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Abstract 

Variations in genes encoding enzymes involved in the absorption, distribution, metabolism, 

and excretion (ADME) of drugs significantly influence drug response across populations. 

While pharmacogenetic studies in African populations have increased, they predominantly 

focus on drug metabolism genes, leaving drug transporter genes, such as SLCO1B1 (encoding 

gene for OATP1B1), underexplored. This gap is particularly critical as variations in SLCO1B1 

influence the response to drugs such as statins (cholesterol-lowering agents) and 

methotrexate (used in chemotherapy). This study aimed to characterize pharmacogenetic 

variation in SLCO1B1  across African populations. High-depth whole genome sequencing data 

(n=1080) from sub-Saharan African populations were analysed, drawing from datasets 

generated by the Human Heredity and Health in Africa (H3Africa) Consortium, the 1000 

Genomes Project and other collaborations. The StellarPGx pipeline was used for calling known 

SLCO1B1 star alleles (i.e. haplotypes and structural variants) and identification of potentially 

novel haplotypes. Variants were annotated using the Ensembl Variant Effect Predictor (VEP), 

and missense variants were further evaluated using structural bioinformatics (DDGun) and 

visualised on OATP1B1 using PyMOL to assess their potential functional and structural 

impacts. The study identified over 17 unique SLCO1B1 star alleles and five potentially novel 

haplotypes in sub-Saharan African populations. Star alleles such as *1 and *37, associated 

with normal function phenotypes, exhibited high frequencies in sub-Saharan African 

populations. Haplotypes containing missense variants were further analysed and nine of 

these haplotypes (*9, *15, *19, *20, *27, *28, *30, *31, *44), had negative Gibbs free energy 

scores, suggesting potential protein destabilisation. These findings underscore the 

importance of assessing African genomic diversity in pharmacogenomics research to refine 

drug-response predicJons and develop tailored genotyping panels. Characterizing SLCO1B1 

geneJc diversity in African populaJons lays a foundaJon for experimental and clinical 

funcJonal studies to assay the impact on response to staJns and other medicaJons with a 

view towards supporJng the broader applicaJon of precision medicine within African 

populaJons.  
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Literature Review 

Pharmacogenomics is a branch of precision medicine that explores how an individual’s 

genomic profile impacts their response to drugs (Ahmed et al., 2016; Klein et al., 2019; Roden 

et al., 2019).  VariaJons within ADME genes play an important role in drug responses (da 

Rocha et al., 2021). ADME proteins are typically classified as either phase I drug metabolisers 

(e.g. Cytochrome P450 enzymes), phase II drug metabolisers (e.g. N-acetyltransferases and 

Glutathione Transferases), drug transporters (SLC and ABC transporters), and modifiers (e.g. 

cytochrome P450 oxidoreductase), each playing a role in the pharmacokineJcs of various 

drugs (da Rocha et al., 2021; Klein et al., 2019). GeneJc variaJon in ADME genes can impact 

drug bioavailability, which is a funcJon of the rate of drug metabolism and transport across 

cells/Jssues (Schärfe et al., 2017). It is therefore understandable to project that funcJonally 

impacdul variaJon in these genes, collecJvely, shapes drug efficacy and safety across 

populaJons. 

Over the last two decades, parJcipants involved in pharmacogenomics studies have 

predominantly been of European or Asian descent (Li et al., 2023). Furthermore, 

pharmacogeneJc variaJon has been well characterised in drug metabolism genes such as 

cytochrome P450 genes. However, there is a lack of data on drug transporter-encoding genes, 

and the distribuJon of clinically relevant star alleles (haplotypes and structural variaJons) 

therein, parJcularly in African populaJons (Rajman et al., 2020). Star alleles are typically 

defined by various combinaJon (i.e. haplotypes) of small nucleoJde variaJons (SNVs; 

especially missense, frameship, stop gain/loss, splice site variants) and/or structural variants; 

and are represented by star (*) allele nomenclature (Gaedigk et al., 2021). For polymorphic 

pharmacogenes like CYP and SLC genes, two star alleles (one on each chromosome) make up 

an individual’s diplotype (e.g. SLCO1B1*1/*2). 

Given that allele frequencies of ADME gene variants tend to vary across different populaJons 

(Ahmed et al., 2016; Zhou et al., 2017) and African populaJons are known to have a higher  

geneJc diversity compared to other populaJons (Choudhury et al., 2017; da Rocha et al., 

2021) it is important to obtain an in-depth characterisaJon of the pharmacogenomic 

landscape in Africa. The solute carrier (SLC) transporters and the ATP-binding casse=e (ABC) 

transporters, comprise the two main drug transporter superfamilies (Lin et al., 2015). 

Understanding the distribuJon of common, rare, and novel star alleles and other forms of 
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geneJc variaJon in drug transporter genes is crucial for informing pharmacokineJc studies in 

Africa and the design of genotyping pladorms appropriate in the African context. Moreover, 

this informaJon can be included in pharmacogenomics databases (for further meta-analyses) 

that combine data across mulJple sources to idenJfy pa=erns in drug response, especially in 

underrepresented African-ancestry populaJons (Rajman et al., 2017). 

SLC transport genes 

SLC transporters are primarily involved in the uptake of small molecules into the cell (Lin et 

al., 2015). The SLC superfamily consists of 458 transporter proteins within 65 families. Their 

proteins are pivotal in drug absorpJon across cell membranes, distribuJon, and excreJon 

(Pizzagalli et al., 2021). Key SLC genes, where variants potenJally impacJng drug transport 

have been reported globally, include SLCO1B1, SLC10A1, SLC39A8, SLC22A1, and SLC22A6. 

In the African context, where geneJc diversity is high and pharmacogenomic data is scanty, 

exploring variaJons within SLC genes can establish novel African-ancestry variants that can 

impact drug transport, thereby contribuJng to a more comprehensive understanding of 

pharmacogenomics in understudied populaJons. 

SLCO1B1 

The SLCO1B1 gene is located on chromosome 12p12.1 and encodes the organic anion 

transporJng polypepJde 1B1 (OATP1B1) protein (Ramsey et al., 2023). OATP1B1 is a major 

hepaJc influx transport protein that facilitates the sodium-independent transport of organic 

ions across the cell membrane (Ciută et al., 2023). GeneJc variaJons within SLCO1B1 may 

result in decreased acJvity or abundance of the OATP1B1 protein, which can limit the hepaJc 

clearance of drugs, thereby increasing systemic exposure to drug substrates and causing 

adverse effects (Ramsey et al., 2023). Moreover, some geneJc variants have been found to 

increase gene expression and impact transport funcJon in a substrate-dependent manner 

(Neuvonen et al., 2021). The distribuJon of SLCO1B1 star alleles varies across different 

populaJons (Rajman et al., 2020). 

Over 49 SLCO1B1 star alleles have been catalogued by the Pharmacogene VariaJon 

ConsorJum (PharmVar) to date. This includes decreased funcJon star alleles such as *5, *15, 

*23, *31, and *46-*49, and increased funcJon alleles, SLCO1B1*14 and *20. DetecJng star 
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alleles/variants within these genes is essenJal as they encode transporter proteins involved 

in drug uptake and disposiJon, of drugs involved in the treatment of diseases such as diabetes 

and cardiovascular disorders (Ciută et al., 2023) that are prevalent in African populaJons (CDC, 

2023). For instance, variaJons in SLCO1B1 are linked to staJn-induced myopathy, a criJcal 

consideraJon in cardiovascular treatment (Voora et al., 2022) 

Other key SLC transport genes 

Generally, the frequency data across Africa for many SLCO1B1 star alleles are scarce, and 

recorded frequencies for alleles in African populaJons may be inaccurate due to the limited 

sample sizes There is evidence that variaJons in SLC genes besides SLCO1B1 can influence 

drug transport. For instance, SLC10A1 variants affect the transport of various drugs, including 

methotrexate and staJns, potenJally altering their efficacy and toxicity (Lin et al., 2015). 

SLC39A8 variants can influence the uptake of essenJal minerals and metals (Park et al., 2015), 

which has implicaJons for diseases such as hypertension, especially as magnesium and zinc 

contribute to regulaJng blood pressure (Chiu et al., 2021). Similarly, SLC22A1 and SLC22A6 

variants are associated with drug transport, affecJng medicaJons like medormin and 

anJretrovirals used for HIV treatment (Lozano et al., 2018). 

ABC transport genes 

Over 48 ABC genes have been idenJfied and are divided into seven subfamilies. ABC are efflux 

transporters and regulate the movement of drugs across the cell membrane (Bruckmueller 

and Cascorbi, 2021). 

ABCB1 

ABCB1 is a drug transporter gene located on chromosome 7q21.12 and spans 210 kilobases. 

