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What we’ll talk about today

 GWAS and visualization with PheWeb

 What’s new with PheWeb2

* Using CLSA to showcase PheWeb2’s features



A genome-wide association study (GWAS)
Identifies DNA regions associated with a complex
disease or trait of interest



Why identify genetic variants that influence complex
traits/diseases?

Understand biological

mechanisms contributing W W

to the trait: proteins, Personalized medicine/
tissues W W prediction (for the future

Many genes + intergenic and *‘ 'I' lm
intronic regions \ *

with diabetes
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New targets for the *
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Case-control GWAS design: is the allele more common in cases vs. controls (or
vice versa)?

} 'I' Without diabetes (“Controls”)

?'ﬂl With diabetes (“Cases”) Test for a statistical difference.
Repeat for each genetic variant.

Variant 1 .
Variant 1: frequency of allele G
..ACCTAGCTATCCT... ,
..ACCTAGCTATCCT.. & f g il w

..ACCTAGCTATCCT.. ?“W VS. w’*‘ﬁ
..ACCGAGCTATCCT.. M{ wm w 'I'
..ACCTAGCTATCCT... 'H'M ﬂ
..ACCTAGCTATCCT... Cases Controls

_ ACCTAGCTATCCT.. 2000/4000=50%  1000/6000 =16.7%
..ACCGAGCTATCCT... Obtain p-value &
..ACCTAGCTATCCT..  -ogisticregression effect size

H0 . Frchases = Freqcontrols
eoe A C C G A G C T A T C C T eoe H1 . Freqcases # Freqcontrols

==ije —lje —je =Bo =Do



Quantitative/continuous trait GWAS: is the frequency of the allele associated

with the trait?

Variant 1
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“Manhattan plot” to visualize the associations
across the genome

Statistical association with the trait
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Alzheimer’s Disease GWAS (Wightman et al Nat Genetics 2022)
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1 cohort — many traits to run GWAS



PheWeb: fast &
intuitive GWAS
browser

Explore 100s GWASSs
Generate new hypotheses

* Replicate
Share results
Collaborate

Gagliano Taliun, VandeHaar, ... et al.
(2020) Nature Genetics PMID: 32504056
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UK Biobank PheWeb — 1400 GWAS run in the white British subset (480K)

eeoe M- < > = pheweb.org B¢ h + ©

Phenotypes Top Hits Random About

UKBiobank TOPMed-imputed PheWeb
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Stratified GWAS results (by ancestry or sex)
are becoming available in large biobanks

* UK Biobank
* Million Veterans Program
* All of Us

* CLSA

12



The original PheWeb is designed for 1 GWAS per trait ...

13



The original PheWeb is designed for 1 GWAS per trait ...

pheweb.org
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What we’ll talk about today

e GWAS and visualization with PheWeb

e What’s new with PheWeb2

* Using CLSA to showcase PheWeb2’s features

15



Base PheWeb

Static HTML templates + JavaScript

VS

PheWeb2
Independent dynamic JavaScript/HTML
o000
—~
'
— ¢
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Base PheWeb

Static HTML tem plates + JavaScript

= I — VS
One interactive GWAS plot ata time
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Base PheWeb PheWeb2

Static HTML templates + JavaScript Independent dynamic JavaScript/HTML

VS

(((

Oneinteractive GWAS plot ata time Interactive side-by-side comparisons of multiple GWASs
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Exploring and visualizing stratified GWAS results with
PheWeb2
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What we’ll talk about today

e GWAS and visualization with PheWeb

 What’s new with PheWeb2

* Using CLSA to showcase PheWeb2’s features

20



We applied PheWeb?2 to the Canadian
Longitudinal Study on Aging (CLSA)

26,622 participants with genetic data (45-85 years old)

100s phenotypes available at baseline
(questionnaires, labs, DXA scans, etc.)

