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Abstract

The under-representation of non-European samples in genome-wide association studies could
ultimately restrict who benefits from medical advances through genomic science. Our aim was
therefore to address the fundamental question whether causal variants for blood lipids are shared
across populations.

A polygenic score based on established LDL-cholesterol-associated loci from European discovery
samples had consistent effects on serum levels in samples from the UK, Uganda and Greek population
isolates (correlation coefficient r=0.23 to 0.28 per LDL standard deviation, p<1.9x10**). Trans-ethnic
genetic correlations between European ancestry, Chinese and Japanese cohorts did not differ
significantly from 1 for HDL, LDL and triglycerides. In each study, >60% of major lipid loci displayed
evidence of replication with one exception. There was evidence for an effect on serum levels in the
Ugandan samples for only 10% of major triglyceride loci. The PRS was only weakly associated in this
group (r=0.06, SE=0.013). We establish trans-ethnic colocalization as a method to distinguish shared
from population-specific trait loci.

Our results provide evidence for high levels of consistency of genetic associations for cholesterol
biomarkers across populations. However, we also demonstrate that the degree of shared causal
genetic architecture can be population-, trait- and locus-specific. Efforts to implement genetic risk

prediction in clinical settings should account for this.
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Introduction

As the predictive ability of common variants for complex traits improves, risk prediction in clinical
settings finds increasing consideration?. However, individuals with non-European ancestry are
strongly underrepresented in genome-wide association studies (GWAS), with 79% of participants
classified as European and only 3% as African descent®*. Consequently, it is important to determine
the transferability of existing findings based on samples with European ancestry. Previous research
focused on the effects of different allele frequencies and linkage disequilibrium (LD). Here we ask the
fundamental question whether causal variants for lipid traits are shared across populations.
Heterogeneity in effects of variants could result from epistasis or gene-environment interactions. As
the observable association of a variant depends oniits correlation with the causal variant(s), differences
in LD structure between populations make it difficult to compare GWAS results directly®. Differences
in frequency also impact on the power to detect associations in other ancestry groups.

We employed several strategies to account for these effects and quantify the extent to which genetic
variants affecting lipid biomarkers are shared between individuals of European, Asian, and African
descent. We assessed the transferability of individual signals and compared association patterns across
the genome using data from the African Partnership for Chronic Disease Research — Uganda (APCDR,
N=6,407)°, China Kadoorie Biobank (N=21,295)’, Biobank Japan (N=162,255)8, the Global Lipid Genetics
Consortium (European ancestry, GLGC2013 N=188,577, GLGC2017 N=237,050)°, the Hellenic
Isolated Cohorts (HELIC-MANOLIS, N=1,641 and HELIC-Pomak, N=1,945)'*!2, and the UK Household

Longitudinal Study (UKHLS, N=9,961)"3.

Results

We assessed replication rates across established lipid-associated variants in different populations. We

distinguished major lipid loci, i.e. those with p<107?

in the largest European ancestry GWAS.
Replication was operationalised as at least one variant from the credible set being associated at p<10

3 in the target study. As a benchmark, we also assessed replication in two European ancestry studies.
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We found evidence of replication for 76.5% of major HDL loci in these two studies (Table 1). For the
non-European groups replication rates ranged from 70.6 to 82.4%. Similar replication rates were
observed for LDL loci (61.5-76.9%). For major triglycerides (TG) loci, replication rates ranged from 78.9
to 94.7%, with one exception. Only 10.5% of these loci showed evidence of replication in APCDR-
Uganda. Replication rates for known loci with p>10?1% in the discovery set were generally low.
However, Biobank Japan, the largest study, had markedly higher replication rates for these loci than
the other studies. Of note, up to 30.8% of the loci that did not replicate contained a variant within 50kb
which was associated at p<103 in the target study, possibly suggesting the presence of independent

causal variants.

Trans-ethnic genetic correlations were estimated between the three largest studies, China Kadoorie
Biobank, Biobank Japan and GLGC2013. Correlations were high for each biomarker and were not
significantly different from 1 (Figure 1, Supplementary Table 1). We also compared associations across
biomarkers. This consistently showed negative genetic correlations between TG associations and HDL

associations, with estimates ranging from rgen=-0.48 t0 rgen=-0.86.

