Bioinformatics for Omics Sciences

(B4OS)

and
Bioinfor matica e Biologia

Computazionale in Campania
BBCC2012

Area di Ricerca
Consiglio Nazionale delle Ricerche
Napoli
25-27 Settembre 2012



Scientific and Organizing Committee:

» Dott. Angelo Facchiano, Istituto di Scienze delllAéntazione, CNR, Avellino

» Dott.ssa Claudia Angelini, Istituto di Applicazioskel Calcolo, CNR, Napoli

* Dott.ssa Maria Luisa Chiusano, Dip. di scienze delolo, della pianta,
dell'ambiente e delle produzioni animali, UnivaasiEederico II", Portici (NA)

* Dott. Mario Guarracino, Istituto di Calcolo e Retd Alte Prestazioni, CNR,
Napoli

» Dott.ssa Anna Marabotti, IRCCS "E.Medea" Ass. "Lastda Famiglia", Bosisio
Parini (LC) & Istituto di Tecnologie Biomediche, &\ Segrate (Ml)

Under the auspices of:

BITS — Societa Italiana di Bioinformatica| 3 ' {7 < secieta di

Bioinformatica

http://www.bioinformatics.it Ibalisna
_iBinforEmatics) | Slisn | Beaty)|

Supported by:

Programma Italia — USA “Farmacogenomica Oncologica”

and

InterOmics — Flagship Project pes% kfwis '
http://www.interomics.eu/it &gs Rrofect -

http://bioinfor matica.isa.cnr.it/BBCC/BBCC2012



25-09-2012

9.00-9.20
9.20-10.00
10.00-11.30

11.45-12.45

14.00-15.30

16.00-18.00

26-09-2012
9.00-10.45

11.00-12.00

12.00-13.00

14.15-15.45

Program

Registration
Course Organizers
Participants to the
Course

Pause

Assunta-Susanna
Sansone
University of Oxford

Pause

Italia De Feis
IAC-CNR, Napoli

Pause

Pedro Jose Navarro
Alvarez

Institute of Molecular
Systems Biology,
Zurich

Paola Festa

Univ. Federico II, Napoli

Pause

Massimo Delledonne
Univ. di Verona

Jan Komor owsKi
Uppsala University

Pause

Alberto Policriti
Univ. di Udine

Pause

Introduction to the Course
2 minutesfor short presentation about
interests and ongoing proj ects

Data management and curation: the
other side of bioinfor matics

Dimension reduction and classification
methodsfor the analysis of experimental
data

Targeted and data independent
acquisition approachesin proteomics:
computational and statistical challenges
to achieve accur ate peptide inference

Combinatorial optimization approaches
for clustering and biclustering

Comparison of Next Generation
Sequencing technologies for genomics
and transcriptomics

Monte Carlo feature selection and rough
sets. An approach to combinatorial
modeling in systems biology

Next generation sequencing and
methylation profiling



16.00-18.00

27-09-2012

Paolo Ribeca Algorithmsfor high-quality mapping of
Centro Nacional de NGSreads

Analisis Genémico,

Barcelona

Joint dayBIOINFORMATICS FOR OMICS SCIENCES Course

9.30-10.00
10.00-10.30

10.30-11.00

11.30-11.50

11.50-12.10

12.10-12.30

14.00-14.20

14.20-14.40

14.40-15.00

15.00-15.30

15.30

and
BBCC 2012 meeting

Opening

Paolo Ribeca Some take-home messages from genome
Centro Nacional de mappability

Andlisis Genomico,

Barcelona

Assunta-Susanna Thereality from the buzz: how to deliver
Sansone reproducible bioscience data

University of Oxford
Coffee Break

Giorgio Giurato iMir: A flexible and automated pipeline
LabMedMolGe for high-throughput miRNA-Seq data
Universita di Salerno analysis

Francesco M usacchia Biclustering of gene expression data:

Univ. Federico Il & metaheuristic algorithmsand
Stazione Zoologica “A. experimental results
Dohrn”, Napoli

Most. Mauluda Akhtar CpG islandsunder selectivepressureare
Univ. Federico Il, Napoli enriched with histone H3 lysine 4
trimethylation

Lunch

Remo Sanges De-novo generation of the Octopus
Stazione Zoologica “A. wvulgarisreferencetranscriptome
Dohrn”, Napoli

Vittorio Fortino Computational methodsfor predicting

Univ. di Salerno transcriptional unitsin bacteria using
different data sources

Luciana Esposito The classical resonance model does not

IBB-CNR, Napoli predict the variability of bond distances

and planarity in peptide bonds
Spot presentations M. Alfieri - R. Esposito - M.R. Coscia - M.
(5’ each) Salzano
Discussion and conclusions



