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Abstract

The transferability of genetic associations detected in European and US based populations has
been shown to be lowest in African populations with high variations among traits as well as
different African regions. We report an assessment of the transferability of genetic associations
from the Global Lipids Genetics Consortium (GLGC) study, the largest meta-analysis for lipid
traits (LDL, HDL, and Triglyceride), to seven African ancestry cohorts comprising participants
from eastern, western, and southern Africa. Independent genome-wide significant signals (p-
value < 5x10°®) from the GLGC were identified using the LD clumping function in PLINK 2.0. The
transferability of these signals were assessed in the seven cohorts, at the standard genome-
wide significance threshold (p-value <5x10®) as well as a less stringent replication threshold
(p-value <5x10°). For LDL-C and HDL-C, the GLGC-African-specific ancestry GWAS signals
were considerably more transferable compared to the GLGC-multi-ancestry GWAS. Although,
transferability estimates generally improved with the size of the replication cohort, there were
several exceptions. Moreover, we noted major differences in replication among the African
regions with LDL-C signals showing higher transferability in Southern Africa, HDL-C signals
showing higher transferability in East and TG signals showing higher transferability to West
African cohorts. Among the three lipid traits, LDL-C signals showed highest concordance in
beta values with the GLGC beta-values. Our results suggest that transferability of signals
depends on several factors including the genetic architecture of the trait being investigated.
Therefore, the application of polygenic risk scores and other estimates for precision medicine

requires independent in-depth evaluations for each trait in each African region.




Acknowledgments

I would like to express my deepest gratitude to my supervisor, Dr Dhriti Sengupta, for her
invaluable guidance, encouragement, and insightful feedback throughout this project. Her
expertise and mentorship have been instrumental in shaping this work. Equally, | would like to
thank my co-supervisor, Prof Ananyo Choudhury, for all his support and constructive

discussions, which enriched our research.

Special thanks to everyone at the Division of Human Genetics for fostering a supportive and
collaborative environment that allowed me to learn and grow throughout the year, both in my

personal and academic capacity.

| also wish to thank all my classmates for their unwavering support throughout this journey. |
am grateful for all the shared experiences, teamwork and encouragement that have been a

continuous source of motivation and inspiration throughout the year.

Lastly, | would like to extend heartfelt thanks to my family, whose constant love and support
have inspired and motivated me every step of the way, and without whom, this journey would

not have been possible.

Vi

—
| —



Table of Contents

Y ud=Taro) AN o] o] (o )V 1 NN P PP PP PP PPPPIN i
(D LYot k=T =14 0] o FOS PPN ii
07Tl (gl oYuLuloTa lo ] il OF-] g Lo [T F= 1 (VOIS iii
Presentations arising from thisS reSearCh ..... .. oo iv
JAN o F 11 £ ot SO PR POTOURP PP PPRPRPPPON \Y
ACKNOWLEAZIMENTS ..ttt ittt te ettt ettt et eeueeanetaeauseanstnssansanssnssensenssnssensennsnns Vi
L] o] (=N 070 ] 1 11=] o1 £ TN RO PRSPPI vii
R o}l 7= U] =T F PSPPSR PPRPPPRE iX
R e 1 A =] o] (=TS S SRRSO PPPIN X
LISt Of A DI EVIATIONS . ittt e te et e ee et e e e e eaneaaeeuneansanseansansenssanseneennns Xi
Research reportin the format of a “submissible” PAPEr....ccuve i, 1
Abstract (FOr JoUurnal SUDMISSION) ..uuiuieniiiiiiiiieee e et et et e et e e eaeene s eeeasnasnna 2
[ a)aoTe 1T ]o3 1 o] o PO PRSPPI 3
R SULLS .ttt ittt e ettt e te e e e sae et eansaesasanetasessessnstnsrssessnstnstssessnssnstnsesessnnsnnes 5
BT o1 U1 1S] o] o F PP PP PR PPPPPP 12
1= oo Lo [~ T PO PP PR PP PPPP 15

X o T o2 F TP PP PP 15

GWAS summary statistics dOWNLoad .........eeuiiiiiiiiie e e e e e s e eaeas 15

Identification of independent lead SigNalS......ccccvveieiiiiiiiiiiiir e e ees 16

Transferability @SSESSIMENT . cuiuiiiii ettt ee e et saeene e et eassasensansansansnnens 16

Assessing heterogeneity of effect size and risk allele frequencies across African cohorts..18

Data availability STatemMENt.. ..o et e e e st s e saseae e e e eansnnannnns 18
P o] (g Y)Y (=T Foda =] o] < T TP 18
Conflicts of Interest Statement.......ccouiiiiiiiiiiii e 18
U] o Vo T2 1= S PP TP PTPPP 18

Vii

—
| —



e (=T d=T o Lot =T SO P TP PP P TP PPP 19
APPENAICES .ttt ettt et ettt et e e et et e aan et etaaannsenetnsensanssnsensansannsensennenns 21
Appendix A: Supplementary Tables and FIGUIES .....ceuvieiiiiiiiiiiiiiiieie ettt e eens 22

Supplementary Table 1: Number of SNPs replicated at different p-value thresholds in the
African cohorts, from the multi- and African-Ancestry GLGC for LDL-C .........ccccceveeenenn.. 22

Supplementary Table 2: Number of SNPs replicated at different p-value thresholds in the
African cohorts, from the multi- and African-Ancestry GLGC for HDL-C ............ccceeee.... 22

Supplementary Table 3: Number of SNPs replicated at different p-value thresholds in the

African cohorts, from the multi- and African-Ancestry GLGC for TG.......cceveviiviienennenn.. 22
Appendix B: Ethics Clearance Certificate - M240770 ....ccuvieiiriiiiiiiiniiieiieiieeee e eeeeneans 23
Appendix C: Approved Research ProtOCOL.......cuuiiuiiiiiiiiiiiiiiiie et ee e eaes 25
Appendix D: Plagiarism Declaration and Turnitin REPOrt ......coviuiiiiiiiiiiiiiie e, 42
Appendix E: Author Guidelines for Human Molecular Genetics Journal.....c..ccccccveueivnnannenn. 45

viii

—
| —



List of Figures

Figure 1. Number of LDL-C signals from the Multi-ancestry (blue) and African-specific
ancestry (green) GWASs replicated at genome wide significance (p<5x707%)(dark) and
replication threshold (5% 7078<p<5x1079) (light) in the African cohorts. .......ccceeevvveeieiiiinnnennnn. 7

Figure 2. Number of HDL-C signhals from the Multi-ancestry (blue) and African-specific
ancestry (green) GWASs replicated at genome wide significance (p<5x707%)(dark) and
replication threshold (5% 7078<p<5x1079) (light) in the African cohorts. .......ccceeevvvieeieeiiinnnennne. 8

Figure 3. Number of TG signals from the Multi-ancestry (blue) and African-specific ancestry
(green) GWASSs replicated at genome wide significance (p<5x7079) (dark) and replication
threshold (5x7078<p<5x707°) (light) in the African CONOItS.......ccivvuiiiiiiiieiiiee e, 9

