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Omics in human diseases

https://www.youtube.com/watch?v=m7X6mugpijQ

NASA video (1 of 8)
Introduction to Omics: 360 Degree View of You

Listen and answer 

1. How “Omics” can improve our health system?

2. Which metaphor can we use to describe the role of “Omics”?



Technological revolution



Omics in human diseases



Genomics

● The study of complete Genomes including 

their organization, function, and evolution.

● Human genome: 23 pairs of chromosomes 

in the nucleus, and mitochondrial DNA 

(coding and non-coding sequence)

● Mapping and studying genetic variants 

associated with diseases, response to 

treatment, or future patient prognosis.

Genetics Molecular
Biology

Computational
Science



Genomics: Technology

Massive parallele sequencing DNA microarray/SNP 

genotyping



Catalog of Genome Wide Association Studies (GWAS)
https://www.ebi.ac.uk/gwas/

● Database of SNP-trait associations

● Integrated with other resources

● Accessible by scientists, clinicians and others



Epigenomics

• Influenced by genetics and environment

• Tissue- specific

• Differentially methylated regions of DNA (Epigenetic signatures) as indicators of disease

• Functional interpretation of genetic variants in differentially methylated regions

The term 'epigenome' 
focuses on genome-
wide characterization of 
reversible modifications 
of DNA and DNA-
associated proteins



Epigenomics: http://www.roadmapepigenomics.org/



Epigenomics: Technology
Assessment of DNA modification using NGS

Whole-genome shotgun bisulfite 
sequencing



Epigenomics: Technology
Assessment of DNA modification using NGS

Whole genome shotgun bisulfite 
sequencing



Transcriptomics

● Genome-wide analysis of all RNAs under different 

cells, tissue, developmental stage, experimental or 

pathological conditions.

● Transcriptome include different types of RNA 

molecules

● Quantitative (transcripts level)

● Qualitative (which transcript, novel isoforms)



Transcriptomics: technology

RNA isolation and 
conversion into 
complementary 

DNA

DEGs

• RNA sequencing

or

• Microarrays



Proteome



Proteomics

● Large-scale systematic study of proteomes

● Proteome: The compete set of proteins expressed by an organelle, cell, tissue or 

organism at a certain time.

Limitations

● PTM affect protein activity

● Alternative splicing or PTM give rise to more than one protein

● Many proteins form complexes with other proteins or RNA molecules

● protein degradation rate plays an important role in protein content



Proteomics: applications



Proteomics: workflow

Kwon 2021 Front Med, PMID: 34631760



PMID: 32035732

Proteomic 

Technologies for 

Deciphering Local and 

Global Protein 

Interactions



Metabolomics

The metabolome represents the complete set of metabolites in a biological cell, 

tissue, organ, or organism, which are the end products of cellular processes

Applications

● Discover new, metabolomics-based biomarkers with high chances of 

translation into precision medicine

● Functional genomics: Identify the phenotype caused by a genetic alteration



Metabolomics: workflow

https://pancreas.med.umich.edu/lyssiotis-
lab/research/metabolomics-research/

Setection of 

differentially 

altered 

metabolites



Metabolomics

Red nodes represent metabolites and pathways with higher expression in CRC



Newborn metabolic screening
https://www.iss.it/web/iss-en/newborn-screening

• Preventive public health program
• Blood sample taken from each newborn baby’s heel
• Test free of charge, 48 and 72 hours after birth, at 

the hospital 
• In 2016, Italian Law No. 167 extended the newborn 

screening programme to include around 40 genetic 
disorders

• For each of these diseases, a therapeutic treatment 
capable of improving longevity and quality of life 
now exists and is available.



The study of sets of traits belonging to an organism.

The acquisition of high-dimensional phenotypic data on an organism-wide scale.

Aim

Better understanding of the genotype–phenotype map
genotypes (G space) and phenotypes (P space)

1. epigenetic process

2. natural selection act to change phenotype parents

3. Preserved phenotype, the identity of successful parents

4. Genetic events

Challenges

● Phenotypes vary from cell to cell and from moment to moment and therefore can never 

be completely characterized.