In order to assess patterns of sharing of risk alleles for the smaller studies, we constructed polygenic
scores based on the established lipid loci from samples with European ancestry and estimated the
score associations with levels of HDL, LDL and TG in HELIC, APCDR-Uganda and also UKHLS as a
benchmark (Figure 2). All genetic scores were significantly associated with their respective target lipid
in the three European samples with largely consistent correlation coefficients and mutually
overlapping 95% confidence intervals (Cls) (Table 2). For HDL, LDL and TG, the estimated correlation
coefficients had a range of 0.27-0.28, 0.23-0.28 and 0.20-0.24, respectively. In APCDR-Uganda, the
strongest association was observed for LDL (r=0.28, SE=0.01, p=1.9x107%). The HDL association was
attenuated compared to the European samples (r=0.12, SE=0.01, p=6.1x10-22). The effect of the TG
score was markedly weaker (r=0.06, SE=0.01, p=4.5x107). We also assessed associations between a

given score and levels of each of the other biomarkers (Supplementary Table 2). In line with the trans-
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ethnic genetic correlation results, we observed inverse associations between the HDL score and TG

levels and vice versa in all studies, except APCDR-Uganda.

Differences in LD structure, MAF and sample size make it difficult to assess replication for individual
loci. Therefore, we propose a new strategy to assess evidence for shared causal variants. We carried

out trans-ethnic colocalization using the JLIM model**

for each study, comparing it to UKHLS. There
was evidence for significant (p;im<0.05) colocalization with at least one of the target studies for about
half of the major lipid loci (Table 3). For example, the 9q31.1 ABCA1 locus for HDL displayed evidence
of a shared causal variant between Biobank Japan and UKHLS (p;im=0.003) while there was no evidence
of association in APCDR-Uganda (p;im=0.96) (Figure 3a). For several major TG loci, such as GCKR at

2p23.3 or LPL at 8p21.3, strong evidence of replication in the Asian studies was observed while there

was no evidence of association in APCDR-Uganda (Figure 3b,c).

Discussion

Recent efforts to increase global diversity in genetics studies have been vital, enabling this first
comprehensive cross-population comparison of genetic associations with blood lipids, covering
individual loci as well as patterns across the genome. We provide evidence for extensive sharing of
genetic variants regulating levels of high- and low-density lipoprotein cholesterol between individuals
with European ancestry and samples from China, Japan, Uganda and Greek population isolates. There
was evidence of replication for about three quarters of major HDL and LDL loci. This was highly
consistent across all studies. Estimates of trans-ethnic genetic correlations between European, Chinese
and Japanese samples were close to 1. Associations of polygenic risk scores for LDL were not
attenuated in Ugandans compared to a UK sample. The PRS associations in the two Greek isolated
populations were also highly consistent with those in the UK samples. It isimportant to note, however,
that high genetic correlations or consistent PRS associations do not imply replication of all individual

loci.


https://doi.org/10.1101/525170

bioRxiv preprint doi: https://doi.org/10.1101/525170; this version posted January 20, 2019. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Previous studies that compared the direction of effect of established loci or assessed associations of

1525 However, most of them were

polygenic scores reported differing degrees of consistency
conducted in American samples with diverse ancestry and had smaller sample sizes. The high degree
of consistency for cholesterol biomarkers we observe also contrasts with previously reported trans-
ethnic genetic correlations for traits such as major depression, rheumatoid arthritis, or type 2 diabetes,
which were substantially different from 125%’, In a recent application using data from individuals with
European and Asian ancestry from the UK and USA, the average genetic correlation across multiple
traits was 0.55 (SE = 0.14) for GERA and 0.54 (SE=0.18) for UK Biobank?®. The degree of overlap in
causal genetic architecture might be population- and trait-specific. In fact, we provide evidence that
this can be the case even for closely linked biomarkers involved in fundamental metabolic processes
such as blood lipids. We show that many established loci for triglycerides did not affect levels of this
biomarker in Ugandan samples. This includes major loci that were associated at genome-wide
significance in all the other studies, such as GCKR at 2p23.3 or LPL at 8p21.3. The polygenic score for
triglycerides had a weak effect on measured levels in APCDR-Uganda. This is unlikely to be an artefact
of unreliable measurement: triglyceride levels have a heritable component in this sample (SNP
heritability of 0.25, SE=0.05°) and there are some variants that are associated at genome-wide
significance (Supplementary Figure 3e). It is also unlikely that this can be explained purely by
differencesin LD and MAF because they would affect the analyses of the other two biomarkers as well.
The extensive overlap in genetic risk factors for HDL and LDL biomarkers implies significant benefits
from combining data across ancestry groups to empower locus discovery and fine-mapping. However,
we demonstrate that the degree of overlap can be population-, trait- and locus-specific. For other
traits, it is therefore important to systematically assess the genetic architecture in the groups of
interest first. The lack of shared causal variants at major loci for TG between Europeans and Ugandans
might be a consequence of gene-environment interactions, for example involving dietary factors.