Figure 4. Scatter Plots showing comparison of allele frequencies. Allele frequencies for
signals for (a) LDL-C (b), HDL- C (c) TG detected in the GLGC African ancestry cohorts
compared to allele frequencies observed the combined AWI-Gen GWAS. Allele frequencies
for signals for (d) LDL-C (e), HDL- C and (f) TG detected in the GLGC Multi-ancestry cohorts
compared to allele frequencies observed the combined AWI-Gen GWAS. .......ccoeviviiveiennnnns 10

Figure 5. Scatter Plots showing comparison of beta-values. Beta-values of signals for (a) LDL-
C (b), HDL- C (c) TG detected in the GLGC African ancestry cohorts compared to beta-values
observed in the combined AWI-Gen GWAS. Beta-values for signals for (d) LDL-C (e), HDL- C
and (f) TG detected in the GLGC Multi-ancestry cohorts compared to beta-values observed in
the combinNed AWI-GEN GWAS. ....oniii et e e et ete e e e e e ean s e e eaean s e snnsaneennen 11

Figure 6. The list of summary statistics files downloaded from GWAS Catalog for each lipid

Figure 7. Flow diagram showing the process of extraction and analysis of GWAS summary
] K= R A o= No =) &= H P PR P PR 17

Figure 8. Illustration of the analysis approach, which evaluates the transferability of genetic
signals from multi- and African-specific ancestry GLGC cohorts to African populations (AWI-
Gen and Gurdasani), and compares HDL, LDL, and TG associations across East, West, and

Yo 10N AN fToF=Y o T €= ={T ] o 1= J N 17




List of Tables

Table 1. Number of independent lead SNPs in the GLGC datasets that were included in both
the continental AfriCaN STUIES . ..iu i et e e e e s e e ae e e e e e s aanaan 6

Supplementary Table 1: Number of SNPs replicated at different p-value thresholds in the
African cohorts, from the multi- and African-Ancestry GLGC for LDL-C ......ccccevviiiiiiinnennenne. 22

Supplementary Table 2: Number of SNPs replicated at different p-value thresholds in the
African cohorts, from the multi- and African-Ancestry GLGC for HDL-C ......c.cceiviiiiinnennnn.. 22

Supplementary Table 3: Number of SNPs replicated at different p-value thresholds in the
African cohorts, from the multi- and African-Ancestry GLGC for TG......coovviviiiiiiiiiiiineeeennenne. 22




List of Abbreviations

Abbreviation

Description

AADM Africa America Diabetes Mellitus
AWI-Gen Africa Wits-INDEPTH Partnership for Genomic Research
CMD Cardiometabolic Disease
CVvD Cardiovascular Disease
DCC Durban Case Control Study
DDS Durban Diabetes Study
GLGC Global Lipids Genetics Consortium
Genome-Wide Association Study Singular) / Genome-Wide Association
GWAS / GWASSs
Studies (Plural)
HDL/HDL-C High-density Lipoprotein / High-density Lipoprotein Cholesterol
LD Linkage Disequilibrium
LDL/LDL-C Low-density Lipoprotein / Low-density Lipoprotein Cholesterol
PRS Polygenic Risk Scores
SNP Single Nucleotide Polymorphism
TC Total Cholesterol
TG Triglyceride
UGR Uganda Genome Resource

Xi

—
| —




Research report in the format of a “submissible” paper
To be submitted to the journal of Human Molecular Genetics

In depth survey of the transferability of genetic associations of lipid

traits to African populations

Michaela E Crosby’, Ananyo Choudhury?, Dhriti Sengupta?

' Division of Human Genetics, School of Pathology, Faculty of Health Sciences, University of
the Witwatersrand and the National Health Laboratory Service, 2050, Johannesburg, South

Africa

2 Sydney Brenner Institute of Molecular Biosciences, Faculty of Health Sciences, University of

the Witwatersrand, 2050, Johannesburg, South Africa
Corresponding Author:

Michaela Crosby, Tel No: 079 857 6514, Email: michaela.e.crosby@gmail.com



mailto:michaela.e.crosby@gmail.com

Abstract (For Journal Submission)

The transferability of genetic associations detected in European and US based populations has
been shown to be lowest in African populations with high variations among traits as well as
different African regions. We report an assessment of the transferability of genetic associations
from the Global Lipids Genetics Consortium (GLGC) study, the largest meta-analysis for lipid
traits (LDL, HDL, and Triglyceride), to seven African ancestry cohorts comprising participants
from eastern, western, and southern Africa. Independent genome-wide significant signals (p-
value < 5x10°®) from the GLGC were identified using the LD clumping function in PLINK 2.0. The
transferability of these signals were assessed in the seven cohorts, at the standard genome-
wide significance threshold (p-value <5x10®) as well as a less stringent replication threshold
(p-value <5x10°F). For LDL-C and HDL-C, the GLGC-African-specific ancestry GWAS signals
were considerably more transferable compared to the GLGC-multi-ancestry GWAS. Although,
transferability estimates generally improved with the size of the replication cohort, there were
several exceptions. Moreover, we noted major differences in replication among the African
regions with LDL-C signals showing higher transferability in Southern Africa, HDL-C signals
showing higher transferability in East and TG signals showing higher transferability to West
African cohorts. Among the three lipid traits, LDL-C signals showed highest concordance in
beta values with the GLGC beta-values. Our results suggest that transferability of signals
depends on several factors including the genetic architecture of the trait being investigated.
Therefore, the application of polygenic risk scores and other estimates for precision medicine

requires independent in-depth evaluations for each trait in each African region.




Introduction

Despite the progress made in prevention and treatment, cardiovascular disease (CVD) remains
the foremost cause of mortality across the world (1). Blood lipid levels are heritable genetic risk
factors for CVD and vary globally due to environmental and genetic influences. For complex
traits such as lipid biomarker levels, genome wide association studies (GWASSs) that study
genetic variation across the genome are employed to identify genetic risk factors (2). This is
achieved by identifying single-nucleotide polymorphisms (SNPs) with allele frequencies that

vary systematically based on phenotypic traits (3,4).

GWASs have successfully identified hundreds of genetic associations for lipid traits such as
Low-Density Lipoprotein-Cholesterol (LDL-C), High-density Lipoprotein-Cholesterol (HDL-C)
and Triglyceride (TG) levels. However, most GWASs to date have been performed in European
ancestry populations, primarily residing in Europe and North America, lacking representation

of diverse populations (5).

Approximately 75% of deaths associated with CVD occur in low- and middle-income countries
where the prevalence is increasing (6). A sufficient portion of mortality due to CVD can be
prevented or at least delayed by simple lifestyle modification and medical intervention. Anin-
depth characterisation of genetic variants that are associated to a trait in a particular
population, has the immense potential for enabling the stratification of individuals by risk and
prioritized targeting of individuals at high risk. Therefore, it is important to establish whether
SNPs associated with cardiometabolic traits such as lipid traits, that are key markers of CVDs,

are transferable to other populations.

