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i. The Central Dogma
• Single nucleotide polymorphisms (SNPs) are sites of variation in our DNA
• Gene expression (GE (Z)) is the level of mRNA in one cell type. Bulk level GE 

(G) is the combined GE of all cell types in a tissue.

GWAS

Influence

Phenotype

TWAS

The Central DogmaEncode DNA into SNP data
Ind 1 Ind 2 Ind 3 

AA AG AG

CT CC CC

AG AG AA

Geno1 Geno2 Geno3 

0 1 1

2 1 1`

1 1 0

ii. Current Studies
• Genome-wide association studies 

(GWAS)[2] linearly associate SNPs 
with phenotypes

• Transcriptome-wide association 
studies (TWAS)[3] linearly 
characterize the association of GE
regulated by SNPs and phenotypes

iii. Challenges & Goals
Methodological
Unclear how SNPs affect phenotypes
• Missing cell type information
• Identified associations do not indicate 

causality

Practical
Cell-type-specific biological data is
resource intensive and expensive 
to acquire.

Our Goal
Deconvolute bulk level GE into 
cell-specific GE with SNPs and 
cell-type weights. Associate cell-
type specific GE with phenotypes

II. METHODOLOGY
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1. TCA deconvolutes bulk level GE into cell-type-specific ones
2. Effect size of SNPs on cell-type-specific GE imputed by LASSO
3. Cell-type-specific gene expression imputed from effect size for external cohorts
4. Estimated cell-type-specific GE is regressed into phenotype

TCA

i. Pipeline Framework

III. RESULTS
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ii. TCA model

𝝐𝒛 ∈ 𝑵(𝟎, 𝝈𝒛)

𝝐𝒈 ∈ 𝑵(𝟎, 𝝈𝒈)

TCA assumes bulk 
level GE is a linear 
combination of GEs

i. Simulated data
The variance explained by the model is
lower than the theoretical upper bound

The model’s performance is inconsistent 
among cell types

The model overfits on less abundance
cell types

ii. Real data

The method possesses sufficient power to 
detect cell-specific expression-phenotype 
associations

Our modified TCA performs better than the original TCA

Cell-specific expression-phenotype associations in large datasets (UK BioBank)) could
be learnt with its SNPs and readily available, abundant datasets with bulk level gene
expressions.
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