Currently continuous traits at baseline assessed in
PheWeb2 (n =225)

Qo

clsa élcv-



CLSA recruitment is generally representative of Canada

M Alberta @ British Columbia B Manitoba
B Saskatchewan B Newfoundland and Labrador B New Brunswick
B Nova Scotia B Ontario B Quebec

B Prince Edward Island 22



Self-Reported ‘Ethnicity’ and Genetic Sex of CLSA participants

, 100%
B Mixed 50%
@ Southeast Asian  80%
@ Latin American 70%
, 60%
B West Asian 0% 49 86%
B Black 40% '
[J East Asian 30% Female
, 20%
M Indigenous 10%
E South Asian 0% |

B White 2021 Census CLSA




6 stratifications for CLSA PheWeb?2

GWAS

European
/ \ Interaction
Nmax = 24 505 Combined (
C LSA GWAS

N\

PheWeb2

GWAS

GWAS

Interaction

GWAS

24



Message 1: Value of testing for sex differential
effects



Miami view and table for non HDL cholesterol: a potential stronger
effect in females than in males at APOE rs7412 (T)

B3

Show Genotypes x Sex Interaction Results

¥ european, female (12,300 samples)

|
GWAS in females (n =12 300)

60 —

¥ european, male (12,100 samples)

50 -
40 -

30 4

184

european female

-logse(p-value)

204

GWAS in males (n=12100)

40

european male

50 <
60 —

70~

Top Variant ) [% EA @ Nearest Gene(s) D [%

european, female
19: 44908822 C /T (rs7412) APOE 0.085
19: 44909976 G / T (rs1065853) T APOE 0.085

EAF (@

european, male european, female

0.078 7.00e-62

0.078 4.80e-61

PHENOTYPES

P-value ®

TOP HITS

.
<
“-"" bl |

european, male

6.10e-15

6.30e-15

RANDOM API ABOUT CONTACT Us

Data Preview Portal (4

¥ Download Summary Statistics

Download PN Download SVG

AP'OE

.
.
SMARcr

CTT T
CILIES

TMBSfZ
APOE

Effect Size @

european, female european, male

-0.37 (0.023) ¥ -0.18 (0.023) ¥

-0.37 (0.023) ¥ -0.18 (0.023) ¥
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Sex-by-genotype interaction: sex-differential effects at APOE rs7412
for non HDL cholesterol

% PHENOTYPES TOP HITS RANDOM API ABOUT CONTACT Us

BLD_nonHDL_COM: non HDL

Show Genotypes x Sex Interaction Results Data Preview Portal [4
V¥ Interaction: sex, all, combined (26,400 samples) ™ No stratification ~ Download Summary Statistics
Download PNG Download SVG

APOE

84

e 8 - eeet et = = 8 -

-loge(p-value)

13 14
EAF (D P-value () Effect Size (@
Top Variant @ L,q EA ® Nearest Gene(s) ® L,Q
interaction-sex, all, combined interaction-sex, all, combined interaction-sex, all, combined
19: 44908822 C /T (rs7412) T APOE 0.081 1.1e-8 -0.19 (0.033) v
19: 44909976 G / T (rs1065853) T APOE 0.081 1.2e-8 -0.19 (0.033) v
19: 44913574 T | G (rs390082) G APOC1 0.1 6.5e-8 -0.16 (0.029) ¥
19: 44912383 G [ A (rs445925) A APOC1 0.11 8.2e-8 -0.15 (0.028) v
heweb.cer ic-medicine cajvarlant/19-a 2-C-T A APOE 0.1 1.3e-7 -0.15 (0.029) ¥ 27




rs7412 (T; APOE €2) is associated with decreased levels of non
HDL cholesterol

Protective effect for cognitive decline and total cholesterol; increases triglycerides

Variant and P-value
risk allele P-value annotation RAF OR Beta Cl Mapped gene Reported trait
non HDI.I
rs7412-T 1x 107 - NR - 0.466 unit [0.42-0.51] APOE Non-HDL cholesterol levels
decrease
rs7412-T 2 x 107403 - 0.0752 - 0.3395 unit [0.32-0.35] APOE Remnant cholesterol (non-
decrease HDL, non-LDL -
cholesterol)
rs7412-T 8x 10716 - 0.0203201 - 0.390475 [0.3-0.49] APQOE Non-HDL cholesterol levels
unit
decrease
rs7412-T 6x 10174 - 0.0793135 - 0.463006 [0.43-0.49] APQOE Non-HDL cholesterol levels
unit
decrease

