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Three reasons to study African Genomic Variations

1- Ancestral

2- Ecological

3- Equity



Ancestral African Genomes
and complex trait



African pan-genome contains ~10% more DNA 
than the current human reference genome.

By underestimating human genetic diversity, we have 
been hampering scientific/medical  progress…

Missing Data in the Human Reference Genome 



Unknown Archaic human DNA in Africans

Durvasula & Sankararaman, Sci Adv. 2020 Feb; 6(7): eaax5097. 

Homo Naledi

https://www.ncbi.nlm.nih.gov/pubmed/?term=Durvasula%20A%5BAuthor%5D&cauthor=true&cauthor_uid=32095519
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sankararaman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=32095519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7015685/


Archaic Human DNA, Health and Diseases

Skov, L.  et al. Nature. 582, 78-83, (2020)

Almarri et al. Cell 2020,  182, 1–11

Dannemann & Kelso. Am J Hum Genet. 2017; 101: 578–589

Simonti et al., Science  2016  351, 6274: 737-741

• Major genetic risk factor for severe COVID-19

Zeberg & Pääbo , Nature, 2020 Nov;587(7835):610-612

Neanderthal DNA and Covid -19

Others associated traits and 
diseases

• Dermatological phenotypes
 
• Neuro-psychiatric disorders
 
• Immunological functions

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Skov+L&cauthor_id=32494067
https://doi.org/10.1016/j.cell.2020.05.024
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Dannemann+M&cauthor_id=28985494
https://pubmed.ncbi.nlm.nih.gov/28985494/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Kelso+J&cauthor_id=28985494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5630192/
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Zeberg+H&cauthor_id=32998156
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=P%C3%A4%C3%A4bo+S&cauthor_id=32998156


Only 2.5% Africans for GWAS participants

Dikilitas et al. AJHG 2020, 106: 707-716

Lambert et al, Hum Mol Genet, 2019, 28: R133–R142

Ancestry of GWAS participants 
over time compared to the global population

Amrtin et al. Nat Genet . 2019 April ; 51(4): 584–591. 

Underperformance
 of PRS in Africans



Lower LD in Africans Improve fine Mapping

Amrtin et al. Nat Genet . 2019 April ; 51(4): 584–591. 

Only 2.4% in GWAS studies are Africans but account for 7% associations

Gurdasani, D. et al. Cell 179, 984-1002.e36, (2019).

Gurdasani, D. et al. Nat Rev Genet 20, 520-535, (2019).



PCSK9: Frequent nonsense mutations and 
Low LDL cholesterol in Africans

• Mutations were common in African Americans 

 (average 2%) 

     but rare in European Americans (<0.1%) 

• Associated with a 40% reduction in plasma levels of LDL 

cholesterol

• PCSK9: privileged  target for dyslipidaemias therapeutics 

Cohen et al. Nature Genetics 2005, 37: 161–165

Some Variants are more frequents in Africans

https://www.nature.com/articles/ng1509#auth-1
https://www.nature.com/ng


Some Variants are Specific to Africans



Gulsuner et al., Science 367, 569–573 (2020)

• Rare damaging mutations in multiple genes in ~ 1000 African

• Replicated in a Swedish cohort of 5000 cases. 

• Africans yielded larger effect sizes 

Lower Samples Size Yields Larger Effect Sizes in Africans

Wonkam. Nat Rev Genet. 2022 Apr 14.



Ancestral African Genomes
allelic and locus heterogeneity



• Huntington disease 

Africans : triplet expansion mutations in HTT or JPH3 in 67% and 33% 

Europeans: 99% expansion in HTT

• Cystic fribrosis

      CFTR 3120+1G>A variant that is the most common causal t in African CF 
patients

Krause, A., et al Annu Rev Genomics Hum Genet 19, 149-175 (2018)



GJB2 is not associated with Hearing loss
in most Africans



African Ecology

Adaptation signals in African genomes



Africa Genetic Diversity

Annu Rev Genomics Hum Genet. 2022 May 16.Wonkam A, Munung NS, Dandara C, Esoh KK, Hanchard NA, Landoure G.



SCD haplotypes: single origin of S-mutation?

Esoh K, Wonkam-Tingang E, Wonkam A. Lancet Haematol. 2021 Oct;8(10):e744-e755.



Tutankhamun had 

Sickle Cell Disease? 

Hawass et al. JAMA. 2010 Feb 17;303(7):638-47.

Timmann & Meyer   JAMA. 2010 Jun 23;303(24):2473

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Timmann+C&cauthor_id=20571010
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Meyer+CG&cauthor_id=20571010


Cooper et al. eLife 2017;6:e25461

Trypanosomes and APOL1 



Esoh & Wonkam, Hum Mol. Genet. https://doi.org/10.1093/hmg/ddab004, 18 January 2021
Hanchard & Wonkam, Cell 184, February 18, 2021 

Co-evolution of the HBB-βS variant and other malaria, 

and trypanosome associated genes variant in ...