The transferability of GWAS signals refers to whether the genetic basis of a trait or phenotype
identified in one population, can be replicated or shared across different populations of other
ancestries to infer the risk of certain variants causing disease (5). Thus far, the issue lies in the
fact that the transferability of genetic associations detected in European and US-based
populations have shown to be lowest in African populations, with recent studies showing
notable differences in transferability even between various regions within Africa (7-9). This
affects the generalisability and applicability of genetic findings, such as the identification of risk

allele variants for a particular trait, to different population groups. The lack of transferability of




GWAS findings between populations can be explained by a combination of factors including

differences in allele frequencies, genetic architecture, effect sizes and statistical power.

The current understanding of genetics of lipid-traits at the global level as well as that in
continental African populations has been shaped on three major GWAS studies. The following

paragraphs present a brief introduction to these studies.

The Global Lipids Genetics Consortium (GLGC) is a large-scale GWAS study that conducted a
meta-analysis involving over 1,650,000 individuals across five genetic ancestry groups. This
was done to identify variants associated with five key lipid traits across different populations,
including African, East Asian, European, Hispanic and South Asian. These lipid traits included
LDL-C, HDL-C, TGs, total cholesterol (TC) and non-high-density lipoprotein cholesterol (non-
HDL-C) (1). The study revealed that utilising diverse ancestries improves signal transferability
to African populations and genetic risk factor predictions (1). Of particular interest is the
African-specific ancestry sub-cohort that consisted of 100,000 individuals including African
Americans, Afro-Caribbeans, and African individuals with unspecified ethnolinguistic

metadata.

The landmark study by Gurdasani et al. (2019) (7) was one of the major milestones in African
GWASs (7). Based primarily on a population cohort from Uganda, known as the Uganda
Genome Resource (UGR), the authors performed GWASs on more than 20 traits that included
body composition traits and biochemical traits including three lipid traits. The study also
included a meta-analysis of these summary statistics including three other summary statistics
from continental African cohorts — the Durban Case Control (DCC), Durban Diabetes study
(DDS) and African American Diabetes Mellitus (AADM) study (based predominantly in Nigeria).
Although there were sample size differences between the cohorts and some were based on
diabetes patients, which was not optimal for the GWAS, the results provided baseline data for

future comparisons.

Africa Wits-INDEPTH Partnership for Genomic Research (AWI-Gen) is a pan-African population
cross-sectional cohort with a focus on understanding the genetic and environmental risk
factors that predispose older adults to cardiometabolic diseases (CMDs) in Africa (10). The
cohort consists of ~12,000 participants, aged 40 to 60 years, sampled across four countries -

Burkina Faso, Ghana, Kenya and South Africa. The AWI-Gen genetic data was used to perform




a GWAS for fasting serum TC, LDL-C, HDL-C, and TG on 10,603 individuals (8). The study also
explored different approaches that could be used to address the challenge of managing

complex population substructure between African regions, in Pan African GWASs.

The AWI-Gen lipid GWAS publication (10) also included a comprehensive assessment of
transferability of GWAS signals from some of the largest global GWAS studies available at that
time (GLGC (11) and PAGE (12)) to the cohorts included in the AWI-Gen and Gurdasani studies.
The results demonstrated that increasing the sample size of both the discovery cohort and the
replication cohort could lead to more robust transferability estimates. The study also noted
considerable regionalvariation in transferability of signals to different African regions. However,
the GLGC study dataset that was assessed was from a study conducted in 2013 (11) and had a
much smaller sample size (~100,000 individuals total) compared to the more recent GLGC
2021 dataset, which has an almost 16-fold higher sample size compared to the previous study,
potentially leading to major revision in these estimates. Moreover, the availability of summary
statistics from a sizable African-ancestry sub-cohort enables a more reliable assessment of
the extent of transferability of signals emerging from diaspora studies to populations living in

Africa.

Our study leads on from this by making use of the larger GLGC 2021 dataset to assess the
transferability of signals to continental African cohorts and in turn, inform whether large African
ancestry based, or much larger global meta-analyses are better replicated in African
populations. In addition, the research generates data to answer pivotal questions about
whether the existing associations and polygenic risk scores (PRSs) are expected to perform
differently in populations from different African regions. The transferability estimates also
inform whether meta-analyses with African-American cohorts that is widely practised, is
indeed the optimal approach for extending the sample size of GWASs from all African regions,

or whether it is more suitable for specific African populations.

Results

To assess the transferability of genetic associations of lipid traits to African populations, we first
checked the proportion of independent lead SNPs reported in the GLGC Multi-ancestry and the
GLGC African-specific ancestry datasets that were included in the continental African studies

(Table 1). For LDL-C, 13,533 independent lead SNPs were identified using linkage




disequilibrium (LD) clumping in the Multi-ancestry GLGC dataset. Of which, 5,683 SNPs were
included in both the African GWAS datasets (AWI-Gen and Gurdasani meta-analysis). Similarly,
of the 1,487 lead SNPs in the GLGC African-specific ancestry GWAS, 873 SNPs were found in
both the continental African datasets. Similarly, about 40-60% of the independent lead SNPs
for HDL-C and TG (both Multi-ancestry and African-specific ancestry datasets) were included

in the African datasets.

Table 1. Number of independent lead SNPs in the GLGC datasets that were included in both the continental
African studies

Multi-ancestry African-specific Ancestry
Number of Lead SNPs found in Number of Lead SNPs found in
Trait independent lead both the African independent lead both the African
SNPs GWASs SNPs GWASs
LDL-C 13533 5683 1487 873
HDL-C 16 502 7708 1051 599
TG 15202 6763 645 381

LDL-C=Low-Density Lipoprotein Cholesterol; HDL-C=High-Density Lipoprotein Cholesterol; TG=Triglyceride

The analysis of LDL-C loci in various African cohorts reveals distinct patterns in the replication
of genetic associations. As seen in Figure 1 of Multi-ancestry LDL-C signals, a total of 77 SNPs
were replicated at genome wide significance threshold (p<5x1078), with the majority belonging
to the AWI-Gen cohort, specifically AWI-Gen South but little to no replication from AWI-Gen
West and East (1 and 0 SNPs, respectively). Replication estimated at a more relaxed replication
threshold (p<5x10°) (See Supplementary Figures 1; 2 and 3 in Appendix A) followed a similar
trend (Figure 1), with the AWI-Gen south and DDS cohorts having the most number of SNPs

replicated at genome-wide significance threshold (11 and 12 respectively).
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Figure 1. Number of LDL-C signals from the Multi-ancestry (blue) and African-specific ancestry (green) GWASs
replicated at genome wide significance (p<5x707%)(dark) and replication threshold (5x70%8<p<5x7107) (light) in the
African cohorts. META=AWI-Gen and Gurdasani meta-analysis; AWI-Gen=Africa Wits-INDEPTH Partnership for
Genomic Research; AWI-Gen SOUTH=Africa Wits-INDEPTH Southern Africa; AWI-Gen WEST=Africa Wits-
INDEPTH West Africa; AWI-Gen EAST=Africa Wits-INDEPTH East Africa; UGR= Uganda Genome Resource;
AADM=Africa America Diabetes Mellitus; DCC=Durban Case Control Study; DDS=Durban Diabetes Study

