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COMPARISON ANALYSING OF MUTANT GENE cbnl WITH
MUTANT GENE cao AND MOLECULAR MAPPING OF CAO
GENE IN CHLAMYDOMONAS REINHARDTII

Abdulla H.', Mijit Gh."", Xu qin ', Rahman E.', Chunaev A.S.

"Departmen of Cytology and Genetics of Xinjiang University,Urumqji, China
’Department of Genetcs and Breeding, St.Petersburg University, St.Petersburg, Russia
E-mail:ghopurm@xju.edu.cn

Motivation and Aim: The unicellular, green alga Chlamydomonas reinhardtii has many
characteristics that make it an ideal organism for elucidating the function, biosynthesis, and
regulation of the photosynthetic pigments and apparatus. For the moment, it is still uncertain
whether the Chlamydomonas mutant gene chn/ and the mutant gene cao without the ability of
chlorophyll b synthesis are allelic genes, and the issue of their molecular mapping is also to
be settled. This article is dedicated to reporting research work on the above issues.

Methods and Algorithms: (1) Transformation recovery test: plasmid Pspl109-E8 with
CAO was transformed into Chlamydomonas cbnl-48 mt+ mutant strain by electroporation,
recovery expression of chlorophyll b was detected, which verified primarily that chn! and cao
without the ability of chlorophyll b systhesis both possess allelic characters. (2)Genetic
analysis test: mutant strains, 1641-1b (cbni-43 mt+) and CC-1354 (cbni-48 mt+), were taken
to mate with segregants of mutant strain CBS5-c1 (cao5 mt-) and CBS5-c5(cao5 mt-), 1842
meiotoc segregants were obtained by random cell mating but no wild type segregants was
found this proved the closely linkage between mutant gene chnl and cao. And among the 50
segregants obtained by cell mating tetrad analysis no wild type segregants was detected,
which further verified the allelic characters of mutant gene (3) DNA blot test: design two
probes according to CAO sequence, and carry out DNA dot blot with 21 BAC clones between
the two molecular markers, GBP1 and RB47, on chalamydomonas linkage group 1. The
experimental result showed that two probes possess the homology region with 21th BAC
clones (BAC number: 33e2). This result prooved that CAO exactly locate at cbnl loci.

Conclusion: Data obtained in experiments for progeny random analysis prove the closely
linkage between the mutant genes, cbn/ and cao. Experimental results of genetic
tranformation prove that mutant genes, chnl and cao possess allelic character.Experimental
results of DNA dot blot analysis proved that the genetic loci of CAO is near cbnl and in the
fragment region of 33e2 BAC clone which is between the two molecular markers, GBP1 and
RB47.

Acknowledgments: We thank professor Ayumi Tanaka (from Hokkaidu University,
Japan) for providing some mutants and plasmid to us for this research.We also feel grateful to
Dr. E.Harris (from American Duke University) for her gracious support and help.
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SUPERVISED LEARNING APPROACH TO IMPROVE ERROR
PROBABILITIES FOR SHORT READ DNA SEQUENCING

Abnizova 1. *, Whiteford N., Skelly T., Brown C.
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* Corresponding author

Aim and Motivation: Around 10 years ago the Phred [1] base calling and error
calibration algorithm was introduced. It is threshold dependent binning greedy (nearly
optimal) algorithm, allowing estimation of an error probability for every base call given a
number of its parameters. As far we know, since then there were no significant attempts,
except of [2], to improve the Phred error probability calibration.

The new short read sequencing technique introduced new technological and
computational challenges. It requires some re-considering of well-known error estimation
algorithm taking into account different sequencing platforms. Overall, Phred is a fair
predictor. However, at high quality bases (Phred Q> 30) it tends to under-predict the error
rate.

Methods and Algorithms: Because the processes causing errors in a base calling are still
not absolutely clear and well defined, a reasonable approach to handle an error prediction will
be learning from the data. To calibrate the data, we suggested to use a supervised learning
techniques because of their optimization flexibility and high predictive power, as well as
ability to deal with a multi-dimensional space and non-linear dependencies between its
elements. We suggest to use a special bootstrap-type sampling techniques to deal with typical
machine learning problem, namely, with imbalanced training set.

Results: Due to pilot results, we managed to produce 60% of sequences with quality as
high as Phred Q30.

Availability: The algorithm is implemented into automatic Solexa/Illumina pipeline.
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MATHEMATICAL MODEL OF AUXIN METABOLISM IN
SHOOTS OF ARABIDOPSIS THALIANA L
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Motivation and Aim: Auxin participates in regulation of cell differentiation in
development of embryo, leaves, vascular tissue, fruit, primary and lateral root and in
controlling apical dominance and tropisms. Indole-3-acetic acid (IAA) is physiologically
active in the form of the free acid, but can also be found in conjugated forms in plant tissues.
IAA can be degraded and redundant pathways lead to its synthesis. The regulation of the [AA
metabolism (synthesis, conjugation and degradations) is enough complex and may explain in
some aspects how this simple substance is able to influence such diverse processes.
Mathematical modeling of IAA metabolic gene network can help reveal the main factors
governing this complex process;

Methods and Algorithms: To reach this aim, we first reconstructed a gene network of
auxin biosynthesis, conjugation degradation by annotating experimental data from 105
published papers into GeneNet computer system [1]. This gene network after reduction was
input into converter [2] to generate the mathematical model of auxin metabolism;

Results: The gene network for the auxin metabolism contains 62 genes and 44 proteins.
Different molecular genetic processes within IAA metabolism network take place in 7
compartments. Within this network one regulatory contour with positive feedback and one
regulatory contour with negative feedback were identified. For model generation the main
regulatory factors in this gene network were selected according to consequences of their
disruption for the network maintenance and plant organism functioning. By this way the
whole complex network was reduced to core gene network. Based on the mathematical model
of the core gene network, we followed the dynamics of the developed gene network and
analyzed the key regulatory patterns. We reproduce the experimental data on IAA content in
arabidopsis seeds [3].

Conclusion: We have reconstructed the gene network and develop the mathematical
model of auxin metabolism in arabidopsis shoots. The model allows to reproduce some
phenomenological and molecular-genetic aspects of the auxin role in the plant development.
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Motivation and Aim: In recent years, new approaches using molecular mechanics
replaced traditional score functions in solving molecular docking and virtual screening tasks.
These approaches, in spite of being more computationally time-consuming, have considerable
advantages: high precision of results and applicability to all classes of chemical compounds.
MOLKERN, a software package developed in IC&G SB RAS [1], implements the basic
elements of molecular modeling, docking and virtual screening tasks without using any score
functions. The package includes algorithms with the computational scaling no greater than
O(N log N).

At present, MOLKERN is being developed to be run on supercomputing clusters. It uses
the MPI library for data transfer between processors. The MPI is used for parallel performing
of tasks of the same type, for instance, virtual screening of chemical compounds libraries. The
program module — parallel processes dispatcher — has been integrated in the MOLKERN for
efficient solution of such tasks.

For parallel running of tasks that cannot be divided into sets of same and independent
subtasks, the OpenMP parallelizing technology is used. This technology is applied to
distributing computations among cores of same processors. To solve the common data access
problem without performance loss, “mirror” arrays are created for all data used in the write
mode. On completion of every thread, all output arrays are merged. This approach doesn't use
any critical sections, which allows obtaining significant calculation speedup.

Results: A computer with a dual-core AMD Athlon X2 5000+ EE processor, 1 GB
RAM, MS Windows XP operating system, and MS Visual Studio 2005 compiler was used for
test calculations. The new OpenMP + MPI version of MOLKERN demonstrates the following
speedup characteristics:

Minimal speedup: 18%, 1AIE complex, 522 atoms, 7 threads.

Maximal speedup: 48.4%, 1GC1 complex, 14104 atoms, 2 threads.

Average speedup: test set of 5 complexes (522-14104 atoms): 40.4%.
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FUNCTIONAL ANNOTATION OF AMINO ACID SEQUENCES
USING THE LOCAL SIMILARITY
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Motivation and Aim: The functional annotation of amino acid sequences is one of the
most important problems of bioinformatics. Different approaches were successfully applied
for recognition of some functional classes; nevertheless for many functional groups
predication still cannot be obtained with the required accuracy. The aim of our study is to
develop a method for recognition of protein function, which might be applied to broad classes
of proteins.

Methods and Algorithms: We developed a machine learning method of the protein
function recognition based on the original method of sequence description. All sequences
from the training set are compared with the sequence under study (query sequence), by
shifting them along the query sequence. So the query sequence is represented by the set of
local similarity scores for all its positions. These scores are used as the input data for the
original classifier based on the Bayesian approach, which estimates the probability of the
annotated protein belonging to the considered functional classes. The prediction accuracy was
estimated by the leave-one-out cross-validation (LOOCV) procedure. In order to estimate the
comparative efficiency of suggested method we executed also functional class prediction with
the methods implementing the Hidden Markov Models (HMM) and Support Vector Machine
(SVM).

Results: At first, the method was tested versus two sets covering 28 serine protease
classes and 56 Gold Standard families, respectively. We showed that our method predicts
effectively the functional class of proteins when these classes do not intersect each to others.
The level of prediction accuracy was 100% for 45 from 56 Gold Standard families. We also
tested the method with cytochrome P450 superfamily partitioned into the intersecting classes
of substrate or inducer specificity. In this case the accuracy of prediction for some classes was
significantly lower — about 14%. However, the accuracy increased according to increasing
number of the class members. The acceptable level of prediction accuracy (exceeded 60%)
was reached for intersecting classes with at least 10 members. Also 100% accuracy was
reached for some intersecting classes. The HMM-based program showed the accuracy
comparable with the accuracy of our method, while the results obtained with SVM were less
accurate.

Conclusion: Proposed approach revealed 100% recognition for the majority of non-
intersected classes and, thus, it can be used for functional mapping of amino acid sequences.

Reference:
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Motivation and Aim: Obesity is a major public health problem worldwide. Leptin plays a
central role in the regulation of food intake and energy expenditure. Studying the metabolism
of leptin-deficient patients before and after leptin replacement treatment helps to clarify the
mechanism of leptin action.

Methods and Algorithms: The only genetically leptin-deficient adult man identified in
the world to date was treated for 24 months with recombinant methionyl human leptin. Blood
was collected every 7 min for 24 hours at baseline, one-week, 18-months and 24-months after
initiation of the treatment. Concentrations of insulin, C-peptide and plasma glucose were
measured. Insulin secretion throughout the day was obtained by de-convolution of C-peptide
data. Hepatic extraction was estimated based on our modification of the insulin kinetics
model. Insulin sensitivity for each of the four meals was calculated by using the meal
tolerance test approach and minimal glucose model.

Results: Hepatic extraction of insulin was the first element of glucose homeostasis to
respond to leptin replacement treatment and increased 2-fold after one week of treatment.
Insulin secretion and delivery rates decreased more than 2-fold after 18 months of treatment.
A several-fold increase in insulin sensitivity was observed after both 18 and 24 months of
leptin replacement treatment. Therefore, it might be concluded that leptin replacement acutely
increases insulin sensitivity and insulin hepatic extraction without short-term effect on insulin
secretion. Insulin sensitivity is further increased 18 months after leptin replacement, with a
decrease in insulin secretion and normalization of hepatic extraction. After 24 months, insulin
sensitivity further increases and insulin secretion slightly decreases. This suggests a time-
dependent effect of leptin on the glucose homeostasis that culminates with increased insulin
sensitivity and decreased insulin secretion in the long-term.

Conclusion: Results of the current experiments on quantitative proteomics analysis of
our patient’s plasma and adipocyte samples “before” versus “after” and “on leptin” versus
“off leptin” will be presented. Approaches to create multiscale systems biology models by
combining phenomenological models at the organism level with the pathway models at the
cellular level will be discussed.

Availability: In-lab developed set of programs, MIGS (Miami Insulin Glucose Software)
is written in MATLAB and available from the authors on request.
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HIV-1 GP120 V3-LOOP COMPARATIVE STRUCTURE
ANALYSIS: SEARCH FOR THE STRUCTURALLY CONSERVED
REGIONS
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Motivation and aim: The object of the current study is the third hypervariable V3 region
of the HIV-1 gp120 protein, which is responsible for many aspects of viral infectivity. It is
remarkable for its sequence diversity and, hence, structural diversity, which brings sufficient
complications in the study of the V3-loop. At the same time information on the V3-loop
conserved regions within its preferred conformations could be a significant tool for anti-AIDS
drug design. On account of the V3-loop sequence diversity the conservative sequences of the
HIV-1 group M subtypes are taken into consideration. On the basis of the V3-loop structures
of definite isolates obtained before 3D modeling for each subtype sequence is performed. The
study then is sighted at the search for structurally invariant regions in the models obtained,
which may be regarded as drug targets.

Methods and Algorithms: 3D structure modeling is performed in MODELLER, also
supporting functions of de mnovo modeling of loops in protein structures
(http://www.salilab.org/modeller/). Several V3-loop structures obtained from the NRM and
X-ray studies are taken as templates [1-2]. The consensus sequences of the V3-loop, being
targets for modeling, are supported by the HIV Sequence Database at Los Alamos
(http://www.hiv.lanl.gov/content/sequence/HIV/mainpage.html). Structural analysis is held in
Bio3d package for the R environment (http://mccammon.ucsd.edu/~bgrant/bio3d/). Both
comparison in the geometric spaces of Cartesian coordinates and dihedral angles are
performed.

Availability: In the result of the study we pay attention to the regions, which preserve
their conformational states within the structures under review. The most probable ones are
drawn out to be a starting point for further drug design.
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Motivation and Aim: T-cell epitopes are important tools for diagnosis and treatment of
infectious, autoimmune or cancer diseases as well as for the development of polyepitope
vaccines. An accurate prediction of T-cell epitopes is an urgent task of bioinformatics within
immunology.

Methods and Algorithms: Models for predicting MHC-peptide binding affinity were
constructed by means of Partial Least Squares regression using quantitative MHC-peptide
binding data, collected from IEDB (http://www.immuneepitope.org). We used pls package [1]
for R (http://www.r-project.org). Performance of generated models was assessed with ROCR
package [2]. All programs were written in Python programming language; Python interacted
with R through the RPy interface (http://rpy.sourceforge.net/). Predictions with TEpredict
could be alternatively done using models implemented in ProPred1 [3] and ProPred [4] web-
servers (for predicting MHC I- or MHC II-binders respectively). Predictions of proteasomal
and immunoproteasomal processing were implemented using models originated from
ProPredl. For predicting peptide-TAP binding we used models taken from the literature
sources [5, 6].

Results: Our TEpredict software could be used for predicting MHC I- as well as MHC
II-binders. It allows to predict proteasomal processing and peptide-TAP binding. TEpredict
can exclude peptides shearing local similarity with human proteins from the set of predicted
epitopes. It is able to estimate expected population coverage by selected set of peptides using
HLA allele frequencies data taken from (http://www.ncbi.nlm.nih.gov/gv/mhc/). Besides
graphical user interface TEpredict have command line interface or it could be used as python
package. This makes possible to automate analysis of huge amounts of data. Comparative
testing with some other widely used predictive methods showed TEpredict to be highly
competitive or to outperform them.

Availability: TEpredict is available on request from the authors and for academic
organizations is free of charge.
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Motivation and Aim: Leaf hairiness in wheat plants is of great importance for protection
from pests and for adaptation to environmental factors. For example, this trait is characteristic
of a number of drought resistant wheat cultivars referred to the steppe ecological group. To
identify the genes responsible for the leaf hairiness, mass analysis of a great number of plants
belonging to different hybrid populations is needed, accompanying with a laborious manual
job. Furthermore, a more accurate description of the morphological properties of the trait for
correct determination of phenotypic classes is timely. In the course of the work, we developed
the LHDetect program for determining the degree of leaf hairiness and its morphological
properties on the basis of its microscope image processing.

Methods and Algorithms: Equipment of the General Usage Center for Microscopic
analysis SB RAS was used to obtain microscope images. To determine hairiness, images of
the leaf cross fold were obtained at 5-fold magnification. Optimal conditions were chosen for
leaf positioning, leaf and background illumination for obtained microscope images.

The algorithm for determination of the hairiness degree was two-step:

1). Definition of the leaf boundary on the image.

2). Counts of the number of trichomes at different distances from the leaf boundary.

Results and Conclusion: The algorithm for defining of the hairiness degree of wheat leaf
was implemented in Java. Preliminary tests were carried out to estimate the algorithm
performance. For example, the mean absolute error deviation between the automatically
detected leaf boundary and the boundary determined “by an eye” is estimated as 18.25 pixels
per 1030 pixels of the boundary length.
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Motivation and Aim: It is conventionally assumed, that the course of evolution proceeds
without any predetermined directionality, such that only selection and mutation are the main
determinants of the evolutionary trajectory. However, in some instances evolutionary history
provides constraints on the further direction and trajectory of the evolutionary process. We
study the direction of evolution of genome organizational complexity, focusing on the
evolution of nested gene structures, where one, or several, internal genes are located within
another, external gene. We have chosen nested genes as the object of study of organizational
complexity because they represent an inherently complex structure, in which genes are
arranged in a non-linear fashion.

Methods and Algorithms: We used a comparative genomic approach using completely
sequenced genomes from the vertebrate, nematode and fruit fly lineages. Firstly, we identified
all nested gene structures from H. sapiens, D. melanogaster, C. elegans and C. briggsae
genomes. Then, we used sequence comparisons with BLAT and BLASTP algorithms to find
orthologs of the nested genes in a sister species, and determined the ancestral state of the
nested gene structure by analyzing an outgroup species in a parsimony approach.

