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Stage |—Discovery Sample GWAS
01

v lllumina- § £GWAS ik i
v Illumina-ASAMD GWAS iy i
v Illumina-CGA GWAS i i

02 GWASH Mz B 7 M
v’ Imputation PCA%

v" Association analysisi %
v" LD block and haplotype analysis %

Stage |I—Replication Sample Target SNP Genotype

VAEKR. ZHD
v Multi-PCR NGS. Massarray . KASP Genotype

03

04 Th&ERFHH

v Combine association
v" Covariates. Various phenotype. Quantitative traits. Model
based. Logistic%
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Samples
Study design Power estimation
- Public data
genotyping SNP call rate
l Sample call rate
i Mendel error
Data summary Quality control
¢ HWE Data Missing text
covariates basic
Data pre-analysis MAF Sex check
Permutation test Model based ¢ : .
Genotype imputation PCA
. o : Association study (SNP
Various phenotypes  Quantitative trait and haplotype based) Population stratification IBD/IBS/outlier

epistasis logistic v Sample duplicates

: : _ LD block and haplotype
interaction adjustment

anflyss Gene annotation
S el Gen-ontology analysis Gene enrichment analysis
In silico analysis v Pathway analysis

Next step recommendation

GRS model
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1000Genomes Phase3
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AR BWEAE, BERRME, BARERK

Imputation analysis
WESA I ml, ETRRMATRE
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B

ChinaMAP/CKB Panel
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GTEx Portal/TCGA/GEO %1 # i

EMitmemARMANpERRKIK5SNP
i) eQTL\mQTL\sceQTL 47 #7 .

FUMAH # &

Functional consequences on genes , CADD score, RegulomeDB score,

In silico function annotation
GWASHIE SR e M4/ MM xRy & [
AEMERARBREE DN, NEAE
fTHRREREERRM T HHEERLE

15 chromatine state (127 tissue/cell types),eQTL, 3D chromation
interactions (Hi-C),GWAScatalog

GWAS4D 41 # F
WETRMWEHF, #ftlead SNP, f#GTEXHQTLS #,

14801 B W WF, H-CH#H, FHBETFHatdH; SNP-
WU B M R ; Disease-causal SNP prediction
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ﬁ v 1,045 T1D case + 1,308 control
p V' i EGWAS T B

|dentification of Novel T1D Risk Loci Imputaiton Hl association 73 B

and Their Association With

AgeandlsletFunctionatDiagnosis in v Imputation of the non-MHC regionwas conducted using IMPUTE2 software + Imputation of the

Autoantibody-Positive T1D
Individuals:BasedonaTwo-Stage
Genome-Wide Association Study

MHC region was performed with SNP2HLA

v 17 distinct genomic regions with P values<10E5

SNP Replication # W

v’ 1,378 case +3,774 control

v" 134 SNP{i 5, massarray$ ® i & +tagman’y & fi &

vV BRANSNPl A5 ENHTIDE B X
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In Silico Bioinformatics Analysis

ﬁ v" define potentially causal variants

v assess Funciton such as eQTLs. DNAse-I hypersensitive sites, enhancers, promoters, and histone peaks

v/ 154320356 at 6p22.2 (PP = 0.14), rs9273471 at MHC (PP = 0.43), rs10905277 at 10p14 (PP = 0.21),and rs773125 at

12913.2(PP=0.27) were the probable causal variants

v Further annotation revealed that rs4320356 and rs10905277 were involved in the regulation of T cells and associated with the

expression of BTN3A1 and GATAS in whole blood,

MRFMENEY

<> v & ® — . The five independent variants of the MHC region , AUC=0.85

v/ # ® ~ . the identified eight variants in the Chinese population, AUC=0.86

v f B = . additional validated variants from the Caucasian, AUC=0.87
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HERXHESF (Genomics)
—What is possible happen

v RRRHARISNP, CNV. InDelZ

FMEFES (Epigenomics)
—What appears to be happening

BETR v ERZE : ATAC. HiC
v &I mutation. InDelZ5IRIE v DNABEAL : 5mC. 5hmC. 6mAZ%
RLL = v RNABEAL : m6AZ

EFREF (Transcriptomics)
—What appears to be happening

v EERARIER  mRNA,
miRNA. IncRNA. cirRNA,
PiIRNAZE

v BEREM  FX, @A, 2
7. ceRNAZ:

RigdB=* (Metabolomics)
—What has happened

v PelRA. BEBZE, BT
K, HEIBREFF

v BEENEY. BEVRGY

EQEABF (Proteinomics)
—What is happening

v DhEEERR - . BRETF
v EIMERR : BRI, 2Bt

—
N\

4

WEMESE (Microbiomics)

—The second omics : interact
v RERHE. REFRHE. FEQ
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An Expanded View of Complex Traits: From Polygenic to Omnigenic Cell , 2017
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GWASEIFHEIEF H

