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Introduction

Australopithecus Homo 
erectus

Homo sapiens 
neanderthalensis

Homo 
sapiens
sapiens

Homo 
habilis

¿Homo 
genius?
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Introduction

Problem Statement

Why “from Homo Sapiens to Homo Genius”?

 Capability of understanding and manipulating the
Genome
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Introduction

Problem Statement

Who we are?

How to prevent illnesses?

Why we are as we are?

¿    ?
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Introduction
Deep Learning 

This book is about a solution to (…) intuitive problems
(…). This solution is to allow computers to learn from
experience and understand the world in terms of a
hierarchy of concepts, with each concept defined
through its relation to simpler concepts…

The hierarchy of concepts enables the computer to learn
complicated concepts by building them out of simpler
ones…

(Goodfellow et al., 2020)
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Explainable AI is feasible using a six-step approach

(S. Spreeuwenberg)

1. Get a shared understanding of
the domain

2. Understand the task and select
the right scope

3. Collect the right data and
improve its quality

4. Select AI techniques that deliver
results

5. Generate good explanations
6. Evolve the system over time

Introduction
Explainable AI 
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Introduction

Problem Statement

• We have been building
– Traditional Information

Systems
– Web-based Information

Systems
– SOA-based systems
– Pervasive Systems

– … but, what is next?
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“A living organism is a computer or machine made up
of genetic circuits in which DNA is the software that
can be hacked." — Drew Endy, MIT

Introduction
A parallelism…
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 First abstraction step
o Standard Biological Parts

Introduction
First step: Assembling
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• Next step: Modeling
Conceptual models are needed for a systematic
development of biological systems

Introduction
Going further…
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Conceptual 
Modeling, Life 

Engineering… and 
more…

Information Systems 
Engineering, 
Genome Data Science, 
Medicine of Precision
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From Genome To Reality…

00010011 00000111 00000011 00001000 Physical Level

ADD $7 $3 $8

Semantics: Add the values from the processor  
registers ‘3’ and store the result in the register ‘8’

Instruction Level

Representation 
Level

3 + 4 = 7
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From Genome To Reality…

AUG GAA CAC GAC GAG UAA Physical Level

START STOPGlu GluHis Asp

Semantics: Process a protein with the four 
selected aminoacids

Instruction Level

Representation 
Level

You have 
blue eyes
However, 

¿Why?



19

The Genome Project

Next Generation 
Sequencing

BIOINFORMATICS ECGHGenetic Sample

Quality Secuencies

Solid2Fastq, Groomer, 
4542Fastq, SeqTK 

FASTQ

BWA, BowTie, Blat

Alignment

SAM,
BAM

Illumina

454 (Roche)

SOLiD (Life Tech)

TECHNOLOGIES

SNPs Call

SAMTools, VCFTools

VCF

Design of Genomic 
Information Systems
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Our Vision…

One Platform to Rule Them All

The Genome Project
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IS and Bioinformatics
How to understand genomic code?

AUG GAA CAC GAC GAG UAA

AUG GAA CAC GCC GAG UAA

START STOPGlu GluHis Asp

START STOPGlu GluHis Ala

Reference sequence

Patient sequence

Genomic variation

BROWN EYES

BLUE EYES70% BREAST 
CANCER
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IS and Bioinformatics
Manual Data Analysis Methods

BIOCOM - Sistemas de Información Genómica

Navigating through 

hyperlinks

No explicit 

methods

Human 

error

Tedious and 

repetitive
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Conceptual Modeling and Bioinformatics
Genome Data Chaos!
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Lack of a clear 
ontological 

agreement to define 
the key concepts of 

the field.

Dispersion of 
the 

genomic 
information

A great variability in 
the quality of the 

available 
information.

The Genomic Data Chaos
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Fighting the Genome Data Chaos!

Genome Conceptual Modeling



CM Benefits 

CovProt CovidGraph

27
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The SILE Method:
Towards a Genome DELFOS Oracle
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The Delfos Platform
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Delfos Scope



31

Delfos Scope
Ulises
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Current State

SIBILA
Exploitation

Hermes
Data Extraction

Structured data

(DNA variants)

Gene

s

Classified 

Variants

DNA 

Variants
Hermes

Quality Check

Hermes
Data Cleaning and 

Preparation

Ulises
Analysis and classification

Classified 

Variants

rentrez biomaRt REST

DELFO

S
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Are you sure your data is 
always reliable?

Don’t run the risk of missing or misidentifying critical details in your data
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The Opportunity

“Genomic medicine has opened the
possibility to transform health and
wellness of people around the world with
life-changing diagnosis and treatments
that were previously impossible”.



35

The Challenge

… To have a breakthrough technology that helps scan all
the available repositories and evidence, automatically
connecting, integrating and interpreting complex
genomic data, and reducing analysis average times from
hours to minutes.
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The Delfos Platform

Delfos “enables end-to-end automated clinical
decision support for rapid interpretation of NGS
data to make a huge difference to people’s lives”
by providing a holistic conceptual
characterization of the domain intended to
integrate diverse “omics” dimensions.
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The Delfos Platform

Here's what Delfos is intended to provide:
 The world’s largest resource for finding disease-

causing mutations
 Automatically assessed data derived from the most

well-known and reliable data sources and evidence
 Translation of genomic data into clinically actionable

insights with complete traceability of the decisions
made by our XAI algorithms

 Up-to-date content and functionalities to ensure you
remain informed on the latest findings
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Projects: DataME, DELFOS, 

