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Why do some HIV
positive children
develop AIDS quickly
and others slowly?
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Are there single gene
defects underlying
early-onset essential

hypertension?



Diversity in human genomics

Genomic studies of diseases and traits have predominantly been conducted

2016

2,511 studies
35 million samples

81%

European
ancestry

199% Non-
European
ancestry

Genomics is
failing on diversity

An analysis by Alice B. Popejoy and Stephanie M. Fullerton indicates that some
populations are still being left behind on the road to precision medicine.
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GWAS 2022

Diversity Monitor
Participants by ancestry

E African American or
9;?‘?;)% Afro-Caribbean 0.28%
Asian Hispanic or Latin

1.8% American 0.45%
African Other/Mixed

0.6% 0.34%

Mills MC & Rahal C, 2020, Nature
Genetics

In European ancestry populations

ARTICLE opeN

https://doi.org/10.1038/ 541586-018-057 9-2

The UK Biobank resource with deep
phenotyping and genomic data

.. R tati
Self-reported ethnicity epresentation

(%)
White
British 88.07
Irish 2.63
Any other white background 3.36

Bycroft et. al, 2018, Nature

Article

The mutational constraint spectrum
quantified fromvariationin 141,456 humans

INcm -Finnish European (64,603)

East Asian (9,977)
—

Other 36147777

5,185

Karczewski et. al, 2020, Nature



Genetic Variation in Africa

Nielsen, Nature 2017
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Drivers of Genetic Variation in Africa

a Migration
Back
migration
Pidaet |
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Back
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b Malaria incidence (per 100,000), 2019

Northern Africa
13.0

Western Africa

d Mmilk consumption (8-oz glasses per day), 2010 @ Climate classification

EEEE Arid climate
B Equatorial climate
1§ Warm temperature climate

Southern
Africa
1.0

Northern Africa
0.6350

B More

Western Africa
0.2817

Southern
Africa
0.6611

Less

Wonkam, et al, Ann Rev Gen Genom, 2022



African Diversity in Genetic Studies

* Individuals of African ancestry contribute significantly to gene mapping...

November 25, 1949, Vol. 110 SCIENCE
| Low LDL cholesterol in individuals of African descent
- - - 1 : : :
Sickle Cell Anemia, a_Molecular Disease resulting from frequent nonsense mutations in PCSK9
: Jonathan Cohen'3, Alexander Pertsemlidis®?, Ingrid K Kotowski*, Randall Graham!, Christine Kim Garcia'~?

Linus Pauling, Harvey A. Itano,? S. J. Singer,? and Ibert C. Wells® & Helen H Hobbs'™
Gates and Crellin Laboratories of Chemistry, '

California Institute of Technology, Pasadena, Californiat Drug
Evolocumab (Repatha)
Vv Alirocumab (Praluent)
1 r k‘ 2 Bococizumab

Frequency (%)

45 «— 50" percentile

<25 25- 50- 75- 100-125-150-175- >200
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N|H LDL cholesterol (mg/dl)
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African Diversity in Genetic Studies
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... but may not be able to benefit equitably from it....

JAMA Internal Medicine | Original Investigation

Association Between a Common, Benign Genotype
and Unnecessary Bone Marrow Biopsies

Among African American Patients

1.007 - CC genotype CT/TT genotype
m Characteristic (n=277) (n=122)
o C
® $0.75] Clinical history
S5 Q
8 S Isolated low WBC count 34(12.3) 1(0.8)
(w
5 o 0.50 Other 243 (87.7) 121(99.2)
29
8 'ﬁ 0.25 Site Biopsy history Normal Abnormal Percent normal
Tw VUMC
S Isolated low
21 1 95.5% <:I
0.001 WBC count
% 3 T 2 = Other 100 82 54.9%
QQ’Q -&?’ Y‘é\(b V‘é\(b %\o'b Mt. Sinai
0\0 Z & o e Isolated low o
o 600 %4 WBC count 2 0 100% <:|
Population Other 13 17 43.3%
CHOP
ot 10 : oo | <
Other 21 10 67.7%

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



Human Heredity and Health in Africa
(H3Africa) Consortium

Ethical, legal and

» & . social issues projects
) & FX&T F Eeposiiories

The H3Africa Bioinformatics

. Network
~ Consortium Shvork e

* Access to new genomic technologies Bioinformatics

Y J

. . . . : Trainin
* Integrate genomic and clinical studies ¢ ‘ g

)  ) O
) ) Research

* Facilitate training at all levels Projects

* Establish research infrastructure
Pricipal Investigators must be from an African country
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|I3Africa human genetics projects span a wide
spectrum of diseases

' - ]
~—— Cardiovascular Infectious

1 1 8065 Disease Disease
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Research Participants HIV
Recruited