Question: Why is the architecture of complex traits

dominated by huge numbers of small effect variants? Highlights
Approach: We built a quantitative phenotype model v Propose a qu_antltatlve phenotype model based on
based on core gene expression core and peripheral genes
vidbodkismoseiiin e . v Model is parameterized using data on cis and trans
e / Y, Rooiysbedsniah heritability of gene expression
,'.'g\ v" Analysis implies that heritability explained by trans-
parhera ,o"._:g';’x‘:j;;\ Y acting variants is at least 70%
o O N g0l gt [\ comptex vai v’ Co-regulation of core genes can further amplify the
R Sl o phenotype ) :
0 . Ok - contribution of trans effects
PAR e o
Y @egi "+
I e g
Var(Y;) = z": i + z": X z”: Ii:l 29 Ci ke Trans.Effects on Gene Expression Can Drive Omnigenic
=1 = ) =1 k=1 ) Inheritance Cell , 2019

N 2 2 o ot
M core terms M trans terms M?2—M\ covariance terms

Conclusion: Most of the trait heritability is explained by
many small trans-regulatory effects from peripheral genes
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Core genes mediate the cis and trans

Regulatory variation impacts traits by
effects of trait-associated variation

affecting peripheral and core genes

SNPs cisto
peripheral SNP
&
. ,“' o
Peripheral genes ¢ i i’ ‘i’ trans
L] ] ’ g . .
| Ny Y trans cs P%" nheesraL""n
SNPs cistocore § ¥ # ' ronov S
¥ 1 ] -
N Foy A
core genes [l 1l I
Phenotype

Phenotype

Causal Pathways for Variants Affecting a Trait through Core
Genes
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Methylation
meGWAS-meQTL

Phenotype RNA-Seq

GWAS-asscoiation TGWAS-eQTL. sQTL. roQTL

MRNA/miRNA

/LncRNA/CirRNA/Splice

Protein&Glycomics
PGWAS-pQTL

Single cell RNA-seq

Sc-eQTL
glycGWAS-glycQTL

Metabolome&Microbiomics

MGWAS-mQTL. miGWAS-miQTL
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protein level

cic cr T

braln proteomics]
genotype of one variant
b
Tissue ‘#Samples #Proteins |#total pQTLs | #cis pQTLs |#trans pQTLs |#trans pQTLs
CSF 835 713 274 226 48 91
Plasma 529 931 127 97 30 92
Brain 380 1079 32 30 2 47 +
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Abstract

Understanding the tissue-specific genetic controls of protein levels is essential to uncover
mechanisms of post-transcriptional gene regulation. We generated a genomic atlas of protein levels
in three tissues relevant to neurological disorders (brain, cerebrospinal fluid (CSF), and plasma), by
profiling thousands of proteins from participants with and without Alzheimer disease (AD). We
identified 274, 127, and 32 protein quantitative trait loci (pQTLs) for CSF, plasma, and brain,
respectively. Cis-pQTLs were more likely to be tissue-shared, but trans-pQTLs tended to be tissue-
specific. Between 48.0 to 76.6% of pQTLs did not colocalize with expression, splicing, DNA-
methylation, or histone-acetylation QTLs. Using Mendelian randomization (MR), we nominated

proteins implicated in neurological diseases, including AD, Parkinson’s disease or stroke. This first
multi-tissue study will be instrumental to map signals from genome-wide association studies
(GWAS) onto functional genes, to discover pathways, and to identify drug targets for neurological
diseases.
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Disease specific analyses: To investigate a disease-specific effect on pQTLs, we performed linear

regression on the same protein-loci pairs (before conditioning on top variants) identified from the
above default model using three additional models: 1) joint analysis including disease status as
another covariate (CO vs non-CO); 2) AD case (CA) only using the same covariates as the default

model; 3) cognitive unimpaired (CO) only using the same covariates as the default model. Using
scatterplots, we visualized the correlation between each of the additional models and our default
model. Using model 1 for comparison, we observed a Pearson correlation coefficient of 0.999, 0.999,

0.999 for CSF, plasma, and brain, respectively. Using model 2 for comparison, we observed a Pearson
correlation coefficient of 0.991, 0.989, 0.998 for CSF, plasma, and brain, respectively. Using model 3
for comparison, we observed a Pearson correlation coefficient of 0.999, 0.998, 0.602 (p-value =
0.002) for CSF plasma, and brain, respectively. The relatively low correlation seen when using model
3 for comparison with controls only in brain samples was due to a much smaller sample size.
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Performing MR using TwoSampleMR R package

Mendelian randomization is a method of using measured variation in genes of known function to
examine the causal effect of a modifiable exposure on disease. This method obtains unbiased
estimates of the effects of a putative causal variable without conducting a traditional randomized
trial. We used the R package TwoSampleMR v0.4.224%, For single SNP remained after clumping, the
most basic method, the Wald ratio, was used. This package also implements the harmonization steps
before performing MR, and these steps are: 1) Correcting the wrong effect/non-effect alleles; 2)
Correcting the strand issues; 3) Fixing the palindromic SNPs; 4) Removing the SNPs with
incompatible alleles. The SNPs selected for the analysis were the based on a suggestive threshold of
1x107°. The beta-coefficients and standard errors (SEs) for the selected variants (pQTL) from this
study were used as input of instrumental variables. These instrumental variables were also
extracted from the summary statistics from the latest GWAS for the outcome on neurological disease
related traits. (Details see Table S26; Briefly, AD-risk GWAS was published in 20193; AD-progression
GWAS in 2018£; AD-age at onset GWAS in 201745 PD-risk GWAS in 201938; ALS-risk GWAS in
20167, FTD-risk GWAS in 2014-%; Stroke-risk GWAS in 2018*2). To check the specificity of protein-
neurological disease associations, we also chose asthma-risk GWAS2? as an outcome of non-
neurological disease. To test the directionality of exposure causing outcome is valid, we used the

directionality_test function from the same R package. The method confirms whether the exposure

