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1. [bookmark: _Toc230676928]Additional methods section

1.1. CD spectra oligos
	SNP ID
	Oligo
	length [bp]
	c[µM]

	rs2855804_T
	AGGGGTCTGGAGGGGAGTGGGATGGAGGG 
	29
	5,00

	rs2855804_C
	GGGGGTCTGGAGGGGAGTGGGATGGAGGG 
	29
	5,00

	rs2277844_G
	GGGGTTCAGGGGAGAAACTCAGGGTCGAAGCTGGGGTCCCTGGGG
	45
	5,00

	rs2277844_A
	GGGGTTCAAGGGAGAAACTCAGGGTCGAAGCTGGGGTCCCTGGGG
	45
	5,00

	MYC
	GGCCGACTCAGAGGAGGGGTGGAAGGGGTGGGAGGGGTGGGAGG
GGTATTCGCGGGGAGGGCCCAAGGG
	69
	5,00



1.2. Luciferase reporter assay
1.2.1. Oligos

NsiI and HindIII restriction enzyme recognition sites are given in blue. The SNV positions are indicated in red. 

	SNP ID
	Oligo

	rs2855804_T_top
	tcagATGCATCCCTCCATCCCACTCCCCTCCAGACCCCCAAGCTTtact

	rs2855804_T_bottom
	agtaAAGCTTGGGGGTCTGGAGGGGAGTGGGATGGAGGGATGCATctga

	rs2855804_C_top
	tcagATGCATCCCTCCATCCCACTCCCCTCCAGACCCCTAAGCTTtact

	rs2855804_C_bottom
	agtaAAGCTTAGGGGTCTGGAGGGGAGTGGGATGGAGGGATGCATctga

	rs2277844_G_top
	tcagATGCATCCCCAGGGACCCCAGCTTCGACCCTGAGTTTCTCCCCT
GAACCCCAAGCTTtact

	rs2277844_G_ bottom
	agtaAAGCTTGGGGTTCAGGGGAGAAACTCAGGGTCGAAGCTGGG
GTCCCTGGGGATGCATctga

	rs2277844_A_ top
	tcagATGCATCCCCAGGGACCCCAGCTTCGACCCTGAGTTTCTCCCTTG
AACCCCAAGCTTtact

	rs2277844_A_ bottom
	agtaAAGCTTGGGGTTCAAGGGAGAAACTCAGGGTCGAAGCTGGGG
TCCCTGGGGATGCATctga



1.2.2. Sanger sequencing results

Sequencing result of MICB C/T – G4: 
[image: Ein Bild, das Screenshot, Reihe, Text, Farbigkeit enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Sequencing result of PLA2G6 G/A – G4:
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]


2. [bookmark: _Toc230676929]Additional figures

[image: ]

Fig S1. G4 motif detection. Bar plot showing shared and unique G4-SNVs identified by G4Hunter [1] and pqsfinder [2]. 

[image: ]

Fig S2. GC content of MetD-associated SNVs in ±25 bp windows. A. Distribution of 618,106 SNVs across GC-content bins calculated within ±25 bp windows centered around the SNVs. Bins: 1, 0–10%; 2, >10–20%; 3, >20–30%; 4, >30–40%; 5, >40–50%; 6, >50–60%; 7, >60–70%; 8, >70–80%; 9, >80–90% GC content. B. Shows significant differences in nucleotide composition within the ±25 bp windows surrounding the SNVs.


[image: A graph of a function

AI-generated content may be incorrect.]
Fig S3. MetD-associated SNV enrichment in predicted G4s. The observed overlap of SNVs with pqsfinder- (A.) and G4Hunter- (B.) predicted G4s is significantly higher compared to a randomly shuffled SNV dataset corrected for SNV density at individual chromosomes as well as GC-content. Statistical significance of differences between regions was assessed using a permutation test with 1,000 iterations. 





[image: ]

Fig S4. Length-normalized substitution frequencies. Substitutions identified within stems and loops of canonical G4 motifs were normalized to the total analyzed nucleotide length given in base pairs [bp]. Statistical significance of differences between regions was assessed using a Benjamini-Hochberg (BH) corrected Fisher´s exact test.





