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Motivation and Introduction

Genomic Etiology of Alzheimer’s Disease Dementia

• Polygenic with
low
penetrance by
individual
genes
• Affected by

multi-layers of
Omics data
• Largely

unknown
genomic
etiology

Identify Risk Genes and Molecular Mechanisms

Phenotypes

Risk Prediction & Clinical Translation
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Motivation and Introduction

Integrate Transcriptomic Data in GWAS by TWAS
Train Gene Expression Prediction Model
• Reference transcriptome (Response)
• Reference genotype (Predictors)

Predict Genetically Regulated Gene 
Expression (GReX)
• Estimated cis-eQTL effect sizes (SNP 

weights)
• GWAS data of test cohort

Test the association between GReX and 
phenotype
• Phenotype and predicted GReX of test 

cohort
• GWAS summary statistics
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Motivation and Introduction

Standard TWAS Framework
• Quantitative gene expression trait Tg

• Genotype data of all cis-SNPs X
• SNP effect sizes on transcriptome (eQTL effect sizes) wi

Tg = Xw+ ε

ĜReXg =
m

∑
i=1

ŵix∗i

E[g(Ypheno|X∗, ŵ)] = γĜReXg = γ

(
m

∑
i=1

ŵix∗i

)
=

m

∑
i=1

(γŵi)x∗i

• Existing TWAS tools all assume SNP effect sizes on
phenotype βi = γŵi, i = 1, · · · ,m.

• Burden test: H0 : γ = 0
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Motivation and Introduction

Variance-Component TWAS (VC-TWAS)

• Tests if the phenotype variance component due to GReXg is
non-zero:

E[g(Ypheno|X∗, ŵ)] =
m

∑
i=1

(γŵi)x∗i = X∗β ,

βi ∼ N(0, ŵi
2
τ)

• Estimated eQTL effect sizes ŵi from the reference panel
will be taken as SNP weights
• Variance Component test: H0 : τ = 0
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Motivation and Introduction

VC-TWAS Test Statistic

• µ̂ denotes the phenotype mean under the null model

Q = (Y− µ̂)K(Y− µ̂), K = XWX′

W = diag(ŵ1
2, · · · , ŵm

2)

• Test statistic Q follows a mixture of chi-square distributions
under the null hypothesis
• P-value can be easily calculated by Davies exact method

as used by SKAT
• P-value calculation is also derived for using GWAS

summary statistics
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Simulation Studies with ROSMAP Data

Simulation Study Design

• Use the real genotype data of gene ABCA7 with 2799
cis-SNPs with MAF > 5% and HWP > 10−5

• Training sample size (499), test sample size (400,800,1200)
• Consider pcausal = 0.2 for the proportion of causal SNPs for

gene expression
• Consider target gene expression heritability and phenotype

heritability: (h2
e ,h

2
p)

• Simulate quantitative gene expression traits:

Eg = Xw+ εE, εE ∼ N(0,(1−h2
e)I)
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Simulation Studies with ROSMAP Data

Consider Two Phenotype Models

1.

Y = γEg + εY = γ(Xw+ εE)+ εY; εY ∼ N(0,(1−h2
p)I)

γ is chosen to ensure phenotype heritability h2
p due to gene

expression

2.
Y = Xβ + εY; βi ∼ N(0,γw2

i ), εY ∼ N(0,(1−h2
p)I)

wi denotes the true eQTL effect size used to simulate gene
expression
γ is chosen to ensure phenotype heritability h2

p due to
genotypes
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Simulation Studies with ROSMAP Data

Compare TWAS Power

eQTL effect sizes wi were estimated from training cohort
• Estimated by TIGAR using the nonparametric Bayesian

Dirichlet Process Regression (DPR) model
• Or by PrediXcan using Elastic-net penalized regression

model
Compare TWAS power
• Standard Burden TWAS vs. VC-TWAS
• VC-TWAS using individual-level vs. summary-level GWAS

data
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Simulation Studies with ROSMAP Data

Compare TWAS power between standard Burden TWAS and
VC-TWAS

pcausal = 0.2
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Simulation Studies with ROSMAP Data

Compare VC-TWAS power between using individual-level and
summary-level GWAS data

pcausal = 0.2 and wi estimated by DPR
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Application Studies of Alzheimer’s Disease Dementia

With individual-level GWAS data

Application Studies of Alzheimer’s Disease Dementia
(AD)

ROS/MAP
• Training data: 499 samples with both genotype and

transcriptomic data (14,156 genes)
• Individual GWAS data of 2,093 samples
• Study AD clinical diagnosis, Global AD pathology
• Adjusted for covariates age at death, sex, smoking, ROS

or MAP study, education level, top 3 PCs
Mayo Clinic LOAD GWAS Data
• Individual GWAS data of 2,099 samples
• Study AD clinical diagnosis
• Adjusted for covariates age, sex, top 3 PCs
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Application Studies of Alzheimer’s Disease Dementia

With individual-level GWAS data

VC-TWAS of AD Clinical Diagnosis
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Application Studies of Alzheimer’s Disease Dementia

With individual-level GWAS data

VC-TWAS of Global AD Pathology
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Application Studies of Alzheimer’s Disease Dementia

With IGAP summary-level GWAS data

IGAP summary-level GWAS data

• GWAS summary statistics for studying AD by International
Genomics of Alzheimer’s Project (IGAP)
• Generated by meta-analysis of four consortia (∼ 17K

cases and ∼ 37K controls; European)
Alzheimer’s Disease Genetic Consortium (ADGC)
Cohorts for Heart and Aging Research in Genomic
Epidemiology (CHARGE) Consortium
European Alzheimer’s Disease Initiative (EADI)
Genetic and Environmental Risk in Alzheimer’s Disease
(GERAD) Consortium
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Application Studies of Alzheimer’s Disease Dementia

With IGAP summary-level GWAS data

VC-TWAS results with IGAP summary-level GWAS data
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Application Studies of Alzheimer’s Disease Dementia

With IGAP summary-level GWAS data

Locus Zoom plot for loci on Chr 11 and Chr 19
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Application Studies of Alzheimer’s Disease Dementia

With IGAP summary-level GWAS data

Using both cis- and trans- eQTL effect sizes estimated by
Bayesian Genome-wide TWAS method
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Application Studies of Alzheimer’s Disease Dementia

With IGAP summary-level GWAS data
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Summary

Summary

• VC-TWAS relaxes the assumption of a linear relationship
between SNP effect sizes on phenotype and one
transcriptome
• Higher TWAS power is achieved in practice
• VC-TWAS can be applied to using both individual-level and

summary-level GWAS data
• Different methods, e.g., PrediXcan/Elastic-Net,

TIGAR/DPR, BGW-TWAS/BVSR, can be used to estimate
the eQTL effect sizes that will be taken as SNP weights by
VC-TWAS
• Implemented in our TIGAR tool
https://github.com/yanglab-emory/TIGAR

https://github.com/yanglab-emory/TIGAR
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Summary

Paper on PLOS Genetics
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Summary
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