(protein) and outcome (trait) directions are correct or not.
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Colocalization analyses

We performed Bayesian colocalization analysis using the coloc.abf function from the coloc R
package®®2 v3.1. We used the default priors with p;= 1x107% p, = 1x107* and p, = 1x107°.
Evidence for colocalization was assessed using the posterior probability (PP) for hypothesis 4

(indicating that there is an association for both protein and disease and that they are driven by the
same causal variant(s)). We used PP.H4 > 0.8 as a threshold to suggest that associations were highly
likely to colocalize.

For colocalization of pQTLs with disease status: We downloaded and used the full GWAS summary
statistics for each disease/trait from their original publications as the same for MR analysis.

For colocalization of cis-pQTLs with cis-eQTLs, cis-sQTLs from GTEx v8 release: We downloaded and
used the significant cis-eQTLs and cis-sQTLs summary statistics for two single tissues, cortex and
whole blood, from GTEx2 (https://gtexportal.org/home/datasets). For cis-sQTLs we used gene-level
sQTL results, rather than exon-level sQTLs.

For colocalization analysis of plasma pQTLs with eQTLs from eQTLgen: We downloaded and used the

significant cis- and trans-eQTL summary statistics for blood, from eQTLgen?
(https://www.eqtlgen.org/index.html). In both cases we analyzed cis- and trans-QTLs.

Miao o
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For colocalization of cis-pQTLs with cis-DNA-methylation-QTLs, cis-histone-acetylation-QTLs from
ROSMAP: We downloaded and used the significant cis-DNA-methylation-QTL summary statistics for

brain tissue, from ROSMAPZ? (http://mostafavilab.stat.ubc.ca/xQTLServe/). We downloaded the

significant cis-histone-acetylation-QTL summary statistics (assigning to up to 10Mb upstream of the
transcription start site given the same gene) for brain tissue, from ROSMAPZ as well. To ensure that
DNA-methylation-QTLs affecting pQTLs are mediated by eQTLs, we further subset the DNA-
methylation-QTLs-pQTLs colocalization result with eQTLs-pQTLs colocalization result.

For colocalization of cis-pQTLs with cell-type-specific cis-eQTLs from ROSMAP: We identified the

neuron-, oligodendrocyte-, microglia-, and astrocyte-eQTL data using a pseudo-bulk strategy on
snRNA-seq (N=48) from ROSMAP data’l. In total, we recreated the expression matrices on five cell-
types (microglia, excitatory neurons, inhibitory neurons, oligodendrocytes, and astrocytes). We next
identified cis-eQTLs for each cell type using fastqtlv2.0%2 after integrating with the whole-genome
sequencing data from ROSMAP (N=39). Using both the nominal and permutation modes, we
followed the significant eGene calling approach from the GTEx pipeline. We used different priors
because the pseudo-bulk derived cell-type specific eQTLs were underpowered compared with bulk-
level pQTLs with p1 as 1x107%, p2 as 1x107%, and p12 as 1x1073. The results can be found in

Overlap of proteins with pQTLs and drug targets

To obtain information on drugs that target proteins with pQTLs from this study, we used the
DrugBank database (as of 1/3/2020)Z2, This is a manually curated database that maintains profiles
for >15,000 drugs (including FDA-approved and experimental drugs). For our analysis, we focused

on the protein target for each drug. For each protein assayed, we identified all drugs in the
DrugBank with a matching protein target based on UniProt ID, annotated via
https://www.uniprot.org/database/DB-0019. We further integrated the MR results on proteins as
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p ; LETTERS Table 3 | Summary of ignifi i i
ry of the 11 AD PWAS-significant genes with evidence for being consistent with a causal role in AD
genetlcs https://doi.org/10.1038/541588-020-00773-z
Discovery PWAS  Confirmation PWAS Evidence for causality| TWAS significant  New gene
m Check for updates - o E— sy ) e ) o ) )
Gene Chromosome coLoc SMR
. . . 1 CTSH 15 Significant Replicated Yes Yes Suggestive Yes
Integrating human brain proteomes with 2 oo v v |ma
genome-wide association data implicates new A Ak 2 o e - i s o
. . . y . . 4 LACTB 15 Significant Replicated Yes Yes Suggestive No
proteins in Alzheimer's disease pathogenesis 5 sx32 1 Significant Replicated Yes Yes | Yes Yes
6 ACE 17 Significant Replicated Yes No Yes Yes
7 RTFDCI 20 Significant Replicated Yes No Suggestive No
8 CARHSP! 16 Significant Replicated No Yes Yes Yes
Genome-wide association studies (GWAS) have identified 9 sTX6 1 Significant Replicated No Yes | Yes Yes
many risk loci for Alzheimer's disease (AD)"?, but how these i 6 Syt = Y Y= e o
- - - - . - - | PLEKHA™ 10 Signifi - i Y N/A Yi
Ioc‘ confe r AD rISk Is unCIear. Here' we almed to Identlfy Ioc‘ *Proteins not found r;-he confirmation PWAS. N/A refers Iogrnﬁli:l c'ccar:tt have sgnificam hentabxlity estimates to be nclm:: n the T'A'AScf‘iZ The il ;e-.ue' for the TWAS are shcw:z
that confer AD risk throllgh their effects on brain protein ;ip:i::‘v:::":::i"rl:nads:g:;sga:;ma TWAS sgnificant’ colume: reders ta ganes with 0.0% < TWAS nominal 0., Naw gene refers 1o genas not within a 1-Mb window of SNES with
abundance to provide new insights into AD pathogenesis.

