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Outline

• Background

• How can we identify disease-related gene loci?

• Which loci in the genome govern the co-occurrence of disorders?

• how to understand the mechanism that genetic variants influence 
pairs of traits? 



q Most DNA is found inside the nucleus 
of a cell, where it forms the
chromosomes.

q Chromosomes have proteins called 
histones that bind to DNA. 

q DNA has two strands that twist into the 
shape of a spiral ladder called a helix.

q DNA is made up of four building 
blocks called nucleotides: adenine 
(A), thymine (T), guanine (G), and 
cytosine (C). 

q The nucleotides attach to each other 
(A with T, and G with C) to form 
chemical bonds called base pairs, 
which connect the two DNA strands. 
Genes are short pieces of DNA that 
carry information for creating proteins.



Type of variation

Nucleotide level
variation

Structural
variation

SNP A/T
in population

Cardoso et al. 2015
Front. Bioeng. Biotechnol., 16 February 2015 | https://doi.org/10.3389/fbioe.2015.00013



Single Nucleotide Polymorphism (SNP)
• SNPs occur normally throughout a person’s DNA. They occur almost once in every 

1,000 nucleotides on average, which means there are roughly 4 to 5 million SNPs in 
a person's genome.

This is a SNP, with alleles: G / A, 
minor allele frequency (MAF) = 4%

Genotypes at this SNP
in population
0: GG ~ 92.1%
1: GA ~ 7.7 %
2: AA~ 0.2 %



Reading SNPs

• Human SNP array can measure 106 SNPs
• Cost per individual ~100 dollars

This array can genotype 12 individuals at 106 SNPs



My ancestry analysis results



How can we identify disease-related gene
loci?



Genome wide Association Study 
(GWAS)

https://www.esat.kuleuven.be/cosic/privacy-preserving-gwas-practical/



Genome wide Association Study (GWAS)

• Aim to identify which regions(or SNPs) in the genome are associated with disease or 
certain phenotype.
• Design: 

- Identify population structure
- Select case subjects (those with disease)
- Select control subjects (healthy)
- Genotype a million SNPs for each subject
- Determine which SNP is associated.



• 5.4 million individuals
of diverse ancestries
with genotype and
height available

• 281 studies around the 
world participated

• 12,111 independent 
SNPs that are 
significantly associated 
with height

• Each locus is a hint to
biology of height



Association test: ”Does the mean height differ between 
genotype groups?”

(output are linear regression slope !𝛽, its standard error SE and P-value)



meta-analysis

A meta-analysis is a statistical analysis
that combines the results of multiple
scientific studies on the same question.

Here it works on GWAS results, not
requiring original genotype-phenotype
data.

ISGC Nat Gen 2012

• 5.4 million individuals of diverse ancestries
• 281 studies around the world participated



Replication helps 
ensure that a genotype-
phenotype association 
observed in a genome-
wide association study 
represents a credible 
association and is not a 
chance finding or an 
artifact due to 
uncontrolled biases.



Brisbane plot

• Each dot represents one of the 12,111 quasi-independent GWS (P < 5 × 10−8) height-associated SNPs 
identified using our cross-ancestry GWAS meta-analysis.
• GWS SNPs with the largest density on each chromosome were annotated with the closest gene.
• Signal density was calculated for each associated SNP as the number of other independent associations 

within 100 kb.



v A multi-ancestry, 
GWAS meta-analysis of 
lipid levels

v Approximately 
1.65 million 
individuals, (350,000 of 
non-European).

v 91 million variants 



We found 773 lipid-associated genomic regions that contained 
1,765 distinct index variants that reached genome-wide 
significance.



Fine-mapping of rs900776

a, b, Association of the DMTN intron variant rs900776 with LDL-C in the admixed African, European, or multi-
ancestry meta-analysis (a) or DMTN expression quantitative trait loci (b). c, The LD patterns for variants in 
the European ancestry 99% credible set differ greatly between African (AFR) and European ancestry 
individuals in 1000 Genomes.



What is pleiotropy? 

http://ib.bioninja.com.au/standard-level/topic-3-genetics/34-
inheritance/pleiotropy.html

ØPleiotropy occurs when a single genetic 
variant (gene) influences multiple traits.

ØA recent study analyzed publicly available 
GWAS on 558 unique traits,  discovered that 
90% of those loci are associated with multiple 
trait domains. (Watanabe et al. 2019 nature 
genetics)

ØDissecting the association pathways from a 
variant to multiple traits is extremely important 
but has not been well studied.



