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What is GWAS?

Unbiased exploration of correlations between 
SNPs in the human genome and traits

Up to 5M SNPs can be analyzed and millions more 
can be imputed

The results are pure statistical correlations

Biological interpretations require further experiments   

https://www.ebi.ac.uk/gwas/diagram


What is GWAS?

http://www.nature.com/nrg/journal/v11/n5/full/nrg2793.html
http://www.nature.com/nrg/journal/v11/n5/full/nrg2793.html


What is GWAS?

http://www.garlandscience.com/product/isbn/9780815344636


Why GWAS?

Genetic association studies have two aims: 

To identify genetic markers that can be used for prediction 

To unravel disease biology



Unexpected Results

Great majority of results concern the non-coding region



Unexpected Results

http://journal.frontiersin.org/article/10.3389/fgene.2012.00069/full


Unexpected Results

8q24 gene desert (1.8Mb)

http://www.sciencedirect.com/science/article/pii/S1471491414000616
http://www.sciencedirect.com/science/article/pii/S1471491414000616


Unexpected Results

Enhancer E forms close contact with Myc promoter in 3C assay

http://www.pnas.org/content/107/7/3001.long
http://www.pnas.org/content/107/7/3001.long


Non-coding Region and Function

microRNAs

Long non-coding RNAs

Enhancers

http://journal.frontiersin.org/article/10.3389/fgene.2012.00069/full


Non-coding Region and Function

http://www.fasebj.org/content/25/2/444.abstract


Genetic Variants and Genome Biology

http://www.ncbi.nlm.nih.gov/pubmed/25569255
http://www.ncbi.nlm.nih.gov/pubmed/25569255


Genetic Variants and Genome Biology

http://www.cell.com/cell/abstract/S0092-8674(16)30339-7


Genetic Variants and Genome Biology

http://www.sciencedirect.com/science/article/pii/S0168952514000316
http://www.sciencedirect.com/science/article/pii/S0168952514000316
http://www.sciencedirect.com/science/article/pii/S0168952514000316


The eukaryotic nucleus is a complex 3D environment in which genome function 
depends not only on the linear arrangement of regulatory sequence elements, 
but also on their spatial organization for effective control of gene expression. 

Analysis of the role of chromatin 3D organization in gene expression is 
progressing rapidly, largely due to the development of chromosome 

conformation capture methods such as Hi-C. 

Sequences within “Topologically Associated Domains” (TADs) interact more 
frequently with sites inside than outside the domain. TADs with a median size of 

880 kb have been found in mammals. 

3D Genome: Chromatin Interactions

http://www.sciencedirect.com/science/article/pii/S0168952516000044


3D Genome: Chromatin Interactions

Hi-C Contact Map

http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full


3D Genome: Chromatin Interactions

http://www.sciencedirect.com/science/article/pii/S0959437X16301654
http://www.sciencedirect.com/science/article/pii/S0959437X16301654
http://www.sciencedirect.com/science/article/pii/S0959437X16301654


3D Genome: Chromatin Interactions

http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full


3D Genome: Chromatin Interactions

http://www.sciencedirect.com/science/article/pii/S1934590915005056


3D Genome: Chromatin Interactions

https://f1000research.com/articles/6-314/v1
https://f1000research.com/articles/6-314/v1


3D Genome: Chromatin Interactions

Figure 3. (A) F syndrome is a rare dominantly inherited skeletal disorder characterized 
by syndactyly of the first and second fingers. An inversion leaves the TAD boundary 
intact but places a cluster of limb enhancers from a neighboring TAD in front of WNT6 
causing misexpression in digit 1 and 2. (B) Autosomal-dominant adult-onset 
demyelinating leukodystrophy (ADLD) is a rare neurological disorder characterized by 
progressive central nervous system demyelination due to overexpression of LMNB1. A 
600-kb deletion including a TAD boundary was shown to result in pathological 
interactions between three strong forebrain enhancer elements and the LMNB1 
promoter resulting in cerebral lamin B1 overexpression and myelin degeneration. (C) 
Structural variations can alter the TAD architecture of the genome by deleting, 
duplicating, or inverting TADs and their boundaries, thereby allowing enhancers from 
neighboring domains to ectopically activate genes causing misexpression and disease. 
Deletions on chromosome 6p22.3 have been shown to cause mesomelic dysplasia 
featuring hypoplastic tibiae and fibulae. The deletions span three TADs and remove 
two TAD boundaries. This brings several potential limb enhancers into close proximity 
with ID4, presumably resulting in misexpression in the developing limb bud. 