Differences in LD structure, MAF and sample size make it difficult to assess replication of individual loci
by comparing associations of single variants. We therefore propose a new approach: trans-ethnic

colocalization. It identified shared causal variants even at loci where none of the individual variants
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were associated at stringent p-value thresholds. Studying the causes for discordant loci between
African, Asian and European populations has promise to further elucidate the biological mechanisms
of lipid regulation. Of note, for many of the major lipid loci, more than one independent association
signal has been identified in discovery GWAS. When these are located in close proximity to each
other, they can interfere with the trans-ethnic colocalization analysis because JLIM assumes a single
causal variant (Figure 3d). Therefore, future work should extend this approach to accommodate loci
harbouring multiple causal variants.

Applying genetic risk prediction within clinical settings is receiving increasing attention, highlighting
the importance of determining the transferability of findings across populations at a time of rising
incidence of cardiovascular disease in many low- and middle-income nations. Ongoing programs in
under-represented countries?, such as the Human Hereditary and Health in Africa Initiative®°, and
programs focussing on under-represented groups, such as PAGE>?, the All of Us Research program®?,
or East London Genes and Health3, will provide the basis for further insights into the transferability of

genetic results across many traits, ancestry groups and environments.

Methods

Data resources

We used data from the Global Lipid Genetics Consortium (European ancestry samples only, GLGC), The
UK Household Longitudinal Study (UKHLS), two isolated populations from the Greece Hellenic Isolated
Cohorts (HELIC) , a rural West Ugandan population from the African Partnership for Chronic Disease
Research (APCDR-Uganda) study, China Kadoorie Biobank (CBK), and Biobank Japan (BBJ). In addition,
we used data from European ancestry samples from the eMERGE network to confirm replication rates
of known loci. Raw genotype and phenotype data were available for UKHLS, APCDR-Uganda, HELIC-
MANOLIS, HELIC-Pomak and eMERGE. Our analyses were based on summary statistics for CKB, BBJ,
and GLGC. Study details are provided in Supplementary Table 3.

Each study underwent standard quality control. Details of the genome-wide association analyses with

lipid traits have been previously described for GLGC®, BBJ8, HELIC!, and UKHLS®. The association
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analysis for APCDR-Uganda was carried out within a mixed model framework using GEMMA3*. Rank-
based inverse normal transformation was applied to the lipid biomarkers after adjusting for age and
gender. In China Kadoorie Biobank, lipid levels were regressed against eight principle components,
region, age, age?, sex, and - for LDL and TG - fasting time and fasting time2. LDL levels were derived
using the Friedewald formula. After rank-based inverse normal transformation, the residuals were
used as the outcomes in the genetic association analyses using linear regression. In eMERGE,
biomarkers were adjusted for age, gender, kidney disease, statin use, type 2 diabetes status and
disorders relating to growth hormones. Associations were carried out within a mixed model framework
using BOLT-LMM?%*. Manhattan plots for eMerge, UKHLS, BBJ, CKB, and APCDR-Uganda are shown in

Supplementary Figures 1-3.

Established lipid loci

A list of established lipid-associated loci was extracted from a 2017 Global Lipid Genetics Consortium
(GLGC) publication®® reporting 444 independent variants in 250 loci genome-wide significantly
associated with HDL, LDL, and triglyceride levels. We excluded three LDL variants where the association
was not primarily driven by the samples with European ancestry. We assessed evidence of replication

of the loci, applied trans-ethnic colocalization and used them to construct polygenic risk scores.