Results: We identified 128, 792, 429, and 233 annotated nested gene pairs in H. sapiens,
D. melanogaster, C. elegans, and C. briggsae genomes, respectively. Of these, we were able to
distinguish 56 gains and 0 losses of the nested state, 48 gains and 15 losses, and 24 gains and
2 losses, respectively, in these 3 lineages. The intriguing pattern of preferred gain of nested
genes and the associated increase of genome organizational complexity appears to occur at a
relatively uniform rate throughout evolution. We estimate that the rate of gain of nested genes
is between 0.2 and 0.9 gains per million years.

Conclusion: 1t appears that the complexity of genome organization has been
independently increasing in at least three metazoan lineages. The slow rate of nested gene
structure acquisition is consistent with a constant, independent gain of nested genes since the
expansion of spliceosomal introns in the common ancestor of eukaryotes ~1 billion years ago.
Thus, the intronless state of genes in the common eukaryotic ancestor continues to drive the
increase of genome organizational complexity in extant metazoan genomes.
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Motivation and Aim: The comparison of poxvirus genome with the other viruses
suggested the existence of a common ancestor for many of them. Nonetheless, these
phylogenetic reconstructions have not been compared with the time scale of virus
evolutionary history. Taking into account that variola virus (VARV) was imported to South
America from West Africa in the XVI century, we succeeded in assessing the time point
whereat the minor alastrim and West African VARV strains diverged. Based on this value,
we conducted an evolutionary analysis of a wide range of orthopoxvirus and poxvirus strains.

Methods and Algorithms: Phylogenetic analysis was performed by the programs Clustal
X, BioEdit, Modeltest, Paup and Mega. The Bayesian dating method was performed by the
programs Paml and Multidivtime.

Results: Taking advantage of the unique situation with the known dating of the VARV
transfer from West Africa to South America and our own data on the close phylogenetic
relationships between the modern West African and South American VARYV isolates, we have
analyzed the extended central conservative region of the orthopoxvirus genome and eight
genes of multisubunit RNA polymerase of various genera from the family Poxviridae and
calculated for the first time the rate of mutation accumulation in these DNA viruses, which
amounts to 10° nucleotide substitutions per site per year. The divergence of poxviruses from
an ancestor virus into the modern genera occurred over 200 Tya; the precursor of the genus
Orthopoxvirus diverged 131445 Tya. The rest genera of mammalian poxviruses, having DNA
with a low G+C content, diverged approximately 110-90 Tya. VARV started its independent
evolution 3.4+0.8 Tya. It has been discovered by the example of VARV and monkeypox virus
that the geographic conditions that allowed for isolation of the animals in West Africa from
the rest territory of this continent led to a divergent evolution of the orthopoxviruses in
question and formation of the West African VARV and MPXYV subtypes.

Conclusion: The origination of VARV ancestor, dated back to about 3-4 Tya,
demonstrates that VARV is a relatively young virus; this explains the absence of records
about smallpox outbreaks in ancient historical records (Talmud, Bible, etc.). The first reliable
descriptions of this disease date back to the IV century AD. The calculated rates of molecular
evolution of poxviruses are approximately by one-two orders of magnitude lower as
compared with the viruses with short DNA genome and by three-four orders of magnitude
lower than in the viruses with single-stranded RNA genome; however, they are by three—four
orders of magnitude higher compared with the evolutionary rate of animal chromosomal
genes. The calculated rate of genetic variation reflects objectively an essentially higher rate of
alternation of poxvirus generations compared with their natural hosts, wherein they
reproduce. The performed molecular dating of orthopoxviruses demonstrates clearly that the
evolutionary potential of cowpox virus is underestimated. VARV had evolved from a cowpox
virus-like ancestor virus over a relatively short historical time period. The existing natural
resources of cowpox virus, whose main host is rodents, are yet insufficiently studied. The
results reported demonstrated that we pioneered in determination of the time scale of
divergence evolution in the family Poxviridae and evaluation of the rate of mutation
accumulation by certain members of this family.
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Sex chromosomes originated from ordinary autosomes, and their evolution is
characterized by a continuous gene loss on the ancestral Y chromosome. Here, we
demonstrate another principle of sex chromosome evolution: bursts of adaptive fixations on a
newly formed X chromosome. Taking advantage of the recently formed neo-X chromosome
of Drosophila miranda, we compare patterns of DNA sequence variation at 150 gene
fragments located on the neo-X to 110 gene fragments on the ancestral X chromosome. This
contrast allows us to draw inferences of selection on a newly formed X chromosome relative
to background levels of adaptation, while controlling for demographic effects. Chromosome-
wide diversity on the neo-X is reduced twofold relative to the ancestral X, as expected under
recent and recurrent directional selection. Several statistical tests employing various features
of the data consistently identify 10-15% of neo-X genes as targets of recent adaptive
evolution but only 1-3% of genes on the ancestral X. A likelihood method to estimate
parameters of recurrent adaptive evolution reveals that both the rate of adaptation and the
fitness effects of adaptive substitutions are roughly an order of magnitude higher for neo-X
genes relative to genes on the ancestral X. Thus, we propose that newly formed X
chromosomes are not passive players in the evolutionary process of sex chromosome
differentiation but respond adaptively to both their sex-biased transmission and to Y-
chromosome degeneration, possibly through demasculinization of their gene content and the
evolution of dosage compensation.
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Motivation and Aim: The YfiA and YhbH E.coli proteins belongs to the sigma-54
modulation protein family and their sequences are about 40% similar. These proteins have
opposite effect on protein activity affecting the formation of the 70S dimmer particle [1]. It is
known that the YfiA gene is activated in the stress exposed cell. This can be taken advantage
of in development of a polyfunctional genetic sensor of oxidative stress, specific damage of
DNA structure, and nonspecific damage of protein and membrane structure [2]. In this study
we analyze bacterial whole genome sequences to identify evolutionary specificities of the
YfiA and YhbH genes and their regulatory regions.

Methods and Algorithms: Data on 663 bacterial genome sequences were taken from the
NCBI site (ftp://ftp.ncbi.nlm.nih.gov/genomes/Bacteria/). The BLAST program was used to
search the homologs of the YfiA and YhbH sequences. Multiple sequence alignment was
done using Mafft [3], phylogenetic tree was built by the Phyml program. The regulatory
regions analysis was done by the SITECON program [4].

Results: As a result, the classification of the bacterial proteins containing the YfiA
homologous domain was made more accurate.

Analysis of the regulatory regions allowed us to identify 8 most statistically significant
sites of DNA interaction with regulatory proteins. Comparative analysis of the regulatory
regions of the YfiA homologous genes in 55 bacterial genomes, which contain both YfiA and
YhbH homologs, demonstrated that 6 of them are determined in other genomes. It is
concluded that YfiA may be affected by binding of transcriptional factors of these types.

The work was supported by the Russian Federal Agency for Science and Innovations
(contract No. 02.512.11.2165) and the RAS programs “Biosphere origin and evolution” and
“Molecular and cellular biology”.
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From a most general point of view, development of an embryo should be regarded as a
sequence of space-temporal events leading to progressive and “spontaneous” (as a rule, non-
affected from outside) complication (decrease of symmetry order) of its organization at the
different structural levels. Hence, embryonic development belongs to the category of self-
organizing processes requiring non-linear feedbacks between its dynamic components. Within
several last decades, different suggestions on the nature of these feedbacks have been submitted.
A morphomechanical approach to development is associated with the idea that the
developmental feedbacks are to a great extent associated with mechanical stresses (MS) which
are, on one hand, caused by immediately preceded changes of embryonic shape and, on the other
hand, determine, according to certain rules, the next set of MS, producing the subsequent shape
changes. Contrary to other concepts of developmental control, morphomechanical approach is
essentially macroscopic, emphasizing the regulatory role of a large scale geometry and topology
of an embryo.

The main arguments supporting morphomechanical approach are the following: in all the
studied cases the tissues of developing embryos turned out to be mechanically stressed. MS are
arranged according to definite patterns, correlated with the given stage geometry and topology
(1); the existence of cells-substrate mechanical feedbacks are both necessary and sufficient for a
spatial self-organization of cell populations (2); mechanical factors directly affect gene
expression and cell differentiation (3); a cell’s ability to produce MS is necessary for its very
viability (4).

A general rule is suggested, linking the residual (“passive”) MS accumulated in the given
cell or embryo part during the immediately preceded period of development with the “active”
MS generated later on by this very part. Its central assumption is that the active MS-generated
response is directed towards diminishment of the passive MS with a substantial overshoot.
Several sets of experimental and modeling data will be presented, showing that this rule is
enough robust and can reproduce a number of important morphogenetical events. Also, rather
prolonged series of successive events can be presented as a chain of such mutually linked
overshooting reactions.
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Motivation and Aim: Advances in next generation sequencing technology have boosted
the area of small RNA research. Massively parallel sequencing of the small RNA complement
of cells, tissues and patient samples provides an unbiased approach for the simultaneous
discovery and detection of novel and known small RNAs including microRNAs [1]. Although
experimental deep sequencing approaches are maturing fast, analysis of the resulting data
requires advanced algorithms, state-of-the-art infrastructure and skilled bioinformaticians.
Informatics thus becomes a bottleneck for many research laboratories in using deep
sequencing technologies.

Methods and Algorithms: We have developed a modular pipeline for the analysis and
interpretation of high-throughput small RNA sequencing data [2-5]. Output formats include
for example summary tables and text files, fasta sequence files, frequency and heat maps,
homology information, tracks on genome browsers, etc.

Results and Conclusions: Reanalysis of publicly available C. elegans and Drosophila
deep-sequencing small RNA datasets using our computational pipeline revealed several
highly-confident novel miRNA missed by previous analyses. We also applied the pipeline for
comparative analysis of small RNAs from 4 nematode and 4 fish species, and discovered
numerous conserved as well as species-specific miRNAs.

Availability: the analysis pipeline is provided as a commercial service by InteRNA
Genomics B.V. (http://www.interna-genomics.com).
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Motivation and Aim: Prokaryote organisms are very diverse, living in different hosts or
places and developing very different tasks. Some bacteria, for example, can be also found for
example, surviving in acid elements without presence of oxygen, in symbiosis with other
organisms (ex. Buchnera aphidicola). Bacteria are good example of organism adaptation, being
able to adapt themselves to different environments (sometimes “hostile”) and to adopt their
behavior to new conditions. They have developed different adaptation strategies to evolve and to
be adaptable to new conditions, depending on the characteristics of their environment.

Yet, bacterial adaptation strategies can be very diverse, ranging from stochastic fluctuations (e.g., bet-
hedging) to genetic regulation. For example, if changes in the environment are slow enough bacteria
may mutate and adapt to new conditions, but if they are often submitted to stress, they must develop
different adaptation systems such as genetic regulation or noise enhancement.

It is still a matter of research to link adaptation strategies with environment characteristics. In
particular, the question of the evolution of genetic networks is an open question. Yet, such a question
is very difficult to address experimentally, either because it requires long and complex experimental
setups (e.g., experimental evolution) and because results are difficult to analyze given the few
knowledge at our disposal. Traceability of changes in genome and identification of selected
individual are difficult in experimental evolution. A possible solution is to develop a biological
model “in silico” following the main biological foundations of genotype-phenotype mapping and
evolution. Such models have already shown their interest to study how bacteria may adapt their
genome length to environmental conditions (e.g., bottlenecks) or to their mutation rates.

Methods and Algorithms: To study evolution and adaptation strategies, we have developed an
integrated model that includes a realistic genotype-phenotype mapping and that enables the
evolution of a genetic network inside such a system. In this model, the characteristics of the
organisms may change during the evolutionary process (e.g., the number of genes and the genes
function can change, so does the connectivity of the regulation network). Moreover, it respects the
mains biological organization levels from genome to organism’s phenotype and it is compliant
with some minimal characteristics: differential genes activation levels, gene positive or negative
self-regulation, variable levels of RNA translation and protein production... Finally, organisms are
selected on the basis of their phenotype which directly depends on the concentration of the
different proteins transcribed from the genome.

Results This model can then be used to design and conduct in silico experimental evolution:
populations of individuals evolves in variable environments. Thus, by changing the characteristic
times and levels of fluctuation of the environment, we are able to test the evolutionary response of
the organism and check when they develop a complex regulation network or, on the opposite,
when they evolve toward very simple forms of regulation similar to what can observed e.g., in
endosymbiotic bacteria.

Conclusion: The definition of a model of prokaryotic organisms that includes both the
evolutionary adaptation mechanisms and genetic regulation mechanisms would be useful to tackle
many open questions in the literature, such as: How organisms adapt to environmental changes? In
which conditions do genetic regulation arise and what are the rules that govern complexification of
regulation networks? How such networks grow during evolution? This proposed model provides the
theoretical mechanisms to study the inclusion of new nodes in already existing regulatory networks, and
the analysis of the development of new regulatory networks. These issues could help us to answer some
of these questions thus providing us a better understanding on prokaryotes evolution.

Availability: RAEVOL software is currently in alpha version, supported by LIRIS group
(INSA-Lyon). For any request, please contact directly with the authors.
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Motivation and Aim: Internal biological clocks with a period of ~ 24 h (circadian) exist
in most organisms from cyanobacteries to mammals and play a key role in processes of sleep-
wake cycles; metabolism; stress and growth hormones synthesis, immunity etc. Due to the
fact that circadian clocks are capable for entrainment by external signals as light, hormones,
physical activity living organisms can set the most energy-wise advantageous behavior.
Disorders in circadian clock system cause series of pathologies that can be adjust by light
influence in certain time of circadian period. Studying the molecular-genetics regulation of
circadian rhythms is therefore important fundamental and applied task.

Methods and Algorithms: For research functional patterns of genetics system that
regulates circadian clocks, mathematical modeling and computer analysis were used. As a
base of new mathematical model we used Forger-Peskin model of the mammalian circadian
clock [3]. Generalized chemical kinetic method [1] and the MGSModeller program [2] were
used for extended model development and calculations.

Results: The extended mathematical model of mammalian circadian oscillator was build.
Descriptions of genetic subsystems controlled by transcription factors Roralpha and
CLOCK/BMALI1 were included. Extended model also contains descriptions of inhibitory
effect of transcription factor Rev-Erbalpha on Bmall gene transcription and its auto
inhibition. Model’s parameters were estimated to fit known experimental data. Model showed
adaptation to various phase-shift of light-dark cycle. The rate of adaptation to phase-shift of
light-dark cycles was calculated with varying length of free-running period.
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Motivation and Aim: There are still no satisfactory computational methods to reliably
recognize regulatory DNA. Assuming that the main biological and statistical ‘signature’ of
regulatory regions is the presence of multiple regulatory motifs, we are interested in methods
that identify those that contribute significantly to the separation of coding, regulatory and
non-coding non-regulatory DNA.

Methods and Algorithms: We want to find solutions to this problem by considering both
a newly developed feature set and exploring the application of various machine learning
classification techniques. In addition, we use two unsupervised pattern recognizing
techniques, hierarchical cluster analysis and Principal Component Analysis (PCA), to back up
the performance and visualize the results of the supervised SVM.

The novelty of our approach is the use of a new feature representation of DNA
sequences as the input for pattern recognition methods. We represent a sequence as a 4° —
dimensional vector, of which the elements are the Z-scores for each possible k-mer with m
mismatches of that sequence. The Z-scores measure how likely each k-mer is in comparison
to a model assuming nucleotide independence. We then subject the feature set to a
hierarchical test procedure that first distinguishes coding from non coding sequences, and in a
next step separates regulatory regions from non coding-non regulatory DNA.

Results: We found out that our method captures the difference between functional DNA
sequences better than existing related methods, such as those based on string kernels and
mismatch kernels. The motifs responsible for clear regulatory DNA separation occurred to be
biologically important fragments of known TFBS. We stress the up till now overlooked
importance of underrepresented motifs.

Conclusion and Availability: We have shown that a SVM working on sequences
representation by Z-scores can be helpful in separating DNA types. Interestingly, it seems that
not only over-represented, but also under-represented tri-mers significantly contribute to this
separation. The interactive program, written in C sharp, to compute the kernel is available
from http://www.mrc-bsu.cam.ac.uk/personal/irina/ for free downloading.
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Motivation and Aim: Prediction of protein allergenicity is important for many
applications in biomedicine and biotechnology. Modern methods for allergenicity prediction
are mainly based on homology search in protein primary structure or patterns recognition.
Those methods have not high accuracy values.

The aim of this work was to develop the method for prediction protein allergenicity
considering not only protein primary structure but also tertiary structure features.

Methods and Algorithms: Conformational peptides are patches on protein surface which
satisfied the following conditions: a) the distance between C-alpha atoms of amino acid
residues in a conformational peptide should not exceed distance between C-alpha atoms of
covalently bound amino acids; b) the amino acid number in conformational peptide was taken
8; ¢) solvent accessibility of a residue should not be less than 10%.

To create the database of conformational peptides which could be probable allergenic
epitopes the SDAP database containing information about known allergenic proteins was
used. 3D structure of allergenic proteins was predicted using ESyPred3D and Swiss-Model
programs.

The prediction of protein allergenicity was based on search of coincidences between
analyzed protein conformational peptides and those from the database.

Results: The database of conformational peptides contains about 70 000 entries for more
than 180 allergenic proteins.

The method for prediction of protein allergenicity based on protein 3D structure features
was developed. The accuracy of the method was estimated at 85%. The developed method
can be widely used for protein allergenicity prediction.

