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Three reasons to study African Genomic Variations

1- Ancestral
2- Ecological

3- Equity



Ancestral African Genomes
and complex trait



Missing Data in the Human Reference Genome

Assembly of a pan-genome from deep sequencing of 910
humans of African descent

Rachel M. Sherman'<", Juliet Forman'3, Valentin Antonescu’', Daniela Puiu', Michelle

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

Nat Genet. 2019 January ; 51(1): 30-35. doi: 10.1038/s41588-018-0273-y.

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



Unknown Archaic human DNA in Africans
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Durvasula ® Sankararaman, Sci Adv. 2020 Feb; 6(7): eaax5097.
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Archaic Human DNA, Health and Diseases

Neanderthal DNA and Covid -19
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<"  Dermatological phenotypes

* Neuro-psychiatric disorders

Ry  Immunological functions

Chromosome

* Major genetic risk factor for severe COVID-19

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

Zeberg & Paabo , Nature, 2020 Nov;587(7835):610-612
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Only 2.5% Africans for GWAS participants
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Ancestry of GWAS participants
over time compared to the global population

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

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

Lambert et al, Hum Mol Genet, 2019, 28: R133-R142
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Lower LD in Africans Improve fine Mapping

GWAS catalog sites
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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).
Amrtin et al. Nat Genet . 2019 April ; 51(4): 584-591.



Some Variants are more frequents in Africans

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

« PCSKO: privileged target for dyslipidaemias therapeutics

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



https://www.nature.com/articles/ng1509#auth-1
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Some Variants are Specific to Africans
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ZRANB3 is an African-specific type 2 diabetes locus
associated with beta-cell mass and insulin
response

Adebowale A. Adeyemo® 22, Norann A. Zaghloul’322, Guanjie Chen® ', Ayo P. Doumatey’,

Carmen C. Leitch?, Timothy L. Hostelley?, Jessica E. Nesmith?, Jie Zhou', Amy R. Bentley® ', Daniel Shriner’,
Olufemi Fasanmade®, Godfrey Okafor®, Benjamin Eghan Jr® Kofi Agyenim-Boateng®,

Settara Chandrasekharappa?, Jokotade Adeleyeg, William Baloguna, Samuel Owusu?, Albert Amoah?,

Joseph Acheampongﬁ‘, Thomas Johnson‘l, Johnnie OIIE, Clement Adebamownm,

South Africa Zulu Type 2 Diabetes Case-Control Study, Francis Collins'?, Georgia Dunston® &

Charles N. Rotimi® '



Lower Samples Size Yields Larger Effect Sizes in Africans

Genetics of schizophrenia in the South African Xhosa

S. Gulsuner, D. J. Stein?, E. S. Susser™*, G. Sibeko?, A. Pretorius?, T. Walsh!, L. Majara®,
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Schlzophrenia Autism Blpolar disorder

Cases (N=909) 79 97 51
Controls (N=917) 50 83 29
O.R. 1.80 1.34 1.75 11 1.52 259
95% CI [1.24 - 2.64][0.97 - 1.84][1.09 - 2.84][0.60 - 2.08][0.55 - 4.50][1.40 - 5.05]

« Rare damaging mutations in multiple genes in ~ 1000 African

« Replicated in a Swedish cohort of 5000 cases.

* Africans yielded larger effect sizes Gulsuner et al., Science 367, 569-573 (2020)

Wonkam. Nat Rev Genet. 2022 Apr 14.



Ancestral African Genomes
allelic and locus heterogeneity



Annual Review of Genorics and Humian Genetics

Amanda Krause,! Heather Seymour,!

and Michele Ramsay!+?

* Huntington disease

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

Europeans: 99% expansion in HTT

e 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)
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Hearing loss In Africa: current genetic profile
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African Ecology

Adaptation signals in African genomes



Africa Genetic Diversit

Migration
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Annu Rev Genomics Hum Genet. 2022 May 16.



SCD haplotypes: single origin of S-mutation?

