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Genome-wide association studies (GWAS)

Visscher et al. 2017. AJHG



GWAS ATLAS
http://atlas.ctglab.nl

http://atlas.ctglab.nl/


GWAS ATLAS
Summary of results for a single GWAS



GWAS ATLAS
Multiple GWAS comparison (Genetic Correlation)



GWAS ATLAS
Multiple GWAS comparison (Loci overlap)



GWAS ATLAS
Create PheWAS plot



GWAS ATLAS

https://www.biorxiv.org/content/10.1101/500090v1

https://www.biorxiv.org/content/10.1101/500090v1


Genome-wide association studies (GWAS)

McCarthy et al. Nat. Rev. Gent. (2008)

GWAS
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Challenge 2: Non-coding SNPs

Coding SNPs
Non-synonymous SNPs

Loss of Function (Stop gain, Stop loss)
Splicing SNPs

Non-coding SNPs
Enhancer/Promoter regions

Transcription Factor Binding Sites 
(TFBSs)

Direct effect to genes/proteins

gene

SNP

mRNA

Protein

Indirect effect to genes

genePromoter

Enhancer

TF

genePromoter

Enhancer

TF

Expression 
quantitative loci 

(eQTLs)

2. non-coding SNPs
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Post-GWAS annotations and prioritization

1. Linkage disequilibrium (LD)
Identify all SNPs which are in LD of significant hits.

2. Variant annotation
Functional consequence on genes (i.e. exonic, intronic or splicing site)

3. Functional annotation
Deleteriousness, regulatory elements and epigenetic data

ANNOVAR

PLINK

4. Functional analyses of genes
Tissue specific expression, gene set analyses

CADD

HiC



Available at http://fuma.ctglab.nl

FUMA: Functional Mapping and Annotation 
of genetic associations

http://fuma.ctglab.nl/


Overview of FUMA



SNP2GENE

GWAS summary statistics

Independent 
significant SNPs

Genomic risk loci

Step 1. Characterize genomic risk loci Lead SNPs



SNP2GENE

GWAS summary statistics

Step 2. Annotation of candidate SNPs in 
genomic loci

SNPs with 
annotations

eQTLs

Independent 
significant SNPs

Genomic risk loci

Step 1. Characterize genomic risk loci Lead SNPs

ANNOVAR, CADD, RegulomeDB, Open chromatin state,
eQTLs (GTEx, 2xBlood eQTLs, BRAINEAC), Hi-C



SNP2GENE

GWAS summary statistics

Step 2. Annotation of candidate SNPs in 
genomic loci

Step 3. Functional Gene mapping
Positional mapping eQTL mapping Mapped genes 

table

SNPs with 
annotations

eQTLs

Independent 
significant SNPs

Genomic risk loci

Step 1. Characterize genomic risk loci Lead SNPs

ANNOVAR, CADD, RegulomeDB, Open chromatin state,
eQTLs (GTEx, 2xBlood eQTLs, BRAINEAC), Hi-C

Chromatin interaction mapping



Gene mapping
Positional mapping

Mapped genes
Un-mapped genes



Gene mapping
Positional mapping

Mapped genes
Un-mapped genes

exonicIntergenic



Gene mapping
Positional mapping eQTL mapping

Mapped genes
Un-mapped genes

exonicIntergenic

Mapped genes
Un-mapped genes



Gene mapping
Positional mapping eQTL mapping

Mapped genes
Un-mapped genes

exonicIntergenic

Further filtering of SNPs based on functional annotations prior to gene mapping
CADD score (>12.37 is considered as highly deleterious)

RegulomeDB score (categorical score from 1a to 7)

15-core chromatin status (1-7 states are considered as open, tissue specific)

*Parameters can be set for each mapping separately

Mapped genes
Un-mapped genes



Gene mapping
Chromatin interaction mapping

Map SNPs in a genomic region interacting with 
promoter region of genes (250bp up- and 
500bp downstream of TSS) in selected tissue 
types. In addition to functional annotations, 
SNPs can be further filtered on such that 
overlap with predicted enhancers from 
Roadmap. Mapping can be limit to genes 
whose promoter regions are overlapping with 
predicted promoters from Roadmap.



