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Philibert et. al., Clin Epigenetics. 2014; 6(1): 28. 

Genetic variants



Complex traits

Mendelian (monogenic) traitsComplex (polygenic) traits

Examples

• Type 2 diabetes - metabolic
• Breast cancer - neoplasm
• LDL cholesterol - biomarker
• Schizophrenia - psychiatric

TraitGene 1

Gene 2 Gene 3

Gene 4

Environment

Gene

Trait

Examples

• Sickle cell anemia
• Cystic fibrosis
• Huntington disease
• Duchenne muscular dystrophy
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Main approaches to investigate complex traits

A certain number of variants are directly measured, and 
millions are imputed using a reference panel (e.g., Haplotype 
Reference Consortium, 1000 Genomes).

Sequencing regions of the genome (about 2%) that 
are involved in coding for proteins. Particularly suitable to 
detect structural variants, i.e., insertions, deletions, and CNVs.

Genome-wide genotyping

Whole exome sequencing

Genotyping of predetermined SNPs One or a limited number of SNPs are 
measured in pre-specified genes.

Single genes

“All” genes



Candidate gene studies

Gene selection

◉ Molecular evidence

◉ Genomic databases

◉ Microarray data

◉ Literature search

Biological hypothesis Candidate gene association study

p < 0.05



Genome-wide association studies



Types of GWAS

Linear regression Logistic regression
For continuous traits
-height
-BMI
-blood pressure

For binary traits
-presence/absence 
of disease

Covariates such as age, 
sex and ancestry are 
included to account for 
stratification and avoid 
confounding effects from 
demographic factors



Confounding factors

Population stratification

Population stratification arises when cases and 
controls are sampled from genetically different 
underlying populations, thus causing any 
associations found to be due to sampling 
differences rather than the disease of interest.

Systematic “errors” on the SNP array chips

Sex, age

Disease heterogeneity

Appropriate reference panels

Gene annotation



GWAS process



Biobanks for genotypic and phenotypic data

• 200,000 East Asians
• 47 common diseases, 59 

quantitative traits
• 12 cooperative medical 

institutes all over Japan

• 500,000 participants
• six ancestry groups
• ≥ 7000 phenotypes
• 23 cooperative medical institutes all 

over the UK

Why do we need biobanks for different populations?

The 1000 Genomes Project Consortium. A global reference 
for human genetic variation. Nature 526, 68–74 (2015)

The number of variants more common in the population compared to global population



Genomic data science -  collaboration is the way



Genome-wide genotyping

A certain number of variants (e.g., 850,000 for the UK Biobank) 
are directly measured, and millions (e.g., >90million for the UK 
Biobank) are imputed using a reference panel (e.g., Haplotype 
Reference Consortium, 1000 Genomes).



Genome-wide genotyping



GWAS data - plink



Quality control



Association testing



GWAS summary data



Meta-analysis



Pharmacogenomics



Clinical application of GWAS



Post-GWAS analyses



Heritability

Estimates the degree of variation in a phenotypic trait in a 
population that is due to genetic variation between individuals in 
that population. With other words, how well genetic differences 
among individuals account for differences in their complex traits.

The fraction of the phenotypic 
variance explained by additive effects 
of a given set of genetic variants. 

Heritability SNP heritability

Baselmans et al., Biol. Psy., 2020.



Heritability of complex traits

The fraction of the phenotypic 
variance explained by additive effects 
of a given set of genetic variants. 

SNP heritability

Baselmans et al., Biol. Psy., 2020.

Missing heritability

Manolio et al., Nature., 2009.



Linkage disequilibrium score regression
The approach involves using regression analysis to examine the relationship between LD 
scores and the test statistics of SNPs from the GWAS. The lowest LD Score of a SNP is 
one, which is obtained when a SNP is in perfect linkage equilibrium with all other SNPs.

Estimating SNP heritability (h2)
The fraction of the phenotypic variance explained 
by additive effects of a given set of genetic variants

Baselmans et al., Biol. Psy., 2020.

