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• Differential expression 
• Promoter analysis 
• Master Regulator
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Typical workflow
Dissect unknown molecular mechanisms

Promoter Analysis
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In vitro models accurately identify in vivo bound sequences
We next evaluated DeepBind’s performance using 506 in vivo 
ENCODE ChIP-seq data sets, which were preprocessed to remove 
protocol and laboratory biases26 (Supplementary Table 4). Unlike 
experiments with in vitro data, these experiments were influenced 
by cell type–specific effects, transcription factor-nucleosome interac-
tions, cooperation and competition between transcription factors and 
other cofactors, and pioneer transcription factors that can remodel 
chromatin and facilitate the binding of other transcription factors27. 

To train DeepBind, we used as positives the 101-bp sequences centered  
at the point source called for each peak, and we used shuffled posi-
tive sequences with matching dinucleotide composition as negatives 
(same as ENCODE’s analysis27; Supplementary Notes, sec. 3).

For computational reasons, most existing methods analyze only 
the top few hundred peaks from among tens of thousands of peaks 
(the median number of peaks for ENCODE is ~17,000). However, 
Wang et al.27 found that, for example, ~16,000 of the top ~20,000 SPI1 
peaks contain the SPI1 motif. For each data set, DeepBind was able to 
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Figure 4 Analysis of potentially disease-causing genomic variants. DeepBind mutation maps (Supplementary Notes, sec. 10.1) were used to understand 
disease-causing SNVs associated with transcription factor binding. (a) A disrupted SP1 binding site in the LDL-R promoter that leads to familial 
hypercholesterolemia. (b) A cancer risk variant in a MYC enhancer weakens a TCF7L2 binding site. (c) A gained GATA1 binding site that disrupts  
the original globin cluster promoters. (d) A lost GATA4 binding site in the BCL-2 promoter, potentially playing a role in ovarian granulosa cell tumors.  
(e) Loss of two potential RFX3 binding sites leads to abnormal cortical development. (f,g) HGMD SNVs disrupt several transcription factor binding  
sites in the promoters of HBB and F7, potentially leading to B-thalassemia and hemophilia, respectively. (h) Gained GABP-A binding sites in  
the TERT promoter, which are linked to several types of aggressive cancer. WT, wild type.
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Reverse engineering of gene regulatory nets
SCENIC

SCENIC is a suite of tools to study and decipher gene regulation (with 
GENIE3) to infer transcription factors, gene regulatory networks, and 
cell types from single-cell RNA-seq data or the combination of single-
cell RNA-seq and single-cell ATAC-seq data.