To that end, we integrated AD GWAS results with human
brain proteomes to perform a proteome-wide association
study (PWAS) of AD, followed by Mendelian randomiza-
tion and colocalization analysis. We identified 11 genes

that are consistent with being causal in AD, acting via their

cis-regulated brain protein abundance. Nine replicated in a Cell Type
confirmation PWAS and eight represent new AD risk genes - -
not identified before by AD GWAS. Furthermore, we dem- - i
onstrated that our results were independent of APOE e4. a8

Average Log Fold Change

Together, our findings provide new insights into AD patho-
genesis and promising targets for further mechanistic and »
therapeutic studies.

CARHSF1 CTSH DoCaA ICAIL PLEKHA1 SNX32
Gene
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dental caries
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. ]
teeth defect ™
- =H .
] |
teeth loss R
e — . ua
]
white spots on the teeth &= i
I — e
gingival bleeding IEEEEEEE I I
— | R
I
dental calculus NSRRI N
0 005 01 015 02 0 01 02 03 04 05 06 07 0.5 0.6 07 0.8 09 1
microbiome contribution variance explained AUC
M saliva_microbe tongue_microbe genetic_PRS B PRS_saliva_microbe B PRS_tongue_microbe

Ela: MEMXIHORRMAEEREE, Eb: REY), EEPRSUIRMESSXI6FORTH
SRR, Bl &Y, EREPRSLINMEZESXI6MORRERXPSAIFTIRIEE (AUC)
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ERNTSCDFMUCKIRIEX, ANSRITEBERRN, FE£T4HE. BAERMEADWARFTIERIEK, CASP7, —MHEH
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® PIBDXGERMNERFRATBESH L KR SZRFIN B M.,
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v Meta analysis 5 B X 5 J§ & [
AE T AW ‘ & ) HETANEREENRNG
< ERHREF A fcaself K p. CERNETFANF, 5L HRGWASH A Bt f

WE/ERERELE#
v ?;i;l;gﬁgntrolﬁ A/1000Genomes Jg ESP v B Lk GWAS S B 5 [ i B [ 7 3t 5

NGSEREWF, Z#6H/F0IHRE

YW EBREHH Massarray/Tagman/KASP % % 1 jif

v" Linkage analysis W ERERBEM. K. FRETHTAA
v' Consegregation analysis B, 2Bt
v Mutation prediction analysis

Mi/HHERDFIEER T g
Wi % )6k = L % E i {7 invitro R invivo 57

GWASH % XAHK
v K& H &R icasett K

v ELEEEITERTT T
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Exome Sequencing ldentifies a Novel
Variant in ACTC1 Associated With
Familial Atrial Septal Defect

Exome sequencey M
v IV=-2 V-1 1 case #f &K

v &J_k

v Agilent SureSelect Human All Exon 50Mb

Validation # W

v 841 # kcaseH A&

v sangerl FH A B I F R B BB RE

% 1

\/p.IVI178L mutation was identified as benign by half of the mutation prediction algorithms tested.
PolyPhen-2, MutationAssessor, and PROVEAN predicted that the p.M178L substitution will be

benign or neutral in its effect on protein function
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p-MI178L p.MI123V p-E101K
Algorithm Score Prediction Score Prediction Score Prediction
PolyPhen-2 0.035 Benign 0.011] Benign 0.788 Possibly damaging
PROVEAN 0.306 Meutral —2.55 Dieleterious —2.919 Delcterious
MurationAsscssor —0.82 Meutral functional impact 3.785 High funcrional impact 2,84 Medium functional impact
SNPsé&c GO 7 [hiscase 9 [hscasc 9 [hscase
Align-GVGID 14.3 Less likely to interfere 20.52 Less likely to interfere 56.87 More likely to interfere
with function with function with function
MutationTaster 15 Discase-causing 21 Dhiscasc-causing 36 Discase-causing

4

Results of mutation prediction algorithms for 3 mutations in ACTC1
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H +1000Genomes CHB/CHS #{ # K tagSNP 1 i

GRCh37 BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog B - Search Human...

VCF to PED Converter

Veb Tools
3 Web Tools VCF to PED Converter @
— BLAST/BLAT
— Wariant Effect Predictor This tool parses a vcffile to create a linkage pedigree file (PED) and a marker information file, which together may be loaded into LD visualization tools such as Haploview.

