Supplementary Materials

Supplementary Table S1
STROBE-MR checklist table

Item Section Checklist item Relevant text from manuscript
No.
1 TITLE and Indicate Mendelian randomization
ABSTRACT (MR) as the study i de51gp n thg tile Detailed in the Title and Abstract sections
and/or the abstract if that is a main
purpose of the study
INTRODUCTION
2 Background Explain the scientific background and
rationale for the reported study. What
is the exposure? Is a potential causal
relationship between exposure and Detailed in the Introduction section
outcome plausible? Justify why MR is
a helpful method to address the study
question
3 Objectives State specific objectives clearly,
including pre-specified causal
hypotheses (if any). Stat.e that MR is a Detailed in the Introduction section
method that, under specific
assumptions, intends to estimate
causal effects
METHODS
4 Study design and Present key elements of the study
data sources design early in the article. Consider

including a table listing sources of
data for all phases of the study. For
each data source contributing to the
analysis, describe the following:

a) = Setting: Describe the study design and
the underlying population, if possible.
Describe the setting, locations, and
relevant dates, including periods of
recruitment, exposure, follow-up, and

data collection, when available. Detailed in the Methods and Supplementary

b) | Participants: Give the eligibility Table 83

criteria, and the sources and methods
of selection of participants. Report the
sample size, and whether any power
or sample size calculations were
carried out prior to the main analysis

c) Describe measurement, quality
control and selection of genetic
variants
d) = For each exposure, outcome, and Detailed in the Methods
other relevant variables, describe
methods of assessment and diagnostic
criteria for diseases



e)
Assumptions
Statistical
methods: main
analysis

a)

b)

)

d)

e)

Assessment of
assumptions

Sensitivity
analyses and
additional
analyses

Software and pre-
registration

a)

b)

RESULTS

Descriptive data

Provide details of ethics committee
approval and participant informed
consent, if relevant

Explicitly state the three core IV
assumptions for the main analysis
(relevance, independence and
exclusion restriction) as well
assumptions for any additional or
sensitivity analysis

Describe statistical methods and
statistics used

Describe how quantitative variables
were handled in the analyses (i.c.,
scale, units, model)

Describe how genetic variants were
handled in the analyses and, if
applicable, how their weights were
selected

Describe the MR estimator (e.g. two-
stage least squares, Wald ratio) and
related statistics. Detail the included
covariates and, in case of two-sample
MR, whether the same covariate set
was used for adjustment in the two
samples

Explain how missing data were
addressed

If applicable, indicate how multiple
testing was addressed

Describe any methods or prior
knowledge used to assess the
assumptions or justify their validity

Describe any sensitivity analyses or
additional analyses performed (e.g.
comparison of effect estimates from
different approaches, independent
replication, bias analytic techniques,
validation of instruments, simulations)

Name statistical software and
package(s), including version and
settings used

State whether the study protocol and
details were pre-registered (as well as
when and where)

Detailed in the Methods: Ethics and
Supplementary Table 1

Detailed in the Methods

Detailed in the Methods

Detailed in the Methods

Detailed in the Methods

Detailed in the Methods

Detailed in the Methods



a) | Report the numbers of individuals at Detailed in the Results and Supplementary
each stage of included studies and Table S3
reasons for exclusion. Consider use of
a flow diagram

b) = Report summary statistics for
phenotypic exposure(s), outcome(s),
and other relevant variables (e.g.
means, SDs, proportions)

c) If the data sources include meta-
analyses of previous studies, provide
the assessments of heterogeneity
across these studies

d) = For two-sample MR:

i. Provide justification of the
similarity of the genetic variant-
exposure associations between the
exposure and outcome samples

ii. Provide information on the
number of individuals who overlap
between the exposure and outcome
studies

11 Main results

a) = Report the associations between
genetic variant and exposure, and
between genetic variant and outcome,
preferably on an interpretable scale

b) = Report MR estimates of the
relationship between exposure and
outcome, and the measures of
uncertainty from the MR analysis, on
an interpretable scale, such as odds

ratio or relative risk per SD difference Detailed in the Results, Supplementary tables

and Supplementary figures sections.

c) Ifrelevant, consider translating
estimates of relative risk into absolute
risk for a meaningful time period

d) | Consider plots to visualize results
(e.g. forest plot, scatterplot of
associations between genetic variants
and outcome versus between genetic
variants and exposure)