Reverse engineering of gene regulatory nets
SCENIC

Aibar et al., Nature Methods, 2017
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Figure 1. The SCENIC+ workflow and motif collection. a. In the SCENIC+ workflow, enhancer topics and DARs are first inferred 
using pycisTopic. pycisTarget then identifies modules for which the regulator’s binding motif is significantly enriched across regions, 
creating cistromes with only directly bound regions. SCENIC+ integrates region accessibility, TF and target genes expression and 
cistromes using GRNBoost to infer enhancer-GRNs, in which TFs are linked to their target regions, and these to their target genes. 
SCENIC+ can export results to loom files compatible with Scope32, bigwig and bigBed formats compatible with UCSC, and Cytoscape 
networks. b. Running time comparison per topic model using cisTopic with Collapsed Gibbs Sampling and WarpLDA (blue) and 
pycisTopic with Collapsed Gibbs Sampling and Mallet (red) for parameter optimization. c. Feature comparison between cisTopic and 
pycisTopic. d. The SCENIC+ motif collection includes 34,524 unique motifs gathered from 29 motif collections, which were clustered 
with a two-step strategy in which motifs are first clustered using Leiden clustering on the -log10 Tomtom q-value matrix, and these 
clusters are then refined using STAMP. Region scoring is performed using Hidden Markov Models (HMMs) models with an updated 
version of Cluster-Buster, in which clusters are scored using all the motifs as states instead of using a consensus motif. Ranked 
scores are used as input for pycisTarget, in which a recovery curve is built for each motif and region set. The Normalized Enrichment 
Score (NES) indicates how enriched a motif is in the region set. Scores are used for Differentially Enriched Motifs (DEM) analysis, in 
which a Wilcoxon test is performed between foreground and background region sets to assess enrichment. e. Number of TFs in the 
SCENIC+ motif collection annotated by direct evidence or orthology. f. Recovery of TFs from ENCODE ChIP-seq data using different 
motif enrichment methods, namely Homer, pycisTarget and DEM; and databases. The unclustered databases includes all annotated 
motifs before clustering (singlets), the archetype databases use the consensus motifs of the clusters based on STAMP, and the 
clustered databases uses the motif clusters, scoring regions using all motifs in the cluster. The x-axis shows the positions in which the 
TF targeted in the ChIP-seq experiment can be found, and the y-axis shows the cumulative number of TFs that are found in that 
position. 
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SCENIC+ can export results to loom files compatible with Scope32, bigwig and bigBed formats compatible with UCSC, and Cytoscape 
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pycisTopic. d. The SCENIC+ motif collection includes 34,524 unique motifs gathered from 29 motif collections, which were clustered 
with a two-step strategy in which motifs are first clustered using Leiden clustering on the -log10 Tomtom q-value matrix, and these 
clusters are then refined using STAMP. Region scoring is performed using Hidden Markov Models (HMMs) models with an updated 
version of Cluster-Buster, in which clusters are scored using all the motifs as states instead of using a consensus motif. Ranked 
scores are used as input for pycisTarget, in which a recovery curve is built for each motif and region set. The Normalized Enrichment 
Score (NES) indicates how enriched a motif is in the region set. Scores are used for Differentially Enriched Motifs (DEM) analysis, in 
which a Wilcoxon test is performed between foreground and background region sets to assess enrichment. e. Number of TFs in the 
SCENIC+ motif collection annotated by direct evidence or orthology. f. Recovery of TFs from ENCODE ChIP-seq data using different 
motif enrichment methods, namely Homer, pycisTarget and DEM; and databases. The unclustered databases includes all annotated 
motifs before clustering (singlets), the archetype databases use the consensus motifs of the clusters based on STAMP, and the 
clustered databases uses the motif clusters, scoring regions using all motifs in the cluster. The x-axis shows the positions in which the 
TF targeted in the ChIP-seq experiment can be found, and the y-axis shows the cumulative number of TFs that are found in that 
position. 
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Zscan regulation in Embrionic Stem Cells

Identification of a Novel Gene Signature of ES Cells Self-
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Abstract

Embryonic Stem cells (ESCs) can be differentiated into ectoderm, endoderm, and mesoderm derivatives, producing the
majority of cell types. In regular culture conditions, ESCs’ self-renewal is maintained through molecules that inhibit
spontaneous differentiation enabling long-term cellular expansion. This undifferentiating condition is characterized by
multiple metastable states that fluctuate between self-renewal and differentiation balance. Here, we aim to characterize the
high-pluripotent ESC metastate marked by the expression of Zscan4 through a supervised machine learning framework
based on an ensemble of support vector machine (SVM) classifiers. Our study revealed a leukaemia inhibitor factor (Lif)
dependent not-canonical pluripotency signature (AF067063, BC061212, Dub1, Eif1a, Gm12794, Gm13871, Gm4340, Gm4850,
Tcstv1/3, and Zfp352), that specifically marks Zscan4 ESCs’ fluctuation. This novel ESC metastate is enhanced by high-
pluripotency culture conditions obtained through Extracellular signal Regulated-Kinase (ERK) and Glycogen synthase kinase-
3 (Gsk-3) signaling inhibition (2i). Significantly, we reported that the conditional ablation of the novel ESC metastate marked
by the expression of Gm12794 is required for ESCs self-renewal maintenance. In conclusion, we extend the comprehension
of ESCs biology through the identification of a novel molecular signature associated to pluripotency programming.
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Introduction