 File Chamelean

— Assembly Converter

— 1D History Converter

— VCF to PED Converter

Name for this job (optional):

— Allele Frequency Calculator Species: B Human (Homo sapiens)
— Data Slicer }
— Variation Pattern Finder Assembly: GRCh37.p13

Region Lookup:
N Conomcis
e.g. 1:1-50000

; Choose data collections or provide your own | Phase 3 r
: Share this page file URLs: _
Genotype File URL:
R+ Bookmark this page

Sample-population file URL: ftp://ftp.1000genomes. ebi.ac.ukfvol1/ftp/release/20130502/integrated _call_samples v3.20130502.,

Select one or more phase 3 populations: ACB -

ASW |_| I
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dumped_regionABCAl

File Display Analysis Help

| 10 Flot || Haplotypes || Check Markers |§Tagger |

|Configu.ration| Results |

Tests

r=354T300
rs202092T
rzZ2531T5
rs4T43T62
r=4149335
rzdl426945
r=2T40492
r=24T2510
reETTTT94
r=10991410
r=1999451
rsZ248TO6BS
r=10820735
r=248T039 w

Alleles captured by Current Selection
12001081
r=4149267
rs2TTTTE2
rs22TE54Z
rs2TTTT91
54149274
rs25TSETS
rSZTTTTE4

|3
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#llele Test r?
r=4143340 r=4149340 1.0
r=363T1T r=363717 1.0
r=4149339 r=4149335 1.0
r=4149335 r=4149335 1.0
r=2452433 r=41428845 1.0
r=11T83515 r=11T58515 1.0
r=1331924 r=1331924 1.0
r=2T7T77eT r=414265945 1.0
r=Z0BRE5E r=20BR551 1.0
rs27404585 r=41426945 1.0
rs20665851 rs206A551 1.0
r=4149337 r=20BA551 1.0
r=22T487T1 r=22745871 1.0
r=4149334 r=4149336 1.0
r=2740454 r=2T40454 1.0
r=2297405 r=2287405 1.0
r=ZZ97406 r=Z23T406 1.0
r=4149335 r=414933% 1.0
r=4149333 r=202092T 0. 943
r=4149332 rs202092T 1.0
rs2020927 rs202092T 1.0
r=4149331 rs202092T 1.0
r=10121901 r=2020927 1.0
r=20B6TZ0 r=2020927 1.0
r=2297407 r=2020927 1.0
r=4149325 r=1988431 0. 525
r=2297405 r=1988431 0. 525
4t anma armAnT in
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Number of variant
consequences
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T

Show
Show

Show

H +dbSNP % # F # 17 functional region SNP 1 it

Type

Transcript ablation
Splice donor variant
Splice acceptor variant

Stop gained
Frameshift variant
Stop lost

Initiator codon variant
Transcript amplification
Inframe insertion
Inframe deletion

Missense variant
Splice region variant
Incomplete terminal codon variant

Synonymous variant

Stop retained variant

Description

A feature ablation whereby the deleted region includes a transcript feature (S0:0001893)
A splice variant that changes the 2 base region at the 5" end of an intron (S0:0001575)
A splice variant that changes the 2 base region at the 3" end of an intron (S0:0001574)

A sequence variant whereby at least one base of a codon is changed, resulting in a premature stop
codon, leading to a shortened transcript (S0:0001587)

A sequence variant which causes a disruption of the translational reading frame, because the
number of nucleatides inserted or deleted is not a multiple of three (S0:0001589)

A sequence variant where at least one base of the terminator codon (stop) is changed, resulting in
an elongated transcript (S0:0001578)

A codon variant that changes at least one base of the first codon of a transcript (20:0001582)

A feature amplification of a region containing a transcript (S0:0001889)

An inframe non synonymous variant that inserts bases into in the coding sequence (S0:0001821)
An inframe non synonymous variant that deletes bases from the coding sequence (S0:0001822)

A sequence variant, that changes one or more bases, resulting in a different amino acid sequence
but where the length is preserved (50:0001583)

A sequence variant in which a change has occurred within the region of the splice site, either
within 1-3 bases of the exon or 3-8 bases of the intron (S0:0001630)

A sequence variant where at least one base of the final codon of an incompletely annotated

transcript is changed =~ ~77 777

A sequence variant that changes the coding sequence (£0:0001580)

A transcript variant located with the sequence of the mature miRNA (S0:0001620)
A UTR variant of the 5" UTR (SC:0001623)

AUTR variant of the 3 UTR (SC:0001624)

A sequence variant that changes nen-coding exon sequence in a non-coding transcript

A transcript variant occurring within an intron (30:0001627)

A variant in a transcript that is the target of NMD (S0:0001621})
A transcript variant of a non coding RMA gene (20:0001619)

A sequence variant located &' of a gene (50:0001631)