]

i I

' Distribution of mutated HBB gene cluster haplotypes in regional variants

ARTICLE

Whole-Genome-Sequence-Based Haplotypes
Reveal Single Origin of the Sickle Allele
during the Holocene Wet Phase

Daniel Shriner’ and Charles N. Rotimi’.*

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

Trypanosomes and APOL1

A) APOL1 G1 risk model APOL1 G2 risk model

G0/G0 G0/G1 G1/G1 G0/GO0 G0/G2 G2/G2

B) HAT endemicity C) APOL1 G1 allele distribution D) APOL1 G2 allele distribution
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Cooper et al. eLife 2017;6:e25461



Co-evolution of the HBB-B> variant and other malaria,
and trypanosome associated genes variant in
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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
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Bibliometric Trends of Health Economic
Evaluation in Africa
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health technology assessment (HTA)
2016 HTAI conference in Tokyo, May 2016
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ELSI and African Genomics Research

Returning incidental findings in African genomics
research

Ancestral and geographical issues underlie the need to develop Africa-specific guidelines for the return of
genomics research results in Africa. In this Commentary, we outline the challenges that will inform policies and

practices in the future.

Ambroise Wonkam and Jantina de Vries

Nature genetics 2020 52 (1), 17-20

Stigma in African genomics research: Gendered blame, polygamy, ancestry

and disease causal beliefs impact on the risk of harm

Jantina de Vries™", Guida Landouré”™, Ambroise Wonkam™"*°

Social Science & Medicine 258 (2020) 113091



ty and Health In Africa
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H3Africa: African Populations Structures
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Missing Data in the Human Reference Genome

H3Africa dataset: 3.4 million SNVs Novel variation
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H3Africa CHIP Design

Q

Sample size and distribution

Source Number of
samples

GDAP 204
UG2G 2000
AGVP 320 | &
1000G 507
TrypanoGEN 212
Baylor 348
SAHGP 16
Total 3607

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



H3A Array, trait and disease
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The Tragedy of the Common(s)...
Sickle Cell Disease



Global Burden of SCD

HbS allele frequency (%) ¢
0.18
0.15
0.12
0.09
0.06
0.03
0.00

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

Piel et al, The Lancet, 2013



SCD, and HbF, and survival
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N Engl J Med 1994,330.1639-44.

DNA polymorphisms at the BCL11A, HBS1L-MYB, and
B-globin loci associate with fetal hemoglobin levels
and pain crises in sickle cell disease

Guillaume Lettre*'*S, Vijay G. Sankaran*¥, Marcos Andre C. Bezerra**, Aderson S. Araujo**, Manuela Uda'',
Serena Sanna'', Antonio Cao'!, David Schlessinger®®, Fernando F. Costa%, Joel N. Hirschhorn*'%,
and Stuart H. Orkin®®

2011 117: 1390-1392
Prepublished online November 10, 2010;
doiz10.1182/blood-2010-08-302703

Genetics of fetal hemoglobin in Tanzanian and British patients with
sickle cell anemia

Julie Makani, Stephan Menzel, Siana Nkya, Sharon E. Cox, Emma Drasar, Deogratius Soka, Albert

N. Komba, Josephine Mgaya, Helen Rooks, Nisha Vasavda, Gregory Fegan, Charles R. Newton,
Martin Farrall and Swee Lay Thein

OPEN (& ACCESS Fresly avallable online @‘ PLOS |one

Association of Variants at BCL77A and HBS7L-MYE with (
Hemoglobin F and Hospitalization Rates among Sickle «
Cell Patients in Cameroon

Ambroise Wonkam'*, Valentina J. Ngo Bitoungui®, Anna A. Vorster', Raj Ramesar'?, Richard S. Cooper?,
Bamidele Tayo®, Guillaume Lettre®, Jeanne Ngogang®



Gene Editing/Therapy for SCD
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The genomic
keys to sickle-cell
therapy

Becauseitis caused by asingle
point genetic mutation, sickle-
cell disease represents an ideal
opportunity for gene and RNA
therapy. Ambroise Wonkam
lays out the promise and
challenges ahead.

Ithowgh the first clinical case of sickle-cell disease
was described 111 vears ago, progress In drug
development has been slow. Only two medica-
tions have been approved In the United States
and Europe: hydroxyurea (HLU) 20 years ago, and
crizanlizumab more recently. Only HU is avallable In Afri-
can countries. Limited clinical acceptance of the drugs
provides further impetus for developing theraples.