African-specific ancestry GWAS signals demonstrated significantly higher replication rates
across all continental African cohorts compared to Multi-ancestry GWAS based signals.
Replication at both genome wide significant (dark green) and replication thresholds (light
green) were highest in the combined African GWAS (META) cohort, which replicated the largest
number of loci overall, followed by AWI-Gen combined and UGR. Multi-ancestry loci showed
overall lower replication rates, with META leading in both genome wide significant (dark blue)
and replication threshold signals (light blue). As expected, smaller cohorts, such as AADM,
DCC, AWI-Gen SOUTH, AWI-Gen WEST, and AWI-Gen EAST, exhibited comparatively lower
replication rates for both Multi-ancestry and African-specific analyses, demonstrating the

importance of sample size in the ability to replicate signals.
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Figure 2. Number of HDL-C signals from the Multi-ancestry (blue) and African-specific ancestry (green) GWASs
replicated at genome wide significance (p<5x707%)(dark) and replication threshold (5x7078<p<5x107) (light) in the
African cohorts. META=AWI-Gen and Gurdasani meta-analysis; AWI-Gen=Africa Wits-INDEPTH Partnership for
Genomic Research; AWI-Gen SOUTH=Africa Wits-INDEPTH Southern Africa; AWI-Gen WEST=Africa Wits-
INDEPTH West Africa; AWI-Gen EAST=Africa Wits-INDEPTH East Africa; UGR= Uganda Genome Resource;
AADM=Africa America Diabetes Mellitus; DCC=Durban Case Control Study; DDS=Durban Diabetes Study

Figure 2 illustrates the replication estimates of HDL-C loci across various continental African
cohort GWAS. As observed for LDL-C the combined dataset (META) showed the highest number
of replicated SNPs both at genome-wide significant (dark blue) and at the replication
thresholds (light blue). Also, the signals from the African-specific ancestry GWASs showed
higher replication rates compared to the Multi-ancestry-based cohort. However, in contrast to
higher replication in LDL-C in the Southern African cohort, for HDL-C, the UGR showed

significantly higher replication compared to other cohorts, even the full AWI-Gen dataset.
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Figure 3. Number of TG signals from the Multi-ancestry (blue) and African-specific ancestry (green) GWASs
replicated at genome wide significance (p<5x7107%) (dark) and replication threshold (5x708<p<5x7107°) (light) in the
African cohorts. META=AWI-Gen and Gurdasani meta-analysis; AWI-Gen=Africa Wits-INDEPTH Partnership for
Genomic Research; AWI-Gen SOUTH=Africa Wits-INDEPTH Southern Africa; AWI-Gen WEST=Africa Wits-
INDEPTH West Africa; AWI-Gen EAST=Africa Wits-INDEPTH East Africa; UGR= Uganda Genome Resource;
AADM=Africa America Diabetes Mellitus; DCC=Durban Case Control Study; DDS=Durban Diabetes Study

The stacked plotin Figure 3 illustrates the replication of TG genetic associations across various
continental African cohorts. As observed for other lipid-traits, the combined African GWAS
showed the highest number of replicated signals from the Multi-ancestry study, with 22 loci
replicated at the genome wide significant threshold (P <5x10%) and an additional 13 replicated
at the replication threshold (5x108 < P < 5x10). However, unlike other traits, here we did not
observe any major difference between replication of Multi-ancestry and African-specific

ancestry signals.

Figure 4 summarises a comparison of allele frequency signals identified in the GLGC African-
specific ancestry GWAS (Figure 4 a, b, ¢) and the Multi-ancestry GWAS (Figure 4 d, e, f) to the
frequencies observed in the AWI-Gen dataset (consisting of three AWI-Gen regional cohorts).
As expected, the African-specific ancestry dataset shows higher concordance in comparison

to the Multi-ancestry cohort across all three traits.
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A similar comparison of beta-values (Figure 5) shows a much higher concordance between the
beta values from the combined AWI-Gen dataset and GLGC African-specific ancestry GWAS
(Figure 5 a, b, c) compared to the GLGC Multi-ancestry GWAS (Figure 5 d, e, f). These
differences were more pronounced in the beta-values for HDL-C (correlation coefficient 0.56
in African-specific ancestry GWAS and 0.11 in Multi-ancestry GWAS) and TG (correlation
coefficient 0.59 in African-specific ancestry GWAS and 0.13 in Multi-ancestry GWAS)
compared to LDL-C (correlation coefficient 0.66 in African-specific ancestry GWAS and 0.33 in
Multi-ancestry GWAS) suggesting that the impact of a substantial proportion of known signals

on these traits could be restricted to particular ancestries only.

Discussion

The level of transferability of associations found in a GWAS based on one ancestry to other
ancestries is key to generalizability of these associations and the applicability of polygenic risk
score models. Previous investigation of transferability of lipid-traits to African populations has
shown conspicuous variations, both among traits as well as among different African regions
(8). Similarly, differences in transferability of PRS models for lipid traits to different African
regions has also been noted (9). However, these estimates were based on GWAS summary
statistics available at the time, which has been increased by more than 10 fold by the current
phase of GLGC (1). Accordingly, the number of loci identified in the GLGC GWASs are several
fold higher than previous studies. Therefore, we have estimated transferability based on this
larger dataset and investigated whether any novel trends are revealed by this much larger

discovery GWAS.

In the current study we have employed two thresholds for assessing transferability. The first is
the standard genome-wide significant threshold of 5x10® for GWAS studies. The second is a
replication threshold which in essence is an approximation of the Bonferroni correction of p-
value. However, as two discovery GWASs identified different number of independent signals for
the three traits, instead of using six different thresholds, we selected a threshold of 5x10° that
is more conservative than the Bonferroni corrected p-value threshold estimates for all six
GWASs (Multi-ancestry and African-specific ancestry GWAS for the three lipid traits) and
provides scope for adjusting potential errors in determination of independence of signals. This
replication p-value threshold therefore has generated a slightly conservative estimate of

transferability and fine-tuning it could lead to higher estimates of transferability.