http://www.sciencedirect.com/science/article/pii/S0168952516000044
http://www.sciencedirect.com/science/article/pii/S0168952516000044
http://www.sciencedirect.com/science/article/pii/S0168952516000044


3D Genome: Chromatin Interactions
Tissue Specificity

http://www.cell.com/cell-reports/abstract/S2211-1247(16)31481-4


3D Genome: Chromatin Interactions
Distance

http://www.cell.com/cell-reports/abstract/S2211-1247(16)31481-4


3D Genome: Chromatin Interactions
Tissue Specificity

http://www.cell.com/cell-reports/abstract/S2211-1247(16)31481-4


3D Genome: Chromatin Interactions
Disease Associations

http://www.cell.com/cell-reports/abstract/S2211-1247(16)31481-4


3D Genome: Chromatin Interactions

IKZF1 rs6964969 
Childhood A.L.L.

http://www.cell.com/cell-reports/abstract/S2211-1247(16)31481-4


IKZF1

B-lymphoid transcription factors function as metabolic gatekeepers by limiting the 
amount of cellular ATP to levels that are insufficient for malignant transformation.

http://www.nature.com/nature/journal/v542/n7642/full/nature21076.html
http://www.nature.com/nature/journal/v542/n7642/full/nature21076.html


3D Genome: Chromatin Interactions

FTO rs1421085

Chr16:53703963..54114467

Claussnitzer and colleagues recently showed that the FTO allele, which 
shows the strongest genome wide association signal for obesity, acts a 
gain of function. Using CRISPR/Cas9 genome editing, they showed that 

the disease-associated single-nucleotide variant rs1421085 T to C 
disrupts a conserved motif for the ARID5B repressor, which unleashes a 

pre-adipocyte enhancer, leading to a doubling of IRX3 and IRX5
expression during early adipocyte differentiation.

https://www.ncbi.nlm.nih.gov/gene/79068


3D Genome: Chromatin Interactions

Figure 2. Activation of  IRX3 and IRX5
Expression in Human Adipocyte Progenitors by 
the  FTO Obesity Risk Genotype.
Panel A shows gene annotations and LD with 
array tag variant rs9930506 in a 2.5-Mb window; 
LD is expressed as r2 values in the CEU 
population. Arrows indicate the direction of 
transcription of annotated genes in the locus. 
Panel B shows chromosome conformation 
capture (Hi-C) interactions contact probabilities 
in human IMR90 myofibroblasts, revealing a 
2-Mb topologically associating domain, and LD 
mean r2 statistics for all SNV pairs at 40-kb 
resolution. Panel C shows box plots for 
expression levels, after 2 days of differentiation, 
in human adipose progenitors  isolated from 20 
risk-allele carriers and 18 non-risk-allele carriers, 
evaluated by means of a quantitative PCR 
analysis for all genes in the 2.5-Mb locus. The 
horizontal line within each box represents the 
median, the top and bottom of each box indicate 
the 75th and 25th percentile, and I bars indicate 
the range. 

http://www.nejm.org/doi/full/10.1056/NEJMoa1502214


3D Genome: Chromatin Interactions

http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full


3D Genome: Chromatin Interactions

FTO rs1421085

http://songyanglab.sysu.edu.cn/ccsi/search.php


3D Genome: Chromatin Interactions

FTO rs1421085

http://songyanglab.sysu.edu.cn/ccsi/search.php


3D Genome: Chromatin Interactions

SNCA rs356168

http://www.nature.com/nature/journal/v533/n7601/full/nature17939.html
http://www.nature.com/nature/journal/v533/n7601/full/nature17939.html
http://www.nature.com/nature/journal/v533/n7601/full/nature17939.html


3D Genome: Chromatin Interactions

8q24



3D Genome: Chromatin Interactions

http://www.sciencedirect.com/science/article/pii/S2211124717301742
http://www.sciencedirect.com/science/article/pii/S2211124717301742
http://www.sciencedirect.com/science/article/pii/S2211124717301742
http://www.sciencedirect.com/science/article/pii/S2211124717301742


3D Genome: Chromatin Interactions

http://www.sciencedirect.com/science/article/pii/S0168952517300471
http://www.sciencedirect.com/science/article/pii/S0168952517300471
http://www.sciencedirect.com/science/article/pii/S0168952517300471
http://www.sciencedirect.com/science/article/pii/S0168952517300471


3D Genome: Chromatin Interactions

http://www.sciencedirect.com/science/article/pii/S0925443909002518


The rs12203592 enhancer physically interacts with the IRF4 promoter through an allele-
dependent chromatin loop. 