12 Assessment of
assumptions

a) = Report the assessment of the validity
of the assumptions

b) Report any additional statistics (e.g., Detailed in the Results.
assessments of heterogeneity across
genetic variants, such as 2, Q statistic
or E-value)

13 Sensitivity
analyses and
additional
analyses



14

15

16

17

18

a)
b)
<)
d)
e)
DISCUSSION
Key results
Limitations
Interpretation
a)
b)
<)
Generalizability
OTHER
INFORMATION
Funding

Report any sensitivity analyses to
assess the robustness of the main
results to violations of the
assumptions

Report results from other sensitivity
analyses or additional analyses

Report any assessment of direction of
causal relationship (e.g., bidirectional
MR)

When relevant, report and compare
with estimates from non-MR analyses

Consider additional plots to visualize
results (e.g., leave-one-out analyses)

Summarize key results with reference
to study objectives

Discuss limitations of the study,
taking into account the validity of the
IV assumptions, other sources of
potential bias, and imprecision.
Discuss both direction and magnitude
of any potential bias and any efforts to
address them

Meaning: Give a cautious overall
interpretation of results in the context
of their limitations and in comparison,
with other studies

Mechanism: Discuss underlying
biological mechanisms that could
drive a potential causal relationship
between the investigated exposure and
the outcome, and whether the gene-
environment equivalence assumption
is reasonable. Use causal language
carefully, clarifying that IV estimates
may provide causal effects only under
certain assumptions

Clinical relevance: Discuss whether
the results have clinical or public
policy relevance, and to what extent
they inform effect sizes of possible
interventions

Discuss the generalizability of the
study results (a) to other populations,
(b) across other exposure
periods/timings, and (c) across other
levels of exposure

Describe sources of funding and the
role of funders in the present study

4

Detailed in the Methods, Results,
Supplementary methods and Supplementary
tables

Detailed in the Discussion section

Detailed in the Results

Detailed in the Discussion section

Detailed in the Abstract section
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Data and data
sharing

Conflicts of
Interest

and, if applicable, sources of funding
for the databases and original study or
studies on which the present study is
based

Provide the data used to perform all Detailed in the Data Availability
analyses or report where and how the

data can be accessed, and reference

these sources in the article. Provide

the statistical code needed to

reproduce the results in the article, or

report whether the code is publicly

accessible and if so, where

All authors should declare all Detailed in the Competing interests
potential conflicts of interest



Supplementary Table S2

primary cilia genes

Vi V2 V3 V4 Vs V6 V7 V8
CIMAP3  CEP290  INVS CSPPI  PKHDI ?GRIPI CC2D2A EMEMB
TCTN2 ITMEMB OFDI EVC2 KIF3A  CEPl64  MKSI ARL13B
BODI PKDILI  BBSI GPRI61  IFT140 ?IAAOS 8 Bom CEP78
PKD2LI TCTNI  TULP3  IQCBI  IFTI22 ;MEMIO DCDC2  NPHPI
BBS4 SCNMI ~ TMEM67 OCRL  ALMSI  RRPJA  EVC RABSA
BBS2 FLCN IFTSS SHH PIBF1 FT74 WDRI9  RILPLI
BBIPI g;)zclé%s TMEMI7 CCP110  IFT20 HDAC6  ENTRI  RPGR
NPHP3- = 1rN3  ARLG PKDI EFCAB7 AURKA  SPAGI7  TTLL3
ACADI1
ADCY3 gMEle PKD2 BBS5 NPHP4  AHII RPGRIPI gMEM 13
BBS7 IFT52 UMOD  VHL DZIPI  BBSY EXOC4 SDCCAG
TTCS TTC21B  TRA- IFT46 WDR35  BBS10  XNDCL - pyvoesin
TGCT-1 5
RLIGI ;?8%}019 PCNT TGFBI  PCMI PLK1 CEPI9  RABIO
MC4R  FUZ CEP97  CTNNBI BDNF-AS SCAPER DYNC2II DCTNI
DYNLTI PRKCSH TTLL6  KIF3B  CEP4l  LCAS PTCHI  CCDCI3
]IDYNCZLI [Sfé[fm " GLI EGLN2  SEC63  ClOorP0 RILPL2  RAB3IP
INPPSE  GLI3 PDESD  EXOCS  POCIB  CEPI62  DYNC22 RTTN
TUBAIB  ODF2 IFT43 SSTR3 ~ CSNKID MCHRI  TRPV4  CSNKIE
ARFGEFI CNTRL  ALGS DHH CFAP5S3  TAPTI  MXRAS  PPPIR3S
ENSG000 ZDHHC2
ooy TEK LRRK2 ~ PTK2B  RABGA  ~ SMO AKTI
TNFAIPS
WNTSA  TUBB  L2- MYHI0  TTBK2  NOL6 LUZPI  WNT3A
SCNMI
TMX2-  LICAM-  LINCOI67 TOGARA
ssxap - M LC : GSK3B  DVL2 ciki 0



