
[image: Figure S1.P01779]Supplementary Figure S1. Colocalization plots for OA risk and GNL3 molecular QTLs. Representative LocusCompare plots visualizing the colocalization between GWAS signals for osteoarthritis (P01779) and GNL3 molecular QTLs in various tissues. Each panel represents one tissue or dataset. In each plot, the x-axis shows the signed -log10 p-value for SNPs from the GWAS, and the y-axis shows the signed -log10 p-value for SNPs from the corresponding QTL study. The sign (+/-) indicates the direction of the effect allele. Each point represents a single SNP, colored by its linkage disequilibrium (LD, r²) with the lead GWAS SNP (purple diamond). The high correlation of p-values for SNPs that are in high LD (indicated by red/orange points) and the high posterior probability of a shared variant (PP.H4) provide strong visual evidence for colocalization, suggesting that the same underlying causal variant drives both the OA risk and the molecular QTL.
[image: Figure S2.P02059]Supplementary Figure S2. Colocalization plots for OA risk (Tachmazidou et al., 2019) and GNL3 molecular QTLs. Representative LocusCompare plots visualizing the colocalization between GWAS signals for osteoarthritis of the hip or knee (GWAS ID: P02059; Tachmazidou et al., 2019) and GNL3 molecular QTLs in various tissues. Each panel represents one tissue or dataset. In each plot, the x-axis shows the signed -log10 p-value for SNPs from the GWAS, and the y-axis shows the signed -log10 p-value for SNPs from the corresponding QTL study. The sign (+/-) indicates the direction of the effect allele. Each point represents a single SNP, colored by its linkage disequilibrium (LD, r²) with the lead GWAS SNP (purple diamond). The high correlation of p-values for SNPs in high LD (indicated by red/orange points) provides strong visual evidence for colocalization, supporting the conclusion that the same causal variant drives both the OA risk signal in this specific cohort and the molecular QTL.
[image: Figure S3.P02060]Supplementary Figure S3. Colocalization plots for Hip Osteoarthritis risk (Tachmazidou et al., 2019) and GNL3 molecular QTLs. Representative LocusCompare plots visualizing the colocalization between GWAS signals for hip osteoarthritis (GWAS ID: P02060; Tachmazidou et al., 2019) and GNL3 molecular QTLs in various tissues. Each panel represents one tissue or dataset. In each plot, the x-axis shows the signed -log10 p-value for SNPs from the GWAS, and the y-axis shows the signed -log10 p-value for SNPs from the corresponding QTL study. The sign (+/-) indicates the direction of the effect allele. Each point represents a single SNP, colored by its linkage disequilibrium (LD, r²) with the lead GWAS SNP (purple diamond). The high correlation of p-values for SNPs in high LD (indicated by red/orange points) provides strong visual evidence for colocalization, supporting the conclusion that the same causal variant drives both the hip OA risk signal in this specific cohort and the molecular QTL.
[image: Figure S4.P02070]Supplementary Figure S4. Colocalization plots for Hip Osteoarthritis risk (Boer et al., 2021) and GNL3 molecular QTLs. Representative LocusCompare plots visualizing the colocalization between GWAS signals for hip osteoarthritis (GWAS ID: P02070; Boer et al., 2021) and GNL3 molecular QTLs in various tissues. Each panel represents one tissue or dataset. In each plot, the x-axis shows the signed -log10 p-value for SNPs from the GWAS, and the y-axis shows the signed -log10 p-value for SNPs from the corresponding QTL study. The sign (+/-) indicates the direction of the effect allele. Each point represents a single SNP, colored by its linkage disequilibrium (LD, r²) with the lead GWAS SNP (purple diamond). The high correlation of p-values for SNPs in high LD (indicated by red/orange points) provides strong visual evidence for colocalization, supporting the conclusion that the same causal variant drives both the hip OA risk signal in this specific cohort and the molecular QTL.
[image: Figure S5.P02071]Supplementary Figure S5. Colocalization plots for Knee and/or Hip Osteoarthritis risk (Boer et al., 2021) and GNL3 molecular QTLs. Representative LocusCompare plots visualizing the colocalization between GWAS signals for knee and/or hip osteoarthritis (GWAS ID: P02071; Boer et al., 2021) and GNL3 molecular QTLs in various tissues. Each panel represents one tissue or dataset. In each plot, the x-axis shows the signed -log10 p-value for SNPs from the GWAS, and the y-axis shows the signed -log10 p-value for SNPs from the corresponding QTL study. The sign (+/-) indicates the direction of the effect allele. Each point represents a single SNP, colored by its linkage disequilibrium (LD, r²) with the lead GWAS SNP (purple diamond). The high correlation of p-values for SNPs in high LD (indicated by red/orange points) provides strong visual evidence for colocalization, supporting the conclusion that the same causal variant drives both the OA risk signal in this specific cohort and the molecular QTL.
[image: Figure S6.Genomic-location-2025-06-23_01]Supplementary Figure S6. Genomic location of the 17 CpG methylation probes analyzed at the GNL3 locus. Schematic diagram illustrating the genomic architecture of the human GNL3 locus on chromosome 3. The top panel displays various known transcripts of GNL3, including protein-coding (e.g., ENST00000479230.5), retained intron, and lncRNA isoforms. Exons are shown as taller blocks, introns as lines, and the coding sequence (CDS) and untranslated regions (UTR) are indicated by color. The bottom panel shows the precise genomic position of the 17 CpG methylation probes (labeled with cg identifiers) analyzed in this study. The diagram highlights that these probes are clustered within key regulatory regions, including the gene promoter, the 5' UTR, and the first exon, and are situated within or adjacent to a CpG island (indicated by the color legend for Island, Shore, and Shelf).






