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Abstract

Our knowledge of pharmacogenetic variability in diverse populations is scarce, especially in sub-Saharan

Africa. To bridge this gap in knowledge, we characterised population frequencies of clinically relevant
pharmacogenetic traits in two distinct South African population groups. Ve genotyped 21| tagging single
nucleotide polymorphisms (tagSNPs) in 12 genes that influence antiretroviral drug disposition, in 176 South
African individuals belonging to two distinct population groups residing in the Western Cape: the Xhosa

(n = 109) and Cape Mixed Ancestry (CMA) (n = 67) groups. The minor allele frequencies (MAFs) of eight
tagSNPs in six genes (those encoding the ATP binding cassette sub-family B, member | [ABCB/], four members
of the cytochrome P450 family [CYP2A7PI, CYP2CI8, CYP3A4, CYP3A5] and UDP-glucuronosyltransferase |
[UGTIAI]) were significantly different between the Xhosa and CMA populations (Bonferroni p < 0.05). Twenty-
seven haplotypes were inferred in four genes (CYP2CI8, CYP3A4, the gene encoding solute carrier family 22
member 6 [SLC22A6] and UGT/AI) between the two South African populations. Characterising the Xhosa and
CMA population frequencies of variant alleles important for drug transport and metabolism can help to establish
the clinical relevance of pharmacogenetic testing in these populations.
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Introduction

The field of pharmacogenomics aims to utilise the
genetic composition of an individual to personalise
therapeutic regimens and improve treatment out-
comes. Most of the initial examples of the clinical
utility of pharmacogenomics were elucidated for
cancer treatments. Currently, however, there are
more than 15 drugs used in the treatment of a

variety of chronic diseases, such as cardiovascular
disease, HIV/AIDS and seizures, for which the US

Food and Drug Administration (FDA) recommends
or requires pharmacogenomic testing to prevent
drug-related toxicity or improve drug efficacy.’ The
increase in the number and breadth of drugs for
which pharmacogenetic tests are recommended or
required by the FDA is an indication of the impor-
tant role that genetics plays in predicting treatment
outcomes.

In order for pharmacogenetic testing to have the
most impact in as many people possible, it is
important to understand which genetic variants are

© HENRY STEWART PUBLICATIONS 1479-7364. HUMAN GENOMICS. VOL 5. NO 4. 265-282 MAY 201 |

265

PRIMARY RESEARCH



PRIMARY RESEARCH

Ikediobi et al.

predictive of treatment outcomes in diverse popu-
lations. Most pharmacogenetics studies to date have
been conducted in a limited number of population
groups, most frequently in Western European and
North American Caucasians. As a result of these
limitations, genotype-to-phenotype correlates of
drug response or toxicity for a number of drugs are
clinically applicable in relatively few treated individ-
uals.  Furthermore, pharmacogenetic  profiles
characterised in Caucasians are often extrapolated
for use and interpretation in other populations, in
spite of at least two major problems with this
method. First, it is clear that the population fre-
quency of variants can differ markedly between
populations, such as Caucasians. The differences in
population frequencies of variant alleles has an
impact on the clinical utility of pharmacogenetic
testing, being more utilised in populations with a
higher frequency of the variant allele than in popu-
lations in which the variant allele is rare. Secondly,
ethnically specific variants exist in non-Caucasian
populations which are more predictive of treatment
outcomes than those identified in Caucasians. For
example, although the UGT1A1*28 polymorphism
is predictive of toxicity to the anticancer drug,
irinotecan, in Caucasians, the UGT1A1*6 poly-
morphism is more predictive of irinotecan toxicity
in Asians.” Such ethnically specific variation is not
currently taken into account in most commercially
available pharmacogenetic tests or on FDA drug
labels.

African populations are among the most geneti-
cally diverse in the world.? In spite of this diversity,
very few pharmacogenetics studies have been con-
ducted in African populations. In fact, it is docu-
mented that there is inter-ethnic variability in
pharmacogenetic traits between African popu-
Although the HapMap
Project has included three African populations, the
Yoruba of Nigeria and the Maasai and the Luhya of
Kenya, the population genetics of these three
groups cannot represent the remaining populations

lations.* International

in West and East Africa, or other populations living
in Southern Africa. In order to achieve the goal of
personalised medicine and individualisation of
therapy in Africa, it is important carefully and

systematically to study pharmacogenetic traits in as
many  distinct
possible.

African population groups as

To bridge gaps in pharmacogenetic mapping in
African populations, especially those residing in
Southern Africa, this study prioritises the genotyp-
ing of 211 single nucleotide polymorphisms (SNPs)
in 12 genes known to affect drug absorption, trans-
port and metabolism in the Xhosa and Cape
Mixed Ancestry (CMA) populations living in the
Western Cape, South Africa. These genes are rel-
evant for the pharmacokinetic disposition of a
number of medications, including those used for
the treatment of HIV infection, which is having a
devastating impact in the region. The Xhosa popu-
lation is indigenous to the Eastern Cape of South
Africa, is the second largest ethnic group in South
Africa and comprises approximately 17.6 per cent
(~8 million) of the South African population.’
The CMA population is known to have the highest
rate of admixture worldwide, including mixes of
European, African, South Asian and Indonesian
ancestry, and comprises 8.9 per cent (~4 million)
of the South African population.”

