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RNA-seq study

o o o Io I»

Collecting samples from patients and controls.
Measure gene expression across thousands of genes.
|dentify genes that show significant differences between
groups.

The most informative ones combined into what we call a
transcriptomic signature

This signature represents a specific pattern of gene
expression associated with a disease or outcome.

e aeLorgD T BAOHG021 003678 Human Genomics
PRIMARY RESEARCH Open Access

RNA-seq driven expression and enrichment 2
analysis to investigate CVD genes

with associated phenotypes among high-risk
heart failure patients

Zeeshan Ahmed'*#%"®, Saman Zeeshan® and Bruce T, Liang®

All Protein Coding Genes Highly Expressed - Protein Coding Genes Heart Failure
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A Transcriptomic Risk Score, or TRS, is a numerical value that " GenD 3

summarizes information from gene expression data into a single e

measure of risk. — "

The idea is to move from higltdimensional gene expression data a RS bt 5180 ges b TS bt an 2 g

to a simplified score that captures the overall biological risk
profile of a patient.

In practice, a TRS can help to stratify patients into different risk
groups, improve prediction of disease outcomes, and support
more personalised decisionmaking.

Distribucién del TRS Asociacién con resultado clinico
en la cohorte D

. “ﬁé"sﬂ?ﬁ? Transcriptional risk scores associate with
i ‘f £ N disease status.
I I s Genome Med. 2018 Jun 27;10(1):48

Transcriptomic Risk Score (TRS) Tiempo
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Kev Concenpts First, IS the molecule that carries
From RNA — Transcriptomics — Signatures — Risk Scores genetic information frf)m DNA and_
reflects what the cell is actually doing at a
1. RNA 2. TRANSCRIPTOMICS 3. SIGNATURES 4. RISK SCORES .
The molecule Measure genome-wide Select informative Summarize signature into g|Ven moment-
RNA expression sets of genes a single score
— e Risk soors Second, IS the study of
W = T e - £ \ all RNA molecules in a cell or tissue,
. Gene 2 - - .
RNA |- = ® Gene3 - giving us a snapshot of gene activity.
] g - - ,‘ Gened Selected genes
> ~ e h -_— \(j g:::z > associated with g ] .
’A Uu G ¢c \ - - ® Gene7 R 2 _______________ Thlrd’ a IS A
J 111 = - & ot & gk selected set of genes whose expression
3 Low expression High expression ene = . . . . . . . g
M s s Lowrisk  High sk pattern is associated with a specific
RNA molecules are Quantify expression of Identify a signature: a subset Combine expression of blOlOg'Cal Condltlon Or dlsease-
transcribed from DNA thousands of genes across of genes whose expression signature genes (weighted)
and reflect gene activity. samples (e.g., RNA-seq). is associated with outcome. into a risk score to stratify
samples/patients. .
- Finally, a -
-3 combines this information into a
M RNA — £ = TRANSCRIPTOMICS —Pp o SIGNATURES —Pp [ /‘ RISK SCORES . .
E3 : single numerical value that can be used
to estimate disease risk or patient
outcome.
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TETRIS project & WP5

“tetris Project in brief Project Partners ~ Research ~ Project objectives News & Events +
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Risk assessment Tools for severe side Effects after breasT Radiotherapy: radiation
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TETRIS project & WP5

RETROSPECTIVE COHORT

Acute myocardial infarction, RE‘(U§TE

Validating Predictive Models and Biomarkers of Radiotherapy Toxicity
HypertenSIOn, . to Reduce Side-Effects and Improve Quality-of-Life in Cancer Survivors
Coronary artery disease

Cardiovascular
diseases

Chronic Obstructive Pulmonary Disease

Pulmonary Pulmonary fibrosis
diseases Asthma,
Pulmonary hypertension
o 4
)7 Second Breast cancer,

||
Second cancers Second Lung cancer, t t [
SecondOesophagusancers “ e rls
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TETRIS project & WP5

RETROSPECTIVE COHORT PROSPECTIVE COHORT

REQUITE . mtetris
Retrospective cohort with  [ROVACEReEIE: Prospective cohort with [ROVARENIEE (TETRIS WP9)
REQUITE breast cancer patients PAXgeneblood RNA tube samples from TETRIS
included in RADPreciseproject, for breast cancer patients, collected before
which available: radiotherapy treatment by the centers participating
* Total RNAseq in the prospective collection
* microRNAseqdata (WP 9; INT, UNISR, RS, VHIO, FPGMX).
Retrospective cohort with [ROAREglel[c * PAXgenedlood RNA tube samples -

REQUITE breast cancer patients will be
sequencing by RNAseq during TETRIS project

* Total RNAseq

23/04/2026
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TETRIS project & WP5

RNAseq

. Library: TruSeq Stranded Total RNA with Ribo-Zero Globin
. lllumina NovaSeq6000