()



In the previous evaluation, the transferability estimates showed a correlation with sample size
of the replication cohort with larger replication cohorts showing better transferability. In
alignment, for all three traits and both GWASs (African-specific ancestry and Multi-ancestry)
the combined continental African dataset (based on meta-analysis AWI-Gen and Gurdasani
(N=~24000)) showed highest replication. This was followed by the next larger dataset, the full
AWI-Gen dataset (N=~10600) for TG and LDL-C. However, in case of HDL-C the smaller regional
cohort UGR (~6000) showed notably higher transferability instead. For all the three traits, a
higher replication rate (humber of SNPs replicated/number of independent lead SNPs present
in both GLGC and replication cohorts) was observed for the GLGC African-specific ancestry
GWASs compared to the much larger Multi-ancestry GWASs. We also observed a trend
towards a regional bias with two of the Southern African cohorts replicating more signals for
LDL-C, and UGR replicating more signals for HDL-C, compared to other regional GWASs. This
was surprising given that based on genetic similarity, we expected to observe higher replication
in West African cohorts. Interestingly for TG, among the regional cohorts, the Southern African
cohort showed the lowest replication, highlighting the immense inter trait variability in the
replication of associations in different African regions. While the involvement of factors like
impact of unique ancestries, and region-specific gene-environment interactions can be
speculated, further work will be needed to validate these results and understand the factors

driving these differences.

The study also highlights that despite insufficient sample sizes, which ultimately reduce
statistical power and the ability to detect genetic associations, for some of the traits the smaller
cohorts such as DDS and AWI-Gen East showed considerably higher replication rates than
other larger regional cohorts. Most of these differences were undetectable in the previous
comparison (8) underlining the importance of conducting GWASs from different parts of the
continent, even if with minimal sample size, as the unique ancestral composition in a region
could allow for replication of signhals that could be missed by much larger datasets from other
parts for the continent. In addition to the size of the discovery cohort, the ancestral
composition could be a key determinant for transferability of associations especially to non-
European populations. However, the evaluations of lipid-trait signal transferability performed
so far have been based on European and Multi-ancestry discovery cohorts (5,8). This was due
to the lack of large ancestry-specific GWASs from non-European populations. The ancestry-

specific summary statistics generated by the new GLGC study, enabled a more nuanced
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estimation of the relationship between ancestral composition and sample size of discovery
cohort and the transferability of signals. One of the key takeaways of this study is the notably
higher transferability of African-specific ancestry LDL-C and HDL-C associations compared to
those from Multi-ancestry GWAS. This is indicative of the distinct genetic architecture of
African populations, which may not be adequately captured by global datasets and
demonstrate that indeed smaller but more ancestrally similar GWASs could have a much
higher transferability compared to much larger Multi-ancestry GWASs. The differences
observed in the transferability of genetic associations across datasets, especially between
Multi-ancestry and African-specific loci, further emphasise the importance of inclusive,

diverse genomic research to advance health equity.

One of the major limitations of this study is that our approach for exactreplication andincluding
only those SNPs that were present in both Choudhury et al. 2021 and Gurdasani et al. 2019
summary stats, allowed us to assess the transferability about 40-60% of the signals from the
GLGC study. While it might be impossible to assess the transferability of a sizable proportion of
these signals, as these are either absent or extremely low frequency in continental African
populations, use of alternative reference panel for imputation, amending minor allele
frequency cut-offs and choice of alternative SNPs to represent LD blocks (i.e. credible-set
based replication approach) could substantially increase the number of SNPs being
investigated. Due to intrinsic complications involved in applying such approaches, we have not
included these in the current analyses. However, consideration of these in future studies could
notonly increase the number of SNPs being assessed for transferability but also the confidence
and robustness of the results. Also, the allele frequency and beta comparisons reported here
are based on combined African meta-analysis that includes populations from different African
regions. Given the level of variation in replication, regional based comparison of these
estimates could be more informative and reveal additional trends and will be a major focus of our
future work. Our study demonstrates an overall higher transferability and effect size
concordance of African-specific ancestry signals from GLGC to diverse African cohorts
compared to signals from a 15-fold larger Multi-ancestry GWAS and highlights major
differences in transferability of different lipid-traits to the three African regions. These results
point to the importance of including more diverse African cohorts in genetic research, with
adequate sample sizes and broader regional coverage, to enhance the generalizability of

findings. As genetic research progresses, particularly in the context of precision medicine, itis
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crucial to adopt a tailored approach that reflects the unique genetic and environmental factors
present in African populations. This approach could lead to more effective healthcare

interventions and treatments tailored to the specific genetic makeup of African individuals.

Methods

Ethics

This study was approved by the Human Research Ethics Committee (Medical) of the University

of the Witwatersrand (Wits) (Ethics Clearance Certificate - M240770)

GWAS summary statistics download

The first step involved downloading the summary statistics files for the lipid GWAS studies from
the GWAS Catalog (https://www.ebi.ac.uk/gwas/home) (14). For the GLGC study (11), for each
lipid trait (LDL, HDL and TG), the Global multi ancestry meta-analysis and the African ancestry
meta-analysis summary statistics file were downloaded. For each of three lipid traits, summary
statistics from seven African cohorts (7,8) - UGR (~6,000 participants from Uganda), AADM
(~4,000 participants, predominantly from Nigeria), DDS (~1,000 participants from Durban),
DCC (~1,300 participants from Durban), AWI-Gen East (~2,000 participants from Kenya), AWI-
Gen West (~4,000 participants from Ghana and Burkina Faso) and AWI-Gen South Africa

(~5,000 participants from South Africa) were also downloaded (Figure 6).

We restricted our analysis to measured HDL, measured TG and calculated LDL, and not
measured total cholesterol (TC), since TC is a major component of the calculated LDL.
Moreover, a previous study (8) showed that both calculated LDL and measured TC show very

similar GWAS results, therefore TC was not needed in our analysis.
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Figure 6. The list of summary statistics files downloaded from GWAS Catalog for each lipid trait.

Identification of independent lead sighals

Independent lead signals from each of the Multi-ancestry and African-specific ancestry GLGC
summary statistics files were identified using the Linkage Disequilibrium (LD) clumping
function in PLINK 2.0 (15). The following settings were used for LD clumping: --clump-p1 5e
(clumps are formed around central “lead variants”, starting with those with the lowest p-value,
the maximum p-value allowed for those SNPs here is 5e¢®); --clump-kb 500 (the maximum
distance in KB from the lead variant for SNPs to be considered to be clumped with it) and --
clump-r2 0.5 (variants with LD r?>0.5 with the lead variant will be included in the clump if they

are within a distance of 500kb).

Transferability assessment

For each trait, the independent lead SNPs (identified from Multi-ancestry and African-specific
ancestry GLGC summary statistics files) were extracted from each of the African cohort
summary statistics files using the R merge function. Figure 7 demonstrates the steps involved
in identifying the final list of SNPs that are used for subsequent analysis. To ensure
comparability of datasets, only the signals that are present in both the Gurdasani and AWI-Gen

studies were considered for the transferability analysis.
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Figure 7. Flow diagram showing the process of extraction and analysis of GWAS summary statistics data

We have employed two thresholds for assessing transferability. The first is the standard
genome-wide significant threshold of p< 5x10® for GWAS studies. The second is a replication
threshold, which is an approximation of the Bonferroni correction of p-value i.e. if an
independent signal showed a p-value less than (0.05/Number of independent lead signals) in
an African cohort, it was considered to be transferable to that cohort. The replication threshold
was calculated using in-house shell scripts for all the independent target and base datasets as
shown in Figure 6. The level of transferability from the Multi-ancestry GLGC and African-specific

ancestry GLGC to the full AWI-Gen and Gurdasani meta-analyses was also performed.