Vi V2 V3 V4 Vs V6 V7 V8
EGFR PRDXI  RABIIA ATATI  CERNA3 TUBGl  CEP350  CALM2
MIR7-
PARVA  CALM3  STIL N CETNI  ERICH3 FFAR4  PDGFRA
CALMI  SPEN CEP43  FAMIGIA KIF7 PDGFRB SMAD3  HDAC2
SMAD2  KIFII CDK1 RUNX2  TUBB2A CHMP4B UBC CBYI
TPTEP2-
UBRS wwrrl  oIEP2 AT NPHP3  DRD2 GLI2 TTN
SIRT2  DRDS TIEI DRDI DRD4 MYOSA  BCARI  DISCI
DRD3 PDGFA  SALLI  SMPD3  DAB2IP CIP2A  HASPIN  NPFF
PKDIL2 RABL2B PWARI  APC SIRTI DIAPHI  INPPSB  EMLI
TRP- TRE-
LIMAI  TRAPPCY DCAFI  KIFI3B  ATOHI o IXE  IFTg0
NIN KIF24 CDK5 RAB7A  PDCDI  DDBI VDACI  TUB
SLC4A7  TRAPPCA4 ERAP PCL rrAPPCS ERAP PC2 " rraPPCI XRAP PC6  tuLp2
KATNIP  RABL2A ;MEMIO Iﬁg‘IRC' GPR37L1 ALPKI  IQCE LRGUK
TILL7  GPRIS7  TTC23  IFT172  FBFI KAAGI  ARL3 CEPS3
?YNCZH CEPS9  NEKS IFT57 SOX9 ILK SLC6A6  LIMSI
NIMIK  UBL3 LGALS7 I;IUDTML TTN-ASI HOXA@ HOXD@ MKKS
TRAMP SCLTI  C2CD3  RHO HTR6 CEPI20  CPLANEI DNAHII
CEPI52 CNTROB CNTLN  CEP20  CLDNI  ATXNI0 RFX2 DNAHS
PALS]  PATJ POCS BBSI2  EMSLR I;IAA(WS %%32053 TBCID7
TBCID30 2322(1)268 NEK9 LEFTY2  ZIC3 EMX2  NEDD9  NODAL
VANGL2 DNAIl  ALX4 NKX2-2  SEPTIN4  SIX2 IFT27 WDPCP
CFCI DCHSI  EXOCI  FOXJI  IFTS6 KIF17 VAXI DANDS
?HROOM ANKS3  KIF19 ALX3 HIVEP3  CC2D2B  IFT22 gMEMZl
ARLI3A USHIG  LZTFLI  ENPPI  GASS RAB23  AIPLI TMSB4X
TIC21B-  LOC1268
CROCC  EVISL  KIFl4 ASAPI  MAPKIS YIFIB 0 S