Embryonic stem cells (ESCs) are derived from the inner cell
mass of blastocyst and are characterized by two remarkable
peculiarities, namely self-renewal and pluripotency: self-renewal is
defined as the symmetrical division of ESCs into identical
undifferentiated daughter cells; pluripotency confers to ESCs the
ability to produce the majority of cell types. It has become evident
over the past few years that ESCs‘ within the same culture
condition fluctuate among different levels of potency [1,2,3] as
consequence of paracrine effects and cell-to-cell interactions that
are not homogeneously regulated with current in vitro culture
conditions. Consistently, ESC mosaic-in colony expressions of key
canonical pluripotency genes such as Nanog and Rex1 (reduced
expression protein 1) reflect the temporal heterogeneous expres-
sion at single cell level profoundly affecting the state of
pluripotency [4,5]. Recently, a novel transient ESCs state
(metastate) was reported, referred as a high level of pluripotency
[6], characterized by the remarkable potential to produce both
embryonic and extra-embryonic cell lineages [7]. This metastate is
observed in a small fraction of the ESCs population, and it is
marked by the expression of Zscan4 (zinc finger and SCAN domain
containing 4), a key factor required for ESC genome stability and
to increase the reprogramming efficiency of induced pluripotent

stem (iPS) cells [6,8]. The comprehension of the gene network
underlying such ESCs metastate represents a suitable opportunity
to understand the pluripotency maintenance and to enhance
applications in tissue regeneration [9,10,11,12,13]. Significant
steps have been made towards the molecular characterization of
high pluripotent ESC metastate through the analysis of multiple
global gene expression profiles, yielding an extensive list of
putative candidates [3,7]. However, beyond Zscan4 the genes that
are functionally relevant to a high pluripotency metastate is still a
matter of debate. In the present work, we aim to identify genes
that are involved in the maintenance of the high pluripotency
ESCs metastate marked by Zscan4. In particular, we developed a
supervised machine-learning framework to predict the genes that
are functionally related to the Zscan4 mechanism in ESCs. The
supervised machine learning framework was based on an ensemble
of support vector machine (SVM) classifiers [14,15], trained with
the expression of a small cohort of genes, which have been related
to Zscan4 over several ESC experimental conditions [3,6,7].

The molecular characterization of gene hypotheses predicted by
our supervised machine learning framework revealed a novel high
pluripotency gene signature (AF067063, BC061212, Dub1, Eif1a,
Gm12794, Gm13871, Gm4340, Gm4850, Tcstv1/3, and Zfp352),
that enabled the identification of different Zscan4 metastate
populations. Moreover, we functionally proved, by cell ablation,
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Introduction

Embryonic stem cells (ESCs) are derived from the inner cell
mass of blastocyst and are characterized by two remarkable
peculiarities, namely self-renewal and pluripotency: self-renewal is
defined as the symmetrical division of ESCs into identical
undifferentiated daughter cells; pluripotency confers to ESCs the
ability to produce the majority of cell types. It has become evident
over the past few years that ESCs‘ within the same culture
condition fluctuate among different levels of potency [1,2,3] as
consequence of paracrine effects and cell-to-cell interactions that
are not homogeneously regulated with current in vitro culture
conditions. Consistently, ESC mosaic-in colony expressions of key
canonical pluripotency genes such as Nanog and Rex1 (reduced
expression protein 1) reflect the temporal heterogeneous expres-
sion at single cell level profoundly affecting the state of
pluripotency [4,5]. Recently, a novel transient ESCs state
(metastate) was reported, referred as a high level of pluripotency
[6], characterized by the remarkable potential to produce both
embryonic and extra-embryonic cell lineages [7]. This metastate is
observed in a small fraction of the ESCs population, and it is
marked by the expression of Zscan4 (zinc finger and SCAN domain
containing 4), a key factor required for ESC genome stability and
to increase the reprogramming efficiency of induced pluripotent

stem (iPS) cells [6,8]. The comprehension of the gene network
underlying such ESCs metastate represents a suitable opportunity
to understand the pluripotency maintenance and to enhance
applications in tissue regeneration [9,10,11,12,13]. Significant
steps have been made towards the molecular characterization of
high pluripotent ESC metastate through the analysis of multiple
global gene expression profiles, yielding an extensive list of
putative candidates [3,7]. However, beyond Zscan4 the genes that
are functionally relevant to a high pluripotency metastate is still a
matter of debate. In the present work, we aim to identify genes
that are involved in the maintenance of the high pluripotency
ESCs metastate marked by Zscan4. In particular, we developed a
supervised machine-learning framework to predict the genes that
are functionally related to the Zscan4 mechanism in ESCs. The
supervised machine learning framework was based on an ensemble
of support vector machine (SVM) classifiers [14,15], trained with
the expression of a small cohort of genes, which have been related
to Zscan4 over several ESC experimental conditions [3,6,7].