OGMIOS, SREC and CARDIOVAL

OGMIOS. Sistema Inteligente de apoyo a la toma de decisiones clínicas en medicina
de precisión.
Proyectos estratégicos en cooperación. Convocatoria 2021

DELFOS. Plataforma Delfos: Sistema de Información para la gestión de variaciones
genómicas.
Convocatoria 2021 - «Proyectos Pruebas de Concepto»

SREC. Desarrollo ágil de sistemas desde requisitos a código.
Convocatoria AEI -«Proyectos de Generación de Conocimiento»

DataME. Un Método de producción de software dirigido por modelos para el
desarrollo de aplicaciones Big Data. Convocatorias 2016 - Proyectos EXCELENCIA y Proyectos
RETOS (FINALIZADO)

CardioVAL. Diseño y desarrollo de un prototipo basado en Inteligencia Artificial
Explicable para la gestión de información genética relacionada con el riesgo de sufrir
muerte súbita de origen cardiaco.
PROGRAMA INBIO 2021, SUBPROGRAMA DE FOMENTO DE ACCIONES PREPARATORIAS (AP)
(FINALIZADO)



Real use case in OGMIOS
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Case Study: 
Familial Heart Diseases

Group of cardiovascular diseases
that have a genetic basis, a
familial presentation, and that can
be related with sudden death.

Three groups:
 Cardiomyopathies 
 Channelopathies 
 Aortic disease

*Catecholaminergic polymorphic
ventricular tachycardia

Cardiomyopathies Channelopathies
Aortic

disease

Hypertrophic Long QT Marfan

Dilated Short QT Loeys-Dietz

Restrictive Brugada

Noncompaction CPVT*

Arrhythmogenic
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Conceptual Modeling-based 

Cardiopathies Data

Management
Conceptual Modeling for Life Science (CMLS)@ER2022

Oct 17, 2022

Practical Experiences
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A Comparative analysis of the 

completeness and concordance of 

data sources with cancer-

associated information
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Oct 17, 2022
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Conceptual Model of the Human Genome

possible scenarios of use…

•Variation
•Gene
•Pathway
•Treatment

-id_material

-concentración

-ratio 260/280

-V

-RIN

-personal

Material Genético Diluido

-.dat

-tipo_chip

Chip de expresión

-id_rna

-nombre

-posición_inicial

-posición_final

-accesion_number_miRBase

-versión miRBase

-nombre_miRBase17

RNA

1

0..*

-id_análisis

-parametrico/no param.

-p-valor

-FoldChange

-corrector_multiple_comparación

-método_corrección

-validado

Análisis

-CT- media

-CT - desviación

-target/endogeno

PCR-Cuantitativa
-id_medidor

-expresión

Medidor de Expresión

-secuencia

miRNA

mRNA

1

*

-id_gen

-nombre

-símbolo

-ensembl_id

-ensembl_versión

-posición_inicial

-posición_final

Gen

*

*

-id_ruta

-nombre

Ruta Metabólica

*

*

*
1

-id_proteina

-nombre

Proteína

1

*

*

*

-expresión%

-validada

**

*
1

-función

Origen

Diana

*

1

Test miRNA

-procedencia

Biológicas
-id_prueba

-fecha_prueba

-descripción

Prueba

-id_estudio

-umbral

-agrupacion

-rango_grupo1

-rango_grupo2

-rango_grupo3

-num_muestras

-num_rnas

Estudio

1
*

-miTG-score

-p-valor

-resultado

Genética*

1

Expresión proteica

-num_muestra             

-fecha_muestra

-localización

-técnica 

Muestra

0..*
1

-nombre

-secuencia

-longitud

-nc_identificador

Cromosoma

1

*

-id_variación 

-descripción

-base_de_datos

-id_variación_bd

-relevancia_clínica

Variación

* *

1*

1

*

-nombre

-dosis

-frecuencia

Tratamiento

1 *

•Variation
•Gene
•Pathway

Same pathway!! 

= 
Same treatment
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 “We” have to be active and essential actors in the immense
challenge of understanding life, that is leading to a Medicine of
Precision revolution.

 Inventors have long dreamed of creating machines that think…
(Goodfellow et als., Deep Learning, 2020)

 It all starts by agreeing on the meaning of the important concepts
in your domain… (Spreeuwenberg,S., Artificial Intelligence needs
explanation, 2020)

Conclusions



 The Genomic Data Chaos requires methodological solutions to 
manage genomic data

 The SILE Method provides solutions to the main bottlenecks of 
genomic data management:
– Search and selection of data sources
– Identification of relevant data
– Load in the adequate repository
– Tools for data exploitation

 The Delfos Platform is a specific implementation for the use of the 
SILE Method in Precision Medicine
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Conclusions



Current Work

 Processing of VCF files and automation of genetic reports
 Application of the SILE method to other biological domains:

proteomics, pathways, pharmacogenomics…
 Automatic extraction of metadata from the literature using AI

Techniques (Natural Language Processing)
 Automation of the ACMG/AMP guidelines for determining the

clinical impact of DNA variants.
 Connection of clinical and genomic data
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Conceptual Modeling and Life Engineering: 
Yes, the Two Sides of the Same Coin…



54



55



Deciphering the Language of Life: Combining
Software Engineering and Life Engineering

SISTEDES SEMINAR SERIES
October 24, 2022

Oscar Pastor
opastor@pros.upv.es