3D Genome: Chromatin Interactions



3D Genome: Chromatin Interactions

The rs12203592 enhancer physically interacts with the IRF4 promoter through an allele-dependent chromatin loop. 

https://academic.oup.com/hmg/article-lookup/doi/10.1093/hmg/ddv029
https://academic.oup.com/hmg/article-lookup/doi/10.1093/hmg/ddv029


Bioinformatics

http://download.springer.com/static/pdf/454/art:10.1186/s13059-016-0992-2.pdf
http://download.springer.com/static/pdf/454/art:10.1186/s13059-016-0992-2.pdf


Figure 1. Data and Tools Used to Analyze 
Noncoding Variants. Single nucleotide 
polymorphism (SNP) aligned with functional 
(red) and conservation (blue) data, machine 
learning methods (green), and tool features 
(yellow). Each tool discussed in this perspective 
is labeled with annotation types used in its 
noncoding variant analysis platform. * 
represents optional input data sets supplied by 
the user. Abbreviations: 3C, chromosome 
conformation capture; 5C, chromosome 
conformation capture carbon copy; CADD, 
combined annotation-dependent depletion; 
ChIA-PET, chromatin interaction analysis by 
paired-end tag sequencing; DANN, deleterious 
annotation of genetic variants using neural 
networks; DNase-seq, DNase I hypersensitive 
sites sequencing; eQTL, expression quantitative 
trait loci; FAIRE, formaldehyde-assisted isolation 
of regulatory elements; FunciSNP, Functional 
Identification of SNPs; GWAVA, genome-wide 
annotation of variants; TF, transcription factor; 
VEP, Variant Effect Predictor. 

Bioinformatics Tools

http://www.cell.com/trends/genetics/fulltext/S0168-9525(16)30147-0
http://www.cell.com/trends/genetics/fulltext/S0168-9525(16)30147-0


Bioinformatics Tools

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3441865
http://ldgidb.genomics.sinica.edu.tw/


Bioinformatics Tools

http://www.genecards.org/cgi-bin/carddisp.pl?gene=IRF4


Bioinformatics Tools

http://jjwanglab.org/gwas3d
https://academic.oup.com/nar/article/41/W1/W150/1107489


Bioinformatics Tools

http://songyanglab.sysu.edu.cn/ccsi/home.php
https://database.oxfordjournals.org/content/2016/bav124.abstract


Bioinformatics Tools

https://database.oxfordjournals.org/content/2016/bav124.full.pdf
https://database.oxfordjournals.org/content/2016/bav124.abstract


Bioinformatics Tools

http://rv.psych.ac.cn/
http://rv.psych.ac.cn/


Bioinformatics Tools

http://www.blueprint-epigenome.eu/
http://epigenomesportal.ca/ihec/


Bioinformatics Tools



Bioinformatics Tools



Conclusions

GWAS has fulfilled the aim of unraveling disease biology more than providing 
markers for disease prediction

Unexpected results in gene deserts and other intergenic regions shed light on 
the function of these non-coding regions

What used to be called “junk DNA” codes for non-coding RNA and involved in 
chromatin interactions

Non-coding genetic variants modify the function of regulatory elements as 
crucially as coding variants alter protein structure

Projects like ENCODE, NIH Epigenomics Road Map and BluePrint provide 
sufficient data to examine effects of genetic variation



Conclusions

The data indicate that the target gene of a genetic variation may be far away 
from it (even on a different chromosome); the nearest gene is unlikely to be 

the target gene

The target genes are usually tissue-specific 

The candidate genes involved in a disease process may not have a variation of 
itself implicated in the disease development 



Many thanks to the MolBiyoKon17 Organisation Committee, 
in particular to 

Prof Alaattin Şen, Dr Umut Şahin, Dr İbrahim Yaman

Moleküler Biyoloji Derneği 
as well as 

the Sponsors

http://molbioturk.org/molbiyokon17/



