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STRUCTURE OF THIS LECTURE

Recap of some concepts
All about Post GWAS
Data bases : Post GWAS

Web servers : Post GWAS
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/ RECAP OF SOME CONCEPT \

What are SNPs ? @

What are minor and major alleles ? Ejf
N
What is LD dis equillibirum ?

What do you mean by association test ?

What are manhattan plots ?

What are q-q plot ? /
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Important genetic terms

» Given position in the genome (i.e. locus) has several
associated alleles (A and G) which produce genotypes r,/r,

SNP at locus X

»Haplotypes
- Combination of alleles at different loci
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GWAS visually

» GWAS tries to uncover links between genetic basis of the disease

» Which set of SNPs explain the phenotype?

Genotype Phenotype
ATGCAGTT control
TTGCAGTT control
CTGCAGTT control
ATGCGGTT case
TTGCGGTT case

CTGCCGTT case
SNP
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The era of hypothesis generating research

GBIO002

Running a GWAS: Getting your genotype data

* Select your chip
* Complete your genotyping

W\lhln Iaratten

Complement Factor H Variant Increases the Risk of Age-Related
Macular eration

Jonathan L. Haines ef al.

Sclence 308, 419 (2005);

DOI: 10.1126/science. 1110359

This copy is for your personal, non-commercial use only.

AB 2019




» Data Preparation

The Problems of population substructure

Devlin and Roeder (1999) used
theoretical arguments to propose that

> Qu a I ity Co nt rOI with population structure, the s _'O

distribution of Cochran-Armitage trend
tests, genome-wide, is inflated by a
constant multiplicative factor A.

We can estimate the multiplicative
inflation factor using the statistic

> C I t : A = median(X?2)/0.456. +«—— Population cutliers
u S e rl ng Inflation factor A > 1 indicates AIEEHRS
population structure and/or

genotyping error.

We can carry out an adjusted test of
association that takes account of any

mismatching of cases/controls at any Rt e o
> G WAS SNP using the statistic X2/ A. - J

GWAS based on Linkage Disequilibrium (LD)

* LD is the non-random correlation or association of alleles at
two loci

« D, D' (normalized), and 72 are commonly used summary
statistics to estimate pairwise LD

* r2is preferred in association studies because it is more
indicative of how markers might correlate with QTL
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Lambda should range from 0 to 1 (ideal condition).

Cbszerved f

Expected f

The resulting Q-Q plot clearly depicts a trend line (\lambda = 1, red) ,overlapping with x
=y (black) and a slight deviation in the right tail.

so we canh be more confident about our results.
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Manhattan (multi chromosome view)

6nning a GWAS: Visualize your results\

Louhp )
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Phenotyping

Case

Control

GWAS

Genotyping Mapping
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in Medicine E P

Tutorial in Biostatistics = @ Open Access @ OJORS

A guide to genome-wide association analysis and post-analytic
interrogation

Eric Reed, Sara Nunez, David Kulp, Jing Qian, Muredach P. Reilly, Andrea S. Foulkes &

First published: 06 September 2015 | https://doi.org/10.1002/5sim.6605 | Cited by: 21

Get it@ULiege

Support for this research is provided by NIH/NHLEI RO1-HL107196.

iE SECTIONS “* pDF ¥, TOOLS « SHARE

Abstract

This tutorial is a learning resource that outlines the basic process and provides specific
software tools for implementing a complete genome-wide association analysis.
Approaches to post-analytic visualization and interrogation of potentially novel findings
are also presented. Applications are illustrated using the free and open-source R
statistical computing and graphics software environment, Bioconductor software for
bioinformatics and the UCSC Genome Browser. Complete genome-wide association data
on 1401 individuals across 861,473 typed single nucleotide polymorphisms from the
PennCATH study of coronary artery disease are used for illustration. All data and code, as
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[ata files:

Data files:

ped file L file
- participant IDs - rsNumbaers — Sfam I‘H_i Jim file Jbeed file
- genotype data - BP location of SHP PLINK comerrts - padticipant IDs - rsNumbBers - genetype data
- g Pl Bl i T 0D = SN = BP lecakion
- pharioty pa fam, Bim. snd .bed fles. | . phenotype » observed alleies

e ) function in & | 4 read phinkl) fusction in & _

Shep 1: In Data files:
[ 4| Croation of A Objects }.:_ Clinical data file
= Cavariateg

SHP level filtering (part 11 Sample level filtering SHP level
- Call rate |- Call rate filtering
« Minor Allede Fregu = Hedevozygosity [part 2]

requency - Palatednsts it A SnpMatrix Object (subset)

= Ancestry
Step &

Referencn panal

{%.g- Haplklap cr 10000G)
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far nea-Cypad SNPS

Creabie imputed GEnclypes

Principal companont analysis
Crzate PLS bo 2djust Tor potantial
confounding by substructure®

Steg 7 !

Azsociation analysis for imputed data
Aooount for data unoermamly in analysis

Association analysis for typed data
Fit generalized lirear model

Step A9: ¥

hdditional post-analytic interrogation:

Data integraticn
Typeed a0 imputad SNP results

Step 10: ¥

Wisuallzation and QC
Marhattan; G plol; Heabtmap

Targeted interrogation of external resources
- Adcribe SN to protein-coding genes =
- Azsocinte with noarky coll and tssue Specilic
regulatory elements (e.g. chiomatin stake, cpegeniehb
marks, trargcription factor Binding) snd expréssion
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All about Post GWAS
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Post GWAS : Interpreting SNPs

Look at the functionality of your SNP (SNPdoc)

Literature search — can you give biological
plausibility?
Other tests: pathway analysis / Gene based tests

Manual Search = No

Multiple softwares are available

GBIO002 AB 2019




Genomic Positions of SNPs

IMPORTANT FINDING

AlplC ae
| GA

M GC - GTTA
A Ny GA

G '/TA

Gene Structure

Transcription Transcription

initiation termination
' LExon 1 Intron 1 Exon 2 WGn:a Exon 3 ! '
s —— il I -
Promoter 1 ry
region Translation start Translation
codon (ATG) STOP codon
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The Basics - Genes

Segments of DNA that encode instructions to
our cells

Nucleotides link the two strands of our DNA

These bases are the alphabet of our genetic
code
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Genomic Positions of SNPs

Genome

Chromosome

Gene

S l " l 4 Chemical bases

~
§
d

.
.\«L\\\ ot

.

CTACT 'CTGCCCTTAAG 'TCCC

S l : l .

GATGA 'GACGGGAATTCC GGG
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Classification of SNPs (Based on Genomic Position)

Collect Gene
SNPs list (rs ID) > information from
Ensembl

[SNPS analysis in non-coding] [

regions
UTR
regions

SNPs analysis in coding regionsJ

l

Non-synonymous
SNPs

V PASE

List of ranking Non- ]

Promoter
regions

CpG
island

Splicing
sites

synonymous SNPs

Candidate genes
and SNPs
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Why : From SNPs to Genes

Other -omics
Variant effect

D bili tudi
Fine mappmg P'"Ed'Ct":'" rugga ey sracles Fratem-FrotEln interactions
Causal SNP(s) - Target Gene - Relevant Tissue(s - Pathways
Trans-ethnlc GWAS eQTL studles eQTL StUdIES Pathway EI'Ir'IChI'I'IEI'It
SNPs act as gene markers Understanding the Impact
g B> B>
B> B>
D> | n) NP
‘l\“:,"m mess: g e to
\\N ?
2N\

§ o
t
eated based A
on me: gfmg
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Examples: From SNPs to Genes

rs6311 and rs6313 are SNPs in the Serotonin 5-HT2A receptor gene on human
chromosome 13.

rs3091244 is an example of a triallelic SNP in the CRP gene on human chromosome 1.

rs148649884 and rs138055828 in the FCN1 gene encoding M-ficolin crippled the ligand-
binding capability of the recombinant M-ficolin.



List of Data sources for Post GWAS

Example data types

Select data sources®

UCSC genome browser navigation

DNA level data (non-somatic; genEric to all cells):
L. Coordinates, e.g.

(1) SNPs

(2) Insertions and delations {INDEL=s)

(3) Copy number variants (CNVs)

I1. Gene elements, e.g.

(1} Protein-coding genes

(2) Non-protein-coding genes

Cell and tissue-specific regulation:

1L Chromatin state, e.g.

(1) DNA hypersensitivity (DNase-5eq)

(2} FAIRE sequencing

I'V. Epigenetic marks, e.g.

(1} Methylation promoter marks

(2) Methylation enhancer marks

(3) Acerylation marks (e.g. #HIK2TAc histone mark)
V. Transcription factor binding, e.g.

(1} ChipSeq data

Cell and tissue-specific expression:

V1. RNA expression, e.g.

(1) historic mENA

(2} genome-wide cell-specific RNA data (e.g. RNAseq)

VIL SNP-mRNA association, e.g.
(1} Expression quantitative trait locis (eQTL)
(2} Allelic imbalance (AT); allele specific expression (ASE)

Riomarkers endophenotype:
VIIL Oher -omics data, eg.
(1} Proteomic (e.g. pQTLs)
(2) Metabolomic

NCBI dbSNP[a]. ENSEMBL[b]

NCBI RefSeq[c], NCBI GenBank[d], ENSEMBLIb]
NCRI RefSeq[c]. NCBI GenBank[d], ENSEMBL[b]

ENCODE[e]. ENSEMBL]b]
ENCODE[e], ENSEMBLIb]

EMCODE[e]. NIH Roadmap Epigenomics[f]
ENCODE[e], NIH Roadmap Epigenomics[f]
ENCODE[e], NIH Roadmap Epigenomics[f]

ENCODE[e]. ENSEMBLIb], custom

NCEI GenBank[d]
ENCODE[e], GTex Portal[g], NCBI SEA[R]

GTex Portal[g], custom
GTex Portal[g], custom

UniProtKB[i]
HMDB[j]

Varation: Comimnon SNPs{141)

Gene and Gene Predictions: UCSC Genes
Gene and Gene Predictions: UCSC Genes

Regulation: ENCODE Regulation
Regulation: ENC DNase/FAIRE

Regulation: ENCODE Regulation
Regulation: ENCODE Regulation
Regulation: ENCODE Regulation

Regulation: ENCODE Regulation

mRMNA and EST: Human mRNAs
Expression: ENC RNA-seq

NiA
NiA

NiA
NiA
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Post GWAS : Terminology

" Indels
= Epigenetic markers

= eQTL

SNPs could be linked to epigenetic markers and regulate the expression of other genes

GBIO002 AB 2019



What are indels ?

* |Indels can be contrasted with a point mutation.

= An indel inserts and deletes nucleotides from a sequence, while a point mutation is a
form of substitution that replaces one of the nucleotides without changing the

overall number in the DNA.

wild-type seguence

ATCTTCAGCCATAAAAGATGAAGTT

3 bp deleticn
ATCTTCAGCCAARAGATGAAGTT

4 bp insertion (ocrange)

ATCTTCAGCCATATGTGAAAGATGAAGTT



Identify the insertion or deletion in following sequences

Wild CAT CAT CAT CAT CAT CAT

Mutation CAT CAT CAT ACATCATCA

Wild CAT CAT CAT CAT CAT CAT

Mutation CAC ATC ATA CAT CAT CA
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Wild CAT CAT CAT CAT CAT CAT

Mutation CAT CAT CAT ACATCA TCA

Ais inserted

Insertion

Deletion

Wild CAT CAT CAT CAT CAT CAT

Mutation CA C ATC ATA CAT CAT CA

T is missing



eQTL

SNPs can be located in gene regions or intergenic ones.
eQTL= expression Quantitative Trait Locus.

This is a genomic locus that influences the expression level of mMRNA (how much a gene
is transcribed).

This locus can be physically located close to the gene that gets regulated, or far away
(even on another chromosome).

SNP 1

CWas

~ Gene =P Disease

GW,\S

SNP N



Databases and Softwares

Data
source/tool

1000 Geneme

Project Phass
1

PLINK w1.0

MAGMA v1.07

ANNCOVAR

CADD vi4

RegulomeD8
vid

15-core
chrematin state

Used for

FReference pansl used 1w compute
r* and MAF.

Uzed to compute 12 3nd MAF.

Used for gene analysis and gens-
setanalysis.

A variant annotation tocd used to
obtain functional consequences of
ENPs on gene functions.

A deletericus score of variants
computed by integrating 53
functional annetations. The higher
thie zzarz, the more deletzrious.

A eategorical soore fo guide

nterpretation of regulstery varianis.

Chromatin state for 127
epipznomas was learmed by
ChromHMM derived from §
chromatin markers (H3Kdme3,
HiK4me1, H3K3Emel,
H3K2Tme3, HIKIme2).

=0TLs and ene sxpression used
n the pipeling were obtained from
GTEx.

ww.intemationalgenome.org!
. 1000genomes b ol fipireleasei20

Info and download: https:/iwww.cog-genomics.org/plink2

Info and download:

Info and download: http://annovar.epenbicinformatics.org/en/latest!

Info:

Data:

gulomeDB.dbSNP141.txt.gz

edufroadmap/weh_portalic learning ht

ta/byFileType/chromhmmSeg

bedFiles.igz

Info and data: h

Last
update

27 May
2019

27 May
2019

13Feb
2019

5 Dec
2018

27 May
2019

5 Dec
2018

5Dec
2018

14 Oct
2019

Referance

1000 Genomes Project Consortium, et
al. 2015, Aglobal referance for human
genetic variation. Nafure 526, 828-74.
FMID:25432245

Furcell 5., et 2l 2007 PLINK: Atool set
for whaole-genome association and
population-based linksge analyses. Am.
J. Hum. Genet 81, 5
PMID:17701201

deLeeuw, C, etal 2015 MAGMA:
Generalizad gene-set anzlysis of GWAS
data. PLoS Comput Biol 11,

DaI:10. j . peki. 1004219,
PMCIDPMC44

Wang, K.. Li, M. and Hzkonarson, H
2010. ANNCVAR: functional annotation
of genetic variants from high-throughput
sequencing datz. Nucleiz Acids Res.
382164

E

016285

Wicher M., etal 2014 A genersl
framewaork for estimating the relative
pathogeneticity of human genetic
warants. Nat. Genet 46, 310-315
FMID:24487

Bayle, AP, et al 2012 Annotztion of
functional variation in personal genomes
using RegulomeDB. Genome Res. 22,
1780-7.

M

Roadmap Epigenomics Consortium, et
31, 2013, Integrative anafysis of 117
reference human epigenomes. Nafure
318, 317-330.

FM 03
Erngt, J. and Kellis, M. 2012,
ChromHMM: automating chromatin-state
discovery and characterization. Naf
Methods. 28, 2154,

x Consortium. 2015, Human
genomics, The genotype-tissus
expression (GTEx) pilot analysis:
mukitissue gens regulation in humans.
Soience. 348, 648-80

FM 001

GTEx Consortium. 2017. Genetic effects
N gENg EXpression 3cross human

330, 204213

=gulatory effects soross human tiszues.
bioRyiv. doi:

27003
1787803

Blood eQTL
Browser

Bios QTL
browser

BRAINEAC

MuTHER

¥QTL Server

CommonMind

Consortium

eQTLGen

DICE

wan der Wijst et
al. scRNA
eQTLs

FsychENCODE

FANTOMS

2QTLs of blood cells. Only cis-
eQTLs with FOR < 0.05 are
availzble in FUMA.