In this study, we characterised and examined
differences in the minor allele frequency (MAF)
estimates of pharmacogenetic alleles between the
Xhosa and CMA populations. Secondly, we charac-
terised haplotypes of the pharmacogenetic genes in
both the Xhosa and CMA groups, and, finally, the
MAF estimates we obtained for the Xhosa and
CMA were compared with the HapMap estimates
for other African, US and Asian populations. Taken
together, these data should help lay the foundation
for future pharmacogenetics studies in other South
African populations, as well as the eventual use of
pharmacogenetic testing, where clinically relevant,
for the South African population.

Materials and methods

Study design

Written the collection,
storage and extraction of genomic DNA was
obtained in English, Afrikaans or Xhosa from 176
unrelated HIV-positive South Africans.® The DNA

informed consent for
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belonged to 109 Xhosa and 67 CMA individuals.”
Ethnicity was determined by self-report. This study
was approved by the individual Committees on
Human Research at Stellenbosch University, South
Africa and the University of California,
San Francisco, USA.

Measurements

Two hundred and eleven tagging SNPs (tagSNPs)
in 12 genes (Supplementary Table S1) that are
important for drug absorption, transport and
metabolism of antiretrovirals and other medications
were selected using Snagger software.® This soft-
ware takes into account different population fre-
quencies of SNPs, as reported in HapMap, to
generate a representative list of SNPs.® Because
little is known about South African population
genetic substructure and polymorphisms, HapMap
Phase I, build 36 was used to select tagSNPs infor-
mative across all four population samples (ie
Caucasian, Yoruba, Japanese and Han Chinese). In
this manner, the likelihood of selecting for markers
that may be informative in the Xhosa and the
CMA populations is increased. Other SNPs were
force-included based on their clinical pharmacoge-
netic relevance, as reported in the literature. All
SNPs were included on a custom SNP genotyping
array and DNA samples genotyped using the
[Mlumina GoldenGate Assay kit (Illumina, Inc., San
Diego, CA, USA).

Statistical analyses

Call rates, MAF and Hardy—Weinberg disequili-
brium test p values were calculated using the R
package. Chi-squared tests were used to test for
Hardy—Weinberg disequilibrium. When
observed numbers were present for one or more
genotype groups, Fisher’s exact test was applied.
Association analyses were performed using the
co-dominant genetic model to report on SNPs

small

with significantly different frequencies between the
Xhosa and CMA groups. The significance criterion
was set at a Bonferroni-corrected p value <0.05. In
order to improve the quality of the genotype data,
the SNP call rate was required to meet or exceed

90 per cent. The MAF of SNPs retained for associ-
ation tests was required to meet or exceed 5 per
cent in the Xhosa.

The R package, haplo.stats, was used to infer
haplotypes. A sliding window haplotype association
test was performed for each SNP represented in a
given gene. This
haplotypes and an outcome. Given an ordered (by
chromosomal locations) set of markers (1, 2, 3,...,n),
sliding windows of overlapping haplotypes are tested
in sequence (ie for window size = 3, markers 1-2-3
are treated as a single haplotype, then markers 2-3-4
are treated as a single haplotype, then markers
3-4-5, etc.). Haplotypes of varying sizes (2-, 3-,
4-SNP haplotypes) are assessed within each gene for
this dataset. This haplotype test also assessed the
identified  haplotypes
outcome (in our case, ethnicity), as previously
described by another group.”

tests for assocliation between

association  between and

Results
Study population
Our study population consisted of 176

HIV-positive, unrelated South African individuals,
aged 21 and older. There were 109 Xhosa individ-
uals, consisting of 79 females and 30 males, and 67
CMA individuals, consisting of 35 females and 32

males.

Comparison of SNPs between the Xhosa and
CMA populations

Six of the 12 genes studied (those encoding the
ATP binding cassette (ABC) sub-family B, member
1 [ABCBI1], cytochrome P450 [CYP] 3A45,
UDP-glucuronosyltransferase 1 [UGT1A1],
CYP2C18, CYP3A4 and CYP2A7P1), in descend-
ing order of significance, contained at least one
tagSNP that differed statistically between the Xhosa
and the CMA populations (Table 1). The tagSNP
results are presented in descending order of statisti-
cal significance (Table 1). Among the six genes,
the MAF of eight of the 211 genotyped SNPs
were statistically difterent between the Xhosa and
the CMA, with the greatest difference found for
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Table |. Significantly different TagSNPs in the Xhosa and CMA populations
Gene rsID Minor Xhosa CMA Bonferroni
allele MAF MAF p value