Replication of established lipid loci

We assessed evidence of replication across these established lipid variants. For loci harbouring
multiple signals, we only kept the most strongly associated variant. This left 170 HDL, 135 LDLand 136
TG variants. We distinguished major loci, i.e. those with p<101% in GLGC2017. For each lead SNP we
identified all variants in LD (r>>0.6) based on the European ancestry 1000 Genomes data. We assessed
whether the lead or any of the correlated variants, henceforth called credible set, displayed evidence
of association in the target study. We used a p-value threshold of p<103. If this was not the case, we
tested whether there was any other variant with evidence of association within a 50Kb window. While

this p-value threshold might not be appropriate to provide conclusive evidence of replication for
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individual loci, we used this to test evidence of replication across sets of loci. As a benchmark, we
computed the minimum p-value in 1000 random windows of 50Kb for each study. Less than 5% of
random windows has a minimum p<1073 for the non-European ancestry studies and UKHLS. In eMerge
10.9% for windows there was a variant with p<103 . However, we maintained the p<10?3 as the

threshold for replication because our focus was on the non-European samples.

Trans-ethnic genetic correlations

We used the popcorn software?® to estimate trans-ethnic genetic correlations between studies while
accounting for differences in LD structure. This provides an indication of the correlation of causal-
variant effect sizes across the genome at SNPs common in both populations. Variant LD scores were
estimated for ancestry-matched 1000 Genomes data for each study combination. The estimation of
LD scores failed for chromosome 6 for some groups. We therefore left out chromosome 6 from all
comparisons. Variants with imputation accuracy r’<0.8 or MAF<0.01 were excluded. Popcorn did not
converge for any of the studies with less than 20,000 samples. Therefore, results are presented for

comparisons between GLGC2013, CKB and BBJ. We estimated effect rather than impact correlations.

Polygenic risk scores

We created polygenic risk scores based on the established lipid loci and assessed their associations
with lipid levels in UKHLS, the HELIC cohorts, and APCDR-Uganda, as it was not possible to compute
trans-ethnic genetic correlations for these studies. For HELIC and UKHLS, extreme values (u + 3 SD,
sex stratified) were filtered. Age, age? and sex were adjusted for by regressing them on the biomarker
values and using the residuals as outcomes for subsequent analyses. For each biomarker in each
sample set, we checked normality and homoscedasticity. HDL and LDL were approximately normally
distributed. For TG levels, a Box Cox transformation was used to normalize the data. APCDR-Uganda
phenotype data were rank-based inverse normally transformed.

To make sure PRS were comparable across studies, we excluded variants that were absent, rare

(MAF<0.01) or badly imputed (r?<0.8) in any of the studies and variants that had different alleles from
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those in the GLGC. The variant with larger discovery p-value from each correlated pair of SNPs (r>>0.1)
was also removed. This left 120, 103 and 101 variants for HDL, LDL and TG, respectively. We created
trait-specific weighted PRS. The B-regression coefficients from SNP-trait associations in GLGC2017%°
were used as weights. All biomarkers and scores were scaled to mean=0 and standard deviation=1 for
each study so that the regression coefficient represent estimates of the correlation between scores
and biomarkers.

We carried out association analyses between each polygenic score and each biomarkers using a linear
mixed model with random polygenic effect implemented in GEMMA3* in order to account for
relatedness and population structure. We used a Bonferroni correction to adjust for multiple testing

of three PRS with three different biomarker outcomes (0.05/9=0.0056).

Trans-ethnic colocalization

Differences in allele frequency, LD structure and sample size make it difficult to assess whether a given
GWAS hit replicates in samples with different ancestries. Therefore, we applied trans-ethnic
colocalization. Colocalization methods test whether the associations in two studies can be explained
by the same underlying signal even if the specific causal variant is unknown. The joint likelihood
mapping (JLIM) statistic was developed by Chun and colleagues to estimate the posterior probabilities

for colocalization between GWAS and eQTL signals and compare them to probabilities of distinct causal

variants'*:
Ly (DL, ()
A= Z L.(i) X log . -
max L,(i)L
wan mge LiOL()
i SNP
m* lead SNP

L, (i) likelihood of SNP i being causal for trait 1
L, (i) likelihood of SNP i being causal for trait 2
Ng (i), N3 (i) sets of SNPs in LD with i

6 LD threshold

JLIM explicitly accounts for LD structure. Therefore, we assessed whether it is suitable for trans-ethnic

colocalization. For samples with summary statistics, LD scores were estimated using ancestry matched
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samples from the 1000 Genomes Project v3. JLIM assumes only one causal variant within a region in
each study. We therefore used a small windows of 50Kb for each known locus to minimise the risk of
interference from additional association signals. Distinct causal variants were defined by separation in
LD space by r?>0.8 from each other. We excluded loci within the major histocompatibility region due
to its complex LD structure. We used a significance threshold of p<0.05 given the evidence of
association of the established lipid loci in Europeans and the overall evidence for shared causal genetic
architecture across populations for most lipid traits from our other analyses. We compared each target
study to UKHLS because of their high level of homogeneity in terms of ancestry, biomarker

guantification and study design.