&QTLs of blood cells in Dutch
population. Cnly cis-eQTLs (gene-
level) with FOR < 0.05 are available
in FUMA,

&QTLs of 10 brain regions. Cis-
2QTLs with nominal P-value < 0.05
are avaible in FUMA.

22Tl in Adipose, LCL znd Skin
samples (only o5 20TLs).

&QTLs in dorsolateral prefrontal
cortex samples.

&QTLs in brain samples. Both cis
and trans eQTLs are available

Metz-znzlysis of cis and trans
=2TLs based on 37 data s2t: (n
total of 31,684 individuals).

eQTLs of 13 types of immune cells.

=QTLs based on scRNA-seq of §
cell ypss

SNP annotaficns (enhancer,
H3KZ7ac markers), eQTLs and KiC
B3sed enhancer-promater
nteractions.

SNP annotaticns (enhancer and
promoter) and enhancer-promoter
comelations.

Info and data: hitp:/

Info and data: hitp

Info and data: hitp:/'

w.muther.ac.uk

o muther.

Info and data: hitp:mostafavilab stat ube.calxgtl

Info and data: hitp

synapse org &5y

eqtigen.orgfindex htmi
molgenis2f.gec. rug ni'downloads

leqtigen/rans-eqtlitrans-

Info 2nd data: b

tgen/zis-eqticis-

17
January
017

17
January
2017

January
ne

7
January
2018

January
2018

20 Oet
018

27 May
2019

27 May
2019

T May
e

27 May
2019

Westrs etal 2073, Systematic
dentification of trans 2QTLs as putative
divers of known disease associations.
Nt Genet 43, 12381243,

FMID:240

3

Zhemakova etal. 2017. Identification of
context-dependent expression
quantitative trait loci in whole blood. Nat
Gengt 43, 138-145.

£

Ramasamy st al. 2014, Genatic
variability in the regulation of gene

E ion in ten regions of the human
b Newrosci. 17, 1418-1428.

brain. A
PMID:2

Grundberg et al. 2012. Mapping cis and
wranz regulziony effzcts across multinle
fisues in twins. Nat Genef 44, 1084-

My et al. 2017. An xQTL map integrates
the genstic architeeture of the human
brain's transcriptoms and epigenome.
Hiat Neurosci 20, 1418-1426

FM 584

Fromer et al. 2018, Gens exprazsion
elucidates functional impact of polygenic
risk for schizophrenia. Naf. Meurosci 16,
14421453

| 68380

Wosa et al. 2018. Unraveling the
palygenic architzcture of complex raits
using thood eQTL metz-analysis. bioRii
hitps: 0/10.1101/447367

Schmiedel et al. 2018. Impact of genetic
polymarphisms on human immune cell
gene expression. Cell 175, 1701-
171518

PMID:30448522

wan der Wijst et a1, 2018. Single-cell
ANA sequencing identifizs caliype-
specific eQTLs and co-exprassion 27Ls.
Miat Genet 50, 423-407.
PMID:28810470

Wang etal 2018, Comprehenzive
functional genomiz resource and
integrative model for the human beain.
Soience 14, eaatB4dd.

PMID:305

Andersson etal. 2014. An atlas of active
enhancers across human cell types and
fissues. Nafure 507, 455451

PMID:2
FANTOM Censortium. A promoter-level
mammalian expression atlas. Mafure
07, 482470,
PMID: 2457076
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Databases and Softwares

BrainSpan

GSEST112 (Hi-
[#4]

Giusti-

Rodriguez =t al.

2018 (Hi-C)

Enhancer and
rometer
regions

MsigDB vwT.0

WikiPathways
20181010

NiAE-zatalog
=05 Z2018-09-
24

DrugBank
va.1.4

ncRVIS

‘Gene expression dats of
dewvslopmental brain samples.

Hi-C data (significant loops) of 21
tizsusicel types. Pre-processed
data {output of Fit-H iz used in
FUMA.

Hi-C data (significant loops) of
adult and fetal corex. Only
significant loops after Bonferreni
comection (Poon < 0.001) are
available.

Fredicted enhancer and premoter
regions {including dyadic) from
Roadmap Epigenomics Projects.
111 epigenomes are svailable.

Collection of publicly available
gene s=is. Dats sets includs =g,
HWEGG, Reactome, BicCarta, GO
terms and soon.

The curated biolegical pathways.

A database of reported SNP-trait
associations.

Targeted genes (orof
n DrugBank was obtsined to
assign drug ID forinput genes.

A genes scors snnotaEted to
orioritized genes. The score is the
probability of being loss-of-function
niolerance.

A pgene scors snnot@Eted to
orioritized genes. The score is the
non-coding residual variation
ntolerance score.

cidownload

Info and dats: hitp:eww brainspa

Info and data: hitps:/
GEEZTI2

The dsta was kindly shared by Patric F. Sullivan.

Info and data: h

re broadinstitute org/gsea’'msigdb

fikiP athways
51110/gmtfwiki

YRR
pathways.or:
iens.gmt

phe

aselrelease0.3.1/funct

January
2012

8 May

07

13Feb
2019

2 May
2017

14 Oct
2019

14 Ot
2019

14 Oet
2019

14 Oct
2019

27 ppril
2017

27 April
2017

Wang et al 2011. Spatic-temporsl
transcriptome of the human brain.
Naturs 478, 483-420.
PMID:Z203144D

Schmitt, A.D. et al. 2018. A compendium
«of chromatin contact maps revesls
spatially active regions in the human
genome. Cell Rep. 17, 2042-2052.
PMID:2TES

Giusti-Radriguez, P. et al. 2018, Uzing
thres-dimentional regulatory chromatin
nteractions from adult and fetal cortex to
nterpret genetic results for psychiatric
disorders and cognitive traits. bioRxiv
hitps:fidoi.org/10.1101/406330

Roadmap Epigenomics Consortium, et
al. 2015, Integratve analysis of 111
referzncs human spigenomses. Nafurs
S48, 317-330.

Ernst, J. and Kellis. M. 2012,
ChromHMM: automating chromatin-state
discovery and characterization. Naf.
Methods. 28, 215-5.

PMID:223

Liberzon, A etal. 2011, Mobecular
signatures database (MSiglB) 3.0
Bioinformatics. 27, 1730-40.
PMID:21546383

Kutmen, M., etal. 2018, WikiPathwsys:
eapturing the full diversity of pahway
knowledge. Nucisic Acids Res. 44, 488-
apa.

FMIC: 25481357

Machrthur, J.. et al. 2015. The new
NHGRI-EBI Catalog of published
genome-wide assocation studies
{GWAS Catalog). Musleiz Acids Res
pil:gkw1133.

PMID:2TED9GTD

Wishart, DS, et al. 2008. DrugBank: a
knowledgebase for drugs, drug actions
and drug targets. Musleic Acis Res. 36,
09016,

PMID: 18048412

_=k, M. =t 3l 2016 Analyzes of protein-
eoding genetic variation in 60,703
humsns. Wature. 536, 285-281.

Petrovski, 5. et al. 2015. The intolerance
of regulatory seguence to genetic
wanation predict gens dosags sensitivity.
=t 11, 21005492,
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Let us discuss :

ENCODE
HelgoDB
RegulomeDB
UniprotKB
ENSEMBL

FUMA

Data bases and web servers



ENCODE: Encyclopedia of DNA Elements

https://www.encodeproject.org/

ENCODE Data Encyclopedia  Materials & Methods  Help Search Q]

ENCODE: Encyclopedia of DNA Elements

o xco e gemgsres | s

Hypersensitive Sites —__ CH Search ENCODE portal @

O ‘\j\  Search for candidate Cis-Regulatory Elements (i ]
\ D AT /‘~ Hosted by SCREEN
5C DNase-seq ||cChiP-seq ||WGBS Computational | |RNA-seq | |CLIP-seq o) Bostiinnilin]
ChIA-PET | | FAIRE-seq RRBS predictions RIP-seq
Hi-C ATAC-seq methyl array
W
|
Long-range regulatory elements Promoters 7NN
(enhancers, repressors/silencers, insulators) Transcripts
il
-/"v Based on an image by Darryl Leja (NHGRI), lan Dunham (EBI), Michael Pazin (NHGRI)
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https://www.encodeproject.org/

Encode : Data structures

| e

Project

’10435

I ENCODE

I Readmap

B GGR

I community

Filtered Data Matrix

Biosample Type

6000
5000
4000
10435 o0
2000
1000
§ F &

S
¢ &
&
. cell ling F &
. tissue &
I primary cell

I in vitro differentiated cells

Most of data represents

Multiple resources

Assay Categories

® Iichael Snyder, Stanford
® Bradley Bernstein, Broad
@ John Stamatoyannopaulos, UW
® Richard Myers, HAIB

® Bing Ren, UCSD

® Kevin White, UChicago

® Brenton Graveley, UConn
® Thomas Gingeras, CSHL
® Gene Yeo, UCSD

@ Joseph Costello, UCSF

® \alerie Reinke, Yale

® Susan Celniker, LBNL

® Tim Reddy, Duke

® Ali Mortazavi, UCI

® Robert Waterston, UW

® Barbara \Wold, Caltech

@ Joe Ecker, Salk

® Chris Burge, MIT

® Gregory Crawford, Duke
® Ross Hardison, PennState

GBIO002 AB ﬁg ® Peggy Famham, USC

® Xiang-Dong Fu, UCSD

® TF ChiP-seq

@ Histone ChiP-seq
@ Control ChiP-seg
® DNase-seq

@ polyA plus RNA-s2q
® iotal RNA-5eq

® shRNA RNA-seq
®cCLIP

® DNAMe array

@ small RNA-seq
® WGBS

@ microRNA-seq

® ATAC-seq

® RNA microarray
® RAMPAGE

@ RNA Bind-n-Seq
@ genotyping array
@ CAGE

@ microRNA counts
® ziRNA RNA-seq
® Repli-seq .
® RRES

Multiple platform



Let us use Encode



Go to link http://screen.encodeproject.org/

Enter snp id : rs4846913

Click

oy

SCREEN: Search Candidate cis-Regulatory Elements by ENCODE

About Tutorials Downloads Versions

Hypersensitive Sites
Qe
RiA-san eCLIP
Binc-n-Seq

cl
ChIA-PET ATAC-seq P RRES RAMPAGE
Reph-seq -Histone mathyl array <Registry of cREs. MIRNA-s8q

VY

CH,

0 RNA polymerase
;I3CD ¢ 2
ENCODE
Encyclopadia

SCREEN Is a web interface for searching and visualizing the Reqgistry
of candidate cis-Regulatory Elements (ccREs) derived from ENCODE
data. The Registry contains 1.31M human ccREs in hg19 and 0.43M
mouse ccREs in mm10, with orthologous ccRES cross-referenced.
SCREEN presents the data that support biochemical activities of the
ccREs and the expression of nearby genes in specific cell and tissue

types

You may launch SCREEN using the search Browse GWAS
box below or browse a curated list of SNPs
from the NHGRI-EBI Genome Wide

Association Study (GWAS) catalog to
annotate genetic variants using ccRES.

1
Long-range regulatory elements Promoters N
{enhancers, repressors/slencess, insulators) Transcripts
econe]
A1
(T3
WL Basec on o Image by eyl Leia (H4HER, [ Duriam (BB, Michasl Pz (NHGRY
rs4846913

Enter a gene name or allas, a SNP rsiD, a ccRE accession, or @ genomic region in the form chr:start-end. You may also enter a cell type name to filter resuits.
Examples: "K562 chri1:5226493-5403124", "S0OX4", "rs4846913", "EH37E0204974"

Search Human Search Mouse

(hg19) (mm10)

@ 2017 Weng Lab @ UMass Med, ENCODE Data Analysis Center
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[}
x

@ newdlass X | m watanabe X | @ Functional X | 0 Table 1 Fe: X | 0 Functionzal X | @ Functional X | @ Functional X = MAGMA: ¢ X | A guide tc X ‘ m encodec: X [ SCREEN Gk X m encode dz X | m PPT - Dec: X ‘ £ Settings- X | -+ -

&« C ® Notsecure | screen.encodeproject.org/search/?q=rs4846913&assembly=hg198&uuid=bac162f5-b32a-4f92-85ac-600b27d016bb @ ¢ e

chr1:230294714

Search Results Upload

TSV Search:
cell type tissue Candidate cis-Regulatory Elements (ccREs) that meet your search criteria are listed in the table below
P = Click a ccRE accession to view details about the ccRE, including top tissues, nearby genomic features, eic.
A1T2 brain E = Click a gene ID to view the expression profile of the gene.
AS549 lung EH Search:
) accession DNase H3K4me3 H3K27ac  CTCF experimental nearest genes: genome
Ad49 treated with dexamethasone lung EH e z z z z chr start length evidence protein-coding / all cart browsers
A549 treated with ethanol lung H EH37ED145522 3.48 213 4.09 1.20 chri 230,294,315 813 - pc: GALNT2, PGBD3, COG2 '%Q ucsc
D] all: GALNT2, RP5-956018.2, BX323860.1
ABT3 muscle E bl fo cart | Clear cart | Download bed | Download JSON | found 1 results
igh H3Kdme3 ] High H3K2Tac M High CTCF M High DNase [[] Z-score = 1.64 [INo data
ACC11Z 55“""2”’ Eﬂ b Proximal/Distal to a Transcription Start Site - High DNase and High H3K4me3, H3K27ac, of CTCF in the same cell type
glands
adipocyte adipose E
.o
adipose derived mesenchymal stem cell in stem cell EE SEIeCt thls row
vitro differentiated cells
adrenal gland female adult (51 years) adrenal E
adrenal gland female fetal (108 days) adrenal E
Total: 622 « |« 2 3 63 |+ | »
chr1 ®
Coordinates: chr1:230294714-230294715 6
230294714 - 230294715
Maximum across cell types 6 -
E download.png ~ E TF targets FUMA ...png E gtex v8_ts genera..png ™ E expHeat FUMA g..png E lociPlot FUMA jo...png E snpAnnotPlot FU..png M manhattan FUMA_...pdf Show all x
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EH37E0145522 chr1:230,294,315230,295128 % D ] Z d f I . I
Top Nearby TF and His-mod ~ FANTOM Associated Associated Orthologous ccRES ~ Signal  Linked Acetylation (AC) Chromatin markers Score ata rom mu tlp e

Tissues Genomic Features Intersection ntersection Gene Expression RAMPAGE Signal n mmi0 Profile  Genes

H3K4me3 Z-scores @ — H3K27ac Z-scores @ — Chromatin markers in
Tri methylation (me3): Chromatin markers > " seareh different cell types

H3K4me3 and H3K4me3 cell type H3K2T7ac and DNase H3K27ac only
cell type DNase only KMS-11 ~ 109
OC-LY1 - 213 HepG2 352 373
HepG2 271 21 neuroepithelial stem cell derived from HS stably expressing fusion protein - 368
mid-neurogenesis radial glial cells s;rttﬁd from HY stably expressing fusion - 1.96 right lobe of iver female adult (53 years) 347 358
Caco-2 214 1.94 HUES64-derived CD184+ - 354
BE2C 23 187 small intestine male fetal (108 days) 323 340
radial glial cell derived from H9 stably expressing fusion protein - 1.83 hepatocyte derived from HY 298 3.39
neuroepithelial stem cell derived from HS stably expressing fusion protein - 1.83 KOPT-K1 - 3.30
skeletal muscle male adult (54 years) - 1.82 liver male adult (31 years) - 3.29
stomach smooth muscle female adult (84 years) - 180 OCI-LY1 - 3.25
germinal matrix male fetal (20 weeks) - 1.70 Total: 136 @ ¢ n 203 . 14 s