This gene consists of 29 exons, and the first two exons form part of the promoter region, 

therefore regulaJng the expression of ABCB1 (Bruckmueller and Cascorbi, 2021). ABCB1 

encodes P-glycoprotein, also known as mulJ-drug resistance protein 1 (Sakurai et al., 2005). 

P-glycoprotein is an efflux transporter that plays an integral role in the bioavailability and 

clearance of drugs, such as chemotherapeuJc agents and rifampicin, an anJbioJc used to 

treat bacterial infecJons (Beloor Suresh et al., 2024). 
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A few studies in African populaJons have reported that variants in ABCB1 can contribute to 

altering drug responses to rifampicin and anJretroviral medicaJons, through influencing P- 

glycoprotein acJvity (Swart et al., 2012). Variants with these exisJng clinical annotaJons 

include ABCB1 rs2032582 c.2677G>T/A, rs1045642 3435C>T, and rs1128503 1236C>T, to 

name a few (Sissung et al., 2014). However, reports on the clinical relevance of ABCB1 variants 

regarding drug bioavailability largely remained unclear or conflicJng as most variants are 

listed as level 3 or level 4 in the Pharmacogenomics Knowledge Base (PharmGKB; 

h=ps://www.pharmgkb.org/gene). Moreover, adverse drug reacJons mediated by P- 

glycoprotein are usually because of drug-drug interacJons owing to its broad substrate 

specificity (Aszalos, 2007). Nonetheless, determining allele frequencies of rs2032582 and 

other variants in ABCB1 in African populaJons is important for understanding the geneJc 

landscape in drug transporter genes. These frequencies and novel variant discoveries could 

inform future genotyping efforts seeking to characterise the impact on African-ancestry 

ABCB1 variants on either drug disposiJon or disease suscepJbility. 

ABCG2 

The ABCG2 gene is found on chromosome 14q22 and consists of 16 exons and 15 introns, 

spanning 66 kilobases (Fohner et al., 2017). ABCG2 encodes Breast Cancer Resistance Protein 

(BCRP), which funcJons as an efflux transporter that has an influence on the pharmacokineJcs 

on various drugs such as staJns and anJbioJcs (Bruckmueller and Cascorbi, 2021). Therefore, 

variants in the BCRP can significantly alter protein funcJon and impact drug response. 

However, only rs2231142 c.421C>A has a PharmGKB level 1A annotaJon, owing to its effect 

on the bioavailability of staJns. The rs2231142 c.421C>A variant can reduce BCRP protein 

expression by 30 to 40%, leading to decreased acJvity in efflux from Jssues (Cooper-DeHoff 

et al., 2022). Consequently, this increases drug exposure in Jssues and plasma, impacJng both 

drug efficacy and toxicity. 

Allele frequencies for rs2231142 and other ABCG2 variants vary among populaJons, and they 

have been characterised predominantly in European-ancestry and Asian-ancestry populaJons 

(Bruckmueller and Cascorbi, 2021). However sufficient data on African populaJons have not 

been obtained (Radouani et al., 2020). Due to their high geneJc diversity, it is plausible that 

African populaJons may harbour novel funcJonally relevant ABCG2 variants. The paucity of 

ABCG2 allele distribuJon data for African populaJons warrants the need to analyse more 



                                                          xv 
 
 

African genomes to obtain a be=er insight into whether Africans might respond differently to 

staJns and other medicaJons considering the diversity in the pharmacogenomic variaJon 

landscape on the conJnent. 

Genotyping drug transporter genes is essenJal to be=er infer the potenJal pharmacokineJc 

profiles of several widely used drugs, and thus plays an important role in precision medicine 

and reducing adverse reacJons. Despite the geneJc diversity in African populaJons, there is 

a lack of data on the distribuJon of star alleles and other variant forms in drug transporter 

genes, SLC genes, ABCB1 and ABCG2 (Bruckmueller and Cascorbi, 2021; Lozano et al., 2018; 

Rajman et al., 2020). This causes difficulJes in predicJng phenotypes based on genotype and 

adjusJng drug dosage for opJmal therapy. 

Study raConale 

The increasing availability of high coverage whole genome sequence data through 

studies/consorJa such as the Human, Heredity and Health in Africa (H3Africa) ConsorJum 

Projects (Choudhury et al., 2020), has provided an opportunity for exploraJve 

pharmacogenomics research (da Rocha et al., 2021). Moreover, this is also facilitated by 

current reproducible pharmacogeneJc bioinformaJc pipelines, such as StellarPGx 

(Twesigomwe et al., 2021). Characterising pharmacogenomic variaJon in drug transporter 

encoding genes across Africa is an important component towards informing strategies such as 

the design of appropriate pharmacogeneJc tesJng panels and the design of ADME in vitro 

and in vivo funcJonal studies perJnent to African populaJons. Combining the use of high-

throughput sequence datasets from African populaJons and scalable bioinformaJcs 

tools/pipelines can catalyse the characterisaJon of known and potenJal novel star alleles in 

key drug transporter paving the way for more accurate pharmacogeneJc tesJng and informing 

funcJonal studies assessing the impact of novel African ancestry variaJon on drug response. 

Study focus 

Considering the Jmeframe of this MSc research project (3 months), the study focused on the 

SLCO1B1 gene to ensure a detailed and thorough analysis within the available period. This 

focused approach allowed for a comprehensive invesJgaJon into the gene's 

pharmacogenomic variaJons across African populaJons, providing meaningful insights while 

adhering to the project’s Jme constraints. 
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Abstract for Journal Submission 

IntroducCon: VariaJons in genes encoding drug absorpJon, distribuJon, metabolism, and 

excreJon (ADME) enzymes and transporters significantly influence drug response across 

populaJons. While pharmacogeneJc research in African populaJons has grown, most studies 

focus on drug metabolism genes, with limited exploraJon of drug transporter genes like 

SLCO1B1, which encodes the OATP1B1 hepaJc transporter. VariaJons in SLCO1B1 affect 

responses to widely used drugs, including staJns (cholesterol-lowering agent) and 

methotrexate (anJ-rheumaJc and chemotherapy). This underscores the need for 

comprehensive invesJgaJon of variaJon in SLCO1B1 especially in sub-Saharan African (SSA) 

populaJons, where there is extensive geneJc diversity and the burden of 

hypercholesterolemia and other non-communicable diseases is rising. 

Methods: This study analysed high-depth whole-genome sequencing data (n = 1080) from 

SSA populaJons, incorporaJng datasets from the Human Heredity and Health in Africa 

(H3Africa) ConsorJum, the 1000 Genomes Project, and other collaboraJons. The StellarPGx 

pipeline was used for calling SLCO1B1 star alleles (haplotypes and structural variants). Variants 

defining these star alleles were annotated using the Ensembl Variant Effect Predictor (VEP), 

and the structural and funcJonal impacts of missense variants were assessed using tools such 

as DDGun and PyMOL.  

Results: 17 known SLCO1B1 star alleles and eight potenJally novel ones were idenJfied in 

SSA. SLCO1B1*1 and *37, associated with OATP1B1 normal funcJon, were observed at high 

frequencies. Of the haplotypes analysed, nine (*9, *15, *19, *20, *27, *28, *30, *31, *44), 

had negative Gibbs free energy scores, suggesting potential protein destabilisation. 

Conclusion: These findings underscore the importance of assessing African genomic diversity 

in pharmacogenomics research to refine drug-response predicJons and develop tailored 

genotyping panels. Characterizing SLCO1B1 geneJc diversity in African populaJons lays a 

foundaJon for experimental and clinical funcJonal studies to assay the impact on response to 

staJns and other medicaJons with a view towards supporJng the broader applicaJon of 

precision medicine within African populaJons.  

Keywords: drug transporter genes, SLCO1B1, sub Saharan Africa 
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Introduc2on 

Pharmacogenomics (PGx) examines how geneJc variaJon affects drug response. The majority 

of PGx research over the years has focused on genes encoding proteins involved in drug 

absorpJon, distribuJon, metabolism, and excreJon (collecJvely known as ADME) (Ahmed et 

al., 2016; Klein et al., 2019; Roden et al., 2019).  GeneJc variants in ADME genes  can impact 

drug bioavailability, which is determined by the rate of drug metabolism and transport across 

cells and issues (Schärfe et al., 2017).  

While drug metabolism genes, such as those in the cytochrome P450 family, have been 

extensively studied, there remains a paucity of data regarding drug transporter genes. The 

main drug transporter genes belong to the solute carrier organic anion transporter (SLC) family 

and the ATP-binding casse=e (ABC) superfamily. GeneJc variaJon in these genes is collecJvely 

responsible for variability in response to medicaJons such as staJns (cholesterol-lowering 

agent), methotrexate (anJ-rheumaJc and chemotherapy), and warfarin (blood thinner), 

among other medicaJons. Herein, the sub-study presented is focused on the solute carrier 

organic anion member 1B1 (SLCO1B1). 