Data availability
The UKHLS EGA accession number is EGAD00010000918. Genotype-phenotype data access for UKHLS

is available by application to Metadac (www.metadac.ac.uk). eMERGE is available through dbgap

(study ID: phs000888.v1.p1). Summary statistics for GLGC (http://csg.sph.umich.edu/abecasis/public/)

and Biobank Japan (http://jenger.riken.jp/en/) are publicly available. The HELIC genotype and WGS

datasets have been deposited to the European  Genome-phenome  Archive

(https://www.ebi.ac.uk/ega/home): EGAD00010000518; EGAD00010000522; EGAD00010000610;

EGAD00001001636, EGAD00001001637. The APCDR committees are responsible for curation, storage,
and sharing of the APCDR-Uganda data under managed access. The array and sequence data have been
deposited at the European Genome-phenome Archive (EGA, http://www.ebi.ac.uk/ega/, study
accession number EGAS00001000545, datasets EGAS00001001558 and EGADO00001001639
respectively) and can be requested through datasharing@sanger.ac.uk. Requests for access to

phenotype data may be directed to data@apcdr.org.
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Figure legends

Figure 1. Trans-ethnic genetic correlations for associations with high-density lipoprotein (HDL), low-

density lipoprotein (LDL) cholesterol and triglycerides (TG). a) shows the comparison of GLGC2013

(European) and Biobank Japan, b) GLGC2013 and China Kadoorie Biobank and c) Biobank Japan and

China Kadoorie Biobank.

Figure 2. Associations of polygenic scores based on established lipid-associated loci with levels of

high-density lipoprotein (HDL), low-density lipoprotein (LDL) cholesterol and triglycerides (TG) in a)

UKHLS, b) HELIC-MANOLIS, c) HELIC-Pomak, d) APCDR-Uganda. Estimates are given as correlation

coefficients. Stars indicate statistically significant associations (p<0.0056).
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Figure 3. Regional association plots for a selection of established lipid-associated loci for UKHLS,
Biobank Japan, APCDR-Uganda, and China Kadoorie Biobank and p-value pjim for the trans-ethnic

colocalization with UKHLS.

Tables

Table 1. Percentage of established lipid-associated loci with evidence of replication in each target
study. Results shown separately by strength of association (whether p<101%) in the discovery study
(GLGC). Only one SNP was kept for each locus with multiple associated variants in close proximity.
Regions were defined as 25Kb either side of the lead variant. The credible set contains the reported
lead variant and variants in LD (r2>0.6) with it.

p in GLGC: <1000 >10100
study trait n.s.* region” credible" n.s.* region’ credible"
eMERGE HDL 11.8 11.8 76.5 73.9 19.0 7.2
LbL 154 7.7 76.9 89.3 9.0 1.6
TG 10.5 105 78.9 81.2 15.4 3.4
UKHLS HDL 5.9 17.6 76.5 81.0 13.7 5.2
LbL 7.7 15.4 76.9 77.0 16.4 6.6
TG 0.0 5.3 94.7 82.1 145 3.4
CKB HDL 11.8 5.9 82.4 71.2 16.4 12.4
LDL 7.7 30.8 61.5 83.6 7.4 9.0
TG 5.3 15.8 78.9 82.9 10.3 6.8
BBJ HDL 11.8 11.8 76.5 47.7 19.6 32.7
LbL 7.7 30.8 61.5 64.8 10.7 24.6
TG 5.3 10.5 84.2 55.6 12.8 31.6
UG HDL 11.8 17.6 70.6 73.2 255 1.3
LDL 231 7.7 69.2 73.8 246 1.6
TG 421 474 10.5 79.5 17.1 3.4

* no variant in the region associated in target set at p<1073

# no variant in the credible set associated in the target set at p<10 but an uncorrelated variant in the
region is associated in target set at p<1073