B40S

Abstracts of Lectures






Data management and curation:
the other side of bioinfor matics

Susanna-Assunta Sansone

University of Oxford, Oxford e-Research Center,
Oxford, UK

http://uk.linkedin.com/in/sasansone

Increased availability of the bioscience data gateeris fuelling increased
consumption, and a cascade of derived datasetac¢halerate the cycle of
discovery. But the successful integration of hejermous data from
multiple providers and scientific domains is alrgaa major challenge
within academia and industry. Even when datasetgablicly available,
published results are often not reusable due tommpiete description of
the experimental details. In the last decade, s¢wdata preservation,
management, sharing policies, and plans have ewhargeesponse to
increased funding for high-throughput approachesgeanomics and
functional genomics bioscience [1]. A growing numioé community-
based initiatives have developed minimum reportiggidelines,
terminologies and formats (referred to generallic@smmunity standards)
[2] to structure and curate datasets, enabling dateotation to varying
degrees; other efforts work to maximize the interapility among these
standards [e.g. 3, 4]. Researchers and bioinfocraat in both academic
and commercial bioscience, along with funding agenand publishers,
embrace the concept that standards are pivotairioneng the annotation
of the entities of interest (e.g., genes, metag®liand the experimental
steps (e.g., provenance of study materials, teolgyohnd measurement
types), to ensure that shared investigations amposhensible and (in
principle) reproducible.

But despite all these efforts, in practice datarisigais challenging [5].
Vast swathes of bioscience data still remain loakeglsoteric formats, are
described using ad hoc or proprietary terminologyg.] 6], or lack
sufficient contextual information; many tools dot mmplement standards
— even where these exists; a current wealth of dos@ecific reporting
standards, or their incompleteness and absencéher areas are other
major challenges.

My presentation will provide a snapshot of the entrsituation. | will
highlight a number of stories, the social enginegerside and also key
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challenges, enriched by my experience over thedastde by working
with a variety of stakeholders, including bioscienaesearchers,
bioinformaticians, developers in public and privaectors, standards
developing communities, as well as funders andigibis.
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Dimension reduction and classification methods
for the analysis of experimental data

Italia De Feis
Istituto di Applicazioni del Calcolo “M. Picone” AC), CNR, Napoli

In the last two decades the high resolution teabgies have

revolutionized the landscape of molecular biologgmanding for new

computational tools to analyze the big quantitypafduced data and their
relationships. In particular, the hard task of ngyito classify the

biomolecular profile of some pathologies, canceabetes, etc., to identify
new biomarkers have met the so-called “curse otdsionality”, i.e. high

dimensional dataset /low dimensional observatidins has implied the

development of new strategies to face with thieam.

This lecture will give an overview of the most commclassification

technigues embedded with dimension reduction tbalsed on penalty
methods. We will discuss the statistical decisibeoty based on Bayes
theorem, the Linear Discriminant Analysis (LDA), ethQuadratic

Discriminant Analysis (QDA), the Flexible Discringnt Analysis (FDA),

the linear Support Vector Machines and the multimdrmodel together

with Lasso-type penalties in order to obtain vdaadelection. Moreover
we will introduce the basic metric measures fossiiéer performance and
the strategies to evaluate it.



Targeted and data independent acquisition approaches
In proteomics. computational and statistical challenges
to achieve accur ate peptide inference

Pedro Navarro
Institute of Molecular Systems Biology, ETH Zirich
navarro@imsb.biol.ethz.ch

Targeted and Data Independent Acquisition masdgpeetry approaches
merged as high sensitivity and reproducible teabgies addressed to
complete a powerful set of tools able to perforraperoteome analysis.
SRM (Selected Reaction Monitoring) allows reliagleantification of low
abundant peptides in complex samples [1], whereata Dhdependent
Acquisition provides a higher sample covering aigh liesolution in time
resolved fragment ion monitorization. Despite theiotential, both
approaches present challenges that have not yetdoeepletely solved.
SRM requires reliable coordinates (monitored fragimen masses and
peptide elution time) for each peptide: obtainingse coordinates can be a
tedious and time consuming process. Any targeteggeudo-targeted as
DIA) analysis requires a thorough protein and mlpselection, observing
the uniqueness, and robust occurrence and obskiywalfi the peptides
[2]. In technological terms, in an SRM experimehere is no precise
monitoring of the observed masses, and peptiddifab@tion is based on
observation of coelution of several child ions bé& tsame parental ion
mass in chromatographic profiles. This raises tlhiesgjon: "Can we
guarantee that the monitored masses actually caooma the targeted
parental ion?"

One solution to improve the identification is theeuwof peptide standard
retention times, although they may present a highability due to the
chromatographic system or the sample complexity.

Other solutions are the use of unique ion signat(i&S) of the monitored
peptides [3], or adding equivalent isotopically dbdal species (AQUA,
DP, SILAC) as a reference, in order to help loaatime peak elution of the
monitored peptides. Both techniques involve a desran sensitivity: UIS
does not use the strongest signal transitionsyefietlence species requires
doubling the monitored number of transitions, redgcthe acquisition
time per transition.