Availability: The database and develop methods will soon be installed on ICG server

Work was supported in part by RFBR: 08-04-91313-IND a, state contract FASI
Ne(2.514.11.4065, interdisciplinary integrative project for basic research of the SB RAS Ne
115 and RAS presidium program “Molecular and cellular biology”, the grant “Systems
biology: computer and experimental approaches.
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Motivation and Aim: The hypothesis about functional significance of an additional Zn**
binding site, immediately neighboring the normal zinc-binding site, was confirmed by our
molecular simulation calculations [1]. It was shown that the interaction energies of a Zn”" ion
with both normal and additional sites of p53 G245C mutant were comparable, with the
normal site being energetically handicapped. However, former energy calculations could
provide only a qualitative explanation of the impaired function of the p53 G245C mutant. The
quantitative evaluation of energy differences demands quantum-mechanical methods because
of a multicenter donor-acceptor character of the bond between Zn, S, and N atom, which
cannot be modeled in the force field approximation.

Methods and Algorithms: The bonding energies of Zn”" in both zinc-binding sites of the
mutant G245C form were calculated using GAMESS software package with B3LYP Density
Functional Theory method on the 6-31G(d,p) basis. The spatial structures of the human p53
core domain were used. They included the wild-type structure (PDB ID 1gzh) and the model

structure of the G245C mutant [2]. The initial position of Zn27" in the G245C mutant was
defined using the PDBSiteScan program [3]. The positions of all atoms in both binding sites
were optimized by the MOLKERN software package [4].

As molecules containing thousands atoms are beyond the reach of quantum-mechanical
calculations, some small (no more than 70 atoms) clusters were modeled. Such clusters
involved all the atoms of the binding site itself and atoms of the nearest coordinate
environment. All the dangling bonds were protonated. In such cluster modeling it was
presumed that the distant environment distortion had an indirect influence upon Zn”" binding
energy shifting through local environment configuration changes.

Conclusion: The calculation results are in qualitative agreement with earlier results [1]
and demonstrate the importance of taking into account the exchange-correlated interaction
energy changes for Zn®" binding.

References:
1. E.S.Fomin, V.A.Ivanisenko (2008) Corroboration of the Functional Role of the
Additional Zinc Binding Site in the G245 Mutant Form of the p53 Protein, Biofizika, in

press.
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Motivation and Aim: The neurogenic gene neuralized plays a key role in determining the
cell development pathway during the formation of the neuroectoderm. Homologs of neur
gene play analogous role in other biological species. It is known that neur genes can also
control other biological processes. In particular, a human homolog of the Drosophila
neuralized gene has been described as a potential tumor suppressor gene in malignant
astrocytomas. NEUR protein contains two large repeats termed Neuralized Homology
Repeats (NHRs), which are responsible for protein—protein interactions, and a RING finger
(RF) domain, associated with an ubiquitin ligase activity of this protein. The goal of this work
was to study the evolutionary modes for neuralized genes and the corresponding proteins by
analyzing the reconstructed phylogenetic trees.

Methods and Algorithms: Homologous proteins and nucleotide sequences were extracted
from the GenBank and Ensemble databases. Sequences were aligned using the PROMALS
program [1]. Phylogenetic trees and ancestral sequences were reconstructed using PhyML-
aLLRT 1.1 [2] and FastML 2.02 [3]. The adaptive evolutionary events were searched for by the
computer test described in [4] and rapidly evolving protein regions, by the Rate4Site 2.01
program [5].

Results and Conclusion: Computer analysis of the sequences and phylogenetic trees for
the neuralized genes and the corresponding proteins has detected a correlation between the
adaptive evolutionary events and emergence of large taxa, in particular, Vertebrata. It has
been demonstrated that NHR1 is a rapidly evolving region in the protein analyzed.

Acknowledgements: The work was supported by the Russian Academy of Sciences
(RAS) program no. 2 for basic studied Molecular and Cell Biology (project no. 10.4) and the
RAS Presidium program Biosphere Origin and Evolution (integrated project of the Siberian
Branch of RAS no. 18.13).
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Motivation and Aim: Macrochaetae (bristles) are the external sensory organs located at
stringently determined positions on the fly’s body. The morphogenesis of macrochactae
consists of three stages: (1) separation of proneural clusters, groups of 20-30 cells, each
possessing the potential of a sensory organ precursor (SOP) cell, from the cells of wing
imaginal disc; (2) positioning of SOP cell within a proneural cluster; and (3) two asymmetric
divisions of SOP cell and differentiation of the daughter cells into the definitive
mechanoreceptor components—trichogen, tormogen, neuron, and thecogen. The bristle
formation has complex molecular genetic control [1]. Integrated description and systems
analysis of functioning of such systems require oriented databases and computer technologies.

Methods and Algorithms: GeneNet technology [2] was used for reconstruction of the
gene networks.

Results: Based on annotation of over 600 papers, the database Neurogenesis was
developed; it contains information about 217 components (80 genes, 112 proteins and protein
complexes, 6 RNAs, and 16 processes) and 289 links between them. The gene networks
“Neurogenesis (determination)” and “Neurogenesis (asymmetric division)”, describing stages
1-2 and 3, respectively, were reconstructed.

Conclusion: Logical analysis of the gene network “Neurogenesis (determination)”
demonstrates that the content of the products of achaete—scute (AS-C) gene complex, reaching
its maximum in the SOP cell, is the critical factor determining the neural developmental
pathway. The key components of this network are AS-C and the mechanisms providing the
necessary concentration of AS-C protein in the proneural cluster cells and SOP cell, namely,
self-regulation of AS-C genes (activation by AS-C/DA heterodimers and repression by AS-
C/EMC heterodimers), trans-regulation of 4S-C genes (activation by the transcription factors
CHARLATAN and SENSELESS and repression by the transcription factor HAIRY), and
EGFR and Notch signaling pathways.

The key elements of the gene network “Neurogenesis (asymmetric division)” are the
NUMB and NEUR proteins, determining specialization of the daughter cells; the mechanisms
providing an asymmetric distribution of these proteins in the SOP cell and an asymmetric
segregation between the daughter cells via formation of the protein complexes aPKC, PAR,
BAZOOKA, PINS, DLG, and LGL; and the mechanisms determining a correct mutual
orientation of the protein determinants and cell division plane with involvement of the G
protein signaling system.

Availability:
http://wwwmgs.bionet.nsc.ru/mgs/gnw/genenet/viewer/Neurogenesys_determination.html

Acknowledgements: The work was supported by the Russian Academy of Sciences
(RAS) program no. 2 for basic studied Molecular and Cell Biology (project no. 10.4) and the
RAS Presidium program Biosphere Origin and Evolution (integrated project of the Siberian
Branch of RAS no. 18.13).
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Motivation and Aim: In that time molecular data are widely applied to carrying out of
population-genetic researches. In particular, with the help of special statistical methods on the
basis of distinctions of pair’s differences in DNA sequences it is possible to estimate the
effective size of populations and intensity of genetic flows between various populations. All
these methods are based on the developed theory inter population genetic flows and the theory
of genetic drift.

In connection with that process of sequencing of DNA still remains expensive, and the
material for the genetic analysis is difficultly accessible, there is a question about enough
number DNA sequences to obtain statistically reliable result.

Methods and Algorithms.: To determine the number of sequences for carrying out of the
genetic analysis, it is necessary to investigate such populations in which considered fragment
of DNA is known for all organisms. The necessary population parameter is originally counted
up proceeding from all known sequences. Further we take the limited number of sequences
and calculate the population parameters used this limited data set. The received result is with
result for all population. Consistently increasing the limited sample of DNA and comparing
result with full population sample, it is possible to estimate convergence of result of the
genetic analysis and determine the optimal number of DNA sequences necessary to carrying
out of researches.

To make the described experiment on populations of real organisms it is practically
impossible. However processes of genetic drift and genetic flows can be modeled easily with
the help of computers. Using computer models, we can receive full sets of DNA sequences of
populations of “computer” organisms after various parameters (the effective size of a
population, probability of a mutation per nucleotide per generation, intensity of an exchange
of a genetic material).

Results, Conclusion and Availability:In our work we used computer models for research
of convergence of the F, criterion that used to estimate of genetic flows, and quantity € that
used for an estimation of the effective size of populations (=4N.4, where N, is an effective
size of a population, and A - probability of a mutation per nucleotide per generation).

In our research we establish that at the various effective sizes of a population and various
probability of a mutation and at number of sequences is 30 the mistake of calculation F, and 8
is about 25 %. To obtain more reliable result we mast take about 50-60 samples of DNA
sequences from researched population of organisms.
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Motivation and Aim: One of first stages of organisms karyological studies is description
of chromosomal sets (karyotyping). This procedure includes morphometric analysis due to
which an averaged scheme (karyogram) of morphological structure for species chromosomal
set is created. This is a karyotype. As a rule, chromosomes are measured on images of
methaphase plates obtained from 10 individuals. On the base of data obtained, several
morphometric parameters are calculated. Their calculation even using a well-known software
Exel takes rather long time.

Methods and Algorithms: We have developed a software for PC which simplifies the
statistical treatment of data obtained by morphometric analysis of organisms chromosomal
sets. This ware calculates practically in a moment the following parameters necessary for the
typical procedure of karyotype description: average values (as well as average errors) of limbs
lengths, of relative lengths of chromosomal pairs and of centromeric indices values. Besides,
the software allows to calculate the variability factor of chromosomal pairs relative lengths
and index of karyotype asymmetry, these are indicators which contain much information for
comparative karyotypic analysis. Calculation algorithms of the parameters indicated are
done in computer language C++.

Results: The calculated values of those parameters can be converted into other software
nporpammbl (Word, Exel, Statistika) and presented as tables and karyograms.

Availability: Hypotetic name of this software is «Karyostatanalysis». It is planned to
present this software on the web-site of the Limnological Institute of RAS SB at the end of
2008.

Conclusion: The software proposed can be of interest for people working in the field of
karyology and recommended for cytogenetic practice at biological departments of high
schools.

This work is supported by RFBR, grants NoNo 04- 04-48945-a, 07-04-01410-a.
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Motivation and Aim: Linkage Analysis is a statistical method for detecting genetic linkage
between disease loci and markers of known locations by following their inheritance in families
through the generations. It is a NP-hard problem and the computational cost and memory
requirements of the major algorithms proposed [2-4] grows exponentially with pedigree size and
markers' number. Implementations of the mentioned algorithms reflect these limits making
analyses of medium/large data sets very hard on a single CPU. The aim of the present work is to
speed up the execution of linkage analysis challenges, that is the execution of linkage workflow on
large data sets. The challenge is launched on the EGEE Grid [1] infrastructure, distributing the
needed processes among different computing elements. In this context, a user friendly web based
access to grid resources has been implemented.

Methods and Algorithms: Many of the most used linkage analysis software have been ported
into the Grid environment and a suitable workflow has been designed and implemented in order to
exploit the parallelism of the workflow from the input to the output by distributing each task on
different computing elements. At a higher level, all these steps are parameterized and monitored
with the support of a web interface, designed to simplify and speed up the whole process of
linkage analysis. At a lower level, the workflow progress is supported by a reliable, scalable and
secure grid system facility, called VNAS [5], which monitors each single grid process and ensures
its elaboration success managing the resubmission of failed jobs automatically.

Results: Test results show that when reaching the computational limits in data set size there is
a real benefit in the use of our implementation. We experienced an improvement of about 65% in
computational time compared to a desktop computer execution when adopting Genehunter [6]
with 16 individuals and 100 markers, while increasing the number of individuals some
elaborations, still successfully working on the Grid, resulted infeasible on a desktop PC due to
memory overflow.

Conclusion: We developed a system which enables the user to launch genetic linkage
analysis calculations for medium to large challenges over the grid infrastructure and we designed a
suitable workflow to achieve parallel processing of the tasks: a simple and complete web user
interface provides an easier approach to linkage analysis software on the grid environment, while
lower-level reliable software manages grid interactions. However, a possible slowdown of the grid
infrastructure may lead to a reduction in the efficiency and reliability of the proposed pipeline
compared to single workstation. The approach used has been designed to work within the EGEE
framework, granting web access to GRID technology with very basic informatics knowledge
requirements.
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Abstract: Motivation and Aim: Lung cancer is the leading cause of death by tumor in
Europe. New possibilities for an early diagnosis of lung cancer are provided by means of
Computerized Tomography (CT) as a diagnostic device for small lung nodules early
detection; so computerized techniques for the automated analysis of these scans are quickly
becoming a practical necessity and are expected to provide valuable assistance to radiologists.
Because the goal of an automated lung nodule detection method is to improve human
detection performance, an essential component of any automated method is the process
through which computer-generated results and information are conveyed to the radiologist:
this improvement is possible because of expert radiologists can annotate the scans, using an
automated tool and a common annotation protocol, so the results of the radiological
examination and the CAD evidences can be compared. Moreover, proteomic analysis studies
on plasma were aimed at the early detection of lung cancer through the identification of
protein profiles and molecules involved in the pathogenesis, progression and sensitivity to
specific therapies.

Methods and Algorithms: Medical Application on a Grid Infrastructure Connection
(MAGIC-5) is an italian academic project, involving physicists and physicians, engaged in the
effort to develop CAD methods for detection of smaller nodules in screening programs. Focus
of our study is the development of a prototype of working environment that can improve
flexibility and efficiency in creating, storing, and exchanging annotations of medical images,
associated with protein images produced by two-dimensional electrophoresis (2-DE).
Therefore, we outline the most important features of the annotation protocol, that comprises
both the inclusion criteria in collecting images and the clinical information consistent with our
aims.

Results: We describe the technical features of the low-cost automatic annotation tools,
developed under Open Source platform, used by radiologists and biologists to annotate scans
and protein images. Finally, we make an attempt to relate the annotations of the CT database
with the results of the analysis of 2DE images, in order to identify potential pathological
biomarkers by same patients.

Conclusion: Our aim is to explore if proteomic analysis of the plasma could increase the
sensibility and diagnostic specificity of CT analysis, also through a federation of
heterogeneous biobanks of lung-screening and 2-DE images.
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Motivation and Aim: The problem of latent periodicity recognition in biological
sequences is topical due to its practical application in biology and medicine: genotyping of
microorganisms, the revelation of the risk source for hereditary diseases and recognition of
functional structures in DNA and proteins. At present, latent periodicity recognition is based
on a notion of approximate tandem repeat [1]. The joint use of combinatorial and dynamic
programming methods has been received the most propagation in periodicity recognition [1].
However, redundancy and instability of the results have been noted [2,3]. Therefore,
statistical methods are applied for estimation of periodicity pattern size. Unreliability of these
methods, observed in practice, is due to both limited statistical material and orientation of the
estimation search at maximum heterogeneity manifestation in sequence analyzed [3]. The
present work is aimed at elaboration of the methods raising reliability and stability of pattern
periodicity recognition.

Methods and Algorithms: To solve the problem put by an original spectral-statistical
approach has been proposed [3]. A stochastic model of perfect tandem repeat with random
periodicity pattern, introduced in [3], has served as substantiation of the approach, applied in
practical conditions. This model adequately describes heterogeneity manifestation in the text
strings.

Results: Efficiency of spectral-statistical approach has been proved on TRDB database
of approximate tandem repeats (http://tandem.bu.edu/cgi-bin/trdb/trdb.exe). The approach
allows to receive stable and reliable estimation of periodicity pattern size. It has been shown
[3], such an estimation optimizes a process of pattern search and in a number of cases allows
to surpass the results obtained by generally recognized Tandem Repeats Finder [1].

Conclusion: The proposed spectral-statistical approach is effective for recognition of
periodicity pattern in approximate tandem repeats. The considered model of perfect tandem
repeat with random pattern allows us to introduce a new notion of latent periodicity for
biological sequences, which expands notion of approximate tandem repeat.
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Motivation and Aim: We extend the notion of repeatability borrowed from the
quantitative genetics to the developing systems in order to show that individual morphological
variation bases on within-individual differences whose spatial unfolding (“repeatability”) is
inherent to directional change in spatiotemporal geometry of developing embryos.

Methods and Algorithms: We studied spatiotemporal dynamics of metric morphological
characters in amphibian and teleost gastrulation both in living embryos and samples of
synchronously fixed embryos of the same age. The embryos were genetically homogeneous
(siblings) and developed in optimal environmental conditions with no embryonic mortality.
Routine methods of multivariate statistical analysis have proved to be sufficient for
reconstructing of both the wvariation patterns and geometric algorithms of robust
morphological transformations.

Results: When in a sample of the adult organisms the amount of variance in metric
characters expressed in the coefficients of variation (CV) values is about 20% and more the
biologist would suspect that something is wrong with sampling. Meanwhile, when we were
considering metric characters of the embryonic structures subject to shaping, the values of
the CV at a level of 15-20% corresponded not to the upper, but rather to the lower limit of
variation. Variation of this order of magnitude is common to siblings developing in optimal
conditions and having the same developmental age. It follows that the normal developmental
variation can be referred neither to genetic nor environmental components of variance. It
merits being considered as a special developmental component of natural phenotypic
variance — the inherent developmental variation (IDV). In contrast to so-called “intangible”
developmental variation that accumulates with time, the IDV increased with initiating of
each new morphogenetic shaping and decreased, as the developing structure acquired its
eventual shape. The IDV estimated at the individual pathways of amphibian and teleost
embryos during gastrulation was of the same order of magnitude that variance estimated in
synchronous samples of the embryos. The behavior of individual pathways is close to
deterministic chaos, which means individual pathways of the embryonic shaping being
instable in spite of deterministic trends of the shaping itself. It follows that between-
individual differences are reproducible, if, and only if, they have a within-individual analog.

