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 Recap of some concepts

 All about Post GWAS 

 Data bases : Post GWAS

 Web servers : Post GWAS

STRUCTURE OF THIS LECTURE
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 What are SNPs ?

 What are minor and major alleles ?

 What is LD dis equillibirum ?

 What do you mean by association test ?

 What are manhattan plots ?

 What are q-q plot ?

RECAP OF SOME CONCEPT 
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All about GWAS
(Recap)  
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 Data Preparation 

 Quality Control

 Clustering

 GWAS 
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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 can be more confident about our results.
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Lambda should range from 0 to 1 (ideal condition). 
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Manhattan (multi chromosome view) 



GWAS  
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GWAS 

Post GWAS 
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All about Post GWAS 
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Post GWAS : Interpreting SNPs

Manual Search = No

Multiple softwares are available

GBIO002 AB 2019



GBIO002 AB 2019

IMPORTANT FINDING

Genomic Positions of SNPs



Genomic Positions of SNPs

Genic
SNPs

Non-
Genic
SNPs
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SNPs list (rs ID)

Classification of SNPs (Based on Genomic Position)  
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Why : From SNPs to Genes

GBIO002 AB 2019



 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.

Examples: From SNPs to Genes
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List of Data sources for Post GWAS
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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
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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.
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CAT CAT CAT CAT CAT CAT

CAT CAT CAT ACA TCA TCAMutation

Identify the insertion or deletion in following sequences

CAT CAT CAT CAT CAT CAT

CAC   ATC ATA CAT CAT CA Mutation

Wild 

Wild 
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CAT CAT CAT CAT CAT CAT

CAT CAT CAT ACA TCA TCAMutation

Wild 
Insertion 

CAT CAT CAT CAT CAT CAT

CA C   ATC ATA CAT CAT CA Mutation

Wild 
Deletion

T is missing

A is inserted
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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 mRNA (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).
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Databases and Softwares
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Databases and Softwares
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Data bases and web servers  

 ENCODE 

 HelgoDB

 RegulomeDB

 UniprotKB

 ENSEMBL 

 FUMA 

Let us discuss : 
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ENCODE: Encyclopedia of DNA Elements

https://www.encodeproject.org/
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Encode : Data structures 

Multiple resources

Multiple platform

Most of data represents
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Let us use Encode 
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Enter snp id :  rs4846913

Click 

Go to link http://screen.encodeproject.org/
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Select this row
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Z score data from multiple 
chromatin markers in 

different cell types 

Acetylation (AC) Chromatin markers 

Tri methylation (me3): Chromatin markers 

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

Enter snp id : rs712 [Homo sapiens]

GTEx : Genotype-Tissue Expression (GTEx)
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https://gtexportal.org/home/
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Indicates snps has high expression in human blood and skin tissues 
GBIO002 AB 2019



GBIO002 AB 2019



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

Ensembl Database

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


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

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

 In 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.

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

UNIPROT KB 
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https://www.uniprot.org/
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 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.

Multiple web servers (for Post GWAS) 
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 functional annotation information, such as 
histone modification states

 methylation patterns, 

 transcription factor binding sites

 eQTL and 

 higher-order chromosomal structure

Storage 

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

HaploReg web server  
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https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php
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 It 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 from G to T   

Advantage
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RegulomeDB

Access to the database at http://RegulomeDB.org/
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http://regulomedb.org/


 The integrated database is fully searchable using common variant formats (VCF, 

BED, GFF3, rsIDs) and through file upload of the same formats. 

Input Files Format 

rs33914668
rs35004220
rs78077282
rs7881236

VCF FORMAT  
rsID FORMAT  

BED FORMAT  
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 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.

Output Files 
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 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).

Click on each score one by one
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 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.
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Result indicate SNP is present in Gata Motif which could have regulatory impact on
the gene expresion

GBIO002 AB 2019



Result indicates SNP has chromatin regulatory impact
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Result indicates SNP has expression in cho cell type
and affect Splice site
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 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.

Advantage of RegulomeDB
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 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.

Comparision of HaploReg and RegulomeDB
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3431494/#B49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3431494/#B14


rs4468290
rs11201609

How many of these SNPs alter motifs sequence ?
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 GWAS3D: detecting human regulatory variants by integrative analysis of genome-
wide associations, chromosome interactions and histone modifications

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

GWAS3D/GWAS4D
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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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 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
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 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 × 10−5) 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.

Comparision with RegulomeDB and HaploReg
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List of Tools 

As 
discussed

before

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

Gene-set analysis

 Gene based and Gene set based analysis are included as feature of
FUMA webserver
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FUMA : interrogation of  GWAS
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http://fuma.ctglab.nl/
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http://fuma.ctglab.nl/


 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).

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

FUMA : Discuss

Ready to use FUMA Webserver !!!
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A

B

C
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3. 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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FUMA : Parameter detail
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Gene expression database used by Fuma 
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Fuma : Genomic risk loci Identification
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Fuma : Gene and Gene set analysis
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Lets run SNP2GENE
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Result
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GWAS PLOTS 

Manhattan Plot (GWAS summary statistics)

Significant signals in chromosome 1 and 16  
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GWAS PLOTS (gene based test)  

Gene name

Gene name
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Q-Q PLOTS (GWAS/gene based test)  

Slight variation in Plots ( From SNPs to Gene based QQ plot) 
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MAGMA gene set analysis

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

Over represented Gene ontology :

Signifiant expression observed in Lung, Blood and 
spleen tissue. 
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#Genomic risk loci 52

#lead SNPs 75

#Ind. Sig. SNPs 164

#candidate SNPs 8717

#candidate GWAS tagged SNPs 1247

#mapped genes 256

Summary of SNPs and mapped genes
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Distribution of SNPs
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Fuma : Regional Plots 
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Moving from SNP2Gene to Gene2FUNC

Click 
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Expression Heatmap plot Tissue specific Expression 

Dark red color : high expression SNPs encoding genes have significant expression in spleen tissue
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Functional Enrichment plots 
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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
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Significantly differentially expressed
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Enrichment : plots 

there are two signifiant pathways

there are two signifiant gene ontology

Informations found in GWAS catalog
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rs4468290 
rs11201609
rs4933212
rs701546
rs1241901
rs8087497
rs2409457
rs1666559
rs12943387
rs2036660

Exercise

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

2. Identify chromatin markers affected by given SNPs list .

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

4. Identify which tissue is differentially expressed due to 
given SNP list (via genes)? 
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 Performed Post GWAS of identified SNPs (different ways) 

 Multiple databases

 Multiple servers 

 FUMA

FROM TODAY SESSION
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Multi Omics Integration :

NEXT SESSION

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


