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Diversity in human genomics

Genomic studies of diseases and traits have predominantly been conducted 

in European ancestry populations

Mills MC & Rahal C, 2020, Nature 

Genetics

2022

Bycroft et. al, 2018, Nature 

Karczewski et. al, 2020, Nature 



European 
Ancestries

African 
Ancestries

1000 Genomes Project Consortium, Nature. 2015

Individuals of African ancestry harbor the most genetic diversity

Nielsen, Nature 2017

Schlebusch, Science, 2017 (adapted)
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Genetic Variation in Africa



Environment, exposures, & exoduses impact genetic 

variation

Wonkam, et al, Ann Rev Gen Genom, 2022

Drivers of Genetic Variation in Africa



African Diversity in Genetic Studies

• Individuals of African ancestry contribute significantly to gene mapping…



African Diversity in Genetic Studies

• … but may not be able to benefit equitably from it….

Martin, Nature Genetics, 2019
Van Dreist, JAMA Int Med, 2021



Human Heredity and Health in Africa 
(H3Africa) Consortium

• Access to new genomic technologies

• Integrate genomic and clinical studies

• Facilitate training at all levels 

• Establish research infrastructure

Collaborative 

Centers

Research 

Projects

Biorepositories

Ethical, legal and 

social issues projects

The H3Africa 
Consortium

Bioinformatics 

Network

Bioinformatics 

Training

Pricipal Investigators must be from an African country



Human Heredity and Health in Africa (H3Africa) 
Consortium

Courtesy of the AWIGEN project



H3Africa human genetics projects span a wide
spectrum of diseases
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Whole genome sequencing efforts in Africa

Gambia

South Africa
Sotho, Xhosa

Ethiopia

Kenya
Uganda

Nigeria

Sierra Leone Yoruba, Igbo

Southern Africa

Region

West Africa

Central Africa

East Africa

North Africa

SAHGP

TrypanoGEN (10x)

H3A Baylor (30x)

AGVP

1000G

Source of Data

426 individuals, 13 Countries, 50 

ethnolinguistic groups

*includes case groups (HIV, SCD)
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Africa
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Africa

WGS in ‘new’ African populations expands the 
genomic landscape 
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• West African population (Berom) with ~15% 

East African (Nilo-Saharan) admixture

African populations show complex patterns of admixture

Igbo 

(Nigeria)

Yoruba 

(Nigeria)

CAM 

(Cameroon)

Berom

(Nigeria)

UNS

(Uganda Nilo-Sarahan)

Kalenjin

(Kenya)

Luhya

(Western Kenya)

Choudhury, Nature, Oct 2020West African Central African East African South African
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Novel variant discovery in African genomes

~3.4 million ‘novel’ single nucleotide variants (SNVs)

• Strong correlation with new previously unsampled groups 

Choudhury, Nature, Oct 2020
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Unsampled populations inform historical 
migrations

KSHG
Central East South

YRI CAM

DRC

ANG
BSZ

UBS,UNS LWK

BOT

Bantu Speakers from Zambia (BSZ) 

share most with Botswana (BOT), 

Angola (ANG), and Uganda (UBS)
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Bantu-speaker Migration Routes

Choudhury, Nature, Oct 2020



African genomes inform medically relevant 
variation

Only 8 ACMG variants in 8 Individuals 

ATP7B
BRCA1
BRCA2
RYR1
KCNQ1
PKP2

4%

• American College of Medical Genetics and Genomics (ACMG) list of medically-actionable genes 

• ClinVar - Curated archive of likely variant significance from submitted findings

High individual burden of ClinVar pathogenic variants
%
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Pathogenic SNVs in ClinVar have different  

frequencies across Africa
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MAF <1% in gnomAD; 
<3% in gnomAD Africans
~10% in at least one 
H3A population 

LDLRAP1 - Autosomal recessive hypercholesteremia

N=287

Choudhury, Nature, Oct 2020



African medically-relevant variants

SSG

CIV

MAL

WGR BRN

CAM

DRC

UBS UNS

BSZ

BOT

SOT

XHS

APOL1 G2

APOL1 High Risk Variants

HLA-B*5701

HbS

APOL1 G1

Southern Africa

Region

West Africa

Central Africa

East Africa

North Africa

FNB

Uganda, Nilo-

Saharan (UNS)

Uganda, Bantu 

Speakers (UBS)

Choudhury, Nature, Oct 2020

Strong genetic variation within geography



Adadey, Hum Gen, 2022

African medically-relevant variants
• The most common cause of non-syndromic 

hearing loss outside of Africa (GJB2) is not 
always the most common across Africa

• The frequency of G6PD deficiency 
varies widely across the continent

Sitabule, Clin Pharm & Ther, 2022



Implications for common variant mapping 
across Africa

• African imputation panel is smaller than best 
African diaspora panel, but is more accurate

