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What is the main focus of the course 

Definition of Functional Genomics

How Functional Genomics is the basis for understanding 
diseases 

Application of Functional Genomics and Integration Data

Role of single nucletotide variants in genomic regulatory
regions: an example of functional genomics application

In this lesson



The main focus of this course is

functional genomics

APPLICATIONS ON MEDICINE



Functional genomics

Functional genomics uses genomic data to study gene expression,

regulation and biological functions on a global scale (genome-wide or

system-wide), focusing on gene transcription, epigenetic

modifications, chromatin remodelling enzymes, transcription factors

association involving high-throughput methods.



GENE REGULATION 
How we can understand gene regulation

Using genome-wide sequencing data

FUNCTIONAL GENOMICS



GENOMIC REGULATORY REGIONS

GENE FEATURES

GENE REGULATION



GENE REGULATION 
How we can understand gene regulation

Using genome-wide sequencing data

INTEGRATION DATA APPROACH

FUNCTIONAL GENOMICS



GENE REGULATION 
How we can understand gene regulation

Using genome-wide sequencing data

Is based on the comparison of different data

INTEGRATION DATA APPROACH

Visualization Algorithm

One single 
genomic region

Connection 
between data



- Single nucleotide polymorphisms (SNPs) is the nucleotide

variations associated with disease

- Genome-wide association studies (GWAS) have successfully

identified thousands of common genetic variants associated with

complex diseases (http://www.ebi.ac.uk/gwas/)

- Functional annotation: to define genomic regulatory regions by

genome-wide integration data

- Experimental validation

- Disease Animal models

- Correlation between molecular mechanisms

and disease symptoms

- Drug Discovery

Framework for interpretation of individual disease-associated variants



SNPs with an impact in tumorigenesis

Steps for studying the role of SNP

1

2



Genome-wide association studies (GWAS) have

capitalized on the millions of common single nucleotide

polymorphisms (SNPs) to identify those SNPs that are genome-

wide significantly associated with a disease or trait.



- Single nucleotide polymorphisms (SNPs) is the nucleotide

variations associated with disease

- Genome-wide association studies (GWAS) have successfully

identified thousands of common genetic variants associated with

complex diseases (http://www.ebi.ac.uk/gwas/)

- Functional annotation: to define genomic regulatory regions by

genome-wide integration data

- Experimental validation

- Disease Animal models

- Correlation between molecular mechanisms

and disease symptoms

- Drug Discovery

Framework for interpretation of individual disease-associated variants





GENE REGULATION 
How we can understand gene regulation

Using genome-wide sequencing data

INTEGRATION DATA APPROACH



Integrative Omics for health and disease



- Single nucleotide polymorphisms (SNPs) is the nucleotide

variations associated with disease

- Genome-wide association studies (GWAS) have successfully

identified thousands of common genetic variants associated with

complex diseases (http://www.ebi.ac.uk/gwas/)

- Functional annotation: to define genomic regulatory regions by

genome-wide integration data

- Experimental validation

- Disease Animal models

- Correlation between molecular mechanisms

and disease symptoms

- Drug Discovery

Framework for interpretation of individual disease-associated variants



Functional genomics uses genome-wide data with functional tests



Functional genomics uses genome-wide data with functional tests





Which are the steps to understand the SNPs meaning? 

Experimental validation

Disease Animal models 

Correlation between molecular 

mechanisms and disease symptoms

Drug Discovery









1. New genome-wide data

2. Comparison of New genome-
wide data with data derived
from several databases



3. Interpretation of data

4. Gene expression profile is
specific for a group of cells as
shown by Single Cell-RNA-Seq



The goal is

5. Identification of SNPs with specific functions



How integrative analysis is done?

- Gene regulatory network

- Deep-learning model 



Task 2- What is the impact of single 

nucleotide variants



https://m.ensembl.org/info/genome/variation/prediction/predicte
d_data.html

CLASSIFICATION OF SINGLE NUCLEOTIDE VARIANTS

https://m.ensembl.org/info/genome/variation/prediction/predicted_data.html


Role of single nucleotide variants in the genomic regulatory regions



SNPs types functions at trascription factor binding sites:



SNPs types functions on hormone responce:



SNPs in the genomic regulatory regions DEFINITION





SNPs in the genomic regions may alter a binding site of a specific

TFs, such as PU.1 and chromatin states change in the same region

SNPs in the genomic regions may alter a binding site of a specific TFs, 

such as PU.1 while chromatin states change a whidespread region



Single nucleotide variants in genomic regulatory regions



SNPs may change long range interactions

Deplancke et al., 2016



SNPs mechanims for alteration of regulatory

transcrption factors complexes

Deplancke et al., 2016



Changing the transcription factor binding site

Disrupting long range interaction

Inhibition of interaction between transcription factors

Changing epigenetic modifications

SNPs roles in the genomic regulatory regions are:





SNPs with an impact in tumorigenesis

Steps for studying the role of SNP

1

2



SNPs may have an impact in tumorigenesis

FUNCTIONAL ANNOTATION OF SNPs2

3



SNPs ESPERIMENTAL VALIDATIONS



MOLECULAR FUNCTIONAL EFFECTS



BIOLOGICAL FUNCTION TESTS



- Single nucleotide polymorphisms (SNPs) is the nucleotide

variations associated with disease

- Genome-wide association studies (GWAS) have successfully

identified thousands of common genetic variants associated with

complex diseases (http://www.ebi.ac.uk/gwas/)

- Functional annotation: to define genomic regulatory regions by

genome-wide integration data

- Experimental validation

- Disease Animal models

- Correlation between molecular mechanisms

and disease symptoms

- Drug Discovery

Framework for interpretation of individual disease-associated variants



Correlation of SNP/functions with several clinical analysis

How can we use these knowledge?



Gene expression alteration in disease 

May be used as BIOMARKERS

(molecules acting as sensor

of disease)

Gene expression alteration in disease 

May be used as DRUG TARGET

(drug discovery to stop disease and 

restore health )

EXAMPLE



In Summary:

Functional genomics is a field of molecular biology based on

genome-wide sequencing data.

Genome-wide sequencing data describe genomic regulatory

regions that control gene expression

SNPs-involved in gene expression disregulation can be linked to

the disease

Understanding molecular mechanisms of disease outcome opens

the way to discovery drug and identify biomarkers