[image: ]

Fig S5. Loop and stem length distribution. Length distribution of G4 stems and loops for pqsfinder- (left) and G4Hunter- (right) predicted canonical G4 motifs are shown. Note, that the outliers in stem length result from the search algorithm (G3,)([ATCG]1,12), which did not limit the maximal number of G4 stem nucleotides.




[image: A graph of different types of loop

AI-generated content may be incorrect.]


Fig S6. GC content of individual loop positions 1-12 across all loops of canonical G4 motifs. A.-B. Mean GC content (lines) ± 95% confidence intervals (shaded areas) across loop positions are shown for canonical G4s identified by (A). pqsfinder and (B.) G4Hunter. GC content of G4s harboring MetD-associated G4s is indicated by black dots. Grey shading areas mark loop positions where the GC content is significantly different from the background (BH corrected p < 0.05). 


[image: ]

Fig S7. Top 20 overrepresented motifs in pqsfinder and G4Hunter canonical G4 motifs. 



[image: Ein Bild, das Text, Kreuzworträtsel, Diagramm, Reihe enthält.

KI-generierte Inhalte können fehlerhaft sein.]

Fi S8. Strand-specific differences in G4-SNV substitution direction. A.-B. Bar plots show the differences in the proportion of SNV directions between the positive and minus strands for G4-SNVs identified by pqsfinder (A.) and G4Hunter (B.). Results are shown separately for risk (left) and protective (right) variants. Each bar represents the difference in proportion [%] for a given SNV substitution type. Positive values indicate a higher proportion of SNVs on the positive strand, while negative values indicate enrichment on the minus strand. No significant difference was detected for +/- strand orientation for each position as indicated in Supplement Table 11 using a BH corrected Fisher´s exact test. 

[image: Ein Bild, das Text, Diagramm, Reihe, Screenshot enthält.

KI-generierte Inhalte können fehlerhaft sein.]


Fig S9. Strand-specific distribution of G4-SNV in relation to the transcription start site. A.-B. Density plots show G4-SNVs on the template (red) and non-template strand (blue) in relation to the nearest transcription start site (TSS). Results are shown for G4-SNVs predicted by pqsfinder (A.) and G4Hunter (B.). Distances are measured in kilobases (kb), with 0 representing the TSS position.





[image: ]
Fig S10. Genomic annotation of G4 motifs and SNVs. A.-B. Shows the annotation of G4s predicted by pqsfinder [2] (A.) and by G4Hunter [1] (B.). C. Shows the annotation of the MetD-associated SNV dataset used for the analysis [3]. 

[image: ]

Fig S11. Density plots of stability scores for G4 motifs harboring MetD-associated SNVs. A.-B. Density plots showing the differences in G4 stability scores between effect and non-effect alleles for G4 motifs containing MetD-associated SNVs for pqsfinder (A) and G4Hunter (B). Positive scores indicate stabilization, while negative scores indicate destabilization. Grey dashed lines represent the minimum thresholds of the selected G4s used in the alternative promoter overlap analysis.


[image: ]

Fig S12. Alternative promoters in MICB. The MICB genomic region is shown in the UCSC Genome Browser [4] using the hg38 chromosome assembly. G4 motifs predicted by pqsfinder [2] are indicated as black lines. rs2855804 is marked as grey line and indicated by an arrow. Transcript isoforms, UCSC-annotated promoters (light blue rectangles), and CpG islands (green rectangles) are also displayed. Additionally, regulatory elements from ENCODE (cCREs) [5] are shown, including promoters (red rectangles), proximal enhancers (yellow rectangles), and distal enhancers (orange rectangles). Alternative promoters identified by Demircioglu et al. [6] are depicted as black dashed lines. 



[image: A graph of a graph

AI-generated content may be incorrect.]
Fig S13. HiC contact points of MICB rs2855804 G4-SNP. HiC read peaks were detected for position chr6: 31,479,587 and chr6:31,519,587 and visualized in 3D Genome Browser [7].