A seqguence variant located 3" of a gene (S0:0001632)

\[J - B Coding sequence variant
SR CEIEE T ] 0 - B Mature miRMA variant
A sequence varian_tﬂuf 0 = 5 prime UTR variant
remains (S0:0001567
0 - 3 prime UTR variant
142 Show [ Mon coding transcript exon variant
S0:0001792)
1228 Show [ Intron variant
0 - B NMD transcript variant
1375 Show [ Mon coding transcript variant
451  Show Upstream gene variant
488 Show Downstream gene variant
2314 Show ALL All variations
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{? SHP. Function Prediction — Windows Internet Ezplorer
@ L o | http:ffenpinfo. niehs. nih zovf snpfune. him - | 49| x
W "ﬁ? [gglvl& SNF linked to Gene LMA .. ‘ SWF Function Fredic... X I l & o D Eé.] - l_j‘,ﬁﬁ
‘@ f NIEHS Search MIEH
&' National Institute of Environmental Health Sciences — National Institutes of Health

HOME | HEALTH & EDUCATION QEaSSUisLN FUNDING OPPORTUNITIES | CAREERS & TRAINING | HEWS & EVENTS | ABOUT HIEHS

| Institutes of Health L"

SNP Function Prediction (FuncPred
Research ( ) N | H National Instituta of
Resources for Scientists Environmental Health Sciences
Databases Query by ;| SNP rsiD v|
SMPinfa Weh Server Paste a list of SMP rsid
e — E2ZCR] FUNDING OPPORTUNITEES | CAREERS & TRAWMG | NEWS & EvewTs [ apourmens| |
Selection
GWAS Functional SNP — . . - Arakd
Selaction Or upload an AMSI text file with SMNP rsid _ Research SNP Function Prediction Results
GWAS SNP Selection in | H A, . ] Resources for Scientists Exooi To Bxcel
Linkage Loci [include SMPs with LD = [0.8 in Population: Databases
D TAG STIP Selection Olasw CJceu Ccwe OeHp OeiH CIJeT DT | spiicing | splicing | __ sliPs3D| SHPs3D
SNP Function Prediction CIuwk CImex CIwkk CItst CIyRl Candidate Gene SNP No.| rs |Chromosome | Position |Allele TFBS S?:t:g;g (ESE or | (abolish tr:;llli:‘;a] IQ:::U nsSHP nggc?n Polyphen| (svm | (svm |RegPotential
SHP Information in DMA Selection ESS) |domain) profile) | structure)
Sequence - I
i e —— GWAS Functional SNP 1 |radg54327[1 28062725 [AG |- |- - - Y Y - . - - - NA

e SHP Functional Predictions: Selection < |
User's Guide GWAS SNP Selection in

All Scientists oS Linkage Loci

; Splicing Regulation LD TAG SNP Selection
All Laboratories

Stop Codon SNP Function Prediction

Falyphen Prediction
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— A =
= FAEET  CYP2D6 SNP ﬂ
& s 3% 16,600 LR (FIRI0.1385)
ARl AR
201964+
2018L1=E
201501
EEVEE.. - . : . :
Association of CYP2DG6 single-nucleotide polymorphism with response to
o ophthalmic timolol in primary open-angle glaucoma—a pilot study
R H Yuan, M Yu, ¥ Yang, K Wu, X Lin__. - Journal of Ocular ..., 2010 - liebertpub.com
=HRRE ... correlated with increased risk. 4 With the finding of CYP2D6 SMPs, novel methods
and SMP sites were discoverable, -8 including polymerase chain reaction—restriction
TRE=S fragment length polymorphism (PCR-RFLP). So, in the __.
- 3 s e N
] o U9 #ESIFEAEDR 13 BENE FRE S5 THEE
ke . .
' - Post-mortem SMP analysis of CYP2D6 gene reveals correlation between
genotype and opioid drug (tramadol) metabolite ratios in blood
v BEEF A Levo, A Koski, | Ojanpera, E Vuori... - Forensic science ..., 2003 - Elsevier
v 8&514 Tramadol is an opioid drug metabolised in phase | by cytochrome P450 (CYP) enzymes, of
which CYP2D6 is mainly responsible for the O-demethylation of tramadol, but is not involved
e in N-demethylation. Defects in the genes encoding drug metabolising enzymes (DMEs) may ...
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IncRNASNP-human  SNP  IncRNA  miRNA  Download  Help  Contact search submit

w<ne y @ (TR
- R noie
| @ wchna Q o “1{{;9{\‘

In this module, we provide the information of 32,108 human IncRNA transcripts of 17,436 IncRNA genes. There are 2,717 human IncRNA transcripts of 1,543
IncRNA genes on chromosome 1.

[l[l[l[lutltl [I
IR

b0 b 0 0 & 0 0 o
9 A

w11 12 13 14 15 16 17v 18 19 20 21 22 T

1 2.3 4 95 n 7.8 9 10 . 90 | 9 ==

IncRNA ID £ IncRNA Gene -~ SNP © A miRNA © £ Gain @ -~ Loss © -~

BERREY MO FIRAEEREARARIRSS Bk )




(RiERESNPH RZiTIRE R gt i

B T GWASH i & i it

7)) SWAS )
34 < & i e e

Phenotypes Gene/Region Siudy List Markers Browser GWAS Mart

Q, Search All |

Enter a study id, dbSNP id, MeSH/HFO phenotype term, keywords, author names, HGNC gene symbols, chromosomal regions or PUBMED identifier
(e.g. HGVST307, rs2317951, Pancreatic cancer, Todd JA, ADAM19, chr12:13234. 4534534, 17554300)

O About GWAS Central ,i> Use GWAS Central as a data source

GWAS Central provides a centralized compilation of summary level findings from GWAS Central contains 69,986,326 associations between 2,974,967 unigue SNPs
genetic association studies, both large and small. We actively gather datasets from and 829 unigue MeSH disease/phenotype descriptions.

public domain projects, and encourage direct data submission from the community.