Finally, the increase in complexity of the signasalyzed by these
techniques in proteomics makes the use of accuemtgmatic peak
detection tools [4] critical. This is of particulamportance in cases where
limited prior information for the targeted peptideknown.
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Combinatorial optimization approaches for
clustering and biclustering

Paola Festa

Dipartimento di Matematica e Applicazioni “R. Cacppoli”
Universita degli Studi di Napoli FEDERICO I

Compl. MSA — Via Cintia, Napoli

Clustering algorithms aim to group data such thatrhost similar objects
belong to the same group or cluster, and dissimitgects are assigned to
different clusters. In more detail, they take apuina data set and a
similarity (or distance) function over the domainith the aim of finding a
partition of the data into groups of mutually sianielements.

Biclustering is a variant of this task that is negdvhen the input data
comes from two domain sets and some relation dneeClartesian product
of these two sets is given. In this case, one cdaddinterested in
partitioning each of the sets, such that the ssldsetn one domain exhibit
similar behavior across the subsets of the otherailm Roughly speaking,
biclustering can be viewed as simultaneous datatarimg and feature
selection, i.e., detection of significant clustersd the features that are
uniguely associated with them, given that not aditfires are relevant to
certain clusters.

Clustering and biclustering have both generatedidenable interest over
the past few decades, due to the increasing neeffiolently analyzing
high-dimensional gene expression data in severdferdnt and
heterogenous contexts, such as for example in m#bon retrieval,
knowledge discovery, and data mining.

Unfortunately, both the problem of clustering ahd problem of locating
the most significant bicluster have been shown & NIP-complete.
Therefore, given the inner intractability of thegeoblems from a
computational point of view, heuristic and metalsior approaches are
needed to efficiently find good solutions in reasole running times.

In this talk, combinatorial optimization methodsllwbe presented to
approach these problems, including and severatiefti metaheuristic
algorithms.



Comparison of Next Generation Sequencing
technologies for genomics and transcriptomics

Massimo Delledonne
Centro di Genomica Funzionale, Dipartimento di Bmiologie, Universita degli
Studi di Verona. Strada le Grazie 15, 37133 Italy

DNA sequencing technology has revolutionized biglagnd driven a
massive acceleration in research and developméet.ciain termination
methodology developed by Fredrick Sanger in the0OXOhas, until
recently, been the most widely used sequencing adefhhe demand for
genome sequence data using the Sanger methodalogy the formation
of sequencing centers and collaboration on a glebale but, due to the
scale of the task and the cost, only a limited nemif species were
covered. Since the late 1990’s, researchers in dodldemia and industry
have made efforts to develop alternative approaétie®NA sequence
determination, looking to obtain greater sequengimgughput and a cost
effective sequencing technology.

The commercial launch of the first massively patajpyrosequencing
platform in 2005 opened the new era of high-thrguglgenomic analysis,
now referred to as next-generation sequencing (N@S)a massively
parallel process, NGS generates hundreds of megmlashundreds of
gigabases of nucleotide sequence output in a simggument run,
depending on the platform. The major commercialailable NGS
platforms in this new market include Illlumina, Rec¢h.ife Technologies,
Helicos and Pacific Biosciences. In general, theshnologies offer faster
and much cheaper (cost-per base / cost-per-reapjeseing than the
existing Sanger methodology, but with a shorted dleagth or higher error
rate.

NGS machines are democratizing high throughput esacpl generation,
enabling investigators to conduct experiments thate previously not
technically feasible or affordable. On the one hdhd creates great
opportunity, sequencing more genomes more quickpening up new
lines of research and revitalizing others, and mi#y deploying
sequencing in new technological contexts. On thkeerothand, the
unprecedented volumes of data generate by NGS iexgres are posing
challenges in terms of data transfer, storage amdpatational analysis
that as a side effect is also leading to advanoebiainformatics and
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information technology applied to the solution ablbgical problems.
Nevertheless, NGS technologies are having a strikimpact on genomic
research and the entire biological field.



Monte Carlo feature selection and rough sets.
An approach to combinatorial modeling
In systems biology

Jan Komor owski

Program in Computational and Systems Biology

Department of Cell and Molecular Biology, Uppsalaitérsity, Sweden
and

Interdisciplinary Centre for Mathematical and Contgional Modeling, University
of Warsaw, Poland

Machine learning is a well-recognized paradigm iairtformatics and,
more recently, in systems biology. In this talk wi## show how the early
machine learning is moving from applications to atekly small
classifiers and focus on the quality of classifmatto very large and
usually ill-defined systems. In these systemssthecture of the classifier,
l.e. selection and ranking of significant featuregyether with their
combinations and the interpretability of the clAssiare sought after by
the life scientist. We shall introduce two compértary formalisms
Rough Sets of Pawlak and Monte Carlo Feature Sete@ointly with J.
Koronacki) and show how they are successfully &opio a wide range of
modeling problems in Life Sciences.