[image: ]
Fig S14. Circular dichroism spectra for MYC control region. KCl-dependent G4 formation is shown for the MYC control region [8] in buffers containing either 0 mM or 150 mM KCl.


[image: A screenshot of a dna test

AI-generated content may be incorrect.]

Fig S15. G4Hunter-predicted G4 motifs in MICB and PLA2G6. Predicted G4 motifs and their corresponding G4Hunter scores are shown for MICB (A) and PLA2G6 (B). Red and blue bases indicate the SNVs, while underlined bases mark the predicted G4 stems (shown in reverse complement orientation for PLA2G6).



[image: A comparison of a graph

AI-generated content may be incorrect.]

Fig S16. Overall survival correlating with PLA2G6 expression. A.-B. Kaplan Meier plots show significant reduced overall survival of lung (A.) and pancreas (B.) cancer patients with low expression of PLA2G6. Patients were stratified into quartile-based groups based on mRNA expression z-scores, with group sizes (n) reflecting the corresponding number of patients. Log rank test was used to assess significance. Data were extracted from cBioportal [9] using The Cancer Genome Atlas (TCGA) datasets [10]. 


[image: A graph of a graph

AI-generated content may be incorrect.]


Fig S17. HiC data for PLA2G6. HiC read peaks were detected and visualized in 3D Genome Browser [7] for position chr22: 38,161,507 (dotted line) for rs2277844, albeit the signal intensity was very low.





[image: A graph of a diagram

AI-generated content may be incorrect.]

Fig S18. Model characteristics of AlphaFold 3 predictions. A. Distributions of confidence (pTM) scores of structure models generated by AlphaFold 3 for G4 motifs harboring effect (left) and non-effect (right) alleles. B. Structure similarity of model pairs (effect/non-effect) depending on the difference in their pqsfinder scores.
[image: A group of colorful objects

AI-generated content may be incorrect.]
Fig S19. Structure models as predicted by AlphaFold 3. A. AlphaFold predictions of G4 motifs harboring effect alleles (dim grey) superimposed with their non-effect counterparts (light grey). In B. the same structures are shown spread apart, with colors indicating local model confidence (AlphaFold pLDDT score). Potassium ions are depicted as spheres in all models.



3. [bookmark: _Toc230676930]References
1.	Bedrat, A., L. Lacroix, and J.L. Mergny, Re-evaluation of G-quadruplex propensity with G4Hunter. Nucleic Acids Res, 2016. 44(4): p. 1746-59.
2.	Hon, J., et al., pqsfinder: an exhaustive and imperfection-tolerant search tool for potential quadruplex-forming sequences in R. Bioinformatics, 2017. 33(21): p. 3373-3379.
3.	Park, S., et al., Multivariate genomic analysis of 5 million people elucidates the genetic architecture of shared components of the metabolic syndrome. Nat Genet, 2024. 56(11): p. 2380-2391.
4.	Perez, G., et al., The UCSC Genome Browser database: 2025 update. Nucleic Acids Res, 2025. 53(D1): p. D1243-D1249.
5.	Ernst, J. and M. Kellis, Chromatin-state discovery and genome annotation with ChromHMM. Nat Protoc, 2017. 12(12): p. 2478-2492.
6.	Demircioglu, D., et al., A Pan-cancer Transcriptome Analysis Reveals Pervasive Regulation through Alternative Promoters. Cell, 2019. 178(6): p. 1465-1477 e17.
7.	Wang, Y., et al., The 3D Genome Browser: a web-based browser for visualizing 3D genome organization and long-range chromatin interactions. Genome Biol, 2018. 19(1): p. 151.
8.	Lahnsteiner, A., et al., G-quadruplex forming regions in GCK and TM6SF2 are targets for differential DNA methylation in metabolic disease and hepatocellular carcinoma patients. Sci Rep, 2024. 14(1): p. 20215.
9.	Cerami, E., et al., The cBio cancer genomics portal: an open platform for exploring multidimensional cancer genomics data. Cancer Discov, 2012. 2(5): p. 401-4.
10.	Cancer Genome Atlas Research, N., et al., The Cancer Genome Atlas Pan-Cancer analysis project. Nat Genet, 2013. 45(10): p. 1113-20.

