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Outline

* What do we mean by diverse populations?
* Genetic admixture, admixture analysis, and admixture mapping

* Why does diversity matter in clinical research or genetic
epidemiology?

* Example: Polygenic risk scores in non-European populations



What do we mean by diverse
populations?



Race vs. Ethnicity vs. Ancestry

* Race is a social construct often linked to ancestry

* Ethnicity: cultural heritage, ancestry, origin myth, history,
homeland, language and/or dialect, symbolic systems such as
religion, mythology and ritual, cuisine, dressing style, and art

* (Genetic) Ancestry defined in terms of continental (or sub-
continental) origin of ancestors



Genomic diversity across populations

Amounts of different classes

Central &
of genetic variation South ASia 2
* East Asia
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1234

1. Total variation
Relative to highest value (Africa)

2. Private, common variation

Relative to highest value (Africa/Oceania) Americas

3. Variation deriving from archaic admixture s

Relative to highest value (Oceania) 1237

4, Private, common variation shared
with archaic genomes

Fraction of private variation

Bergstrom et al., Science (2020)



Genomic diversity across populations

* Most genetic variants in
human populations
recently evolved (over
the past ~100K years)

* Genetic variation arises
from evolutionary/
environmental
pressures and can have
trade-offs that may lead
to disease

Benton et al., Nature
Reviews Genetics (2021)

TRPMS8

FADS1, FADS2

Pressure: High/low-fat diet
Trait: Lipid metabolism
Disease: Cardio-metabolic disease

Pressure: Cold temperature
Trait: Thermoregulation
Disease: Migraine

CPT1A

Pressure: High-fat diet, cold temperatures
Traits: Lipid metabolism, energy homeostasis
Diseases: Hypoketotic hypoglycaemia, infant mortality

SLC16A11,SLC16A13
Pressure: Diet

Trait: Lipid metabolism
Disease: Type 2 diabetes

APOL1
Pressure: Trypanosome infection

Traits: Trypanosome resistance, cytotoxicity

Disease: Chronic kidney disease

TLR1-TLR6-TLR10, HLA, STAT2, OAS
Pressure: Pathogens

Trait: Modulation of immune system sensitivity
Diseases: Autoimmune and inflammatory
disorders, COVID-19 risk

HBB, G6PD, GYPA, GYPB, GYPC
Pressure: Malaria infection

Trait: Malaria resistance via various
mechanisms

Diseases: Sickle cell anaemia,
thalassaemia, G6PD deficiency

SLC22A4

Pressure: Low ergothioneine levels
Trait: Ergothioneine absorption
Diseases: Coeliac disease and Crohn’s
disease due to genetic hitch-hiking

SLC24A5, SLC45A2, MC1R, BNC2
Pressure: UV radiation

Trait: Skin pigmentation

Diseases: Dermatological disorders
(keratosis, sunburn, cancer)

EGLN1, EPAS1

Pressure: High altitude
Trait: Response to hypoxia
Diseases: Erythrocytosis,
pulmonary hypertension

\//—\

CREBRF

Pressure: Variable diet

Traits: Fat storage, energy use
Diseases: Type 2 diabetes, obesity




Genomic diversity across populations

* The demographic
history of modern
humans resulted in
different genetic
architectures among
human populations

e Population bottlenecks
resulted in a loss of
genetic variation, but
higher mutation load

Benton et al., Nature
Reviews Genetics (2021)
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Factors influencing variant allele frequency changes

resulting in AF differences

Genetic Drift — a random sampling 78 e
* Bottleneck Effects

’ &) Disease-associated variant ‘ - ——

i FO U n d e r Effe CtS Benton et al., Nature Reviews Genetics (2021)
Natural Selection — acts on heritable o mm e = mmoam
variation that impacts fitness SRR T TP

{

Selective Sweep

Schaffner et al., Nature Education (2008)

Gene Flow — transfer of alleles from one Neanderthal

ﬁiF S S .. e Neanderthal variant
population to another " “: . o . :'___.._
: — —

Ancient Eurasian

Benton et al., Nature Reviews Genetics (2021)



Databases describing genetic variation across
human populations

Resource Individuals Populations Varla.\nts
(million)
gnomAD 141,456 > 60 241
1000 Genomes 2,504 26 84.4
HapMap 1,397 11 1.5

What are some of the factors influencing the number of genetic variants found?



There is even more
genetic variation being
discovered every day!