Next-Generation Sequencing and methylation profiling

Alberto Palicriti
Dip. Matematica e Informatica, Universita di Udine

Cytosine methylation is a DNA modification that lggeat impact on the
regulation of gene expression and important impbce for the biology
and health of several living beings, including husaBisulfite conversion
followed by next generation sequencing (BS-seqDdIA is the gold
standard technique used to detect DNA methylatibnsiagle-base
resolution on a genome scale through the identifina of 5-
methylcytosine (5-mC). However, by converting unmyé&ited cytosines
into thymines, BS-seq poses computational challerigeread alignment
and aggravates the issue of multiple hits duedaathbiguity raised by the
reduced sequence complexity.

In this talk we will first discuss the basic algbmic ideas and techniques
for sequence alignment, then we will briey introgltliee main ideas behind
ERNE-BS5 (Extended Randomized Numerical alignEnSulBite 5), an
aligning program developed to eficiently map BSiteel reads against
large genomes (e.g., human). Three difierent iddlidoe illustrated: (i)
the use of a 5-letters alphabet for storing metioainformation, (ii) the
use of a weighted context-aware Hamming distandgeiatify a T coming
from an unmethylated C context, and (iii) the uBaroiterative process to
position multiple-hit reads starting from a prelifary map built using
single-hit alignments. The map is corrected ancredd at each cycle
using the alignments added in the previous itematio

ERNE (Extended Randomized Numerical alignEr) is hrts string
alignment package whose goal is to provide amallisive set of tools to
handle short reads. ERNE comprises: ERNE-MAP, ERNEAP, ERNE-
FILTER, ERNE-VISUAL, and, from now on, ERNE-BS5. EE is free
software and distributed with an Open Source Lieg@3PL V3) and can
be downloaded ahttp://erne.sourceforge.net
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Algorithmsfor high-quality mapping of NGSreads

Paolo Ribeca
Centro Nacional de Andlisis Gendmico, Barcelona

Due to the stringent computational requirementserwimapping high-
throughput sequencing reads one usually pays nttaetian to speed than
to accuracy. In this lecture we first give a braadrview of the main
algorithmic techniques that are currently used dbort-read alignment.
We then review what are the key points to produceliable downstream
biological analysis through precise mapping of seging data. Finally,
we demonstrate how to achieve in practice both hgécision and
excellent speed with the GEM mapper, a versatignal based on FM-
indexing and filtration.
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Some take-home messages from genome mappability
P. Ribeca
Centro Nacional de Analisis Genémico, Barcelona
High-throughput sequencing data is affected by bsthtistical and
systematic errors: among the latter one finds miaippabiases. Here we

present some general results and caveats obtawyed Wwhole-genome
study of mappability in different model organisms.
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Thereality from the buzz: how to deliver reproducible
bioscience data

S.A. Sansone

Principal Investigator, Team Leader
University of Oxford, Oxford e-Research Center,dtkf UK
uk.linkedin.com/in/sasansone

In this unsettled status quo - presented in my @& - how can we enable
bioscience researchers to make use of existing eontynstandards and
maximize data sharing and the subsequent reuseacloly rannotated
experimental information?

A successful example is provided by the Investigastudy/Assay (ISA)
[1] open source, metadata-tracking framework depadloand supported by
the growing ISA Commons community [2]. The ISA frawork includes
both a general-purpose file format and a softwargesto tackle the
harmonization of the structure of bioscience expental metadata (e.g.,
provenance of study materials, technology and measnt types,
sample-to-data relationships) by enabling compkawth the community
standards. This example illustrates how the synbegween research and
service groups in academia, (e.g. in Harvard [3 ab The European
Bioinfomatics Institute [4]) and in industry (e&t The Novartis Institutes
for BioMedical Research and at Janssen Pharmaa&ti@ company of
Johnson & Johnson) across a variety of life scialamains, is pivotal to
build a network of data collection, curation, arfthisng solutions that
progressively enable the ‘invisible use’ of stamdar

| will present the rationale behind the collaboratdevelopment and the
evolution of this exemplar ecosystem of data camatand sharing
solutions - built on the common ISA framework. lllvalso provide high-
level examples on how this is used to collect, ®murand manage
heterogeneous experimental metadata in an incgdgsdiverse set of
domains including environmental health, environraEngenomics,
metabolomics, (meta)genomics, proteomics, stemdistiovery, systems
biology, transcriptomics, toxicogenomics, etc.

| will also discuss the experiences learned by eant, our collaborators
and the growing user community with usability ofetlcommunity
standards and provide an update on the next stegesvelop user-friendly
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visualization functionalities and use semantic vagiproaches to make
existing knowledge available for linking, queryiramd reasoning.
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IMir: A flexible and automated pipeline for high-
throughput miRNA-Seq data analysis

G. Giuratd, M.R. De Filippd, A. Rinaldf, C. Cantarellj G. Nassg M.
Ravd, F. Rizzd, R. Taralld, A. WeisZ™

Laboratory of Molecular Medicine and Genomics, Dempent of Medicine and
Surgery, University of Salerno, Baronissi, Salertaly.