Vi V2 V3 V4 Vs V6 V7 V8
IGFIR  SPTANI  GRK2 CSPG4  OPTN ARL2 gDAMTS DCTN2
RABSB  CEPI70  EVIS PLA2G3  CEPI31  PRKACA GSN PLK4
ARRBI  CDKI0  ACTR3  IFTSI PTPN23  TBCIDI  CEP250  GLIS2
RABI4  RABIA  TTLLS  SGSM3  TBCID24 USP6NL ARL2BP  CEPI04
RABI7  TBCID20 AVIL TBCIDI4 TBCIDIS TBCIDS CIBARI  RABIS
RABGAP TBCIDIO TBCIDIO o' TBCID2 1pipon tacinyy  TBCID22
1 A C A B
TCHP ZFYVEL9 TBCIDS TBCIDI3 TBCIDI6 TBCIDI7 EBCIDIO TBCID9B
TBCID7-
TBCIDI9 TBCID3 LOCI00l MTOR  NEK2 CUL3 ARRB2  HTT
30357
PCSK2  NEKI XPNPEP3 CETN2  HAPI JADEI  PCARE  TBCID3I
CEP295  NFE2L2  TSC2 ITGBI  NOG NPHSI  KCNHI  ORCI
MAPIB  MAPREI CDKL5  NDEI RANBPI  TCPI CCT4 CENPJ
DACHI  KCTDI7 MAP4  REXI KIZ NINL RAB34  CEP192
PROKI  DZIPIL ggp HOSP " 1pRA1  TTC21A ODADI  CEP128  TAS2R43
KRTCAP ADAMTS ADAMTS TRD- LOCI268 LOCI268
TBCID32 4 TERC 9-AS2 9-ASI GTCO9-1 06961 62216
CDKNIB CSNKIAI HSPA9  TSCI YWHAB DPYSL2 MECP2  PROMI
CLTC ?YNCIH CCT5 HERC2  HSPAIL KRTI7  LAMAS  MIBI
CENPF  HNFIB  PLEC RAN AKAP9  CCT2 FABP4  HSPA4
PRPF31  SSB TRIPII  CAPZAI ECDC% CCT3 GPC5 HAVCRI
KHSRP II;GALS3B NEB PDEADIP RPL27A  SYNEI  CAPRINI ZDYNCILI
FRASI  ACTRIA ATAD3B CLTRN  HECWI  PJA2 POCIA  POFIB
SEPTIN7 SPRR3  CEPII2  SASS6  TBCCDI ODF2L  TTCI7  CEP44
FOXKI  NEK5 CATIP  CCDC66 CIBAR2 CEP95S  SFTA3  MIR2I
MIR146B ITFRT%”' RAFI FLT3 EZH2 EP300 PTEN CBL
GIAI NPMI pcNA  TRKARL - poepe vim AIFMI  CAD

A



Vi V2 V3 V4 Vs V6 V7 V8
HSPAS  KCNQI  P4HB PCSKI  SLC2A2  SNAP25  SQSTMI  YWHAE
ACACA  ACE2 BLM BMP1 gACNAl GFAP HSPA5S  HSPDI
KEAPI  RPLII  TUBAIA YWHAG CYLD  ENOI KRTI MYH7
MYHO  PC POLH SMCIA  SMC3 TUBA4A TUBB4A  XPOI
YAPI ATPSFIA DLAT  FER HUWEI  LBR LIFR g‘?FAHl
PKLR PKN2 PLOD3  POUSFI g‘chsAl USPS ADAR  ANOI
CANX  CBLB CDC6 CDH23  GARSI  ISCU THBSI  TKI
TKT AGRN  CANTI  CLIPI DDX6  HTRAI  LCN2 LIMK?2
MKI67  NONO  NUP214 REV3L  RUVBLI RUVBL2 SF3BI  SLC25A3
XRCC5 ~ CARSI  CASQI  CDTI CULI HSPA2  KIF2A  PRDXS
RACKI  REST RPS20 fLCQSAI SUFU TUBB2B TUBB4B UNCII9
VASP ADGRVI ATGI6LI ?TPWOD CYP2)2 DOK2  EHHADH ERCI
FABP7  FANCI  FREMI gABARA HNRNPD  INHA MACFI  MATR3
ORC4 PSMAI  PSMA2  PTPA RP2 RPSI2  SH3KBPI SULTIAI
TRIM37  ARF4 CAPI CCT7 CDCl4A CDK20  CINNA3 DYNCIR
ELAVLI ESPLI  ETS2 I(,}SBARA KIFAP3 Q%APILC NUPS5  PCBP2
PLSI PTMA  RPSI6  RPS23  RTELI Il{UNXIT SEPTINO  SLC25A6
SPRY!  ARIDSB  ATP6VID BAG2 CAPZB  COL27A1 EHDI EXOC6
IRS4 ITSNI MYL6  PIEZOl  PRPF4B  RFX3 RIOKI  RPL22
SNX10  SST TESKI  VILI ADGRDI ALDOC  AMOT  ANKS6
ATPSPB  CAPZA2  DSPP ENI FLVCRI FYCOl  MYOI0  ORC6
PPPIR2  PSMDI1  ZNF423  BCOI BICDI  CKAPS  CYP3A43 DCTN4
DCTNS ~ DLGAP4 DTXI ?YNCILI HMCNI  HOXA9  HSPAIB  HYDIN
ILE2 ILE3 PRPF19  SEPTIN2  VSXI gMYND ' ACTRIB  ARMC9
CCDC8  CGNLI  DCTN6  DDXI9B DENND3 DLECI  DYNLRB pip
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Vi V2 V3 V4 V5 V6 V7 V8
ESCOl  FOXK2  HI-1 MAPRE3 NAPILI  PPFIAI EPPIRI 3 S IFl
SNAPIN. -~ TCF20  AVAMTS apexa  AMMOAYccarz cEpssL cLuap
FAT2 FBXLI3 GOLGBI HPIBP3 HYCClI  NUPI88 PGAM5  ROPNIL
STX1§  ZNFXI  ACTL7B ATP9B  BCLOL  CEP8S  DCIN3  EMLS
ETV3 ¢ ATMIFTs 1GDCC4 KCTDI0 KLHLIS  LRRCCI  MAP3K2I
RAB43  ROMOI THAP2  TRIMIO VATl  FKBPI5S KCTD6  KLHL21
sttm JUP9CP yesise znesss BLtPL FAmier GUTPCS MISISBE
BEND7  CCDCl4  CCNQ TAM149B MICAL3 MT-ND5 ZNF251  CCDC77
CNST ~ KCTDII LRRIQI ~MT-ND4 PODNLI WDSUBl ZNF2g7  4TRD3
DZANKI SAXO4  TAS2R4 TAS2R46 GAB4  PYDCI  TEDCI  CFAPIS7
tEDC2  NPPAl S0 SEPLcipsi2 mosmo  TRA TRB MIR34B
MIR34C  MEGE bty SNORDISMINCOLES “ypz pqp IRE o i
o G008 V0TI Akt FGRR3 KIT NTRK2  KRAS
MYC SLC2A1  CAMK2A DDR2 ?SP%AA PIK3CA  TNF XIAP
APP CA2 EPASI  G6PD  GAPDH  MAP3K7 MMPI4  PARPI
PRKCA TFRC  ACTB  AHCY  BDNF  BUBIB CHUK  EIF2AK3
GSTPI  ITGB4  JUN LMNA  LPL MAPKS  MMPI  PIK3R2
PKM RHEB  USP7 VEGFA  ACTNI  ALB CACNAL T camk2D
CD44 CHRM3  EEF2 FASN  FGG FLNA  GSK3A  HIFIA
HSPOOAB 16y IMPDH2  NFI PIPSKIC PRKACB PRKDI  ROR2
STK4 TOPI TUBB3  UBAI  USPOX  ACLY  ACTAI  ACTA2
ACTGI  ANXAI  CAMK2G CPTIA  crpsi  NSNPA vapry  mewms
NRIH4  PARK7  PGD PLA2G6  PTK2 RPAI RPLS TPII
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Vi V2 V3 V4 V5 A Vi V8