WGS of 53,831 diverse
participants from TOPMed

410 million genetic variants
identified

(published Feb 10t)

Sample size Heterozygosity Singletons RV sharing Study population group  Admixture interpretation

21,200 22,300,000 28,000 20.002
tu;:pr:t:;n
Hispanic/Latino
Qamaa
650 2,150,000 5,500 1.09 x 1073 =amoan
<100 <2,000,000 <3,000 <1.54 x 10

I Arrican 1 [l European 2

Taliun et al., Nature (2021)



Ssummary

* The primary source of genetic structure in the human
population is based on continent of origin

* Genetic disease is a by-product of evolution

* With increased sequencing of diverse human
populations, we can further catalogue the vast amount of
genetic variation present



Methods to find and describe
patterns of variation across
populations



Kimmel rebruary 14, 2016 at 4:42 pm

I've always seen some Asian in her. I'm leaning towards Southeast Asian
mixed with typical ‘Hispanic’ traits.

LOG IN TO REPLY

AdrianlCram rebruary 12, 2016 at 10:36 pm E
She doesn’t look fully white to me, I could tell she’s mixed. Also with the
natural hair she looks much more mixed then right now.

LOG IN TO REPLY

phaedra Jznuary 17, 2016 at 8:07 pm

She’s probably like 75% Spanish, 25% Amerindian.

IN TO REPLY

fuzzybear44 j:znuary 18, 2016 at 2:53 am w
I doubt those amounts. Plus all the DNA results I've seen say PR’s are —¥
multiethnic(Whte, Black, Amerindian). That's most likely what she is.

http://ethnicelebs.com/jennifer-lopez



Defining genetic ancestry
Approach: Principal Components Analysis (PCA)

* PCA is commonly used for
identifying and adjusting for

. Genotypes
ancestry differences among | semees
sample individuals 01 2 1 2
2 1 1 0 1
SNPs 0 0 1 2 2 2R, AXisof 407 404 -0.1 -0.4 -05
. . . variation

* PCA is applied to genetic data to 2 110 0
identify independent principal 0 8- 4 1 1
&2 T 1T 9

components (PCs) that explain
differences among individuals Price et al., Nature Genetics (2006)



Defining genetic ancestry
Example: ~60K WGS samples representing > 60 populations in gnomAD v3.1

Plot of Top 8 Genetic PCs UMAP Representation of Top 10 PCs
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Confounding by ancestry

association of interest

What impact does this
have (if any) on
genome-wide
association studies?

confounder: a variable in a statistical model that is correlated with the
independent and dependent variable



Confounding by ancestry
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Hoon Sul et al., PLOS Genetics (2018)



Correcting for ancestry confounding

* PCs model ancestry differences between cases and controls

* [tis standard practice to include the top 10 PCs in your model to
adjust for ancestry

Y = ﬁO_I_:BlX_I_ﬁZPCl +ﬁ3PC2 +,B4P63+ .t &

e Sometimes additional correction is needed for structured data and
mixed models can be used.




Assigning individuals to ancestry groups

Motivations

* Control for confounding by ancestry

e Reconstruct genetic history of recently admixed populations
* Understand heterogeneity within your dataset

Challenges
* Determining the number of ancestral populations present

» Assessing whether ancestry assignments are correct



Ancestry Informative Markers (AlMs)

A SNP that exhibits significantly different frequencies between different
populations

Example:

rs1426654 — A allele is under strong positive selection in EUR

1000 Genomes Project Phase 3 allele frequencies

ALL AFR AMR SAS
» A:44% ‘ » A 7% » A:59% » A:100% » A:69%
G: 56% G: 93% G: 0% G:31%




Estimating STRUCTURE in human populations

* Assign individuals to K populations using a model-based clustering algorithm to
group individuals with similar patterns of variation

e 377 markers in 1,056 individuals across 52 populations
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Genetic admixture estimation

mk —_ fT'ClCthTl Of lOCi from pop k M Native American W European [ African

A Mexican Americans (N=1430)
100

Goal: Identify the m, that maximizes the
probability of obtaining the observed

genotype given the AF in each ancestral
population

75

50

Genetic Ancestry (%)

25

0
Persons

Unknowns:

B Puerto Ricans (N=2181)
100

Admixture proportions, AF in population k

75

50

Approaches:

25

Genetic Ancestry (%)

e Maximum Likelihood Estimation

e Bayesian Inference via MCMC °

Persons

Burchard et al., Am J Public Health (2005)



Locus-specific ancestry

Local ancestry assignments for
African-American sample NA19700

* |dentifies ancestry of each
segment in the genome

RNV B WN =

* An individual can have O, 1, or 2 9
. . 10
copies of an allele derived from :
each ancestral population  ————
e
16 | D E—— |
, , 17 | —
* Requires reference populations 15 | —————
19 | e———
20 | e— B African Ancestry
;; et—— B European Ancestry

Gravel, GENETICS (2012)