. Malaria
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Maternal
Stress

Cardiometabolic Stroke

Type Il Rhuematic

Diabetes Heart Kidney

— Blindness
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Developmental
Disorders

Disease

Mental
Health

— Sickle Cell
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Whole genome sequencing efforts in Africa

426 individuals, 13 Countries, 50
ethnolinguistic groups
*includes case groups (HIV, SCD)
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WGS in ‘new’ African populations expands the
genomic landscape
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Choudhury, Nature, Oct 2020



African populations show complex patterns of admixture

* West African population (Berom) with ~15%
Yoruba

East African (Nilo-Saharan) admixture
(Nigeria)
Igbo
(Nigeria)
Luhya
(Western Kenya)
Berom Kalenjin
(Nigeria)

(Uganda Nilo-Sarahan)

CAM |
(Cameroon) {
) / ;
S wn
8 SIB13 21212 BEES E O1R1%18 R OE
T TR =
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West African South African

Central African East African

Choudhury, Nature, Oct 2020



Novel variant discovery in African genomes

o o o o o — o' .
~3.4 million ‘novel’ single nucleotide variants (SNVs) 3 8| r=0.9; P=1.4x10%
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variation

African genomes inform medically relevant

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

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

ATP7B
BRCA1
BRCA2
RYR1
KCNQ1
PKP2

Only 8 ACMG variants in 8 Individuals

% Total population

0.16

0.12

0.0

0.04 ||| |I\

0.0 -. .--
2 4 6 8 10 12 14

# Alleles

High individual burden of ClinVar pathogenic variants
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o

16

Choudhury, Nature, Oct 2020



Pathogenic SNVs in ClinVar have different
frequencies across Africa
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African medically-relevant variants
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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
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ALMS1 SLC26A4
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Implications for common variant mapping
across Africa

b o Cell Genomics @ CelPress
6 - EN ACCESS
. Populaton Performance and accuracy evaluation

& | ER= of reference panels for genotype imputation

Zuly in sub-Saharan African populations
2
Dhriti Sengupta,’ Gerrit Botha,” Ayton Meintjes,” Mamana Mbiyavanga,” AWI-Gen Study, H3Africa Consortium,
Scott Hazelhurst,'# Nicola Mulder,”* Michéle Ramsay,’-*-® and Ananyo Choudhury'**
0.0534
04

AWI-Gen dataset (~10,900 samples)

BRIEF COMMUNICATION

https://doi.org/10.1038/541591-022-01835-x

M) Check for updates . .
5 panels on 3 imputation servers

Transferability of genetic risk scores in African , :
populations Tesauncs (RG]

1000 Genomes Haplotype Reference 1000 Genomes TOPMed
Sanger (KSP_S) Gonsortium (HRC) Michigan (KSP_M)

Abram B. Kamiza'??, Sounkou M. Toure'#, Marijana Vujkovic®®, Tafadzwa Machipisa©57%,

TC o _
(l,/)) . E%:,M
T 6.93 2] i
S 6.75 by é 10
- < vl
® 1034 c:::} g 04 KGP_M 5.
' ' ! s KGP_S g 4
AFR MEA EUR D021 - &8 ,
Ancestry TOPMed E &
0.04 g 0 i i . . .
0.001 0;]&]5 0.01 N?'E?S . 01 0.5 1 AGR HRC KGP_M KGP_S TOPMed
. . . t t
* In Africans, genetic risk scores created from N
African GWAS work better than European, * African imputation panel is smaller than best
NIH)3 but not everywhere in Africa African diaspora panel, but is more accurate
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More work to be done...

>2,000 Ethnolinguistic groups

UNITED STATES

Kai Kruse — The true size of Africa

NHGRI

Number of
genomes
sequenced
o <10
O 10-500
t l () >s00

e q‘%‘

Sources of published African gennmes*

@ Lorente-Galdos et al., Genome Biology, 2019

@ H3 Africa: Choudhury et al., Nature', 2020

® AGVP? Gurdasani et al., Nature, 2014
MalariaGEN®: Nature Communications, 2019

© Sherman et al., Nature Genetics, 2018

@ SGDP*: Fan et al., Genome Biology®, 2019

® 1000 Genomes®: Nature, 2015

@ Pagani et al., Am. J. Hum. Genet., 2015
ElHefnawi et al., Gene, 2021

@ UGR?: Gurdasani et al., Cell, 2012

@ Schuster et al., Nature, 2010

@ Lachance et al., Cell, 2012

Science News, Elizabeth Pennisi, 2021

Setting the agendainresearch

Comment

Sequence three mllhon
genomes across Africa

Ambrolse Wonkam




Assessing Genomic Diversity in Africa -
AGenDA

* Sequence ~1200+ from under-represented African groups

Tunisia & Libya

* Make deidentified data available

* Integrate new data to reference panels

Nilo-
Saharans
Afro-
Asiatic Hunter-
Gatherer
Islanders

* 10 Ethics Committee approvals

* 1 Partnership agreement (lllumina)