The SLCO1B1 gene (Figure 1), located on chromosome 12p12.1, spans 109 kilobases and 

consists of 15 exons (Ramsey et al., 2023). The ATG start codon is situated in exon 2, while 

exon 1 forms part of the 5’ untranslated region. This gene encodes the organic anion 

transporJng polypepJde 1B1 (OATP1B1) protein, a crucial hepaJc influx transporter 

responsible for the sodium-independent transport of organic ions across cell membrane (Ciută 

et al., 2023). Deleterious geneJc variants within SLCO1B1 can diminish the acJvity or 

abundance of OATP1B1, leading to impaired hepaJc drug clearance, increasing systemic drug 

exposure, and a heightened risk of adverse effects (Ramsey et al., 2023). Conversely, certain 

variants may enhance gene expression and modify transport funcJon in a substrate-

dependent manner (Neuvonen et al., 2021). These variants may affect the structure and/or 

funcJon of OATP1B1, which mediates the uptake and disposiJon of drugs commonly 

prescribed for widespread condiJons such as diabetes and cardiovascular disease (Ciută et al., 

2023) which are becoming increasingly common within African populaJons (CDC, 2023). For 

example, certain SLCO1B1 variants are associated with staJn-induced myopathy, an important 

consideraJon in cardiovascular treatment  (Voora et al., 2022).  
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Currently, the Pharmacogene Variation Consortium (PharmVar) has catalogued over 49 star 

alleles (Ramsey et al., 2023). SLCO1B1 star alleles (Figure 1b) are typically defined by 

combinations (i.e. haplotypes) of small nucleotide variants (SNVs), such as missense, 

frameshift, stop-gain/loss, and splice-site variants (Gaedigk et al., 2021; Ramsey et al., 2023). 

Furthermore, some star alleles are defined by structural variants, including copy number 

variants (CNVs i.e. deletions and duplications). An individuals diplotype consists of two star 

alleles, one inherited from each parent (e.g., SLCO1B1*1/*2). 

Figure 1: SLCO1B1 gene locus. (A) The SLCO1B1 locus on chromosome 12 includes SLCO1B1, 

SLCO1B3, SLCO1B7, and SLCO1A2. All genes except SLCO1A2 are transcribed from the posiJve 

strand (indicated by black arrows). (B) SLCO1B1 consists of 15 exons (purple boxes). Core 

variants defining *4, *5, *37, and *41 are indicated at their respecJve posiJons. (C) Structural 

variants (*48 and *49) are shown as blue lines represenJng major genomic rearrangements.  

(Created in BioRender. h=ps://BioRender.com/y60m086) 
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Despite the extensive geneJc diversity within African populaJons, there remains a significant 

gap in the distribuJon of star alleles and other variants in SLCO1B1, parJcularly in sub-Saharan 

Africa (SSA) (Li et al., 2023). The growing availability of high-coverage whole genome sequence 

(WGS) data through iniJaJves such as the Human, Heredity and Health in Africa (H3Africa) 

ConsorJum Projects (Choudhury et al., 2020) is opening doors to advancing 

pharmacogenomic research (da Rocha et al., 2021). This is further supported by reproducible 

bioinformaJc pipelines such as StellarPGx (Twesigomwe et al.,2021), which facilitates 

idenJficaJon of known and potenJally novel star alleles across WGS datasets.  

We hypothesize that the use of staJns and other drugs, transported by OATP1B1, is likely to 

increase over the next decade in SSA due to the increasing burden of hypercholesterolemia 

and other non-communicable diseases. Therefore, enriching pharmacogenomic databases 

with informaJon on SLCO1B1 variaJon in SSA is important for precision medicine in this 

context. This study aimed to characterize geneJc variaJon in  SLCO1B1 across diverse 

populaJons with a view towards informing future SLCO1B1-related pharmacogenomics 

research in the region. This was established by analysing the distribuJon of known 

pharmacogeneJc variants and star alleles in SLCO1B1, idenJfying novel funcJonal variants, 

and annotaJng and predicJng the funcJonal impact of rare and novel African-ancestry star 

alleles within SLCO1B1. 

Materials and Methods 

Ethics approval 

Ethics approval for this study was granted by the Human Research Ethics Commi=ee (HREC 

Medical) of the University of the Witwatersrand (protocol number: M240744). The data from 

all datasets was already deidenJfied. All analysis involving raw data was done on the ZA-Wits-

Core compuJng cluster (PI: Prof Sco= Hazelhurst). This sub-study falls under the parent study: 

CharacterisaJon of pharmacogene allelic variaJon in mulJ-ancestry populaJons and 

development of a novel diplotype calling algorithm (ethics clearance cerJficate number: 

M200993). 
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PopulaCon data 

High-coverage (30X) WGS data from 1080 SSA individuals was analysed from six data sources, 

namely the 1000 Genomes project (Byrska-Bishop et al., 2022), the Africa Wits-INDEPTH 

partnership for Genomics (AWI-Gen) dataset (Ramsay et al., 2016), Simons Genome Diversity 

Project (SGDP) (Mallick et al., 2016), the Southern African Human Genome Project (SAHGP) 

(Choudhury et al., 2017), the H3Africa-Baylor datasets (Choudhury et al., 2020) and the Cell 

Biology Research Lab (CBRL), which is associated with the NaJonal InsJtute of Communicable 

Diseases (NICD) and University of the Witwatersrand. The African ethnolinguisJc groups 

included in each dataset are summarised in Table 1.  

Whole-genome sequencing datasets (n=2000) from six global populaJons represented in the 

1000 Genomes Project were included in the study to compare SLCO1B1 star allele 

distribuJons in SSA with global populaJons. This comprised 347 admixed American (AMR) 

parJcipants, 61 Americans with African ancestry in South West, USA (ASW), 96 African 

Caribbean (ACB) parJcipants in Barbados, 503 European (EUR) parJcipants, 504 East Asian 

(EAS) parJcipants, and 489 South Asian (SAS) parJcipants.   

Table 1: sub-Saharan populaCon groups included in each dataset used in the study. 

Country/PopulaCon Primary project n 
Public datasets 

Gambian in Western Division, Madinka 
(GWD) 

1000 Genome Project 113 

Luhya in Webuye, Kenya (LWK) 1000 Genome Project 99 
Esan in Nigeria (ESN) 1000 Genome Project 99 
Yoruba in Ibadan (YRI) 1000 Genome Project 108 
Mende in Sierra Leone (MSL) 1000 Genome Project 85 
Various African ethnolinguisJc groups SGDP 31 

African genomes from African-based research projects/collaboraCons 
South-eastern Bantu (SEB) in South Africa AWI-Gen 100 
Burkina Faso  AWI-Gen; H3Africa-Baylor 33 
Ghana AWI-Gen; H3Africa-Baylor 26 
South Africa SAHGP 15 
South Africa CBRL (NICD, WITS) 85 
Cameroon  H3Africa-Baylor 50 
Benin H3Africa-Baylor 50 
Nigeria H3Africa-Baylor 49 
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Zambia H3Africa-Baylor 41 
Botswana H3Africa-Baylor 47 
Mali H3Africa-Baylor 50 

SGDP: Simon Genome Diversity Project; AWI-Gen: Africa Wits-INDEPTH partnership for Genomics; 
SAHGP: Southern African Human Genome Project; CBRL (NICD, WITS): Cell Biology Research Lab, 
NaKonal InsKtute of Communicable Diseases, University of the Witwatersrand 

SLCO1B1 star allele analysis and phenotype predicCon 

The StellarPGx pipeline (Twesigomwe et al., 2021) implemented in Nexdlow (Di Tommaso et 

al., 2017), was used to call SLCO1B1 star alleles. Briefly, StellarPGx uses GraphTyper 

(Eggertsson et al., 2017) to call SNVs from Binary Alignment Map (BAM) files. Before variant 

calling, Graphtyper realigns reads in a target region to a custom pangenome reference. A 

pangenome is created by augmenJng a standard linear reference (such as GRCh38) with 

known variants. Using this “variant-aware” reference, reduces common biases from 

tradiJonal linear reference genomes, resulJng in more accurate variant detecJon (Eggertsson 

et al., 2017). Variant genotypes and allele depth data based on the realignment are stored in 

Variant Call Format (VCF) files. For star allele assignment, StellarPGx matches the detected 

SNVs in VCF files to known star allele combinaJons in its database, which is primarily based 

on PharmVar-curated definiJons (h=ps://www.pharmvar.org/gene/SLCO1B1).  