Conclusion: In general, morphogenesis is subject to the spatial unfolding principle, which
means the spatial series of differently shaped structures being equivalent to the successions of
shaping of the same structure. From the analysis of quantitative morphological data, we infer a
general law that, in the spatial unfolding of shaping of the embryonic regions, the proportion of
within- to between-individual variation in a given region depends only on its spatiotemporal
position in the unfolding. The later (“younger”) regions of the developing structure prove to be
more variable and develop faster than the earlier (“older”) ones. This holds both for ordinary
series of repeatable structures and for consecutive developmental stages of single embryonic
structures, such as the dorsal blastopore lip in amphibians and embryonic shield in teleosts. The
system is parametric, in the sense that the shape of “older” regions affords parameters for the
development of “younger” regions, and dynamical, in the sense that the shape of the whole
unfolding of differently aged regions behaves like a single dynamical system. The general
principle is, just like in Fisher’s theorem of natural selection, that the system moves towards
minimization of spatial variance of the whole unfolding with a speed equal to the amount of
variance in a given region.
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Motivation and Aim: The existence of the non-genetic heredity and causality in non-
living nature, and in superbiological societal and geographical structures makes it possible to
regard bioinformatics as a part of general informatics and pose the question as to the existence
of objective reasons for formation of the typology and classification of subjects in which the
genetic heredity is merely an intermediate link between subject entities and observed
phenomena.

Methods and Algorithms: When modeling the space of an entity ((bio)information space)
we proceed from the following statements: 1) all reality consists, as a minimum, from three
isolated layers: the information layer, the energy layer, and the material (observed) layer; 2)
all objects exist simultaneously in all layers connected informationally via mappings; and 3)
the structure of the information space (environment) is represented by a multispiral or by an
equivalent fractal hierarchical structure of a classification of the entities of objects; 4) the
classification position is encoded in the interval [0,1] by a multiplace number; 5) the digits of
the code are quantum numbers of the solution for a differential equation of the information
environment correlating to each code the eigen-functions of fluctuation and corresponding to
energy; 6) any material phenomenon is connected with a definite entity (the code of
classification position) through the energy function (EF), i.e. the logarithm of realization
reliability of observed processes or phenomena; 7) the EF ultimately determines the intensity
and directedness of observed processes and can be estimated quantitatively from observation
results. The code has the form 0,a, where the finite sequence a=ala243,..., and each digit ai
reflects the position of the image of the object on the coils of the multispiral or at hierarchical
levels of classification with a decrease in the scale.

Any observed phenomenon is a coincidence of circumstances that are individually
encoded by fragments of the multispiral in the form of a vector a in a bioinformation space.
The list of circumstances in the request structure is formalized in the form of a set of such
vectors, the scalar product of which in the form of a bilinear function provides the answer to
the posed questions in a quantitative form.

Results: Such an algorithm for processing bioinformation is realized in solving the
problems of testing medicinal remedies of vegetation origin to be used to treat viral diseases.
A list of 674 flora species was drawn up for the territory of the USSR, which were used to
treat 18 wviral infections of humans and animals. Groups of plants offering promise for
treatment of viral diseases were identified through a classification of the plants and diseases
using the bilinear bioinformation model.

Conclusion: The suggested approach holds promise for the advancement of general
bioinformatics, because it is based on identifying the invariant structure of the information
space connected uniquely with observed processes at any scale of their manifestation.
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Motivation and Aim: Identification of protein post-translational modifications is one of
the hottest topics in a modern proteomics. Protein ubiquitylation is of especial interest due to
its role in regulation of diverse cellular processes and involvement in pathogenesis of severe
human diseases [1]. To facilitate identification of particular ubiquitylation sites in proteins by
mass spectrometry (MS), we developed Ubldent, a new tool for calculating precise masses of
peptides bearing modification.

Methods and Algorithms: Ubldent is initially developed using Borland Delphi
framework. Ubldent searches a protein sequence for proteolysis sites, calculates precise
peptide masses and generates a list of modified peptides. At the moment the search area is
limited by a single sequence provided by user in a FASTA format, but we are going to enlarge
it to a database level soon. Integration of Ubldent into the UbiProt Database
(http://ubiprot.org.ru/), containing information about a wide set of ubiquitylated proteins, is
currently in progress.

Results: 1dentification of ubiquitylation sites by MS is currently based on the search for
signature peptides. Peptides containing modification do not undergo cleavage after modified
lysine residue during trypsinolysis. Besides that, these tryptic peptides have specific
ubiquitin-derived diglycine (GG-) tags on modified lysines, with an additional mass of 114.1
Da. However, it was recently demonstrated that ubiquitylation sites could be identified by
other types of signature peptides containing LRGG-tag (383.2 Da) on internal lysine residues
or canonical GG-tag on the C-terminus of ubiquitylated peptides [2]. Ubldent calculates
peptide masses taking into account all 3 possible types of signature peptides. This allows
accurate identification of ubiquitylation sites from MS data, giving more results than standard
search algorithms.

Conclusion and Availability: Ubldent tool will improve MS-based identification of
ubiquitylation sites and therefore aid future studies on ubiquitin system and related fields.
Ubldent will be freely available for non-commercial usage after integration into UbiProt
Database at http://ubiprot.org.ru/. The software package is currently available on request from
the authors.

References:
1. M.H.Glickman, A.Ciechanover (2002) The ubiquitin-proteasome proteolytic pathway:
destruction for the sake of construction, Physiol. Rev., 82: 373-428.
2. N.J.Denis et al. (2007) Tryptic digestion of ubiquitin standards reveals an improved
strategy for identifying ubiquitinated proteins by mass spectrometry, Proteomics, 7: 868-
874.
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Theoretical diagrams of mouse chromosomal DNA cleavage at 17 nucleotide sequences
4-6 bp in length, which are the recognition sites of restriction endonucleases, have been
plotted based on earlier suggested method of mammalian genomes restriction analysis in
silico [1]. Analysis of mouse LINE 1 repeats, presented in database, and products of these
repeats cleavage at the same nucleotide sequences has been carried out. In general, the
diagrams of mouse chromosomal DNA digestion correspond to diagrams of LINE1-repeats
cleavage. Mouse chromosomal DNA hydrolysis with restriction endonucleases, which
possess the corresponding recognition sites, has been performed. A comparison of DNA
hydrolysis patterns and the plotted diagrams has revealed a good correspondence between the
experimental and theoretical data. Only LINE1 repeats and satellite DNA cleavage products
are visualized in experiments on chromosomal DNA cleavage with subsequent gel-
electrophoresis. Mouse chromosomal DNA cleavage with new methyl-dependent site-specific
DNA endonucleases Blsl, Glal and Glul has been performed.

References:
1.  M.A. Abdurashitov, V.N. Tomilov*, V.A. Chernukhin, D.A. Gonchar, S.Kh. Degtyarev
(2006) Mammalian chromosomal DNA digestion with restriction endonucleases in silico,
Ovchinnikov bulletin of biotechnology and physical and chemical biology, 2: 29-38
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Motivation and Aim: The broad diversity of protein functions existing in the nature
depends largely on changes and transformations of their spatial structures. The basic method
to explore these transformations at the molecular level is molecular dynamics. However, the
computational burden of molecular dynamics is very high. The coarse-graining methods
provide one of the ways to reduce this computational burden, because they use some large
fragments comprising from several to hundreds atoms rather than individual atoms.

The approximate methods of protein conformational flexibility calculation are based on
molecule graph representation analysis. Now they are extensively used because they provide
good accuracy without significant increase of computational complexity [1]. In these
methods, molecules are represented as directional graphs with atoms as vertices and chemical
bonds as edges (hydrogen, covalent, etc.). Analysis of the graph topology allows recognizing
groups of atoms corresponding to rigid or flexible fragments.

Results: In current work we offer a new method for three-dimensional graph analysis.
The method is based on the two-dimensional “The Pebble Game” graph algorithm, which
uses Laman’s theorem [2]. Although the Laman’s theorem is invalid for the general three-
dimensional case, fortunately, the number of situations when some errors can appear is
insignificant and can be analyzed according to discrepancy between the three-dimensional and
two-dimensional cases in some characteristics. The proposed method demonstrated good
accuracy with insignificant loss of computational performance. The method is supposed to be
used in the program component library MOLKERN, which is being developed at the Institute
of Cytology and Genetics SB RAS [3].

References:
1. A.Ahmed, S.Kazemi, H.Gohlke (2007) Protein Flexibility and Mobility in Structure
Based Drug Design, Frontiers in Drug Design & Discovery, 3.
2. D.Jacobs, B.Hendrickson (1997) An Algorithm for Two-Dimensional Rigidity
Percolation: The Pebble Game, J. Comp. Phys., 137: 346-365.
3. E.S.Fomin, N.A.Alemasov, A.S.Chirtsov, A.E.Fomin (2007) MOLKERN as new

effective engine for drug discovery software, 4th International Symposium
Computational Methods in Toxicology and Pharmacology Integrating Internet
Resources: 97.
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Motivation and aim: Integral membrane proteins (MPs) represent the core of the cell
machinery that is responsible for transmembrane (TM) signaling, perception of various
stimuli, transport and other vital functions — therefore making up a considerable part of
pharmaceutical targets. TM domains of MPs propagate biological signals into the cell — via
conformational switch in G-protein-coupled receptors (GPCRs) structure upon ligands
binding, or phosphorylation of cytoplasmic domain of receptor tyrosine kinases (RTKs) that
follows dimerization, or in some other way. Given the difficulties related to experimental
structural characterization of the most novel MPs, computational structure prediction of TM
domains of essential MPs may be of substantial help for pharmaceutical industry and
structure-based design of new drugs — e.g., high-affine GPCR ligands or antitumor inhibitors
of RTK dimerization.

Methods and Algorithms: In consideration of constantly (notwithstanding rather slow)
growing body of structural data on TM domains, it’s becoming possible to take into account
peculiarities of MPs organization while building and optimizing computer models of TM
domains. We propose a method designed for evaluation of “packing quality” of TM domains
models — e.g., homology-built. The approach is based on determination of structural
preferences of aminoacid residues types to predefined “classes of membrane—protein
environment” over the representative set of available MPs structures, thus enabling
construction of the “membrane score” function, estimating the correctness of the model under
evaluation (Chugunov et al., 2007).

Results: The “membrane score” method proved itself useful for identification of close-
to-native structures of 7-TM proteins like rhodopsin, bacteriorhodopsins, and TM-dimers like
glycophorin A and BNIP3 — among massive sets of native-like and erroneous models. Other
capabilities — such as detection of alignment errors, optimal choice of template for modeling,
coarse-grained optimization of models — are inherent in the method as well.

Conclusion: Consideration of MPs distinctive features is prerequisite for successful
modeling of TM domains structures which may be of help in the drug-design process. The
“membrane score” method, especially if accompanied by efficient conformational sampling
strategies, will supply industry with realistic models of TM domains in proteins.

Reference:
1. Chugunov A.O., Novoseletsky V.N., Nolde D.E., Arseniev A.S., Efremov R.G. (2007). A
method to assess packing quality of transmembrane a-helices in proteins.
I. Parameterization using structural data. J. Chem. Inf. Model. 47, 1150-1162 and
... II. Validation by “correct vs. misleading” test. J. Chem. Inf. Model. 47, 1163—1170.
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Biology, particularly the parts of it which study living systems at the molecular level, is
the one of the most rapidly developing fundamental sciences today — what creates the
necessary prerequisites for practical application of scientific knowledge in such socially
important areas as biotechnology, molecular medicine, etc. Given this, the problem of science
popularization for the society is becoming more and more prominent. There is no doubt that
taxpayers, government officials and businessmen have to understand how do scientists spend
their money and what are the possible benefits the investments can bring. Needless to say that
scientific and technological potential of the State defines its position on the international
scene. The high authority of science as a social institution which is accepted by the society
lays at the basis of such potential.

Western civilization long ago had become aware of the necessity of making science
explained to a layman. Nowadays it is the part of a long lasting cultural tradition. Many high
profile scientific journals, e.g. Nature and Science, had developed news websites which report
the latest advances of science at the level accessible to the general public. There are also
plenty of science educational websites in English, which aggregate information from different
sources like press-releases of universities and research institutes covering the scientific work
of their employees.

In this regard Russia is lagging behind the West, especially after deterioration of
educational traditions existed in the Soviet Union. Quite often a scientist learns about the
achievements of his or her colleagues from a foreign journal because there are no press-
releases issued by research institutes. It is even worse for people who are not involved in
research — they have no idea about the activities inside their native research institutes.

Development of interactive network of widely-available educational resources in the
Internet will allow popularization of biology, in particular among young people. Several
popular science websites in Russian covering “the latest scientific advances” had appeared
recently. Unfortunately, the majority of them contain only unprofessional translations from
foreign resources of a similar kind, prepared by journalists lacking in scientific competence.

“Biomolecula.ru” ({{http://biomolecula.ru}}) is a young science educational website,
which specifically covers the advances of contemporary physico-chemical biology
(biophysics, biochemistry, molecular biology, bioinformatics, efc.). The main distinctive
feature of the project is that it is run by people which are actively involved in scientific
research — young postdocs and PhD students working in Russia and abroad. The most
valuable content of “Biomolecula” is not short “news reports” on latest research but rather
extensive and detailed reviews of various aspects of contemporary life science.

Online journal “Biomolecula” is a voluntary enterprise. The project exists and develops
only because of the enthusiasm of its organizers and authors who have decided to spend their
time on sharing their professional knowledge with the general reader. “Biomolecula” gladly
welcomes new readers and authors — any scientist (a postdoctoral fellow, a PhD student, and
even an undergraduate) who is eager to try his or her talent of science popularization could
give it a try and join the community of “Biomolecula”.
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Little is known about human interphase chromosomes mainly due to technical problems.
Here, we analysed both the structure of chromosomes in the metaphase stage and in
interphase nuclei using conventional GTG banding and high-resolution multicolour banding
(MCB), which paints the total shape of chromosomes and creates a DNA-mediated,
chromosome region-specific, pseudo-colored banding pattern at high resolution. The results
show that metaphase chromosomes are highly elastic and can be stretched which leads to a
splitting of GTG bands into their subbands. This phenomenon is mainly mediated by the
chromosome harvesting procedure in which acetic acid and water (humidity) play a key role.
The DNA-mediated shape, banding pattern and length of interphase chromosomes is nearly
identical to that of metaphase chromosomes at all stages of the cell cycle. Furthermore,
antibodies against histone modifications can be used to create a variety of different banding
pattern on metaphase chromosomes. Based on the results obtained a new chromosome theory
has been developed, “The histone modification mediated hydration code of
chromosomes”.
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Motivation and Aim: Bax/Bak-mediated mitochondrial outer-membrane (MOM)
permeabilization drives cell death (apoptosis) during development and tissue homeostasis [1].
The molecular mechanisms of apoptosis remain elusive largely due to the absence of high-
resolution information about Bax/Bak 3D structures in the MOM-bound state. The aim of this
study was to obtain the Bak three-dimensional structure in the model membrane mimicking
the mitochondrial outer membrane.

Methods and Algorithms: The implicit membrane model for the MOM was used [2]. The
Gouy-Chapman-Stern potential for the electrical double layer was applied outside the
membrane slab. The ECEPP3 force field was used for calculations of intraprotein interactions.
The free energies of partitioning the side chains of amino acids from water into the membrane
was taken into account by the Kessel - Ben-Tal hydrophobicity scale combined with the
Wimley-White interface hydrophobicity scale. The degree of solvation was taken into account
by the use of the accessible surface areas with the use of the program GETAREA. The protein
conformation was being described by the dihedral angles of the protein internal rotation,
while Euler angles together with the coordinates of C, atom of the first N-terminus peptide
unit were used to describe the position of the protein as a whole relative to the membrane. The
constraints obtained from functional and low-resolution structural data were applied to reduce
the protein conformational space to be searched. A hierarchical simulation protocol
combining coarse-grained discretization of conformational space with subsequent refinements
[2] was applied to generate the protein conformation and its location in the membrane

Results: The dihedral angles and Cartesian coordinates of the atoms of the lowest-energy
structure were obtained. The results show that in the vicinity of the membrane the release of
the helix a9 from the hydrophobic pocket on the protein surface takes place followed by the
partial unfolding of the protein and spontaneous insertion of the helices a5, a6 and a9 of Bak
into the membrane.

Conclusion: The results obtained suggest that the strong association of Bak with the
MOM, as compared to Bax, is caused by the absence of a significant interaction of the helix
a9 with the remainder of the protein due, first, to a specific distribution of charges within
Bak, and, second, to a shallow character, in the case of Bak, of the hydrophobic cleft on the
protein surface.

Availability: The executable file and the PDB-file with atom coordinates of Bak
integrated with the membrane are available from the authors upon the request.
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Motivation and Aim: The characterization of protein interactions is essential for
understanding biological systems. Within interaction networks, most proteins interact with
few partners, while a small proportion of proteins, called hubs, participate in a large number
of interactions and play a central role in biological processes. Thermodynamic stability is an
important characteristic of proteins. Changes in thermodynamic stability upon mutations
cause many diseases. Mutations can lead to increase or decrease in thermodynamic stability.
Our aim was to identify relationships between human protein susceptibility to single
mutations and connectivity of human proteins in a molecular-genetic interaction network.