Total: 210 . <-2 321 s

Chromatin markers Chromatin markers

CTCF Z-scores €@ / DNase Z-scores @

TSV Search: TSV Search:

cell type CTCF and DNase CTCF only cell type Z-score

BE2C 1.97 1.20 large intestine female fetal (108 days) 348

H54 - 117 large intestine female fetal (107 days) 342

MCF-7 treated with estradiol 1.74 1.14 small intestine male fetal (105 days) 337

HGPS cell - 113 small intestine female fetal (108 days) 335

skin fibroblast female 0.51 0.97 right lobe of liver female adult (53 years) 3.35

epithelial cell of proximal tubule 1.94 0.94 large intestine female fetal (91 days) 3.35

spleen adult - 0.94 HepG2 N

GM19240 - 0.92 small intestine female fetal (105 days) 325

GM12874 - 091 small intestine female fetal (98 days) 326

GM10266 - 0.89 large intestine female fetal (110 days) 32

Total: 101 . :n: 3 1. s | Total462 . .:nz 3 el
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GTEXx : Genotype-Tissue Expression (GTEx)

Go to link https://gtexportal.org/home/

Enter snp id : rs712 [Homo sapiens]

& C & gtexportal.org/home, * @ ¢ o

# Home HBlDatasets~ X Expression~ ¢ QTLs & Browsers~ § Sample Data~ & i Sign In

JiNN [ 3 - 3
20190208

Help Us Help You: New Feature Survey

PLEASE TAKE OUR SURVEY to help us plan new features for the GTEx Portal:

Resource Overview Explore GTEx

Current Release (Vs) Browse By gene ID Browse and search all data by gene

By variant or rs ID Browse and search all data by variant

PN
l\(:I:) By Tissue Browse and search all data by tissue
P i s

The Genotype-Tissue Expression (GTEx) project is an ongoing effort to build a ‘\ Browse and search GTEX histology images

comprehensive public resource to study tissue-specific gene expression and
regulation. Samples were collected from 54 non-diseased tissue sites across
nearly 1000 individuals, primarily for molecular assays including WGS, WES,
and RNA-Seq. Remaining samples are available from the GTEx Biobank. The

GTEX Portal provides open access to data including gene expression, QTLS, Expression v Query Browse and search expression by gene and tissue
and histology images.
50 Visualize the top 50 expressed genes in each tissue
News and Events
o) Visualize transcript expression and isoform structures
2019.08-26
2019.07-24
2019-03-07
2171018 QTL Visualize QTLs by gene in the Locus Browser
Documentation Visualize eQTLs in the IGV Browser
Batch query eQTLs by gene and tissue
Test your own eQTLs
LS €GTEX Data coming soon! DNA, RNA methylation, ChiP-seq and more
External Links: dbGaP | NIH Common Fund | NHGRI
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https://gtexportal.org/home/

« > C & gtexportal.org/home/snp,/rs712 4 * ° :

'r’ GTEX P O rt a | @ About GTEx [ Publications T Access Biospecimens (® FAQs &% Contact

# Home B Datasets» X Expression-  QTLs & Browsers» b Sample Data~ B Documentation - Q Search Gene or SNP ID...

Variant Page &)

Top

Single-Tissue eQTLs search: | show entries

Single-Tissue sQTLs

Variant ID + | Shorthand % rsID(v151) %+ Chromosome % Position % MAF>=1% %+ RefAllele < AltAllele < b37 Variant ID <
Showing 1to 1 of 1 entries Previous 1 Next

Single-Tissue eQTLs for chr12_25209618_A_C_b38
Data Source: GTEx Analysis Release V8 (dbGaP Accession phs000424.v8.p2)

eQTLs of chr12_25209615_A_C_b38

Copy CSv Search: Show entries
Gencode Id ¢ Gene Symbol ¢ Variantld < SNP & P-Malue % NES@® < Tissue < Actions b
ENSGO00000205707.10 ETFRF1 chr12_25209618_A_ C_b38 rs712  dbSNP[E 8.7e-17 0.23 Whole Blood €QTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000205707.10 ETFRF1 chr12_25209618_A C_b3s rs712  dbSNPE 1.7e-16 0.20 Skin - Sun Exposed (Lower leg) eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000133703.11 KRAS chr12_25209618_A C_b3s rs712  dbSNP[E 5.5e-15 -0.18 Cells - Cultured fibroblasts eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000205707.10 ETFRF1 chr12_25209618_A_C_b38 =712 dbSNP[F 6.2e8 0.1 Testis eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000118307.18 CASC1 chr12_25209618_A_C_b38 1s712  dbSNP[F 6.2e-8 -0m Testis €QTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000118307.18 CASC1 chr12_25209618_A_C_b3s rs7T12  dbSNPE  2.0e-7 0.20 SKin - Sun Exposed (Lower leg) €QTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000205707.10 ETFRF1 chri2_25209618 A C_b38 1712 dbSNPE  2.0e7 0.14 Skin - Not Sun Exposed (Suprapubic) €QTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000118307.18 CASCH chr12_25209618_A_C_b3s rs712  dbSNP[F 24e-7 0.25 MNerve - Tibial €QTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO00000205707.10 ETFRF1 chr12_25209618_A C_b3s rs712  dbSNP[E  0.0000020 0.13 Thyroid eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSGO0000205707.10 ETFRF1 chr12_25209618_A_C_b3s rs712  dbSNPF  0.000027 0.23 Brain - Cerebellum eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
Showing 11o 10 of 16 entries First Previous 1 2 Next Last
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eQTLs of chr12_25209618 A C_b38

Copy = CSV Search: | Show entries
Gencode Id ¢  Gene Symbol ¢ Variantid ¢ SNP ¢ P-Value ¢ NE$ ClearAll ¢ Actions s
ENSG00000205707.10 ETFRF1 chr12_25209618 A_C_b38 5712 dbSNP  87e-17 023 o \ v eQTL Browser, Multi-tissue eQTL Plot
ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 5712 dbSNP#  17e-16 0.20 — eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000133703.11 KRAS chr12_25209618 A_C_b38 712 dbSNP#  55e-15 0.1 chr12_25209618_A_C_b38 eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
Whole Blood
ENSG00000205707.10 ETFRF1 chr12 25209618 A_C_b38 5712 dbSNP[Z  6.2e-8 0.1 eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000118307.18 CASC1 chr12_25209618 A_C_b38 1712 dbSNP[Z 6.2¢-8 011 g 20 eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000118307.18 CASC1 chr12_25209618_A_C_b38 5712 dbSNP[Z  2.0e7 0.20 % ;z - = = eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000205707.10 ETFRF1 chr12_25209618 A_C_b38 15712 dbSNP[Z  2.0e7 0.14 ; ;E . eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000118307.18 CASC1 chr12 25209618 A_C_b38 5712 dbSNP[X  2.4e7 0.25 . eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
AA AC CcC

ENSG00000205707.10 ETFRF1 chr12_25209618 A_C_b38 s712 dbSNPE 00000020  0.13 8 (62 (=) eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 5712 dbSNP[Z  0.000027 0.23 eQTL violin plot, IGV eQTL Browser, Multi-tissue eQTL Plot

Showing 1 to 10 of 16 entries ] First Previous 2 Next Last

ETFRF1

Single-Tissue sQTLs for chr12_25209618_A_C_b38 chr12_25209618_A C_b38

Data Source: GTEx Analysis Release V& (dbGaP Accession phs000424.v8 p2) Skin - Sun Exposed (Lower leg)
Copy = CSV Search: Show entries
Gencode Id ¢ GeneSymbol ¢ Variantid s SNP ¢ Intron Id % fz . 5 Tissue ¢ Actions S
ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 1712 dbSNP[#  25195337:25195 uz 2 = = ] Thyroid sQTL violin plot

-1.0
ENSG00000205707.10 ETFRF1 chr12_25209618 _A_C_b38 5712 dbSNP[#  25195337:25195 2 20 Skin - Sun Exposed (Lower leg) sQTL violin plot
ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 5712 dbSNP[Z  25195337:25195 M AC CC Pituttary sQTL violin plot
(71) @87) (147)

ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 5712 dbSNP[Z  25195337-25195 Testis sQTL violin plot
ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 5712 dbSNP[F  25195337:251951U5-ClU 54U SreeTy uoE Esophagus - Mucosa sQTL violin plot
ENSG00000205707.10 ETFRF1 chr12_25209618_A_C_b38 1s712  dbSNP[#  25195337:25195708:clu_3690 1.7e-16 0.46 Artery - Tibial sQTL violin plot
ENSGOHOONO2O05TOT 10 ETFRF1 rhr1? 25200R18 A C h3R re712 dhsne 2R195337- 25195708l 3488 1 5e-14 nsn Artens - Anrta SOTI winlin nknt

Indicates snps has high expression in human blood and skin tissues
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Multi-tissue eQTL Comparison @
ENSG00000205707.10 ETFRF1 and chr12_25209616_A_C_b38 eQTL (Meta Analysis RE2 P-Value: 1.9385093999939995¢-60)

Tissue

@ Whole Blood
Brain - Cerebellum
® Skin - Sun Exposed (Lower leq)
COvary
@ Skin - Mot Sun Exposed (Suprapubic)
® Esophagus - Gastroesophageal Junction
@ Thyroid
® Vagina
Testis
Pituitary
Lung
© Cells - EBV-transformed lymphocytes
® Esophagus - Mucosa
® Pancreas
@ Heart - Afrial Appendage
Cells - Cultured fibroblasts
® 5pleen
Uterus
Adipose - Visceral (Omentum)
@ Esophagus - Muscularis
@ Heart - Left Ventricle
Erain - Spinal cord (cervical c-1)
Liver
Nerve - Tibial
@ Colon - Transverse
Prostate
© Adrenal Gland
Colon - Sigmoid
Muscle - Skeletal
Brain - Cerebellar Hemisphere
@ small Intestine - Terminal lleum
© Breast - Mammary Tissue
Brain - Hypothalamus
® Adipose - Subcutaneous
® Artery - Aorta
Stomach
Artery - Coronary
@ Artery - Tibial
Minor Salivary Gland
Brain - Substantia nigra
Erain - Amygdala
Brain - Nucleus accumbens (basal ganglia)
Kidney - Cortex

Samples NES p-value
670 0.234 8.7e-17
209 0.231 2785
605 0.204 1.7e-16
187 0.147 0.01
517 0141 2.0e-7
330 0.131 4.9e-4
574 0.126 2.0e-6
141 0.113 0.2
322 0.10% 6.2e-8
237 0.106 0.02
515 0.106 2.5e-4
147 0.0915 0.3
497 0.0895 3.5e-3
305 0.0850 0.05
T2 0.0794 0.008
433 0.0761 4.3e-3
227 0.0734 0.2
129 0.0705 0.4
459 0.0703 0.03
455 0.0701 0.03
388 0.0645 2.3e-3
126 0.0534 0.3
208 0.0571 01
532 0.0532 0.02
368 0.0522 0.06
221 0.0436 04
233 00336 04
318 0.0306 04
706 00282 04
175 00281 06
174 00200 07
396 00177 05
170 0.00978 049
581 000428 049
387 -0.000668 1

324 -0.0158 06
213 -0.0300 0.5
584 -0.0388 041
144 -0.0404 06
114 -0.0472 05
129 -0.0578 05
202 -0.0644 0.2
73 -0.0715 0.2

GBIO002 AB 2019

m-value

1.00
1.00
1.00
0.950
1.00
0.996
1.00
0543
1.00
0935
1.00
0512
0.955
0.740
0.906
0.945
0.492
0.576
0714
0.791
0.679
0.399
0.408
0.295
0.301
0.326
0.188
0.102
0.00
0.190
0.182
0.00300
0123
0.00
0.00400
0.00200
0.00700
0.00
0.0600
0.0810
0.0790
0.00
0.00

Single-tissue eQTL

NES (with 95% CI) B
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Ensembl Database

https://www.ensembl.org/index.html

& C & ensembl.org/Hs e 1A= * 8 * o

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog €] - Search all species

Human (GRCh38.p13) v

Search Human (Homo sapiens)

Search all categories v [l

e.q. BRCAZ or 17:63992802-64038237 or rs699 or osteoarthritis

Genome assembly: GRCh38.p13 (GCA_000001405.28) Gene annotation pax6 NS
ax

0 More information and statistics E é g % What can | find? Protein-coding and non-coding genes, splice variants, cONA and protein sequences, non-coding RNAs. BRCA2

gy Dovnload DNA sequence (FASTA) €) Vore about this genebuiid

View karyotype l Dovnload FASTA files DNA RNA . Example gene
% Convert your data to GRCh38 coordinates —— [¥] Povmload FAsAies for genes, o L » LI g e
ﬁ Display your data in Ensembl p———— I.!l Download GTF or GFF3 files for genes, cDNAs, ncRNA, proteins b‘ e l
—- ‘% Update your old Ensembl IDs €
Example region Example transcript
GRCh37 Full Feb 2014 archive with BLAST, VEP and BioMart v | ([[E2))
Comparative genomics Variation —
e ATCGAGCT
What can | find? Homologues, gene trees, and whole genome alignments across multiple species. a What can | find? Short sequence variants and longer structural variants: disease and other phenotypes ATCCAGCT
0 More about comparative analysis o 0 More about variation in Ensembl ATCGAGAT

Example gene tree Example variant

&l Download alignments (EMF) li'l Download all variants (GVF)

% Variant Effect Predictor

Regulation . s 'e.’- = %

What can | find? DNA methylation, transcription factor binding sites, histone modifications, and regulatory features such as enhancers ;t 8 B Example
and repressors, and microarray annotations. ) g phenotype

0 More about the Ensembl regulatory build and microarray annotation Example requlatory L

0 Experimental data sources feature Va ria nt a n n Otatio n ‘I’

L |
| ENCODE]

lil Dowmnload all regulatory features (GFF) wﬂ’” ‘ Example structural
W variant

ENCODE data in
Ensembl
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UNIPROT KB

Available at https://www.uniprot.org/

* The UniProt Knowledgebase (UniProtKB) is the central hub for the collection of

functional information on proteins, with accurate, consistent and rich annotation.

* |n addition to capturing the core data mandatory for each UniProtKB entry
(mainly, the amino acid sequence, protein name or description, taxonomic data

and citation information), as much annotation information as possible is added.
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https://www.uniprot.org/

& = (€ & uniprotorg/database/DB-0013 0O % ¢

-

BLAST Align Retrieve/ID mapping Peptide search Help Contact
Database - dbSNP
Map fo &1 Format

UniProtkB (12,533)

Database of single nucleotide polymorphism

Servers https://www.ncbi.nlm.nih.gov/SNP/

URL template https://www.nchi.nlm.nih.gov/SNP/snp_ref.cgi?type=rsfurs=%s
Citation [PubMed:17170002][DOI:10.1093/nar/gkl1031]

Link type Explicit

Category Polymorphism and mutation databases

Tools Core data Supporting data Information
BLAST Protein knowledgebase (UniProtkB) Literature citations About UniProt
Align Sequence clusters (UniRef) Taxonomy Help
Retrieve/ID mapping Sequence archive (UniParc) Keywords FAQ
Peptide search Proteomes Subcellular locations UniProtiB manual

Cross-referenced databases Technical corner

© 2002 - 2019 UniProt Consortium | License & Disclaimer | Privacy Notice

o0 e

EMBL-EBI

UniProt

Diseases
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Multiple web servers (for Post GWAS)

Identifying causal variants remains a key challenge in post-GWAS (genome-wide
association study) era, as many GWAS single-nucleotide polymorphisms (SNPs)
(including imputed ones) fall into non-coding regions.