GWAS Central data content is available in its entirety to researchers as part of a
collaboration. To discuss your requirements, send an email to help@awascentral.org.

See more..
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Genes-Drugs

CPIC assigns CPIC levels to genes/drugs with (1) PharmGKB Clinical Annotation Levels of Evidence of 1A, 1B, 2A and 2B, or (2) a
PharmGKB PGx level for FDA-approved drug labels of “actionable pgx”, “genetic testing recommended”, or “genetic testing required”, or (3)
based on nomination to CPIC for consideration.

= View CPIC's process for assigning CPIC levels

= View CPIC's levels for genes/druas

= View CPIC's process for prioritizing CPIC quidelines

CPIC invites feedback on existing and planned gene/drug guidelines.

Download Table (CSV)
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)
$"<PHARMGKB Q =Menu (@ Help

@ ®© PharmGKB data is licensed under a
Creative Commons Attribution-ShareAlike 4.0 International License.

Annotations Data

Downloads contain information from PharmGKB annotations.

m Variant and Clinical Annotations Data Varia ene and Drug Relationship Data
v Clinical & Variant annotations summary. Relationships summarized from PharmGKB
& _annotations.zip = 57 me 6 annotations.
& relationships.zip © <7 e 6
E Dosing Guidelines E Drug Label
Detailed dosing guidelines in JSON format: Drug label summaries in TSV format:
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[ i) SNP % 4 FIRNA %L 4 i {7 cis- or trans-eQTLH) F B

Blood eQTL browser.

This web page accompanies the manuscript titled "Systematic identification of trans-eQTLs as putative drivers of known disease associations’, by Wesira et al, which has been
published in Nature Genetics. If you want to use any of the cis- or frans-eQTL results displayed on this page in your publication, please cite this paper as indicated below. For further
questions, contact the corresponding author: lude@ludesign.nl

Download eQTL Results

You can download the full ¢fs- and frans-eQTLs, detected at a false-discovery rate of 0.50:
Cis-eQTLs (FDR 0.5)
Trans-eQTLs (FDOR 0.5)

How to cite

If you use the eQTLs present on this website in your paper or research, please cite our work: Download citation directly from MNature Genetics

Query eQTL Results

Or, you can query the cis- and frans-eQTLs below (examples: rs7807018 or VIWCE):

Gene or SNP name: || Search |
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Search

Perform a quick search for mQTLs across the ARIES mQTL database.

Take the tour »

SMPsfCpGs rs498045
cg24851657
Database MatrixEQTL -
Timepoint All -
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SNP and CNV Annotation Database

Home —Gene | P | feion |G- L0 Amosions

Enter SNPs (rs numbers):

or choose a file with a list of SNPs: )
L

include SNP info

include host gene and SNP function

include left- and right- flanking genes

include genes that SNP predicts expression for with p-value less than

O
O
O
O
0.00

001
[] include methylation QTL information for the SNP with p-value less than
0. 0001
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e 18 SNP {7 50 %5 5 08 % F B A0 P 3% 008 P DITCGA N IR ALK, 8
12T AR AR, HHRH, ﬁﬂlﬂﬂ‘]ﬁ’lﬁ%‘é i, #{7TFBS. eQTL. HiC
SFEMEZHTER

GWAS4D Introduction GWAS4D
aicakiohdid —

Please specify the name of your study:

P
‘/

EHI}

Please specify your E-mail Address to retrieve your job:

!!'Demo Resuit 1 from here. (Fine-mapped Credible Set of Inflammatory Bowel Disease from Hailiang Huang et.al. 2017 Nature)
!''Demo Resuit 2 from here. (GWAS result of Coronary Artery Disease from Nikpay M et.al. 2015 Nature Genetics)
!!'Demo Resuit 3 from here. (Fine-mapped Credible Set of Coronary Artery Disease from van der Harst et.al. 2018 Circulation research)

GWAS Summary/SNP List A

Variant Input Format (CRCh37): @ VCF-like Map —

O Upload Association/SNPs File (<20M) s
example input files (4 different formats)

® Paste Association/SNPs List

example (VCF-like)
example (Only genomic coordinates)
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() SNPIEtEEIEIIEE IR

fk ASNP SR mBAT B AR E: B ZAHEUNESOUNARNE mDREZETE,
m6A-associated genetic mutations (dbSNP). m6A-associated cancer somatic mutations.

Disease related m6A-associated variants. Splicing sites affected by m6A-associated
variants. RNA binding protein affected by m6A-associated variants. miRNA targeting and

processing affected by m6A-associated variants

Database of functional variants
involved in RNA modifications

Search by RMVar_ID, Rs_ID, Gene, Region or Disease:

Type~ Search
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() SNPEEEEIE AR

e i R T SRONPI A BB TR BB % WS, eQTL,

[ SNP, TFBS, CRISPR/Cas9#ll {y i, DHSAHI# & ¥,

Genome-Browser Download Statistics Submit Contact Help

Home Data-Browse Search Analysis ~

@ Analysis = SNP-SE analysis

Analyze common SNP in the super-enhancer regions

SNPID Function introduction and parameter explanation
'51d  egrs2240893 Users submit a common SNP and find super-enhancers in which it appears, the super-

enhancer’'s annotation information and LD SNPs of five super-populations.