ABCBI rs13233308 T 0.01 0.18 1.77E-05
CYP3A5 rs4646450 © 0.03 0.17 0.004
UGTIAI rs7572563 G 0.14 0.32 0.011
CYP2CI8 rs2860840 T 0 0.09 0.015
CYP3A4 rs2738258 G 0.35 0.17 0.026
CYP2A7PI rs| 1666982 G 0.22 0.43 0.028
UGTIAI rs4148329 T 0.21 0.41 0.045

ABCBI rs1202184 A 0.1 0.26 0.046

CMA, Cape Mixed Ancestry; MAF, minor allele frequency; rsID, ref SNP number ID.

the ABCB1 SNP (rs13233308) (p = 1.77E-05;
Table 1) and least difference found for ABCBI1
SNP (rs1202184) (p = 0.0459).

CYP3A5 SNP (rs4546450) occurred at a fre-
quency of 0.03 in the Xhosa and 0.17 in the CMA
(p = 0.00393). Two SNPs in UGT1A1 were found
to be statistically significantly different between the
Xhosa and the CMA. The first SNP in UGT1A1
(rs7572563) occurred at a frequency of 0.14 in the
Xhosa and 0.32 in the CMA (p = 0.0108) and the
second SNP in UGT1A1 (rs4148329) occurred at
a frequency of 0.21 in the Xhosa and 0.41 in the
CMA population (p = 0.0445). One SNP in
CYP2C18 (rs2860840) 1is wundetected in the
Xhosa but occurred at a frequency of 0.09 in the
CMA (p=0.0148). A single SNP in CYP3A4
(rs2738258) occurred at a frequency of 0.35 in the
Xhosa and 0.17 in the CMA (p = 0.0263). A SNP
in CYP2A7 (rs11666982) occurred at a frequency
of 0.22 in the Xhosa and 0.43 in the CMA (p =
0.0279).

Haplotype analysis

Based on the genotyped tagSNPs, haplotypes were
constructed for each of the 12 genes. There were
no identifiable haplotypes in the Xhosa and the
CMA in the following genes: ABCB1, ABCC2,
CYP2A7P1, CYP2B6, CYP2C19, CYP2D6,
CYP3A5 or CYP3A7, however, haplotypes were

identified in the gene encoding solute carrier
family 22 member 6 (SLC22A46), CYP2C1S,
CYP3A4 and UGT1AT1 (Table 2).

A total of four haplotypes were identified in the
SLC22A6 gene. The four-SNP TAGG haplotype
of SCL22A6 was found to occur at a significantly
different frequency in the Xhosa (0.19) and in the
CMA (0.05) (p = 2.7E-04; Table 2). In CYP2C18,
a total of three haplotypes were identified. The
four-SNP AAGC haplotype of CYP2C18 occurred
at a frequency of 0.40 in the Xhosa and 0.25 in the
CMA (p=3.0E-03). A total of seven haplotypes
were identified in CYP3A4, which included the
*1B SNP (rs2740574; Table 2). Six of the seven
CYP3A4 haplotypes were significantly difterent in
terms of the population frequency between the
Xhosa and the CMA. The four-SNP haplotype of
CYP3A4 which differed the most between the
groups was the GCAG haplotype, which occurred
at a frequency of 0.04 in the Xhosa, compared with
0.22 in the CMA population (p= 3.3E-05;
Table 2).

A total of ten haplotypes in UGT1A1 were
identified. Unlike the other genes, two difterent
haplotype blocks were identified in UGT1A1. One
of the UGT1AT1 haplotype blocks consisted of four
SNPs, composed of five haplotypes. Two of the
four SNP haplotypes were significantly difterent in
frequency between the Xhosa and CMA South
African populations (Table 2).
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Table 2. Inferred haplotypes in the Xhosa and CMA populations

MAF

Gene Haplotypes Xhosa CMA p Value
SLC22A6 rs6591722 rs4149170 rs12293966 rs955434

T G A G 0.467 0.514 0.370

T A A A 0.233 0.199 0.460

T A G G 0.192 0.051 0.000

A G A G 0.082 0.147 0.091
CYP2CI8 rs7085563 rs| 1188067 rs2860840 rs1326830

T A G C 0.448 0.496 0.310

A A G C 0.403 0.258 0.003

T G G C 0.143 0.087 0.095
CYP3A4 rs2738258 rs7801671 rs2740574 rs7811025

G A G G 0.127 0.290 0.003

G A G A 0.227 0.092 0.008

A © G G 0.180 0.084 0.014

G A A G 0.144 0.150 0.019

G C A G 0.049 0.224 3.30E-05

A A G G 0.100 0.079 0.140

A A G A 0.076 0.007 0.003
UGTIAI rs8330 rs4148329 rs1500482 rs4663972

G A A A 0.206 0417 3.00E-05

G G A G 0.247 0.082 5.40E-05

G G A A 0.151 0.223 0.091

C G G G 0.183 0.156 0.520

© G A A 0.201 0.119 0.052

rs2003569 rs887829 rs28900396

G A A 0.353 0.365 0.820

G G A 0.129 0.330 5.20E-06

A G A 0.177 0.154 0.640

A G G 0.189 0.054 0.000

G G G 0.149 0.094 0.110

CMA, Cape Mixed Ancestry; MAF, minor allele frequency
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The second UGT1AT1 haplotype block consisted
of three SNPs, composed of five haplotypes. Two
of the three SNP haplotypes were found to be sig-
nificantly different in frequency between the Xhosa
and the CMA (Table 2). The most significant hap-
lotype difference was the GGA haplotype of
UGT1A1, which occurred at a frequency of 0.12
in the Xhosa and 0.33 in the CMA (p = 5.2E-06).