* 1 MTA with lllumina (Export permit)
*7 MTA with study sites (Import permits)

* 1 Data Governance and Partnership

\
R 44

agreement with all 10 groups

B === illumina

NHGRI




Laying the Groundwork

Media & Educaﬁon

7

H3Africa

H3Africa

«  Human Heredity and Health in Africa Human Heredity & Healthin Africa

4
L Ivests =z The Human Heredity and Health in Africa

(H3Africa) Initiative aims to facilitate a

contemporary research approach to the

study of genomics and environmental

% determinants of common diseases with

the goal of improving the health of African

populations.

FIND OUT MORE

Human Heredity and Health in Africa

@H3Africa Follows you
(1 Tube Search
Ny ronge e )

Human Heredity and Health in Africa -
H3Africa

1.3K likes + 1.4K followers

Ugandan scientists study link between genetics

and HIV and TB progression

. Harvard Law & International Development Society
a community dedicated to challenges at the intersection of law, policy and development

Developing best practices for addressing the legal, ethical, and
societal implications of genomics research and biobank
governance with pediatric populations in Africa

NHGRI

Community Engagement & Ethics

Tells the story of DNA and genetics through the eyes of young
man who is recruited to a genetic study

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

5 Uy

Eastern Europe

and central Asia ) =
. L7
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Children’s Foundation

Houston, Texas, USA
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[ 2;%2, 5
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Children <15yrs living with HIV

University of Botswana

Cildeer

Foundation

@
)/

v

Botswana-Baylor
# Children’s Clinical COE

Baylor-Swaziland
Centre of Excellence

Collaborative African Genomics Network
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Disease progression in HIV +ve African

children

Rapid
Progressors
(RPs)

Long Term Non-

Progressors
(LTNPS)

Birth 1

European Adults

* HLA class | variants
* HLA-B*57, B*27
TCR A TCR

Vi(al peptide .~ Receptor binding
epitope %"
P apl20
I 79
HLA cl II m:
Class
D CCERS

* HLA-B*57:01
* CCR5A32
* HLA-A, HLA-C l *rs1015164
expression

* Chemokines (e.g.
CCR5 A32)

NHGRI

Age/y7a rs

3 4

Children # Adults

* Low immune activation

Population Genetics

* Different HLA-types in
African adult progression

* CCR5 A32 rare in Africa

* Low CCR5 expression on
memory T-cells

o, {75 Sl
11.13% [N
2.16% =X Y3 4
5
X § : S [
8.62% I 5 40% = "'ﬁ ® 1ATS
P o N AL T
B 3 3

T ¢zjawﬁ'
Martinson et al, Nat Gen, 1997 Z//jp



Disease progression in HIV +ve African children

Long Term Non-

Rapid P
apid Frogressors Progressors (LTNPs)

(RPs) /71
$ LTI

* 14,246 ART naiive Phase I: n= 500 R Age in years ’ Phase I: n=500

N
/]

children Phase Il: n=500 éirtL I1 I I2 I I3 I I4 I10 I I11 I I12 : I15 Phase Il: n=500
NN
* Retrospective EHR I
Unmqpped Requ — DNA Sequencing SNP genotyping

840 (Exome) *400 (Genome)

Coding Variant Association
* Rare variants * KIR

(n=1550)

Genome wide

Association Analysis (esedi

Virome
* Copy number variants * HLA class | John Williomes

Analysis

Missing
Variation

{3

Marion Mukisa

Savannah

. Amajul
Mwesigwa may
Gaseene

- 2 Samuel
. '.‘ f" =" ' ; Kyobe
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HLA-C Is putatively associated with pediatric
disease progression

Samuel
Uganda Botswana Kyohe
OR C*18:01 —.— C*18:01 —
HLA HLA-A . : w C*16:01 — C*16:01 -
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g . \ ° \ B*15:10- —— B*15:10- ——
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N oe v ' ey, 2 1 0 1 2 2 1 0 1 2
) Qr\ o5 ® [ ] e, log,, OR log,, OR
xHOT @ 0 b A ® ’
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> N . * HLA-C*03:02 not previously associated with LTNP

69 < == O - : ®, 0).09
C s VSRR ERD 5 * ~5 -12% of variance in progression
Q Q‘Q 5 O - @,}; 2,
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@ = = N
(o)}
D cA/GERY 2
NHGRI o