’Fondazione IRCCS SDN, Napoli, Italy.

* Division of Molecular Pathology and Medical Genogi¢SS. Giovanni di Dio e
Ruggi d'Aragona” Hospital, University of Salern@l&mno, Italy.

MIRNA-Seq represents a novel technology widely usedvestigate with
high sensitivity and specificity small non-codingNR populations,
comprising microRNAs and other regulatory trandstipTo gather
biologically relevant information, such as detecti@and expression
analysis of known and new small non-coding RNA,nideation of
variants and prediction of their putative target® analysis of miRNA-
Seq data requires the implementation of multiplatisical and
bioinformatics tools from different sources, eaohusing on a single step
of the analysis pipeline. As consequence, the #oalyworkflow is
slowed down by the need for continuous interverstiby the operator, a
critical factor when a large number of samples setdbe analyzed at
once.

We devised a way to overcome this problem by d@&siga novel modular
pipeline, called iMir, for comprehensive analysis miRNA-Seq data,
from linker removal and sequence quality checkdifferential expression
and biological target prediction, integrating nmupik# open source modules
and resources linked together in an automated flMir. proved to be
more efficient and time-effective than most curkeravailable methods
and, in addition, it is flexible enough to allowetloperator to select the
preferred combination of analytical steps. The lmgewas applied to
analyze at once 6 miRNA-Seq datasets of 5-7 milteogs/run, obtained
from exponentially growing or growth-arrested hunbaeast cancer MCF-
7 cells, leading to the rapid and accurate idaaifon of > 350 expressed
microRNAs, including several differentially expreds in the two
conditions tested and their putative mRNA targeis,well as several
putative novel microRNAs and isomiR.
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IMir is reliable, flexible and fully automated wdhaw useful to analyze
rapidly and efficiently high throughput miRNA-Segtd, such as produced
by the most recent high-performance next generatguencers.

Research supported by: AIRC (Grant 1G-8586), MILARIN 2008CJ4SYWTfi004),
Regione Campania, University of Salerno (FARB 20Ebndazione con il Sud, EU
COST (Action BM1006 ‘SegAhead’), Fondazione Verané&iorgio Giurato is a
student of PhD School in Experimental and Clinic ddeme / Doctorate in
Experimental Physiopathology and Neuroscience, 8eddniversity of Naples

(Italy).
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Biclustering of gene expression data: metaheuristic
algorithms and experimental results

F. Musacchi§ A. Marabottf, A. Facchiand L. Milanesf, P. Festa

'Dipartimento di Matematica e Applicazioni “R. Caoppoli”, Universita degli Studi
di Napoli FEDERICO I, Italy

?|stituto di Tecnologie Biomediche — CNR, Segrat,(aly

3stituto di Scienze dell' Alimentazione - CNR, Ave] Italy.

Given a gene expression data matrix, a bicluster sslbmatrix of genes
and conditions where these have a correlation pfession activity across
rows or columns.

This topic had generated considerable interest dher last years,
particularly related to the analysis of high-dimenal gene expression
data in information retrieval, knowledge discoveagd data mining [1].
The identification of a correct bicluster has betmown to be an NP-
complete problem. To solve this problem, we hawggied several hybrid
metaheuristic approaches, including GRASP-like itlgms and Iterated
Local Search.

A GRASP (Greedy Randomized Adaptive Search Proegddr3,4] is a
randomized multistart iterative metaheuristic cetiisg of two phases: a
construction phase and a local search phase. Tstraotion phase builds
iteratively a feasible solution in a greedy randoedi way. Once obtained
a feasible solution, a local search procedure toesnprove it by taking
the best candidates locally. The two phases, aortgin and local search,
are repeated and the best local optimum is retussduhal solution.

We implemented several GRASP-like algorithms thdfed in both
construction and local search phase. In the cartgtiru phase, one
Implements a k-means and a second one a greedgmaetl procedure
based on a minimum spanning tree of a suitablemeaygraph. Then, two
types of local searches have been implemented: haisebeen already
proposed [5] and a second one is an lterated L8eakch [6]. All the
designed algorithms have been tested and companed the Lymphoma
[7], Yeast [8], and Arabidopsis [9] datasets.

We have tested our proposals on several differataseéts using the mean
squared residue [1] as measure of evaluation. @hdts with Lymphoma,
Yeast, and Arabidopsis are on the whole encouragilsp from a
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biological point of view and pushing the authors pursue the
metaheuristics way.

