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Current research

My main research activity is framed within machine learning, data mining

and their application to relevant computational biology problems ranging

from basic molecular biology to medicine. In particular in the three last

years I focused on three main research lines:

1. Semi-supervised learning methods for the analysis of biomolecular

networks.

2. Hierarchical ensemble methods for the automated function predic-

tion of proteins

3. Methods to integrate complex and heterogeneous data.

1. Semi-supervised learning methods for the analysis of biomolecu-

lar networks. Most of the methods proposed for the analysis of graphs

adopt local or global learning strategies to rank node labels or predict

edges. On the contrary, we explored learning strategies based on the in-

tegration of both local and global learning strategies through kernelized

score functions able to efficiently exploit the global topology of the net-

work by using carefully designed graph kernels [5, 8, 10]. Another issue

in node label ranking and classification of graphs is represented by the un-

balance between positive and negative examples (this is particularly rele-

vant for protein function prediction problems). To this end we designed
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a novel class of parametrized Hopfield networks able to learn from the

data the network parameters (neuron states and thresholds) taking into

account the unbalance between positive and negative examples [7, 28, 30].

Methods based on kernelized score functions and parametrized Hopfield

networks have been applied to the analysis of complex biomolecular net-

works for gene function prediction problems [8, 12, 13], gene disease prior-

itization [6,17,20] and drug repositioning (discovery of novel therapeutic

indications for drugs originally designed for different pathologies) [5, 25].

2. Hierarchical ensemble methods for the automated function pre-

diction (AFP) of proteins. Another relevant issue is posed by the hi-

erarchical nature of the functional classes of proteins structured according

to trees and directed acyclic graphs (DAG). To solve these complex classifi-

cation problems I designed two ensemble methods able to exploit the hier-

archical nature of AFP problems. The first one is based on the ”True Path

Rule” that governs hierarchical ontologies in biology and other applica-

tion domains. Through carefully designed heuristics the method bottom-

up propagates ”positive predictions” from the leaves to the root of the

tree-structured ontology, and top-down form root to leaves propagates

”negative predictions”, resulting in a two-way flow of information [14].

The second one is based on a classifier ”bayesian-optimal” with respect to

a hierarchical loss function. This approach allows to exchange information

between classifiers associated to the nodes of the hierarchy according to a

”message passing” strategy that simulates the optimal Bayesian classifier

for this type of hierarchical problems [16]. I showed also that the syn-

ergy between hierarchical approaches, cost-sensitive and data integration

methods is a key issue to solve complex AFP problems [11].

3. Methods to integrate structured data. In several domains, in-

cluding bioinformatics, the integration of multiple and structured sources

of data plays a key role. To this end we proposed several approaches for

the construction and integration of networked data that have been applied

to the automated function prediction of proteins, gene disease prioritiza-
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tion and drug ranking and repositioning [5, 10, 19, 20, 23].

Other research lines lead to the development of supervised ensemble

methods for the integration of multiple sources of biomolecular data in

the context of cellular location [29] and gene function prediction prob-

lems [17], and mathematical models and clustering algorithms for other

applications in computational biology [6, 9, 15, 31].

Planned research

Ongoing and future research can be divided into 5 main lines. The first

two are strictly related to my current research and the last three represent

novel research lines.

1. Ensembles of semi-supervised models for automated function prediction.

In the context of the ongoing international challenge CAFA2 (Crit-

ical Assessment of Function Annotation experiments) we developed

novel methods for AFP based on kernelized score functions, by ex-

perimenting test-and select ensemble methods to exploit different

graph kernels and random walk kernels with different number of

steps to better fit the specific functional characteristics of each GO

term to be predicted.

2. Design, analysis and efficient software implementation of hierarchical en-

semble methods for DAG structured ontologies. Another ongoing re-

search line is represented by the design, analysis and efficient soft-

ware implementation of hierarchical ensemble methods for DAG struc-

tured ontologies, with relevant applications to the prediction of pro-

tein functions in the Gene Ontology or human phenotypes in the

context of the Human Phenotype Ontology.

3. Network-based phenotype and outcome prediction and biomarker selection.

In the context of phenotype and outcome prediction problems us-

ing a set of selected biomarkers (e.g. gene expression signatures or

allelic configurations of SNPs), supervised inductive models do not
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explicitly take into account the functional or the genetic relationships

between individuals. To overcome this problem, I plan to explore a

novel “Network Medicine” based approach by modeling networks

in the “patient space” instead of the “biomarker space”, by construct-

ing networks of patients on the basis of their functional or genetic

similarities (e.g. by considering their expression profiles or their al-

lelic configurations of SNPs), and then by applying semi-supervised

transductive method to predict the phenotype or the clinical out-

come of patients, and to select statistically relevant biomarkers.

4. Big-data analysis in Computational Biology using secondary memory-based

technologies. Very recently I started a novel research line for ”Big

Data” analysis based on novel algorithmic approaches and on the

exploitation of novel technologies for relevant applications in com-

putational biology and medicine. In particular I am studying algo-

rithms and technologies based on computer secondary memory to

process huge graphs that cannot be loaded in primary memory, with

the objective of analyzing huge ”omics” data stored in large public

databases with relevant application in basic molecular biology and

medicine. Preliminary results yielded promising results in the con-

text of multi-species protein function prediction problems [1, 21].

5. Multi-task learning in Computational Biology. As several classification

tasks in Computational Biology are inherently related, Multitask Learn-

ing (MTL) is a natural approach for this domain. I plan to extend

state-of-the-art MTL methods in three directions. First, to embed

evolutionary relationships between species and hierarchies over func-

tional classes in the context of automated function prediction meth-

ods. Second, to learn phenotypic abnormalities in human diseases,

with a significant potential impact in molecular biology and medicine.

Third, to extend transductive relational learning models in order to

perform network-based multi-learning tasks for relevant problems

in computational biology.
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