● Development and adoption of high-throughput and high-dimensional phenotyping

Phenomics

Houle D, 2010 Nat Rev Genet PMID: 21085204



Phenomics Phenomic projects that combine genomic data with data on 
quantitative variation in phenotypes

Description Funding Phenotypes Genotyping

Consortium for Neuropsychiatric Phenomics. 52 
investigator, interdisciplinary effort. Genomic 
data, brain structure and function and behaviour 
in case–control study of three major psychiatric 
syndromes (http://www.phenomics.ucla.edu)

NIH
Brain imaging, behaviour and 
cognitive phenotypes

Northern Finland Birth 
Cohorts, case–control 
genotyping

UK Biobank. Prospective study of 500,000 
individuals (http://www.ukbiobank.ac.uk)

MRC, 
Department of 
Health, 
Wellcome Trust

Baseline questionnaire and 
physical measurements; 
storage of blood and urine for 
eventual analysis and 
integration with the UK NHS 
health records

Samples taken for later 
analysis

Personal Genome Project: recruit volunteers for 
genome sequencing and phenotype data. 
Participant number: 100,000 as a goal 
(http://www.personalgenomes.org)

Private
Images, cell lines and medical 
history

Primary goal is genome 
sequencing. One 
participant fully sequenced

Houle D, 2010 Nat Rev Genet PMID: 21085204



Phenomics: Human Phenotype Ontology
(HPO)

The HPO, as a part of the Monarch Initiative, is a central component of one of the 13 driver 
projects in the Global Alliance for Genomics and Health (GA4GH) strategic roadmap.

• Standardized vocabulary of phenotypic abnormalities encountered in human disease

• HPO terms can be used to describe the phenotypic features that occur in individuals with a 

disease

• Sources: medical literature, Orphanet, DECIPHER, and OMIM

• 13,000 terms and over 156,000 annotations to hereditary diseases. Initially (2005) focused 
on Mendelian diseases, extended on common disease in 2015.

Kohler, 2021, NAR, PMID: 33264411

https://www.ga4gh.org/howwework/driver-projects.html
https://www.ga4gh.org/
https://www.ga4gh.org/howwework/strategic-roadmap.html


Phenomics: HPO (https://hpo.jax.org/app/)



Multi-Omics approach
• Except for the genome, all data layers 

reflect both genetic regulation and 
environment, which may affect each 
individual molecule to a different extent. 

• The thin red arrows represent potential 
interactions or correlations detected 
between molecules in different layers

• Thicker arrows indicate different potential 
starting

• points or conceptual frameworks for 
consolidating multiple omics data to 
understand disease. 

• Genome first approach implies that
• one starts from associated locus, while the 

Phenotype first approach implies any other 
layer as the starting point. 

Hasin Y., 2017 Genome Biol. PMID: 28476144



Biological Databases



WHAT is a database?

A collection of data that needs to be:

● Structured

● Searchable

● Updated (periodically)

● Cross referenced

Challenge: To change “meaningless” data into useful information that can be  

accessed and analysed the best way possible.



Databases are organized collections of information

Databases assign each record a unique 

accession number using their own 

numbering system

Fields are used to cross-reference the data.  

Records can be searched by fields.

Data is entered in the record using a 

defined format

Bioinformaticians work with computer scientists to set 
up the database structure

Curators review and link records within and between 
databases

Accession #

Field 1 ……….
Field 2 ……….

Data
…………………………………
…………………………………
………………………………...



The information in databases ultimately derives from 
experimental data

Researchers do 
experiments

Researchers 
analyze data e 
write papers

Data are 
published in 
journals

Curators will process the submissions and link entries 
in different databases



Database management system (DBMS)

Internal organization

➔ Controls speed and  flexibility

A unity of programs that

● Store

● Extract

● Modify



DBMS organisation types

Flat file databases (flat DBMS)

➔ Simple, restrictive, table

Hierarchical databases  (hierarchical DBMS)

➔ Simple, restrictive, tables

Relational databases (RDBMS)

➔ Complex,versatile, tables

Object-‐oriented databases  (ODBMS)

➔ Complex, versatile, objects

Data Warehouses and  Distributed Databases

Query System



Biological Databases

Literature

Nucleotide

Protein

Organism

Function

Mutations

Disease

Structure



Biological databases: why? & which types?