Assessment for transferability was done for each of the three lipid traits: HDL, LDL and TG. This
was followed by comparing the trends in transferability from the two GLGCs to the three
continental African regions the cohorts fall under (East, West and South), also for each of the

three lipid traits to investigate intra-continental variation in transferability. (Figure 8)

HDL

LDL TG

Figure 8. Illustration of the analysis approach, which evaluates the transferability of genetic signals from multi-
and African-specific ancestry GLGC cohorts to African populations (AWI-Gen and Gurdasani), and compares HDL,
LDL, and TG associations across East, West, and South African regions
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Assessing heterogeneity of effect size and risk allele frequencies across

African cohorts

Lastly, for the final list of independent lead SNPs in the GLGC Multi-ancestry and African-
ancestry dataset, the risk alleles, risk allele frequencies and risk allele effect sizes were
compared against the same for AWI-Gen and Gurdasani data. For some SNPs, the risk allele
and non-risk alleles were swapped between the GLGC and continental African studies. We
changed the direction of beta in such cases, as well as plotted the frequency of the other allele

to maintain consistency.

Data availability statement

The GWAS summary statistics used in this study are downloaded from GWAS Catalog

(https://www.ebi.ac.uk/gwas/summary-statistics). (14)
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Appendix A: Supplementary Tables and Figures

Supplementary Table 1: Number of SNPs replicated at different p-value thresholds in the

African cohorts, from the multi- and African-Ancestry GLGC for LDL-C

AWI-Gen AWI-Gen AWI-Gen
COHORTS META AWI-Gen SOUTH WEST EAST UGR AADM DCC DDS

Multi-ancestry LDL-C

Properly Replicated
(P<5x10-8)
Nominally Replicated
(5x10-8<P<5x10-6)

77 17 12 1 0 5 4 6 9

57 19 11 7 2 5 5 7 12

African-specific ancestry LDL-C

Properly Replicated
(P<5x10-8)
Nominally Replicated
(5x10-8<P<5x10-6)

META=AWI-Gen and Gurdasani meta-analysis; AWI-Gen=Africa Wits-INDEPTH Partnership for Genomic
Research; AWI-Gen SOUTH=Africa Wits-INDEPTH Southern Africa; AWI-Gen WEST=Africa Wits-INDEPTH West
Africa; AWI-Gen EAST=Africa Wits-INDEPTH East Africa; UGR= Uganda Genome Resource; AADM=Africa America
Diabetes Mellitus; DCC=Durban Case Control Study; DDS=Durban Diabetes Study; LDL-C=Low-Density
Lipoprotein Cholesterol

152 59 35 15 1 14 17 10 31

83 49 19 1 4 11 12 8 24

Supplementary Table 2: Number of SNPs replicated at different p-value thresholds in the
African cohorts, from the multi- and African-Ancestry GLGC for HDL-C

AWI-Gen AWI-Gen AWI-Gen
COHORTS META AWI-Gen SOUTH WEST EAST UGR AADM DCC DDS

Multi-ancestry HDL-C

Properly Replicated
(P<5x10-8)
Nominally Replicated
(5x10-8<P<5x10-6)

43 10 5 0 4 26 3 0 0

30 13 2 3 4 14 2 0 3

African-specific ancestry HDL-C

Properly Replicated
37 11 5 0 5 19 3 0 0
(P<5x10-8)
Nominally Replicated 10 a8 3 2 1 5 2 0 2

(5x10-8<P<5x10-6)
META=AWI-Gen and Gurdasani meta-analysis; AWI-Gen=Africa Wits-INDEPTH Partnership for Genomic
Research; AWI-Gen SOUTH=Africa Wits-INDEPTH Southern Africa; AWI-Gen WEST=Africa Wits-INDEPTH West
Africa; AWI-Gen EAST=Africa Wits-INDEPTH East Africa; UGR= Uganda Genome Resource; AADM=Africa America
Diabetes Mellitus; DCC=Durban Case Control Study; DDS=Durban Diabetes Study; HDL-C=High-Density
Lipoprotein Cholesterol

Supplementary Table 3: Number of SNPs replicated at different p-value thresholds in the

African cohorts, from the multi- and African-Ancestry GLGC for TG

AWI-Gen AWI-Gen AWI-Gen
COHORTS META AWI-Gen SOUTH WEST EAST UGR AADM DCC DDS

Multi-ancestry TG

Properly Replicated
(P<5x10-8)
Nominally Replicated
(5x10-8<P<5x10-6)

22 7 0 4 2 1 1 0 0

13 8 0 0 2 4 2 1 0

African-specific ancestry TG

Properly Replicated
(P<5x10-8)
Nominally Replicated
(5x10-8<P<5x10-6)

META=AWI-Gen and Gurdasani meta-analysis; AWI-Gen=Africa Wits-INDEPTH Partnership for Genomic
Research; AWI-Gen SOUTH=Africa Wits-INDEPTH Southern Africa; AWI-Gen WEST=Africa Wits-INDEPTH West
Africa; AWI-Gen EAST=Africa Wits-INDEPTH East Africa; UGR= Uganda Genome Resource; AADM=Africa America
Diabetes Mellitus; DCC=Durban Case Control Study; DDS=Durban Diabetes Study; TG=Triglyceride

24 7 0 3 2 1 1 0 0

12 8 0 0 2 3 1 1 0
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associations detected in European and US based population has been shown to be lowest in African
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level of transferability of European based associations even to different African regions. The level of
transferability has also been found to vary widely between traits.

Aims

Our study aims to investigate the transferability of genetic associations from the largest meta-analysis
for lipid traits (LDL, HDL, and Triglyceride), to seven African ancestry cohorts originating from three
African regions. We will also compare effect size magnitudes, effect size directions and risk allele
frequencies of key lipid signals between the African cohorts.

Methodology

The GWAS summary statistics for LDL-C, HDL-C and Triglycerides from the GLGC study, the AWI-Gen
study (East, West and South) and Gurdasani study (four cohorts UGR, AADM, DDS, DCC) will be
downloaded from GWAS Catalog. Independent genome-wide significant signals (p-value < 5x10%) will
be filtered from the GLGC summary stat file using the LD clumping function in PLINK 2.0. A custom
script will record the number of such signals(N). The transferability of these signals will then be
assessed in the seven cohorts, if a signhal is observed to have p-value < 0.05/N in any of the cohorts, it
will be considered as being transferable to the cohort. The level of variation in transferability to the
seven cohorts as well as the transferability to three African regions will be assessed. Finally, the trends
in transferability will also be compared between the three lipid traits.