To idenJfy structural variants like gene duplicaJons or deleJons, StellarPGx relies on read-

depth obtained using SAMtools depth (Li et al., 2009) to calculate a raJo between the target 

gene and the control genes (VDR and EGFR) to ascertain copy number changes. VDR and EGFR 

are used because they are relaJvely large and tend to have a stable copy number of two 

(MacDonald et al., 2014), probably owing to their biological importance. The raJo is then used 

to detect potenJal CNVs: a value significantly higher than 1 suggests gene duplicaJon, while 

a value significantly lower than 1 suggests a deleJon. These read-depth raJos are compared 

against thresholds based on expected values for stable genes, allowing StellarPGx to idenJfy 

copy number changes in SLCO1B1. The structural variant data are then combined with SNV 

allele depth informaJon from the VCF files to determine structural changes such as allele 

duplicaJons and/or deleJons. For samples with novel star alleles or suballeles StellarPGx 

includes a flag in the output; and suggests the closest known matching diplotype to facilitate 

manual variant inspecJon. An overview is shown on Figure 2. 
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SLCO1B1 drug transporter phenotype predicJons were made according to the diplotype-

phenotype translaJon informaJon from the Clinical Pharmacogenomics ImplementaJons 

ConsorJum (CPIC) guidelines (PharmGKB) (Cooper-DeHoff et al., 2022), as shown on 

Supplementary Table 2.  

 

Figure 2: Overview of the bioinformaCc analysis performed in this study. BAM: Binary 

Alignment Map; CPIC: Clinical Pharmacogenomics ImplementaJon ConsorJum; VEP: Ensembl 

Variant Effect Predictor 

Variant annotaCon and funcConal analysis 

Variant annotaCon 

All variants idenJfied in this study were annotated using Ensembl Variant Effect Predictor 

(VEP) (McLaren et al., 2016). In-silico predicJon tools including SIFT (Ng and Henikoff, 2003), 

Polyphen-2 (Adzhubei et al., 2013), LRT , CADD (Rentzsch et al., 2019), MutaJonAssessor (Reva 
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et al., 2011), PROVEAN (Y. Choi et al., 2012), and AlphaMissense (Cheng et al., 2023) were 

used to determine the funcJonal impact of SNVs and/or indels. A consensus funcJonal 

predicJon based on the scores from these tools and recommended parameters for ADME 

genes (Zhou et al., 2024) were obtained. This consensus was reached, when at least half of 

the in silico scores predicted a variant to be deleterious. 

FuncConal analysis on OATP1B1  

Structural bioinformaJcs tools were used to evaluate how SLCO1B1 missense variants impact 

the variaJon of the Gibbs free energy compared to a reference variant of the OATP1B1 

protein. This analysis is predicated on the hypothesis that alteraJons in protein structure due 

to these variants may provide insights into their potenJal effects on protein funcJon.  

PDB files for the AlphaFold and electron microscopy (EM) structures were obtained from the 

AlphaFold Protein Structure Database (Varadi et al., 2024) and the Protein Data Bank 

(h=ps://www.rcsb.org/structure/8HND), respecJvely (IdenJfiers: AF-Q9Y6L6-F1 and 8HND). 

The SLCO1B1 missense variants were analysed using DDGun (Montanucci et al., 2019), which 

facilitates the predicJon of the funcJonal impact of amino acid subsJtuJons by calculaJng 

changes in Gibbs free energy.  

Following the Gibbs free energy calculaJons, a linear regression analysis was performed for 

both the AlphaFold and EM scores to determine the relaJonship between the structural 

alteraJons and the energy changes associated with the variants. Finally, the variants were 

visualized and mapped using the PyMOL Molecular Graphics System (DeLano, 2002). 

StaCsCcal Analysis 

The summary output generated by StellarPGx was analysed to determine star allele and 

diplotype frequencies. To idenJfy significant differences in star allele frequencies among 

populaJons, Fisher's Exact Test was conducted. For the correcJon of mulJple comparisons, 

the false discovery rate (FDR) p-value adjustment for dependent observaJons was applied, 

following the Benjamini-YekuJeli method. Differences with p-values < 0.05 were considered 

staJsJcally significant. Furthermore, deviaJons from Hardy-Weinberg equilibrium were 

assessed using version 1.2.8.1.3 of the GeneJcs package h=ps://cran.r-

project.org/web/packages/geneJcs/index.html within R version 4.1.0. A p-value >0.05 

https://www.rcsb.org/structure/8HND
https://cran.r-project.org/web/packages/genetics/index.html
https://cran.r-project.org/web/packages/genetics/index.html
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indicated that the allele distribuJons were consistent with Hardy-Weinberg equilibrium 

expectaJons. 

Results 

In SSA, a total of 3,562 variants were identified in the SLCO1B1 gene, with 161 (4.5%) being 

novel variants. The distribution of these variants by type is shown in Figure 3. 

 

Star allele frequency distribuCons for SLCO1B1 

Seventeen previously known SLCO1B1 star alleles were idenJfied across SSA, with SLCO1B1*1 

and *37 being the most frequent (Tables 2 and 3). Both star alleles are associated with normal 

funcJon. SLCO1B1*1 was most prevalent among parJcipants from Ghana (n=26), with an 

allele frequency of 22.2%, and least common in parJcipants from Mali, at 7% (p-value = 

0.009408). In contrast, SLCO1B1*37 showed the highest allele frequency in parJcipants from 

Mali (77%) and the lowest allele frequency in parJcipants from Burkina Faso (50%, p-value = 

0.008932). Other star alleles observed in SSA generally had low frequencies, with some 

appearing only as singletons, including potenJally novel haplotypes (Tables 3 and 4). However, 

Figure 3: Breakdown of SLCO1B1 variants obtained from Ensemble VEP in SSA 

populaJons for this study. 
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no significant differences in star allele frequencies were observed between any of the SSA 

ethnolinguisJc groups in this study, as assessed using Fisher's exact test. AddiJonally, all-star 

alleles tested showed no significant deviaJons from Hardy-Weinberg Equilibrium, suggesJng 

the absence of underlying selecJon. 

Potential copy number variants (CNVs) were detected in samples from South Africa 

(*20/*37x2, *37/*37x2, *41/*37x2) and Ghana (*37/*37x2). (Supplementary Figure 1). 

However, due to the limited data available, these findings remain inconclusive. Further 

analysis and additional data are needed to confirm the presence and impact of these potential 

CNVs as well as their contribution to pharmacogenomic variability in these populations. 

The frequency of SLCO1B1*1 in SSA was significantly lower compared to global populaJons 

(Table 3), such as in European parJcipants (56.7%, p-value = 1.08x10-15 ) and Admixed-

American parJcipants (50.3%, p-value = 1.62x10-15 ). In contrast, SLCO1B1*37 showed similar 

frequencies in SSA and East Asian populaJons (62.4%, p-value = 2.94x10-16). A relaJvely high 

allele frequency for SLCO1B1*37 was also observed in African-American/Afro-Caribbean 

populaJons (46.2%). Although other star alleles generally had low frequencies in SSA, they 

were sJll comparaJvely higher than those observed in global populaJons, albeit not 

significantly so. 



 10 

Table 2: SLCO1B1 star allele frequencies in SSA and across global populaCons 

      Allele Frequencies (%) 
Haplotype rsID of defining 

variant(s) 
Variant alleles 

( NG_011745.1) 
Protein 
change 

Consequence CPIC FuncAon SSA 
n=1080 

EUR 
n=503 

EAS 
n=504 

SAS 
n=489 

ASW/ 
ACB 

n=157 

AMR 
n=347 

*1     Normal 14.4 56.7 22.9 42.2 19.1 50.3 
*4 rs11045819 g.50686C>A P155T Missense Indeterminate 0.3 0.1 0 0 0 0.1 
*5 rs4149056 g.52422T>C V174A Missense No funcAon 0 2.8 0 0.5 0 1.9 
*9 rs59502379 g.79806G>C G488A Missense No funcAon <0.1 0 0 0 0 0 
*14 rs2306283 

rs11045819 
g.50611A>G 
g.50686C>A 

N130D 
P155T 

Missense 
Missense 

Increased funcAon 2.8 14.2 0.3 2.8 3.8 9.7 

*15 rs2306283 
rs4149056 

g.50611A>G 
g.52422T>C 

N130D 
V174A 

Missense 
Missense 

No funcAon 0.8 12.9 11.9 3.7 5.1 11 

*16 rs2306282 g.50675A>G N151S Missense Indeterminate 0 0 0.4 0 0 0 
*19 rs34671512 g.112849A>C L643F Missense Indeterminate 0.2 0.3 0 2.5 0 0 
*20 rs2306283 