Methods and Algorithms: For every human protein, we calculated the number of single
mutations increasing, decreasing or not affecting thermodynamic stability. Protein
susceptibility was defined as single mutations percent that decreased protein thermodynamic
stability. The ProtStability program was used to predict changes in protein thermodynamic
stability on primary structure. The ProtStability program is based on the «Modified KRAB»
method. The ANDCell system was used to reconstruct associative network. Associative
network consists of interactions and associations between human genes, proteins,
microRNAs, metabolites, molecular processes, and pathways, cellular components.

Results: Susceptibility to single mutations within the 0.5-0.85 range was observed.
Uniform distribution of protein susceptibility to single mutations was found for proteins with
connectivity within the 1-200 range. The value of protein susceptibility to single mutations is
tended to 74% for hubs. Protein susceptibility depends on the number of connections of
protein in the associative network. Marginally essential proteins (hubs) have average
susceptibility to single mutations.

Conclusion: Variation in susceptibility to single mutations decreased with the increase in
the number of connections of protein in the network. Thus the susceptibility to single
mutations for hubs varies in a close range. It may be assumed that for hubs exists the optimal
value of susceptibility to single mutations that is necessary for maintenance of the flexible
protein structure and noise immunity to mutations.

Work was supported in part by RFBR: 08-04-91313-IND_a and Government contract
FASI No02.514.11.4065, interdisciplinary integrative project for basic research of the SB RAS
Ne 115 and RAS presidium program “Molecular and cellular biology”, the grant “Systems
biology: computer and experimental approaches.
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Motivation and Aim: The solution of the problem of the estimation of the parameters of
the model for the gene network dynamics on the basis of microarray data is difficult and
extremely timely [1]. The expression levels of a set of genes at a given time will influence the
production of a given gene at a later time. The linear model is frequently used as a first
approximation to complex nonlinear gene-gene interactions. The aim of this work was the
development of a method of estimation of the parameters of a linear model of gene network
dynamics on the basis of microarray data.

Methods and Algorithms: To describe gene-gene interactions, we used the following
system of linear difference equations:

N
G+ D=¢ wG k) +w, ,i=12..N, k=12..M-1,

j=1

whereG, (k) is the expression level of the i -th gene at the time point & ; w, is the
weight of the relation of the j-th gene to the i-th gene; w is the free coefficient
characterizing the external effect. The task is to define the weight coefficients w, and the free

coefficients w . on the basis of the data on the expression level of a considered gene set.

This problem belongs to the inverse, which are traditionally difficult to solve because
they are reduced to minimization of functionals of complex form. The method of problem
solution we implemented is an extension of the idea suggested in [2] to solve the inverse
problem for homogenous difference equations.

Results: We have developed a method and implemented its computer program for
numerical solution of the inverse problem for a class of gene-gene interaction models based
on microarray data, convergence and robustness of the method was demonstrated. The
algorithm was also numerically analyzed. The main features of the proposed method are
robustness and efficiency. At present, the method is modified for the case of the stationary
linear model with variable external effect, the non stationary linear model, also for solution of
the inverse problem high dimensionality.
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Motivation and Aim: Among all women oncological diseases ovarian cancer occurs in
nearly 6% of all cases. Nevertheless this pathology is the main cause of lethal outcomes. The
main aim of our work was to establish differences between protein patterns in healthy
individuals and patients with ovarian cancer, to reveal proteins differentially represented in
this two groups and to analyze their interactions.

Methods and Algorithms: To obtain minor compounds of serum proteins the IMAC
method (immobilize metal affinity chromatography) was used. We applied MALDI to build
the profile mass-specters of serum proteins. In these specters proteins are represented as
peaks. Taking into account differences between protein profile mass-specters of healthy
individuals and ovarian cancer patients the classification model for identification of normal
and diseased state was built. This model is based on genetic algorithm.

To reconstruct the network of interactions between proteins ANDCell system was used.
This computer system is designed for reconstructing network of interactions between different
biological objects based on information automatically extracted from publication texts and
factographic databases.

Results: The Mascot program revealed three proteins that were differentially represented
in serum of normal individuals and ovarian cancer patients. They are: 1. human complement
component C3, chain B; 2. kininogen-1 precursor; 3. complement component C4B.

These proteins together with those, mentioned in publications as ovarian cancer
associated, were used for associative network reconstruction. This network allows us to
suggest the possible mechanism of ovarian cancer pathogenesis.

Conclusion: We have built the classification model that is able to differentiate serum of
normal individuals from this of ovarian cancer patients. The result of current study can be
used for planning of further experiments and building of ovarian cancer fast diagnostic
methods.
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Motivation and Aim: The regulation of alternative splicing (AS) is an actual problem of
modern molecular biology. Many cases of regulated splicing events are known, but the global
picture is still obscure. The aim of our work is to collect all known cases of regulation of
alternative splicing from published papers and to organize these data in formal way by
creating a database.

Methods and Algorithms: From each paper we extracted the following information: all
observed genes and mRNA isoforms (partial or full-length), cis-elements and trans-factors,
which regulate expression of these isoforms. At the second step, we aligned genes and
isoforms with the corresponding genome (we considered the following genomes: H. sapiens,
M. musculus, R. norvegicus, G. gallus and D. melanogaster). This allowed us to merge all
information about one gene from different papers. At the third stage we have developed
software tools for manual curation of these data. Now we are preparing manual curation
itself. We plan to create a web-interface to make the RASDB data publicly available.

Structure of the database: RASDB has the following structure. There are five main entry
types: article, gene, isoform, isoform alignment, regulator (i.e. cis-element or trans-factor) and
links between entries. The description of an isoform includes not only its exon-intron
structure, but also the data about the expression of this isoform on different developmental
stages and in different tissues and organs (if it has been presented in corresponding article).
The names of organs, tissues and developmental stages for human, mouse and rat were
organized in a tree using eVOC Ontologies ([1], {{http://www.evocontology.org/}}). We plan
to perform analogous work for Drosophila. We also store the type of an experiment from a
curated vocabulary.

There are two types of regulators: cis-elements and trans-factors. Trans-factors are
molecules (proteins in most cases) which bind to some regions of a transcript (cis-elements),
and then promote or block inclusion of , splicing out of introns, and the use of alternative sites
. In our database, cis-elements have the following properties: DNA position, type of regulated
event (cassette exon, alternative donor or acceptor site, retained intron etc.), the regulated
isoform and the type of experiment. Trans-factors are described by the molecule type (protein
or RNA) and GenBank Accession.

Currently RASDB contains 633 cis-elements, 469 trans-factors, which regulates splicing
of 459 genes. The RASDB database can be used for the analysis of regulatory motifs and
trans-factors or for understanding the trends and characteristic properties of the evolution of
regulated AS events.

We are grateful to members of our scientific group and external annotators for data
input.

This work is suppported by grants from RFBR (07-04-00343), HHMI (55005610) and
program "Molecular and Cellular Biology" RAS
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Motivation and Aim: Investigation of nervous system structure and functioning is one of
the most interesting and complicated problems. Functional computer model of a nervous
system, which reproduces the properties of the original with high accuracy, would be an
evidence of high understanding level of processes taking place in it. Reproducing the
architecture of some real neural network seems to be a good approach to start with. The
mammal brain and even brains of simpler organisms is too complex both to determine the
positions of all the neurons and connections between them and to simulate it on modern
computers. Moreover, although a lot of different neuron models have been proposed, it is
difficult to estimate how close to reality they are.

C.Elegans, free-living soil nematode, is one of the model organisms, widely used and
extensively studied by biologists. It is the only organism for which neural network
architecture — positions of its neurons and connections between them - is almost completely
known. Its nervous system consists of 302 neurons, over 5000 synapses, more than 2000
neuromuscular junctions and these elements are invariant for individuals of the same sex.

Taking into consideration aforesaid, simulation of C.Elegans nervous system seem to be
one of the most actual and necessary task. Small size of neural network will allow us to make
calculations in reasonable time using modern computers. Besides the model of the nervous
system model, it is very important to develop the model of organism’s body including
muscles and receptors in three dimensional physical environment, which will provide sensory
input and feedback to the working nervous system and allow to observe organism’s behavior.

Methods and algorithms: The program is written in C++ programming language using
free graphics library OpenGL for visualization. Simple model of input signal summation with
adjustable actuation threshold is used for realization of interaction between neurons. Neurons
can be both activating and inhibitory. Information on neuron thresholds and interneuron
connection weights is unknown, so we plan to use both experimental research data and
algorithms of neural networks learning to approximate adequate values.

Results: At the present moment 3D-simulator of C.Elegans muscular system has been
realized, which includes, as a real muscular system, 4 longitudinal groups of muscles, which
can be affected by signals from motoneurons of the nervous system. For calculations of
dynamical physical model we take into account the supporting force, the friction force, the
muscle tension, gravity and the resistance of medium. Also the C++ classes for loading and
simulating given neural network are realized. We use the experimental data, describing
C.Elegans nervous system, which are available at
www.wormatlas.org/MoW _built0.92/toc.html (The Mind of a Worm Project) which are
loaded into our program.

Conclusion: The work which is already done is the first stage of the project. Further we
plan to elaborate the more realistic physical model, to tune the most investigated fragments of
the nervous system, including motory circuit, which is responsible for the movements of the
organism, to add simulation of tactile receptors to the model and finally to adjust weights and
thresholds for all neurons and connections between them in such a way, which will result in
adequate behavior of the animal.
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Motivation and Aim: The line of the present investigation implies the solution of the
fundamental scientific problem, viz., the development of key approaches providing high
selectivity of the interaction between nucleic acids as well as high accuracy of revealing and
affecting a certain genetic material. The goal of this project is the elaboration of the unique
technology of revealing point mutations in the presence of single nucleotide polymorph
substitutions in the HIV-1 genome, which determine resistance of the virus to antiviral drugs
of the nucleoside group.

Methods and Algorithms: The method is based on the registration of the point mutations
responsible for the drug resistance in the presence of insignificant polymorphic substitutions
in DNA localized in the oligonucleotide probe binding site. Unique miniprobes, namely,
tandems of short oligonucleotides (composite tandems or cross-linked by a non-nucleotide
spacer tandems) were used as oligonucleotide probes.

Results: A new strategy of revealing drag resistant forms of HIV-1 has been proposed.
Degeneracy of DNA was taken into account while synthesizing oligonucleotide probes. The
revealing of point mutation in the analyzed DNA was performed by means of ligation of the
miniprobes. Analysis was carried out using RT PCR fragments of gene po/ HIV-1 isolated the
blood of HIV-infected patients. Among insignificant substitutions, these fragments contained
those in codons 62, 67, 70, 184, and 215 causing the resistance of viruses to antiretroviral
therapy. The use of the proposed miniprobes was shown to enhance selectivity of revealing
important point mutations in DNA even in the presence of neighboring SNP localized in the
probe binding site. The obtained results are the basis for the development of the test-systems
for revealing mutant HIV-1 strains resistant to nucleoside antiviral drugs. Such test systems
are presented by the set of relatively inexpensive DNA chips and miniprobes, provided the
biotin-streptavidin system and chromogenic substrates are used for the colorimetric detection
of the signal ligation products.

Conclusion and Availability: The proposed method has no analogs both in our country
and abroad, exceeds the known approaches in terms of its sensitivity to one-nucleotide
substitutions, and allows diagnostics to be carried out during several hours after the probe
preparation. The developed strategy of revealing point mutations in the presence of
polymorphism in the DNA structure can be utilized for the detection of other drug-resistant
viruses and bacteria.

This work was supported by MCB Program of RAS (10.6), integration grant of SB RAS
(55, 73), RFBR grant (06-04-49263).
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* Corresponding author

Motivation and Aim: Gentoo (Pygoscelis papua) is one of the species-indicator for the
evaluation of the impact of global environmental changes in the Antarctic ecosystem. Genetic
diversity of Gentoo penguin populations, telomere length and sex as bioindicator in
investigation of Gentoo populations in relation to Antarctica environmental state have been
analyzed in the present paper.

Methods and Algorithms: RAPD-PCR was carried out as the modified method of Operon
Technologies (Alameda, CA, USA) with series of random primers 10 bp each. Sex
identification and microsatellite loci analyses have been carried out by PCR with specific
primers. The special telomeric probe was constructed by ligating telomeric repeats with the
following cloning in pUCI9 and was labeled by P**dCTP or dUTP digoxigenin. Data
analysis: RFLP Scan 3.12. (Scanalytics), POPGENE version 1.32, PHYLIP package, version
3.63, GraphPad Prism 4.03 (GraphPad Software Inc., USA).

Results: RAPD-analysis revealed the levels of polymorphism in Gentoo at Petermann
Island (from 23,5 to 42,9%) and from Livingston Island (from 52,9 to 57,1%). The high level
of relationship between two Gentoo populations with a lack of significant genetic
differentiation between them (Fst=0,069) was demonstrated, despite substantial levels of
genetic variation. So it was confirmed that these two populations belong to the same
subspecies (Pygoscelis papua ellsworthi).

Female/male indexes (proportion of female) were: 0,336 for population of Petermann
Island and 0,398 for Livingston Island. Only 20 penguins from Petermann were females
among 98 chicks (y2=4,1, df=1, p=0,04), so Fisher’s hypothesis was not satisfied (we found
significant deviation from predicted binomial distribution) and perhaps the determined sex
ratio was under Trivers and Willard’s and Charnov’s models.

AMI12 and RM6 microsatellite loci in populations of Gentoo penguins were absolutely
monomorphic with only one allele in both populations. RM3 demonstrated two alleles
presented in this locus — 221 b.p. and the new allele - 217 b.p., which has not been described
for RM3 to date. We also could confirm that these two populations belong to the same
subspecies (Pygoscelis papua ellsworthi), Fst<0,04.

The average observed telomere length of Gentoo penguins was 59501537 b.p. for adult
specimens and 8100+949,1 b.p. for chicks (p<0,0001). The maximum telomere length for
adult specimens was 8000 b.p., the minimum — 3100 b.p. The maximum telomere length of
Gentoo chicks was approximately 9000 b.p., the minimum — 6200 b.p. Thus we can draw a
conclusion that the telomere length of 9000 b.p. is the maximum for the specimens of this
species.

Conclusion: Both telomere length (“population age”) and sex could be used as
appropriate bioindicators in research of Gentoo populations in relation to Antarctica
environmental state in monitoring programs of Anarctica ecosystems.
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Motivation and Aim: Incompatibility of results obtained upon analysis of signal
intensities for same probes presented on different platforms is main problems met during
analysis of microarray data on gene expression. However it is possible to calculate a matrix of
dissimilarities between samples across all probes set for homologous experiments with each
platform. The matrices for different platforms should be similar (perhaps with accuracy to
nonlinear monotonous transformation). Nonlinearity is eliminated by dissimilarities ranking.
Hence an integrated dissimilarity matrix could be built and gene expression profiles (GEPs)
produced by each platform and corresponding to specific directions in sample space could be
choosen.

Methods and Algorithms: We analysed two sets of GEP data for 31 peripheral blood
samples from patients with Huntington’s disease, presymptomatic individuals, and normal
cases (1). Upon filtration procedure CodeLink set contained 17526 complete GEPs and
Affymetrix set - 22283 ones. The sets were logarithmic transformated, centered and
normalized. For each sets an Euclidean distance matrix between the samples was calculated
with replacement of distances by their ranks. The matrices were averaged and processed by
nonmetric multidimensional scaling (2). So every starting set element became assigned to a
point in Euclidean space of low dimension (e.g. plane). Then the points shifted such that the
matrix of distances be fit well to the matrix of dissimilarities between elements with using a
coefficient of rank correlation as fitness criterium.

Results: All samples partitioned to four classes, corresponding to three mentioned groups
and intermediated one between presymptomatic and healthy individuals (subnormal, assigned
as healthy by (1)). The four partitions occupied distinct regions on the plane. Noteworthy, the
information on initial affiliation of individuals with each group was not used, the samples
were unsupervisely partitioned according GEPs.

Conclusion: Analysis of position of the groups allowed to suppose a possibility of
consecutive transition along circular path: healthy => subnormal => presymptomatic =>
patients, with specific GEPs corresponding to each group. To reveal them the correlation
coefficients were calculated between the GEPs and directions in plane from centroid of all
points set towards centroids of each group. The GEPs with highest possible correlations by
module for each group were selected. Candidate genes (1) suitable for Huntington’s disease
diagnosis were present in patients group gene lists generated for both sets.

References:
1. F. Borovecki ef al. (2005) Genome-wide expression profiling of human blood reveals
biomarkers for Huntington's disease. Proc Natl Acad Sci U S A. 102: 11023-11028.
2. Y.H. Taguchi, Y. Oono (2004) Relational patterns of gene expression via non-metric
multidimensional scaling analysis. Bioinformatics. 21: 730-740.
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Motivation and Aim: Systematic position of Vipera nikolskii (Vedmederja, Grubant et
Rudaeva, 1986), living in the forest-steppe and northern part of the steppe zone of the Eastern
Europe, is insufficiently studied. Use of the morphological methods of the analysis does not
allow to solve the given problem [1]. In this connection for studying the taxonomic status of
Vipera nikolskii it is necessary to involve the molecular genetic techniques based on the
analysis of the microsatellite sequences.

Methods and Algorithms. In order to study the systematic status of Vipera nikolskii we
have chosen the microsatellite loci 7-87, 5 and 7, used for revealing the genetic relationship of
Crotalus horridus, Nerodia fasciata fasciata [2,3].