[1]
image1.png




image2.png




image3.tiff
100

n o 0 o

~ n o
[%] uonsodoid




image4.png
>

Proportion [%]

40

30

20

10

1 2 3 4 5 6 7 8

GC bin

9

Proportion [%]

80

60

40

20

S—

kruskal p <2.2 x 10™

Lk




image5.png
Observed G4-SNVs for pgsfinder vs null distribution

A.

0.006
Observed = 5576
Z-score =2.417
P-value = 0.015
0.004
=
@
2
S
a
0.002
0.000
5100 5200 5300 5400 5500 5600 5700

Number of overlaps

Observed G4-SNVs for G4Hunter vs null distribution

0% Observed = 9562
Z-score = 2.378
P-value = 0.021
0004
=
k]
2
S
a
0.002
0.000
9500

9300

9100
Number of overlaps

9700




image6.png
SNP occurence in predicted
G4 motifs stratified by stem or loop

pgsfinder G4Hunter

°
o
=

ns ns

o
o
@

0.02

0.01

Substitution frequency per bp

o
o
S




image7.png
Length [nt]

pqgsfinder G4Hunter

12.5 12.5
[ |
10.0 10.0
| = !
75 ! £ 75 t I
- 5 - . B o
5.0 ] . g 8 50 * i i I\ . Stem
25 _— = = 25 T
0.0 0.0
~ ) N v O 3 N 9 O D o D >
\OOQ RS \OOQ %\e(‘\ %\e@ é@@ %@6‘ \o°Q \OOQ \OOQ c;@& %@6\ %@é‘ G}Q‘@




image8.png
A. pqgsfinder

loop1

loop2

loop3

80

GC content [%]

20
2 4 6 8 10 12 2 4 6 8 10 12 6 8 10 12
Loop position
B. G4Hunter
loop1 loop2 loop3

80
S

€ 60 1

[}

€

[o]

o
Q
G 40 A

20 A

2 4 6 8

10

12

2

4 6 8
Loop position

10

12

6 8 10 12





image9.emf

image10.png
A. Difference in +/- strand SNV direction of pgsfinder G4-SNVs

risk protective

N W

Proportion [%]

I.III__. II__Il
‘lv. (’ -rv',(l(’,(ro

-

vvvo"o"o”"vc’ YOO 00 A v

EEIE R S Y \>0"<76’

B « Difference in +/- strand SNV direction of G4Hunter G4-SNVs

risk protective

| I
=, —— | N |
§ Ju— = g -
t
o
o
9 -
a

-2

© o s s Yoo 00 s s s
v”v’vo”c? o”e’ PPAPI v”v’vo”c? o”o’ PP




image11.png
A. pgsfinder

0.01
2
2 000
@
[a}
-0.01
-1000 -500 0 500 1000
Distance to TSS (kb)
B. G4hunter
0.01
2
2 0.00
[0
[a}
-0.01
-1000 -500 0 500 1000
Distance to TSS (kb)

[ Template strand [ Non-template strand




image12.png
A. pgsfinder G4s - Annotation

OO0EDO0EOEOCEO

C « SNV - Annotation

0OpSCOEROEOEO

Promoter (<=1kb) (18.15%)
Promoter (1-2kb) (6.66%)
Promoter (2-3kb) (4.95%)
5' UTR (0.04%)

3'UTR (1.69%)

1st Exon (0.55%)

Other Exon (1.46%)

1st Intron (12.11%)

Other Intron (26.05%)
Downstream (<=300) (0.12%)
Distal Intergenic (28.21%)

Promoter (<=1kb) (5.31%)
Promoter (1-2kb) (3.9%)
Promoter (2-3kb) (3.4%)
5' UTR (0.03%)

3'UTR (1.44%)