Expected outcome

The proposed study is expected to provide insights into the suitability of currently existing lipid trait risk
models in African populations.
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1 Introduction

Despite advancements in prevention and treatment, cardiovascular disease (CVD)
remains the top cause of death worldwide (Graham et al., 2021). Blood lipid levels are
heritable genetic risk factors for CVD and vary globally due to environmental and
genetic influences. For complex traits such as lipid biomarker levels, genome wide
association studies (GWASSs) that study genetic variation across the genome are
employed to identify genetic risk factors (Bush and Moore, 2012). This is done through
identifying single-nucleotide polymorphisms (SNPs) whose allele frequencies vary
systematically as a function of phenotypic trait (Marees et al., 2018; Uffelmann et al.,

2021).

GWASSs have successfully identified hundreds of genetic associations for lipid traits
such as Low-Density Lipoprotein-Cholesterol (LDL-C), High-density Lipoprotein-
Cholesterol (HDL-C) and Triglyceride (TG) levels. However, most GWASSs to date have
been performed in European ancestry populations, primarily residing in Europe and
North America, lacking representation of diverse populations (Kuchenbaecker et al.,

2019).

About 75% of CVD-associated deaths occur in low- and middle-income countries
where incidences are rising (Gaziano et al., 2010). A sufficient portion of mortality due
to CVD can be prevented or at least delayed by simple lifestyle modification and
medical intervention. An in-depth characterisation of genetic variants that are
associated to a trait in a particular population, has the immense potential for enabling
the stratification of individuals by risk and prioritized targeting of individuals at high
risk. Consequently, it is important to determine whether SNPs associated with
cardiometabolic traits such as lipid traits, that are key markers of CVDs, are

transferable to other populations.

Tof12
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1.1 Transferability of Signals

1.1.1 What Is Transferability?

The transferability of GWASSs signals refers to the ability of the genetic basis of a trait
or phenotype to be shared across different populations to infer the risk of certain
variants causing disease (Kuchenbaecker et al., 2019). Transferability refers to
whether the results from a GWAS performed on one population could be

transferred/replicated to other populations of other ancestries.

1.1.2 Why Is Transferability an Issue?

Thus far, the issue lies in the fact that the transferability of genetic associations
detected in European and US-based populations has been shown to be lowest in
African populations, with recent studies showing notable differences in transferability
even between various regions within Africa (Gurdasani et al., 2019; Choudhury et al.,
2022; Kamiza et al., 2022). This affects the generalisability and applicability of genetic
findings, such as the identification of risk allele variants for a particular trait, to different

population groups.

The lack of transferability of GWAS findings between populations can be explained by
a combination of factors including differences in allele frequencies (e.g. when one SNP
is commonly present in one population but extremely rare or absent in other
population), genetic architecture (e.g. caused by differences in linkage disequilibrium
between a variant and causal variants), effect sizes (e.g. caused by gene-by-gene or
gene-by-environment interactions) and statistical power (when a GWAS has a smaller
sample size and is not powered enough to detect associations observed in larger

GWAS).

The results from GWASs are made freely accessible through the GWAS Catalog
database (GWAS Catalog, no date) as summary statistics files. These files include
information on SNP (chromosome, position, SNP ID and alleles), effect size (defined

as the contribution of a SNP to the genetic variance of the trait), allele frequency and

20f12
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p-value. Therefore, the assessment of transferability based on summary statistics data

is simple, straightforward and computationally efficient.

1.2 GWAS for Lipid Traits

In this section we describe the largest global GWASs as well as two major GWASs

based on lipid traits that were performed in continental African populations.

1.2.1 Global Lipids Genetics Consortium

The Global Lipids Genetics Consortium (GLGC) is a large-scale GWAS study that
conducted a meta-analysis involving over 1,650,000 individuals across five genetic
ancestry groups to identify variants associated with five key lipid traits across different
populations, including African, East Asian, European, Hispanic and South Asian.
These lipid traits included LDL-C, HDL-C, TGs, total cholesterol (TC) and non-high-
density lipoprotein cholesterol (non-HDL-C) (Graham et al., 2021). The study revealed
that utilising diverse ancestries improves signal transferability to African populations
and genetic risk factor predictions (Graham et al., 2021). Of particular interest is the
African-specific ancestry sub-cohort that consist of 100,000 individuals including

African Americans, Afro-Caribbeans, and African unspecified individuals.

1.2.2 Lipid GWAS in Gurdasani et al. 2019 study

The landmark study by Gurdasani and colleagues was one of the major milestones in
African GWASs (Gurdasani et al., 2019). Based primarily on a population cohort from
Uganda, known as the Uganda Genome Resource (UGR), the authors performed
GWASSs on more than 20 traits that included body composition traits and biochemical
traits including three lipid traits. The study also included a meta-analysis of these
summary statistics with summary statistics from three other continental African cohorts
— the Durban Case Control (DCC), Durban Diabetes study (DDS) and African
American Diabetes Mellitus (AADM) study (based predominantly in Nigeria). Though

sample size difference between cohorts and some of them being based on diabetes
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patients was not optimal for the GWAS, the results provided baseline data for future

comparisons.

1.2.3 Lipid GWAS in the AWI-Gen Study

Africa Wits-INDEPTH Partnership for Genomic Research (AWI-Gen) is a pan-African
population cross-sectional cohort with a focus on understanding the genetic and
environmental risk factors that predispose older adults to cardiometabolic diseases
(CMDs) in Africa (Ramsay et al., 2016). The cohort consists of ~12,000 participants
between the ages of 40 to 60 years sampled across from four countries - Burkina Faso,
Ghana, Kenya and South Africa. The AWI-Gen genetic data was used to perform a
GWAS for fasting serum TC, LDL-C, HDL-C, and TG on 10,603 individuals
(Choudhury et al., 2022). The study also explored different approaches that could be
used to address the challenge of managing complex population substructure between

African regions, in Pan African GWASSs.

The AWI-Gen lipid GWAS publication also included a comprehensive assessment of
transferability of GWAS signals from some of the largest global GWAS studies
available at that time (GLGC (Global Lipids Genetics Consortium, 2013) and PAGE
(Wojcik et al., 2019)) to the cohorts included the AWI-Gen and Gurdasani et al. 2019
studies. The results demonstrated that an increase in sample size of both the
discovery cohort and the replication cohort could lead to more robust transferability
estimates. The study also noted considerably regional variation in transferability of
signals to different African regions. However, the GLGC study dataset that was
assessed was from a study conducted in 2013 and had a smaller sample size

(~100,000 individuals total).

The GLGC 2021 dataset, which has almost a 16-fold higher sample size compared to
the previous study, has the potential to lead to major revision in these estimates.

Moreover, the availability of summary stats from a sizable African-Ancestry sub-cohort
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enables a more reliable assessment of the extent of transferability of signals emerging

from diaspora studies to populations living in Africa.

The proposed study would inform researchers whether large African ancestry based
or much larger global meta-analysis based PRSs could be more informative for
predicting risk in African populations. Also, the research will generate data to answer
pivotal question about whether the existing PRSs are expected to perform differentially
in populations from different African regions. The transferability estimates would also
inform whether meta-analysis with African-American cohorts that is widely practised is
indeed the optimal approach for extending the sample size of GWASs from all African

regions or is more suitable for particular African populations.