. 50PE (150 x 2bp) 60 M total

Processing raw
data

. FASTQC: assess
sequence data quality

Aligmen of reads Count reads

. HTSeq: Count reads
mapped to genes

STAR: mapping the
sequence of each read

A B Gel image o to the reference
- . CUTADAPT: eliminated genome (GRCh37) . RSEM: count reads
[ [0}
4 ® &, T the adapters from the mapped to genes and
80 RIN: 9.1 8 g 3 reads transcripts
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Current approaches and results

Define objective @ Assess available Select scenario Generate/obtain Integrate in
@/ ) - = - m . > ql¢ - @B "
and use case data and resources and evidence level | signature risk model

Three scenarios within WP5
|

1. Direct use 2. Literature-based 3. Indirect estimation from PRS
(available resources) (validated evidence) (exploratory approach)
Esn .
. . ' [ i ] B Gene 1 . %
‘ '.‘ ’7 ] 1 ) Gene 2 g
‘ o T | | avahe 3 . . 3
New or existing L B Use of previously No direct o
‘ transcriptomic data |1 ] - published and I I transcriptomic data 3
available “H | validated or validated
Samples signatures signature available
= ) < ) . < I o
‘ Derive signature directly from Adopt validated signatures Infer transcriptomic signature
generated/measured data from the literature indirectly from PRS
(with reported performance) (eQTL / TWAS / PrediXcan, etc.) D
— - — N =4 h< 4

J

° Integrate signatures into risk modelling

Evaluate performance, robustness and added value
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Current approaches and results

GSEA

Gene Set Enrichment Aﬁélfsis

GSEA Home Downloads Molecular Signatures Database

MSigDB Home
Human Collections xn
—

= About

Browse
Search
Investigate
Gene Families

*rvTTyYey

Mouse Collections

About
Browse
Search
Investigate

Help

UC San Diego
EEBROAD

INSTITUTE

This project has received funding
under Eurstom Research and
Training Pragramme (EURATOM)
Grant ID 101166699

i MSigDB
== Molecular Signatures
s == Database

Documentation

Molecular Signatures Database

Overview

The Molecular Signatures Database (MSigDB) is a resource of tens of thousands
of annotated gene sets for use with GSEA software, divided into Human and
Mouse collections. From this web site, you can

Examine a gene set and its annotations. See, for example, the
HALLMARK_APOPTOSIS human gene set page.
Browse gene sets by name or collection.
Search for gene sets by keyword.
Investigate gene sets:
Compute overlaps between your gene set and gene sets in MSigDB.
Categorize members of a gene set by gene families.

View the expression profile of a gene set in a provided public
expression compendia.

Investigate the gene set in the online biological network repository
NDEx

Download gene sets.

License Terms

GSEA and MSigDB are available for use under these license terms.

EU Grant Agreement n. 101166699

Human Collections

H

hallmark gene sets are coherently
expressed signatures derived by aggregating
many MSigDB gene sets to represent well-
defined biological states or processes.

C5

ontology gene sets consist of genes
annotated by the same ontology term.

C1

positional gene sets corresponding to
human chromosome cytogenetic bands.

Cé6

oncogenic signature gene sets defined
directly from microarray gene expression
data from cancer gene perturbations.

curated gene sets from online pathway
databases, publications in PubMed, and
knowledge of domain experts.

C7

immunologic signature gene
sets represent cell states and perturbations
within the immune system.

C3

regulatory target gene sets based on
gene target predictions for microRNA seed
sequences and predicted transcription factor
binding sites.

C8

cell type signature gene sets curated
from cluster markers identified in single-cell
sequencing studies of human tissue.

C4

computational gene sets defined by
mining large collections of cancer-oriented
expression data.
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Current approaches and results

=1 MSigDB
== Molecular Signatures Molecular Signatures Database

@ wi=  Database

Cardiovascular disease
A Hypertension ( ): 422 genes A Chronic pulmonary obstruction ( ): 37 genes
A Atrial Flutter ( ): 21 genes A Pulmonary Fibrosis ( ): 78 genes
A Atrial Fibrillation ( ): 85 genes A Asthma ( ): 164 genes
A Abnormal Cardiac Biomarker Test ( ): 5 genes
A ParoxysmalAtrial Fibrillation ( ): 23 genes [
A Pericarditis ( ): 39 genes
A PermanentAtrial Fibrillation ( ): 9 genes
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Current approaches and results

Cardiovascular diseases

Associated gene sets retrieved from the Molecular Signatures DatabasYlSeIb]s).

Heatmaps of normalized expression counts for the selected gene set in tHRADprecisebreast cancer cohort.

A Hypertension ( ): A Atrial Flutter ( ): A Atrial Fibrillation ( ):
422 genes 21 genes 85 genes

Heatmap de genes con clustering mejorado - HP_HYPERTENSION Heatmap de genes con clustering mejorado - HP_ATRIAL_FLUTTER
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