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Permission request regarding CAGI 6 recordings and hybrid 
presentations

I understand that my presentation as associated with CAGI 6 will be 
recorded and broadcasted via the internet through CAGI’s 
designated technology provider. 

As the copyright holder to this presentation entitled CAGI RGP: The 
E-team, I hereby agree that the copyright for the online broadcast 
and recording of my presentation be released to CAGI and my 
recording be uploaded on to the CAGI website.
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CAGI6 
Rare Genome Project Challenge

eVai Prediction Method



Enhance healthcare 
with advanced genomics
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eVai

Variant Report

Variant List

Software as a Service for Clinical Interpretation and Reporting of Genomic Variants

Artificial Intelligence and Bioinformatics to 
CLASSIFY and PRIORITIZE

genomic variants according to pathogenicity
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Classified Variants



Prioritized Variants



Associated Conditions



How eVai works - Omics resources integration

Each variant is
matched to the INTERNAL Knowledgebase
integrating more than 30 -omic resources

MedGen ClinVar HPO

RefSeq
Control 

Population
Functional

Studies

In-silico
Prediction

Splicing
Prediction

Functional
Domains

Raw Variant List

1. INTERNAL KNOWLEDGEBASE
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How eVai works - Omics resources integration

Each variant is
matched to the USER Knowledgebase

built by the the user over time

Family 
co-segregation

Genes

Domains Papers

Functional
Studies

Variants Diseases

Raw Variant List

1. INTERNAL KNOWLEDGEBASE

2. USER KNOWLEDGEBASE
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How eVai works - Expert system

On the whole variant set
eVAI verifies ACMG criteria

by reasoning on meta-knowledgebase

inference engine

User Knowledgebase

Internal Knowledgebase

Raw Variant List

1. INTERNAL KNOWLEDGEBASE

2. USER KNOWLEDGEBASE

3. REASONING AND SCORING
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How eVai works - Expert system

Each variant is
ACMG-Classified

Disease-based classification

B/LB

P/LP

VUS

Raw Variant List

1. INTERNAL KNOWLEDGEBASE

2. USER KNOWLEDGEBASE

3. REASONING AND SCORING

4. ACMG-BASED REPORT
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How eVai works - Machine Learning model

Raw Variant List

1. INTERNAL KNOWLEDGEBASE

2. USER KNOWLEDGEBASE

3. REASONING AND SCORING

4. ACMG-BASED REPORT

Each variant is scored according
to its clinical significance:

Suggested diagnosis

CLINICAL SCORE

5. SUGGESTED DIAGNOSIS
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Genomic variants classification and prioritization

Validated on more than 

17.000 clinically-observed variants

Nicora, Limongelli et al, Human Mutation, October 2018
Nicora, Limongelli, Zucca et al, Scientific Reports, January 2022

Patent Application 102020000019180 
Method for determining the pathogenicity/benignity of a genomic variant in relation to a given disease
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The eVai Machine Learning approach

FEATURES 
COMPUTATION

MODEL 
SELECTION

MODEL 
EVALUATION

LOPO
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Family 
inheritance

Does the family segregation match the 
inheritance of the condition?

Variant 
pathogenicityWhat’s the estimated pathogenicity of the variant?

Variant 
qualityIs the variant reliable?

Phenotypic 
Similarity

How much overlap exists between patient’s phenotypes
and gene-associated phenotypes?

Features computation
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Model selection

MODEL 1 MODEL 2 MODEL 3 MODEL 4

Models were developed in Python through the implementation.

Best models were selected based on their performances.
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CAGI TRAINING COHORT

TRAINING

TEST

Repeat for 
each proband

Model evaluation 

Leave-One-Proband-Out 
(LOPO)

Cross Validation

Best performance on 
causative variant 

prioritization
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Prioritization performances on training set

Model 1:

• 77% of causative variants predicted pathogenic and 
ranked in 1° position (27/35)

• 97% of causative variants predicted pathogenic and 
ranked in the top 10 (34/35)

Model 2:

• 74% of causative variants predicted pathogenic and 
ranked in 1° position (26/35)

• 100%  of causative variants predicted pathogenic and 
ranked in the top 10 (35/35)

2 1 ≥3

27 26

6 72 2
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Cagi6-RGP Test prediction

CAGI TRAINING COHORT
N=35

TRAINING

CAGI TEST COHORT
N=30

TEST

MODEL TRAINING TEST PREDICTION
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Thanks to
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Ivan Limongelli
Federica De Paoli
Giovanna Nicora

Maria Giulia Carta
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Riccardo Bellazzi

Paolo Magni
Anne Bowcock
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Variants Combinations: Classification & Prioritization

METHOD

Machine Learning algorithm
for digenic variant interpretation

Training Dataset
DIDA: Digenic Diseases Database

1000 genome project
Internal enGenome Dataset

Manually curated Scientific Literature

Patent Pending

INPUT

Patient’s Variants

Patient’s Clinical History

Patient’s Family History

OUTPUT

97% sensitivity 
98% specificity

Classification and prioritization 
of combinations of variants 

on two genes

Created for CAGI 6                                               genomeinterpretation.org S. Zucca



Enhance healthcare with 
advanced genomics

www.engenome.com
info@engenome.com