1st Exon (0.53%)

Other Exon (1.37%)

1st Intron (13.98%)

Other Intron (36.24%)
Downstream (<=300) (0.07%)
Distal Intergenic (33.73%)

B- G4Hunter G4s - Annotation

CO0EEOROEOEDO

Promoter (<=1kb) (13.62%)
Promoter (1-2kb) (6.13%)
Promoter (2-3kb) (4.71%)
5'UTR (0.03%)

3'UTR (1.61%)

1st Exon (0.54%)

Other Exon (1.4%)

1st Intron (14.28%)

Other Intron (27.24%)
Downstream (<=300) (0.11%)
Distal Intergenic (30.33%)




image13.tiff
Density
0.08 0.12

0.04

0.00

Density

1.0

15 20 25

00 05

T T T T
-20 0 20
A pgsfinder score

40

60

0.0
A G4hunter score





image14.png
10 kop———— hg38
chré: | 31,500,000| 31,510,000| 31,520,000|
pasfinder Gamotits | 1[Il W ¢4 BHT D [T

MICB-DT/NR_149132.1 <<l

MICB/NM_001289160.2 [

MICB/NM_001289161.2
MICB/NM_005931.5

""'"'...

annotated promoters |

CpG Islands 1

ENCODEcCREs | | [ [IBIIRNE:

rs2855804




image15.png
rs2855804

3200
2400
1600
800
0
31,300,000 31,500,000 31,700,000
MICB-DT *

MICB

—H
=]

HiC Read Value




image16.emf
220 240 260 280 300 320 340

-20

0

20

40

60

Wavelength [nm]



n

o

r

m

MYC-0mM KCl

MYC-150mM KCl


image17.png
A

rs2855804 - MICB

effect allele: AGGGG GGAGGGGAGTGGGATGGAGGGAAG Score -1.84

non-effect allele: GGGGG GGAGGGGAGTGGGATGGAGGGAAG Score -1.97

B

rs2277844 - PLA2G6

effect allele: GGAGG

(@)
(@)
@)
(@)
@)
(@)
(@)
@)
@
I

Score 1.67

non-effect allele;: GGAGG

(@)
(@)
(@)
(@)
@)
>
@)
(@)
@)
I®

Score 1.38





image18.png
Probability of Overall Survival

Probability of Overall Survival

— (A)-3.12-0.65 ~ n=125
- (B)-0.64--0.02  n=124
—(©)

80%1 C)-0.01-0.68 n=127
-+ (D)0.71-3.54 n=128
Logrank Test P-Value: 0.0318
60%11
40%
o Rt Ll .
20%
0%
0 20 40 60 80 100 120 140 160 180 200 220
Overall Survival (Months)
100%
— (A)-3.31--0.64 n=44
1 -+ (B)-0.62--0.01 n=44
80%1 — (C)0.02-0.53 n=44
.. (D) 0.56-3.36 n=44
1 Logrank Test P-Value: 0.0335
-
60% lw = —
—h—&——.——t———-ﬂ——l
|
40%1 [~
| . B PR -
20%-
0% . . " : " . " . : . " . : . " . "
0 10 20 30 40 50 60 70 80 90

Overall Survival (Months)




image19.png
rs22/ 1344

60

L40

r20

WAV

37,800,000— 38,200,000

pLA2Ge  HHH
T™MEM1848 I
CSNK1E (i

Pick1 i
SLC16A8 )

BAIAP2L2 W
MAFF B

38,600,000

HiC Read Value




image20.png
pTM

0.5-

0.4-

0.3-

(52277844
152277844
r$8103500
159556760
<72
8103500 \ 154516268
52855804 O\ _.rsd3taz2r
T— TS9556760
iﬁuﬁes 152855804
effect non-effect

RMSD ()

14- rs4506268
121 159556760
10-
452855804
154318227,
8-
458103500
2277844
6.
10 20 30

| & pasfinder score]|

rs7203846

40




image21.png
<
<
@
N
~
]
N
[4

non-effect

effect

rs2855804

0 % m s W