GWAS Catalog 28



Evidence of potential sex-differences for LDL
i n U K B io ba n k Test of equal genetic effects at each gene

. . " 2 . . .
| Low-density lipoprotein I h? a1 Of APOE is twice Iarg.er in
- females (h? .y = 6%) than in ™
males (h? . = 3%) APOE
&~ APOCT
704 »
TOMM40
60 4
55 50 1 PVRLZ
o)
_? 40 4
301 BCAM
20 4
SUGP1
104 ZPR1 CETR ¢ e, RELB
0 SR 2857 N CeacAMis
i 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 1819202122
Chromsome

Adapted Fig. 6 from Uffelmann, de Leeuw, Schipper & Postuma. (2025) Nat Comms. PMID: 40770183
Also: Sex-differential effects at rs7412 for nonHDL and LDL Kanoni et al. (2022) Genome Biology. PMID: 36575460 2



@ 5) | B3 cLsA-Pheweb: Home x [N v

C O 8 clsa-pheweb.cerc-genomic-medicine.ca X 9y @© connexion &) =

b PHENOTYPES TOP HITS RANDOM API ¢)GITHUB ABOUT CONTACT

J
e e /\’

clsa élcv
Canadian Longitudinal Study on Aging PheWeb

Powered by PheWeb2

Q_ Search for a variant, gene, or phenotype

Examples: Triglycerides, non HDL, APOE, chr19-44908822-C-T, rs7412

© Important! x
This tool is designed to offer the research community a comprehensive overview of the GWAS/PheWAS results derived from the Canadian
Longitudinal Study on Aging (CLSA) comprehensive cohort. For detailed information regarding data quality control and the analytical pipeline,
please refer to the About page. We appreciate your suggestions and feedback for improvement, so feel free to reach out using the contact
details provided on our Contact page!

Please Cite:

« Preprint: Bellavance, J., Xiao, H., Chang, L., Kazemi, M., Wickramasinghe, S., Mayhew, A.J., Raina, P., VandeHaar, P., Taliun, D., & Gagliano Taliun, S.A. (2025). Exploring
and visualizing stratified genome-wide association study results with PheWeb 2.

« Gagliano Taliun, S. A., VandeHaar, P., Boughton, A. P., Welch, R. P., Taliun, D., Schmidt, E. M., Zhou, W., Nielsen, J. B., Willer, C. J., Lee, S., Fritsche, L. G., Boehnke, M., &
Abecasis, G. R. (2020). Exploring and visualizing large-scale genetic associations by using PheWeb. Nature Genetics, 52(6), 550-552. https://doi.org/10.1038/
s41588-020-0622-5

« Forgetta, V., Li, R., Darmond-Zwaig, C., Belisle, A., Balion, C., Roshandel, D., Wolfson, C., Lettre, G., Pare, G., Paterson, A. D., Griffith, L. E., Verschoor, C., Lathrop, M.,
Kirkland, S., Raina, P., Richards, J. B., & Ragoussis, J. (2022). Cohort profile: genomic data for 26,622 individuals from the Canadian Longitudinal Study on Aging (CLSA).
BMJ Open, 12(3), e059021. https://doi.org/10.1136/bmjopen-2021-059021

« Raina, P., Wolfson, C., Kirkland, S., Griffith, L. E., Balion, C., Cossette, B., Dionne, |., Hofer, S., Hogan, D., van den Heuvel, E. R., Liu-Ambrose, T., Menec, V., Mugford, G.,
Patterson, C., Payette, H., Richards, B., Shannon, H., Sheets, D., Taler, V., Thompson, M., ... Young, L. (2019). Cohort Profile: The Canadian Longitudinal Study on Aging
(CLSA). International Journal of Epidemiology, 48(6), 1752-1753j. https://doi.org/10.1093/ije/dyz173