● Need for storing and communicating large datasets has grown

● Make biological data available to scientists

● To make biological data available in computer-readable form

Type of data

➔ nucleotide sequences

➔ protein sequences

➔ Genetic variants

➔ gene expression data

➔ Protein interactions

➔ metabolic pathways



Biological databases

Availability

➔ Publicly available, no restrictions

➔ Available, but with copyright

➔ Accessible, but not downloadable

➔ Academic, but not freely available

➔ Proprietary, commercial; possibly free for academics



Standard Data Formats

DNA sequence = ACGT, but what about gaps, unknown letters, etc.

● How many letters per line ???

● Spaces, numbers, headers, etc. ???

● Store as a string, code as binary numbers, etc.

Use a completely different format for proteins?



Standard Data Formats

DNA sequence = ACGT, but what about  gaps, unknown letters, etc.

● How many letters per line ???

● Spaces, numbers, headers, etc. ???

● Store as a string, code as binary numbers, etc.

Use a completely different format for proteins?

Need standard formats!!



FASTA Format

● William Pearson (1985)

● The FASTA format is now universal for all databases and software that 

handles DNA and protein sequences

One header line, starts with > with a [return] at end

➔ All other characters are part of sequence.



…Biological databases…
19/10/2022

● …Introduction to Biological DB

● Bioinformatics centres of excellences

● Searching the database of interest

Exploring some databases

 Nucleotide Sequence (GeneBank, NCBI)

 Genetic variants (dbSNP, Clinvar, GnomAD, COSMIC)

 Protein Sequence (Uniprot, EMBL-EBI)

 Protei Interaction (Intact, EMBL-EBI)

 Gene-Phenotype associations (OMIM, HPO)

 Gene Expression (Gtex, Human Protein Atlas)

 Protein Expression (Human Protein Atlas)

 Human Metabolome (HMDB)



What make a good bioinformatics DB: 
Primary vs derived data

Primary database Secondary database

Synonyms Archival database Curated database; knowledgebase

Source of data Direct submission of experimentally-derived 
data from researchers

Results of analysis, literature research and 
interpretation, often of data in primary 
databases

Examples ENA, GenBank and DDBJ (nucleotide 
sequence) ArrayExpress and GEO (functional
genomics data) Protein Data Bank (PDB; 
coordinates of three-dimensional
macromolecular structures)

InterPro (protein families, motifs and 
domains) UniProt
Knowledgebase (sequence and functional 
information on 
proteins) Ensembl (variation, function, 
regulation and more layered onto whole 
genome sequences)



What make a good bioinformatics DB: 
metadata

…the way in which biological data are recorded.



What make a good bioinformatics DB:
metadata standard

Minimum information standards are sets of guidelines and formats for reporting 

data derived by specific high-throughput methods

● data can be easily verified, analysed and interpreted by community

● facilitate the transfer of data from journal articles into databases

● available for a vast variety of experiement types

‘Minimum Information about a 
Microarray Experiment’ (MIAME) …describing data consistently

https://en.wikipedia.org/wiki/Minimum_Information_Standards


What make a good bioinformatics DB:
controlled vocabulary

define specific words to reduce ambiguity and duplication

● non-hierarchical lists of terms

● use taxonomy as a classification scheme

● structured vocabulary in which concepts are represented by terms

● Using ontologies



Heterogeneity in data  (Scientific data domains)



Some example of biological databases…



Where do I get DB of my interest ?