"avariant in the credible set is associated in the target set at p<10°3
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Table 2: Associations of polygenic scores based on established lipid-associated loci and respective
biomarkers levels in UKHLS, HELIC-MANOLIS, -Pomak, and APCDR-Uganda using a linear mixed model
analysis.

trait N correlation (SE*) p-value
UKHLS

HDL 9706 0.284 (0.010) 8.34x10°165
LDL 9767 0.273 (0.010) 8.38x10155
Triglycerides 9635 0.203 (0.010) 2.62x10%
HELIC-MANOLIS

HDL 1186 0.276 (0.029) 8.65x102°
LDL 1186 0.230(0.029) 1.89x10°
Triglycerides 1176 0.237(0.030) 3.01x10
HELIC-Pomak

HDL 1078 0.272 (0.030) 9.67x10®
LDL 1075 0.285 (0.030) 1.35x10!8
Triglycerides 1066 0.235(0.030) 1.68x10*3
APCDR-Uganda

HDL 6407 0.121(0.012) 6.06x1022
LDL 6407 0.280 (0.012) 1.91x10°17
Triglycerides 6407 0.063 (0.013) 4.46x107

* SE=standard error
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Table 3. P-value for the trans-ethnic colocalization based on the JLIM model for established lipid-associated loci in UKHLS, China Kadoorie Biobank (CKB),
Biobank Japan (BBJ) and Uganda (APCDR).

GLGC replication* JLIM p-value®
rs-id chr position near gene MAF p-value multi® ;JKHL CKB BBJ APCDR CKB BBJ APCDR
HDL
rs4660293 1 40028180 PABPC4 0.21 6.1E-36 distant uc ns cor ns 0.8 0.014 NA
rs11755393 6 34824636 UHRF1BP1 0.36  4.2E-23 distant ns ns cor ns 0.035 0 NA
rs1178979 7 72856430 BAZ1B 0.18 1.3E-26 near uc uc cor ns 0 0 NA
rs4731702 7 130433384 SNX27 0.46  1.2E-35 distant ns cor cor ns 0.14 0.003 NA
rs4841132 8 9183596 NECAP2 0.9 1.0E-123 no ns ns ns cor 0.99 0.24 0.16
rs328 8 19819724 LPL 0.098 1.7E-316 near cor cor cor cor 0.21  0.005 0.62
rs2954033 8 126493746 AMPD1 0.72  3.0E-61 near cor cor cor ns 0.94 0.002 NA
rs643531 9 15296034 TTC39B 0.88 3.8E-42 no ns ns uc uc NA NA NA
rs2066714 9 107586753 ABCA1l 0.15 3.6E-31 near uc cor cor uc 0.97 0.007 0.94
rs1883025 9 107664301 ABCA1l 0.26  2.1E-118 near uc cor cor uc 0.84 0.8 0.97
rs2792751 10 113940329 GPAM 0.73  3.8E-21 near ns ns cor uc 0.002 0.002 NA
rs7350481 11 116586283 Clorfl58 0.91  3.2E-100 distant cor cor cor uc 0 0 0.99
rs964184 11 116648917 PRAMEF2 0.85 2.6E-217 near cor cor cor uc 1 1 1
rs10468017 15 58678512 SNX27 0.27 1.8E-306 near cor cor cor cor 1 0.98 0.99
rs1800588 15 58723675 SNX27 024 O distant cor cor cor cor 0.007 0.009 0.017
rs247616 16 56989590 OR10K2 031 O near cor cor cor cor 0 0 0
rs3764261 16 56993324 OR10K2 031 O near cor cor cor cor 0 0 0
rs34065661 16 56995935 CETP 0.005 5.6E-103 near uc uc uc cor 0 0 0
rs16942887 16 67928042 PSKH1 0.13  9.8E-93 near ns ns cor cor 0.96 0.29 0.025
rs72836561 17 41926126 CD300LG 0.028 8.1E-111 no uc uc uc ns NA NA NA
rs7241918 18 47160953 MTHFR 0.85 1.2E-104 distant cor cor cor ns 016 1 1
rs116843064 19 8429323 ANGPTL4 0.02 4.8E-146 near uc ns ns uc NA NA NA
rs769449 19 45410002 APOE 0.11  6.9E-129 near cor cor cor cor 0.009 0.02 0.95
rs386000 19 54792761 SLC45A3 0.22 1.1E-41 distant cor uc cor cor 0 1 0.71
LDL
rs11591147 1 55505647 PCSK9 0.015 0.0 near uc uc uc uc 0.94 0.64 0.92
rs12740374 1 109817590 CELSR2 0.22 0.0 near cor cor cor cor 0 0 0
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rs1367117 2 21263900 APOB 0.28 3.6E-278 near cor cor cor cor 1 1 0
rs541041 2 21294975 TNFSF4 0.81  1.3E-287 distant cor uc uc cor 1 1 NA
rs4245791 2 44074431 ABCGS8 0.72 1.7E-120 near uc ns ns ns NA 0.81 0.99
rs3846662 5 74651084 HMGCR 0.48 3.3E-128 near cor cor cor ns 0.002 0 1
rs2737229 8 116648565 TRPS1 0.34 8.9E-15 distant cor ns cor ns 0.015 0.025 NA
rs635634 9 136155000 IL6R 0.19 4.9E-109 near ns cor cor ns 0.96 0.97 NA
rs2000999 16 72108093 HPR 0.2 4.0E-71 distant cor cor cor ns 1 0 1
rs6511720 19 11202306 LDLR 0.11 0.0 near cor uc uc cor 0 NA 0
rs28399654 19 45316588 BCAM 0.027 7.5E-232 distant cor uc uc cor 1 1 NA
rs7412 19 45412079 APOE 0.075 0.0E+00 near cor cor cor cor 0 0 0
Triglycerides