Message 2. Utility of carrying out GWAS in all
ancestries

Message 3: Importance of testing variants on
chromsome X



“All ancestry” GWAS for hemoglobin A1c levels : Missense variant (T) lowers HbA1c levels

X:154 536 002C/T

rsid: rs1050828

GWAS in all ancestries (n = 26 325) R o

60 HK1 Beta (SE): -0.91 (0.14)
. AF: 0.001
7 Imp. Quality: 0.99
07 ; #significant variants in
. neak: 5
30 |
3 GGPCZ‘SPCZS AI\:’KT I'CF7,‘_2 FNS.KRP Rec olot:
__g PFKM,SENP1
£ . . '
o
2 ° % % 4. :
m i ' “ | i i I I

17 18 19 20 21 22 X

oo

EIFSA2 FN3KRP

european combined -logi.(p-value)

30+ G6PC2,SPC25
40
50 4
GWAS European subset (n =24 300)
EAF @ P-value @ Effect Size (SE) @
Top Variant @ Lq EA @ Nearest Gene(s) @ |'_,°'
All, Combined European, Combined All, Combined European, Combined All, Combined European, Combined
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X: 154536002 C /T (rs1050828) T G6PD 0.001 NA 5.90e-11 NA -0.91 (0.14) v NA



Causes hemolytic anemia due to Glucose-6-phosphate
dehydrogenase (G6PD) deficiency

Variation Gene Type Condition Classification, Review status
(Protein (Consequence)
Change)
O NM_001360016.2(G6PD):c.[202G>A;871 G6PD Single nucleotide variant Anemia, nonspherocytic hemolytic, due to G6PD Likely pathogenic

G>A|

O NM_001360016.2(G6PD).c.[1264C>G;20
2G>A376A>G]

O NM_000402.4(G6PD):c.292G>A (p.Val98
Met)

O G6PD A-

O NM_001360016.2(G6PD).c.[143T>C;202

G>A|

ClinVar

(V291M +3 more)

G6PD
(V68M +5 more)

G6PD
(V68M +1 more)

G6PD
(V68M +3 more)

G6PD
(148T +3 more)

(missense variant)

Single nucleotide variant
(missense variant)

Single nucleotide variant
(missense variant)

Single nucleotide variant
(missense variant)

Single nucleotide variant
(missense variant)

deficiency

Anemia, nonspherocytic hemolytic, due to GEPD
deficiency

not specified
+5 more

Anemia, nonspherocytic hemolytic, due to G6PD
deficiency

Anemia, nonspherocytic hemolytic, due to G6PD
deficiency

Likely pathogenic

Pathogenic/Likely pathogenic

Likely pathogenic/Established risk allele

Likely pathogenic

33



Missense variant rs1050828 is common in
African genetic ancestry groups (~12%)

Genetic Ancestry Group  Allele Frequency v

TOPMed African American Hemoglobin GWAS in 3K individuals

» African 0.1176
» Central/South Asian 0.004950 African-Americans
» Middle Eastern 0.004695 N T Beta SE p
» East Asian 0.000 allele
freq Value

» European 0.000
* Native American 0.000

3,123 0.12 -0.41 0.01 8.4E-205
» Oceanian 0.000

Source : gnomad v4.1.0 Sarnowski et al. (2019) AJHG PMID: 31564435

Pan-UK Biobank all ancestry analysis in 500K individuals
Karczewski et al. (2025) Nature Genetics PMID: 40968291 34



Chromosome X is (still) understudied in GWAS
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. Y Neale, Lona-Durazo, Ryten & Gagliano Taliun

| | | . Brain Commun, 6(3), 2024, fcae192,
e 0 e St https://doi.org/10.1093/braincomms/fcae192 35
Coding sequence length of canonical transcripts of protein coding genes


https://doi.org/10.1093/braincomms/fcae192

PheWeb2 allows for intuitive
visualization, sharing and comparison

of stratified GWAS results.



How will you use PheWeb2?

* Scan through stratified GWAS results in CLSA at baseline

* Make your own instance of PheWeb2

GitHub =

* Stay-tuned for updated versions of CLSA PheWeb2 (add binary
traits, ordinal traits at baseline)

37
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