Results: The total 61 samples of Vipera nikolskii and Vipera berus from various habitat
of the Saratov, Samara, Penza, Tula, Novgorod and Perm areas, the Chuvash Republic and the
Republic of Mordovia were selected for research.

We found 10 alleles for the microsatellite loci 7-87, which have size from 152 to 192 bp.
The level of the heterozygosity on this microsatellite loci was 72 %. It should be noted that
the allele in the size of 152 bp was present only in the populations of Vipera nikolskii from the
Saratov region, and the allele in the size of 192 bp was present only in the population of
Vipera berus from the Perm area.

The Vipera berus from the Tula and the Novgorod regions were characterized by only
two alleles 176 and 184 bp. All other populations had a full set of microsatellites that testifies
to existence in the given territory of the transitive forms. Loci 5 and 7 were completely
monomorphic of all adder used in the analysis.

Conclusion and Availability: This work is the first attempt to analyze the microsatellite
sequence of Vipera nikolskii. In this connection the further comparative analysis of the
microsatellite sequence of investigated species of adder from various regions of the area is
represented perspective.

References:

1. W.G. Tabatschischin et al. (2004) Zur prazisierung der siidlichen Grenze des
Verbrei-tungsareals der Waldsteppenotter (Vipera nikolskii) im europdischen Teil
Russlands, Mauritiana, 19: 83-85.

2. X. Villarreal, et al. (1996) Isolation and Characterization of Microsatellite
Loci for Use in Population Genetic Analysis in the Timber Rattlesnake, Crotalus
horridus, The Journal of Heredity, 87: 152-155.

3. R. Melanie et al. (1999) Microgeographic population genetic structure in the
northern water snake, Nerodia sipedon sipedon detected using microsatellite DNA loci,
Molecular ecology, 8: 329-333.
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Motivation and aim: Nowadays, computational (or in silico) technologies are widely
used in design of new biologically active compounds. Along with “traditional” objects of a
pharmacological interest (like water-soluble proteins, nucleic acids, and their complexes), a
growing attention is now attached to targets in cell membranes. These are the membrane-
bound and membrane-active peptides and proteins (MPs) as well as the lipid bilayer itself.
MPs play a crucial role in numerous cell processes, such as signaling, ion conductance,
fusion, and others. Many of them act as highly specific and efficient drugs and drug targets.
Because of experimental difficulties with structural characterization of MPs, computer
simulations became an important alternative source of biologically relevant information for
such supramolecular systems.

Methods and Algorithms. Structural/dynamic properties of MPs with diverse fold (a-
helical, B-structural), mode of membrane binding, and biological activities were assessed via
simulations with implicit and/or explicit theoretical models of membranes. Among the objects
under study were antimicrobial and fusogenic peptides, cardiotoxins, GPCRs, artificial
peptides targeting transmembrane helices of MPs, efc. [1-3]. A new computational approach
was proposed to study behavior of MPs in different membrane-mimic media. The approach
combines in a self-consistent manner Monte Carlo conformational search in implicit
hydrophobic slabs, molecular dynamics in hydrated full-atom lipid bilayers and micelles,
molecular hydrophobicity potential analysis, homology modeling, efc.

Results: The predictive power of the computational protocols was proven via testing the
modeling results against high-resolution experimental data obtained for several antimicrobial
and fusogenic peptides, transmembrane helix-helix dimers, and so on. Furthermore, based on
the theoretical data, a number of MPps with “improved” biological activities were elaborated.

Conclusion: In silico technologies represent an integral part of modern computer-aided
design of novel biologically active molecules — potential drugs - acting on targets in cell
membranes.

References:
1. R.G. Efremov et al. (2004) Peptides and proteins in membranes: what can we learn via
computer simulations? Curr. Med. Chem., 11: 2421-2442.
2. R.G. Efremov et al. (2007). Molecular lipophilicity in protein modeling and drug design,
Curr. Med. Chem., 14: 393-415.
3. Ya.A. Vereshaga et al. (2007). Specificity of helix packing in transmembrane dimer of
the cell death factor BNIP3: a molecular modeling study. Proteins, 69: 309-325.
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Motivation and Goals: The mitochondrial genome has been the most widely used system
for the investigation of the evolutionary history of our species. It has become a system of
choice because of its high rate of sequence divergence and because of its uniparental,
maternal inheritance. With the advent of human population genomics [1] and rapid
accumulation of complete mtDNA sequences, it has become increasingly important to quickly
and comprehensively analyze the data available.

Methods and Algorithms: We propose a novel maximum parsimony-based algorithm for
reconstruction of phylogeny of non-recombining DNA sequences. This algorithm includes
three consecutive steps. 1) sorting and identification of recurrent mutations (the ones that do
not allow for unambiguous phylogeny reconstruction); 2) analysis of recurrent mutations and
identification of the most plausible parallel mutations; 3) parallelization of these mutations.
When aligning the DNA sequences, we also applied a novel optimized algorithm for weighted
alignment.

Results: The algorithm designed was used in mtPhyl. This software package allows
analyzing rapidly human entire mtDNA sequences. The mtPhyl identifies the mutated region,
aminoacid replacements, and calculates the coalescence time for the most recent common
ancestor. In addition, it sorts out sequences in accord with parameters as outlined by user, and
enables us to estimate the natural selection. The output can be easily converted into any
formats used by popular programs such as Arleqin, DnaSP, etc. The mtPhyl appears to be a
unique package which can be used as a standalone tool and as an accessory program for
preliminary data analysis.

Conclusion: mtPhyl based on a new algorithm to reconstruct molecular phylogeny
represents a timely advance, since the advent of cheaper sequencing methods has generated an
excess of sequence data, and there is an urgent need to perform their automatic analysis.

Availability: Demo version of mtPhyl is available from the authors upon request and at
http://www.bionet.nsc.ru/labs/mtgenome/programs.html.

References:
1. S.B.Hedges (2000) Human evolution. A start for population genomics, Nature, 408:
652-653.
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Abstract: The need for knowledge discovery in life sciences has resulted from several
trends among which three are the most important ones. These are: (i) methods, tools and
technologies that allow one to get a holistic understanding of the entire genome, (ii) the recent
reality that proper understanding of biological processes needs to be an integration of several
biological research directions, such as genomics, metablomics, proteomics, etc, and (iii) the
basic reality that knowledge discovery would help us in many directions such as functional
omics, better prognostics and diagnostics in healthcare, intelligent drug discovery,
personalized medicine and many more. Essentially, knowledge discovery is the process of
developing and applying strategies to discover useful and ideally all previously unknown
knowledge from historical or real-time data. Applied to the life sciences domain, knowledge
discovery processes will help in various research and development activities, such as (i)
studying data quality for possible anomalous or questionable biological data/experiments, (ii)
identifying relationships between genes/proteins and their functions based on time-series or
other high throughput biological profiles, (iii) investigating genes/proteins responses to
treatments/environment under various conditions such as in-vitro or in-vivo studies, and (iv)
discovering predictive/descriptive models for accurate diagnosis/classifications based on
biological expression profiles among two or more classes.

This talk consists of three parts. In part one, we provide an overview of knowledge
discovery focusing on bioinformatics domain and describe the main motivations for
developing and applying knowledge discovery methods to analyze life sciences data. In part
two of this talk, we briefly describe a few of our case studies where we have analyzed high
throughput biological data. These are cases in which real biological data sets (obtained from
public or private sources) have been used for tasks such as gene function identification and
gene response analysis. In the last part of this talk, we will describe the overall trends in the
paradigm of knowledge discovery in life sciences.

Short Bio: Dr. A. Famili is a Senior Research Scientist, Group Leader for Knowledge
Discovery Group and a leading data mining expert working at the Institute for Information
Technology (IIT) of the National Research Council of Canada, where he has been for the last
23 years. Prior to joining NRC, he worked in industry for 3 years. Dr. Famili has been
actively involved in the field of Artificial Intelligence, Data Mining and Biolnformatics and
successful application of these technologies. He has a strong data mining and bioinformatics
team within IIT that is currently engaged in unique research and development in data mining
for genomics, proteomics and health care. His research has been on data mining, machine
learning and bioinformatics and their applications to real world problems in various data rich
environments, such as life sciences. Dr. Famili has edited two books, has published over 45
articles in the area of data mining and Al and has a US data mining patent. He has organized
many workshops and has been involved in a number of data mining and Al conferences and
has extensive collaboration with NRC Institutes and a number of other research institutes in
Canada and Europe. He is also on the editorial board of four scientific journals and an adjunct
professor at SITE (School of Information Technology and Engineering), and The Institute of
System Biology, at the University of Ottawa.
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Motivation and Aim: Previous studies on genetic variation of invertebrates from the
Lake Baikal revealed variation of population dynamics caused by geological events
(tectonical shifts), changes in global climate and related shifts in segmentation. Maakia
(Eubaicalia) herderiana is one of the molluscan species dominating the stone littoral of the
lake as opposed to other Baikalian species inhabiting sand bottom. This species varies in shell
sculpture: from ribbed to smooth shells. The aim of this study was to compare genetic and
morphological differentiation of this molluscan species and analyze possible influence of past
geological events on demographic of and genetic variation.

Methods and Algorithms: We used mitochondrial COI DNA sequences to infer the
pattern of genetic diversity in M. herderiana inhabiting the southern shore of the lake Baikal.
We have analyzed 68 samples from 7 localities. In some of them ribbed and smooth shell
morphs were found in sympatry. To estimate population-genetic parameters such as
population size and population growth rate we used program LAMARC version 2.1.2b [1].

We used individual-based models, developed in line with [2] in order to simulate
patterns of sequence diversity resulting different demographic scenarios.

Results: The observed proportions of nucleotide substitutions among M. herderiana
mtDNA COI sequences were 0.0 — 0.7%. We did not reveal any correlation between the shell
sculpture and the slight genetic differentiation. This suggests that organisms from all sampled
localities form a single population. Observed patterns of molecular and morphological
diversity of M. herderiana have been compared to simulated patters and similar results
obtained by others for ecologically dissimilar benthic animals inhabiting the same area of lake
Baikal.

Conclusions: No animal populations of stable demography have been observed so far at
South-Western shore slope of Lake Baikal. M. herderiana is a good example of a rock-dweller
which is likely to use opportunities created by tectonic events know to occur during last 100
000 years in this area (Maz and Sherbakov; pers. comm.). Here both simulations and
experimental approaches have been used to elucidate demographic history of M. herderiana
and some benthic species and correlated to known tectonic catastrophes.

References:
1. Kuhner, M K. (2006) LAMARC 2.0: maximum likelihood and Bayesian estimation
of population parameters, Bioinformatics, 22: 768-770.
2. Semovski S.V. et al (2004). Simulating the evolution of neutrally evolving sequences

in a population under environmental changes, Ecological Modelling, 176: 99-107.
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Motivation and Aim: The inability to accurately predict toxicity early in drug
development resulted in $8 billion losses in the pharmaceutical industry in 2003,
approximately one-third of the all drug failures costs in one year . A recent example is
Merck's withdrawal of the blockbuster drug Vioxx, which caused the company's stock to
plunge 25% in one day . That is why computer aided toxicology prediction is of growing
interest both to the industry and for government regulators, who have recently issued several
reports calling for application of NEW approaches in assessing drug safety.

Methods and algorithms: Recently it was observed that experimental values of molecular
activities against a large proteins set can be used for predicting broad biological effects . In
this investigation we take advantage of this concept and develop a novel qualitative method
for ADMET properties prediction. Using our in-house docking and binding free energies
prediction software (QUANTUM), we calculate inhibition constants for about /200 small
molecules, mostly drugs, against a diversified 5/0 human proteins set. Using publicly
available ADMET information for every molecule we establish relationships between the
binding constants and various ADMET properties (endpoints).

Results: The analysis of binding affinities profile for each of the molecules led to
establishment of a relation between various ADME and toxicological properties of a molecule
and its activity against selected representatives of approximately 50 protein-families.

Conclusion: We have shown that a new approach, linking the computed Biological
Spectra with ADMET properties of small molecules. This method is very flexible, can use
both in-vitro and in silico assays, and has, in principle, a potential to reduce or substitute for
animal testing. It is capable of incorporating diverse databases of molecules with different
biological activities, and can have significant implications for biology and drug discovery.

Availability: The software demo, g-Tox, is available from Quantum Pharmaceuticals
website, http://www.q-pharm.com
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Motivation and Aim: L1 elements belong to the superfamily of autonomous
retrotransposons and constitutes roughly 10-20% of mammalian genome. L1 elements encode
two proteins: one is RNA-binding protein that specifically interacts with L1 transcripts to
form ribonucleoprotein particles and the second one possesses reverse transcriptase and
endonuclease activities. The both proteins are assumed to be required for retrotransposition of
LINEs. Transcription of full-length RNA, the first step in the L1 retrotransposition, provides a
template for synthesis of both L1-encoded proteins and a DNA copy. Coexpression of full-
length sense strand LINE1 RNA and LINE1 encoded protein can be detected only at definite
stages of germ cell development, and in case of some cancers. Thus accurate regulation of L1
transcription plays important role in the retrotransposition control and genome fate; however
mechanisms of such regulation remain largely unknown.

Methods and Algorithms: We investigated factors involved in regulation of L1 elements
expression with the help of northern and southern blotting and computer analysis of L1
promoter regions structure using MAR-Wiz 1.0 program (http://www.futuresoft.org/MAR-
Wiz/) and DNA Curvature Analysis Software (http://www.1fd.uci.edu/~gohlke/curve/).

Results: In our study we characterised pattern of expression of rat L1 elements, their
promoter structure and methylation state and identified transcription factors specifically
binding to this promoter in vitro.

Conclusion: We conclude that factors such as DNA bending and association with
nuclear matrix seem not to be involved in regulation of rat L1 transcription. In contrast cell
type specific methylation in cooperation with ubiquitous transcription factors could modulate
transcriptional activity of rat L1 promoter. Heterodisperse sense and antisense L1 transcripts
which were revealed in liver cells, most likely are not translated and unable to participate in
the retrotransposition of L1. Finally, we detected small sense and antisense RNAs
homologous to rat L1 promoter region in testis cells. Thus we suggest that complimentary L1
transcripts could form double stranded RNA, which are processed to small RNA and
hypothetically participate in RNA-dependent silencing of L1 elements.
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Motivation and Aim: A need to resolve conflicting interests related to private data
availability is the reason for our research. We consider a problem of making verifiable
statements about properties of sequences widely used in bioinformatics. Our major targets are
nucleotide sequences and conclusions resulting from DNA analysis. We focus on protocols to
produce verifiable statements involving approximate matching without the need to disclosure
private information. We stress that there was a very limited development supporting verifiable
statements related to approximate matching.

Methods and Algorithms: We introduce a new proof of knowledge protocol for K-way
substring statement, a related verification method, and a polynomial representation for strings.
We use a novel challenge-response system designed to prove properties of polynomials. We
use Schnorr proof of knowledge protocol and Pedersen commitment scheme to bootstrap
challenge-response system from public information.

A polynomial representation for multisets was introduced for a set reconciliation
protocol,

and was later extended to represent directed graphs. Verification method using responses
of Schnorr protocol was introduced for a set similarity protocol, and was also used for
protocols to prove knowledge of a Goppa codeword, graph isomorphism a k-colourability.
Challenge-response system from Schwartz-Zippel lemma was introduced for set similarity
protocol, and could be considered an extension of Schnorr protocol. An efficient protocol to
prove knowledge of a logarithm in a finite group was introduced by Schnorr for an electronic
signature scheme. A commitment scheme was introduced by Pedersen to facilitate protocols
to prove practical statements about committed data. Commitments and proof of knowledge
protocols were used to design democratic voting and electronic cash systems, verify
correctness of computations with shared data.

Results: Protocol developed allows a proving party to demonstrate validity of a
statement regarding his data only using public information about his data. Our protocol was
designed to demonstrate that at least K copies of a pattern string are embedded in a host
string. Our protocol does not leak information about both strings and matching locations,
other than string lengths and the statement shown. It was shown protocol developed is a
special honest verifier zero knowledge argument of knowledge; probability estimate was
given for a honest Verifier to accept for any Prover trying to show a false statement; this
probability was shown to be exponentially small in group order bitsize.

Conclusion: We consider substring statement to be a convenient model useful to
approach specific practical protocols. We expect new protocols to appear addressing specific
statements and conclusions like identification, paternity test, disease susceptibility etc.

Availability: Basic protocol for set similarity was implemented to show protocols are
practical and useable. Additional information supporting software development is available at
http://vf.org.ua/string_matching/
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Motivation and Aim: One of the challenges of bioinformatics in genome analysis is to
predict particular motifs within DNA sequences serving as trans-regulation sites. Nuclear
Hormone Response Elements (NHRE) are among the most important response elements
adopted by Eukaryotic regulation of genetic expression.

Methods and Algorithms: An NHRE is a DNA sequence characterized by its
palindromic structure with 3 specific features: the sequence of the base pairs in the half-site,
the number of base pairs between the half-sites, the relative orientation of the two half-sites.

These sequences can be predicted through different methods such as Weight Matrix
(WM), Markov Model (MM) and Bayesian Networks (BN). Although MM has been shown
to be the best methods to predict DNA motifs in general, their application to NHRE
prediction was not very successful due to the particular properties of the NHRE.

Results: In this work, we first outline the performance of the three methods and how
they can be adapted to NHRE prediction. Then we present two programs that implement
WM and BN methods. We used these programs to perform a genome wide search of NHRE
in the human genome.

Conclusion: This allowed us to evaluate the performance of the two methods and to
compare them to each other.