Comparison of SNPs between South African,
the HapMap African, US and Asian
populations

A comparison of the MAF of 35 pharmacogenetic
SNPs with known functional or clinical associations
m 10 genes (ABCB1, ABCC2, CYP2Be,
CYP2C18, CYP2C19, CYP2D6, CYP3A4,
CYP3A5, CYP3A7 and UGT1AT1) in the Xhosa
and CMA populations is presented in Table 3. The
MAF of the SNPs do not differ statistically between
the Xhosa and CMA populations, except for
CYP3A5 rs4646450 (p = 0.00393) and CYP2C18
152860804 (p = 0.0148).

Table 3 also shows a comparison between the
allele frequencies obtained in the two distinct
South African population groups in our study and
available reports for other African populations, of
which most data are known for the Yoruba from
Nigeria and most recently the Maasai and the
Luhya tribes of Kenya. In addition, the table dis-
plays a comparison of the allele frequencies in the
African populations with other diverse populations
in the USA and Asia.

Discussion

In this study, we analysed the allelic variation of
211 tag SNPs in 12 genes that are important in
drug disposition and treatment outcome in two
South African population groups: the Xhosa and
the CMA. We identified both single SNPs and
haplotypes which occurred at significantly difterent
frequencies in the two populations.

In most sub-Saharan African countries, HIV/
AIDS comprises one of the top socioeconomic and
health burdens. It is estimated that 25 per cent of
the adult population living in Southern Africa is

infected with HIV, with an incidence of approxi-
mately 18 per cent in South Africa alone.'” Given
the high incidence of HIV/AIDS in South Africa,
the greatest impact
initially be made by improving treatment outcomes
on antiretroviral therapy (ART).

In terms of the pharmacogenetic relevance of
the ABC family of transporter genes, the evidence
of their role in predicting HIV treatment-related

of pharmacogenetics may

toxicity is inconclusive. The presence of the
ABCB1 3435T allele is associated with a decreased
risk of hepatotoxicity in HIV patients treated with

11,12 .
** There is no

either efavirenz or nevirapine.
conclusive evidence of the clinical significance of
the ABCB1 1236C > T allele, however, although
it appears minimally to affect the kinetics of
the immunosuppressant drug cyclosporine.'”
Both efavirenz and nevirapine, which are non-
nucleoside  reverse  transcriptase  inhibitors
(NNRTIs), are currently used in first-line treat-
ment regimens of HIV-infected individuals in
South Africa.'* Therefore, it would be important
to assess the importance and contribution of the
ABCB1 variant alleles to drug-related toxicity
with these NNRTIs. Parathyras ef al. studied the
association between a number of variants of
ABCB1 and immune recovery in South Africans
treated with ART and found no association
the well-known 3435T allele
immune recovery;’ however, an association was

found between the ABCB1 G2677A SNP and
immune recovery in this study.” Based on the

between and

results of the present study, it would be interesting
to investigate whether there is an association
between the two ABCBI1 tagSNPs (rs13233308
and rs1202184) found to be significantly different
between the Xhosa and CMA populations and
Immune recovery.

According to the South African Department of
Health, the current second-line ART regimen
should include the anchoring agent lopinavir and
ritonavir.'* Therefore, pharmacogenetic traits of
CYP3A4 and CYP3A5 may have an impact on the
treatment outcome of second-line therapy. As pro-
tease inhibitors are both substrates and inhibitors of
CYP3A, however, the influence of CYP3A gene
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variation on ART treatment outcomes is difticult
to discern'> — although the CYP3A4*1B variant
allele is associated with variability in the pharmaco-
kinetics inhibitor 1o
In fact, homozygotes for the *1B variant have a
lower bioavailability of indinavir than heterozygotes

of the protease indinavir.

and homozygotes for the *1A common allele.'®
Similarly, the common allele of CYP3A5 A6986G
is associated with increased clearance of indinavir.'’
Similar association studies should be carried out to
the contribution of CYP3A variants to
response or exposure to lopinavir in the South

assess

African population. It would be interesting to assess
the influence of the CYP3A5%6 variant that results
in a loss-of-function of the CYP3A5 enzyme on
lopinavir exposure and treatment outcome in South
Africans, as this allele is more common in people
of African descent than in Caucasians
Asians.'®'” The variant occurred at a frequency of
0.2 in the Xhosa and 0.17 in the CMA populations
in the present study. In addition, the influence of
the CYP3A4 SNP (rs2738258) and CYP3A5 SNP
(rs4646450), both found to be statistically signifi-
cantly different between the Xhosa and CMA in
the present study, on lopinavir exposure and treat-
ment outcome should be investigated.