[bookmark: _GoBack][image: Figure S7. correlation_plot_00]Supplementary Figure S7. Detailed pan-cancer correlation analysis between GNL3 expression and DNA methylation. This figure provides a detailed visualization of the Pearson correlation between GNL3 mRNA expression and DNA methylation levels across multiple cancer types from The Cancer Genome Atlas (TCGA), analyzed separately for primary tumor and adjacent normal tissues. The analysis is shown for two key individual CpG sites and their average value. For each panel, the top scatter plots show the relationship between GNL3 expression (y-axis) and methylation Beta-values (x-axis) for each cancer type, with a regression line indicating the trend. The bottom heatmaps summarize the correlation coefficients (Pearson's R) and statistical significance (*p < 0.05, **p < 0.01, ***p < 0.001) for each cancer type.
(A) Correlation analysis for the CpG site cg11041457.
(B) Correlation analysis for the CpG site cg18595196.
(C) Correlation analysis using the average methylation Beta-value across 17 probes located in the GNL3 promoter region.


image7.jpeg
zzzzzzzzz

Tumor Normal
B, ol | eEaE— —

SrarEs [
e | 3
2 — — I
w1 ]
=
(W | - | . o
EE)iS 3
s 4650 [EEEEEY o
e [ -
(W | =~ | mmmmpee o
Cowe [ — —

. 2 : 9,
e == B -,
Crw | . o
(W = o
HH. o | . -
(] (—
K = - [ %
o~ _——
T B -
AW [ =~  [—
e .

g

o uossaidx3 ¢ = g

82 3 3 9 <

I Pearson's R

CFEELFILELLSE S
verage Beta Valie

E R FF S FESEEF EESLEE
Comelation Heatmap for A\




image1.jpeg
-
H
H
H

<L et Al Ar

QTL L5C B30 culs
e





image2.jpeg
eQTL  Adipose Subcutaneous  PPH4:0.687 Cells_Cultured fibroblasts  PPH4 :0.832 Colon_Transverse PPH4 : 0.601

ean F8_srin juncion PPHA-0501 Masde Skeletsl PPHA:0718
o 3

WL Pancress PoHA 10798 QML peychENCODE SopeER  pPHa:0.828 ean  stomach pPHaz0769 can Testis  ppazosz0