rs34671512 
g.50611A>G 
g.112849A>C 

N130D 
L643F 

Missense 
Missense 

Increased funcAon 7.9 4.7 0.5 2 7 4.3 

*24 rs2306283 
rs11045852 

g.50611A>G 
g.70758A>G 

N130D 
I245V 
 

Missense 
Missense 

Indeterminate 0 0 0 3.9 0.3 0 

*27 rs2306283 
rs59113707 

g.50611A>G 
g.76362C>G 

N130D 
F400L 

Missense 
Missense 

Indeterminate 5.3 0 0 0 4.5 0.6 

*28 rs2306283 
rs11045852 
rs11045853 

g.50611A>G 
g.70758A>G 
g.70783G>A 

N130D 
I245V 
R253Q 
 

Missense 
Missense 
Missense 

Indeterminate 0.1 0 0 0 0.3 0 

*29 rs2306283 
rs140790673 

g.21329738A>G 
g.21392092C>T 

N130D 
S682F 

Missense 
Missense 

Indeterminate 0 0 0.2 0 0 0 

*30 rs2306283 
rs79135870 

g.50611A>G 
g.21331891A>G 
 

N130D 
I222V 

Missense 
Missense 

Indeterminate 0 0 0 0 1.9 0 
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*31 rs2306283 
rs59502379 

g.50611A>G 
g.79806G>C 

N130D 
G488A 

Missense 
Missense 

No funcAon 4.2 0 0 0 3.8 0.3 

*32 rs2306283 
rs11045819 
rs11045852 
 
 

g.50611A>G 
g.50686C>A 
g.70758A>G 
 

N130D 
P155T 
I245V 
 

Missense 
Missense 
Missense 

Indeterminate 0 0 0 0.2 0 0 

*37 rs2306283 
 

g.50611A>G 
 

N130D 
 

Missense Normal 63.2 8 62.4 42 47.1 21.2 

*38  g.50678G>A R152L Missense Indeterminate <0.1 0 0 0 0 0 
*39 rs2306283 

rs183501729 
 

g.50611A>G 
g.70782C>T 

N130D 
R253X 
 

Missense 
Stop gain 

Indeterminate 0 0 0.2 0 0 0 

*40 rs4149056 
rs34671512 

g.52422T>C 
g.112849A>C 

V174A 
L643F 

Missense  
Missense 

Indeterminate 0 0.1 0 0 0 0.1 

*41 rs77271279 g.50705G>T  Splice defect Indeterminate 3.4 0 0 0 2.2 0.1 
*43 rs2306283 

rs11045819 
rs11045852 
rs74064213 

g.50611A>G 
g.50686C>A 
g.70758A>G 
g.79838A>G 
 

N130D 
P155T 
I245V 
I499V 
 

Missense 
Missense 
Missense 
Missense 

Indeterminate 2.6 0 0 0 3.8 0.1 

*44 rs2306283 
rs11045852 
rs74064213 

g.50611A>G 
g.70758A>G 
g.79838A>G 
 

N130D 
I245V 
I499V 
 

Missense 
Missense 
Missense 

Indeterminate 0.2 0 0 0 0 0 

*45 rs71581941 g.96162C>T R580X Stop gain Indeterminate 0 0.2 0.6 0 0 0 
*46 rs2306283 

rs4149056 
rs71581941 
 

g.50611A>G 
g.52422T>C 
g.96162C>T 

N130D 
V174A 
R580X 

Missense 
Missense 
Stop gain 

No funcAon 0 0 0 0 0 0.3 

*47 rs2306283 
rs4149056 
rs72559747 

g.50611A>G 
g.52422T>C 
g.74351C>G 

N130D 
V174A 
P336R 

Missense 
Missense 
Missense 

No funcAon 0 0 0.4 0 0 0 

CPIC: Clinical Pharmacogenomics Implementa4on consor4ums; SSA: Sub-Saharan Africa; EUR: European; EAS: East Asian; SAS: South Asian; ASW: African American; ACB: Afro-
Caribbean; AMR: admixed American 
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   Allele Frequencies (%) 
Haplotype rsID of 

defining 
variant(s) 

CPIC Func?on YRI LWK 
 

GWD 
 

MSL ESN 
 

SEB BF GHAN BEN BRN CMRN ZM BOT MALI 

*1  Normal 13 13.1 13.7 11.2 9.1 13.3 21.2 22.2 12 10.2 12 19.5 17 7 
*4 rs11045819 Indeterminate 0 0.5 0.9 0 0.5 0 0 0 0 0 0 0 1.1 0 
*9 rs59502379 No func?on 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 
*14 rs2306283 

rs11045819 
Increased 
func?on 

0.9 2 4.9 4.7 3 1.8 1.5 0 2 5.1 1 2.4 5.3 2 

*15 rs2306283 
rs4149056 

No func?on 0.9 2 0 0 0 1.5 0 0 0 2 1 0 0 0 

*19 rs34671512 Indeterminate 0 0 0 0 0 0 1.5 0 0 0 1 1.2 1.1 0 
*20 rs2306283 

rs34671512 
Increased 
func?on 

6.5 7.1 4.9 5.3 8.1 11.8 12.1 1.9 10 3.1 6 7.3 6.4 5 

*27 rs2306283 
rs59113707 

Indeterminate 6.9 2.5 6.2 5.3 7.6 3.3 9.1 5.6 3 7.1 5 0 7.4 1 

*28 rs2306283 
rs11045852 
rs11045853 

Indeterminate 0 0 0.4 0.6 0 0 0 0 0 0 0 0 0 0 

*30 rs2306283 
rs79135870 

Indeterminate 3.2 0.5 0.4 0.6 1.5 0.5 1.5 3.7 3 0 0 0 1.1 3 

*31 rs2306283 
rs59502379 

No func?on 4.6 5.1 1.8 2.4 6.6 2.3 1.5 9.3 8 4.1 5 3.7 1.1 3 

*37 rs2306283 Normal 53.2 65.2 62.8 60 57.6 59 50 51.9 56 59.2 58 57.3 55.3 77 
*38  Indeterminate 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
*41 rs77271279 Indeterminate 5.1 2 4 5.9 2 2 1.5 3.7 1 6.1 5 3.7 0 2 
*43 rs2306283 

rs11045819 
rs11045852 
rs74064213 

Indeterminate 4.2 0 0 0.6 3.5 4.8 0 9.3 4 2 5 4.9 1.1 0 

*44 rs2306283 
rs11045852 
rs74064213 

Indeterminate 0.9 0 0 0 0.5 0 0 0 0 1 0 0 0 0 

CPIC: Clinical Pharmacogenomics ImplementaAon consorAum; YRI: Yoruba in Ibadan; LWK: Luhya in Webuye, Kenya; GWD: Gambian in the Western 
Division, The Gambia; MSL: Mende in Sierra Leone; ESN: Esan in Nigeria; SEB: Southeastern Bantu-speaking; BF: Burkina Faso; GHAN: Ghana; BEN: 
Benin; BRN: Berom, Nigeria; CMRN: Cameroon; ZM: Zambia; BOT: Botswana  

 

Table 3: Star allele frequencies across SSA in this study 
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SLCO1B1 phenotype distribuCons 

The majority of individuals in SSA had a normal funcJon phenotype (67.7%), primarily due to 

the prevalence of the *1/*37 and *37/*37 diplotypes (Supplementary Table 2). This frequency 

aligns with the overall normal funcJon phenotype observed in global populaJons (72.7%), as 

shown in Figure 4. However, the *37/*37 diplotype was less common in most global 

populaJon groups, where there was a higher prevalence of the *1/*1 diplotype, parJcularly 

in European and Admixed American populaJons (Supplementary Table 2), however no 

staJsJcal significance was observed between these two populaJons and SSA for the normal 

funcJon phenotype.  

Notably, 22.7% of the SSA populaJon exhibited an indeterminate phenotype, which was 

significantly higher compared to global populaJons such as in, European (1.2%, p-value = 

2.2x10 -16) and Admixed American (2%, p-value = 2.2x10 -16) groups. In contrast, the decreased 

funcJon phenotype was significantly different from European (p = 2.51 × 10⁻¹⁶), Admixed 

American (p = 9.25 × 10⁻¹⁵), and East Asian (p = 1.08 × 10⁻¹⁴) populaJons when compared to 

SSA. 