• In Africans, genetic risk scores created from 
African GWAS work better than European, 
but not everywhere in Africa



Science News, Elizabeth Pennisi, 2021Kai Kruse – The true size of Africa

>2,000 Ethnolinguistic groups

More work to be done…



Assessing Genomic Diversity in Africa -

AGenDA
• Sequence ~1200+ from under-represented African groups

• Make deidentified data available

• Integrate new data to reference panels

Hunter-

Gatherer

Niger-Congo

Nilo-

Saharans

Islanders

Afro-

Asiatic

Tunisia & Libya

Eritrea

Ethiopia

Kenya

DRC

Rwanda

Angola

Zimbabwe

Mauritius

•10 Ethics Committee approvals

•1 Partnership agreement (Illumina)

•1 MTA with Illumina (Export permit)

•7 MTA with study sites (Import permits)

•1 Data Governance and Partnership 

agreement with all 10 groups



Developing best practices for addressing the legal, ethical, and 

societal implications of genomics research and biobank 

governance with pediatric populations in Africa

Community Engagement & EthicsMedia & Education

Laying the Groundwork

o Tells the story of DNA and genetics through the eyes of young 

man who is recruited to a genetic study

o Translated into 5 commonest languages in Africa 

o Arabic, Swahili, Hausa, French, Portuguese 

o Setswana and Luganda



Genetics of Pediatric HIV disease 

progression in Africa

Eastern and southern 
Africa

1.1 million

Western and central 
Africa

450 000

Middle East and North Africa
9900

[6800–14 000]

Eastern Europe 
and central Asia

…*

Latin America 
31 000

[25 000–40 000]

Asia and the Pacific
110 000

[95 000–160 000]

Sub-Saharan Africa
Rest of the world

Total: 1.7 million [1.3 million–2.2 million]
90% Burden

Pregnancy, child birth, breast feeding

North America and western and central Europe
…*

Children <15yrs living with HIV

Baylor-Swaziland 

Centre of Excellence

Houston, Texas, USA

Collaborative African Genomics Network



Disease progression in HIV +ve African 

children

HIV+

Birth 2 31 4 10 12 1511

Age in years

Rapid 

Progressors

(RPs)

Long Term Non-

Progressors

(LTNPS)

HIV+

O%

Martinson et al, Nat Gen, 1997

European Adults

• HLA class I variants

• HLA-B∗57, B∗27
• Chemokines (e.g. 

CCR5 Δ32)

Children ≠ Adults

• Low immune activation

• Low CCR5 expression on 

memory T-cells

Population Genetics

• Different HLA-types in 

African adult progression

• CCR5 Δ32 rare in Africa
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Disease progression in HIV +ve African children

Phase I: n= 500

Phase II: n=500

SNP genotypingDNA Sequencing

Virome

Analysis

Unmapped Reads

• Rare variants

• Copy number variants

Coding Variant Association

• KIR

• HLA class I

(n=1550)840 (Exome)     400 (Genome)

Genome wide 

Association Analysis

Birth 2 31 4 10 12 1511

Age in years

Rapid Progressors

(RPs)

Long Term Non-

Progressors (LTNPs)

Missing 

Variation

Phase I: n=500

Phase II: n=500

Marion 

Amajul
Thabo 

Diphoko

Samuel 

Kyobe

John 

Mukisa

Lesedi 

Williams

Savannah 

Mwesigwa

Gaseene 

Sebetso

Uganda

Botswana

eSwatin

i

• 14,246 ART naïve 

children 

• Retrospective EHR



HLA-C is putatively associated with pediatric

disease progression
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• HLA-C*03:02 not previously associated with LTNP 

• ~5 -12% of variance in progression

Kyobe, Front in Gen, 2021

HLA 

Allelotypes

WES DATA

N = 748

HLA Typing

• HLAreporter

Samuel 

Kyobe



Anelloviridae in Pediatric HIV disease 
progression

Mwesigwa, npj Genome Med, 2021

Virome

Analysis

VirusFinder v2.0

WES DATA
N = 748

• Anelloviridae - T-lymphotropic virus strongly associated with immune quiescence

• Up to 90% of adults already infected, but higher in LTNP children than adults

• Unclear whether cause or effect

Unmapped Reads

Map to Virome

Savannah 

Mwesigwa



Rare (MAF <1%), 

damaging, coding 

variation enriched 

in cases

Annotation &  

Classification

Coding variant 

enrichment

WES DATA

N = 807

• CCR5-Δ32 base pair deletion allele not observed

• No association in chemokine or chemokine receptor genes

Rare variants contribute to disease progression

CHR Variant ID Raw P Adj. P

11 rs145985036 0.000099 0.025

17 rs140616866 0.0018 0.803

*Variants with >10 alleles

Marion Amajul



No. of alt. alleles

Chr Ref Alt Gene rsID
Nominal 

P
Total LTNP RP

11 G A NLRX1   rs145985036 0.00032 15 14 1

Uganda (n=463) Botswana (n=350)

