Multi-Label Learning
For Gene Functional Classification

Abbas Nowzari-Dalini
Associate Professor at University of Tehran

Anton Petrov
RNA Resources Project Leader at EMBL-EBI

Bahareh Attaran
Ph.D. in Microbiology, Faculty member of Alzahara University, Faculty
of biological sciences, Microbiology department

∼

Sequence Comparison
without Alignment: The SpaM Approaches

Burkhard Morgenstern
Professor at Göttingen University

Sequence alignment is the basis of most methods of DNA and protein sequence analysis. For
the large amounts of sequence data are nowadays available, however, sequence alignment has
become too slow. Therefore, fast alignment-free methods for sequence comparison have become
widely used in recent years. Most of these approaches are based on word frequencies, for words
of a fixed length, or on word-matching statistics. Other approaches use the length of maximal
word matches. While these methods are very fast, most of them are calculate ad-hoc measures of
sequences similarity or dissimilarity that are hard to interpret. In my talk, I will describe a
number of alignment-free methods that we developed in our group.
Our approaches are based on spaced word matches (`SpaM'), i.e. on in exact word matches, that
are allowed to contain mismatches at certain pre-defined positions. Unlike most previous
alignment-free approaches, our approaches are able to accurately estimate phylogenetic distances
between DNA or protein sequences using a stochastic model of molecular evolution. The
programs FSWM, Prot-SpaM, Multi-SpaM and Read-SpaM estimate distances based on so
called micro-alignments. Other methods are based on the number of spaced-word matches
between two DNA sequences. This lecture aims to introduce this microorganism as a target for
bioinformatics studies.
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Essential genes encode the basic functions of a cell and are vital for the survival of an organism.
Identifying and analysing the characteristics of essential genes provide important biological
information in explaining how genotype affects phenotype, identification of genes related to
human diseases and discovering attractive drug targets for new antibiotics. With the advances in
high-throughput technologies and the production of large amounts of data, it is possible to
discover essential genes at the system level by analysing sequence-based features of genes and their
topological features obtained from biological networks. For essential gene prediction based on
computational methods, we have to know which features of genes are important. To do this, we
extract some features form protein-protein interaction network and protein sequences. In the
following, we apply the features for classifying essential and non-essential genes.
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Systems biology is the systematic study of cells, organs, organisms, and especially cellular processes
such as molecular interactions, intercellular connections and so on. Laboratory and computational
technical capabilities and finding the main patterns in networks have accelerated this field of
science. A major part of the gene regulatory network (GRN) study is based on the networks
inferenced from the data obtained by various techniques for measuring gene expression, such as
microarray data or, more precisely, by switching the genes off or by increasing their expression
and tracking the changes caused by these disturbances. Different analyzes lead to the construction
of a network of gene interactions with one another that can be viewed and interpreted as a graph.

behavior. The main drawback of these graphs is that they do not model GRNs as a logic circuit
that contains logical relationships between genes. This inability is due to the fact that these
techniques cannot provide us with necessary information for the actual reconstruction of networks,
and in return, the resulting networks are highly ambiguous. The goal of this seminar is to address
the ambiguities in network reconstruction and its reduction, and also network reconstruction with
the logical relationships between the components in mind.
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Several decades of cancer research has confirmed a long incubation time of tumor lesion
development. This provides for a great opportunity to detect early precancerous lesions and
to intervene during the initiation and progression of carcinogenesis.
There is already no agreed-upon point of view about the level of contribution of
mutational/copy number alteration events in cancer initiation. Some recent studies
demonstrated that the frequency of copy number alterations inversely correlated with
mutational events in distinct tumors; therefore, different cancers can be classified into
mutation- or copy number alteration-dominant groups. In contrast, other pan-cancer
genomic investigations have demonstrated that prognostic biomarkers are predominantly
among copy number altered genes.
In this presentation, I will talk about my recent project on comprehensive genomic
investigation of cancer initiation in Papillary Thyroid Carcinoma.
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