ALDH3A  ALDH3A

TTK UBE2I YWHAZ  ACAN ACTN4 | > AP2M1
APOB BIRCS CACNB2 CFL1 DDRI1 DLST EIF4A1 ERCC6
EZR FENI1 GHR HCFCl1 EI];RNPA I(){SD 1781 KRTS8 LYZ
MAP4K2  OGDH PEBPI PFNI1 PML PRKAA1 RFCl1 RPSA
SLC22A5 §LC25A ! SRPK1 TGIF1 TMPO YWHAH  ATP2A3 CDC20
COL6A3 DYRKIB EIF2S3 FBXW7 GNB1 GNPAT HYOUI LTF
MCM3 MCM5 NAGA OSMR PHB1 PPP1CC i R2 SFN

SP1 STUBI1 XYLT2 7YX AARSI1 ABCB7 ACTCl1 AGPAT2
AHSG ANK1 ATPSFIB ATP6AP2 CRBN EEF1Al EMD FBXW11
FOXGlI FUS GDI1 LTBP1 MSR1 MTHFD1 NDUFS1  NEFH
NME2 NRCAM  NSF NUP98 PALB2 PDK3 PFKFB3 PFKL

PLODI PPARA PPP2CB PSMA6 PSMA7 PSMBI1 PSMD4 PXDN
RABSA RBBP4 RPL15 RPL35 RTN4R SKP2 SLC1A4 STK24
STK3 TDP2 TRIM28 TRIO TUBAS TUFM UBE2D1  USPI
XRCC6 ACTG2 ACTR2 ANP32A  CCNB2 CDC37 CIITA CLN3
COPB2 COROIA COX10 CUL2 CUL4A DOK1 ERLIN2 FOXP2