The molecular characterization of gene hypotheses predicted by
our supervised machine learning framework revealed a novel high
pluripotency gene signature (AF067063, BC061212, Dub1, Eif1a,
Gm12794, Gm13871, Gm4340, Gm4850, Tcstv1/3, and Zfp352),
that enabled the identification of different Zscan4 metastate
populations. Moreover, we functionally proved, by cell ablation,
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Embryonic stem cells (ESCs) are derived from inner cell mass (ICM) of the blastocyst.

In serum/LIF culture condition, they show variable expression of pluripotency genes

that mark cell fluctuation between pluripotency and differentiation metastate. The ESCs

subpopulation marked by zygotic genome activation gene (ZGA) signature, including

Zscan4, retains a wider differentiation potency than epiblast-derived ESCs. We have

recently shown that retinoic acid (RA) significantly enhances Zscan4 cell population.

However, it remains unexplored how RA initiates the ESCs to 2-cell like reprogramming.

Here we found that RA is decisive for ESCs to 2C-like cell transition, and reconstructed

the gene network surrounding Zscan4. We revealed that RA regulates 2C-like population

co-activating Dux and Duxbl1. We provided novel evidence that RA dependent ESCs to

2C-like cell transition is regulated by Dux, and antagonized by Duxbl1. Our suggested

mechanism could shed light on the role of RA on ESC reprogramming.

Keywords: retinoic acid, metastate, ESCs, 2-cell like, pluripotency

INTRODUCTION

Embryonic stem cells (ESCs) are derived from the inner cell mass (ICM) of the blastocyst. When
cultured in appropriate conditions, they retain their pluripotency, with the ability to differentiate
into nearly all embryo cell types (Toyooka et al., 2008; Loh and Lim, 2011). In vivo epiblast
pluripotency is a transitory state that is maintained in vitro through multiple metastable states
that fluctuate between self-renewal and differentiation balance, and display a heterogeneous
differentiation potential (Ohtsuka et al., 2012). One of these populations marked by Zscan4
expression retains wider potency capacity, and it is marked by similar expression of 2-cell stage
embryo signature, in particular the activation of MERV-L (murine endogenous retrovirus-like)
endogenous retrovirus and the expression of Zscan4 associated gene family among them Prame,
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cultured in appropriate conditions, they retain their pluripotency, with the ability to differentiate
into nearly all embryo cell types (Toyooka et al., 2008; Loh and Lim, 2011). In vivo epiblast
pluripotency is a transitory state that is maintained in vitro through multiple metastable states
that fluctuate between self-renewal and differentiation balance, and display a heterogeneous
differentiation potential (Ohtsuka et al., 2012). One of these populations marked by Zscan4
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embryo signature, in particular the activation of MERV-L (murine endogenous retrovirus-like)
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Tagliaferri et al. Dux-DuxBl1 Mediate Zscan4 Metastate

FIGURE 6 | Dux and Duxbl1 effect on RA dependent ESCs to 2C-like transition. (A) Model of ESCs to 2C-like transition involving RA dependent Dux and Duxbl1

regulation. (B) Dux−/− ESCs were cultured in RA supplemented medium for 4 days. The Dux and Zscan4 expression levels were assessed by qPCR, normalized

using Gapdh as housekeeping gene and expressed as fold change compared to Dux+/+ condition. The average and SEM of all the experiments were performed on

three independent biological experiments and are shown: *p < 0.05, **p < 0.01, ***p < 0.001 in a Student’s t-test. (C) Schematic representation of Duxbl1

tetracycline-inducible system (top). ESCDuxbl1−Flag transgenic lines were cultured with or without DOX (1.5µg/ml for 72 h), in VitAminus and VitAplus conditions. qPCR

analysis was performed for Zscan4 associated markers using the mean of three different housekeeping genes (Gapdh, Actin, 18S) (bottom). (D) In the top,

ESCDuxbl1−Flag cells were cultured in presence or not of DOX and chromatin was analyzed by ChIP assay using: anti-Flag, anti-H3Acetyl and IgG antibodies. In the

bottom, ESCs treated with RA for 5 days were analyzed through ChIP with: anti-Duxbl1, anti-H3Acetyl and IgG antibodies. Both ChIP assays were analyzed by qPCR

for the binding to Zscan4 promoter, expressed as percentage of input.
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De novo Motif discovery

A motif is an approximate sequence pattern with no gaps that occurs 
repeatedly in a group of related sequences. 


