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Why we should invest in 3MAG: 
sequencing 3 million African Genomes



Three reasons to invest in 
African Genomic Variations:

1- Ancestry

2- Ecology

3- Equity
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African Ancestry: missing variants 



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

Missing African Variants 
in the Human Reference Genome 



H3Africa dataset: 3.4 million SNVs Novel variation 

Nature volume 586, pages741–748(2020)

Missing African Variants 
in the Human Reference Genome 

https://www.nature.com/nature


Unknown Archaic Human DNA 
in Africans Genomes

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

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: 578–5
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


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
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African Ancestry and Monogenic 
diseases:

Allelic and locus heterogeneity



Genes 2019, 10, 844; doi:10.3390/genes10110844

• Huntington disease 

Europeans: 99% triplet expansion in HTT
Africans :  67% in HTT, and 33% JPH3

• 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)

Genes and Variants for monogenic conditions
varies in Africans

• Congenital Hearing Impairment

Europeans: 50 % variants in  GJB2 
Most Africans: 0%

http://dx.doi.org/10.3390/genes10110844
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Africa’s Ecology:
Adaptation signals and natural selections in African genomes



Malaria and Single Origin of Sickle Cell Mutations

Bitoungui …. et Wonkam, 
OMICS. 2015 Mar;19(3):171-9. 



Cooper et al. eLife 2017;6:e25461

Trypanosomes and APOL1





PLOS Pathogens | DOI:10.1371/journal.ppat.1006220 February 27, 2017

Dengue Fever and Natural Selection



Africans Genomics Study is a Scientific  Imperative
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Africans Genomics Study: 
How to Address the Equity 

Imperative?



Africa: 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


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 CHIP Design

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


African Ancestry
and complex traits/diseases



Only 2.5% Africans in Global  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

Prediction accuracy relative to European ancestry individuals across 17 
quantitative traits and 5 continental populations in UKBB

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

Front Genet. 2021; 12: 595702.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8005585/


Lower LD in Africans Improve fine Mapping

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

Only 2.5% in GWAS studies are Africans but account for 7% of  associations

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

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



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 Africans Samples Size Yields Larger Effect Sizes



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



Global Burden of SCD

Burden of SCD in Africa
237, 253 births a year (76%)

Piel et al, The Lancet, 2013



Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, 
Mendelian…

Common, Complex, Multigenic, 
Non-Mendelian…

Sickle Cell Disease 



Genetic and Kidney dysfunctions in SCD



SCD, and HbF, and survival





It’s Here: Gene Editing for SCD



Missing Heritability of HbF in Africa

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



Genomics of Hb F level in SCA

Wonkam et al, Unpublished data



Novel HbF Promoting Loci in Africans

Wonkam et al, Unpublished data





Hydroxyurea-Induced miRNA & HbF

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=6568309_fgene-10-00509-g001.jpg


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


Rare Damaging Variants & Survival in SCD



Markers of evolutional selections in SCD 



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 HBB-βS and other variants under selection