PIEZO1

https://doi.org/10.1093/hmg/ddab004


Tishkoff et al. Science 2009;324:1035

African Genetic Diversity 

https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiV6Y651K_aAhXCaxQKHdflASoQjRx6BAgAEAU&url=https://www.maps.com/ethnolinguistic-map-of-the-peoples-of-africa-map-1971.html&psig=AOvVaw1GZ8QqYk3F4B6kbkIUjHFE&ust=1523447963111160


The Equity Imperative



Innovation & Wealth creation 

▪ Africa is home to 15% of the world’s population 
▪ 5% of the world’s gross domestic product (GDP)

▪ 1.3% of global investment in research and development

▪ 300000 of Human genomic history

http://www.worldmapper.org/images/largepng/205.png


Bibliometric Trends of Health Economic 
Evaluation in Africa 

2016 HTAi conference in Tokyo, May 2016

health technology assessment (HTA)



Existing  issues : Research interest Bias

Wonkam et al, Dev W Bioethics, 2011



ELSI and African Genomics Research

Nature genetics 2020 52 (1), 17-20



https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi4ybae7OTTAhWGbBoKHcwYBMoQjRwIBw&url=https://www.malariagen.net/news-events/news-article/38-million-h3africa-project&psig=AFQjCNEmpH0poiB0_ZzICINnpDS4IOeQzw&ust=1494489008380013


H3Africa: African Populations Structures

H3Africa Consortium , Nature 2020



H3Africa dataset: 3.4 million SNVs Novel variation 

Nature volume 586, pages741–748(2020)

Missing Data in the Human Reference Genome 

https://www.nature.com/nature


H3Africa CHIP Design

2.5M SNPs, 700’000 selected from GWAS data from  SSA



H3A Array, trait and disease



The Tragedy of the Common(s)… 
Sickle Cell Disease



Global Burden of SCD

Burden of SCD in Africa

237, 253 births a year (76%)

Piel et al, The Lancet, 2013



SCD, and HbF, and survival



Gene Editing/Therapy for SCD



Wonkam, Br J Haematol. 2020 Dec;191(5):668-670

Ntatiro et al , PLoS One. 2014 Nov 5;9(11):e111464

Makani et L, Blood. 2011 Jan 27;117(4):1390-2

Wonkam et , PLoS One. 2014 Mar 25;9(3):e92506.



H3Africa GWAS CHIP Design

2.5M SNPs, 700’000 selected from GWAS data from  SSA



Novel HbF promoting loci in Africans



Unknown in the Databases:

The case of a silent epidemy
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Number of Children Born with Hearing-loss

HI related DALYs is 1.5- 2 > CH
    Murray et al., Lancet 2015; 386, 2145-91



Congenital HI: 50 % Genetic

Recessive

Dominant

X-linked

Mitochondrial

75% non-syndromic

> 90 non-syndromic loci

25% syndromic

> 400 syndromes



Syndromic Deafness

•  7% of genetic cases

•  50-60 % of syndromic cases 

Waardenburg Syndrome Type II 

Wonkam et al., Eur J Med Genet. 2013;56:20-25. 

Sellae & Beighton, S Afr Med J. 1983;63:725-728

Hageman MJ. Trop Geog. 1978;30(1):45-55.



No PLP in GJB2 in most Africans with NSHI



Samuel, PhD
Elvis, PhD



GJB2 Founder variant improve epithelial barrier in vivo and in vitro 

NATURE MEDICINE;  8: 12 : 1332-3 (2002)

J Membrane Biol (2007) 218:29–37



Americas 

Rokhaya, PhD



A few Hearing Impairment Studies from Africa



Rare and Novel  HI Genes in Africa

Cameroon: Dr Noubiap 

Ghana: Dr Awandare

Mali: Dr Landoure

Sudan: Dr Ibrahim

Rwanda: Dr Mutesa

Senegal: Dr Ndiaye

South Africa: Dr Wonkam (PI/PD)

Edmond, MD, PhD

Noluthando, PhD



Waardenburg Syndrome: Novel PAX8 Gene



Pax 8 -/- Mice

Inner Ear of Athyroid Mice Is Immature

The micrograph along the cochlear partition
Audiol Neurootol . Mar-Apr 2004;9(2):88-106.



Christian Happi

Generating Assets, Knowledge & Solutions
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Bongani Mayosi: ‘Lift as you rise …’ 

Abdoulaye, MD, PhD
Edmond, MD, PhD

Elvis, PhD Karen, MD, PhD Ayman, MD, MMed Malick,  MD, PhD

https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjkqYWogeTQAhXIVxoKHRuDCC8QjRwIBw&url=https://za.linkedin.com/in/sinead-amber-ross-305b3396&psig=AFQjCNHcgPOnzLbuyk4PeYc4q30z9vtFbg&ust=1481266329426802
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj86rPi8IrWAhVCvBQKHaGyA-sQjRwIBw&url=https://za.linkedin.com/in/chantelle-jennifer-scott-6021a927&psig=AFQjCNF8IOUqRUIFzaGM710cKjURJuHQmQ&ust=1504592144394055
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjbloWq8YrWAhVHuRQKHbLKBewQjRwIBw&url=https://za.linkedin.com/in/clair-ingram-2a529776&psig=AFQjCNHmoDSyWMjHSfhhWnZ_T2H80UspZA&ust=1504592324187573
http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjhpeOSlIvWAhUDvBoKHVIEAacQjRwIBw&url=http://www.archaeology.uct.ac.za/age/students/masters&psig=AFQjCNE_LoJct8IDEPeP11fbQmU5LrpBMA&ust=1504601643747674


Addressing the Exome DB Diversity 

Nature. 2016 August 18; 536(7616): 285–291. 



African ancestry and ecosystems motivate investments in African genomic variations, as a scientific imperative, 

with equitable access being a challenge to be addressed, to fully meet the potential of the next frontier of global genetic medicine.







NIH 4.3 million USD (PD/PI)

NIH: 2.6 million USD  (PD/PI)
NIH: 1.25 million USD (PD/PI)
AESA/Wellcome trust: 2.07million USD

Wellcome Trust- DELTAS (Co-I)
1/5 million USD ( Parent grant: 7.2 million USD)

ASANTE SANA/ENKOSI/THANKS!
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