The single SNPs and haplotype structures inferred
for the Xhosa and the CMA populations in the
UGT1A1 gene could be used more accurately to
stratify the two populations in order to perform phar-

and

macogenetic association studies. The South African
HIV treatment guidelines changed in April 2010, and
first-line ART. Now includes tenofovir in addition to
either nevirapine or efavirenz and lamivudine.'*
Although both lamivudine and tenofovir are only
nominally affected by CYP enzymes, they are glucur-
onidated in the liver and excreted unchanged
through the kidneys."” Therefore, studies could be
designed to assess the impact of UGT1A1 SNPs
(rs7572563 and rs4148329) and haplotypes on treat-
ment outcomes of antiretroviral drugs that may
undergo glucuronidation prior to excretion, such as
tenofovir. It would make sense initially to genotype
SNPs of the UGT1A1 haplotype with known func-
tional alleles such as the UGTI1A1*93 or the
rs887829 SNP both of which have been associated

with hyperbilirubinaemia,”>" and assess their impact
on the response to tenofovir.

It 1s clear that there are differences in the MAF
of key pharmacogenetic alleles in South African
populations compared with other African popu-
lations (Table 3). Of particular interest, the loss of
function CYP2B6*18 variant allele is thought to
occur most frequently in West African populations,
with a reported MAF of 0.04.*> In the present
study, however, we find that it occurs at a frequency
of 0.17 in the Xhosa and 0.09 in the CMA popu-
lations, compared with a reported frequency of
0.07 in the Luhya and 0.02 in the Maasai popu-
lations (Table 3). The CYP2B6 gene plays an
important role in the metabolism of two of the
first-line ART drugs used in South Africa: efavir-
enz and nevirapine. The CYP2B6%¥18 SNP is the
only coding SNP in CYP2B6.>> The variant is
associated with elevated plasma concentrations of
efavirenz and nevirapine and hepatotoxicity in HIV
patients from Mozambique treated with either
drug.>*"?® To our knowledge, the present study is
the first report on the MAF of the CYP2B6*18
variant in the Xhosa and the CMA populations.
Given that efavirenz and nevirapine are both first-
line treatment agents in this region, further investi-
gation of the association between CYP2B6 null
variant alleles in South
African populations is warranted. Such findings
have important implications for the incidence of

and adverse reactions

adverse reactions to efavirenz and nevirapine in
different African populations.

The current study is the first of its kind systema-
tically to characterise tagging and clinically relevant
pharmacogenetic SNPs in the two South African
populations; however, there are inherent limitations
to our analyses. First, as this was a purely descriptive
study, there are no associations made with any
disease (eg HIV) or treatment outcomes; however,
this work lays the foundation for the future study of
such associations. Secondly, whereas the sample size
of the Xhosa sample is adequate, the sample size of
the CMA population is modest and it is possible
that lower frequency alleles could not be detected
in this group. Thirdly, the frequency of SNPs typed
in this study were previously characterised in other
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populations and therefore we cannot rule out the
presence of novel SNPs for which we did not test
in the Xhosa and CMA populations, such as those
recently reported in CYP2C19 and CYP2D6 in
these populations.”*’ Fourthly, the haplotypes
inferred are limited by the sample size of our popu-
lation and there may be others that remain to be
identified. Lastly, 12 genes that are known to be
associated with treatment outcomes in HIV infec-
tion were characterised but there are likely to be
more genes that remain to be studied.

Conclusion

To our knowledge, this is the largest pharmacoge-
netics study of two distinct South African population
groups. Our work shows that there are significant
differences in the frequencies of variant alleles in
several genes (ABCBI1, CYP2A7P1, CYP2C18,
CYP3A4, CYP3A5 and UGT1A1) associated with
treatment outcome in the Xhosa and the CMA
populations of South Africa. It also shows that for the
majority of SNPs analysed, there is great similarity in
allele frequency between the two groups. Such work
is of great importance for laying the foundation for
ethnicity-specific genotype-to-phenotype correlates
of treatment outcome for these various enzyme poly-
morphisms and their drug substrates. Importantly, we
also identified novel haplotype structures in four
genes (CYP2C18, CYP3A4, SLC22A6 and
UGT1A1) in the two distinct South African popu-
lations. The haplotypes could be used, in addition to
single SNPs, to more accurately stratify patient groups
according to ethnicity and to aid in identifying associ-
ations between causative variants and drug response.
It 1s clear from this work and that of others that
not all African groups share the same allele fre-
quencies genes.™’
Therefore, it is important that studies such as this is
performed in as many populations as possible, to

of key pharmacogenetic

generate the most useful information on the clinical
application of pharmacogenetics for these specific
populations. Caution is advised in using a single
African population in pharmacogenetics studies
since it cannot be representative for all Africans.
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Table SI. Minor allele frequencies (MAF) of 211 tagging single nucleotide polymorphisms (SNPs) in the Xhosa and Cape Mixed Ancestry