Methods for admixture estimation and ancestry
assignment

Genetic Admixture Estimation Methods

* STRUCTURE
e http://pritch.bsd.uchicago.edu/structure.html

* ADMIXTURE

e http://www.genetics.ucla.edu/software/admixture/index.html
Local Ancestry Inference Methods

* LAMP-LD
e http://lamp.icsi.berkeley.edu/lamp/

* RFMix
* http://med.stanford.edu/bustamantelab/



http://pritch.bsd.uchicago.edu/structure.html
http://www.genetics.ucla.edu/software/admixture/index.html
http://lamp.icsi.berkeley.edu/lamp/
http://med.stanford.edu/bustamantelab/

Ssummary

* Race/ethnicity and genetic
ancestry are different concepts

* Adjusting for ancestry can
prevent confounding in genome-
wide association studies

e Structure exists across and within
populations

Proportion of biogeographical ancestry

Genetic ancestry and self reported
“race” in Brazilians
White

Individuals

Suarez-Kurtz Front. Pharmacol. (2010)



Why diversity matters



The importance of considering diverse human
populations in genetic analyses

Example 2: Prostate cancer risk
e Selection of skin pigmentation variant results in
decreased prostate cancer risk in Europeans

Example 1: Trade-offs in pregnancy influenced by

maternal KIR genotype

* KIR-AA genotype, present at higher proportions in
African ancestry populations, results in improved
maternal immune response, but lower birthweight

KIR AA
@)

KIR AA frequency

AFR EUR QP

lPre—eclampsia
risk

Resistance to
viral infection

lBlrthwelght

KIR BB frequency

|

KIR BB
@) Pre-eclampsia
risk
Resistance to
viral infection
@)
AFR  EUR TBirthweight

Benton et al., Nature Reviews Genetics (2021)

Positive selection on
haplotype B for lighter

skin pigmentation

f —o——

_. Ancestral haplotypes __

EUR Increased
frequency of
—0—— | haplotype B
relative to
haplotype A

l Prostate cancer risk

[ o A
4 7X

O Allele associated wnth darker
skin pigmentation

—I Haplotype A

A\ Prostate cancer risk allele

M Haplotype B

Allele associated with lighter
skin pigmentation

O
/\ Prostate cancer protective allele

Decreased

frequency of
—o—A— haplotype B

relative to

haplotype A
—o—A—

\ T Prostate cancer risk




The importance of considering diverse human
populations in genetic analyses

Example: The use of warfarin as an
anticoagulant

Incorporation of genetic information
meant to improve dosing

Result:

* Increased accuracy in predicting
dose in European ancestry
participants

* Worse coagulation in African
ancestry participants

Oni-Orisan et al., NEJM (2021)



Representation of diverse populations in GWAS

Individuals in GWAS (millions)

Fraction

Population
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Martin et al., Nat Genet (2019)



From diversity to discovery

PAGE Study

* 49,839 non-European
individuals

« 1,444 (of 8,979 total)
variant-trait
associations were
replicated

e 27 novel loci

e 38 secondary signals
at known loci

BMI

Height

WHR

WHR (female)

WHR (male)

Diastolic blood pressure
Systolic blood pressure
Hypertension

PR interval

QRS interval

QT interval

Fasting glucose

-

| e e S We. Wowel hOmCT e

Fasting insulin 4
HbA, -
Type 2 diabetes -+

C-reactive protein
MCHC
Platelet count

White blood cell count -
Chronic kidney disease -
End-stage renal disease -
eGFR -

Cigarettes per day -
Coffee consumption -
HDL A
LDL A

Triglycerides
Total cholesterol 4
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Wojcik et al., Nature (2019)
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Fine mapping

* Relies on allele-frequency

AN O M A . .
! d(] (1A (1] E il differences between ancestries
00 00 L I I
= ~Wat:WatiMat= * Leverages admixed genomes to
A AR, Leverages admixed genc
: ] ; identify regions containing the
: ) il F causal disease variant
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Cases: differential disease risk 80
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Smith and O’Brien, Nature Reviews Genetics (2005)



Challenges in studying diverse populations

* Limited statistical power due to small sample sizes hon-European
populations

* Lower imputation accuracy due to lack of large diverse reference
populations (this is starting to change!)