Its making it difficult to associate statistical significance with predicted functionality.

Therefore, researches developed web-based multiple tools which overlays functional
annotation information, such as histone modification states, methylation patterns,
transcription factor binding sites, eQTL and higher-order chromosomal structure, to
GWAS results.



functional annotation information, such as
histone modification states

methylation patterns,
transcription factor binding sites
eQTL and

higher-order chromosomal structure

v

Storage

Webservers
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HaploReg web server

https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php

w

stitute.org/mammals/haploreg/haploreg.php
. Broad Institut N -
HﬂpIOReg v4.1 L rol‘?-llon?espla%z IIIII

HaploReq is a tool for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatory SNPs at disease-associated loci. Using LD information from the 1000 Genomes Project, linked SNPs
and small indels can be visualized along with chromatin state and protein binding annotation from the Roadmap Epigenomics and ENCODE projects. sequence conservation across mammals, the effect of SNPs on regulatory motifs, and
the effect of SNPs on expression from eQTL studies. HaploReq is designed for researchers developing mechanistic hypotheses of the impact of non-coding variants on clinical phenotypes and normal variation.

Update 2015.11.05: Version 4.1 GWAS and eQTL have been updated; a simpler pruning strategy is applied when combining GWAS; and links out to other NHGRIVEBI GWAS hits and GRASP QTL hits are provided.

Update 2015.09.15: Version 4.0 now includes many recent eQTL results including the GTEX pilot, four different options for defining enhancers using Roadmap Epigenomics data, and a complete set of source files for download and local
analysis. Older versions available: ¥3, ¥2, v1.

J Build Query || Set Options || Documentation |

Use one of the three methods below to enter If an r? threshold is specified (see the Set Options tab), results for each variant will be shown in a separate table along with other variants in LD. If r® is set to NA, only queried
variants will be shown, together in one table.

Query (comma-delimited list of rsiDs OR a sk

or, upload a text file (one refSNPND per line): Choose File | No file chosen
or, select a GWAST

Subrit
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https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php

&«

C ® pubs.broadinstitute.org/mammals/haplo

)/haploreg.php v

HaploReg v4.1

l». Broad Institute I I Ii I-
Homepage

HaploReq is a tool for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatory SNPs at disease-associated loci. Using LD information from the 1000 Genomes Project, linked SNPs
and small indels can be visualized along with chromatin state and protein binding annotation from the Roadmap Epigenomics and ENCODE projects, sequence conservation across mammals, the effect of SNPs on regulatory motifs, and
the effect of SNPs on expression from eQTL studies. HaploReg is designed for researchers developing mechanistic hypotheses of the impact of non-coding variants on clinical phenotypes and normal variation.

Update 2015.11.05: Version 4.1 GWAS and eQTL have been updated; a simpler pruning strategy is applied when combining GWAS; and links out to other NHGRI/EBI GWAS hits and GRASP QTL hits are provided.

Update 2015.09.15: Version 4.0 now includes many recent eQTL results including the GTEX pilat, four different options for defining enhancers using Roadmap Epigenomics data, and a complete set of source files for download and local
analysis. Older versions available: v3, v2, vi1.

J Build Query || Set Options || Documentation

Use one of the three methods below to enter a set of variants. If an r? threshold is specified (see the Set Options tab), results for each variant will be shown in a separate table along with other variants in LD. If r? is set to NA, only queried
variants will be shown, together in one table.

Query (comma-delimited list of rsIDs OR a single region as
chil'start-end) 29271055

or, upload a text file (one refSNP ID per line): | Choose File | Mo file chosen

(c IR g -

Pause

or, select a GWAS: v
Submit
Query SNP: rs9271055 and variants with r2==08

or pos(hgi) (D (@) vanant  Ref AW Gl per' fig feq cons hisonemarks histonemarks  ONASe bound change Gwashis  hits o omis T genes func annot
6 32602082 0.88 094 rs9270815 A G 083 0.88 081 085 BLD HNF4,PPAR 265 hits 12kb 5 intronic
6 32604152 081 096 rs4367411 C T 079 086 078 084 ElDES £ 0 10 tissues POL2 Maf,Spz1 263 hits 14kb 5 intronic
6 32604834 0.91 097 39270928 G T 0.82 088 081 085 EIENEE £ 0. ERN, GI 16 tissues 5 bound proteins 265 hits 1 intronic
6 32606132 0885 098 rs9270980 C A 082 088 081 084 BLD Evi-1 264 hits intronic
6 32606283 095 098 [s9270986 A C 083 089 081 085 BLD BLD Ascl2 34 hits 273 hits intronic
6 32606473 095 098 rs9270994 T C 083 089 081 085 BLD BLD.BLD 265 hits

6 32606597 094 087 rs9270997 G A 083 089 081 085 BLD BLD FAC1,Poutf1,STAT 265 hits

6 32607592 1 1 rs9271055 G T 083 088 081 085 EIE =L D 5 tissues BATF EGR1,NFKB 4 altered motifs 4 hits 299 hits

6 32607601 1 1 9271056 T C 083 088 081 085 El ELD 5 tissues BATF.EGR1,NFKB BDP1.MIF-1,Myf 265 hits

6 32607767 097 099 rs9271061 A T 083 089 081 085 EEE EsC. BLD, FAT BLD.BLD,BLD 5 bound proteins Hoxa13 Hoxb13 265 hits

6 32607798 094 099 rs9271062 T A 033 089 081 085 EEE E5C. BLD, FAT 4 tissues 5 bound proteins STAT 267 hits

6 32607242 0.82 096 rs9271065 C G 0.83 094 088 087 EIE LD, FAT 4 tissues 4 bound proteins 228 hits

6 32608299 08 097 rs9271080 C T 079 086 078 083 El ELD BLD.BLD NFKB,TEP HNF1,Nex 264 hits

6 32608309 0.31 098 rs9271082 T C 079 086 077 083 EE LD ELD.ELD NFKE,TEP Pax-6 229 hits

6 32608375 085 095 rs9271085 T C 032 085 080 084 El ELD BLD.BLD,BLD NFKB,TEP 4 altered motifs 264 hits

6 32608564 0.9 095 rs9271093 G A 082 088 081 085 EIC LD 5 tissues CTCF,NFKB,TEP 6 altered motifs 263 hits

6 32609754 08 09 rs9271152 T G 083 088 081 086 T 11 tissues 16 tissues & bound proteins 265 hits
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Advantage

= |t was developed to systematically mine chromatin state data, along with
conservation data and regulatory motif alterations.

It uses Gtex , Encode databases in backend.

= Most importanlly, it gives motif based regulatory impact of SNPs

SNP causes 4 altered motifs due to change in nucleotide fromGto T

o Bos)  y VCRAUR e g feg cons Msonemas  hsonemas DM b’ change Guashis  his s e une nno
§ 32602082 086 094 927085 A G 083 088 081 085 BLD HNF4,PPAR 265 hits 12kb 5 of HLA-DRB1 infronic
B 32604152 081 096 rsd436T4M  C T 079 086 078 084 s B 10 tissues FOL2 Maf Spz1 263 hits 14kb 5' of HLA-DRB1 intronic
6 32604634 091 097 9270928 G T 082 088 08 085 B e L0, BRY G 16 tissues 5 bound proteins 265 hits )1 intronic
6 32606132 086 098 8270880 C A 082 088 081 084 BLD Evi-i 264 hits intronic
6 32606203 095 098 9270886 A C 083 0.89 081 085 BLD BLD Ascl2 34 hits 273 hits intronic
§ 32606473 095 098 927084 T C 083 089 081 085 BLD BLD.BLD 265 hits

6 32608507 094 097 927087 G A 033 089 081 035 BLD BLD FAC1,Poutf1,STAT 265 hits

[[s_ 3607502 1 1 0071055 G T 083 083 081 085 B LD 5 tissues BATFEGR1,NFKB 4 altered motifs | 4 hits 299 hits

6 3607601 1 1 8271056 T C 083 088 08 085 B 5 tissues BATFEGR1,NFKB BDP1MIF-1,Myf 265 hits

B 32607767 097 099 [s9271081 A T 083 089 081 085 EEEESC BLD,FAT  BLDBLDELD  5bound proteins Hoxal3 Hoxb13 265 hits

B 32607798 094 099 [s9271082 T A 083 089 081 085 B EGC BLD FAT  4tissues 5 bound proteins STAT 267 hits

B 32607842 082 096 0271085 C G 083 094 088 087 B LD FAT 4issues 4 bound proteins 228 hits

6 32608299 08 097 9271080 C T 079 08 078 083 B BLD.BLD NFKB,TBP HNF1 Nex 264 hits

6 32608309 081 098 rs9271082 T C 079 08 077 083 B BLD.BLD NFKE,TBF Pax-6 229 hits

B 32608375 085 098 [s9271085 T C 082 088 080 084 B BLDELD,BLD  NFKB.TEP 4 altered motfs 264 hits

B 32608564 09 095 [s9271091 G A 082 088 081 085 B 5 fissues CTCFNFKB,TBP B altered motfs 263 hits

B 3600754 08 09 8152 T G 083 088 081 088 P 1 tissues 16 tissues 6 bound proteins 2685 hits
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RegulomeDB

Access to the database at http://ReqgulomeDB.org/

Y
"RegulomeDB

_— T

v1.1TRY NEW BETA SITE
Enter dbSNF I1Ds, 0-based coordinates, BED files, VCF files, GFF3 files (hg19).

Use RegulomeDB to identify DNA features and regulatory elements in non-coding
regions of the human genome by entering .

dbSNP IDs Single nucleotides A chromosomal region

Enter dbSNP ID(s) (example) or upload a list of dbSNP IDs to identify DNA features and
regulatory elements that contain the coordinate of the SNP(s).

"ié; A project of the Center for Genomics and Personalized Medicine at Stanford University. \. '

RegulomeDB (TM) Copyright 2011 The Board of Trustees of Leland Stanford Junior University. Permission to use the information contained in this datsbase was given by the researchersiinstitutes who contributed or published the information
Users of the datshase are solely responsible for compliance with any eopyright restrictions, including those applying io the suthor abstracts. Documents from this sesver are provided “AS-IS” without any warranty. expressed of implhed. The

RegulomeDB project at Stanford University is supported by @ Gename Research Resource Grant from the US Naional Human Genome Research Institute. part of the US Mational Institutes of Health
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Input Files Format

= The integrated database is fully searchable using common variant formats (VCF,
BED, GFF3, rsIDs) and through file upload of the same formats.

VCF FORMAT

rsID FORMAT
#CHROM POS REF ALT INFO
rs33914668 chrl 100 G A AC=10;AF=0.05
rs35004220 chrl 200 C T AC=40;AF=0.20
rs78077282 chrl 300 G T AC=20;AF=0.10
rs7881236
BED FORMAT

1 #Chmmc;snme IStarl‘[ IEnd“ ISNF". Id I;’-‘-.Ih:‘ale |

2 |ehr 174 175 1TiC

3 |ehn 5073 5074 2T/G

4 lehri 5635 SE36 3TC

5 lehr G240 G241 4T/C

& |ehrd 39160 39161 aT/C

7 lehn 50111 a0112 BCT

2 |ehr 126868 126968 7oA

9 |ehr 223601 223602 8CT

10 Jzhrt 226507 226508 aT/A

11 [chr 251874 251875 10/CT

12 lehr 523060 523081 11ET




Output Files

= The initial results table provides a list of the coordinates of the variants, a
dbSNP rsID (if it exists), a score assigned by method, and links to external
resources for each variant

= The list is sorted by our classification scheme, with the SNVs most likely to be
functional listed first. This list of SNVs is also downloadable by the user for
their own analysis.



sults w

o 1Y
O Regu lomeDB Download About Help
-_._______._.3-

The search has evaluated 5 input line(s) and found 4 SNP(s).

Summary of SNP analysis

Show entries
N Coordinate (0-based) N dbSNP ID ? Regulome DB Score Other Resources
chr11:5246957 rs33914668 2a LUCSC | ENSEMBL | dbSMNP
chrX:53101683 rs7881236 2c UCSC | ENSEMBL | dbSNP
chr11:5248049 rs35004220 4 UCSC | ENSEMBL | dbSHP
chr14:100741725 rs78077282 4 LUCSC | ENSEMBL | dbSMNP

Showing 1 to 4 of 4 entries

lié: A project of the Center for Genomics and Personalized Medicine at Stanford University. {C i:

Click on each score one by one

RegulomeDB {TM) Copyright 82011 The Board of Trustees of Leland Stanford Junior Liniversity. Permission to use the information contained in this database was given by the researchersfinstitutes who contributed or published the information.
Users of the database are solely responsible for compliance with any copyright restrictions, including those applying to the author abstracts. Documents from this server are provided “AS-15" without any wamanty, expressed or implied. The

RegulomeDB project at Stanford University is supported by 8 Genome Research Resource Grant from the LS National Human Genome Researnch Institute, part of the LIS Mational Institutes of Health.

= This display includes six major categories: Protein Binding, Motifs, Chromatin
Structure, eQTLs, Histone Modifications, and Related Data (which includes gene
Information and other manual annotations).
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Table 1. Database content

Data type Types Features Genomic coverage (bp)
Transcription factor ChiP-seq (ENCODE) 495 conditions/cell lines 7,721,822 230,795,743
Transcription factor ChiP-seq (non-ENCODE) 32 conditions/cell lines 397,534 140,534,725
Transcription factor ChiP-exo 1 condition 35,161 2,604,066
Histone modifications 284 conditions/cell lines/marks 23, 055, 241 2,805,205,184
DNase | hypersensitive sites 114 conditions/cell lines 20,710,098 614,973,579
FAIRE sites 25 conditions/cell lines 4,816,196 476,386,909
DNase | footprints 50 cell lines 128,266,803 178,722,370
Predicted binding (PWMs) 1158 motifs 239,713,973 1,151,732,122
eQTLs 142,945 SNPs 142,945 142,945
dsQTLs 6069 SNPs 6069 6069
Manual annotations 6 genomic regions 282 11,607
VISTA enhancers 1448 enhancers 1325 1,658,146
Validated SNPs affecting binding 855 SNPs 855 855

Sources of data currently included in RegulomeDB. (Features) Specific entries in the database. (Genomic coverage) Total unique base pairs covered by

each data type.
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Data supporting chr11:5246957 (rs33914668)

Score: 2a
Likely to affect binding

Human Feh. 2009 (GRCh37/hgl3) hr11:5,246,757-5,247,157 (401 hp
100 bases | | hgis
5,246,500| 5,246,550] 5,246,900| 5,246,950] 5,247,000| 5,247,050| 5,247,100| 5,247,150]
Haplotypes to GRCh3Y Reference Sequence
Faiches to GRCh3F Reference Sequence
IBl RefSeq genes, curated subset (MNR4_~, MBS, MNP T Oor YE T nnotation Release GCF_000001405.25_GRCh37.p13 (201 7-04-1

LICSC annotations of RefrSeg Rias (RhdA_® and ME_™)

FPublications: Sequences in Scientific Aarticles

Gene Expression in 53 tissues from GTE

Rha-zeq of 6555 samples (570 donors)

H3kz7¥ac kMark (Often Found Mear active Regulatory Elements) on 7 cell lines from ERNCODE

Orasel Hypersensitivity Clusters i 125 cell twpes from EMNCODE (W3]

Transcription Factor ChIP-seq Clusters (161 fiactors) from ERCODE with Factorbook kAotifs

100 verdehrates Basewisd Conservation by PhyloP

Simple Mucleotide Polymorphisms (dbgERF 1531 Found in == 13 of Samples

Repeating Elementts by Repeathiasker

= Each of these categories

provides detailed
information about the
transcription factor, cell
line, and a literature
source of the
information to provide
the user with direct
access for addressing
their hypothesis.