A.M. and L.M. are supported by MIUR FIRB ITALBIONETRBPR05ZK2Z and
RBINO64YATfi003). The work has been made in therfeaof the Flagship Project
InterOmics.
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CpG idands under selective pressure are enriched with
histone H3 lysine 4 trimethylation
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Histone modification is an epigenetic mechanismt tinfdluences gene
regulation in eukaryotes. In particular, the ernmeimt of histone H3 lysine
4 trimethylation (H3K4me3) in CpG islands (CGls) ksown to be

associated with the open chromatin state and wathstription activity.

Changes in gene expression play a crucial rolelapttion and evolution.
In this paper, we have studied, using a computatibrology approach,
the relation between H3K4me3 enrichment in CGls amphatures of
selective pressure in Homo sapiens. To evaluatedr®3 in CGls, we
used the publicly available genomic-scale analysafs histone

modifications in three human cell lines. To defimegions under selective
pressure, we used three distinct approaches tht tilma selective events
that occurred in three different evolutionary pdao We found that,
regardless of the chosen approaches and cell typed, CGls under
selective pressure showed significant enrichmentHBK4me3. As a

further check we performed the same analysis on363k3 obtaining a
partial support to our finding. Several studiesehaeported an inverse
correlation of H3K4me3 with DNA methylation and theding reported

here supports a previous study in which we founat t6Gls under
selective pressure were less methylated.
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De-novo gener ation of the Octopus vulgaris
referencetranscriptome

Swaraj Basu, Giuseppe Petrosino, Giovanna Poate Karrella,
Raffaele Calogero, Graziano Fiorito, Remo Sanges

Stazione Zoologica Anton Dohrn, Villa Comunale 2280 Naples - Italy

Cephalopod mollusks present the most complex nerggstems outside
the vertebrate lineage, therefore it has been ofiaygested that their
genome and transcriptome sequences will provideuusesights into the
evolution of complex brains. Recently, the numbenancoding genomic
elements has been related to the complexity ohémeous system. Indeed,
although the number of coding elements remaingivelg stable across
all metazoan species, the number of noncoding seggesignificantly
increases in relation to the complexity. Such el@mbdave been shown to
be enriched in proximity to brain expressed gemesnammals and it
would be extremely interesting to isolate and azalhem in cephalopods.
Therefore, we have started to generate the referganscriptome of the
Octopus vulgarisand are planning to sequence its genome. Ingisllts
show intriguing molecular adaptations of differaidsues which can
explain why, among cephalopods, the octopus is tkss the most
intelligent.
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Computational methodsfor predicting transcriptional
unitsin bacteria using different data sources

V. Fortind"?, R. Tagliaferrt

'Dipartimento di Informatica e®Dipartimento di Scienze Farmaceutiche e
Biomediche, Universita di Salerno

According to the standard definition, operons candefined as a set of
consecutive genes on the same transcriptional dsti@in a genome
sequence, where the genes are co-transcribed mtosmgle mRNA
molecule coding for more than one protein.

The identification of genes that are grouped togethto operons is a key
step to elucidate gene regulation in bacterial ges However, the
mechanisms of operon formation are poorly undedstad experimental
methods to identify operon structures are veryidaift to implement
(Walters et al., 2001). For this reason develomomputational methods
to effectively predict operons has become a vergoitant challenge in
computational biology. Operon prediction is essdmibt only because it
provides the prediction about which genes are golaeded, but also
because the prediction of other regulatory elemenish as transcription
binding sites, promoters, etc., often relies on dedéneation of operon
structures. Besides, operon prediction can impm@v@aputer annotation
of genomes and helps to infer the function for @mabterized proteins.
Most of the current prediction methods uses stiarces of information,
such as intergenic distance (Salgado et al., 2Mieno-Hagelsieb and
Collado-Videset al., 2002), conserved gene clug@verbeek et al., 1999;
Tamames et al., 1997), functional relations (Takoatal., 2010), gene
microarray expression data (Sabatti et al.,, 20@Rd combination of
several genomic properties (Dam et al.,, 2006). Wofately, recent
whole-transcriptome RNA-seq analysis of prokaryatiganisms reveals
that using only genomic properties is not suffitiéa have accurate
operon predictions (Kumar et al.,, 20120\k et al., 2012), and that, in
order to improve classification results, dynamitadsources are necessary.
Here we present a novel method that combines tnigh$orders, obtained
from mapped RNA-Seq reads, and standard operoncpoes for the
identification of all operons revealed in a whalaniscriptome profile. So
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far the experimental results indicate that we aahian accurate operon
maps including highly reliable predictions of nepeoon pairs.
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The classical resonance model does not predict the
variability of bond distances and planarity in peptide
bonds

