9 [37.8; 69.2] 38.5 [24.2; 55.0] 7.7 [2.5; 21.3] 52 0.731 0.269 104
African–American11 49.5 [37.5; 61.5] 44.1 [32.5; 56.4] 6.5 [2.5; 15.4] 93 0.715 0.285 186
Black South African21 46.5 [37.7; 55.6] 33.1 [25.2; 42.2] 20.4 [14.0; 28.6] 172 0.631 0.369 344
Mixed-ancestry South 
African21

55.3 [43.1; 66.9] 30.9 [20.8; 43.1] 13.8 [7.4; 24.4] 94 0.707 0.293 188

Tswana (present study) 43.8 [41.0; 46.5] 47.1 [44.4; 49.9] 9.1 [7.6; 10.8] 1867 0.673 0.327 3734

Note: Please see the full reference list of the article, Mbongwa HP, Pretorius PJ, Kruger A, Koekemoer G, Reinecke CJ. Single nucleotide and copy number polymorphisms of the SULT1A1 gene in a 
South African Tswana population group. S Afr J Sci. 2011;107(11/12), Art. #395, 6 pages. http://dx.doi.org/10.4102/sajs.v107i11/12.395, for more information.
CI, confidence interval.
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an increased risk of breast and oesophageal cancers.21,31,40 
Hebbring et al.20 have documented the presence of a common 
gene duplication or deletion event in SULT1A1. It was shown 
that individuals carrying additional copies of SULT1A1 
represented ‘rapid sulphators,’ whilst those with fewer 
copies were considered to be ‘slow sulphators’ when the 
SULT1A1 enzyme activity was tested on liver and platelet 
homogenates. We are currently investigating the activity 
of SULT1A1 enzyme activity on platelet homogenates. 
Preliminary results suggest that an increase in copy number 
benefits individuals of all SULT1A1 genotypes in terms of 
sulphation abilities. The pharmacogenetic implications of 
differences in SULT1A1 gene dosage might help explain 
individual differences in drug toxicity and/or efficacy in the 
clinical setting (Hebbring et al.20). 

Conclusion
Our results on the SULT1A1 allele frequency distribution 
and copy number estimation per individual were from the 
largest and most well-defined population group studied 
thus far and provide data for a comparative view on the 
SULT1A1 SNPs and CNPs between different population 
groups (i.e. Tswana, Black and mixed-race). Our findings, 
together with those by Dandara et al.21 on Black and mixed-
race South Africans, bring new information on the SULT1A1 
allele frequency distribution regarding South African 

TABLE 3: Frequency of the SULT1A1 copy number differences (mean [95% confidence interval]) in four population study groups.
Group of 
populations

Study n Percentage presence of the allelic form
1 allele 2 alleles 3 alleles 4 alleles >4 alleles

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI
Caucasian Caucasian–American20 362 4.7 [2.6; 8.5] 69.6 [63.1; 75.4] 21.0 [16.0; 27.0] 3.6 [1.8; 7.1] 1.1 [0.3; 3.6]

Caucasian–Norwegian 
female breast cancer 
patients31

151 5.3 [2.2; 12.2] 64.9 [54.5; 74.1] 21.9 [14.5; 31.6] 6.0 [2.6; 13.0] 2.0 [0.5; 7.5]

African African–American20 99 0.0 [0.0; 6.3] 37.4 [26.0; 50.3] 37.4 [26.0; 50.3] 21.2 [12.6; 33.4] 4.0 [1.2; 12.6]
South African Tswana 
(present study)

459 0.7 [0.2; 2.6] 39.2 [33.5; 45.2] 40.3 [34.6; 46.3] 16.3 [12.4; 21.3] 3.5 [1.9; 6.4]

Note: Please see the full reference list of the article, Mbongwa HP, Pretorius PJ, Kruger A, Koekemoer G, Reinecke CJ. Single nucleotide and copy number polymorphisms of the SULT1A1 gene in a 
South African Tswana population group. S Afr J Sci. 2011;107(11/12), Art. #395, 6 pages. http://dx.doi.org/10.4102/sajs.v107i11/12.395, for more information.
CI, confidence interval.
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populations. Identification of susceptible genes facilitates 
our understanding of the disease process and helps in the 
discovery of improved medicines and therapeutic regimens 
to match the target population.20,41 Also, our findings further 
correspond with those of an earlier study on a small African–
American population in the USA, but differ from those on 
two Caucasian populations. Whereas the allele frequency 
distributions were comparable in the Caucasian population 
and our population, there was a significant difference in 
the number of copies, indicating a genetic link, despite 
differences in cultural lifestyle associated with geographical 
location.
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