We finally propose a combination of BN and WM to improve the precision of the
prediction.

Availability: NHRE finder will be soon available as academic tool on the CBS web site
(www.cbs.rnrt.tn)
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Motivation and Aim Microsatellites are one of the most dynamic class of genome
sequences responsible for many functionally important types of genome variability [1,2]. Our
objective was using full-genome data to find dominating types of microsatellites with periods
4-6 in human and mouse genomes and determine factors explaining their abundance.

Methods and Algorithms We used TRF-based “Simple repeat” datatrack associated
with UCSC GenomeBrowser.

Results: Low complexity microsatellites with (A),B unite (exact phase) dominate in
human and mouse genomes. Alu- and L-like elements overlap usually with (A),B-repeats,
rather then with repeats of any other types. We have found all examples of such
microsatellites flanking Alu-repeats. The youngest A/u’s overlap with microsatellites more
frequently and microsatellites overlapping with younger A/u’s are more often exact.

Conclusion: As it is known, A/u integration is associated with L1-related endonuclease
that cuts at AT-rich sequences [3]. It is also known that AT-rich sequences appear at the 4lu
ends and can give a birth to repeats of B(A),-type [4,5]. Thus Alu- and L-like elements of
human and mouse respectively contribute substantially into genome composition of
microsatellites with periods of 4-6. Particularly, contribution of 4/u is decisive in the human
genome. It appears that generation of A/u-adjacent microsatellites takes place simultaneously
with Alu integration with subsequent degradation of both repeats.

Acknowledgements: This study was partially supported with Russian Fund of Basic
Research Grant # 07-04-01584-a
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Motivation and Aim: Investigation of natural selection results in Mendelian panmictic
isolated population of diploid organisms is the classic research task of mathematical
population genetics [1]. In this task the homogeneous population is considered; i.e. it is
suggested that different generations of this population are not overlapped. This suggestion is
true for some natural populations, but such situation is rather exception than rule. Many
biological species have age structure. In our issue we consider how the age structure presence
may change the results of classic natural selection research.

On the other hand it is shown in [2] that reproductive potential and survivability growth
is followed by the complication of number dynamics of two-aged population. It is natural to
suggest that growth of individuals’ fertility and of survivability in natural populations is the
result of evolution under the natural selection.

Methods and Algorithms: The analytical and numeric investigation of natural selection
model in two-aged population carried out:

‘xn+l :Wnyn’ynﬂ :xn(l_x11)+cyn
_p11(WAApn+WAa(1_pn)) _xn(l_xn)qn+cynpn

qn+l - sLn+l T
a X, (1 -X, )+ cy,

n

here W, =w,, p. +2w,p, (l - D, )+ W, (1 - D, )2 is reproductive potential of

reproductive part of population (or average fitness of embryos); w; — genotype 7 fitness, x, —
the number of junior age class in n-th reproduction season, and y, - the number of
reproductive part of population; g, — frequency of allele 4 in junior age class and p, —
frequency of allele 4 in reproductive part of population.

Results and Conclusions: Our research shows, that growth of average fitness of embryos
w is followed by the destabilization of the population number at first; than (if population is
genetically polymorphic) occurs destabilization of genetic structure of population age groups.
So it may be concluded, that transition from stable regimes of population numbers dynamics
as well as of population genetic structure to fluctuations and chaos is result of the natural
evolution in natural age-structured population.
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Motivation and Aim: The nested arc-annotated sequences (NAAS) represent RNA
secondary structures. Informally, a NAAS is a word in the alphabet {A, U, G, C} and a set of
nested arcs connecting its letters. An optimal structure for a given word is a NAAS on the word
having maximal possible number of arcs among the NAASs. A word is strong, if any of its
optimal structures has an arc between the first and the last characters of the fragment. The run-
time bound of a dynamic programming algorithm finding an optimal structure for a given word
w can be improved by replacement of the number of all fragments of a word w (~ n’, where n
= n(w) is a length of the word w) by the number F(w) of strong fragments of the word w [1]. In
[1] the authors claim that the average value F(w) is linear if we will consider only sequences
meeting some physical restrictions. Our aim was to study the behavior of F(n) where F(n) is an
average number of strong fragments of a random word w of length » (all letters of w are iid
variables).

Methods and Algorithms: We have proved the following statement. Let G(r) be a number

of strong words of length n; g(n) = G(n)/4" . Then for all n >0

Fn+)=n*g2Q)+(n-1)*gB)+..1*g(n+1). (1)

In order to understand the behavior of F(n) we will study g(n). If g(n)>c >0 for all n,
then the function F(#) is quadratic.

Experiments and results: To investigate the average number of strong fragments of a
random word we have performed Monte-Carlo computer experiments. For each n € {1,...,
1000} we have created a set R[n] consisting of 10000 random sequences of length n. Besides
this, we have calculated the experimental values of F(r) and g(n) over the set. The experiments
show that g(n)~0.02 for all » > 30. Using (1) and information about g(n) we have

approximated F(n) by the formula F *(n)=0.01n> +0.64n—3 (n > 30). For all n >30 we

have F(n) > F*(n) and the difference F(n) — F'*(n) grows monotonically for n>100.
Conclusion: Formula (1) and computer experiments show that the average number F(n) of
strong segments of a random sequence of length n growth ~n” .
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Motivation and Aim: In [1] we have introduced the class of subset seeds and have
demonstrated their advantages for the DNA comparison. In case of protein seeds the number
of possible seed letters (i.e. subsets of the set of amino acid pairs AP) is ~22'" thus one has to
start with the choice of seed alphabet. Here we consider hierarchical and non-hierarchical
transitive alphabets. A letter D is transitive if D contains all pairs (a,a) and for all p,, p,, p;
€AP if (p;, p2), (v p3y) €D then (p; p;) €D. Transitive letters are in one-to-one
correspondence with partitions of the amino acid alphabet A. The transitive alphabet is a set
of transitive letters including Match that corresponds to the partition where all amino acids are
separated. The hierarchical transitive alphabet (HTA) is a set of embedded letters. In a non-
hierarchical transitive alphabet (NHTA) letters are not necessarily embedded. Transitive
letters allow for a direct hashing scheme within the database search. Our aim is to find out if it
is possible to design subset seeds with better or equal selectivity (for a given sensitivity) than
more complicated BLASTP-like seeds or vector seeds.

Methods and Algorithms: To design the desired seeds we use the three stage procedure:
(A) design the transitive alphabet (hierarchical or not); (B) reveal seeds with maximal
selectivity for the given set of sensitivity values; (C) same as (B) for the multi seeds. To
perform the step (A) every amino acid pair is associated with both background and
foreground probabilities. The background distribution is the distribution of letters in the
aligned independent sequences, and the foreground distribution corresponds to the really
interesting alignments. Let D = {p;, ..., pi} & AP be a subset seed letter; b(D) = Y i=1.:b(p)
and f(S) = Yi=1.4f(p;) be its background and foreground probabilities. To find a good HTA we
start with R; = Match and then recursively produce Ry, from R; according to the following
algorithm. For all pairs of classes C;, C, from the partition R; we find W(C,, C;) = f(Br(C,,
Cy))/ f(Br(C,, C;)), where Br(C;, C3) = {(a,b) € AP |a € C;, b € C,}. Then we unite C;, C,
having maximal value of W (C;, C;) into one class of Rj.;. To find a good NHTA we use
similar algorithm. To produce successors of a member of &-th generation we maintain not one
but P=50 partitions having best value of W. The (k+1)-th generation is formed as Q=200 best
successors of k-th generation. Thus we have ~10000 and to pick out of NHTA we used
different heuristics based on the two following ideas: (1) we prefer the letters with high
likelihood ratio; (2) the alphabet should contain letters of different weights. Given a transitive
alphabet, steps (B) and (C) can be performed with proper genetic algorithms.

Experiments and Results: We have shown that the transitive seeds of size 4 (both
hierarchical and non-hierarchical) can outperform the efficiency of BLASTP-like seeds.

The seed selectivity was computed by the algorithm from [1] according to the Bernoully
model with probabilities corresponding to the BLOSUMG62 substitution matrix. The same
result was also shown for the experiments with real testing sets (BAliBase, HOMESTRAD,
etc.)
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Motivation and Aim: In the present paper we share our experience concerning the design
and implementation of a scalable software system that is aimed to solve the problems in DNA
analysis such as incompatibility and disconnection of different information sources, high
specialization and lack of computational scalability of existing software tools, limited
visualization interface, etc.

Variety of the incompatible information sources and methods constrains to the manual
handling of inputs and outputs from different software tools. It is one of the main bottlenecks
in the DNA analysis. The common problems are the necessity to use WEB applications to get
a result, command line scripts and incompatible formats.

The solution is a software system that supports the set of information sources and
computational methods and can be extended to support new ones.

Results, Conclusion and Availability: We designed and implemented an interactive
visual software system called UniPro GenomeBrowser 2.0 [1] aimed to simplify work with
DNA sequences, alignments and annotations. The supported data formats and the types of
information sources, as well as analysis and visualization methods, can be added to the system
without any changes to the existing code. The system has an internal resource manager and a
task scheduler that make application run smooth on slow personal computers and utilize the
resources of modern multicore systems.

Our results can be used by the architects of the similar systems as well as by researchers
for immediate use and as an educational tool for computational methods in DNA analysis.
The binary distribution of the system can be requested from the authors by email and will be
demonstrated on a computer stand on BGRS’2008.

UniPro GenomeBrowser 2.0 web site: http://genome.unipro.ru/
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Motivation and Aim: The ubiquitin system forms one of the most important pathways of
cellular regulation. At present, the amount of experimental data concerning the ubiquitin
system grows extensively. On the other hand, unraveling of the respective functional
consequences is not so fast, and many of the ubiquitin-dependent regulatory mechanisms still
remain enigmatic. We try to reduce this divergence by development of computational
resources related to the ubiquitin system.

Results: The present research comprises several aims. To fill a general need for
collecting and systematizing experimental data concerning ubiquitylation we have developed
a specialized resource, UbiProt Database, a knowledgebase of ubiquitylated proteins
(http://ubiprot.org.ru) [1]. The database contains retrievable information about more that 400
target proteins, as well as ubiquitylation features and related ubiquitylation/de-ubiquitylation
machinery. The utility of UbiProt is also being extended for usage in proteomics tasks. To
facilitate identification of ubiquitylated proteins by mass spectrometry, we have developed
Ubldent, a new tool for virtual fragmentation of target proteins (included in UbiProt dataset or
supplied by user) and calculation of the precise masses for peptides bearing modification.
Currently we are going to represent the whole ubiquitin system in terms of the system
biology. Formalized rules have been introduced for description of the ubiquitylation cascade
and deubiquitylating enzymes, their interactions, upstream regulatory events and downstream
metabolic outcomes. Respective resource termed «Ubiquitomix» is now under development
using the BioUML workbench ((http://www.biouml.org) [2], which enables graphical
representation and mathematical or computational modelling.

Conclusion: Computational resources presented here provide explanatory and predictive
insights into the behaviour of the ubiquitin system and its role in cellular signalling.

Availability: All resources are freely available for non-commercial users.
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Motivation and Aim: One of the important tasks is to obtain the minimal sized protein,
retaining the ability to elicit essential biological function of the native protein. Truncated
forms of protein with the single activity are applicable in biotechnology, pharmacology and
medicine. The new approach to solve this task is suggested in this work;

Methods and Algorithms: Method of partitioning of the sequence is based on the new
type of the approach of protein sequences using the informational units (IU) [1]. This
approach allows using protein sequence alone to build the system of the hierarchically
organized IDIC-sites. Full set of IDIC-sites is the protein information structure (IS). IDIC-
sites are characterized by Increased Degree of Informational Coordination (IDIC) between
amino acid residues and have high degree of structure stability. ANalysis of Information
Structure method (ANIS-method) consists of the following steps:

-coding of the sequence using of the IU-approximation (informational units);

-making the informational density profile of the protein sequence;

-position identification of the IDIC-sites with the different hierarchical levels;

-making the IDIC-diagram (graphic presentation of the protein IS);

As the result the protein is presented as the system of hierarchically organized IDIC-sites
of different lengths;

Results: Depending of the current task the researcher have the opportunity to choose the
protein sequence fragment, truncation of which will minimally perturbate 3D structure of the
rest part of the protein. Efficiency of the method was verified by obtaining the recombinant
truncated forms of peroxiredoxin-6 [2] and interleukin-13 [3].

The WEB-service is organized as follows: after the free registration of the user, the
amino acid sequence in one letter code maybe entered in the “SEQUENCE” window. After
the computation the file with graphical representation of the protein informational structure is
sent by e-mail to the user. Figures 1A and 1B represent IS of peroxyredoxin-6 and
interleukin-13, obtained with the WEB-service. The patent application is filed for the
developed method [4];

Conclusion: The WEB-service is set on the base of the ANIS-method, allowing to
investigate hierarchical organization of IDIC-sites and being the new effective tool for the
design of new recombinant proteins;

Availability: This web-service available on http://trees.anis.ibch.ru;
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Motivation: Bioinformatics is growing, a field still existing in its aboriginal version
demanding a vast scope to be exploited by the budding engineers and professionals working
with life sciences having preliminary knowledge in informatics. Various tools and soft wares
available on line along with vast database resource available at NCBI, EMBL, Swiss-Prot etc
helps us bringing the biological approach of diagnosis to be operated at a remote computer.

Aim: Microbes, ever since, have served as one of the root causes to many diseases
reaching up to deadly ones like AIDS, Leprosy, etc. It has always been Allopathic,
Therapeutic or Ayurvedic (herbs), approach to combat the disease worldwide. The objective
is to solve the problem using the tools of Bioinformatics and then apply it in vivo.

The project aims at designing an Insilico primer for 28 kDa antigen precursor protein
of M. Leprae, which is a surface protein found on the membrane of leprae and recognizing
which human body produces antibodies.

Methods and algorithms: The project is to build primer for the respective protein using
different tools and soft wares available online (provided by various research institutes and
universities like Genefisher, DNASIS-Max, uni-prot, NCBI, PDB, etc) and thereby doing a
comparative study of the results. Depending upon the congruency of the results obtained with
different soft wares, each using different Algorithm, my objective is to build the best forward
and reverse primer for the protein. I have successfully developed the best primers Insilico.
Once the primer has been build it can then be exploited in wet lab to produce the protein using
diverse techniques of molecular biology and then finally it can be used to produce Antibodies
(exclusively Monoclonal) for the protein and hence can be used to combat the disease in the
sick patients of Leprosy.

Results: Best forward primer ™Sl mORWARD FRIMER

1. Matched in PRIMER3 and DNASIS-Max

Position- 67 to 87
Sequence- gtccatgcgcatatttcctt
2. Matched in WebPrimer and Genefisher
Position- 16 to 34
Sequence- gatgcaagctttcgaca

3. Matched in Genefisher and DNASIS-Max
Position- 245 to 273
Sequence- caccgatgatccaggta
Best reverse primer ‘S, AEVERSE FRIMER
1. Matched in DNASIS-Max and PRIMER3
Position- 270 to 250
Sequence-  caggccattacctggatcat
Conclusion: Project abstract once highlighted in medical community can bring out the
possible approach to more remote technique and can help millions of people suffering from
Leprosy; moreover, it would certainly highlight the role of Bio-informatics in solving the
dilemma of medical science and putting it to a more real approach rather than considering it
merely a computer one.
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Motivation and Aim: The GH70 family of glycoside hydrolases is composed by several
dozens of proteins. Enzymatically characterized members of this family possess
alternansucrase, dextransucrase, and reuteransucrase activities. Evolutionary relationships
within the family are still unclear and became the purpose of the work.

Methods and Algorithms: Protein sequences were retrieved from the NCBI database.
Multiple sequence alignment of 39 GH70 domains was made in BioEdit program (very
similar and partial sequences were omitted). The phylogenetic trees were built using programs
of PHYLIP package. Clusters of sequences with bootstrap support higher than 90% were
considered as stable. Interfamily relationships were established by PSI-BLAST searches,
using several most divergent representatives from the GH70 family.

Results: GH70 domain is almost always preceded by GH70N and followed by COG5263
domains. The majority of proteins do not have additional domains, but some of them contain
DUF1542 or REUTERI. Several proteins include two GH70 or two COG5263 domains.
Exiguobacterium sibiricum has an unusual circularly permutated GH70 domain. GH70N and
REUTERI are new domain families with unknown functions. The pairwise comparison of
GH70 domains showed that the sequence identity is higher than 30% for almost all pairs.
Both Neighbor-Joining and Maximum Parsimony phylogenetic trees of the family have a
similar topology. E. sibiricum GH70 sequence was used as outgroup. All other domains form
two stable clusters. The smaller of them contains only Lactobacillus reuteri domains. Two
main stable subclusters of sequences can be distinguished inside the second cluster. One of
subclusters is composed by the rest part of L. reuteri sequences. The other one is formed by
the majority of GH70 domains and includes a stable group of proteins from several
Streptococcus species. Six the most divergent GH70 domains, selected based on the
phylogenetic trees, were used as query for PSI-BLAST. Two iterations with each of them
allowed us to obtain 3660 nonidentical protein sequences in total, representing GH13 and
GH70 families. Particularly, members of 1, 2, 4-12, 14-17, 19, 20, 23, 24, 26-32, 35, and 36
subfamilies of the GH13 family were found.

