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Research focus

» methods and tools for acquisition of high-precision data;

> mathematical methods for data mining and system
modeling;

> methods for data integration and information extraction.



Systems biology of segmentation in Drosophila
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Dynamic conirol of positional
information in the early

Drosopiila embryo
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mining positional information in morphogenetic fields"~,
Imterpretation of positional information is thought o rely on
direct. comcentration-threshold-dependent mechanisms For
estnblishing multiple differential domains of target gene
expresshon' . ln Drosophdfa, maternal gradients establish the
imitial position of boundories for opgotic gonp genes expression,
which in twrm comvey positional information o pair-role and
segment-padarity genes, the latter forming a segmental pre-
pattern by the onset of gastrubation™ . Here we report, om the
basis of guuantitative gene expression dota, sobstantial anterior
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Mathematical modeling and statistical analysis
of data

> Various statistical and machine learning methods are in use
for data mining;

> Models based on ordinary and partial differential reaction-
diffusion equations;

» Different optimization methods are available to find the
system parameters:

« Simulated Annealing

* Optimal Steepest Descent Algorithm
* Tunneling

 Parallel Differential Evolution.



Open questions

Construction of models of biological systems and processes
which operate on different time scales and/or complexity
levels

Approaches towards validation of existing models;
Adequate representation of diffusion in models;

Logics behind selection of relevant models to uncover the
structure and dynamics of a particular biological system.



Acquisition of high-precision
quantitative data: confocal
scans of gene expression

patterns
Myasnikova et al (2001), Bioinformatics 17:3-12




Quantitative data on segmentation gene expression with
cellular resolution in space and temporal resolution of 6.5
minutes of development

Nuclear Fluorescence
Coordinate intensities
S; 3.67346 41.5401 53.6951 25.939
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Why the effective image processing packages
are necessary to develop?

> we need high-precision quantitative data with high spatial
resolution;

» different sophisticated microscope techniques are currently
available;

» software packages provided by microscope manufactures are
designed to produce a high-quality image. Usually do not
support effective processing and analysis of images in batch.



Pro-stack package
(“Prostack” means “a straight man” in Russian ;-) )

Functionallity:

> Processing of stacks of images,

> More than 40 image processing methods, from thresholding to the
calculation of object characteristics.

> The number of methods is growing.

Technical Data:

> Implemented in ANSI C as methods library libparus and
command line interface prostack.

> All methods are available in distributed computing environment
ISIMBIioS via wrappers written in Perl.

> Can work with images in TIFF format with 8 bits per pixel using
libtiff library for 1/O operations.
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Data integration

> We have developed a method for integration of databases
with common subject domain

(http://urchin.spbcas.ru/NLP.htm).

> Now we propose to extend our approach to design an
information management system for collaboration within

distributed working environment.



To appear in U. Leser, F. Naumann, and B. Eckman (Eds.): DILS 2006, LNBI 4075, pp. 204-215,
2006.
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iSIMBioS workflow: estimation of the registration
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nformation extraction

> We have developed a method for processing of natural

language queries to a relational database (Samsonova et al.
(2003) Bioinformatics 19, suppl. 1, i241-249).

> Now we propose to use NLP for information extraction from
biomedical literature.
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FIyEx database

Contains

* Images of segmentation gene expression in individual
embryos.

* Quantitative data on segmentation gene expression
In each nucleus of an individual embryo.

« Averaged data on expression of each segmentation
gene at each time point and at cellular resolution.

Natural language interface is available at
http://urchin.spbcas.ru/NLP/NLP.html
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Information extraction

> In collaboration with Prof. Rubashkin (St.Petersburg State
University) and Prof. Kolchanov (Institute for Cytology and
Genetics of the RAS) groups.

» System prototype to automatically extract information about gene
expression in Arabidopsis thaliana

e text analysis in both automatic and interactive modes;
e interactive training of the system by an expert;
® use of text recognition and analysis algorithms;

e rclational database to store extracted information.
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