LTNP RP LTNP RP

11 1 3 0

0.029 0.008 0.003 0

A rare variant in NLRX1 is enriched 
among LTNPs
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Minor Allele Frequency

0 0.002 0.004 0.006 0.008 0.01

African

Latino/Admixed American

Other

European (Finnish)

Amish

East Asian

Middle Eastern

South Asian

Ashkenazi Jewish

European (non-Finnish) gnomAD
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Insilico pathogenicity predictors

Gene Protein Change SIFT Polyphen MutTaster PROVEAN CADD

NLRX1 p.R403H    Damaging Damaging Damaging Damaging 24.6

Enriched variant is predicted to damage 
the resulting protein

Mutant R403HWild type R403

Increased rigidity of mutant protein vs wild type  
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• A major regulator of IFN-Y in innate immunity

• NLRX1 attenuates immune reactions, thus enabling HIV replication

• NLRX1 reduction potentiates innate immunity and blocks HIV replication

• High expression in mucus membranes of GI and reproductive tract

NLRX1 and HIV1 infection

Bulk Tissue Expression of NLRX1

Esophagus-

mucosa

Minor salivary 

glands

Vagina



Genetic Variation in Pediatric HIV in Africa

• Complex host genetic contribution to disease progression

• Variation with country

Chr 7 locus 
(MAGI2)

Anelloviridae HLA-B
HLA-C

NLRX1

CCDC8
HIV

Pediatric 
AIDS

--

Slower progression

Faster progression

+
Clade??
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Rees, Lancet, 2010

SICKLE CELL DISEASE AROUND 

THE WORLD

Highest allele frequency in Africa

• Carrier rate of up to 30%

• Protective effect from severe Malaria

Spread with movement of peoples:

• Mediterranean, North & South America, Europe, 
Caribbean

• Caused by single point mutation in the beta-globin (HBB)

• Recessive disorder (both gene copies affected)

• Leads to abnormal hemoglobin (Hemoglobin S)

Sickle cell Disease is the most common single-gene 

disorder globally



RBC alloimmunization in sickle cell disease (SCD)

• Transfusion of Red Blood Cells (RBCs) remains important in managing SCD

• >10% of SCD patients will develop alloantibodies after transfusions → Hemolysis

• Alloantibodies create a challenge to find compatible blood

Alloantibodies No alloantibodies

Responders Non-

Responders

Genome-wide association study (GWAS) of 

alloimmune ‘responder’ status

Ag-Ab mismatch+

• 288 SCD chronic transfusion recipients

•Responders (n=154) 

•Non-responders (n=134)

•2.5 million SNPs genotyped

Lesedi 

Williams



0 0,02 0,04 0,06 0,08 0,1 0,12 0,14

1

2
Discovery

(n=267)

Replication
(n=130)

Frequency of ‘A’ allele

Full Cohort

Cases Controls

GWAS of SCD alloimmunization

5q33

Overall P = 6.6 x 10-9

Odds Ratio ~3.9 

Williams, Blood Advances, 2018



GWAS of SCD alloimmunization

Williams, Blood Advances, 2018

Admixture among African Americans

African Ancestry

European Ancestry

• Mean European ancestry:

• In African Americans ~20-25% 

• In our SCD transfusion cohort ~17%



Chromosome 5q33 risk locus
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EnhancerIL12B

Primary B-cells

Chr5

500kb

Monocytes

B-cells

T-cells

With Luckey Chance, UVA

Chromosome 5q33 risk locus



• Tb resistance in East Africa 

(Uganda & Tanzania)

Pathogens

• Alloantibody susceptibility in 

African Americans with SCD

Chromosome 5q33 risk locus



Endemic 

malaria

SCD 

prevalence

Transatlantic Pleiotropy

Iron accumulation in Afr. Am. Adults

Resistance to severe malaria

Ma, Cell , 2021

Hanchard & Wonkam, Cell, 2021

Protection from Trypanosomiasis Infection

Freedman & Pollack, 

JCI, 2011

HBB APOL1

Susceptibility to end-stage renal disease

0 1 2

# of risk alleles



• Genomic studies in different populations is important for equity in 

the development of precision medicine

• Identify previously unrecognized disorders

• Better characterize known disorders

• Inform the practice of medical genetics

• Guide genetic anthropology

• Potential to identify pleiotropic genes and variants 

• More genome sequencing and genome studies in diverse 

populations required

44

Summary
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