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Preamble: Who am I and What am I Doing Here?

• Design of complex pipelines for omics
data analysis and multi-omic data
integration
• Development of computational tools for

bioinformatics
• Development of novel statistical
approaches for the analysis of omics data

• I am a Mathematician
• I like to analyze data arising from omic studies and face real data problem
• I already know some of you



Omics data

In the last two decades high-throughput
technologies have revolutionized biomedical
research
• Huge amount of data due to decreasing

experimental costs
• Different omic technologies allow to elucidate

genome-wide cellular mechanisms
• The challenges shifted from data collection to
data analysis (and result interpretation)

à the dark side of the moon



Snap-shot of some results
Aim of the work was to study the regulatory mechanism
between Tbx1 and H3K4me1 (i.e., to show that TBX1
positively regulate H3K4me1) and show that treatment
of cells with Tranylcypromine (TCP) rebalance the loss
of H3K4me1 and rescue the expression of a significant
number of genes, ameliorating the the cardiovascular
phenotype (congenital heart disease), including
structural defects.



An overview of the analysis



Snap-shot of some results
We performed a transcriptomic and epigenomic study in patient-derived
B-cell lines to investigate the genome-scale effects of DNMT3B
dysfunction. We highlighted that altered intragenic CpG-methylation
impairs multiple aspects of transcriptional regulation, like alternative TSS
usage, antisense transcription and exon splicing. These defects
preferentially associate with changes of intragenic H3K4me3 and at
lesser extent of H3K27me3 and H3K36me3.



An overview of the analysis



Snap-shot of some ongoing projects

Control iPSCs Patient-derived iPSCs CRISPR/Cas9
corrected iPSCs

UN
HDF-Wt (Public dataset)

pR (homozygous mutation) c7; c35

pG (compund heterozygous mutation) c13; c50

Patient-derived iPSCs and CRISPR-corrected isogenic 
iPSCs as a model system to study ICF syndrome

• WGBS-seq
• RNA-seq
• H3K4me3 and 

H3K36me3
• DMNT3B

DMN3B

DMN3B-mutation



An overview of the analysis
Results will be shown 
tomorrow at BBCC2020



Snap-shot of some ongoing projects

Antitumor Drugs and Vaccines from the SEa
(FARMACI E VACCINI ANTITUMORALI DAL MARE)

Pathway analysis

Candidate Targets and 
Possible Biomarkers



The lesson learned so far….

• Each type of omics data provides only a partial
view of cellular mechanisms.
• Different omics data types requires different

computational methodology
• Integration of different omics data types can
better elucidate the potential mechanisms that
lead to disease, or the treatment targets
• Data integration is an extremely challenging and
emerging novel research area that is shifting from
naïve data integration approaches to advanced
mathematical methods

Omics data are multi-omics



Moreover, Omics data goes toward single cell

Example: scRNA-seq experiments

• Human body - trillions of specialized cells
with different functions

• Cells are heterogeneous… different type or
subtypes

• Cell of the same type can be at different
stages

• Classical (Bulk) RNA-seq data analysis
requires hundred of thousand or millions of
cells

• scRNA-seq allows to investigate individual cell
gene expression



What can I investigate with scRNA-seq?

Proserpio & Mahata (2016)

• Study cellular heterogeneity
• Discover novel cell populations
• Predict cell fate differentiation
• Detect cell-type specific differentially
expressed genes
• Understand cell-type specific regulatory
networks
• Etc..

By-cell analysis

By-gene 
analysis

Other applications include 
Cell Atlas: Human Cell Atlas, Mouse Cell Atlas,…. 

Most relevant scRNA-seq applications include



Naïve Example



Can scRNA-seq help immunology research ?



ScRNA-seq overview
Wet experimental phase
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Cell Dissociation

Various
platforms
and protocols



• Read alignment
• Count matrix
• Quality control and filtering

scRNA-seq data analysis overview
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Low-level preprocessing: from sequence to 
raw-count matrices



• Read alignment

• Count matrix

• Quality control and filtering

• Normalization and Batch
effect removal
• Feature selection and

dimension reduction

scRNA-seq data analysis overview

Raw expression matrix

Normalized
expression matrix
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High-level preprocessing: from raw-data to 
“clean data signal”



• Read alignment

• Count matrix

• Quality control and filtering
• Normalization and Batch effect

removal
• Feature selection and dimension

reduction

• Downstream analysis
(clustering, trajectory inference,
differential expression,…)

scRNA-seq data analysis overview

Raw expression
matrix

Normalized
expression matrix
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Data analysis : Extracting signal from data



• Read alignment

• Count matrix

• Quality control and filtering
• Normalization and Batch effect

removal
• Feature selection and dimension

reduction

• Downstream analysis (clustering,
trajectory inference, differential
expression,…)

• Interpretation (cell type
identification, marker
detection, novel cell type
functions, etc…)

scRNA-seq data analysis overview

Raw expression
matrix

Normalized
expression matrix
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ScRNA-seq downstream analysis

• Clustering
• Cluster annotation
• Compositional analysis
• Trajectory inference and branching
• Cell marker identification
• Differential expression
• Gene regulatory networks
• Others… continuosly emerging



EnsMAP-DP algorithm
The algorithm is based on four main 
steps:
ü Feature selection
ü Dimension reduction
ü Clustering 
ü Cluster ensemble

Based on the Maximum a
Posteriori Dirichlet Process
Mixture Model (MAP-DP)
• It assumes that data follows a

Gaussian Infinite Mixture
model

• It estimates both cluster
allocation and the number of
clusters (cell populations)
through the posterior
inference

• It uses a direct maximization
formulation to speed-up the
computation



EnsMAP-DP compared with other existing approaches



Conclusions

• scRNA-seq allows to investigate cell
heterogeneity and development
• scRNA-seq can be very useful in immunolgical

studies, cancer and cell development
• scRNA-seq data are by far noisier and sparser
than bulk RNA-seq data, but there are many cells
à novel computational methods are required
• Dataset size is increasingà scalability of methods
in terms of memory and running time
• Novel applications of scRNA-seq are continuolsy
proposed (i.e., spatial single cell)
• And now…. Single cells are becoming multi-omics