Filter: |

? Cell Type Reference

Footprinting chr11:5246956. 5246974 Tal1::.Gata1 K562 A :l i,b 21106904
.JI. |I||'._'_

PV chr11:5246956. 5246974 Tal1:Gata1 ! :l :'”5 18006571
U TWLILEL

Result indicate SNP is present in Gata Motif which could have regulatory impact on
the gene expresion
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Histone modifications

Fitter: |

Method Location Chromatin State Tissue Group Tissue Reference

Fad Fad oy
W W W

ChromHMM
ChromHMI
ChromHMIM

ChromHMM

ChromHMM

ChromHMIM

ChromHMM

ChromHMI

ChromHMIM

ChromHMM

ChromHMM

ChromHMI

ChromHM

chr11:4648200..
chr11:4648400.
chr11:4658600.

chr11:4687400.

chr11:4704000.

chr11:4742400.

chr11:4772600.

chr11:4815200.

chr11:4820400.

chr11:4859800.

chr11:4885000.

chr11:5086000.

chr11:5080800..

5617400

5255400
5617400
5545600

5530800

5617400

5273800

5351800

5617400

5371600

5272600

5617800

5605600

Quiescent/Low
Quiescent/Low
Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Quiescent/Low

Digestive
Thymus
Digestive

Digestive
ES-deriv
Sm. Muscle

Blood & T-cell

Blood & T-cell
Digestive
Blood & T-cell

Other

Blood & T-cell

Blood & T-cell

Colonic Mucosa
Thymus
Rectal Mucosa Donor 29
Rectal Mucosa Donor 31

H9 Denved Neuronal
Progenitor Cultured Cells

Colon Smoaoth Muscle

Frimary T helper memory cells
from peripheral blood 2

FPrimary T helper memory cells
from peripheral blood 1

Stomach Mucosa

Primary T CD8+ naive cells
from peripheral blood

Placenta Amnion
Primary T cells
effector/memory enriched from

peripheral blood

Primary T CD8+ memory cells
from peripheral blood

REMC
REMC
REMC

REMC

REMC

REMC

REMC

REMC

REMC

REMC

REMC

REMC

REMC

Result indicates SNP has chromatin regulatory impact
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Related dats Fitter: |

Method i ? Cell Type Annotation Reference
Transcript_expression_evidence = chri1:5246957. 5246958 Cho Gﬂ"“"ﬁi’;“g?; Prime 2987809

Result indicates SNP has expression in cho cell type
and affect Splice site
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Advantage of RegulomeDB

An integrated database to quickly generate prioritized hypotheses for the function of
variants affecting both coding and noncoding regions in a genome by combining a large
array of data sources into a single, integrated database.

In particular, it include extensive information on annotated and computed regulatory
elements in the human genome.

Access to this novel approach via a simple and straightforward interface allows for easy
query submission, and the scoring system provides for instant classification of
significant variants.

In addition, the SNV summary page will allow a user to quickly form a hypothesis as to
the true functional consequence of a variant.

While our examples deal with single nucleotide variants only, the database can also be
used to annotate insertions and deletions.



Comparision of HaploReg and RegulomeDB

= Ward and Kellis (2012) published the HaploReg database which aims to provide
a similar annotation by providing an intersect of SNVs with chromatin state
(Ernst and Kellis 2010).

* RegulomeDB database provides additional information well beyond this by
prioritizing SNVs within general regulatory regions based on specific TF,
chromatin, eQTL, and PWM information.

= Furthermore, RegulomeDB allow for a query of personal SNPs which account
for a large proportion of variation in the population.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3431494/#B49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3431494/#B14

How many of these SNPs alter motifs sequence ?

rs4468290
rs11201609
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GWAS3D/GWAS4D

= GWAS3D: detecting human regulatory variants by integrative analysis of genome-
wide associations, chromosome interactions and histone modifications

http://mulinlab.tmu.edu.cn/gwas4d/gwas4d/gwasad

1 I I ]

1 I 1 [}

: Preliminary Filtering : GWAS3D Signals Mapping : Binding Affinity : Combined Score

1 I I l

i E Distal Interactions Mapping Conservation i i

I Population Level I [ B

' , N | ChIA-PET GERP++ [ 1 / Combination

: Variant : ! 1

1 HapMap/1000G I I I P

: : apFiltae':’r{ng ) : 5C Hi-C : :} o
Leading & ‘ Others Motif Scanning | &

i i * ENCODE b

Variant i Association T Promoter | |[F votrs WRI

: Filtering : DHSs Region : otifs ] i

il 4l | |

H ¢ i Enhancer S User Defined | |1 '

: LD Filtering : p300 Region : :

E > g i Insulator ChromHMM E E

: ' ™ crcr | i

1 I ! I

1 I 1 ]

1 I I 1
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From GWAS to Regulatory Function

= Majority of GWAS risk loci localize to the noncoding genomic region with gene
regulatory signal, suggesting that most trait/disease casual SNPs exert their
phenotypic effects by altering gene expression. GWAS4D systematically analyzes
GWAS summary data and identify context-specific regulatory variants by integrating
latest multidimensional functional genomics resources and our recently published
algorithms.

Context-dependent Prediction
= By incorporating roadmap 127 tissue/cell type-specific epigenomes data, GWAS4D
uses joint likelihood framework to measure the regulatory probability of genetic
variants in a context-dependent manner. It also estimates possible altered TFBSs
using large-scale motif collections and annotates non-coding variant with
comprehensive functional predictions.
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Link Variant to Target
Connecting non-coding variant to their gene targets under particular chromatin
organization is crucial to understand variant regulatory mechanism. GWAS4D uniformly
processes Hi-C data and reports significant interactions at 5kb resolution across
tissues/cell types of multiple human organs and different development stages. It also
equips a highly interactive visualization function for variant-target interaction.
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Comparision with RegulomeDB and HaploReg

Compared with recent software and databases such as HaploReg and RegulomeDB,
GWAS3D integrates more features and can be used in many scenarios.

User can identify the most probable functional variant associated with interesting trait
In one risk locus or prioritize the leading variants when given a full list of GWAS result
or evaluate the deleteriousness of genetic variants affecting the gene regulation without
any prior effect.

GWAS3D also provides flexible configurations, such as human population, cell type
specificity and TF family classification, for users to deal with different aspects of complex
disease/trait. For example, user may select a matched cell type/tissue satisfying with a
specific phenotype or manually define motifs of interested TFs used in following
scanning when considering the tissue specificity of TFs.

Recently, researchers found that the disease/trait-associated variants are highly related
to active chromatin marks in relevant cell types. Therefore, these distinct features will
greatly facilitate the discovery of regulatory variants under particular condition.



Comparision with RegulomeDB and HaploReg

The computational process of our system is real-time, which is different from
databases such as HaploReg and RegulomeDB, where the function annotations are
pre-computed and stored in the database in advance.

Therefore, it can dynamically deal with the genetic variants input by users with
maximum flexibility.

Despite large computational burden in the background when LD is considered, our
system can finish the job of a meta GWAS data set (thousands of variants with
moderate GWAS significance, P < 1.0 x 107°) within a few hours even with LD from
the 1000 Genomes Project. It will be much quicker when using HapMap LD.

To exploit the regulatory properties of personal genomics data, GWAS3D accepts
VCF-like format and can evaluate the deleteriousness of rare/novel variation
altering gene regulation associated with personalized trait.



As
discussed
before

Analyses and
visualization

List of Tools

Tools Format GWAS LD Functional Regulatory eQTLs 3D Prioritize Map Gene Pathways Prior
summary consequences elements chromatin  SNPs SNPs expression andgene gene:
statistics on genes interactions to sets

genes
LD calculation
PLINK St X b

Variant annotations

ANNOVAR 5t X b ® ®

VEP St X b ® ®

SCAN Web b4 X ® ®
ReglomeDB  Web X X X
HaploReg  Web X X X X
Gene-based test/Gene-set analyses
VEGAS St X b b
MAGMA St X b b b
Pascal St X ® X ®
MAGENTA St X ® X ®
INRICH St X ® X
DEPICT St X ® X ®
Visualization tools
LocusZoom  St/Web x
LocusTrack @ St/Web x X
DB oo :
E

Web X XX X b b b b b b b
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@ PLos COMPUTATIONAL
s . BIOLOGY APeerReviewed, Open Access Journal

View this Article | Submit to PLOS | Get E-Mail Alerts | Contact Us
PLoS Comput Biol. 2015 Apr; 11(4): 21004219, FMCID: PMC4401657
Published online 2015 Apr 17. doi: 10,137 1/journal.pcbi. 1004219 PMID: 25885710

MAGMA: Generalized Gene-Set Analysis of GWAS Data

Christiaan & de Leseuw, V-2 Joris M. Mooij, 3 Tom Heskes, 2 and Danielle Posthuma 14

-
=
b Hua Tang, Editor
)
=] = Author information = Article notes = Copyright and License information Disclaimer
=]
@
=3 This article has been cited by other articles in PMC.
Associated Data
= Supplementary Materials
= Data Availability Statement
Abstract Go to:
- Bwv aggregating data for complex traits in a biologically meaningful way, gene and gene-set analysis
g constitute a valuable addition to single-marker analyvsis. However, although various methods for gene and
) gene-set analysis currently exist, they generally suffer from a number of 1ssues. Statistical power for most
'-;Z' methods 12 strongly affected by linkage disequilibrium between markers, multi-marker associations are
E:! often hard to detect, and the reliance on permutation to compute p-values tends to make the analysis
=3

computationally very expensive. To address these 1ssues we have developed MAGMA  a novel tool for
gene and gene-set analysis. The gene analvsis is based on a multiple regression model, to provide better
statistical performance. The gene-set analvsis is built as a separate laver around the gene analysis for
additional flexibility. This gene-set analvsis also uses a regression structure to allow generalization to
analvsis of continuous properties of genes and simultaneous analvsis of multiple gene sets and other gene
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Gene analysis

= The gene analysis in MAGMA is based on a multiple linear principal
components regression model, using an F-test to compute the gene p-
value.

* This model first projects the SNP matrix for a gene onto its principal
components (PC), pruning away PCs with very small eigenvalues, and then
uses those PCs as predictors for the phenotype in the linear regression
model.

= This improves power by removing redundant parameters, and guarantees
that the model is identifiable in the presence of highly collinear SNPs.



Gene-set analysis

" To perform the gene-set analysis, for each gene g the gene p-value p , computed
with the gene analysis is converted to a Z-value z , = ®(1 - p ), where @~ is the
probit function. This yields a roughly normally distributed variable Z with
elements z | that reflects the strength of the association each gene has with the
phenotype, with higher values corresponding to stronger associations.

" Gene based and Gene set based analysis are included as feature of
FUMA webserver
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FUMA : interrogation of GWAS



MEMNU ™

nature =
communications

Article | Open Access | Published: 28 Nowvember 2017
Functional mapping and annotation of
genetic associations with FUMA

Kyoko Watanabe, Erdogan Taskesen, Arjen van Bochowven & Danielle Posthuma

MNature Communicotions 8, Article number: 1826 (2017) | Cite this article

9563 Accesses | 170 Citations | 23 Altmetric | Metrics

Abstract

A main challenge in genome-wide associlation studies (GWAS) is to
pinpoint possible causal variants. Results from GWAS typically do not
directly translate into causal variants because the majority of hits are in
non-coding or intergenic regions, and the presence of linkage
disequilibrium leads to effects being statisticallyv spread out across
multiple variants. Post-GWAS annotation facilitates the selection of
most likely causal variant(s). Multiple resources are available for post-
GWAS annotation, vet these can be time consuming and do not provide
integrated visual aids for data interpretation. We, therefore, develop
FUMA: an integrative web-based platform using information from
multiple biological resources to facilitate functional annotation of
GWAS results, gene prioritization and interactive visualization. FUNMA
accommodates positional, expression quantitative trait loci (eQTL) and
chromatin interaction mappings, and provides gene-based, pathway
and tissue enrichment results. FUMA results directly aid in generating
hyvpotheses that are testable in functional experiments aimed at proving

causal relations.
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http://fuma.ctglab.nl/

FUMA : Muti Steps

The main purpose of FUMA is to use functional, biological information to
prioritize genes based on GWAS outcomes.

FUMA consists of two separate process; SNP2GENE and GENE2FUNC.

To annotate and prioritize SNPs and genes from your GWAS summary statistics,
go to SNP2GENE which compute LD structure, annotates functions to SNPs, and
prioritize candidate genes.

You can then use the prioritized genes as input to GENE2FUNC to check
expression patterns and shared molecular  functions between
genes. GENE2FUNC can also be used for any list of pre-selected genes (i.e.
created outside of SNP2GENE).
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FUMA : Discuss

https://www.nature.com/articles/s41467-017-01261-5

Ready to use FUMA Webserver !!!
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[ GWAS summary statistics ]

NP

SNP2GENE
|
- N2
Characterization of significant hits N Genome-wide analyses
e ~ Independent N
Step 1. Characterize genomic loci significant SNPs [ MAGMA gene analysis |—
1. Identification of independent significant SNPs J/
and candidate SNPs (SNPs in LD) —%[ Lead SNPs ]
2. Defining lead SNPs y [ MAGMA gene-set analysis ]
3. Defining genomic risk loci Genomic risk
N N S/ { loci ) \’/—‘
Step 2. Annotation of candidate SNPs in genomic loci SNPs with Gene set Gene-based
Functional consequences on genes (ANNOVAR), annotations P-values P-values
CADD score:, RegulomeDB score, 15 chromatine ] \ /
state (127 tissue/cell types), eQTL, 3D chromatin %[ eQTLs ]
interactions (Hi-C), GWAScatalog
N T / { Chromatin
int ti
4 Step 3. Functional Gene mapping ) mreractons
| Positional mapping | | eQTL mapping | Mapped genes
table
Chromatin interaction mapping I - /’ T
e / . - . - ™,
Interactive visualization
GENE2FUNC "
Interactive heatmap of Tissue specificity (DEG)

gene expression

— -4 _1.m ._ll
l;_-._u. -J.-..j__._.._,

Hallmark gene sets
Positional gene sets
Curated gene sets
Motif gene sets

GO terms gene sets

e .r‘:fr i

General biological functions of genes

OMIM (known disease associations), DrugBank (known targets of
drugs), GeneCards (general biological information)
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~RIDOREA AENESED NI
SNP2GENE GENE2FUNC

FUMA GWAS 2) Login
Functional Mapping and Annotation of genome-wide association results |

1) Register
FUMA is a platform that can be used to annotate, prioritize and visualize and interpret GWAS results.
The SNP2GENE function takes GWAS summary statistics or a list of rsid’s as input, and provides extensive functional annotation for all SNPs in genomic areas identified by lead
SNPs.
The GENE2FUNC function takes a list of geneids (as identified by SNP2GENE or as provided manually) and annotates genes in biological context
Please log in to use FUMA. If you have't registered yet, you can do from here.
When using FUMA, please acknowledge Watanabe et al. xxx
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2. Submit new job at SNP2GENE

A new job stats with a GWAS summary statistics file. A variety of file formats are supported. Please refer the section of Input files for details. If your input file is an output
from PLINK, SNPFTEST or METAL, you can directly submit the file without specifying column names.

