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RESEARCH IN PROGRESS

The main projects of research in 2010 were a continuation of our efforts to understand gene
networks and signal transduction pathways. These are long range projects that we began
two plus years ago. The below is nearly the same as that of last year (2009).

1. A New Method for MS/MS Time Data Analysis and Applications to Mast Cell
Signaling Pathways: Mast cells have a physiological role (contribute to the immune system), and a
pathological role (they play central role in allergies, including asthma). Our work focuses mainly on
their pathological role. Upon activation by an allergen, mast cells signaling pathways have three
main branches: (a) towards degranulation (and the associated production of toxic molecules such as
histamine), (b) towards gene transcription of cytokines and chmokines, and (c) towards production
of eicosanoids (lipid type mediators). Tandem mass spectrometry (MS/MS) is the most promising



high throughput technology for collecting data for signaling pathways. The data we use are
provided by Arthur Salomon lab in the Laboratory for Molecular Medicine at Brown; these are time
series data for phosphorylated proteins. There are three computational problems associated with
such data: (i) identification of the proteins that participate in the pathways, (ii) identification of
phosphorylation sites, and (iii) clustering of the proteins on the basis of their phosphorylation
profiles. Our work introduces Bayesian procedures for (i) and (iii). The procedure for protein
identification has three components: (1) a discriminant analysis based on rank-type statistics of the
data, that identifies the good” spectra, (2) a database search procedure to identify candidate
peptides with masses ”similar” to the precursor peptide; the procedure incorporates mass changes
due to various types of post translational modifications such as phosphorylation and methylation,
and (3) a Bayesian statistical model for fragmentation and theoretical” spectra generation (this
model is a key contribution of our work); a nice feature of the model is that it provides a well-
defined statistical score for ranking that candidate peptides. The clustering procedure is based on a
mixture of Gaussian densities. The parameters of the model are estimated via the EM algorithm; in
a technical sense, this procedure generalizes that of the well-known K-means clustering algorithm.

2. MYC Network Determination: The c-MYC protein (a Transcription Factor) has been
implicated in a number of biological processes including cell-growth, apoptosis, cell proliferation
and cancer. It is believed that MY C regulates the expression of about 10-15% of human genes
(more than any typical transcription factor). Some of these genes are regulated directly (MY C binds
in the promoter or somewhere in the vicinity of a gene), while others are regulated indirectly (MYC
regulates directly or indirectly genes of other Transcription Factors which, in turn, regulate a
particular gene directly). To find the”MYC Regulatory Network” (i.e. which genes are regulated
directly and which are regulated indirectly by MYC and the relation between the level of expression
of a given gene and the level of abundance of MYC) is a problem of fundamental importance. To
this end, we explore three types of information or data: (i) Cross-species DNA sequence
comparison (especially Human and mouse) to identify genome segments that have been conserved
by evolution. Such regions typically have a functional role, and MY C binding sites tend to
conserved by evolution; (if) Chromatin Immuniprecipitation array (Chlp-chip) data. This is a new
experimental technology that localizes MY C (or any specific Transcription Factor) binding sites
within 1000-2000 DNA base pairs; we use this information together with known MY C motifs (E-
box) and a Monte Carlo type procedure to find potential binding sites for MYC; (iii) Gene
expression microarray data; these data are employed to cluster genes into genes that are affected by
MY C and genes that are not affected by MYC.

In contrast to a general belief, the type (iii) data (gene expression data) provide minimal
information about direct and indirect gene regulation by MYC. It is here that our main
contribution comes in: We articulate simultaneously all three types of information ((i)-(iii))
via a statistical/probabilistic model (variant of graphical models) to identify the topology of
the graph (i.e. direct and indirect regulations) as well as the random dependence of the level
of expression of a particular gene given the level of abundance of MYC.
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