GIPC1 H2AX HSPAG6 IQGAP1 KCNH7 KMTS5A KPNB1 KRT19

MAFB MYO6 MYO7A MYOF NID1 NLRP1 NOP56 NUDC
PAPOLA  PARP4 PDIA3 PNPLA6  PPMIB PPP6C g R2 PSMAA4
PSMBS5 PSMB7 PSMC1 PSMC3 PSMD14  QPCT RBX1 RPL10
RPL18 RPL21 RPNI1 RPS24 RPS27 RPS3 SF3B4 SFPQ
SLC25A5 TIMP3 TRAP1 TRIM21 TRIM32 UGTS VDAC3 ABCA12

AGTPBP1 ANO6 AP2BI1 BCL11B BMP15 CACNB1 CALU CEP57

CNOT3 COPA CULS DGKD DHX9 DST DYNLLI EEAI
EEF1B2 EFTUD2  HATI KDM2B KLClI LIPG LRPPRC MAK
MARKI MDC1 MFN1 MGAM MRPS16  MRPS22  PALLD PASK
PCBP1 PFKFB2 PGM2 PHB2 PSMDI12  PSMD3 PTBP1 RBBP7

RFC4 RPL27 RPL3 RPL35A RPLS RPS14 RPS15A RPS17

11



Vi V2 V3 V4 Vs V6 V7 V8
RPS27A  SMC4 (S)NRNP” SRSF1 STK38L TACC3  TBCID4 TLNI
TOPORS USHIC  VPS35  ABCA2  ACTL6A AFG2A  AKAPI  AP3B2
APC2 ARCNI  ARF3 ATAD3A BMALI  CADPS  CAMLG  CBR3
CHM CLASPI CLDN2  COPBI  CPSFI  CSEIL  CST6 DHX15
DHX30  DNAJB6 DSG4 EEFID  EXOSC2 GNGTI  GRAP  HACEI
HMGNI  HNRNPC HNRNPF ?NRNPH HNRNPR HOMER3 HSPEI  IGF2BP3
IGSFI JUNB KTNI MAGEDI MSRA  NCAPD3 NCAPG  NEK7
NME3 ?NECUT PABPC4 PARD3  PIGR PLS3 PRPF6  PSMC4
RAB3A iABGGT RBCK!  RBLI RBMIO  RNF31  RPLIOA  RPL7
RPSI3  RPS9 SECI3  SETBPI  SF3B2  SIAH2  SNAP29  SNRPE
SRSF2  SSBPI  TNPOl  TRAFS EUBGCP UBE2El  ULK2 UPFI
WWPlI  ANAPC7 ?Nm)‘m ANOSI ‘_,:“SRHGAP ?RHGEF BCLAFlI  CCT6A
CDCSL S?KSRA CEPS5  CEP63  CERTI  CLSPN  CNGB3  COPE
COPGI  CYFIPI  DDXI7  DMBTI  DSE ENAM  EPN2 FOXD3
H2AZl  HNRNPL HYAL4  IGF2BPI IMMT  JPHI KCTDI  KIRRELI
IIAAPKBP MCPHI  MEDI4  MEOXI MEST  MFAP4  MTDH  MTPAP
IXYBBP I NEK4 NME7  NSMAF  OMG PPP2R3C  PSMDI3  RAB35
RABSB  RABSC  RCN2 REGIA  RFC3 RPLI2  RPL23A  RPL24
RPL34  RPLPI  RPLP2  RPS2 RPS5 SETMAR in'PXDZ (S)’LC3 s
SLPI SMC2 SMCHDI SON SPAGY gIMELES TRAK2 ZUBGCP
UQCRH  YBX3 A2MLI ?DAMTS ?RHGAP ATPSFIC ATPSPF  CEPI35
COROIC CPSF4  CSDEI  DBNI DLGS DYRK3  FARP2  FOXP4
GDI2 GPBARI GRPELI HNRNPM IQGAP3 LARPI  LCNI MPPI
MRPS25 MYLI2A NKAP  PSMC6  PSMD6  QSOXI  RBKS RBM17

