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We present a method for the unbiased 
detection of a protein network, driving disease, 
based on damaging functional variants. Easy 
interpretation of both raw and summary data. 

Evidence reports explain clinical interpretation 
and biological mechanism. Detection of known 
damaging variants and explanation for those  
previously categorized as variants-unknown-
significance.

A protein interaction
network graph was built 
from qualifying variant 
genes. Protein pathways 
were identified by 
clustering. 

Case/control association
testing within pathways 
found enrichment for 
inflammatory response, 
viral nucleic acid 
detection, and other 
IRF-related genes.
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discovery by protein pathway analysis

Variant collapse is applied 
for qualifying variants. A 
Markov cluster algorithm5

separates protein networks. 

Case-control testing is 
performed on each protein 
pathway cluster6. 

Significantly enriched protein 
pathways are identified.

Evidence-based 
standardized variant 
interpretation allows for 
rapid explanation of disease 
and biological function7.

We used genome 
sequencing followed by 
protein network analysis to 
catalog rare coding variants 
and cluster them by known 
physical and functional 
associations.

Statistical association 
analysis between genotype 
and phenotype can be 
performed on individual 
variants at DNA level.

Burden testing is also 
possible at the gene level.
We present a summary of 
our unbiased statistical 
method for extending this 
search into the 
pathway level.

By collapsing qualifying 
disease-causing variants 
into protein pathways we 
can perform robust 
association analysis.

Filtering is customizable for 
detecting highly reliable 
candidate disease-causing 
variants based on 
standardized protocols for 
clinically-actionable 
interpretation.

Genes harboring functional 
variants are grouped based 
on protein-protein 
interactions3. 

Annotation of all variants 
with >160 bioinformatic 
resources4: variant effect, 
pathogenicity,  structure, etc.

Viral recognition and 
inflammatory response is 
controlled by the key 
domains which were 
detected as damaged in 
these patients. Including:

• CARD effector domain
• ATP-binding helicase 

domain
• C-terminal repressor 

domain 
• dsRNA binding motif

For n subjects with that has m collapsed variants. 
Let X be the 𝑛 × 𝑚 genotype matrix for regression model: 
𝑔 𝐸 𝑌𝑖 = 𝛼0+ 𝐶𝑖𝛼 + 𝑋𝑖𝛽, where 𝑔(. ) can be set for 
continuous or dichotomous traits;
• 𝛼 = (𝛼1,… , 𝛼𝑝)′ - regression coefficients 
• 𝐶𝑖 = (𝐶𝑖1, … , 𝐶𝑖𝑝)′ - covariates
• 𝑋𝑖 = (𝑋𝑖1, … , 𝑋𝑖𝑚) - vector of genotypes
• 𝑌𝑖 - trait value
• 𝛽 = (𝛽1,… , 𝛽𝑚)′ - regression coefficients 

for the m genetic variants. 

We assume that 𝛽 is a random variable with
𝐸 𝛽𝑗 = 0, Var 𝛽𝑗 = 𝑤!"𝜏, corr 𝛽𝑗 ,𝛽𝑘 = ρ
for different j and k.  For testing H0: 𝛽 = 0 (no 
genetic effects) we use the variance-component 
score statistic  𝑄𝜌 = 𝑌 − >𝜇0 #𝐾𝜌(Y − >𝜇0) where 
𝐾𝜌 = XWRρ𝑊𝑋#, in which Rρ = 1 − 𝜌 𝐼 + 𝜌11#
specifies an exchangeable correlation matrix 
and W = diag w1, … , wm is a diagonal weight 
matrix;  for a dichotomous trait, >𝜇0 is a vector of 
estimated probabilities of Y under the null model. 
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Evidence reports

Systematic
Open data

Reproducible
Unbiased

Statistically robust

To uncover new 
mechanisms of immune 
response, we search for rare
genetic variants in unusually 
severe cases of infection.

Data types from nucleotide to protein pathway yed

We designed a modular
protocol. Alternative 
annotation datasets and 
statistical tests can be 
substituted for a tailored
study design.

Genomic data is prepared 
according to a standardized 
format; GATK best practices 
for genome analysis1 with 
joint genotyping and custom 
filtering2.

With this general class of tests we can perform 
analysis  which best represents the biological 
scenario. Two commonly used tests include the 
burden and SKAT test. SKAT-O ideal for all tested 
genotype-phenotype models of rare mendelian 
disease.

• SKAT: 𝑄𝜌 = 0 = ∑!$%& 𝑤!"[∑'$%( (𝑌𝑖 − >𝜇𝑖, 0)𝑋𝑖𝑗]2
• Burden: 𝑄𝜌 = 1 = [∑!$%& 𝑤𝑗∑'$%( (𝑌𝑖 − >𝜇𝑖, 0)𝑋𝑖𝑗]2
• SKAT-O: 𝑄𝜌 = 1 − 𝜌 𝑄𝑆𝐾𝐴𝑇 + 𝜌𝑄𝑏𝑢𝑟𝑑𝑒𝑛

Under the hood

Whole genome 
protein network

Enriched 
pathway

Interpretation
& mechanism
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OAS1

IFIH1

MAVS

IRF7