The frequencies observed for the increased funcJon, possible decreased funcJon, and poor 

funcJon phenotypes were comparaJvely lower than that observed for normal funcJon and 

decreased funcJon phenotypes. The highest frequency for increased funcJon was observed 

in Admixed-American populaJons (4%, p-value = 1.04 × 10-3), and European populaJons 

(2.6%, p-value = 0.04), compared to SSA (Figure 5). Moreover, the possible decreased funcJon 

phenotype was only observed in SSA (1.4%), African-American/Afro-Caribbean (2.5%), and 

East Asian (0.2%) populaJons. Finally, no staJsJcal significance was obeserved for the poor 

funcJon phenotype across global populaJons and SSA.  
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Figure 4: Phenotype distribuCon across (a) African ethnolinguisCc groups and global 
populaCons (b). YRI: Yoruba in Ibadan; LWK: Luhya in Webuye, Kenya; GWD: Gambian in the 
Western Division, The Gambia; MSL: Mende in Sierra Leone; ESN: Esan in Nigeria; SEB: Southeastern 
Bantu-speaking; BF: Burkina Faso; GHAN: Ghana; BRN: Berom, Nigeria; CMRN: Cameroon; ZM: 
Zambia; BOT: Botswana; SSA: Sub-Saharan Africa; EUR: European; EAS: East Asian; SAS: South Asian; 
ASW: African American; ACB: Afro-Caribbean; AMR: admixed American 
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Inferred novel SLCO1B1 haplotypes 

In the SSA population, 13 individuals were predicted to carry novel haplotypes (Table 4), 

whereas a smaller proportion of individuals from other global populations exhibited predicted 

novel haplotypes. The variants defining these novel haplotypes are catalogued in the Single 

Nucleotide Polymorphism Database (dbSNP), however these were observed in combinations 

not yet catalogued by PharmVar, therefore classifying them as potentially novel star alleles 

that require further investigation. 

Table 4: Inferred novel variants for SLCO1B1 

 

 

FuncConal impact of variants and star alleles 

Of the 16 variants characterised in this study, only three (rs4149056, rs11045853, rs59502379) 

had in silico scores predicJng them to have a deleterious effect (Supplementary Table 3); the 

remaining 13 variants were either classified as benign or had uncertain effects.  

The DDGun analysis predicts the significance of impact on the protein structure by calculaJng 

the variaJon of the Gibbs free energy using electron microscopy (EM) and AlphaFold 

structural models, accounJng for regions missing in the EM structure (Figure 5). The linear 

regression between these two datasets showed a strong correlaJon (R² = 0.9), indicaJng 

consistent predicJons of the mutaJons' impact on protein stability. 

# Background 
allele 

Additional core variant Consequence Population 
(s) 

Frequency 
(%) 

1 *1 rs59113707~76362C>G(F400L) Missense (F400L) MSL 2.4 
2 *14 rs59113707~76362C>G(F400L) Missense (F400L) MSL 

SEB 
BEN 
CMRN 
ACB 

1.2 
0.5 
1 
1 
0.5 

3 *14 rs34671512~112849A>C(L643F) Missense (L643F) SGDP 1.6 
4 *14 rs74064213~79838A>G(I499V) Missense (I499V) SEB 0.3 
5 *15 rs34671512~112849A>C(L643F) Missense (L643F) SEB 

EUR 
0.3 
0.1 

6 *20 rs11045852~70758A>G(I245V) Missense (I245V) SAS 0.2 
7 *27 rs79135870~52764A>G(I222V) Missense (I222V) ACB 0.5 
8 *37 rs71581941~96162C>T(R580X) Stop-gain EAS 0.2 

MSL: Mende in Sierra Leone; SGDP: Simons Genome Diversity Project; SEB: Southeastern Bantu-speaking; BEN: 
Benin; CMRN: Cameroon; EUR: European; EAS: East Asian; SAS: South Asian; ACB: Afro-Caribbean  
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All DDGun scores for SSA and other global populaJons were either negaJve or neutral. 

NegaJve scores point to potenJal destabilizing effects on the OATP1B1 protein. Of the variants 

(Figure 5a), rs72559747, which is one of the defining variants of *47 and located in a 

transmembrane domain (Figure 7), exhibited destabilizing scores of -2.3 (EM) and -2.5 

(AlphaFold). The most pronounced destabilizaJon for haplotypes (Figure 5b) was observed for 

the *5 allele, located in a transmembrane domain (Figure 7) with a score of -1.3, which aligns 

with its no-funcJon phenotype. For scores closer to zero, which were closely associated with 

alleles exhibiJng indeterminate phenotypes, the impact on stability appears minimal or 

neutral.  

Among the inferred novel haplotypes observed in both SSA and global populations, all 

associated variants were predicted to be benign based on in silico functional prediction scores 

(Supplementary Table 2). This suggests that these variants may not significantly affect protein 

function under typical conditions. However, a subset of these variants showed evidence of a 

destabilizing effect on the OATP1B1 protein structure, as indicated by DDGun stability scores.  
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Figure 5: Predicted effect of variaCon on OATP1B1 based on DDGun scores. a. DDGun 
scores for missense variants (x-axis) on the electron microscopy (EM) and AlphaFold models. 
b. DDGun scores for star alleles/haplotypes (x-axis). For both a and b, the y-axis displays the 
DDGun stability scores. Variants with scores below zero are predicted to be destabilizing, 
whereas variants with a score of 0, are predicted to have a neutral effect. 

  

b. 

 

a. 
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Figure 6: Predicted stability scores of potenJal novel haplotypes on OATP1B1.  

  

Figure 7: Structural representation of the OATP1B1 protein with key variants mapped. a. Extracellular View: This view 
shows the structure of OATP1B1 as seen from the extracellular side, with key amino acid substitutions highlighted. 
Important variants include F400L (orange), S682F (pink), L643F (orange), P336R (purple), I499V (pink), G488A (red), R253Q 
(green), I245V (yellow), N151S (blue), R152L (brown), N130D (maroon), P155T (purple), V174A (green), and I222V (blue). 
Each variant is labelled with its respective amino acid change and coloured for easy identification. b. Intracellular View: The 
structure of OATP1B1 from the intracellular side, showing the same set of variants with corresponding labels and colours. 
The intracellular perspective provides insight into the spatial orientation of these variants relative to the intracellular 
environment. Each colour-coded arrow corresponds to a specific variant, aiding in the visualization of their locations within 
the 3D structure of OATP1B1. These variants may influence the function or structural stability of the transporter, 
contributing to interindividual differences in drug transport activity. 

 

a. 

 

b. 

 

Haplotype 
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Discussion 

In this study, an extensive analysis of SLCO1B1 geneJc variaJon in mulJple SSA ethnolinguisJc 

groups was conducted, examining star alleles across these groups to uncover pa=erns unique 

to the African pharmacogenomic landscape. The focus on SSA ethnolinguisJc groups stems 

from the underrepresentaJon of these groups in global genomic studies (Corpas et al., 2024), 

and the increase in burden of hypercholesterolemia and other non-communicable diseases 

(Cassambai et al., 2024) , where SLCO1B1 gene-drug pairs are relevant .  

SLCO1B1*37, an allele associated with normal transporter funcJon, was observed at 

frequencies of 50% or higher in all African ethnolinguisJc groups analysed in this study. This 

prevalence contrasts sharply with the lower frequencies observed in European populaJons, 

where SLCO1B1*1—a different normal-funcJon allele—is more common. AddiJonal alleles 

with reduced or no funcJon were also observed at low frequencies in African populaJons. For 

instance, SLCO1B1*5 and SLCO1B1*15, which are known to reduce OATP1B1 funcJon and 

increase plasma staJn levels ( Choi et al., 2012; Kane, 2012; Voora et al., 2022) were rare in 

African populaJons compared to much higher frequencies in European populaJons (Tables 3 

and 4) in this study. This aligns with findings from other studies (Chigutsa et al., 2011; Pasanen 

et al., 2008; Rajman et al., 2020), which have noted the rarity of *5 in Sub-Saharan Africa, 

further reinforcing our results. However, the accuracy of these frequency esJmates may be  

limited due to small sample sizes and the potenJal for inaccurate haplotype assignments, 

parJcularly in admixed populaJons. InteresJngly, while the variant, rs4149056 (c.521T>C; 

V174A), which defines SLCO1B1*5, is commonly observed in many haplotype combinaJons, 

*5 occurred less frequently. Moreover, in populaJons where geneJc linkage is weaker or more 

recombinaJon has occurred, such as in African populaJons, the frequency of SLCO1B1*5 may 

be further diminished due to its reliance on specific variant combinaJons to form the 

haplotype (Santos et al., 2011). This observaJon underscores the complex interplay between 

geneJc diversity and recombinaJon events in shaping haplotype frequencies, parJcularly in 

ancestrally diverse populaJons.  