rs10889353 1 63118196 DOCK7 0.33  6.4E-170 no cor cor cor uc 0 0 0.88
rs676210 2 21231524 APOB 0.26  4.9E-118 near cor uc cor uc 1 1 1
rs1260326 2 27730940 GCKR 0.63 0.0 near cor cor cor ns 0 NA NA
rs2943641 2 227093745 ALDH4Al1 0.66  4.9E-33 no ns ns cor ns 0.006 NA 1
rs6905288 6 43758873 SH2D5 0.59 9.0E-35 near cor ns cor ns 0 0 NA
rs1178979 7 72856430 BAZ1B 0.18 1.5E-179 near cor cor cor ns 0 0 NA
rs35332062 7 73012042  MLXIPL 0.12  5.2E-205 distant cor cor cor uc 099 1 NA
rs326 8 19819439 LPL 0.3 0.0 near cor cor cor uc 091 0.91 0.72
rs2954029 8 126490972 AMPD1 0.45 8.3E-205 near cor cor cor ns 0 0 1
rs1883025 9 107664301 ABCA1l 0.26  1.2E-13 no uc ns ns ns 1 0.001 NA
rs7350481 11 116586283 Clorfl58 0.91 0.0 distant cor cor cor uc 0 0 0
rs11820589 11 116633862 BUDI13 0.066 4.4E-133 near cor uc uc ns 0 1 1
rs2075291 11 116661392 APOAS 0.003 5.7E-65 near uc cor cor ns NA 1 NA
rs10047462 11 116722041 SIK3 0.86 9.9E-180 near cor cor cor uc 0 0 1
rs247616 16 56989590 OR10K2 0.31 2.4E-38 near ns ns cor cor 0.014 0.024 0.78
rs116843064 19 8429323 ANGPTL4 0.02 4.2E-175 near uc ns ns ns NA NA NA
rs58542926 19 19379549 TMG6SF2 0.074 3.7E-125 no cor cor cor ns NA NA NA
rs439401 19 45414451 ATP13A2 0.63  2.7E-168 near cor cor cor uc 0.009 0.53 1

S indicates whether multiple independent hits have been reported within 50kb (“near”) or 1Mb (“distant”)

* indicates whether any variant from the credible set (“cor”) or any uncorrelated variant within 50kb (“uc”) is associated with the target biomarker at p<103in

each of the target studies
# p-value from the JLIM trans-ethnic colocalization analysis using UKHLS as the comparison set
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Figure 1. Trans-ethnic genetic correlations for associations with high-density lipoprotein (HDL), low-
density lipoprotein (LDL) cholesterol and triglycerides (TG). a) shows the comparison of GLGC2013
(European) and Biobank Japan, b) GLGC2013 and China Kadoorie Biobank and c) Biobank Japan and
China Kadoorie Biobank.
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Figure 2. Associations of polygenic scores based on established lipid-associated loci with levels of

high-density lipoprotein (HDL), low-density lipoprotein (LDL) cholesterol and triglycerides (TG) in a)
UKHLS, b) HELIC-MANOLIS, c) HELIC-Pomak, d) APCDR-Uganda. Estimates are given as correlation
coefficients. Stars indicate statistically significant associations (p<0.0056).