Sickle-cell diseaselsthe result of a single nucleotid e sub-
stitutlon In the gene that codes for a protein involved In
praducinghaemogiobin (Hb) — the protein that constitutes
70% of red blood cells and transports oxygen toall organs.
Inskckle-cell disease, the abnormal, slckled Hb(HBS) tends
to polymerize In red blood cells. That process causes the
cells to become deformed and to take ona sickle shape.
Such cells are most often destroyed, leading to anaemia.
Inaddition, sickled red blood cells tend to obstruct blood
vessels, resulting In damage to multiple organs. In Africa,
atleast 0% of children with untreated skckle-cell disease
die before the age of 5.

Becauselt Is caused by asingle point mutation sickle-cell
diseasels anldeal target forgenetherapy. Therearetwokey
ways to accelerate the development of curative theraples
for the disease through genomics research. The first is to
explore the missing heritability of fetal haemoglobin (HbF)
In Africa: currently, 80% of gene varlants accounting for
heritability of HbF are still to beidentified . In the womb, HbF
Isthe dominant form of haemoglobin. Afterbirth, the level
of HbF decreases as adult haemoglobin A (Hb A replaces it

The mechanism that controls the switch from HbF to
Hb 15 dependent on specific varlatlons ina few genes.
Because the presence of HbF Inred blood cells blocks
Hb5 polymerzation, Interventlons that allow Individuals
with the disease to continue to produce HbF can result In
a lomger life expectancy. The most common way Lo pro-
muaite HBF production is to block proteins that inhibit HbF
expression. One such option Isinhibition of the gene that
codes forthe protein BCLILA, which modulates the switch
from HbF to HbA at birth'.

‘Variants already ldentifled In HbF-modulating kol (For

“Sickle-cell
diseaseisan
idealtarget
for gene
therapy.”
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example, In BCLLLA), however, explain no more thanroughly
20% of HBF levels In African Individuals with sicklz-cell
disease’, compared with up to 50% of the varlation in HbF
In Europeans — possibly because other HbF-controlling
loclor warlatlons are vet to be discovered In Africans. The
genome-wide assoclation studies (GWAS) that discovered
knownmodulators of HEF, such as BCLILA, wereperformed
In populations of Eurcpean ancestry’. These studles used
GWASarrays deskgned for that population and thus did not
mecessarily capture Africa’s high genetic diversity.

Although people of African ancestry comprise only about
2.53% of GWAS participants ghobally, they acoount for nearly
B% ofthe tralt and disease assoclations®, The high GWAS
yields In the few studies that Included Africans are due to
thehizhgenetic diversity inithis group. the- oldest of human-
Ity's populations. With more than 300,000 yearsof human
genomic evolutionary history In Africans, and only a small
group of individuals having originally moved out of Africa
(the ancestors of present -day Europeans and Astans), most of
the human genome varlations stayed behind. Consequently,
millkons of genetlc vartants, some of which ane yet tobe char-
acterized. elther oocur more or less frequently in Africans
or are specific to this population — which makes detalled
Identificationof genevariants for diseasear tralt associatlons
easler. Indeed, research touncover the missing heritability of
HbF-promotinglocin populations of African ancestry could
provide druggable targets for effective promotion of HbE.

The second genetlc approach to sickle-cell disease ther-
apyinvobves RNA. Small non-coding RMAs called microRNAs
(mIRMAs) gumup the production of proteins by binding to
the transcription machinery ina cell. They could be used
to tanget the entire pathway of HBF production — partiou-
larly tosuppress the expression of HbF-inhibitor proteins,
=uch as BCLIA — which would have a much stronger effect
thantargeting a single gene. Research that identiflesmore
candidate mifMAs that act on HbF production will pro-
videan attractive route for future sickle-cell theraples that
mimic HU-induced HbF production®. Mediation of HbAor
HbF production through the Injectionof messenger RMA,
aprocess used in COVID-19vaccines, could provide another
RMA-based technique for sickle-cell therapy.