PIEZO1

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


The tragedy of the rare: DSDs



....CGCTGCCTGAGGACGCCGCGGCCCCCGCCCCCGCCATGGGCGCCCCTGCCTGCGCCCTCGCGCTCT
GCGTGGCCGTGGCCATCGTGGCCGGCGCCTCCTCGGAGTCCTTGGGGACGGAGCAGCGCGTCGTGGGGCG
AGCGGCAGAAGTCCCGGGCCCAGAGCCCGGCCAGCAGGAGCAGTTGGTCTTCGGCAGCGGGGATGCTGTG
GAGCTGAGCTGTCCCCCGCCCGGGGGTGGTCCCATGGGGCCCACTGTCTGGGTCAAGGATGGCACAGGGC
TGGTGCCCTCGGAGCGTGTCCTGGTGGGGCCCCAGCGGCTGCAGGTGCTGAATGCCTCCCACGAGGACTC
CGGGGCCTACAGCTGCCGGCAGCGGCTCACGCAGCGCGTACTGTGCCACTTCAGTGTGCGGGTGACAGAC
GCTCCATCCTCGGGAGATGACGAAGACGGGGAGGACGAGGCTGAGGACACAGGTGTGGACACAGGGGCCC
CTTACTGGACACGGCCCGAGCGGATGGACAAGAAGCTGCTGGCCGTGCCGGCCGCCAACACCGTCCGCTT
CCGCTGCCCAGCCGCTGGCAACCCCACTCCCTCCATCTCCTGGCTGAAGAACGGCAGGGAGTTCCGCGGC
GAGCACCGCATTGGAGGCATCAAGCTGCGGCATCAGCAGTGGAGCCTGGTCATGGAAAGCGTGGTGCCCT
CGGACCGCGGCAACTACACCTGCGTCGTGGAGAACAAGTTTGGCAGCATCCGGCAGACGTACACGCTGGA
CGTGCTGGAGCGCTCCCCGCACCGGCCCATCCTGCAGGCGGGGCTGCCGGCCAACCAGACGGCGGTGCTG
GGCAGCGACGTGGAGTTCCACTGCAAGGTGTACAGTGACGCACAGCCCCACATCCAGTGGCTCAAGCACG
TGGAGGTGAACGGCAGCAAGGTGGGCCCGGACGGCACACCCTACGTTACCGTGCTCAAGACGGCGGGCGC
TAACACCACCGACAAGGAGCTAGAGGTTCTCTCCTTGCACAACGTCACCTTTGAGGACGCCGGGGAGTAC
ACCTGCCTGGCGGGCAATTCTATTGGGTTTTCTCATCACTCTGCGTGGCTGGTGGTGCTGCCAGCCGAGG
AGGAGCTGGTGGAGGCTGACGAGGCGGGCAGTGTGTATGCAGGCATCCTCAGCTACGGGGTGGGCTTCTT
CCTGTTCATCCTGGTGGTGGCGGCTGTGACGCTCTGCCGCCTGCGCAGCCCCCCCAAGAAAGGCCTGGGC
TCCCCCACCGTGCACAAGATCTCCCGCTTCCCGCTCAAGCGACAGGTGTCCCTGGAGTCCAACGCGTCCA
TGAGCTCCAACACACCACTGGTGCGCATCGCAAGGCTGTCCTCAGGGGAGGGCCCCACGCTGGCCAATGT
CTCCGAGCTCGAGCTGCCTGCCGACCCCAAATGGGAGCTGTCTCGGGCCCGGCTGACCCTGGGCAAGCCC
CTTGGGGAGGGCTGCTTCGGCCAGGTGGTCATGGCGGAGGCCATCGGCATTGACAAGGACCGGGCCGCCA
AGCCTGTCACCGTAGCCGTGAAGATGCTGAAAGACGATGCCACTGACAAGGACCTGTCGGACCTGGTGTC
TGAGATGGAGATGATGAAGATGATCGGGAAACACAAAAACATCATCAACCTGCTGGGCGCCTGCACGCAG
GGCGGGCCCCTGTACGTGCTGGTGGAGTACGCGGCCAAGGGTAACCTGCGGGAGTTTCTGCGGGCGCGGC
GGCCCCCGGGCCTGGACTACTCCTTCGACACCTGCAAGCCGCCCGAGGAGCAGCTCACCTTCAAGGACCT
GGTGTCCTGTGCCTACCAGGTGGCCCGGGGCATGGAGTACTTGGCCTCCCAGAAGTGCATCCACAGGGAC
CTGGCTGCCCGCAATGTGCTGGTGACCGAGGACAACGTGATGAAGATCGCAGACTTCGGGCTGGCCCGGG
ACGTGCACAACCTCGACTACTACAAGAAGACAACCAACGGCCGGCTGCCCGTGAAGTGGATGGCGCCTGA
GGCCTTGTTTGACCGAGTCTACACTCACCAGAGTGACGTCTGGTCCTTTGGGGTCCTGCTCTGGGAGATC
TTCACGCTGGGGGGCTCCCCGTACCCCGGCATCCCTGTGGAGGAGCTCTTCAAGCTGCTGAAGGAGGGCC
ACCGCATGGACAAGCCCGCCAACTGCACACACGACCTGTACATGATCATGCGGGAGTGCTGGCATGCCGC
GCCCTCCCAGAGGCCCACCTTCAAGCAGCTGGTGGAGGACCTGGACCGTGTCCTTACCGTGACGTCCACC
GACGAGTACCTGGACCTGTCGGCGCCTTTCGAGCAGTACTCCCCGGGTGGCCAGGACACCCCCAGCTCCA
GCTCCTCAGGGGACGACTCCGTGTTTGCCCACGACCTGCTGCCCCCGGCCCCACCCAGCAGTGGGGGCTC
GCGGACGTGAAGGGCCACTGGTCCCCAACAATGTGAGGGGTCCCTAGCAGCCCTCCCTGCTGCTGG....

Achondroplasia

FGFR3 gene

Seneb, a 4th/5th Dynasty  



Unknown in the Databases:

The case of a silent epidemy



Cameroon
60 multiplex families
400 single plex
61% resolution rate
Novel genes:
CLIC5: c.224T>C (p.L75P) / c.63+1G>A

Ghana
54 multiplex families
200 single plex
92% resolution rate
GJB2-R143W: 33%

South Africa 
50 multiplex families
250 single plex
70% resolution rate
Higher Autosomal dominant
Novel genes: REST

HI Genes Africa
WES analysis



Confirmation of Rare Disease Genes in Africa





Genetics of Hearing Impairment in Ghana

• High-resolution rate of 88.5% using WES
• MYO15A and CDH23 the most common in GJB2 negative families
• 62.3% of variants in known genes not previously associated with HI
• Height novel candidate genes



Waardenburg Syndrome: Novel PAX…Gene



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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