FUMA: regional plot
GWAS P-value

Genes

CADD score

RegulomeDB score

eQTLs



Deleterious 
coding SNPs

FUMA: regional plot
GWAS P-value

Genes

CADD score

RegulomeDB score

eQTLs



eQTLs in Brain

Deleterious 
coding SNPs

FUMA: regional plot
GWAS P-value

Genes

CADD score

RegulomeDB score

eQTLs



Chromosome 8

Nagel, M. et al. Meta-Analysis of Genome-wide 
Association Studies for Neuroticism in 449,484 
Individuals Identifies Novel Genetic Loci and 
Pathways. (2018) Nat. Genet.

Chromatin interactions 
can map SNPs to distal 
genes.

FUMA: circos plot



XKR6 is mapped by within 
and cross loci 
interactions, also mapped 
by eQTLs.

Chromosome 8

Chromatin interactions 
can map SNPs to distal 
genes.

Cross loci 
interaction

FUMA: circos plot

Nagel, M. et al. Meta-Analysis of Genome-wide 
Association Studies for Neuroticism in 449,484 
Individuals Identifies Novel Genetic Loci and 
Pathways. (2018) Nat. Genet.



SNP2GENE: FAQ

ü FUMA provides annotations for SNPs which are in LD with one of the independent 
significant SNPs which can help you prioritize likely interesting (functional) SNPs 
and genes in a locus but does not pinpoint the actual causal SNPs/genes

ü GWAS P-value is used only to identify indep. sig./lead SNPs and candidate SNPs but 
not used to weight/score SNPs or genes

ü For eQTL mapping, significant eQTLs are annotated to SNPs in loci but they are not
colocalized (meaning there might be overlap of SNPs and eQTLs due to LD)

ü MAGMA process is independent from main SNP2GENE process, gene mapping does 
not use MAGMA gene-based results

ü Input SNPs need to be present in the reference panel FUMA uses. If you find 
missing SNPs, it’s most likely because those SNPs does not exist in the selected 
reference panel or mismatch of alleles



GENE2FUNC

General biological functions of genes
OMIM (known disease associations), DrugBank (known targets of drugs), 
GeneCards (general biological information)

Interactive heatmap of gene 
expression

Tissue specificity (DEG)

Overrepresentation in Gene Sets
Curated gene sets
Motif gene sets
GO terms gene sets
(Total 20 categories)



Cell type specificity analysis
GWAS 

summary 
statistics

scRNA-seq
dataset

MAGMA 
regression 

model

Association of 
specific cell type+ +

Currently 43 datasets from 32 studies are available



Technical information on FUMA
ü You are required to register to submit a job

ü Normally, SNP2GENE process takes 15-45 mins (depending on the number of hits 
and parameters, might take >1 hour)

ü There are 5 parallel processes on FUMA server, your job might queue when the 
server is busy (average 45 jobs per day)

ü Your input file(s) will be deleted from the server once the process is done

ü When you get error and don’t know how to solve
Google group: https://groups.google.com/forum/#!forum/fuma-gwas-users
Send me email: k.watanabe@vu.nl
*Please do not delete your job when you contact about an error of a specific job!

https://groups.google.com/forum/
mailto:k.watanabe@vu.nl


Practical
Copy and open /faculty/kyoko/2019/FUMA/fuma_practical.pdf

The practical is based on the online web application. Please use Chrome if 
possible (some javascript functions do not work well with IE).

Section 1: FUMA (http://fuma.ctglab.nl)
ü Explore FUMA web application with example GWAS results
ü Detail look into SNP2GENE results
ü Prioritize genes based on SNP annotations for an example locus

*You are more than welcome to submit job during the workshop but the queue is 
currently shutdown, it will re-start after the session.

Section 2: GWAS ATLAS (http://atlas.ctglab.nl)
ü Quick tour of the website
ü Comparison of multiple GWASs
ü Create PheWAS plot

http://fuma.ctglab.nl/
http://atlas.ctglab.nl/