A motifs can be modelled as position-dependent letter-probability 
matrices that describe the probability of each possible letter at each 
position in the pattern. 


The input is a group of sequences and the outputs are the most 
significant motifs occurring in all sequences.

Applications



MEME suite
Applications



Motif scanning

Motif scanners scan sequences (e.g. promoters) to match known motif 
represented as position-dependent letter-probability matrices that 
describe the probability of each possible letter at each position in the 
pattern. 


The input is a group of sequences and a grioput of known motifs  
the outputs are the most significant motifs found in all sequences.

Applications
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Applications



Exercise 1 - motif scanning

We would like to test whether Mitochondrial genes in Mouse have TBP binding 
sequences in their promoter regions (500 bp flank-coding upstream region)

1. With Jaspar (https://jaspar.uio.no) search for TBP PWM matrix and 

download it in MEME format 

2. With Biomart (https://www.ensembl.org/biomart/martview) download 

promoter sequences of all genes located in Mouse Mitochondrial 
chromosome


3. With FIMO (https://meme-suite.org/meme/tools/fimo) search TBP binding 
regions using previous downloaded data

Applications
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Transcription Factor promoter analysis
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Transcription Factor promoter analysis

Some studies revealed that DAL1, DAL2, DAL4, DAL5, DAL7, DAL80, 
and GAP1 are strongly co-expressed in S.Cerevisiae in more than 200 
different conditions (Allocco et al., 2004). It could be the case that those 
genes are regulated by a common Transcription Factor.

1. With Biomart download the upstream flank-coded sequences (1500 

bp upstream) of those genes

2. With FIMO perform a promote analysis scanning all available motifs in 

S.Cerevisiae downloaded from Jaspar

3. Analyse results in Excel making convincing conclusions

Exercise 2 - motif scanning



Applications
Differential Expression Analysis

Analisi di espressione genica differenziale
Gli approcci sperimentali per studiare su larga scala il profilo trascrizionale, definendo quali geni vengano trascritti e in 

che quantità in una determinata condizione, sono principalmente di due tipi:

Approcci basati sull’utilizzo di 
DNA microarray

Metodi basati sul sequenziamento NGS
(Next Generation Sequencing) - RNAseq

Hybridization
Scanning images

Sequencing
Base call

Raw intensities Short reads

Expression levels of transcripts 
(continuous)

Expression levels of transcripts 
(counts)

Differentially expressed transcripts

Gene Ontology or Kegg

Novel 
transcripts

Preprocessing:
Background correction,

Normalization,
Summarization.

Alignment to 
reference genome,

Quantification

Statistical analysisStatistical analysis

Functional analysis

100s – 100,000s Loci
Limited to probes on Array

Up to 100,000,000s Loci
Limited by cost
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Analisi di espressione differenziale

Array 2Array 1 Array 3

geni

1. Normalizzare i dati
Ogni array rappresenta il profilo di 
espressione genica di un campione

Array 5Array 4 Array 6

Tumore Controllo

2. Quantificare la differenza di espressione di 
ciascun gene tra le diverse condizioni
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Analisi di espressione differenziale

Array 2Array 1 Array 3

geni

1. Normalizzare i dati
Ogni array rappresenta il profilo di 
espressione genica di un campione

Array 5Array 4 Array 6

Tumore Controllo

2. Quantificare la differenza di espressione di 
ciascun gene tra le diverse condizioni

1. Normalizzare i dati

Robust Multiarray Averaging (RMA) è un metodo per la normalizzazione dei dati microarray:

1. Background correction
rimuove il «noise» (rumore) dovuto all’esperimento (artefatti) 

2. Normalization 
rimuove l’array effects, così misure derivate da array differenti possono essere confrontate

3. Summarization
combina l’intensità di ciascuna probe in un probeset in un unica misura

Background correction
L’intensità di ogni probe è la somma di una componente di segnale utile, modellata da una distribuzione esponenziale, più una
componente di rumore, modellata da una gaussiana.

