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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

Nature, v 430, 15 July 2004: 368-371



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
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Ftz 0  3.67346  41.5401  53.6951  25.939

 1  4.05099  45.3917  53.8919  27.0811
 2  4.00196  37.3767  54.7     22.85
 3  5.01298  39.8973  59.4688  26.5625
 4  5.07766  52.1475  58.8267  29.04
 5  5.44521  43.4772  62.25    30.5125
 6  5.52642  47.3609  56.7215  28.9494
 7  5.78564  36.9171  56.8689  26.2623
 8  6.26299  50.786   64.3521  30.6056
 9  6.62735  40.1422  59.3086  32.0123
10  6.69946  54.7947  60.0795  29.5227

Nuclear
Coordinate
s

Fluorescence
intensities

A-P Position (%)

0 20 40 60 80 100

R
el

 P
ro

t C
o

n
c

0

255
Bcd

Hb
Cad

A-P Position 

0 20 40 60 80 100

R
el

 P
ro

t C
o

n
c

0

255
gt

kni
tll

Hb
Kr

FlyEx database http://urchin.spbcas.ru/flyex; http://flyex.ams.sunysb.edu/flyex



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 

iSIMBioS via wrappers written in Perl.
 Can work with images in TIFF format with 8 bits per pixel using 

libtiff library for I/O operations.



Image processing scenario



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.



 fast and convenient access to data;
 data can be processed and analyzed by combining 
     programs and services (modules) into workflows;
 workflow modules and data can be distributed over 
     network;
 workflows can be constructed visually;
 simultaneous access of multiple users to shared data
     and methods;
 extendable, scalable and flexible in specification and 
     modification of analysis methods; 
 failure resistant, portable;
 provides access through firewall and proxy servers; 
 dissemination of data and programs.

iSIMBioS

To appear in U. Leser, F. Naumann, and B. Eckman (Eds.): DILS 2006, LNBI 4075, pp. 204–215, 
2006.



iSIMBioS workflow: estimation of the registration 
accuracy



Information 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.



FlyEx 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



Russian Version of the Query Form



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 

           ● text analysis  in both automatic and interactive modes;
             ● interactive training of the system by an expert;
             ● use of  text recognition and analysis algorithms;                
             ● relational database to store extracted information.
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