Start analysis Reset
1) SNP ID: Only the SNP ID can be supported (Common SNP of dbSNP 150 Build).

For Example
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SNP17 & 4 & # 1 8 i B : The information includes motif changes, risk SNPs, LD
SNPs, eQTLs, clinical variant-drug-gene pairs, sequence conservation, somatic mutations,

enhancers, super enhancers, promoters, TFs, ChromHMM states, histone modifications,
ATAC accessible regions and chromatin interactions from Hi-C and ChlA-PET,

V_,_l = "1 _‘] Home Browse Search Analysis - Genome-Browser Statistics Download Contact Help
(E’\ Search
Q search by rsID or location .
Tip: Number of ?rarlatllolns of dlf'fergnt scclares N @
Il Non-coding variation [ Coding region variation

Fitstly, please choose one 'Input type', and then provide your variations (max to 250,000,000 -
100) or a genomic location (chriN:start-end).

200,000,000 -

Input type rsiDs

100,000,000 H

e [P L1a ]
50,000,000 4 o

(O upload a text file FIEEIE | |
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@ GWASHE i A ——iScan i

o HERRE
‘k GWASH i ASA K

CGA i

EEEBH | ssoki
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@ $E[RISNP 43 BIE Mz R——Massarray 22 45t el

\l i % SNP 1 f1 43

R R
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@ Massarray$z A JRIE e o

Miniaturized Sample pad -
SpectroCHIP™

Tl o ¥ RS A

S0 CE0s

-

An uz;osaa'_:xi

Ak

MALDI-TOF Mass Spectrometry
R iR AT I (R S

oo
Nuc"nan

Statistical
Sampling
Gt R
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@ Massarray$z N [FIE——SNP 4 BY

Genomic DNA e e e——— I e —

Competitive PCR

—_—

——— G $ A
C | T
_ SAP Treatment
Primer ‘ Primer

Primer Extension —G —

ALLELE 1 ALLELE 2
HOMOZYGOTE T/T HETEROZYGOTE T,/C HOMOZYGOTE C/C
- mE = mE =
g u §uy 9 § i
E 3 E 5 3 g 3
g g -l g
-—“-va-\l-J. ; - MM”WLL M, w‘”ﬂr—
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() Massarray SNPHE RIS HAE % B

SN Pﬁi}ﬁ%l%iﬁ@

v BBESEIRRFFIEERT
v ST /N “1 %_T‘_,If—"_l\
(DN AHEAEIS 5 g — N RN B EAL

v Nano OD#E, iKREWRN E
v’ BB KBEERIS ' J\?¥$¥ﬁ§§3é>
10

/ PEERO6 MEARHTSNPA TSI

v TSN RAYERE RIS E

IEZ3E58

v FrEEAS R
v BEIBRSEEE
v SRIREEE
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(>) Multi-PCR NGS SNP$E 3R [HEE

—— SRREAIRITSEPCRE WY
v— !
#1482 BPCRIZ AT
[ \l/
BIREAL AT

|

B2 LS IPCRIZ AL

\ FE1L.D \l/
3"

o

FAIREEAY

N EEEIRE

J

e NGSUEF
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BR— BEERIERA, &R
>300SNP{RZRATTEY

TR BRUFRE, IR
RE>1000X

FR= RE, M1&(EEE

K BPY: SEPCREIASENGSHEA
ROIRAEEED
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() Multi-PCR NGS SNPHEUE AR 7S

SNPR5Ii&iT FSCS P
v EEREFFILLT v Nano ODREE. SEEIEH v ABMEATLISMEPCRIE v FFEHAERTINGN
v BEPCRIIMGIHI v BRI v NGSTUFASRIIE v RRTIRES
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« GWAS  /WES-seq/Target NGS-seq e e
« Massarray /Multi-PCR NGS/Tagman
/KASP SNP %
« 16SY B FWF/EEKAWFF
+ HLA-seq/TCR&BCR-seq
RMBEASRS o o AL o RBAFRE

« EWASIH K o o A
* Multi-PCR NGS #! [)DNAF % {t & 8 o R4
* Massarray #! [ DNAR & {t, & & - WRWAWEZ N
TYEIY RHRA SRS

DIAE & & H IR 41/ iTRAQRTMT ¢ 8

& H i 4l/Label free F & & B i 4l
« PRM#! [ & H/Olink & H & 8/ELISA
- BMERARA

BEREESAKERD R

S @z@#ﬁ Bt 7 M 55

- GWAS& % M ¥ Hi A Ik %
- EWAS&Z 4 ¥ H A R %
o PR E A A REA RS
- BARMGKRHARAKRF

o HFANGS/& Ik i W i
* RT-aPCR¥ [ # X & it &

B A F RS

c BARERANF

c PARERAENT

« BRWATACH & AW
TR AW T
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