The input GWAS summary statistics file could be a subset of SNPs (e.9. only SNPs which are interesting in your study), but in this case, MAGMA results are not relevant
anymore.

Optionally, if you would like to pre-specify lead SNPs, you can upload a file with 3 columns; rsiD, chromosome and position. FUMA will then use these SNPs to select LD-
related SNPs for annotation and mapping, instead of using lead SNPs identified by FUMA (it requires to disable an option for "identify additional lead SNPs").

In addition, if you are interested in specific genomic regions, you can also provide them by uploading a file with 3 columns; chromosome, start and end position. FUMA will
then use these genomic regions to select LD-related SNPs for annotation and mapping, instead of determining the regions itself.

FUMA SNFHEEME
I £ 1
] 1
Upload your GWAS summary statistics and set parameters to obtain functional annotations of the genomic loci associated with your trait
|
1
] 3
- My Jobe Q 1. Upload input files ~ :
I |
I
I . L Choose file | Mo fila chosen :
I SU bm |t new ]Db WAS summary sttistics (B i Tha maximum file size is BO0Mb. Plaase gzip if your file s @ Mandatory inpat i
I - bigges than G00ME. i
I Or [ : Use example input (Crobn's disease, Franke ef al. 201 0) |
: i case insensilive :
I Chromosome: 1
] 1
i Posstion: "
: rallk :
I GWAS surmmary siatistics file Pevalua: @ Optional. Pleass fill a5 rmuwch as you can. It s not necessary to il i
! columns (3) all column names. |
] Rk allale: 1
]
1 Other allebe :
I . |
i OR: [
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. Set parameters

On the same page as where you specify the input files,
there are a variety of optional parameters that control the
prioritization of genes.

Please check your parameters carefully. The default
settings are to perform identification of independent
genome-wide significant SNPs at r2 0.6 and lead SNPs at
r2 0.1, to maps SNPs to genes up to 10kb apart.

To filter SNPs by specific functional annotations and to use
eQTL mapping, please change parameters

If all inputs are valid, 'Submit Job' button will be activated.
Once you submit a job, this will be listed in My Jobs.
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itorial  SNP2GENE ~ GENE2FUNC

| <

New Job “38 Upload your GWAS summary statistics and set parameters to obtain functional annotations of the genomic loci
associated with your trait

My Jobs Q
1. Upload input files v
2. Parameters for lead SNPs and candidate SNPs identification v
3-1. Gene Mapping (positional mapping) v

s2.cer Make sure.all parameters here have non-
red message!!

4. Gene types v

Its
its

2 -Submitted-job-will appear here

5. MHC region v
6. Title of job submission v
Bt Click to Submit Job
storiall  SNP2GENE ~ GENE2FUNG

| < 1
| My Jobs |
| NewJob 1 |
Listof Jobs & |
My Jobs Q |
Delete selected jobs 1
Job ID Job name Submit date Status () Select :
89 example 2017-01-19 14:31:01 NEW I
|
|
|
|
|
|

|
|
|
|
| 22 example2 2016-12-23 13:31:37 Go
|
|
|
|



4. Check your results

After you submit files and parameter settings, a JOB has the status NEW which will be updated to QUEUES fo RUNNING. Depending on the number of significant genomic
regions, this may take between a couple of minutes and an hour. Once a JOB has finished running, you will receive an email. Unless an error occurred during the process,
the email includes the link to the result page (this again requires login). You can also access to the results page from My Jobs page.

The result page displays 4 additional side bars.

Genome-wide plots: Manhattan plots and Q-Q plots for GWAS summary statistics and gene-based test by MAGMA, results of MAGMA gene-set analysis and tissue
expression analysis.

Summary of results: Summary of results such as the number of lead and LD-related SNPs, and mapped genes for overall and per identified genomic risk locus.

Results: Tables of lead SNPs, genomic risk loci, candidate SNPs with annotations, eQTLs (only when eQTL mapping is performed), mapped genes and GWAS-catalog
reported SNPs matched with candidate SNPs. You can also create interactive regional plots with functional annotations from this tab.

Downloads: Download all results as text files.

FUMA SNP2GENE

Manhattan Plot (GWAS summary statistics)

i This is a manhattan plot of your input GWAS summary statistics.

For plotting purposes, overlapping data points are not drawn (see tutorial for detail of filtering, filtering was performed only for SNPs with P-value <
1e-5).

Summary of results Ll Downioad the plot as [PNG. 'JPG |SVG ' PDF

Results :::)

Downloads &

Result
panels

-10g10 P-value

5 8 8 &5 8 8
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1. Input files
Parameter

GWAS summary statistics

Pre-defined lead SNPs

Identify additional lead SNPs

Pre-defined genetic region

Mandatory

IMandatory

Optional

Optional only
when
predefined
lead SNPs
are provided

Optional

Description

Input file of GWAS summary statistics. Plain text file or zipped or gzipped files are acceptable.
The maximum file size which can be uploaded is 600Mb. As well as full results of GWAS
summary statistics, subset of results can also be used. e.g. If you would like to look up specific
SMPs, you can filter out other SNPs. Please refer to the Input files section for specific file
format.

Optional pre-defined lead SNPs. The file should have 3 columns, rslD, chromosome and
position.

If this option is CHECKED, FUMA will identify additional independent lead SNPs after defining
the LD block for pre-defined lead SMPs. Otherwise, only given lead SNPs and SNPs in LD of
them will be used for further annotations.

Optional pre-defined genomic regions.
FUMA only looks at provided regions to identify lead SNPs and SNPs in LD of them. If you are
only interested in specific regions, this option will increase the speed of process.
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Type

File
upload

File
upload

Check

File
upload

Default

nane

nane

Checked

none



FUMA : Parameter detail



Parameter

Sample size (N}

Maxirnurm kead SNP P-valus
=)

Maximum GWAS P-valus (=)

r* threshold for independent
significant SMPs (2]

Znd r threshold for lead
SMPs (z)

SReference pansl

Include variants from

referznce pangl

Minimum MAF (z)

Maximurm distance of LD
blocks to merge (2)

Mandatory

Mandatory

Mandatary

Mandatory

Mandatory

Mandatory

Mandatory

Mandatory

Mandatory

Mandatory

Description Type
The total numbser of individusls in the GWAS or the number of
ndividuals per SMP. This is only used for MAGMA to computs the
gene-tased Pwvsluss. For totsl sample size, input should be an
ateger. When the input file of GWAS summary statistics contains
3 column of sample size par SMP, the column nams can be
provided in the second text box.

i When column name is provided, plesss make surs that the
column only contains integers (ne float or scientific notation). If
thers arz any float walues, they will be rounded up by FUMA.

Integer  none

or text

FUMA identifies lead SNPs with P-value less than or eqeal to this | numeric 52-8

threshold and independent from each other.

This is the F-value threshold for candidste SMPs in LD of numeric | 0.03
ndependent significant SNPs. This will be applied only for
GWAS1agged SNPs as SMPs which do not exist in the GWAS
nput but are extrazted from 1000 genomes reference do not
have P-valus.

The minimum r° for defining independent significant SMPs, which | numeric | 0.8
5 used to determineg the borders of the genomic rsk loci. SMPs

with r* z user defined threshold with any of the detecied

ndependent significant SNPs will b= included for further

annotations and ars used fro gene prioritisation.

The minimum r° for defining lead SMPs, which is used for the numsric | 0.1
second clumping (clumping of the independent significant SMPs).
Mote that when this threshold is same as the first r* threshold,

=3d SMPs arz identical to independent significant SNPs.

1000G
Phazs
EUR

The reference panel to compute  and MAF. Five populations Sslact
from 1000 genomes Phase 3 and 3 wersions of UK Bickank are

suailzhle. Bze here for datails.

If ¥as, all EMPs in strong LD with any of independant significant Yas/Mo  Yes
SMPs including non-GWAS-tagged SNPs will b= includad and
used for gens mapping.

The minirmurn Minor Allelz Frequency to be includad in numsric | 0
annotation and priertisation. MAF s based the user selected
referznce panel. This filter slso spplies 1o lead SMPs. If there is
any pre-defined lead SMPs with MAF lzss than this threshald,
those SMPs will be skipped. When this valus is 0 (by default),
SNPs with MAF=0 are considersd.

This is the maximumn distance betwsen LD blocks ofindependent | numeric | 250kb
significant BWNPs to mergs inte 3 single genomic locus. Whan this

5 ==t at 0, only physicslly everspping LD blocks are merged.

Defining genomic loci does not affect identifying which SMPs fulf

selection criteria to be used for annotation and prioritization. It will

anly result in 3 different number of reported risk boci, which can

o= desired when certain loci are parthy overlapping or physically
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Default

Direction

Dioes not affect any candidatas

owien decrease Flead SNFs
nigher: increass 2lead SMPs.

nigher: decrease Scandidate
BHNPs.

owien increase Foandidate
ENPs.

nigher: decrease Scandidate
SNFs and increase
Zindependent significant
SHPs.

owien increase Focandidate
SNz and decrease
Zindependent significant
BHNPs.

nigher: increazs Slead SHPs.
owier decrease Flead SNFs

nigher: dzcrease Scandidate
SMPs.

owier: increase #eandidate
SNPs.

nigher: deerease Sgenomic
oci.
CWIET INcrease Fgenomis ool



3.1 Positional mapping
Parametar Mandatory Description Type Default Direction

Positional mapping Optional Check this option to perform positional mapping. Positional Check Checked -
mapping is based on ANNOWVAR annotations by specifying the
maximum distance between SNPs and genes or based on
functional consequences of SNPs on genes. These parameters
can be specified in the option below.

Distance to genes or Mandatory if Positional mapping criterion either map SNPs to genes based on  Integer/ = Maximum -
functional positional physical distances or functional consequences of SNPs on Multiple  distance
consequences of SNPs  mapping is genes. selection 10 kb

on genes to map activated. When maximum distance is provided SNPs are mapped to genes

based on the distance given the user defined maximum distance.
Alternatively, specific functional consequences of SNPs on genes
can be selected which filtered SNPs to map to genes. Mote that
when functional conzequences are selected, all SNPs are
locating on the gene body (distance 0) except upstream and
downstream SMNPs which are up to 1kb apart from TSS or TSE.

i When the maximum distance is set at = Okb and < 1kb all
upstream and downstream SNPs are included since the actual
distance is not provided by ANNOWVAR. Therefore, the maximum
distance = Okb and = 1kb is same as the maximum distance 1 kb.
i For SNPs which are locating on a genomic region where
multiple genes are overlapped, ANNCOVAR has its own
priaritization criteria to report the most deleterious function. For
those SMNPs, only prioritized annotations are used.
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3.2 eQTL mapping

Parameter

el@TL
mapping

Tissue types

elTL
maximum P-
value ()

Mandatory

Optional

Mandatory if =QTL
mapping I5
CHECKED

Optional

Description

Check this option to perform eQTL mapping. eQTL mapping will
map SNPs to genes which likely affect expression of those genes
up to 1 Mb (cis-eQTL). eQTLs are highly tissue specific and
tissue types can be selected in the following option. eQTL
mapping can be used together with positional mapping.

All available tissue types with data sources are shown in the
select boxes. From FUMA v1.3.0, GTEx v7 became available but
GTEX v6 are kept available. Therefore, when "all" is selected,
both GTExX v6 and v7 are used for mapping. For detail of eQTL
data resources, please refer to the eQTL section in this tutorial.

The P-value threshold of eQTLs. Two options are available, Use
only significant snp-gene pairs= o nominal P-value threshold.
When Use only significant snp-gene pairs IS Checked, only
eQTLs with FDR = 0.03 will be used. Otherwise, defined nominal
P-value is used to filter eQTLs.

i Some of eQTL data source only contained eQTLs with a certain
FDR threshold. Please refer to the eQTLs section for details of
each data sources.
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Type

Check

Multiple
selection

Check/
Mumeric

Default

Unchecked

none

Checked /
1e-3

Direction

lower: increase #eQTLs and
#mapped genes.

higher: decrease #2QTLs and
#mapped genes.



3.3 Chromatin interaction mapping

Paramefer

chramatin
nteraction mapping

Builtin chramatin
nteraction data

Custom chromatin
nieraction matrices

FDR threshold ()

Promaoter region
window

Annotate
enhancer/promoter
regions (Readmap
111 epigenomes)

Filter SNFs by
enhancers

Filier genes by
promoters

Mandatory

Optional

Optional

Optional

Mandatory if
chromatin

interaction
mapping s

CHECKED

Mandatory if
chromatin
interaction
mapping is
CHECKED

Optional

Optional

Optional

Description

Check this option to perform chromatin interaction mapping.

Build in chromatin interaction data can be selected in this option.
Details of available build in dats ars available in the Chromatin
nteractions section in this tutorial.

In addition to build in chromatin interaction data, user can wpload
custom data. The data should be pre-computed chromatin keops
with significance (ideally FOR but another score can be ussd,
see the Chromatin interactions section for details). The file
shiould b= gzipped and named as "[name-of-data).xt.gz".
Multiple files can be uplesded. For each data, user can also
provide data type, such as Hi-C, ChIA-PET or C5 which is not
mandatory but will be used in the result table and regional plot.
The file format is described in the Chromatin interactions section
n this tutorial.

i Flease avoid upleading mors than one file with identical file
names. In that case, the files are over-written by the |ast
uploaded ane.

FOR threshold for significant loops. The defsult valus is set at 1e-
8 which is suggested by Schmitt et al. {2013)

i This threshold will be applied both build in and user uploaded
chromatin leops.

Promoter regions of genss to map in significantly interacting
regions. The input format should be "(upstream bpj-{denwstream
bp)” from transcription start site (TSS). For exampls, the default
"250-500" means that promater regions are defined as 250bp
upsiream and 500bp downstream of the T33. By the chromatin
ntersction mapping, genss whose user defined promoter regions
ar= overlspped with the significantly interacting regions will be
mapped. Please refer the Chromatin interas
tutorial for details.

tions section in this

Predicted enhancer and premeter regions from Roadmap
epigenomics project for 111 egigencmes can be annotated to
significantly interaction regions. If any epigenome iz not sslected,
enhancer and premoter regions are not annetated. Annotated
enhancer/promaoier regions can be wssd 1o filer SWPs and
mapped genss in the next two options.

This option is only available when at k2ast one epigenome is
selected in the previous option to Snnotate enhancer promater
regions. YWhen this option is checked, SNPs are filtzred on such
that overlap with one of the annatated enhancer regions for
chromatin interaction mapping. Please refer the Chromatin
nteractions section in this tutorizl for details.