Although the success and equitability of such genomic
research Is questionable, we can take encouragement from
the faster-than-expected development of the COVID-19 vac-
cine. Such researchshowld be accompanied by a mechanism,
overseen byinternational agencies such as the World Health
Organization, to ensure 1ts benefits are equitably distrib-
uted, through the establishment of centres of excellence
for sickle-cell disease care — particularly In Africa. Respon-
sibility will also lie with fund ing bodies, such as the Cure
Sickle Cell Disease Inltiative of the US Matlonal Institutes
of Health. Suchwork could serve as amode for developing
therapies for other monogenic diseases. The timehas come
for amambitious global genomic-research programme to
uncover more genomic keys to sickle-cell disease therapy.
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H3Africa GWAS CHIP Design

?

Sample size and distribution

Source Number of
samples

GDAP 204
UG2G 2000
AGVP 320 |
1000G 507
TrypanoGEN 212
Baylor 348
SAHGP 16
Total 3607

2.5M SNPs, 700’000 selected from GWAS data from SSA
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Unknown In the Databases:

The case of a silent epidemy




Global hearing health care: new findings and perspectives ~ @ ®
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Congenital HI: 50 % Genetic

B Recessive

0 ) o B Dominant
75% non-syndromic O Xulinked

m Mitochondrial

> 90 non-syndromic loci

25% syndromic

> 400 syndromes



Syndromic Deafness

Waardenburg Syndrome Type |l

* 7% of genetic cases

* 50-60 % of syndromic cases
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Connexin Genes Variants Associated with
Non-Syndromic Hearing Impairment: A Systematic
Review of the Global Burden
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Enhancing Genetic Medicine: Rapid and
Cost-Effective Molecular Diagnosis for a GJB2
Founder Mutation for Hearing Impairment in Ghana
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Age Estimate of GJB2-p.(Arg143Trp) Founder Variant in Hearing

Impairment in Ghana, Suggests Multiple Independent Origins
across Populations
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GJB2 Founder variant improve epithelial barrier in vivo and in vitro

GJB2 genotype wt/wt WU/R143W R143W/R143W

Skin histology
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Skin histometry

Stratum corneum (um)  13.0 (10.7-14.0; n=5)  14.7 (13.0=16.9; n=6)  15.2 (11.9-17.1; n=7)
Epidermis (um) 44.7 (26.8-55.8: n=5)  55.8 (46.7-60.1;n=6)  59.0 (47.6-67.4; n=7)

Staining of eccrine
sweat glands

Sweat analysis

Sodium (mmol/L) 22.7 (6.4-39.2;, n=10) 19.7 (10.2-36.2; n=11)  60.1 (22.6 - 89.3; n=9)
Chloride (mmol/L) 245 (6.0-43.0; n=10) 20.0 (8.0—44.0; n=11) 55.0 (10.0~70.0; n=9)

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

# Cells Containing LY

(WT)Cx26 ' (R143W)Cx26

J Membrane Biol (2007) 218:29-37
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GJB2 Is a Major Cause of Non-Syndromic Hearing Impairment
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A few Hearing Impairment Studies from Africa
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Rare and Novel HI Genes in Africa

A novel variant in DXML2 gene is associated with autosomal
dominant non-syndromic hearing impairment (DFNA71) in a

Cameroonian family
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Whole exome sequencing reveals a biallelic frameshift mu
in GRXCR?2 in hearing impairment in Cameroon
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Whole exome sequencing identifies rare coding variant
human-mouse ortholog genes in African individuals dia
with non-syndromic hearing impairment
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Exome sequencing of families from Ghana reveals
known and candidate hearing impairment genes
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Waardeﬁburg Syndrome: Novel PAX8 Gene



Pax 8 -/- Mice

athyroid euthyroid
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Inner Ear of Athyroid Mice Is Immature

The micrograph along the cochlear partition
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Generating Assets, Knowledge & Solutions