22


https://doi.org/10.1101/525170

~logso(p-value)

~log;o(p-value)

~log o(p-value)

~logso(p-value)

9031.1 ABCA1-HDL

2p23 GCKR - TG

10 - 3 100
10 o 30 o 100 b 100 4 Japan
a) UK Japan ) UK » p— p
08 *
06 o 06
25 | @04 L e 8~ o ° °, k80
s . 80 | @02 e o
° 3
- 4 g
200 o . . § _ 3 e 60 3
i Feo &
o S em reg 2° . ° & 1 ° o0 oo 3
. 152066714 5 iy © ° ©e ° :
4 o go ° s < % H
Fl s
s L2
4 -40 5 40 erdg
£ H
4 H E
2 Lo B k20
) .
e o o come @ ®s ¢ ®
e o @ coom ® s
0 b . -0
07 - L
10 o . F 100
w04 7 10 100
’ Uganda Uganda 1200325 China
Piim=0.96 Pim=0 "%
0a jlim=U. e °
o %o o
s ([T 8 L 8o 87 ° .': °
02 25
e
8
3 6| 20 -
6 6 beo2 3¢
g 3
s 2 H
g 15 4 g
4 4 Lao o 4 Feog
H H
g 10 g
L 2 . ® 51260826 e ° L 2
2 4 20 s . B
.
* .
o o esam %o ® o8 O O PBO0 e b set g0
0 0+ Fo °7
= < = = < KA~
o | - e TEZg T ‘ ‘ R T e ‘ ‘ ‘
! T T T T T ! T T T T T
27.71 27.72 27.73 27.74 27.75 27.71 2772 27.73 27.74 27.75
107.57 107.58 107.59 107.6 107.61 107.57 107.58 107.59 107.6 107.61 posiion anchr2 () ot iz ()
Position on chrd (Mb) Position on chrd (Mb) o
104 z - r 100 w d w4 100
C) UK 0 PJ“"‘_O 1178970 Japan ) 1512740374 Japan 15646776 Japan
rs ° oo . _
06 . ° L eee e Pijim=0 o % Piim=0 -9
151178 O Bros k80 21 % 80
8 .ﬂ ° 0z o0 )
° E F]
© 2 8 20 20 4 §
6 - Leo 2 T . ° ° o 60 g
° © o oo E T ® oo ° @o0 ° g
S 2154 15 o E
g g 8
44 207 Laog < ) © Fa g
5 5
° 2 10 o 10 2
° g g
2+ F 20
5
.
. .
o Lo 0
20 | 20 00
10 100 1
1512740374 Uganda Uganda
15 151178979 ° Pjiim=1 ) Pjiim=1 °
p 0.98 L o4 e
S . °
8 Jlim ° F 80 F 80
15 | 15 |
E F
i 3
8 ° ° §
6 109 Leod @ Fe0 g
E 2 646776 £
g Lo & 10 e H
5 2 Fl
T g ' 5
4 Faog 7 Fa 5
! H 8 € B
S ] . 2
5 - & g
. . k20
.
. .
.
. .
. -l
FZD9—> <BAZI ‘ FZD9—> = BAZIB CELSR2—> <PsAC] < MYBPHL CELSR2—> < PSACT < MYBPHL
T T T T 1 T T T T ] T T T T 1 T T T T 1
72.84 72.85 72.86 72.87 728 72.84 72.85 72.86 7287 7288 109.8 109.81 109.82 109.83 109.84 109.8 109.81 100.82 109.83 109.84

Position on chr7 (Mb)

Position on chr7 (Mb)

23

Position on chr1 (Mb)

Position on chri (Mb)


https://doi.org/10.1101/525170

Figure 3. Regional association plots for a selection of established lipid-associated loci for UKHLS, Biobank Japan, APCDR-Uganda, and China Kadoorie
Biobank and p-value pjim for the trans-ethnic colocalization with UKHLS.
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