COMPONENTE DI FONDO
Distribuzione gaussiana (!, #)

SEGNALE UTILE
Distribuzione esponenziale ($)

OBIETTIVO: stimare i valori di !, #, $ e sottrarre dai 
dati la distribuzione di fondo
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geni

2. Quantificare la differenza di espressione di 
ciascun gene tra le diverse condizioni

Date due quantità, A e B, il fold-change (FC) è il rapporto (ratio) tra di esse, ossia è una misura che descrive 
quanto un valore cambia rispetto ad un altro.

!" = $
% =

4
2 = 2 A è 2 volte B

Tumore Controllo Per ciascun gene:

FC = ()*+, -./*+0+./)1()*+, -./*+0+./)2 =
()*+, 34(.5)
()*+, -./65.77.

geni

2. Quantificare la differenza di espressione di 
ciascun gene tra le diverse condizioni

Date due quantità, A e B, il fold-change (FC) è il rapporto (ratio) tra di esse, ossia è una misura che descrive 
quanto un valore cambia rispetto ad un altro.

!" =
$
%
=
4
2
= 2 A è 2 volte B

Tumore Controllo

N.B. i valori 
sono in scala 
logaritmica

logFC = ()*+, -.(/0) − (()*+, "/340/55/)

logFC = (3.3 + 3.2 + 3.7)/3 – (8.7 + 8.5 + 7.9)/3 = 3.4 – 8.4 ≈ −5

Per ciascun gene:

FC = 9:;<= >?@;<A<?@:B
9:;<= >?@;<A<?@:C

= 9:;<= DE9?F:
9:;<= >?@GF?HH?
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2. Quantificare la differenza di espressione di 
ciascun gene tra le diverse condizioni

Date due quantità, A e B, il fold-change (FC) è il rapporto (ratio) tra di esse, ossia è una misura che descrive 
quanto un valore cambia rispetto ad un altro.

!" =
$
%
=
4
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= 2 A è 2 volte B

Tumore Controllo

N.B. i valori 
sono in scala 
logaritmica

logFC = ()*+, -.(/0) − (()*+, "/340/55/)

logFC = (3.3 + 3.2 + 3.7)/3 – (8.7 + 8.5 + 7.9)/3 = 3.4 – 8.4 ≈ −5

Per ciascun gene:

FC = 9:;<= >?@;<A<?@:B
9:;<= >?@;<A<?@:C

= 9:;<= DE9?F:
9:;<= >?@GF?HH?

logFC > 1 gene up-regolato nel Tumore
logFC < -1 gene down-regolato nel Tumore
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1. Normalizzazione

2. Quantificazione dei geni differenzialmente 
espressi tra due condizioni

INPUT: file .CEL

Robust Multiarray Averaging (RMA):
• Background correction
• Normalization
• Summarization

Calcolo del Fold Change e del p-Value per identificare
I geni up- e down-regolati 

Boxplot prima e dopo la normalizzazione



Applications
Differential Expression AnalysisWorkflow analisi di espressione da dati microarray

1. Normalizzazione

2. Quantificazione dei geni differenzialmente 
espressi tra due condizioni

INPUT: file .CEL

Robust Multiarray Averaging (RMA):
• Background correction
• Normalization
• Summarization

Calcolo del Fold Change e del p-Value per identificare
I geni up- e down-regolati 

Boxplot prima e dopo la normalizzazione

Workflow analisi di espressione da dati microarray

1. Normalizzazione

2. Quantificazione dei geni differenzialmente 
espressi tra due condizioni

INPUT: file .CEL

Robust Multiarray Averaging (RMA):
• Background correction
• Normalization
• Summarization

Calcolo del Fold Change e del p-Value per identificare
I geni up- e down-regolati 

Scatter plot e volcano plot

Heatmap
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Visualizzazione dei risultati
Workflow analisi di espressione da dati microarray

Heatmap: una rappresentazione grafica dei dati dove ogni singolo valore nella 
matrice di espressione è rappresentato da un colore in una scala di colori 

(es dal giallo al rosso)