This option is only available when at l2ast one epigenome is
selected in the previous option to Snnotate enhancer promater
regions. YWhen this epticn is ¢hecked, chromatin interaction
mapping is only performed for genes whose promaoter regions ars
overlsp with one of the annetated promoter regions. Please refer
the Chromatin interaciions section in this tuterial for details.

Type Default Direction

Check Unchecksd | -

Mukipls nong -

selection

File none -

upload

{multipl)

Mumenc | 125 owisr: increase #Fohromatin
nteractions and Fmapped
genes.
nigher: decrease Schromsatin
nteractions and Fmapped
genes.

ext 250-500 owisr increase #mapped )
genes.
srzller: decresse Smappad
gEnes.

p—

Mukiple nong -

selzction

Check Unchecked -

Check Unchecksd -
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3.4 Functional annotaticn filtering

Paosional, ¢OTL and chramaiin inbaraclion mappings have he folowing oplions separataly, for e filering of SMNPs based on functional annotaton. Al filers bslow apply
1o saieclod SMNFs in LO with independant significant ENPs that ane used to piaritize genas and infiuenos tha numibes of SMPs thal an mappsad bo ganes, and consaduaniiy
irfluanca the number of priodlzed genes.

Frramaisr Mandaiary Desoripton Typs Cisfawit Dirsstion

CADD scom Cpbianal Chick this if you want to perform flieding of SHPs by CAOD Chack Unchacked | -
scong. This apphes o sclected SHPS in LD with indepercant
significant SHPs thal are used 10 pricdlize genes. CADD score s
i scorn of Seleleriousness of SHPs predicted by B3 funchonal
annotafions. 12,37 is e threshold io be doleierious suggeshad
by Kichar at al (2014). Fiaasa mfer o the original publcation for
dirtails from links.

Mirimum CADD | Mandafiory B cans Thaz higha tha CADD scon, the mone dabilericus. nNumMaric 12.377 highar: lass EMNPs will ba
scon (2] wcore 15 chicked mapped Lo ganes.
ko, Mo SHPS will bia
manEeed b genes.
ReguicmaDE Opbianal Chack T you want b parfonm filering of SHPS by RegulameDE Chinck Unchacied | -
SCOnG scong. This apphes o sclected SHPS in LD with indepercant

signifcant SNPs that am used 1 pricdlize genes. ReguomeDE
sCcons 5 a categonical soore represendng regulalony funchionaliby
of EMFs based on @0TLs and chromalin maris. Please refor bo
the original pubication for details from Enks.

Mirimum Mandatony RiguiomaDB sooee & a calegorical seons froem 12 1o T) Seone 1 | string T fighar: mone SHPS wil be
ReguomaDE EspulomecO scors | Means that fose SMPs 2o most ey aecting regualany mappssd o ganes.
SCOnG (2] 5 chiaciad) ehmenis and T moaans that hose SNPs do nol hev any o lams ENPs wil ba
annotaions. SHPS ane recorded 25 M ey am not present in mapped b gines.
tha: dafiabane. SHPS with BMA wil ot ba incladied Tor flkeing on
ReguicmaDB score.
15-corm Optianal Chick I you want bo perdonm flering of SNPs by chromalin Chiack Unghackad | -
eheomakin skl stabe. This apples bo seachad SNPS i LD with indapardent

signifcant SNPs that 2re usod fo pricdlize genes. Tha chromalin
staba represents accossikilly of genomic regions (ovary 20000)
with 15 catogonical states prodicted by ChromH Ml based om §
chreomatin marks for 127 epigonomas.

15-poen Mandatony B 15 Mulbiphe tissus'cel types can be sekcied from the ISt Muliphe | none -
chromatin sialn core chroastin saloctian
tssuaiogl typas | wtete B8 chigcked

Marirmem siate Mandahory B o1s- Tha maximum siate i fiker SHPS. Botwoan 1 and 15 Ganeraly, | numeric T highar: mona SHPs will ba
of chiomatinds) | core chreastin btwnen 1 and 7 is open Slats. mapped b ganes.
wiate 15 Chigcked Iowad less SMPS will b
mappsed b gins.

Matheoed fior 15- Mandafony B 15- Whean mulipks issuatcal hyoes are setecled, cither any (fllered | Selecon | any -
pore chromatin | core chreastin on SMFs which have siale above han threshald in any of
staba fiwring whats 15 chicked solectad lssus'oel fypes], medority (IHered on SHPs which

hawe stabe above than threshold in majdty (250%) of sakaciod

lisse'cn| typa) of all (filened on SHPS which have slale

abara than Beeshakd in ol of sokecied Sasuaioall i),

Anmobation DOpbianal Additioral Tunclicnal annotalions can be annotaled 1o candidala Mulipk: nong -
ditasals SHPs. A availabla dafa are regional based annolation [bad Tl saluction
Tormaty.
Anmobation Mandahory B any of | By dalaulk, SMPs ane nol hered by the arnotalions salecied in Selecton | Mo flloring | -
Tilaring mathod Anratatizn Anratatizn datassts . To filer SHPs based on e selcind
satanmtn & annotafion, sakect ihis opdons from eny (liemed on SNPS which
sadaibad. are overiapping with 2y selected annciabions) asjority

[Milzned o SHPs which arn overlapping with majorty [250%) of
salpched anndtalions), of all (Mkered on SHPs which are
overlapping with all of salected annolalions).
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4. Gene types

Biotype of genes to map can he selected. Please refer to Ensembl for details of biotypes.

Parameter Mandatory Description Type Default
Genetype  Mandatory  Gene type to map. This is based on gene_biotype obtained from BioMart of Ensembl build 85. Please  Multiple Protein coding
zee here for details zelection. genes,
5. MHC region

The MHC region is often excluded due to its complicated LD structure. Therefore, this option is checked by default. Please uncheck to include MHC region. MNote that it
doesn’t change any results if there is no significant hit in the MHC region.

Parameter Mandatory Description Type  Default

Exclude MHC regicn Cptional Check if you want to exclude the MHC region. The default region is defined as between "MOG" and  Check  Checked
"COL11AZ" genes.

Options for excluding Optional MHC region can be excluded only from either annotations or MAGMA gene analysis, or from both Select  Only from

MHC region by selecting this option. annotations

Extended MHC region Cptional User specified MHC region to exclude (for extended or shorter region). The input format should be Text Mull

like "25000000-34000000" on hg19.

6. MAGMA analysis

MAGIMA gene and gene-set analyses are performed for the input summary statistics by default, but user can also select to omit MAGMA process that reduce the run time
of SNP2GEME process. Gens expression data sets for MAGMA gene expression analysis can be also selectad from here.

Parameter Mandatory Description Type  Default
Perform Optional UNCHECK to SKIP MAGMA analyses. Check Checked
MAGMA
MAGMA gene Mandatory The window of the genes to assign SMNPs (symmetric). e.g. when 5kb is selected, SNPs within 5kb window  Select  Dkb from
annotation when masma is  of a gene (both side) will be assigned to that gene. The option is available from 0, 5, 10, 15, 20kb window. both side
window active. of the
genes
MAGMA gene Mandatory Gene expression data sets used for MAGMA gene-property analysis to test positive association between Select GTExwvh
exprassion when macma is genetic associations and gene exprassion in a given labsl.

analvesic activa



Gene expression database used by Fuma

(Gene expression data sets
1. GTEx v6

Data source
RMNAseq data set was downloaded from hitp:/fwww gtexportal org’home/datasets. Gene level RPEKM was used (GTEx_Analysis vé RNA-seq RNA-
5elCv1.1.5_gens rpkm.gct.gz).

Pre-process

Primary gene ID was Ensemble |D. In total, 8,555 samples were available. From 56,318 annotated genes, genes were filtered on such that average RPKM per tissue is =1
in at lzast on of the 53 tissues. This resulted in 28,577 genes. RPKM was winsorized at 50 (replaced RPEM=50 with 50). Then average of log transformed RPKM with
pseudocount 1 (log2{RPKM+1}) per tissue (for either 53 detail or 30 general tissues) was used as the covariates conditioning on the average across all the tissues.

2. GTEx v7

Data source
RMNAseq data set was downloaded from hitp:/fwww gtexportal org’home/datasets. Gene level TPM was used (GTEx_Analysis 2016-01-
15 vV RMNASeQCv1.1.8 gene rpm.gctgz).

Pre-process

Primary gene ID was Ensemble |D. In total, 11,688 samplas were available. From 56 203 annotated genes, genes were filtered on such that average TPM per tissue is =1
in at least on of the 53 tissues. This resulted in 32,335 genes. TPM was winscorized at 50 {replaced TPM=50 with 50). Then average of log transformed TPM with
paeudocount 1 (log2(TPM+1}) per tissue (for either 53 detail or 30 general tissues) was used as the covariates conditioning on the average across all the tissuas.

3. BrainSpan

Data source
RMNAseq data set was downloaded from hitp://www brainspan.org/static/download. Gene level RPKM was used (genes_matrix_csv.zip).

Pre-process

Primary gene ID was Ensemble |D. In total, 524 samples were available. General developmental stages were annotated for each sample based on the age. We used 11
developmental stages and 29 ages as the label. For the label of age, we excluded age groups with <3 samples (25 pow and 35 pow). From 52 376 annotated genes, genes
were filtered on such that average RPKM per label is =1 in at least one of the either developmental stage or age. This resulted in 19,601 and 21,001 genes for
developmental stages and age groups, respectively. RPKM was winsorized at 50 (replaced RPEM=50 with 50). Then average of log transformed RPKM with pseudocount
1 (log2{RPEM+1)) per label (for either 11 developmental stages or 29 age groups) was used as the covariates conditioning on the average across all the labels.

GBIO002 AB 2019



Fuma : Genomic risk loci Identification

Characterization of genomic risk loci based on GWAS

To define genomic loci of interest to the trait based on provided GWAS
summary statistics, pre-calculated LD structure based on 1000G of the
relevant reference population (EUR for BMI, CD and SCZ) is used. First
of all, independent significant SNPs with a genome-wide significant P-
value (< 5e-8) and independent from each other at r 2< 0.6 are
identified. For each independent significant SNP, all known (i.e.,
regardless of being available in the GWAS input) SNPs that have r %= 0.6
with one of the independent significant SNPs are included for further
annotation (candidate SNPs). These SNPs may thus include SNPs that
were not available in the GWAS input, but are available in the 1000G
reference panel and are in LD with an independent significant SNP.
Candidate SNPs can be filtered based on a user-defined minor allele

frequency (MAF, 20.01 by default).

Based on the identified independent significant SNPs, independent lead
SNPs are defined if they are independent from each other at r < 0.1.
Additionally, if LD blocks of independent significant SNPs are closely
located to each other (< 250 kb based on the most right and left SNPs
from each LD block), they are merged into one genomic locus. Each
genomic locus can thus contain multiple independent significant SNPs

and lead SNPs.

Besides using FUMA to determine lead SNPs based on GWAS summary
statistics, users can provide a list of pre-defined lead SNPs. In addition,
users can provide a list of pre-defined genomic regions to limit all

annotations carried out by FUMA to those regions.
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Fuma : Gene and Gene set analysis

MAGMA for gene analysis and gene set analysis

FUMA uses input GWAS summary statistics to compute gene-based P-
values (gene analysis) and gene set P-value (gene set analysis) using the
MAGMA™ tool. For gene analysis, the gene-based P-value is computed
for protein-coding genes by mapping SNPs to genes if SNPs are located
within the genes. For gene set analysis, the gene set P-value is
computed using the gene-based P-value for 4728 curated gene sets
(including canonical pathways) and 6166 GO terms obtained from
MsigDB v5.2. For both analyses, the default MAGMA setting (SNP-wise
model for gene analysis and competitive model for gene set analysis)
are used, and the Bonferroni correction (gene) or FDR (gene-set) was
used to correct for multiple testing. 1000G phase 3% is used as a

reference panel to calculate LD across SNPs and genes.
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Lets run SNP2GENE



1 Upload input files

GWAS summary statistics file columns

Pre-defined lead SNPs ()

Identify additional independent lead
SNPs @)

Predefined genomic region (3

Choose File | No file chosen

Or @ : Use example input (Crohn's disease, Exa
al. 2010).

i case insensitive
Chromosome:
Position:

rslD:

P-value:

Effect allele™:
“"A1"is effect allele by default

Non effect allele
OR:

Beta:

SE:

Choose File | No file chosen

Choose File | No file chosen

+ OK. An example file will be used.

O Optional. Please fill as much as you can. Itis not necessary to fill all
column names.

@ Optional.

@ Optional.
This is only valid when predefined lead SNPs are provided.

@ Optional.

3-1. Gene Mapping (positional mapping) ~
Paositional mapping
Perform positional mapping (3 = ~ OK.
Maximum distance: | 10 kb
OR
Functional consequences of SNPs on genes
Distance to genes or clear
functional consequences of SNPs on genes to map & S|l 2 ShirsaramEnr i g s U LE
splicing
intronic
3UTR <
Optional SNP filtering by functional annotations for positional mapping
i This filtering only applies to SNPs mapped by positional mapping criterion. When eQTL mapping is also performed, this filtering can be specified separately.
All these annotations will be available for all SNPs within LD of identified lzad SNPs in the result tables, but this filtering affect gene prioritization
Parform SNPs filtering based on CADD score. (2 = 9
Optional
CADD =
lini =]
Minimum CADD score (=) (B 12,37 Optional
Parform SNPs filtering baed on ReguomeDB score (B [ gp“unal
RegulomeDB =
Maximum RegulomeDB score (categorical) (3 7 Ml
N . - o
Parform SNPs filtering based on chromatin state (2 [S] Qptional
Selectall  Clear
Adrenal (1) -
E080 (Other) Fetal Adrenal Gland
Blood (27)
E029 (HSC & B-cell) Primary monocytes from peripheral blood
Tissue/cell types for 15-core chromatin state E030 (HSC & B-cell) Primary neutrophils from peripheral blood o
15-core chromatin & Multiple tissue/cell types can be selected E031 (HSC & B-cell) Primary B cells from cord bloed Optional
ctate E032 (HSC & B-cell) Primary B cells from peripheral blood
E033 (Blood & T-cell) Primary T cells from cord blood
E034 (Blood & T-cell} Primary T cells from peripheral blood
E035 (HSC & B-cell) Primary hematopoietic stem cells -
15-core chromatin state maximum state (2 7 o
Optional
15-core chromatin state filtering method (3 any

" Suen@BIO002 AB 2019

3-2.

2. Parameters for lead SNPs and candidate SNPs identification

Sample size (N) @

Minimum P-value of lead SNPs (<)
Maximum P-valus cutoff (<) @)
r* threshold to define independent significant SNPs (2)

2nd 1 threshold to define lead SNPs (2) @)
Reference panel population
Include variants in reference panel (non-GWAS tagged SNPsin LD) ()

Minimum Minor Allele Fraquency (2} @)

Maximum distance between LD blocks to merg into a locus (< kb) (@)

Gene Mapping (eQTL mapping)

eQTL mapping

Perform eQTL mapping (3 &/ | @ Optional.

3-3. Gene Mapping (3D Chromatin Interaction mapping)

chromatin interaction mapping

Perform chromatin interaction mapping (2 ) @ Optienal.

4. Gene types

Ensembl version V92 v
All -
Gene type (3 Protein coding

i Multiple gene type can be selected.  IncRNA

Total sample size (integer):
21389

OR
Column name for N per SNP (text)

be-g

0.05

1000G Phase3 EUR

Yes

20

v OK.

v OK.