Nucleic Acid Research (NAR) Database Issue

Online collection of biological databases:

http://www.oxfordjournals.org/nar/database/c/

The list is not exhaustive!!

http://www.oxfordjournals.org/nar/database/c/


Bioinformatics centres of excellences

In the early 1980s DNA sequence data began to accumulate in the scientific literature……

Bioinformatics centres of excellences that collect, catalogue and provide open access to 

published biological data:

1. The US National Center for Biotechnology Information (NCBI)

2. The EMBL-European Bioinformatics Institute (EMBL-EBI)

3. The National Institute of Genetics in Japan (NIG)

http://www.ncbi.nlm.nih.gov/
https://www.ebi.ac.uk/
http://www.nig.ac.jp/english/index.html


National Center for Biotechnology Information (NCBI)

https://www.ncbi.nlm.nih.gov/home/about/



National Center for Biotechnology Information (NCBI)

Documentation 

Online manuals, handbooks, 

fact sheets and FAQs



National Center for Biotechnology Information (NCBI)



NCBI: GEO profiles

Click the graph

This database stores individual gene 

expression profiles from curated DataSets

in the Gene Expression Omnibus (GEO) 

repository. 



EMBL's European Bioinformatics Institute EMBL-EBI



EMBL's European Bioinformatics Institute EMBL-EBI

AlphaFold is an AI system 
developed by DeepMind that 
predicts a protein’s 3D 
structure from its amino 
acid sequence. It regularly 
achieves accuracy 
competitive with 
experiment.

https://deepmind.com/blog/article/putting-the-power-of-alphafold-into-the-worlds-hands
https://deepmind.com/


EMBL's European Bioinformatics Institute EMBL-EBI

From EMBL-EBI we will see
UniProt and Intact



Database of Protein Sequence

Uniprot
http://www.uniprot.org/



Database of protein sequences - Uniprot

Uniprot knowledgebase (UniprotKB) consists of two sections:

● Swiss-Prot, which is manually annotated and reviewed

● TrEMBL, which is automatically annotated and is not reviewed



Database of protein sequences - Uniprot

Is a resource of protein
sequences and 

functional information



Database of protein sequences - Uniprot



EMBL-EBI resource

e.g. Rare disease, Neurodegeneration, Cancer

https://www.ebi.ac.uk/intact/home



EMBL-EBI resource: IntAct

Spoke expansion



EMBL-EBI resource: IntAct

Interaction Scoring MIscore

Customizable, heuristic scoring system that 
takes three factors into account:

1.How the interaction was observed, 
predicted or inferred (interaction detection 
method; MI:0001)

2.The type of interaction. Direct interaction, 
physical association, co-localization and so 
forth. (interaction type; MI:0190)

3.The number of publications reporting a 
specific interaction



Genotype-Tissue Expression GTEx Portal 
(https://www.gtexportal.org/home/)

The GTEx Project

ongoing effort to build a comprehensive public resource to study 

tissue-specific gene expression and regulation. 54 non-diseased 

tissue sites across nearly 1000 individuals (with WGS, WES, and 

RNA-Seq)

The Developmental dGTEx Project is a new effort to study 

development-specific genetic effects on gene expression.



Genotype-Tissue Expression GTEx Portal



https://www.proteinatlas.org/

The Human Protein Atlas is a 
Swedish-based program initiated 
in 2003
Aim: to map all the human 
proteins in cells, tissues, and 
organs using an integration of 
various omics technologies, 
including antibody-based 
imaging, mass spectrometry-
based proteomics, 
transcriptomics, and systems 
biology. 



Human Metabolome Database



The database is designed to contain or link three kinds of data: 
1. chemical data
2. clinical data
3. molecular biology/biochemistry data. 

220,945 metabolite entries including both water-soluble and lipid soluble metabolites. 
8,610 protein sequences (enzymes and transporters) are linked to these metabolite entries.

Many data fields are hyperlinked to other databases 
(KEGG, PubChem, MetaCyc, ChEBI, PDB, UniProt, and GenBank) 

DrugBank contains equivalent information on ~2832 drugs and 800 drug metabolites
T3DB contains information on ~3670 common toxins and environmental pollutants
SMPDB contains pathway diagrams for ~132,335 human metabolic, drug and disease
pathways

Human Metabolome Database

http://www.genome.jp/kegg/
http://pubchem.ncbi.nlm.nih.gov/
http://metacyc.org/
http://www.ebi.ac.uk/chebi
http://www.rcsb.org/
http://www.uniprot.org/
http://www.ncbi.nlm.nih.gov/genbank
http://www.drugbank.ca/
http://www.t3db.org/
http://www.smpdb.ca/


Now we can start exploring the 
databases!