12



Vi V2 V3 V4 Vs V6 V7 V8
RBM4  RFCS SGMSI  SHANKI SLC47A1 STRAP  SYNPO  TIMMS0
gNF RSFL - rren ;UBGCF UBR4 YBX2 ZNF462  ABHD4  AKAP3
ANKFYl ANP32B  ATPAF2  BAGG6 BZW2  CCDCS8C CCL26  CDKLI
CDKL3  CELSR3 CETN3  CKAP2L CLNSIA CPSF6  DCAF7  DDX2I
DDX50  DNAJA2 EIFSA2  ELOB EXOSC7 I;NRNPA HYLSI  INTSII
INTU KCTD7  KIFI5 KLHL20 MPRIP  MTREX NACA  NOP2
PATZI  PDIAG  PDP2 PHC2 PIP RBM39  RCAN2 §HOBTB
RNF41  RPS4X  SEC6IB  SF3B3  SHARPIN SLC47A2  SMG6 SNRPDI
SNRPD2 STRN3  SYNCRIP TECTA  TENMI  TGIF2  TTBKI  TUBA3E
gUBGCP TXNLI  UGT2A3 USP21  VPSIS %@HAV ABCAI3 ADGRBI
AKAPI0 CDKL2  CEP72  CHML  CKAP2  COLSA3  CPAS CRCP
DDX43 DERA  DOCK5 DYNLL2 E2F8 IE?NAIB ?IF“ENIF EPB41L5
ERLECI EXOC6B FRMPD4 GLGI GLIS3  GOLGAS GRSFI  H2AC20
HAUS6  HECTDI EFRNPU IPOS JCHAIN KCMFl  KCTDIS KDMIB
KLHLI  KLHLI3 KLHL22 KLHL40 LANCLI MRPL23 MRPSISB MRPS27
MYEF2  NEDDI  PIWIL4 RAB3D  RPL32  RPSIS  RPS2I  RPS25
RRPIB  SAVI SCIN SEPHS2  SF3A2  SH2D3C SLC%AI SLC30A7
SLCSA10 SNTB2  SRRM2  TNFAIP2 UACA  WHRN  YTHDF2 ZMYM4
ZNHIT6  ZRANB2 ACADIl ACTRI0 AKAPSL ATG2B  BPIFAI  CALMLS
CAPNIS CEP68  CEP70  CKAP4  CNN3 CSMD3  CSNISI  DDRGKI
DEGS2  DNAAF2 DNAHI  EMSY  H2AZ2 I(){NRNPA KCTD3 I;IAAm
gdAGEAl MPP4 MRPS17 MRPS34 MTCLI  MYLI2B NASP OTUDA4
OXSM I;LEKHG PNMA2  PPMIH  PSG6 RAB3B  RAB3C  RFX4
RPRD2  RUSCI  SCGB2A2 SHKBPI SKICS  SLAIN2  SMG7 SNRPD3
SPA17  TENT4B TUBA3C U2SURP UPKIA  VPS52  ZBTB32  ACTBL2

13



Vi V2 V3 V4 Vs V6 V7 V8
AHCTF1 ﬁDHm ALLC BTBD2  CHCHD4 CPNE9  CSN2 EETNBPZ
ELMOD2 GCNI GREBIL HAUSI  HAUSS HOOK2 HRNR  IGHGI
KCTDI2 KCTIDI3 MIPOLI  MRPS26 MTERFI NLRP14 NUDCD3 PIHIDI
RABI2  RCOR3  RNF112 RPAP3  RPL36A SERBPI  SF3B5  SIDTI
SPECCI  SRPY TUBAL3  XRNI ABTB2  AGBL4  CABYR  CCDCI36
CEP76  DUSP26 ECPAS  FBXO22 FBXO33 H2AC25 H2AC6  H2BCS
HAUS3  HAUS4  HAUS7  HELB KLHL29 MZT2B I;CDHGC PRPSAP2
RABIF  SPATA2 SSNAI  STRIP2  SYNRG TAF/L  TCPIIL2 TRIMS6
TSPYL4 TTC33  UEVLD WDR47  DYNC2I2 ZNF350  ASXL3  C2CD6
CTorf50 gAMSAP FAMS3G H2ACI  HAUSS  MAP7D3 MTCL2  MZT2A
PARPBP i;BBGR SLF1 SPICEI  WDR75  ZGRFI  ACTRTI ALPK2
2A3RHGAP CCDCI38 CCDC92 CENPV ~ FAMIS6B FAMIO3A H2ACI2  H2ACI3
H2ACT  H2AJ H2BC12  HAUS2  IGKC IQCH KCTD4 I()(LHDCI
KLHL30 ;3HYPD LACRT  LCASL  LGSN LRRC37B  LRRC45  MINDY?2
PRRI2  PRR4 llffp IGA ROPNI  TBCIDI2 TTC28  TTLLIl  ZNF665
CCDC61  COPRS ~ FAMS3C H2ACI4  KCTDIS KCTD21 POTEE  RGPDS
RTP3 SBSN TICI6  USPLI  ZNF670  AGAP4  BTBD6  C2lorf62
CCDCI5 CCSAP  CMTMI  H2AC21  H2ACS  IGHAI  LRRC42  SLC35GI
STARD9 ZFPl4  ABTB3  C2lorfs8 FAM217B NBPFIS OR7GI  RBMXLI
RGPD3  SYTIS  TPGSI  ANXA2R ?IP ATCH  \Bprl  NBPFII  OR4AI6
POTEF  AGAP5S  SPMIP2 XMEM% CIMIP2A  NBPFI2 gg[EMZO NBPF10
RGPD6  GRAPL  NBPFI4 NBPF9  PVTI CASC2  HEPNI  NBPF$
H2ACI9  IGLC2  ZNF487  POTEKP AGAP7P  MIR22 KEFBBO SINCOO%
MIR14]  MIR433  RPLPOPG I7JNC0158 MIR193A  MIR200A igfm' iNORm
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Supplementary Table S3
Information of QTL and GWAS datasets.