Human Heredity & Health in Africa
Data use codes
Title Acronym Design EGA Accession = Participants Biospedmens Paired
The Genomics of SAX Unavailable Unavailable 0 2238 0
Catalogue stats ( Schizophrenia in the South
African Xhosa People
Last update: 2021-03-30
The Human Heredity and Health in Africa (H3Africa) I Genetic determinants of TrypanoGEM  Case EGASD0001002602 DUO:0000006 233 0 o
Studies g contemporary research approach to the study of ge susceptibility to DUO:0000027
determinants of common diseases with the goal of imp  trypanosomiasis DU0:0000024
populations. Data and biospecimens from H3Africa projs DUO:0000019
Datasets 20 i . i
use, with access controlled by a Data and Biospecimen / DUG:0000021
. . is housed in the European Genome-phenome Archive
Biospecimens 23421 three H3Africa biorepositories. H3Africa Chip Design Study H3AChip Control  EGAS00001002976 DUO:0000006 348 379 104
DUC:0000027
This catalogue enables users to search for datasets o DUO:0000024
search Users can browse the catalogue using the simple search. DUO:0000019
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a For more advanced searching or to request access us
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Policy documents - & Educational Metwork
Collaborative African CAFGEM Case- EGASD0001002656 DUO:0000006 314 1804 306
Genomics Network Contraol DUC:0000027
' DUD:0000024
‘ DUQC:0000019
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. Genomic and Environmental AWI-Gen Case- EGASDD001002482 DUO:0000006 971 13415 ]
Title Acronym )
Risk Factors for Contral DUQC:0000027
Cardiometabolic Disease in DUO:0000024
Genomic and Environmental Risk AWI-Gen Africans DUO:0000019
Fartare far Cardinmatahalic DUC:0000014

H3Africa

Human Heredity & Health in Africa
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The road ahead in genetics and
genomics
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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.



cover ethnolinguistic, regional and other
groups. Therefore, we aim to startsuch a pro-
ject, called the Three Million African Genomes
(3MAG), which would build capacity on the
continent — in genomics research and its
applications, and governance. The findings
would bring benefits worldwide, including
some that are hard to anticipate. In a similar
way, much knowledge put to use during the
COVID-19 pandemic — from public commu-

Sequence three million
genomes across Africa
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RECHERCHE Professeur a t'Université du Cap, le Camerounais
Ambroise Wonkam était linvité du Geneva Science and
Diplomacy Anticipator. Le généticien veut réaliser le profil ADN
de 3 millions d’Africains. Une maniére de combler une lacune:
le séquencage génomique de 2003 est trés «eurocentriquer
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WHENTHEMu!ambaras' firstsonwasa
about 18 months old they began to
worry about his hearing. The toddler did
not respond when asked to “come to Ma-
ma". He was soon diagnosed as deaf,

around 1m genomes as part of an cffort to
refine the “reference genome”, a blueprint
used by researchers. But less than 2% of all
sequenced genomes are African, though
Africans are 7% of the world's population

The variation present in most non-Afri-
cans with cystic fibrosis is responsible for
only about 30% of cases in people of Afri-
can origin. This is one reason, along with
its relative rarity, that the illness is often
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Examining the impact
of human interactions
with the environment
on the human genome,
gene regulation, muta-
tion, and disease
etiology.

Environmental Genomics

Examining the human and Mstagenomice

genome's impact
upon hosted microbial
populations, and
microbe impacts upon
the human genome
and gene expression
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Human-Microbe
Interaction

Biomedical
Application

Analyzing sequencing
data from large and

diverse populations to
provide deep insights
into disease biology and
identify characteristics
associated with health.

Minable Big Data
(Discovery Science)

Identifying Predisposition
to Diseases and Disorders

Domains of

Modifying the genes
associated with a
disease or disorder
to treat or cure the 5
disease

Gene Editing
and Gene Therapy

Pharmacogenomics
(Personalized Medicine)

Using sequencing data
to enable the
prescription of drugs
best suited to the
patient's genotype
(increasing efficacy and
reducing adverse events)

Human Genetics
6 and Genomics 3

Diagnosing Diseases
and Disorders
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Rational Drug
Development

Using genetic
information and gene
associated biomarkers
to inform molecular
targeting in drug design.

Genetic and genomic
testing to identify
carrier status, and
identify predisposition
for genetic disease via
prenatal, newborn and
adult screening.

Using biomarkers
and gene signatures
to diagnose the
presence of diseases
or disorders thatare
associated with
specific genes or
gene products.

—conmnomic Impact and
—unctional Applications of
Human Genetics and Genomlics
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$265B

TOTAL ECONOMIC IMPACT

$5.2B

DIRECT FEDERAL TAX REVENUES

4.75:1.00

FEDERAL RETURN ON INVESTMENT
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