(CMA) populations

Gene

ABCB/
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCB/
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCB/
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCB/
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCB/
ABCBI
ABCBI

ABCBI

SNP

rs2229109
rs1202185
rs10233247
rs2235046
rs4148743
rs2373589
rs6946119
rs10275831
rs1858923
rs2235033
rs2157926
rs1922242
rs2032588
rs10267099
rs7787082
rs4148740
rs1211152
rs7796247
rs1202175
rs1922241
rs6465118
rs4728705
rs13229143
rs6950978
rs1202172
rs4148732
rs10274587
rs3789243

rs4437575

Minor
allele

o » » o0 0o 4 6o >» >» >» o0 » » 0 60 6 >» 4 49 60 60 > o0 >» >» > 0 60 >

Call
rate

CMA

0.0
0.187
0.075
0.254
0.41
0.373
0.067
0.037
0.239
0.463
0.537
0.448
0.127
0.09
0.396
0.179
0.0
0.037
0.187
0.216
0.224
0.134
0.239
0.0
0.351
0.0
0.134
0.396

0418

MAF

Xhosa

0.0
0.216
0.101
0.211
0.358
0.339
0.041
0.05
0.128
0.472
0413
0.491
0.197
0.11
0317
0.142
0.0
0.05
0.216
0.193
0.229
0.133
0.124
0.0
0.362
0.0
0.128
0.372

0.353

HWE p value
CMA Xhosa
NA NA
0.789 0.242
2.22E-16 0.0
0.84 0.624
0.248 0.691
0.0551 0.297
0.556 0.653
0.751 0.579
0.428 0.863
0.25 0.898
0.0328 0.574
0.779 0.629
0.931 0.453
0.421 0.197
0.0048 0.0708
0.48 0.532
NA NA
0.751 0.579
0.789 0.242
0.535 0.52
0.652 0.493
0.826 0.44
0.428 0.772
NA NA
0.505 0.776
NA NA
0.826 0.304
0.205 0.0968
0.881 0.557
Continued
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Table S1. Continued

Gene

ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI
ABCBI

ABCBI

SNP

rs4728709
rs4728707
rs2032583
rs17149866
rs 1882479
rs1055302
rs12334183
rs10264990
rs17149699
rs1882478
rs10248420
rs10236274
rs3213619
rs10225473
rs17327442
rs17149792
rs1202169
rs6949448
rs1202184
rs4148745
rs1002205
rs17327624
rs120218l
rs2235023
rs4148734
rs13233308
rs1045642
rs4148738

rs7779562

Minor
allele

o o 4 >» » » o0 > O >» > > 0 > >» 0 60 60 > 0 > 0 0 > 0 0 0 > O

Call
rate

0.994
0.994
0.994
0.994
0.994
0.994
0.994
0.989

0.983

CMA

0.522
0.209
0.187
0.03

0.119
0.231
0.246
0.299
0.284
0.425
0.448
0.254
0.224
0.127
0.478
0.119
0.261
0.187
0.269
0.127
0.276
0.209
0.187
0.269
0.067
0.182
0.205
0.194

0.4

MAF
Xhosa

0.408
0.188
0.147
0.028
0.106
0.33

0317
0.275
0.321
0.399
0413
0.289
0.193
0.119
0.459
0.266
0.225
0.151
0.106
0.138
0.292
0.185
0.213
0.333
0.032
0.018
0.11

0.164

0.444

HWE p value
CMA Xhosa
0.108 0.261
0.0306 0.928
0.591 0618
2.22E-16 0.0
0.959 0.0698
0.687 0.211
0.202 0.395
0.25 0.902
0.713 0917
0.289 0.0243
0.00595 0.339
0.136 0.327
0.652 0.977
0.931 0.186
2.22E-16 0.0
0.959 0.529
0.718 0.781
0.591 0.708
0919 0.218
0.309 0.39
0.947 0.025
0.956 0.85
0.789 0.276
0919 1.0
0.174 0.728
0.328 0.845
0.349 0.754
0.683 0.922
0.179 0.153
Continued
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Table S1. Continued