Which loci in the genome govern the co-
occurrence of disorders?



How to detect pleiotropy?
Cross Phenotype association implies potential 
pleiotropy where a variant is associated with 
multiple traits regardless of underlying 
causes. Detecting cross-phenotype effects using 
GWAS data can help us to identify pleiotropy 
variants.

ØMultivariate regression: the response variable 
will be a matrix, where each row represents an 
individual and each column represents one 
phenotype. 

ØUnivariate regression: the response variable 
(i.e. the phenotype) will be a vector, with one 
data point for each individual in the study

X Li, X Zhu - Statistical Human Genetics, 2017



Cross Phenotype Association Analysis (CPASSOC) 

Cross Phenotype Association Analysis can integrate association evidence from multiple 
correlated continuous and binary traits via summary statistics. 

There are advantages to using summary statistics instead of individual-level data.
ØFirst, there is no asymptotic efficiency gain by analyzing individual-level data.
ØSecond, in practice it is easier and more feasible to obtain summary statistics than 

individual-level data. 

While no-one has access to all original 
genotype-phenotype data, everyone can 
access the meta-analyzed GWAS results
as they are (often) publicly available.



CPASSOC VS conventional GWAS

Park H, Li X, Song YE, He KY, Zhu X (2016) Multivariate Analysis of Anthropometric Traits Using Summary Statistics of Genome-Wide Association Studies from GIANT Consortium. PLOS ONE 
11(10): e0163912. https://doi.org/10.1371/journal.pone.0163912



Manhattan plots of CPASSOC for combining three gender 
specific traits

Park H, Li X, Song YE, He KY, Zhu X (2016) Multivariate Analysis of Anthropometric Traits Using Summary Statistics of Genome-Wide Association Studies from GIANT Consortium. PLOS ONE 11(10): e0163912. 
https://doi.org/10.1371/journal.pone.0163912



how to understand the mechanism that genetic 
variants influence pairs of traits? 



A : mediated pleiotropy

S

P1 P2

B : biological pleiotropy

S

P1 P2

C : colocalization

S

P1 P2

S

Ø A | Mediated pleiotropy: the causal variant affects P1, which lies on the causal path to P2

Ø B | Biological (Horizontal) pleiotropy: the causal variant affects both phenotypes.

Ø C| Colocalization: two causal variants in strong LD  that affect different phenotypes. 

Different types of pleiotropy can underlie a CP 
association



Mendelian randomization

• MR is an approach to infer causality of an 
exposure for a complex disease outcome

• MR uses genetic variants as instrumental 
variables (IVs) that are robustly associated 
with the exposure and tests whether the 
exposure has a causal role in the etiology of 
a disease

• If the genetic variants have pleiotropic effects 
on the outcome, these causal estimates will 
be biased

IV1: The genetic variant is independent of confounders U;
IV2: The genetic variant is associated with the exposure X;
IV3: The genetic variant is independent of the outcome Y 
conditional on the exposure X and confounders U.

ONLY genetic variants that manifest mediated pleiotropy for both exposure and 
outcome are valid IVs in MR analysis



Mendelian randomization analysis 
revealed potential metabolic causal 
factors for breast cancer 

• Breast cancer (BC) is the most 
common invasive cancer and the 
second leading cause of cancer 
death in women. 

• In this study, we sought to use 
human genetics to disentangle which 
of the five established metabolic risk 
factors account for a causal 
relationship with BC risk. 



Univariable MR analysis 



Multivariable MR analysis  
v Using univariable MR analysis, we found 

BMI and HDL-C causally linked to the BC 
risk. 

v When BMI, height, and HDL-C were 
taken into account in multivariable MR, 
the relationship between BMI and height 
and BC risk was attenuated. Only HDL-C 
retained a robust effect with BC risk, 
indicating that HDL-C was responsible for 
the the genetic association between BMI, 
and height with BC risk in the univariable 
study. 



Summary

• GWAS study is a powerful tool to detect associations 
between genetic variants and traits in samples from populations.

• Cross phenotype association will increase statistical power when 
analyzing traits share common variants or common genetic 
pathways, which may reflect the relevance of pleiotropy.

• MR analysis techniques can be employed to determine the 
causal relationship between risk factors and trait.

• Our findings demonstrated that HDL-C was critical in facilitating 
the causal effects of breast cancer risk.



Questions?