+ OK The total sample size will be applied to all SNPs.

v 0K
v 0K
v 0K

v 0K
v 0K
v 0K

v K



5. MHC region

Exclude MHC region(?) ¥ | from only annotations v« OK. MNomal MHC region will be excluded from only annotations.

Extended MHC region (3)

ie.g. 25000000-33000000 © Optional.

6. MAGMA analysis

Perform MAGMA(® #

0 kb

Gene windows (7 i One value will set same window size hoth sides, two values separated by comma will set different window sizes for up- and
downstream. e.g. 2,1 will set window sizes 2kb upstream and 1kb downstream of the genes.
i Maximum window size is limited to 50.

GTEx v8: 54 tissue types -
MAGMA gene GTEx v&: 30 general tissue types

expression analysis GTEx v 53 tissue types
@ GTEx v7: 30 general tissue types

T e aaiC- OF #immnam dommn

Title of job submission:| trail
i This is not mandatory, but job title might help you to track your jobs.

Submit Job A After submitting, please wait until the file is uploaded, and do not move away from the submission page.

GBIO002 AB 2019

v OK. MAGMA
will be performed.

v DK

v QK.



My Jobs
List of Jobs o
Job 1D Job name
B0E0S trai

Submit date

2019-11-04 10:51:43

Home

—
Status (Z)

Go to results

Tutoria

Jump to GENE2ZFUNC

GEMEZFUNC
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SNP2GENE

GE

Publish

Publish

Deleie selected jobs

Select



Result



-logl0 P-value

60 -
50
a0 °

.

304

GWAS PLOTS

Significant signals in chromosome 1 and 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19202122
Chromosome

Manhattan Plot (GWAS summary statistics)
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-log1d P-value

GWAS PLOTS (gene based test)

JLZIR
40
35
a0} ATG1BL1 Jiooz Gene name
27 promie
20
cvio Gene name

O1E 1 20 2122

Chromosome

i This is a manhattan plot of the gene-basad test as computed by MAGMA based on your input GWAS summary statistics.
The gene-based P-value is downloadable from 'Download' tab from the left side bar.

Input SNPs were mapped to 16510 protein coding genes. Genome wide significance (red dashed line in the plot) was defined at P = 0.05/16510 = 3.028e-6.
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Q-Q PLOTS (GWAS/gene based test)

Q) plot (GWAS summary statisics) QQ plot (gene-based test)

i This is a Q-Q plot of GWAS summary statistics. i This is a Q-0 plot of the gene-based test computed by MAGMA.
For plotting purposes, overlapping data points are not drawn (filtering was performed only
for SNPs with P-value = 1e-5, see tutorial for details).

Download the plot as| PNG || JPG | SVG | PDF Download the plot as PNG | JPG | SVG | PDF
- 4|:|_ -
80— . 35
*
% 50— g 30 . ®
w # =
= =
o o s
= 404 = = .
= @™
= 2 204
= 30 =
a an i
£ £ 15
o @ -
o 20 s
10 5.4 _
0 ; . . . : r o . . r . .
00 05 10 15 20 25 30 35 40 45 50 55 00 05 10 15 20 25 30 35
Expected -log10 P-value Expected -log10 P-value

Slight variation in Plots ( From SNPs to Gen 9based QQ plot)



MAGMA gene set analysis

Over represented Gene ontology :

Gene Set Ngenes Beta Beta STD SE F Pbon .
GO_bp:go_defense_response 1286 0.17241 0.046207  0.028022 3.9114e-10 6.05171808e-06
GO_bp:go_cytokine_production 627 0.22151 0.04234  0.039019 6.9857e-09 0.0001080757647
GO_pp:go_inflammatory_response 589 0.22743 0.042186  0.040501 9.9697e-09 0.000154231259
GO/ bp:go_cytokine_mediated_signaling_pathway 614 0.21695 0.041054  0.038923 1.2674e-08 0.000196054106
G{_bp:go_positive_regulation_of_signaling 1541 0.13826 0.04022  0.025461 2.8612e-08 0.000442570416
O_bp:go_response_to_cytokine 958 0.17057 0.039878  0.031566 3.3194e-08 0.000513411598
GO_bp:go_positive_regulation_of_intracellular_signal_transduction 845 0.17471 0.038502  0.033458 8.9777e-08 0.001388491082
Curated_gene_sets-reactome_signaling_by_interleukins 538 0.21607 0.038364  0.041524 9.9138e-08 0.00153316917
GO_bp-go_positive_regulation_of_rna_biosynthetic_process 1351 0.13521 0.037064  0.026186 1.2264e-07 0.00189650496
Curated_gene_sets:gi_plasmacytoma_up 208 0.3429 0038246 0.067423 1.8522e-07 0.00286405686

Defense response specific regulatory genes are highly
significantly OR in this data.

-log 10 P-value

Signifiant expression observed in Lung, Blood and
spleen tissue.
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#Genomic risk loci
#lead SNPs
#Ind. Sig. SNPs

#candidate SNPs

#candidate GWAS tagged SNPs

#mapped genes

Proportion
© o o o o
= N w = (9]

o
o

Summary of SNPs and mapped genes

52
75
164

8717
1247
256
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-log2(E)

.1.58

-—0.66

* p<0.05
** p<0.05/11



Distribution of SNPs

Genomic loci
1:7822723-7907971
1:67362595-67766926 |
1:114303808-114377568 -|
1:155198347-156016356
1:172803958-172871681
1:197342686-197784249
1:206939904-206968955 -|
2:25488819-25506107
2:61186829-61231014 |
2:102917234-103201364
2:231083171-231171423 |
2:234142691-234303405
3:48446237-50209053
5:40288878-40899159 |
5:96200770-96373750 -
5:129776565-131835395 -|
5:141435466-141543989 -|
5:150169843-150338714
5:158764177-158944085
6:20640419-20835260 |
6:106435025-106442096 -
6:167360389-167544278
7:50257634-50323456 |
7:153451274-153497853 |
8:126527765-126565413 -|
9:4980756-5268264
9:117538334-117654990 -
9:139257147-139403280
10:35268132-35554054 |
10:64387108-64629705 |
10:81042475-81067480 -
10:101271789-101327851 |
11:76270683-76302073 |
12:40337163-40986579 -
13:44406102-44490181 |
14:88398949-88506864 -
15:67437863-67468285 |
16:28298418-28920320
16:50337715-50845533 -
17:32516704-32640025
17:37902887-38089717 |
17:40568094-40690118
18:12740875-12886441
19:1106477-1131416 |
19:10408439-10602180
19:49168942-49252574 |
20:62198236-62387417
21:16784168-16841303 -|
21:45611686-45633388
22:21910280-21985094 |
22:30263026-30592487
22:39659773-39737810

Size (kb

) #SNPs

| I —

L Ll L | 1 I | Ll 1 1

- -

#SNPs
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1

#mapped genes

#mapped genes

#genes physically
located in loci

#genes physically
located in loci



Fuma : Regional Plots

Result tables

Genomic risk loci lead SNPs Ind. Sig. SNPs SNPs (annotations) ANNOVAR Mapped Genes GWAScatalog Parameters

i Click row to display a regional plot of G\WAS summary statistics.

Show 40 v entries Search:

Genomic ) P- B .

Locus unigiD rsiD chr  pos value " start end nSNPs  nGWASSNPs nindSigSNPs - IndSigSNPs
o ewemmeomme o woosfioeom s 2 0 e
42 17:40570772:A:C r311871801 17 40570772 3;6_ 40568094 40690118 72 T 1 rs11871801
g 2:25492467 A:G 1313428812 2 25492467 ;;E_ 25488519 25506107 9 2 1 rs13428812
20 6:20728731:C:T rs6908425 6 20728731 {1).;&— 20640419 20835260 27 7 2 rs6908425;rs
35 14:88472595:C:T rs8005161 14 88472595 ;;E_ 58398949 38506864 29 4 1 rs8005161

23 7:503044561:C:T 131456896 7 50304461 ;:E_ 50257634 50323456 30 5 1 rs1456596

7 1:206939904° A:G rs3024505 1 206939904 3;6_ 206939904 206965955 § 1 1 rs3024505

9 2:61224259:C:T 1310181042 2 651224259 E:E_ 61186829 61231014 26 6 1 rs10151042
51 22:30592457.C:G rs713875 22 30592487 2;’&- 30263026 30592437 32 g 1 rsf13575

6 1:197727642:A:G 131998598 1 197727642 3;6_ 197342686 197734249 66 " 1 rs1998593

y »
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iear Selected Locus

1000G SMFs

ol 12 top lead SNP rsb568421
2 08
0.8 Chrom 3]
T 0.7
g 0.8
S o ¥ BP 106435025
o 5 o3
= * e 0 P-value 4.4e-08
E 34 - [ ] '- - I ] é - ‘
T - . s o § w,unts 4' ? #Ind. Sig. SNPs 1
M ‘ .. l: L] .
N o8 R TH ) - A ot
o M Y. PR PR Y A 3N #lead SNPs 1
7,400,000 7,500,000 7,200,000 5,000,000 2,200,000 8,400,000
Chromosome 1 SNPs within LD 4
®Top lead SNP ®Le=ad SNPs #®Independent significant SNPs
GWAS SNPs within LD 2

e s LU

L
]

& H 0
. . 0.7
] - .
z o 0.6
= 5- . * e . 05
z 04
. » - . 03
o 4 "y - lu.z
= 01
E v
= L ]
: ee® o ' o * .
- e ¥ . ‘ -
"1 mude = Tew . " e, v .8
L ] -
o — . % 7® “:F LT e g g af, .
40,200,000 40,400,000 40,600,000 40,800,000 41,000,000 41,200,000

Chromosome 17
®Top lead SNP ®Le=ad SNPs #®Independent significant SNPs
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Moving from SNP2Gene to Gene2FUNC

< My Jobs

New Job & List of Jobs <

Redo gene mapping C

Delete selected jobs
My Jobs Q Job ID Job name Submit date Status (3) Jump to GENE2FUNC Publish Select

60609 trail 2019-11-04 10:51:43 Go to results GENE2FUNC

|

Click

Publish [m]
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Tissue specific Expression

Expression Heatmap plot

Up-regulated DEG

noo 0

Down-regulated DEG

DEG (both side)

T T T
o< m o~ —

anjen-d 0T bol-

SNPs encoding genes have significant expression in spleen tissue

: high expression

Dark red color
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Functional Enrichment plots

overlapping genes

Enrichment P-value

genes in gene sefs

Prapartion of overlapping

T
o
oo

J

LMARK_INTERFERON C;AMIM RESPONSE

HALLMARK_ILG_JAK_STAT3_SIGMALING

HALLMARE,_INFLAMMATORY_RESPONSE
HALLMARK,_ALLOGRAFT_REJECTION

HALLMARE_TNFA_SIGNALING_VIA_NFKB

I-hkLLTu'IARK IL2_STATS_SIGNALING

o
=
)
=
o
E
]
£
"
=
s
=4
E

Proportion

Enrichment P-valug

Proportion of overlapping
genes in gene sels

chrap21 -
chriq22
chr18p11 -
chrBa3t -
chrifgi2 -
chr20g13 -
chr2g12
chrig24 -
chrip3t -
chrép12 4
chrigp12 -

PDF

JPG || VG

Download the plot as | pPNG

overlapping genes

Enrichment P-value

Proportion of overlapping
genes in gene seis
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Gene ID

ANKRD44
FOSL2
RAP1GAP
CARMIL1
CACNA1S
CYLD
ATG16L1
DOCK3
TTC33

INSL6
ADCY7
NKD1

KSR1

OSMR
BABAM2
IFNGR2
IL23R

NOD2
SPNS1
FOSL1
TEX41
AL138720.1
AC067751.1
ZNF512
LINC00824
AP005482.1
AC007493.1
LINC02178
LINC02178
AF246928.1
ATG16L1
AC008703.1

Let us run Gene2FUNC

Genes of infarest

1Pzstz orupload a fie that containg gene-symbols. Priceity i given fo the text bax if 1 Specify background gene-set Tniz wil be used inthe hypemeameinz test.

both fiekde are used

Background genes

1. Belect background
i Multigle gene-types

4 Vi

2. Upload file (3) 3. Upload a fl
Choase File | No file chosen Chaosa File | Nof
Please eithier copy-paste or upload 2 et of genss to fest i grond gen:
Other optional parameters

Ensemblversion: vg2 ¥

Custom gene set fles: addfle §File is required to have GMT format with an extension " gmt’.

GTExwfi 54 tissue types
Cene exprassion data s2is Ty
v
Exclude the MHC region
Desired mul t enrichment tesing:| - Benjamini-Heehberg (FOR) v
WMazimum a aciation (<):| 0,05 )

Minimum overlapping genes wi

Tite: i Optiona
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Summary of input genes

Number of input genes 32
Mumber of background genes 57241
Number of input genes with recognised Ensembl 1D 26

Input genes without recognised Ensembl 1D CARMIL1, BABAM2, AL138720.1, LINC00824, AC007493.1, AF246928.1

Mumber of background genes with recognised Ensembl 1D 57241
Background genes without recognised Ensembl 1D MNA
Mumber of input genes with unique entrez ID 23

MNumber of background genes with unigue entrez 1D 35142

Download the plot as| pNG | JPG | SVG || PDF
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Up-regulated DEG Down-regulated DEG

Hhold | sasa .

lmll-h“ll.th- TN |

3

anjea-4 g} Bol-

Significantly differentially expressed

DEG (both side}
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Halimark gene sets (M=igD8 h) (3)

Focitienal gene cats (MsigDB c1) {n

Curated_gens_ssts {0y

Chemical and Genstic pertubation gens sets (MsigDE c2)

All Canonical Pathways (MsigDB c2) {00

BioCarta (MeigDB €2) (1)

Enrich

ment : plots

there are two signifiant pathways

A

KEGG (MsigDB c2) 2}

Reactome (MsigDB c2) (]

microRNA targets (MsipDE c3} [4}]

TF targets (MsigDB c3) {0}

All computational gens sets (MsigDE c4) (1]

Cancer gene neighberhoods (MsigDB c4) {0}

Cancer gens modules (MsigDB c4) {0y

GO biological processes (MsigDE ¢5) 2}

GO cellular components (MsigDB c5) [1)]

GO molecular functions {MsigDB c5) {1

Oncogenstic signaturss (MsigDB cf) oy

Immunelogic signatures (MsigDB c7) 0

WikiPathways 10}

GWAS catalog reported genes {8

A

A
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there are two signifiant gene ontology

Informations found in GWAS catalog



Exercise

. Classify SNPs list based on genomic location (genic and
non genic)

. Identify chromatin markers affected by given SNPs list .

. Identify over represented KEGG pathways and GO
enrichment based on SNPs encoding genes

. Identify which tissue is differentially expressed due to
given SNP list (via genes)?

GBIO002 AB 2019

rs4468290
rs11201609
rs4933212
rs701546
rs1241901
rs8087497
rs2409457
rs1666559
rs12943387
rs2036660




FROM TODAY SESSION

Performed Post GWAS of identified SNPs (different ways)

Multiple databases
Multiple servers

FUMA
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NEXT SESSION

Multi Omics Integration :

= Working on multiple omics profiles (gene expression/methylatio/SNPs)
= Integrate data using multiple alogrithms for gene prioritization
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