R. Improta, L. Vitagliano, L. Esposito

Institute of Biostructures and Bioimaging, CNR, blapltaly

Understanding the physico-chemical principles ulytey protein
structures is a major issue in structural bioldgsotein folded states often
combine structural complexity with an intrinsicdrity, which is essential
for functionality and turnover. Therefore, a fulbraprehension of the
principles that dictate protein structures cannoéspind from the
guantification/definition of all factors involveth this scenario,

The elucidation of peptide bond geometrical prapsrhas proven to be
crucial for the prediction of basic elements oftpno structure. Indeed, the
seminal work by Pauling on peptide bond planarigvaedloped by the
application of the resonance model has been drémigpredicting the
structure of protein secondary structure elemenk8ore recently, the
analysis of high resolution protein structures hmgghlighted an intricate
picture of the interplay of peptide bond geometrzrameters>

By combining quantum-mechanical analysis on veryalsmmodel
compounds and statistical surveys of protein/pepsitducture database we
have recently unveiled the stereoelectronic effassociated with peptide
group distortions in peptides and protelfis Here, these analyses have
been extended to more subtle structural featurdsad length and bond
angles variability detected in peptide bonds. Theekent agreement
between computed and statistical data suggests pleatide bond
variability is essentially driven by local effectdoreover, the analysis of
the variability of bond distances and planaritypaptide bonds shows that
simple interpretative models based on ‘Lewis lig&tures, as those used
in the classical resonance notation, cannot gilk d@ccount of subtle
structural details observed in real protein strregu
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RNA-sequencing as a tool for the identification of
candidate genes involved in diterpenes biosynthesis in
hairy roots of Salvia sclarea

M.E. Alfieri, M.C. Vaccaro, V.E. Ocampo, A. Leone

Planta.AB, Department of Pharmaceutical and Biomedicale®mes, Universita
degli Studi di Salerno, Fisciano (SA)

The roots ofS. sclareaare rich in abietane diterpenoidsd.aethiopinone,
1-oxoaethiopinone, salvipisone, and ferruginolthwinown antibacterial,
antifungal, and sedative pharmacological propertisre recently, this
class of tricyclic diterpenoids has raised muclerdtbn for its cytotoxic
activity against human leukemic cell lines (Rozalsk al. 2006 Z.
Naturforsch, 61, 483-488). Our preliminary results have iatkd a
cytotoxic effect also on different solid tumor céfies. These data have
prompted us to enhance the biosynthesis of thissotd compounds by
metabolic engineering. The elucidation of genesolved in the
diterpenoid biosynthesis pathway represents tis $itep to improve the
production of these compound. However, the genoirigatvia sclareaas
well as molecular mechanisms underlying the seagndaetabolism in
this plant are still largely unknown. To addresss tgoal we aim at
analyzing the transcriptome 8flvia sclaredby RNA-seq technology. On
the basis of our previous results showing increas&adpenoid production
after elicitation with methyl-jasmonate (MeJa), wian to compare the
expression profile of MeJa treated- to untreatenlyhaots to discover
candidate genes involved in the regulation of théetanic diterpene
pathway and targeting endogenous genes to optirtee synthesis of
these promising antitumoral molecules.
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ALE-HSA?21: apilot integrated and dynamic web portal
for human chromosome 21

R. Espositd, D. Evangelista M. Scarpath M.R. Ambrosid, M. Aprile’,
R. Aversa, C. Angelinf, A. Ciccodicold, V. Costa.

'CNR, Institute of Genetics and Biophysics “A. BtizEsaverso” (IGB), Naples,
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Transcriptome studies by RNA-Sequencing have dsclaew classes of
RNAs, also indicating most of transcription occuagitside gene
boundaries. It suggests that correct gene annotatice crucial to bridge
the gap between sequence and biology. These coasoes are relevant
particularly in genetics studies, for complex dsesaor genetic syndromes
whose etiology is mostly unknown.

In the last years, our research group has focusatieotrisomy of human
chromosome 21 (HSA21), the chromosomal basis of lDeyndrome
(DS). Our recent pilot RNA-Seq experiment on trisontells has
highlighted the importance of novel genetic eleresgbbth coding (new
DS-specific splice isoforms) and non-coding RNASRMAS, lincRNAS),
and of 5' and 3' untranslated regions (UTRs) ofir@pdjenes. Therefore,
starting from sequencing data, we focused on HSZtlentify peaks of
"high-density" reads coverage in intronic and igésric regions,
unannotated extended 5' and 3' UTRs and noveles@mforms, whose
validation is still ongoing.

However, the huge amount of data provided by lacpe studies, the
lack of a unique user-friendly web resource mergjage annotations and
functional data, make difficult to access complatermation about one or
few genes without browsing different databases.

For these reasons, we are implementing a web msownith a user-
friendly interface - for biologically- and computatally-oriented
researchers as well as physicians - consistinggniek retrieval resource
for comprehensive and updated analysis of seversd fgatures.