MAF HWE p value
Gene SNP Minor Call CMA Xhosa CMA Xhosa
allele rate
ABCBI rs9282564 G 0.977 0.008 0.0 0.95 NA
ABCBI rs1080807| G 0.977 0.164 0.194 0.0379 0.0732
ABCBI rs2235041 A 0.977 0.077 0.126 0.282 0.256
ABCBI rs2235074 NA 0.665 NA NA NA NA
ABCBI rs1002204 NA 0.119 NA NA NA NA
ABCC2 rs2073337 G | 0.403 0.491 0.34 0.387
ABCC2 rs7476245 A | 0.097 0.092 0.606 0.0167
ABCC2 rs8187707 A I 0.082 0.083 0.374 0.347
ABCC2 rs17216282 G I 0.194 0.161 0.248 0.198
ABCC2 rs8187674 G I 0.045 0.055 0.701 0.543
ABCC2 rs2180989 © I 0.276 0317 0.586 0.684
ABCC2 rs| 1595888 A | 0.0 0.0 NA NA
ABCC2 rs4148396 A | 0.321 0.303 0.537 0.997
ABCC2 rs4148399 © I 0.045 0.133 0.701 0.44
ABCC2 rs4148398 A I 0.187 0.101 0.591 0.907
ABCC2 rs17112266 A | 0.052 0.078 0.652 0.377
ABCC2 rs7067971 G | 0.201 0.138 0.832 0.39
ABCC2 rs2804398 A | 0.269 0317 0.469 0.684
ABCC2 rs3740065 G | 0.313 0.445 0.812 0.822
ABCC2 rs3740063 A | 0.5 0.477 0.903 0.647
ABCC2 rs2273697 A | 0.187 0.11 0.591 0.101
ABCC2 rs7898096 A | 0.09 0.211 0.421 0.0702
ABCC2 rs2002042 A 0.994 0.201 0.185 0.832 0.408
ABCC2 rs2756109 A 0.983 0.47 0.448 0.691 0.779
ABCC2 rs4148391 T 0.977 0.0 0.0 NA NA
ABCC2 rs717620 T 0.898 0.04 0.037 0.743 0.709
ABCC2 rs8187710 NA 0.341 NA NA NA NA
ABCC2 rs2756112 NA 0 NA NA NA NA
CYP2A7PI rs7250597 A | 0.082 0.165 0.464 0.499
Continued
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Table S1. Continued

Gene

CYP2A7PI
CYP2A7PI
CYP2A7PI
CYP2Bé
CYP2Bé
CYP2Bé
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2Bé
CYP2Bé6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2B6
CYP2Bé
CYP2Bé
CYP2B6
CYP2B6
CYP2B6
CYP2B6

CYP2B6

SNP

rs7249735
rs7255146
rsl 1666982
rs1042389
rs8192719
rs28399499
rs35773040
rs35303484
rs2279345
rs7260329
rs3211371
rs16974799
rs7255374
rs36060847
rs8100458
rs2113103
rs35979566
rs36079186
rs34223104
rs2279342
rs8192712
rs2054675
rs3745274
rs| 1882450
rs4803417
rs6508963
rs34097093
rs2306606

rs2279343

Minor
allele

o » » 0O 6 0O 60 60 » 606 6 >» » 60 > > > O > > 60 > 6 > 0 > > 0O

Z
>

Call
rate

0.994

0.994

0.994
0.994
0.994
0.983

0.983

CMA

0.06
0.227
0.433
0.231
0.306
0.09
0.0
0.0
0.216
0.209
0.0
0.306
0.366
0.0
0.336
0.261
0.0
0.0
0.007
0.015
0.03
0.306
0.231
0.06
0.159
0.007
0.0
0.201

NA

MAF
Xhosa

0.092
0.339
0.227
0.271
0.317
0.174
0.0

0.0

0.161
0.106
0.0

0.335
0.399
0.0

0.252
0.151
0.0

0.0

0.005
0.018
0.009
0.339
0.202
0.079
0.115
0.023
0.0

0.184

NA

HWE p value
CMA Xhosa
2.22E-16 0.0
0.774 0.128
0.471 0.161
0.0138 0.633
0.464 0.0294
2.22E-16 0.0
NA NA
NA NA
0.18 0.398
0.956 0.218
NA NA
0.464 0.0694
0.614 0.18
NA NA
0.394 0.136
0.104 0.0626
NA NA
NA NA
0.951 0.962
0.901 0.845
0.801 0.923
0.464 0.0514
0.0138 0.00829
0.603 0.66
0.0321 0.683
0.951 0.805
NA NA
0.0389 0.0203
NA NA
Continued
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Gene

CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI8
CYP2CI9
CYP2CI9
CYP2CI9
CYP2CI9
CYP2CI9
CYP2CI9
CYP2CI9
CYP2D6

CYP2D6

CYP3A4

CYP3A4

CYP3A4

CYP3A4

CYP3A4

Ikediobi et al.
MAF HWE p value
SNP Minor Call CMA Xhosa CMA Xhosa
allele rate
rs| 1188059 A | 0.03 0.0 0.801 NA
rs932809 A | 0.224 0.248 0.801 0.5
rs12243416 A | 0.09 0.151 0.421 0.711
rs1326830 A I 0.067 0.0 0.174 NA
rs7896133 A I 0.201 0.202 0.832 0.128
rs2296680 A | 0.209 0.234 0.956 0.277
rs2296684 A | 0.067 0.119 0.174 0.682
rs2860840 A | 0.09 0.005 0.421 0.962
rs10509675 A | 0.09 0.151 0.421 0.711
rs1409656 G | 0.112 0.151 0.302 0.708
rs7917985 A I 0.157 0.266 0.551 0.889
rs7085563 A 0.994 0.333 0.404 0.0648 0.058I
rs1010570 A 0.994 0.485 0.495 0.114 0.564
rs1409655 A 0.994 0.098 0.064 0.375 0.38
rs| 1188067 G 0.983 0.1 0.148 0.37 0.778
rs10509677 G | 0.022 0.014 0.851 0.884
rs4917623 G | 0.209 0.115 0.427 0.683
rs1322179 A | 0.201 0.211 0.832 0.509
rs12248560 A | 0.09 0.151 0.421 0.711
rs4244285 A | 0.201 0.22 0.832 0.339
rs7101258 C | 0.172 0.183 0.378 0.395
rs7915414 A 0.994 0418 0.44 0.0309 0.966
rs5758589 A I 0.321 0.335 0.537 0.339
rs9623531 G 0.983 0.408 0.338 0.259 0.151
rs4986910 G | 0.0 0.0 NA NA
rs28371759 G | 0.0 0.0 NA NA
rs17161829 A | 0.09 0.22 0.421 0.0669
rs7801671 C | 0.328 0.284 6.29E-05 3.33E-05
rs|7161886 @ I 0.104 0.252 0.34 0.0455
Continued
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Table S1. Continued

Gene

CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A5
CYP3A5
CYP3A5
CYP3A5
CYP3A5
CYP3A7
CYP3A7
CYP3A7
CYP3A7
SLC22A6
SLC22A6
SLC22A6
SLC22A6
SLC22A6
SLC22A6
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI

SNP

rs2687117
rs12333983
rs2740574
rs4986909
rs2738258
rs10267228
rs7811025
rs4987161
rs4646450
rs1419745
rs4646446
rs10224569
rs10264272
rs10211
rs2687144
rs2687074
rs2687136
rs12293966
rs6591722
rs2276300
rs4149170
rs955434
rs10897310
rs4663972
rs28900396
rs4148323
rs3755319
rs10199882

rsl 1563251

Minor
allele

> » >» >» 0 >» O » >» » >» » 0 O 0 >» O >» >» > >» >

Z

A

o O >» > O O

Call
rate

0.994
0.983

0.983

0.994

0.989

0.994

0.591

CMA

0.172
0.433
0.425
0.0
0.172
0.306
0.159
0.0
0.172
0.433
0.104
0.194
0.179
0.522
0.53
0.164
0.508
0.082
0.149
0.0
0.284
0.22
NA
0.239

0.149

0.396
0.164

0.56

MAF
Xhosa

0.275
0.271
0.234
0.0
0.358
0.333
0.341
0.0
0.032
0.495
0.046
0.329
0.201
0.358
0.431
0.252
0.463
0.193
0.083
0.0
0.45
0.234
NA
0.431

0.339

0.261
0.156

0.44

HWE p value
CMA Xhosa
0.403 0.721
0.471 0.328
0.575 0.606
NA NA
0.00932 0.691
0.676 0.0833
1.54E-11 0
NA NA
0.0817 5.98E-09
0.00671 0.773
0.34 0.616
0.248 0.309
0.48 0.427
0.00101 0.663
0.0024 0.774
0.0508 0.295
0.0139 0.191
0.464 0.977
0.0158 0.112
NA NA
0.404 0.691
0.894 0.985
NA NA
0.143 0.621
0.625 0.142
NA NA
0.806 0.823
0.288 0.326
0.996 0.469
Continued
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Table S1. Continued

Gene

UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI
UGTIAI

Ikediobi et al.
MAF HWE p value
SNP Minor Call CMA Xhosa CMA Xhosa
allele rate
rs1018124 G | 0.09 0.087 0.421 0.836
rs4148328 A | 0.269 0.124 0.469 0.14
rs9784064 A | 0.119 0.197 0.267 0.0103
rs10929303 A I 0.299 0.381 0.0771 0.465
rs887829 A I 0.366 0.353 0.109 0.503
rs4148329 A | 0418 0.216 0.393 0.242
rs2003569 A | 0.209 0.367 0.125 0.269
rs7572563 G | 0.328 0.147 0.0741 0.0725
rs3771342 A | 0.164 0.165 0.00446 0.475
rs8330 C | 0.276 0.385 0.586 0.0907
rs28946889 A 0.994 0.0 0.0 NA NA
rs929596 G 0.994 0.333 0.312 0.14 0.0398
rs1500482 G 0.994 0.144 0.193 0.527 0.208
rs466397 | C 0.983 0.469 0.477 0.4 0.184
rs6431630 NA 0 NA NA NA NA

Abbreviations: Call rate, percentage of samples with a genotype; HWE, Hardy—Weinberg equilibrium; NA, no data available
*Grey boxes indicate SNPs with call rates <90 per cent
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