* Greater heterogeneity and potential for ancestry confounding



Example: Polygenic risk scores in
diverse populations
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PRS is a simple additive model iy, esorcen
for combining many GWAS J[ — J
discovered risk variants into a

4 Qc N

* Both data sets QCed as standard in GWAS
* Some QC requires special care in PRS (e.g., sample overlap, relatedness
and population structure)

\.* Retain set of SNPs that overlap between base and target data J

single score

‘ Processing 4 Data
( L] 0\
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] pe—
M / : i
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% Generate PRS
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: Perform association testing
Estimated -
effeCt Size % Out-of-sample PRS testing
% * K-fold cross-validation
> * Test in data separate from base/target

Choi et al., Nature Protocols (2020) https://choishingwan.github.io/PRS-Tutorial/



Potential clinical utility of PRS

E Relative importance of conventional and PRS risk factors associated
with coronary artery disease risk

Smoking
Diabetes

Family history
BMI
Hypertension
High cholesterol

PRS

Conventional
risk factors
Conventional
risk factors +PRS

0.54

@
@

H@H
@
H@
@

@

H@

0.56

0.58 0.60

0.62

0.64

Cindex (95% Cl)

0.66

0.68

1

0.70

Breast cancer risk in BRCA1 carriers

Predicted breast cancer risk by percentile of breast cancer PRS and

by age within women who have BRCA1 mutations
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Wray et al., JAMA Psychiatry (2020)
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PRS are currently being implemented by genetic
testing companies

L3 [ ]
. °
Myriad: PRS for Breast Cancer Ambry Genetics: PRS for Prostate Cancer
CLINICAL HISTORY INFORMATION GENETIC INFORMATION
BREAST CANCER

Absolute remaining lifetime risk (up to age 85) of breast Polygenic risk score (PRS) derived from combined effects
Myriad Clinically Clinical . cancer is computed according to the Tyrer-Cuzick model of 100 single nucleotide polymorphisms (SNPs) that have
my Risk validated factors . (v.8), which is based on age, family history, and other been associated with increase d breast cancer risk.>®

clinical information.!

| | |
Eligibility:
1. Woman under age 85 AMBRYSCORE
2. European and Ashkenazi Jewish ancestry
3. No personal history of breast cancer Eligibility:
4. The woman does not have a mutation in a
breast cancer gene (excluding
monoallelic CHEK?2)
5. The woman'’s relatives have not been found to
have a mutation in a high-penetrance breast
cancer risk gene.

1. Male biological sex

18-84 years old

Northern European ancestry

No personal or family history of a mutation in a
prostate cancer susceptibility gene

B WnN



PRS developed in Europeans have decreased accuracy
when applied to non-European populations

GWAS representation 1.00 - -
compared to percentage
- m
of world population 5 £ 07
28
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c Y 050
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T .=
¥ S 025
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Martin et al., Nat. Genet. (2019)
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Most causal variants are expected to be shared
across populations

LD GWAS association pattern
East Asian . East Asian
causal effect size ‘ oo o
— (_? 6 o °
|
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ég 0.05
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0,00 B

Shi et al., Nat Comm (2020), PMID: 32442408

—logio P
o w [e)] [(e)

o
SNP1 SNP2 SNP3 SNP4 SNP5




Simulation framework to understand limited PRS
portability across populations
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European-derived PRS performance decreases
with increasing proportion of African ancestry

e

o o o
o ~ o

PRS Accuracy (Pearson's r)
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Cavazos and Witte, HGG Adv (2020)



Population-specific weighting of European GWAS
variants has limited improvement in PRS accuracy

PRS weights
Local ancestry
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PRS with African GWAS variants and population-specific
weights performs accurately across ancestries

PRS weights

I European I African I Fixed-Effects Meta [ | Local ancestry
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Ssummary

 Studying the genetic diversity in African ancestry populations has the
potential to advance scientific discovery of disease associated variants

* Risk prediction in diverse populations should not be based on
European findings only

* Future data collection initiatives should prioritize the inclusion of
diverse populations to ensure genetic findings do not further
contribute the disparities in health care



Additional Resources

Race, Ethnicity, Ancestry and Fine Mapping
Medicine Schaid et al., Nat Rev Genet, 2018
Oni-Orisan et al.,, NEJM, 2021

Atkinson et al., Nat Rev Genet,
Borrell et al., NEJM, 2021 2021

Cooper et al., JAMA, 2018

PRS Diverse Populations
Duncan et al., Nat Comm, 2019
Weissbrod et al., medRxiv, 2021



https://www.nejm.org/doi/full/10.1056/NEJMms2031080
https://www.nejm.org/doi/pdf/10.1056/NEJMms2029562
https://jamanetwork.com/journals/jama/fullarticle/2703955
https://pubmed.ncbi.nlm.nih.gov/29844615/
https://www.nature.com/articles/s41588-020-00766-y
https://www.nature.com/articles/s41467-019-11112-0
https://www.medrxiv.org/content/10.1101/2021.01.19.21249483v1.full.pdf

Questions?
taylor.cavazos@ucstf.edu