2 Study Aims and Objectives

2.1 Aim

To investigate the transferability of genetic risk associations from the largest GWAS
meta-analysis for three lipid traits (LDL-C, HDL-C and Triglycerides from the GLGC
2021 study) to four African ancestry cohorts included in the Gurdasani study (UGR,
DDS, DCC, AADM) study as well as three regional cohorts (East, West and South
African) from the AWI-Gen study. We also aim to compare the effect size magnitudes,
effect size directions and risk allele frequencies of key lipid signals between the African

cohorts.

2.2 Objectives
2.2.1 Primary Objective
Objective 1: Obtain the summary statistic files for each lipid trait from each study

(Figure 1).

Objective 2: Use LD clumping to identify the most significant independent lead signals
from each genomic region (with a p-value threshold of 5x108) and extract the details

for these signals from each African cohort summary stat file (Figure 2).
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Objective 3: Based on Bonferroni adjusted p-value threshold (and effect size direction
consistency), assess the level of transferability of signals, for each of the three lipid

traits, from GLGC to these African cohorts.

2.2.2 Secondary Objective

Compare the effect size magnitude and direction, as well as risk allele frequencies of

the three lipid traits’ associated SNPs between the seven African cohorts.

3 Methods

Primary Objective 1: Data download

The first step will involve downloading the summary statistics files from GWAS Catalog
from the lipid GWAS studies. For the GLGC study, for each lipid trait (LDL, HDL and
TG) the Global multi ancestry meta-analysis and the African Ancestry meta-analysis
summary statistics file (e.g. https://www.ebi.ac.uk/gwas/studies/ GCST90239656 for
LDL) will be downloaded. For each of three lipid traits, summary statistics from seven
African cohorts — UGR (~6,000 participants from Uganda), AADM (~4,000 participants,
predominantly from Nigeria), DDS (~1,000 participants from Durban), DCC (~1,300
participants from Durban), AWI-Gen East (~2,000 participants from Kenya), AWI-Gen
West (~4,000 participants from Ghana and Burkina Faso) and AWI-Gen South Africa

(~5,000 participants from South Africa) will be also downloaded (Figure 1).

We have restricted our analysis to measured HDL, measured TG and calculated LDL
(and not measured TC) since TC is a major component of the calculated LDL.
Moreover, our previous study (Choudhury et al., 2022) has shown that both calculated

LDL and measured TC show very similar GWAS results.
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Figure 1: The list of summary statistics files to be downloaded from GWAS Catalog for each lipid trait.

Primary Objective 2: Identification of independent lead signals

The most significant signal for each genomic region (if p-value < 5x10®) in the multi-
ancestry GLGC file will be identified using the Linkage Disequilibrium (LD) clumping
function in PLINK 2.0 (Purcell et al., 2007). This will provide us with a list of
independent lead signals from each of the GLGC summary statistics file (Figure 2).
This step will be repeated for the African-ancestry GLGC file, to identify the

independent lead signals contained in this file.

Independent AWI-GEN
SNPs with ~14mil. SNPs
P-value < 5x108 Extracted Arah/sis B

Base Data
GLGC

~30 mil. SNPs

using LD based SNPs Interpretation

clumping Gurdasani
~200 SNPs ~16mil. SNPs

Figure 2: Flow diagram showing the process for achieving the primary objectives, using rough SNP estimates

Primary Objective 3: Transferability assessment
Next, we would only extract the SNPs included in the list of independent lead signals

(generated in Objective 2) from each of the African cohort summary stat files for
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analysis. To ensure comparability of datasets only the signals that are present in both
Gurdasani et al. 2019 and AWI-Gen study will be included. If an independent signal
shows a p-value that is less than (0.05/Number of independent lead signals) in an
African cohort, it will be considered to be transferable to that cohort. This will be done
for several independent target and base datasets (Figure 1). The level of transferability
or significance from the multi-ancestry GLGC and African- ancestry specific GLGC to
the combined AWI-GEN & Gurdasani meta-analyses, will be performed to assess
which of the two GLGC datasets has higher transferability to the African populations.
This will be done for each of the three lipid traits: HDL, LDL & TG. This will be followed
by comparing the trends in transferability from the two GLGCs to the three different
African regions the cohorts fall under (East, West & South), also for each of the three

lipid traits to investigate intra-continental variation in transferability.

The Secondary Objective: Assessing heterogeneity of effect size and risk allele
frequencies across African cohorts

Use the command line interface on the cluster, along with custom scripts/codes to
extract the alleles, risk allele frequencies and effect size columns (including any other
relevant data). Analyse and interpret the data in the form of various tables and graphs
to compare the effect size magnitude, direction of effect and risk allele frequencies of

the three lipid traits between the seven African cohorts.

4 Data Analysis

As this study will be comparing pre-calculated summary statistics, we have not
performed any power estimation. Significance of allele frequency differences will be
assessed using Chi-squared and Fischer tests implemented in PLINK 2.0. Data

visualization will be performed using RStudio (v. 2023.12.1+402).

5 Ethics

This research project is a retrospective study using summary-level data so there are

no major ethical considerations. The data was collected previously under earlier ethics
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clearance (Clearance Certificate Number: M2210108) and no new data will be
gathered. The study does not involve interacting with human or animal participants or

the collection of new samples.

In accordance with the Protection of Personal Information Act (POPIA), the data used
in this study contains no identifying information, such as names, dates of birth,
addresses, identification, medical or hospital numbers. In addition, a gatekeeper
permission letter has been obtained, granting permission for the use of the data in this

research project.

A provisional sub-study ethics application form has been submitted to the Wits Medical
Human Research Ethics Committee (HREC). Following the approval of the research
protocol by the Post Graduate Assessors Committee, it will be submitted to the HREC
who will then sit for ethics approval on the 9th May 2024. Once ethics approval has

been obtained, the research project will begin.

6 Timing

Activi Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Literature Review

Ethics Sub-study
form submission

Preparing
Protocol

Protocol
submission

Protocol
presentation

Ethics Approval
Meeting

Gathering
summary data
Data analysis &
Result

interpretation
Report write-up

Consolidation &
conclusion

Research Report
Submission

Figure 3: GANTT reflecting the expected time frame for this research project.
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7 Funding

This is a retrospective study using pre-generated data, therefore does not require any
funding. The data generation for the AWI-Gen study was funded by a five million USD
National Institutes for Health (NIH) grant (U54HG006938).

8 Limitations

Potential limitations to the study are firstly the unequal sample size of the cohorts
which might result in intrinsic differences in statistical power. Secondly, the
transformations applied to lipid phenotypes in the GLGC study may differ from the
transformations applied in the AWI-Gen and Gurdasani studies. However, we do not

anticipate these limitations to substantially impact the transferability estimates.

Another limitation of this study is that only independent lead SNPs will be investigated
for assessing transferability. Ideally, a more comprehensive investigation where
instead of a single independent SNP, a credible SNP set per locus would have been
more informative for transferability assessment, however, this was beyond the scope

given the time period of the project.
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