5
i

ML B BraincgLiones? pPHE:090L mar.
b o g





image3.jpeg
PPH4:0.721

Artery_Coronary_eQTL

Breast_Mammary_Tissue_eQTL

PPH4:0.891

Esophagus_Gastroesophageal Junction_eQTL

PPH4:0.794

£ 13
g,
WS —log.f e : GWAS —tog () e L P — e
Heart_Atrial_Appendage_eQTl  PPHAO.716 Pancreas_eQTL  PPHA0.656 Stomach_eQTL  PPHEO.770
P A L0 neastozn e,
e &, 1— e ".’ e e -.1.4
s " i .o < s
) . H . s i
- S * A5 ERy vasiae Mo A58 BY " el
g i H B e XL RN TP
* o " @ . e Pancressean e % 9
Lsiteas. A ats widiital
FB_Brain_mQTL_cg11041457 ROSMAP_CMC_mQTL_cg00845626  PPH4:0.948 ROSMAP_CMC_mQTL_cg18595196  PPH4:0.926
g prei g o % 4 i
g S S E s ren. ey,
B L R
o 3 S i W B o ot &
H 1 3 oo ® [an&menn vaiaian [
? S 2 I b 7
ORI watow [ 2
o bt e o N _ i
. G o . 4
. " iy - L2 . TR
S o S e s T et





image4.jpeg
Esophagus_Gastroesophageal_unct PPHA0.816

PPHADT6S

<

Musce Skoletal et PPHEOS29 Nerve_Tiial et PPHE0 502

626 PPHA09%
s

Pancreas cQrl pPHE0 758 por0 758

AT%ats i





image5.jpeg
Artery_Coronary_eQTL  PPH4:0.654 Breast_Mammary_Tissue eQTL  PPHA:0.708 Cells_Cultured_fibroblasts_eQTL  PPHA:0.649

* e £l
;
2 % 1 i
. £ g
j j
H H
A mdber . o e 4 g Pk AR S i SR

- ROSMAD CVIC L cpo084S626  PoNEDS3S
men SR

Pancreas carl pPHE0812 Stomach_eanl  pPHIOS52

ROSMAP_CMIC_mall_cgo0sdses  PPHA0.904
R Yy





image6.jpeg
Bl transcript Il exon B CDS EE UTR

ENST00000492349.5 (nonsense_mediated_decay)

ENST00000484022.1 (retained_intron)

ENST00000479230.5 (protein_coding)

cg14945696
cg11338745
| 1 1
X ® ®
oV oV v

cg09817993

i H N il I
H N o I
T
[— i H N
I H N
ENSTO00000474423.1 (protein_coding)
]
| I

ENST00000468885.1 (retained_intron)

ENST00000468146.5 (IncRNA)

ENST00000462550.5 (retained_intron)

ENST00000460073.1 (IncRNA)

ENST00000497356.1 (retained_intron)
7
O i H BN O | 1 [
ENST00000496254.5 (retained_intron)

ENST00000418458.6 (protein_coding)

- 0 H u N = HE N B
i H u o = HE N N
ENSTO00000394799.6 (protein_coding)
cg03822350 cg15685941
cg18595011 cg12365107 cg00106685 cg13174197 cg21199854 cg00447581
cg11041457 cg01138653 €g24892309
g €g21899138 013917433 cg17036641
cg14461492 €g05573699 cg22692725
1 | 1 | | | 1 |
% i) o} o/ ide) 4o) o) %
o & cg)@ %@b q;\(-ob %%bb %q@@ & &
S S S S S S S S
3 o o ¥ ¥ ¥ o ¥

B isand [0 N_Shore B S Shore
BB N_Shelf  S_Shelf [0 NA

cg02722625

cg18595196