Clustering dei campioni

Clustering dei geni
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Probe.id trattato1 trattato2 trattato3 controllo1 controllo2 controllo3 mean exp trattato mean exp controllo
1415670_at 10.32095475 10.3348446 10.32643855 10.0755224 10.103059 10.15155883
1415671_at 11.55659724 11.21470877 11.6095877 11.33865796 11.33715745 11.47039553
1415672_at 11.54761726 11.57386469 11.44209389 11.44663589 11.58652392 11.52606895
1415673_at 9.92847925 7.720741249 7.620332624 7.817102331 8.009357375 7.837974306
1415674_a_at 10.88265313 10.61796162 10.66808788 10.56361125 10.71527994 10.55999493
1415675_at 9.733159903 9.807113078 10.03279695 9.858790847 10.03756243 10.00587701
1415676_a_at 12.2327371 12.08600143 12.39492531 12.12988021 12.15886086 12.09462057
1415677_at 8.494620928 7.57074354 8.532571262 7.877672468 8.006344756 7.969195083
1415678_at 10.78227494 10.5624431 10.86456977 10.3011318 10.40717798 10.50016997
1415679_at 11.69570084 11.63114164 11.67969986 11.60829637 11.6649613 11.64915692
1415680_at 10.90050271 10.99138343 10.77633482 10.81999107 11.03762005 11.01180531
1415681_at 10.85069521 11.06834829 10.98970299 10.84059181 10.94414474 10.87226999
1415682_at 9.556735053 9.315819843 9.64109681 8.307379153 8.426017105 8.541887088
1415683_at 11.59546026 11.73032524 11.44292373 11.55537457 11.76600437 11.65426006
1415684_at 8.869762455 8.655886981 9.097590276 8.651620784 9.016728456 8.909072845

Per ogni gene (probe.id) calcoliamo l’espressione media nel trattato e nel controllo:

=MEDIA(num1; num2; num3; …)



Applications
Differential Expression AnalysisPer ogni gene (probe.id) calcoliamo l’espressione media nel trattato e nel controllo:

Copia e incolla la formula in H2 e in I2 per ogni cella della colonna H e I, rispettivamente
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Calcola il fold change (FC) come differenza tra la media di espressione nel trattato e la media di espressione nel controllo.

NB: il FC è calcolato come differenza tra medie per i dati sono normalizzati e trasformati in scala logaritmica!!

Copia e incolla la formula in J2 per ogni cella della colonna J



Applications
Differential Expression AnalysisCalcolo del pValue con la funzione TEST.T che restituisce la probabilità associata a un test t di Student

Copia e incolla la formula in K2 per ogni cella della colonna K



Exercise 1 - differential expression analysis

The Transcription factor Xbp1 was over-expressed in the mouse adipocyte 
cell line F442A through adenoviral infection. A microarray experiment (GEO 
series GSE46178) was performed to compare gene expression profiles in 
cells in which Xbp1 is over-expressed compared to control cells. Four 
replicates were conducted for each of the two treatments

1. How many genes are upregulated? And how many genes are 

downregulated? Generate the plots of the differentially expressed genes in 
the two conditions.


2. With FIMO (https://meme-suite.org/meme/tools/fimo) find among the up 
genes which is directly regulated by Xbp1 

Applications

https://meme-suite.org/meme/tools/fimo


Exercise 1 - differential expression analysis
Applications



Exercise 3 - Master Regulator analysis

1. Perform a Master regulator off the previous exercise (GEO series 
GSE46178) to find top regulator mechanism altered by Id2 knockout 
(Mouse regulons provided from STRING)


2. Get insights about top regulators with https://www.genecards.org

Applications



Exercise 3 - differential expression analysis and Master Regulator

Eye development and photoreceptor maintenance requires the retinal 
pigment epithelium (RPE), a thin layer of cells that underlies the neural 
retina (GEO series GSE5048). Three independent replicates of Zebrafish 
retina with RPE attached consisting of ten samples each at 52hpf 
(WRR52) were compared with three independent pure retinal samples 
consisting of ten retinas each at 52hpf (WR52). 

1. Analyse the dataset performing a Master Regulator Analysis (Danio 

Rerio regulons file provided from STRING)

2. Get insights about top regulators with https://www.genecards.org

Applications

https://www.genecards.org