We firstly developed an integrated database, ALEARIS (AnaLysis of
Expression of HSA21), divided in 5 main sectionshoge core is
represented by "Gene" section, consisting of.dgtailed gene description,
including (for each splice variant) reference numigenomic coordinates,
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information about encoded protein and the involvetie human genetic
diseases; ii) dynamic graphical representationgefes' structures; iii)
nucleotide sequences of coding exons, introns, 8T&Rs and promoters,
easily downloadable for each transcript, includimayel splice isoforms,
extended gene boundaries for some HSA21 genedfiddrity our RNA-
Seq study and validated by RT-PCR (in progres$)a isystematim silico
characterization of transcription factors' bindsigs in gene promoters, of
exonic and intronic regulatory elements and of mMMRN regulatory
binding sites in 3' UTRs. Moreover, links to biolcg) databases such as
Genome Browser, doSNP, OMIM and Gene expressioasAthre also
available, to provide a wider overview on proposedtents.

Secondly, the "Analysis" section, directly linkeal the web portal core,
allows searching and filtering for each of the aboescribed features in
order to permit a quicker and easier consultatignselecting only data of
users' interest.

This web resource will be a useful support to hsfpentists in the
investigation of HSA21 content with a clear - bot hmited to - focus on
Down syndrome studies. Such pilot web portal wdpnesent a good
model for further analyses aimed to collect andresHarge-scale gene
annotation studies. Finally, further annotationadatll be soon produced
by RNA-Seq experiments, providing new informationupdate our web
portal.
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Molecular structure and dynamics of the complement
component C3 of Antarctic teleosts

M.R. Coscia, S. Varrialé, D. Melillo?, U. Orest& M.R. Pintd
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Complement System is part of the innate immuneegystits major
function is recognition and elimination of pathogewia direct killing
and/or stimulation of phagocytosis. The key moleafl the system is the
third component C3. Its activation results in theduction of two
proteolytic fragments: a small fragment, the andgbxin C3a, that
partecipates in several immunological activitiead aa large fragment,
C3b; the latter undergoes a significant confornmatichange which leads
to the exposure of the active site that compriséisiGester bond whose
hydrolysis is catalized by a histidine residue isigtproximal.

We were aimed at extending the knowledge of C3wo Antarctic
teleosts, Trematomus bernacchand Chionodraco hamatyswhich have
been chosen as model species to study the coldadidapof the immune
system. Twol. bernacchiiC3-like clones, TbC3-1 and TbC3-2, and one
C. hamatuxlone, ChC3, have been isolated and sequencedddtheced
amino acid sequences showed all the features of nilaenmalian
counterpart, however ThC3-2 lacked the catalyttidine.

Molecular models of TbhC3-1 and TbhC3-2 as well ashef C3 molecule
from the temperate speciParalicthys olivaceusiave been built using the
crystallographic structure 2A73 of human C3 asnaplate.T. bernacchii
C3-1 andP. olivaceusC3 models were validated using the PROCHECK
programme and minimized with the GROMACS3.2 packaedels ofT.
bernacchiiC3a and C3b have also been built. An analysis efdttive
sites of both C3b models suggested that also Th@R&+ibugh lacking the
histidine residue, could be functional. Molecularyn@mics (MD)
simulations have been performed using the GROMACBg& field and
the flexibility of the @ atoms of the backbone has been compared at the
equilibrium. Significant differences in the RMSFofd have been
observed. MD simulations of TbC3-1a showed higkilfigity in the C-
terminal helix, which is the site interacting withe C3a receptor. This
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may be interpreted as the result of the dynamiclutiemary process
leading to cold-adaptation.

"Work supported by PNRA funding.
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Theroleof aryl hydrocarbon receptor asa
chemosensor molecule

M. Salzand, A. Marabottf, L. Milanesf, A. Facchianb
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Humans are constantly exposed to an enormous nuwibehemical
molecules present in their environment, that etitercell and can affect
cellular function by either non-selective bindingo t cellular
macromolecules or by interference with cellulareqgors. One of these
intracellular chemosensor molecules is the aryl rbgarbon receptor
(AhR), a transcription factor of the basic helixopshelix / Per-ARNT-Sim
(bHLH/PAS) family that is known to mediate the heeical and toxic
effects of dioxins, polyaromatic hydrocarbons agldted compounds.

We applied computational methods to simulate thmecgire of human
AhR-Ligand Binding Domain (hAhR-LBD), including PASand PAC
regions, and to characterize interaction of thistggn domain with
different ligands. The model of hAhR-LBD obtained/ lnomology
modelling was used fodocking simulations with some among the most
important and potent AhR ligands. For each molet¢etted, a specific
“binding fingerprint was traced. These data allowed to identify thestmo
iImportant residues for the binding of xenobioties the hAhR-LBD
domain.
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