In contrast, other African-specific alleles, such as SLCO1B1*20, were observed at higher 

frequencies and are linked to increased transporter funcJon, adding a layer of complexity to 

drug response predicJons within African populaJons. The higher acJvity associated with *20 

could potenJally result in faster hepaJc clearance of certain drugs, which could warrant dose 
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adjustments to ensure therapeuJc efficacy or prevent toxicity (Radouani et al., 2020). Such 

populaJon-specific pa=erns underscore the importance of characterizing allele distribuJons 

in diverse groups to improve pharmacogenomic precision and opJmize therapeuJc dosing 

(Radouani et al., 2020) 

We observed a relaJvely high prevalence of indeterminate phenotypes in African populaJons, 

some which were driven by the presence of novel star alleles. Examining both in silico scores 

and DDG scores helped to esJmate funcJonal impact of possibly novel haplotypes and 

exisJng alleles with unknown funcJons. DDGun uJlizes a sequence-structure-based approach 

to assess how missense variants affect protein stability, enabling a detailed understanding of 

the structural consequences of these mutaJons.  This analysis is predicated on the hypothesis 

that alteraJons in protein structure due to these variants may provide insights into their 

potenJal effects on protein funcJon. For instance, if the DDG score is significantly decreased 

(<0), the mutaJon likely destabilises the protein, potenJally reducing its funcJonal efficiency 

(Montanucci et al., 2019). Conversely, a slight decrease, or minimal change in DDG suggest 

that the mutaJon may not criJcally impact stability, but could alter binding affinity or 

specificity (Montanucci et al., 2019).  

For example, SLCO1B1*5 and *15, with a DDG score of -2.5 and -1.3 respecJvely, showed 

substanJal destabilising effects on OATP1B1. This supports clinical observaJons that carriers 

of SLCO1B1*5 and *15 experience no transporter funcJon and are at an increased risk of drug 

toxicity (C.-I. Choi et al., 2012; Kane, 2012).  The structural instability of these star alleles is 

likely due to the amino acid subsJtuJon at posiJon 174, changing valine (V174) to alanine 

(Ala); as both star alleles contain this variant. Valine, a nonpolar and hydrophobic amino acid, 

is replaced by alanine, which is also nonpolar but smaller in size and slightly less hydrophobic. 

This alteraJon in side chain size can create subtle structural gaps in the protein, potenJally 

affecJng the stability of the transmembrane helix and decreasing its rigidity, which is 

important for the efficient uptake of drugs such as staJns into hepatocytes (Sainz and Serra, 

2023).  

These structural alteraJons could have a significant effect on the pharmacokineJcs of drugs. 

A destabilized OATP1B1 protein may exhibit reduced transport efficiency, leading to decreased 

hepaJc uptake of staJns and other substrates (Shan et al., 2023; Tirona et al., 2001). This 
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reducJon in transporter funcJon can result in higher plasma concentraJons of these drugs, 

thereby increasing the risk of dose-dependent adverse effects such as staJn-induced 

myopathy. AddiJonally, mutaJons that alter binding affinity or specificity without 

substanJally affecJng protein stability might change the substrate selecJvity of OATP1B1 

(Kane, 2012). This can lead to variable drug responses among individuals carrying these 

variant. For example, impaired transport of staJns into hepatocytes can not only elevate 

systemic drug levels but also reduce the drug’s therapeuJc acJon within the liver, 

necessitaJng dosage adjustments to achieve opJmal efficacy while minimizing adverse effects 

(Sainz and Serra, 2023).  

To build on this discussion of novel alleles and their structural implicaJons, we idenJfied rare, 

potenJally African-specific variants, such as F400L and L643F, that further highlight the unique 

geneJc diversity in sub-Saharan populaJons and underscore the need to explore how these 

variants may influence transporter acJvity and drug response. Both these variants showed 

moderate destabilising effects that suggest potenJal alteraJons in transporter acJvity.  

Phenylalanine (F) to leucine (L) at posiJon 400 represents a ship from a bulky aromaJc residue 

to a smaller, nonpolar one (Chen et al., 2024). This change could reduce the structural integrity 

of the protein by altering hydrophobic packing within the transmembrane helices, potenJally 

leading to mild destabilizaJon  Leucine at posiJon 643, however, is replaced by phenylalanine, 

introducing an aromaJc ring where it may create steric hindrance or change the local 

hydrophobic environment, which could influence the transporter’s efficiency in binding 

certain substrates (Ramsey et al., 2012; Soko et al., 2018). While these variants are not yet 

characterized experimentally and clinically,  in silico predicJons suggest that these structural 

changes may affect transporter acJvity in ways that could alter drug response or 

bioavailability in African individuals carrying these variants. 

While this study provides valuable insights into SLCO1B1 variaJon in SSA, there were 

limitaJons. Firstly, the relaJvely small sample sizes for some populaJons may impact the 

robustness of allele frequency comparisons. Moreover, the WGS data used in this study was 

generated using short read technology, which presented a challenge in analysing and 

confirming the presence of structural variants. Lastly, the reliance on in silico tools and 

structural bioinformaJcs for funcJonal assessment, while informaJve, cannot enJrely replace 

experimental validaJon and clinical observaJons. It is also important to note that response to 
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staJns and other medicines reliant on OATP1B1 in their pathway, as well as clinical outcomes, 

can be influenced by other factors such as age, environmental exposures, diet and lifestyle, 

medicaJon adherence, and drug-drug interacJons, all of which contribute to the complexity 

of pharmacogenomic studies (Banerjee et al., 2019; Drenth-van Maanen et al., 2020) 

Future research should expand on African-specific cohorts, ideally incorporaJng funcJonal 

assays, like protein expression and drug transport assays to validate the structural effects of 

idenJfied SLCO1B1 variants and star alleles. 

Conclusion 

This study underscores the unique pharmacogenomic landscape of SSA populaJons by 

highlighJng the disJnct allele distribuJons compared to other global populaJons, and 

potenJal funcJonal implicaJons, and clinical relevance of SLCO1B1 variants. The high 

prevalence of normal funcJon alleles such as SLCO1B1*37 reflects African geneJc diversity. 

Moreover, the idenJficaJon of novel African-specific alleles emphasize the need the for more 

comprehensive and funcJonal studies that include diverse populaJons to be=er understand 

the geneJc factors influencing drug response. Characterizing SLCO1B1 geneJc diversity in 

African populaJons lays a foundaJon for experimental and clinical funcJonal studies to assay 

the impact on response to staJns and other medicaJons with a view towards supporJng the 

broader applicaJon of precision medicine within African populaJons.  

Future research 

Future research could expand upon these findings by examining addiJonal transporter genes 

beyond SLCO1B1, as many other genes within the SLC and ABC transporter families also play 

significant roles in drug absorpJon and distribuJon. InvesJgaJng a broader range of 

transporter genes could offer a more comprehensive understanding of pharmacogenomic 

variability and further enhance precision medicine for African populaJons. However, due to 

the three-month Jme constraint of this master’s research, focusing solely on SLCO1B1 allowed 

for a more in-depth analysis within the limited Jmeframe. 
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Appendix A: Supplementary Tables and Figures 

 

 

Supplementary Figure 1: 
Total depth of coverage 
for SLCO1B1 and control 
genes (EGFR and VDR in 
individuals where 
StellarPGx idenCfied 
occurrences of potenCal 
structural variants). (a) 
An individual from the 
South African dataset 
(SEB) had *20 as 
haplotype 1 and 
potenJally *37x2 as 
haplotype 2. (b) An 
individual from the SEB 
dataset had *37 as 
haplotype 1 and 
potenJally *37x2 as 
haplotype 2. (c) An 
individual from the 
Ghana dataset had *37 
as haplotype 1 and 
potenJally *37x2 as 
haplotype 2. (d) An 
individual from the SEB 
dataset had *41 as 
haplotype 1 and 
potenJally *37x2 as 
haplotype 2. These 
duplicaJons were 
inferred because the 
raJo of the coverage 
across SLCO1B1 to EGFR, 
and parJcularly VDR, 
was approximately 3:2.  
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Supplementary Table 1: Assignment of predicted SLCO1B1 phenotype based on genotype. 

Retrieved from Cooper-DeHoff et al., (2022) 

Gene Phenotype Genotype Examples of 
diplotypes 

SLCO1B1 Increased funcKon An individual carrying two 
increased funcKon alleles 

*14/*14 

 Normal funcKon An individual carrying two normal 
funcKon alleles or one normal plus 
one increased funcKon allele 

*1/*1, *1/*14 

 Decreased funcKon An individual carrying one normal 
or increased funcKon allele plus no 
funcKon allele. 