Sum of LD r2 between 
a variant and all the 
variants in a region

LD scores

GWAS summary statistics

Aggregate p-values and association data for 
every variant analyzed in a GWAS



Linkage disequilibrium score regression

Aims to quantify the separate contributions of polygenic effects and 
various confounding factors, such as population stratification, based 
on summary statistics from genome-wide association studies (GWASs).

Pe
rc

en
t i

n 
po

pu
la

tio
n 

(%
)

60 

0

30

7060 65 75
Height (inches)

one characteristic is controlled 
by two or more genes

Polygenicity
Population stratification

Population stratification arises 
when cases and controls are 
sampled from genetically 
different underlying populations, 
thus causing any associations 
found to be due to sampling 
differences rather than the 
disease of interest.



Genetic correlation

Trait 1

Trait 2

effect
1.2 -0.5 0.99 1.5 4.2

1.1 -0.66 1.3 0.98 3.7

Endometriosis

Anxiety

v The proportion of variance that two traits share due to 
genetic causes

v The correlation between the genetic influences on a trait 
and the genetic influences on a different trait

v Estimates the degree of pleiotropy

Endometriosis

An
xi

et
y

Figure made by Dr. Gita Pathak



Polygenic risk scoring
Trait 1 – GWAS summary statistics

SNP1 SNP2

SNP3

A, OR = +1.5 G, OR = +0.5

C, OR = -2.0

+

Trait 1 – Individual level data

Base data Target data

Ind Pheno SNP A1 A2

P1 1 SNP1 A T

P2 0 SNP2 G C

P3 1 SNP3 C A

PGS of trait 1

AT (+1.5x1)

AA (+1.5x2)

TT (+1.5x0)

AT (+1.5x1)

+

+

+

+

GC (+0.5x1)

GC (+0.5x1)

GG (+0.5x2)

CC (+0.5x0)

+

+

+

+

CC (-2.0x2)

CA (-2.0x1)

CC (-2.0x2)

AA (-2.0x0)

• Summary statistics
• Betas/ORs as weights in PRS calculation

• Individual-level genotype and phenotype data
• Often small sample size

Trait 2, 3, 4… – GWAS summary statistics



Polygenic risk scoring

31

R2: how the PRS at a given threshold explains the 
difference between cases and controls

Only  SNPs with a GWAS association P-value 
below a certain threshold (e.g. P < 0.01) are 
included in the calculation of the PRS, while all 
other SNPs are excluded

Optimal threshold: 
Number of SNPs are not too large
Subset of SNPs that are predictive of the target 
trait



Polygenic risk scoring



Polygenic risk scoring

PRS analysis explained a median of 0.073 of variance in liability (SNPs with 
GWAS P < 0.05), and 0.024 when restricted to genome-wide significant SNPsSchizophrenia, Nature, 2022

Depression, Nature Neuro, 2019 PRS analysis explained a median of 0.015 of variance in liability (SNPs with 
GWAS P < 0.05)

PRS analysis explained a median of 0.055 of variance in liability (SNPs with 
GWAS P < 0.05)

ADHD, Nature Genetics, 2019

7.3%

1.5%

5.5%



Annotation of SNPs to genes - positional mapping

ZFHX3

Current result Previous GWAS

Atrial fibrillation

Gene

Arrhythmia

KCNQ1
LINC01153 Type 2 diabetes Type 2 diabetes

IP6K3 Rheumatoid 
arthritis

Platelet crit
Testicular 
carcinoma

GLB1 Atopic dermatitis Atopic dermatitis



Annotation of SNPs to genes – eQTLs



Enrichment for biological processes, cellular 
components, molecular functions

kidney function

NOSTRIN 
(Nitric Oxide Synthase Trafficking)

• neurotransmission
• inflammatory response
• vascular homeostasis

ShinyGO v0.741



In vivo and in vitro follow-up of GWAS results

Rodenburg et al., 2018. Warren et al., 2017.



Take-home message

v Genome-Wide Association Study: whole-genome SNP 
genotyping data analyzed without prior hypothesis

v GWAS follow-up analysis: do these SNPs have any 
functional consequence, causality, etc.?

v Computational analysis vs in vitro and in vivo studies



Thank you for your attention!

E-mail: dorakoller@ub.edu
     @DoraKoller
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