Type of Data subtype Resource  Sample Reference
dataset size
QTL cis-eQTL blood e¢QTLGen 31,684 Vo&saU, et al. Nat Genet. 2021. PMID: 34475573.
Consortium Large-scale cis- and trans-eQTL analyses identify
thousands of genetic loci and polygenic scores that
regulate blood gene expression.
cis-eQTL LAA  The GTEx 838 The GTEx Consortium. Science.2020. PMID:
Consortium 32913098.The GTEx Consortium atlas of genetic
regulatory effects across human tissues.
cis-mQTL McRae et 1980 McRae AF, et al. Sci Rep. 2018. PMID: 30514905.
al. mQTL Identification of 55,000 Replicated DNA
summary Methylation QTL.
data
cis-pQTL deCODE 35,559  Ferkingstad E, et al. Nat Genet. 2021. PMID:
37794188. Large-scale integration of the plasma
proteome with genetics and disease.
Assum, I, 118 Assum, I, et al. Nat Commun. 2022. PMID:
et al. pQTL 35064145. Tissue-specific multi-omics analysis of
summary atrial fibrillation.
data
GWAS Atrial GWAS case: Nielsen, J. B, et al. Nat Genet.
summary Fibrillation meta 60,620, 2018. PMID: 30061737. Biobank-driven genomic
control:  discovery yields new insight into atrial fibrillation
970,216 biology
Atrial FinnGen case: Kurki M1, et al. Nature. 2023. PMID: 36653562.
Fibrillation 40,594, FinnGen provides genetic insights from a well-
control:  phenotyped isolated population.
168,000
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Fig. S1. Mendelian randomization results for the association between the expression of primary
cilia genes and AF risk. (A) Blood sets and (B) Left Atrial Appendage (LAA) tissue sets. The
figure represents the effect size () of a variant on mRNA expressions, where § > 0 indicates a
positive association and < 0 indicates a negative association. Odds ratios were calculated

based on the expectation of the causal estimate (P coefficient). ‘Colocalization’ refers to the
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Figure S2. Mendelian randomization results for the association between primary cilia gene
methylations and AF risk (PP.H4 > 0.8). The figure represents the effect size (B) of a variant
on DNA methylation, with B > 0 indicating a positive association and B < 0 indicating a

negative association. Odds ratios were calculated based on the expectation of the causal
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Figure S3
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Figure S3. Mendelian randomization results for the association between the expression of
primary cilia-related proteins and AF risk. (A) Blood sets (decode), (B) LAA tissue sets. The
figure represents the effect size (B) of each variant on protein abundance, where § > 0 indicates
a positive association and § < 0 indicates a negative association. Odds ratios were calculated

based on the expectation of the causal estimate (P coefficient).
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Figure S4. Clinical correlations of CEP68 (complete-case sensitivity analysis). (A) Correlation
analysis between CEP68 and clinical indicators in 22 patients without AF using complete-case
data. (B) Correlation analysis between CEP68 and clinical indicators in 19 patients with
persistent AF using complete-case data. Abbreviations: AF, atrial fibrillation; BNP, B-type
natriuretic peptide; CHA2DS:-VASc, Congestive heart failure, Hypertension, Age >75 (2
points), Diabetes mellitus, Stroke/TTA/thromboembolism (2 points), Vascular disease, Age 65—
74, Sex category (female); COL8A2, collagen type VIII alpha 2; CRP, C-reactive protein;
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LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; TNC, tenascin-C;

THBS2, thrombospondin-2.
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