*1/*5, *1/*15 

 Possible decreased 
funcKon 

An individual carrying one no 
funcKon allele plus one 
unknown/uncertain allele 

*5/*6, *5/*10, 
*5/*43 

 Poor funcKon An individual carrying two no 
funcKon alleles 

*5/*5, *5/*15, 
*15/*15 

 Indeterminate An individual carrying one normal 
funcKon allele plus one uncertain 
or unknown funcKon allele OR 
allele combinaKons with uncertain 
and/or unknown funcKon alleles 

*1/*7, *1/*10, 
*7/*10 
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Supplementary Table 2: SLCO1B1 diplotype frequencies across global populaCons 

  Frequencies (%) 
Diplotype CPIC FuncAon SSA  EUR EAS SAS ASW/ 

ACB 
AMR 

*1/*1 Normal 2 32 5.4 21.5 3.2 25.9 
*1/*4 Indeterminate 0 0.2 0 0 0 0 
*1/*5 Decreased 0 2.4 0 0.6 0 2.9 
*1/*9 Decreased <0.1 0 0 0 0 8.6 
*1/*14 Normal 1 16.9 0 2.2 3.2 11 
*1/*15 Decreased <0.1 16.1 5.6 2.5 0.6 0 
*1/*16 Indeterminate 0 0 0.2 0 0 0 
*1/*19 Indeterminate 0 0.2 0 0 0 0 
*1/*20 Normal 2 5.4 0 0.2 1.3 4 
*1/*24 Indeterminate 0 0 0 0.2 0 0 
*1/*27 Indeterminate 2 0 0 0 3.8 0.6 
*1/*28 Indeterminate <0.1 0 0 0 0 0 
*1/*30 Indeterminate <0.1 0 0 0 0.6 0 
*1/*31 Decreased 1 0 0 0 1.9 0 
*1/*37 Normal 15 8.2 29 35.6 22.9 20.7 
*1/*40 Indeterminate 0 0 0 0 0 0.3 
*1/*41 Indeterminate 0 0 0 0 1.3 0.3 
*1/*43 Indeterminate <0.1 0 0 0 0.6 0.3 
*1/*45 Indeterminate 0 0 0.4 0 0 0 
*14/*5 Decreased 0 1.2 0 0 0 0 
*14/*14 Increased 0 1.8 0 0.2 0 2 
*14/*15 Decreased 0 4.6 0 0 0 1.7 
*14/*19 Indeterminate 0 0.2 0 0 0 0 
*14/*20 Increased <0.1 0.6 0 0 0 1.7 
*14/*27 Indeterminate 2 0 0 0 0.6 0 
*14/*31 Decreased <0.1 0 0 0 0.6 0.3 
*14/*37 Normal 2 1.2 0.6 2.9 2.5 2.9 
*14/*41 Indeterminate <0.1 0 0 0 0.6 0 
*14/*43 Indeterminate <0.1 0 0 0 0 0 
*14/*46 Decreased 0 0.2 0 0 0 0 
*15/*5 Poor 0 0.6 0 0 0 0.3 
*15/*15 Poor 0 1 1.6 0.4 0.6 1.2 
*15/*20 Decreased 0 1.4 0.8 0.2 0.6 0.3 
*15/*30 Possible decreased 0 0 0 0 0.6 0 
*15/*31 Poor <0.1 0 0 0 1.9 0.3 
*15/*37 Decreased 1 0.8 13.7 3.3 3.2 5.8 
*15/*41 Possible decreased 0 0 0 0 0.6 0 
*15/*43 Possible decreased 0 0 0 0 0.6 0 
*15/*45 Possible decreased 0 0 0.2 0 0 0 
*15/*46 Possible decreased 0 0.2 0 0 0 0.3 
*15/*47 Poor 0 0 0.4 0 0 0 
*16/*37 Indeterminate 0 0 0.6 0 0 0 
*19/*24 Indeterminate 0 0 0 4.9 0 0 
*19/*37 Indeterminate <0.1 0.2 0 0 0 0 
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*20/*5 Decreased 0 0.2 0 0 0 0 
*20/*20 Increased 1 0.2 0 0 0.6 0.3 
*20/*24 Indeterminate 0 0 0 2.2 0 0 
*20/27 Indeterminate 1 0 0 0 0 0 
*20/*31 Decreased <0.1 0 0 0 0.6 0 
*20/*32 Indeterminate 0 0 0 0.4 0 0 
*20/*37 Normal 9 1.4 0.2 0.6 8.9 2 
*20/*41 Indeterminate <0.1 0 0 0 0.6 0 
*20/*43 Indeterminate 1 0 0 0 0.6 0 
*24/*37 Indeterminate 0 0 0 0 0 0 
*24/*40 Indeterminate 0 0 0 0.4 0 0 
*27/*4 Indeterminate 1 0 0 0 0 0.3 
*27/*27 Indeterminate <0.1 0 0 0 0 0 
*27/*30 Indeterminate <0.1 0 0 0 0.6 0 
*27/*31 Possible decreased 1 0 0 0 0 0 
*27/*37 Indeterminate 4 0 0 0 3.2 0.3 
*27/*41 Indeterminate <0.1 0 0 0 0 0 
*27/*44 Indeterminate <0.1 0 0 0 0 0 
*28/*37 Indeterminate <0.1 0 0 0 0.6 0 
*29/*37 Indeterminate 0 0 0.4 0 0 0 
*30/*31 Possible decreased <0.1 0 0 0 0 0 
*30/*37 Indeterminate 2 0 0 0 1.3 0 
*30/*43 Indeterminate 0 0 0 0 0.6 0 
*31/*31 Poor <0.1 0 0 0 0 0 
*31/*37 Decreased 0 0 0 0 3.8 0 
*31/*41 Possible decreased 3 0 0 0 0 0 
*31/*43 Possible decreased <0.1 0 0 0 0.6 0 
*37/*5 Decreased 0 1.2 0 0.2 0 0.6 
*37/*37 Normal 39 1.4 39.4 20.4 20.4 4.9 
*37/*38 Indeterminate <0.1 0 0 0 0 0 
*37/*39 Indeterminate 0 0 0.4 0 0 0 
*37/*40 Indeterminate 0 0.2 0 0 0 0 
*37/*41 Indeterminate 4 0 0 0 1.9 0 
*37/*43 Indeterminate 3 0 0 0 4.5 0 
*37/*44 Indeterminate <0.1 0 0 0 0 0 
*37/*45 Indeterminate 0 0 0.2 0 0 0 
*37/*46 Decreased 0 0 0 0 0 0.3 
*37/*47 Indeterminate 0 0 0.4 0 0 0 
*41/*41 Indeterminate <0.1 0 0 0 0 0 
*41/*43 Indeterminate <0.1 0 0 0 0 0 
*43/*43 Indeterminate <0.1 0 0 0 0 0 
*45/*45 Indeterminate 0 0 0.2 0 0 0 
*48/*20 Decreased <0.1 0 0 0 0 0 
*48/*27 Possible decreased <0.1 0 0 0 0 0 
*48/*31 Poor <0.1 0 0 0 0 0 
*48/*43 Possible decreased <0.1 0 0 0 0 0 

CPIC: Clinical Pharmacogenomics ImplementaAon consorAums; SSA: Sub-Saharan Africa; EUR: European; EAS: East 
Asian; SAS: South Asian; ASW: African American; ACB: Afro-Caribbean; AMR: admixed American 
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Supplementary Table 3: In silico scores of variants for SLCO1B1 (according to the ADME opCmised framework) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variant Consequence SIFT PolyPhen2 CADD LRT PROVEAN MutaAonAssessor AlphaMissense Consensus 

rs11045819 missense    X     

rs4149056 missense  X X X X  X X 

rs2306283 missense         

rs2306282 missense         

rs34671512 missense         

rs11045852 missense    X     

rs11045853 missense X X X X X X  X 

rs59113707 missense         

rs140790673 missense         

rs79135870 missense         

rs59502379 missense X X X  X X X X 

rs183501729 stop-gain   X X     

rs74064213 missense         

rs71581941 stop-gain         

rs77271279 splice defect   X      

rs72559747 missense         

The presence of an 'X' indicates that the variant is predicted to be deleterious according to the in silico tool. The ADME-opAmized thresholds for 
deleteriousness are as follows: CADD > 19.19, SIFT < 0.0376, PolyPhen-2 > 0.3841, LRT < 0.0025, PROVEAN < -3.286, and MutaAonAssessor >2. 



 39 

In this study, we employed a consensus-based approach to classify the functional impact of 

genetic variants, utilizing multiple in silico prediction tools. A variant was deemed deleterious 

if at least half of these tools had scores indicating a damaging or harmful effect on protein 

structure and/or function. This majority-rule criterion was selected to balance sensitivity and 

specificity, acknowledging the diverse methodologies and potential biases inherent in each 

tool. This approach is particularly relevant in the context of pharmacogenes, which often 

exhibit high genetic variability, making their interpretation more challenging than typical 

Mendelian disease genes. This methodology aligns with the framework proposed by Zhou et 

al., (2024). The authors found that standard computational tools, often optimized for highly 

conserved disease-associated genes, underperformed when applied to pharmacogenes, 

which are subject to different selective pressures and functional constraints.  

For variants that did not meet the consensus threshold for being classified as deleterious, 

meaning fewer than half of the in silico tools predicted them to be damaging, this was because 

the majority of scores instead indicated a benign effect. These variants were, therefore, 

classified as non-deleterious. As the binary classification of 'deleterious' and 'non-deleterious' 

is limiting with regard to characterising the impact of the variants on drug response, we 

leveraged structural bioinformatics-based analyses to gain more insights on their effect as 

described in the Results. 
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