Kyobe, Front in Gen, 2021



Anelloviridae in Pediatric HIV disease
progression

Savannah
Mwesigwa
V' b () Virus Species Count In LTNPs Count
irome % f. 60 :.’:._‘.l Virus Species Count In RPs O
o B Cumulative Count In LTNPs iri
A na Iys 1S ‘ [ Cumulative Count In RPs Anelloviridae
n p=3x 104
k) p=0012
o =0.014
WES DATA £ p=0140
) p=5x104
N =748 s p=0.045
- p = 0.003
V]
Vs £
=]
=
Unmapped Reads & Male b~ Novaseq 6000
‘ 4= Female <0~ HiSeq 2500
Map to Virome
V”_us FEI ITIi|y q value FDR correction for 15 tests
VirusFinder v2.0 * 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

cAfGENY

Mwesigwa, npj Genome Med, 2021



Rare variants contribute to disease progression

) |

Marion Amaijul

Coding variant

enrichment * CCR5-A32 base pair deletion allele not observed

* No association in chemokine or chemokine receptor genes
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A rare variant in NLRX1 i1s enriched
among LTNPs
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Enriched variant is predicted to damage
the resulting protein
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Insilico pathogenicity predictors

Gene | Protein Change Polyphen MutTaster PROVEAN
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NLRX1 and HIV1 infection

Cell Host & Microbe
I * A major regulator of IFN-Y in innate immunity
NLRX1 Sequesters STING to Negatively Regulate * NLRX1 attenuates immune reactions, thus enabling HIV replication
the Interferon Response, Thereby Facilitating o i i i i i i ;
the Replication of HIV-1 and DNA Viruses NLRX1 reduction potentiates innate immunity and blocks HIV replication
[ ]

High expression in mucus membranes of Gl and reproductive tract
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Genetic Variation in Pediatric HIV in Africa

* Complex host genetic contribution to disease progression

* Variation with country

Slower progression

Anelloviridae NLRX1 HLA-B
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Chr 7 locus
(el CCDC8 "
Faster progression  ¢jade??
Pediatric +

AIDS
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Childhood Complex Disease Genomics
Section
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Childhood - Sickle Cell = Pediatric - Childhood
\Malnutrition/ \ Disease ) . HIV ) \Hyperiension/
Why do some children Why do some Why do some HIV Are there single gene
get Kwashiorkor when individuals make positive children defects underlying
severely malnourished? alloantibodies after develop AIDS quickly early-onset essential
red cell transfusions? and others slowly? hypertension?
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Sickle cell Disease Is the most common single-gene
disorder globally -

) // .
g/
e Caused by single point mutation in the beta-globin (HBB) Tegie 1292,/'/'/‘//_
&/ American ~" 08

X/
* Recessive disorder (both gene copies affected) //////4/, da 2

"%, 9047 :
Yoey e
O .

Europez % )

* Leads to abnormal hemoglobin (Hemoglobin S)

AR South-East

£ o8 Cerebral infarcts HbS allele frequency (%) region Asian region
Retinopathy: Stroke 0-3 / 26037
| . / 233289
. Mental retardation @ 3-6
Cardiomegaly,
[ Pulmonary infarcts B 6-9
Congestive 1 o1
heart failure Pneumonia = 9
Cholelithiasis Splenomegaly 15 ;l
) ] IS
Splenic atrophy / Rees, Lancet, 2010
Renal infarcts (autosplenectomy) E

4
Hematuria

Highest allele frequency in Africa
/ exvomtos e Carrier rate of up to 30%

Bone marrow
hyperplasia

* Protective effect from severe Malaria

Spread with movement of peoples:

* Mediterranean, North & South America, Europe,
Caribbean

Aseptic bone

necrosis Vaso-occlusion
|

Osteomyelitis Ulcer




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 2 Hemolysis

* Alloantibodies create a challenge to find compatible blood

Genome-wide association study (GWAS) of
alloimmune ‘responder’ status

» 288 SCD chronic transfusion recipients
* Responders (n=154)

* Non-responders (n=134)

: 2.5 million SNPs genotyped
Ag-Ab mismatch+ N

\ Lo
EAPfso Wacq) \ \\“v.v "‘/ 7
Alloantibodies No alloantibodies ::. Wmmm\
Responders Non- ="

Responders
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-logqo(P-value)

GWAS of SCD alloimmunization

E 5 5q33 [

04 — 80
rs75853687
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Williams, Blood Advances, 2018



GWAS of SCD alloimmunization

Admixture among African Americans Allele exclusive to haplotype

African Ancestry Restricted Analysis o Aieen et

* Mean European ancestry: 6. e
* In African Americans ~20-25% 5 4
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Chromosome 5933 risk locus
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Chromosome 5933 risk locus
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Chromosome 5933 risk locus
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Transatlantic Pleiotropy
— HBB — L — @ Adult human

Gain-of-function (GOF) mutation
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Summary

« Genomic studies In different populations is important for equity in
the development of precision medicine

* |dentify 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 seguencing and genome studies in diverse
populations required

NHGRI
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