Conclusion: Conservative domain structure of GH70 proteins and their representation
almost only in the lactic acid bacteria suggest a recent appearance of GH70-encoding genes.
Existence of several GH70-paralogues in many organisms and two GH70-domains in some
proteins shows a significant role of duplications in the evolution of the family. Our data
confirm close relationship of GH13 and GH70 families of glycoside hydrolases (they belong
to GH-H clan). A similar circularly permutated structure of GH13 domains and E. sibiricum
GH70 domain allows us to conclude that the latter resembles structure of GH70 domain
ancestor.

We are thankful to Marco Carreras for help with automation of PSI-BLAST output
analysis and to the Russian Foundation for Basic Research for a financial support (grant 06-
04-49079-a).
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e-mail: MVGlazkov@yandex.ru

According to the loop-domain model, eukaryotic chromosomes are organized into the
series of loop structures. The basements of these loops are anchored at the residual nuclear
structures (nuclear matrix) (1).

This work is devoted to the question of the possible existence of loop organization of
chromatin which does not require the anchoring of chromosomal DNA at the nuclear matrix.
To this end, the computer modeling of the loop organization of chromosomal domains of
genes of plants (2 genes), animals (4 genes), human (11 genes), and also short (human Alu 1,
hamster Alu 2, mice B1) and long dispersed (LINE 1 of mice, of rats and of rabbit) repeats,
the tandem repeats (satellite DNA from mouse centromeres and the y-satellite of the mouse)
has been carried out. The method suggests the search for «complementary» tracks of
polypyrine and polypirimidine sequences capable to form three-stranded DNA structures (the
H-form of DNA), that is accompanied by the looping of chromosomal DNA regions located
between such tracks.

It is shown, that both gene-coding, and gene-not coding regions of eukaryotic
chromosomes can be packed into the systems of small size loops (up to 5 kbp DNA) by the
similar mechanism. Thus, chromosomal domains of genes (including located close to each
other) are capable to be packaged into the isolated systems of loops that can be the structural
basis of their independent expression. The character of loop organization of gene domains
gives way to explain both the existence of some types of pseudo-genes and various
duplications, deletions and inversions of some parts of genes, including those leading to
hereditary diseases.

Results of modeling are in good conformity with the data of electron microscopic
research of the loop organization of eukaryotic chromosomes, the study of fragments of the
chromosomal DNA isolated from core of rosette-like structures of interphase chromosomes,
modeling of the loop organization of human a;-antytrypsine gene in vitro obtained earlier in
our laboratory (2,3,4), and also the well-known facts about more compact packaging of the
chromosome regions containing satellite DNA and the preference association of blocks of
satellite DNA with the nuclear envelope.
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Motivation and Aim: 1t is well-known that diagnostics on early stages and prophylaxis of
different diseases is one of the most actual problems of modern medicine. Patient usually
consults a doctor on the stage when disease is already in progress. At the same time the cause
of pathological process often remains unclear. In this case intensive treatment can improve
state of health of patient only for sometime and makes him dependent on symptomatic drugs.
Diagnostic of predisposition to the multifactorial pathologies nowadays becomes an important
tool that is necessary for solution of the predictive medicine problems. The basic directions of
these researches are connected to genes of cancerogenesis and cardiovascular diseases.

Methods and Algorithms: Using pharmacy biochip specially constructed for population
studies, 13 polymorphisms of 7 genes: CYPIAI(C4887A, A4889G, T6235C),
CYP2D6(G1934A, DelA2637), CYP2C9(C430T, A1075C), GSTMI(del), GSTTI(del),
NAT2(C481T, G590A, G857A), CYP2CI9(G681A) and wusing RFLP method 9
polymorphisms of genes: AGT(M235T), ACE(/D), AGTRI(A1166C), PAII(4G/5G),
GPIIa(C1565T), MTHFR(C677T), NOS3(4/5), IGF-1(CA repeats), PGC-1(Gly482Ser) were
investigated in 3 age-specific groups from North-West Region of Russia.

Results: The frequencies of same genotypes and alleles of CYP2C9, GSTM1, GSTTI,
NAT2, AGT, ACE, AGTRI, PAIll, MTHFR, NOS3, IGF-1, PGC-1 genes were different
between studied groups.

Conclusion: In our investigation was demonstrated that people who have certain
genotypes of studied genes for men and for women have some metabolic advantages for their
longer survival. Further, it is necessary to perform studies on various groups of different age,
taking into account meta-analysis data to estimate the role of age-regulating genes and
multifactorial diseases in aging.
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Motivation and Aim: Modeling regulation processes of gene expression in bacteria is a
problem of great interest, in particular, it can be used as an alternative tool for the prediction
of new regulatory sites. We have improved our model of classical attenuation regulation [1]
and implemented it on the leader regions of amino acid biosynthetic operons in the complete
bacterial genomes accessible in GenBank.

Methods and Algorithms: The performance of our model improved due to two basic
changes: (1) folding paths with pseudoknots as well as (2) the influence of RNA triplex
formation are currently considered in the process of secondary structure formation in the
leader region. The procedure of secondary structure energy calculation was intensively
analyzed.

Results: The improved model was implemented under parameters with the same fixed
value on the bacterial operons given below. The small part of the results presented refer to
gamma-proteobacteria — the most studied ones. “A” stands for the cases when classical
attenuation regulation was predicted through bioinformatics methods and/or experimentally
confirmed, “P” - for the cases when such regulation was predicted by our model.

Gamma-proteobacteria hisG | pheA | pheS | trpE | thrA | leud | ilvA | ilvC | ilvB | ivG | ilvl

a)
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[Escherichia coli
Salmonella typhi
[Klebsiella pneumoniae
\Erwinia carotovora
Yersinia pestis
\Haemophylus influenzae
\Pasterella multocida
Vibrio cholerae
Vibrio vulnificus
Vibrio parahaemolyticus
\Shewanella oneidensis A, P
Idiomarina loihiensis L2TR
\Pseudoalteromonas
aloplanktis TAC125
\Pseudomonas putida A, P
\Pseudomonas syringae A, P
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Conclusion: An improved model of classical attenuation regulation has been proposed.
Its implementation allowed us to predict the existence of such regulation in the leader regions
in considerable number of proteobacteria and actinobacteria.

Availability: http://lab6.iitp.ru/rnamodel

References:
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Motivation and aim: To find the genes of primary cellular response to external factor,
transcription factor binding site (TFBS) search can be performed. Finding TFBS by consensus
or by position-specific scoring matrices has insufficient accuracy and it is necessary to apply
additional filters. Therefore, we proposed to use hidden Markov models (HMM), which allow
to preserve more information than matrices.

Methods and algorithms: To conduct the search, we formed two-dimensional Markov
model with 4xN size, where N is the length of TFBS. To calculate probabilities in Markov
chain links, three-dimensional matrix is calculated from known TFBS sequences. Also, we
inserted into the model position-specific scoring algorithm as a self-linking probability. Cut-
off was calculated using known sequences, assuming similar score distribution for unspecified
TFBS sequences.

Results: This method was applied for finding ISRE (Interferon-Stimulated Responsible
Element). We used ISRE position-frequency matrix from TRANSFAC 7.0 Public and 8
known ISRE sequences. Promoters are defined as 800 bp upstream the transcription start site
plus the 5'UTR. Using this method, we found 331 genes with putative ISREs. Functional
analisys was conducted using Gene Ontology Tree Machine. As a result of functional
analisys, 13 categories were identified. In biological process: regulation of signal
transduction, positive regulation of signal transduction, protein biosynthesis, immune effector
process, B cell mediated immunity, immune response, adaptive immune response, adaptive
immune response (sensu Gnathostomata), response to virus; in molecular function: enzyme
activator activity, phospholipid transporter activity; in cellular component: MHC protein
complex, MHC class I protein complex. In the gene list we have genes of immune response,
cytokines precursors, and cytokine regulative genes, growth factors, and apoptosis genes.
Several genes are already annotated, as interferon-alpha induced genes.

Conclusion: We developed hidden Markov models-based method for finding
transcription factor binding sites. Results of ISRE search (quantity of genes and functional
categories) prove that the proposed method is applicable.

Availability: Finding TFBS using hidden Markov models is possible using COTRASIF:
http://biomed.org.ua/COTRASIF/
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Motivation and Aim.: Understanding the process of crops domestication gives a clue for
the mechanism of morphological diversification during evolution. Recently, it has been
demonstrated that transcriptional regulators act as switches between discrete developmental
programs, encouraging the view that novel morphological differences may arise from changes
in this class of genes. Vernalization, the requirement of a long exposure to low temperatures
to induce flowering, is an essential adaptation of plants to cold winters. It has been shown that
the deletions in the promoter region of gene the VRNI gene from cultured diploid wheat T.
monococcum were associated with spring growth habit. The aim of the present work was to
study allelic variability in VRNI promoter region of some polyploid and wild diploid species
together with goat grasses known as the genomes donors for polyploid wheats.

Methods and Algorithms: Accessions of the wheat species and goat grass were obtained
from the different collections, including Russia, Japan, USA, Syria, and the Netherlands. In
the present work all used accessions were grown and their generic definitions were
performed. Experimental approaches included total DNA isolation, development of genome-
specific primers, PCR amplification, and sequencing.

Results: Most of the wild Triticeae have a winter growth habit, suggesting that the
recessive vrnl allele is the ancestral character. In contrast, the majority of cultured polyploid
wheat species are spring due to at least one dominant Vrnl allele that could be inheriting or
appeared independently as a result of the intensive selection on this trait during domestication
process. In the present work we investigated the unique collection of the wild diploid species
T. urartu and T. boeoticum together with T. monococcum, goat grasses, durum and common
wheats with the different dominant Vrn-1 alleles. Deletions of the different size (22, 36, 55
bp) covered specific area of MADS-box were observed in VRN promoter of the spring 7.
monococcum (K18105), T. boeoticum (K40117, K40118, P1427328, K20741, 1G45296), in
one allele of T. urartu (P1428276), and A genome of durum wheat. Data obtained in this work
illustrated the extension of deletion region in VRNI promoter of the polyploid species during
their evolution. Specific indels and nucleotide substitutions in A, B and D genomes sequences
of investigated region were observed. At the same time, A genome sequences variability of
the diploid species included haplotypes specific to all three genomes. An absence of damages
in VRN1 promoters of spring common wheat samples found out in winter populations shew an
existence of other vernalization mechanisms that may appear independently in these species
during domestication. Goat grasses were supposed as B, G, and D genomes donors of
polyploid wheats and association of their spring grow habit with deletions in VRN promoter
region was not observed so as in B and D genomes of polyploids.

Conclusion: This work is an initial insight into complicated analysis of evolution process
took place in agricultural genes during evolution and involved transcription factors.
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Motivation and Aim: We continue our studies (see [1]) of phase portraits of nonlinear
dynamical systems modeling asymmetric gene networks, in particular we are interested in
behavior of their cycles in the cases when the bifurcation theory can not be applied. Our main
goal now is to find conditions of stability of “non-bifurcation” periodic trajectories.

Methods and Algorithms: Our approach to these stability problems is based on theory of
ordinary differential equations and on geometrical and topological methods related to the
Conely index theory, see for example [2], [3].

Results: Consider dynamical system which represents a kinetic model of negative
feedback regulation of 3-dimensional gene network functioning:

dx dx dx
d_;:.fl(XS)_xl; d_tzzfz(xl)_XZ; d_;=f3(x2)_x3 > 1)

x;20,i =123 by conventionx, =x; . Here the functions f;(x, ) describe
initiation of mRNA and/or proteins synthesis, they are positive, smooth, and monotonically
decreasing. This system has a unique stationary point M. , its topological index is -1. In [1]
we have already described non-convex bounded invariant domain of this system.

Y (y1<7-min| Lex)| then the
dt ix o dt
dynamical system (1) has at least one orbitally stable cycle in the invariant domain.

Actually, this stability estimate is not sharp, nevertheless it gives mathematical
explanation of some numerical experiments with periodic trajectories and other attractors
which appear in different models of gene networks.

Conclusion and future work: Our present task is to obtain similar stability results for
higher-dimensional dynamical systems and for other types of gene networks models. One of
the most significant properties of these more complicated models is their multistability. We
plan to find and to classify the stable and periodic regimes of functioning of corresponding
gene networks using Floer homology constructions described in [3], [4].

The work was supported by leading scientific schools grant 8526.2006.1 and by SB
RAS, project 46. The authors are indebted to Ya.M.Eliashberg for helpful discussions.

Theorem. If M, is not stable and max |
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Motivation and Aim: We study the phase portrait of a system of nonlinear differential
equations of dynamics proposed in [1] as a model of oscillations in the p5S3-Mdm2 DNA
damage repair network [2]. Detailed analysis of the oscillating regimes of similar regulatory
networks models with multistability properties is an important task both from the
mathematical and from the biological points of view.

Methods and Algorithms: Our description of this nonlinear dynamical system is based on
topological methods which we have elaborated in previous studies ([3]).

Results: The following dynamical system represents a model of oscillations in the p53-
Mdm?2 network (see [1]):

dix—aﬁal'xé—yx Cyx ﬂ—a+a3'X4—7

ar O e T ar et n
1

dz _als'z'(B_Z)_ O, " Z dD:_ad,D.Zx

dt  k,+B—z (ky, + D)k, +2z)  dt

Here the variables x and y denote concentrations of p53 and Mdm?2 respectively, z=Atm-
P is the switch variable, and D(#) describes the DNA damage. In our numerical experiments
we have taken the values of all parameters close to [1]. We construct a domain
O()=[0,C,1x[0,C,]1x[e,B] < R.(x,y,z) such that for small ¢ all trajectories of (1)
enter O(t). Hence for small values of ¢ the sum of all indices of singular points in Q(z) equals -
1. For large ¢ and any & >0 this index vanishes. This shows the direct relation of the
topological index of the repair system (1) and the presence of DNA damage.

Conclusion: Our analysis of the p53-Mdm2 network dynamics is based on a general
approach connected with decomposition of high-dimensional models to lower-dimensional
ones. Similar decompositions can be used in mathematical studies of more complicated
regulatory networks.

The work was partially supported by the leading scientific schools grant 8526.2006.1, by
SB RAS, project 46, and by US NIH grant P50-GM76516.
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Motivation and Aim: Usual definition of mapping of a gene tree onto a species tree
allows only indirect descriptions of horizontal gene transfer (HGT) events. A new approach
(“inner tree mapping”) is explicitly based on minimizing the amount of various evolutionary
events.

Methods and Algorithms: Gene tree G and species tree S are given, with each leaf in G
assigned a gene from a leaf species in S. Within each tree a “formal root” is placed and
connected to the “old” root by a “root edge”. Edges in S are subdivided into “temporal slices”.
Lets visualize and call edges in S as “tubes”. Now consider positioning of all edges of tree G'
inside the tubes; we refer to G' as the “inner” tree. Its formal root should be within the root
tube of S and have edges going within the tubes toward the leaves. The edge of inner tree G'
bifurcates together with the tube (speciation event) but can branch off further within the tube
(duplication event), terminate within the tube (loss event) or leave one tube and penetrate
another (with or without prior bifurcation, i.e. HGT event with retaining gene copy in the host
or not). HGT event can occur only when the donor and recipient tubes are not genealogically
descendant, or, more generally, when the two tubes belong to the same temporal slice; the
latter requirement is dropped if slices are not defined. If the edge arrives in leaf v of tree S, its
terminus is assigned a gene from v. Upon construction, inner tree G' is to meet the following
requirements:

a) be isomorphic with given tree G, including leaves-assigned genes, after removal of all
terminated (due to loss events) edges;

b) the penalty of the inner tree defined as a weighted sum of all events except for
speciation is minimized, e.g. weight of loss is 2, of duplication — 3, of HGT with retaining
gene copy — 11 and without retaining — 13.

Such inner tree G' and the corresponding mapping of G to S are efficiently found with
the novel fast algorithm.

Results: The algorithm was thoroughly tested on artificial and biological data. For
instance, with artificially defined G=(((a,b),((c,d),(e,))),(g,h)) and
S=(((a,b),(c,d)),((e,f),(g,h))), the algorithm produced a mapping with one HGT event (with
retaining the host gene copy) from edge {c,d} into edge {e,/} and one loss event on edge
{e,f}. Here an edge is denoted by the set of leaves contained in its corresponding subtree.

Conclusion: With data from [1] the algorithm outputs the same HGTs as in [1], as well
as new biologically reasonable predictions.

References:
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Motivation.: Single nucleotide polymorphisms (SNPs) are the most common type of
genetic variation in humans. However, the factors that affect SNP density are poorly
understood. The goal of this study was to estimate the relative effects of mutability and
selection on SNP density in transcribed regions of human genes. It is important for prediction
of the regions that harbor functional polymorphisms. The goal of this analysis was to estimate
the relative effects of mutability and selection on SNP density. We used data on ancestral and
derived alleles from the dbSNP database
(http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term) and the Haplotter
database (http://hg-wen.uchicago.edu/selection/haplotter.htm).

Methods and Algorithms: SNPs were stratified into five functional categories: (i) 5'
untranslated region (UTR) SNPs, (ii) 3'UTR SNPs, (iii) synonymous SNPs, (iv) SNPs
producing conservative missense mutations, and (v) SNPs producing radical missense
substitutions. Missense substitutions were further stratified as radical or conservative. The
number of potential sites in the human genome for different types of SNPs were estimated
based on codon composition (coding regions) and nucleotide composition (UTR regions).
Only frequency-validated SNPs were used. Each of the SNP categories was further
subdivided into nine mutational categories on the basis of the single-nucleotide substitution
type. Thus, 45 functional/mutational categories were analyzed. The relative mutation rate in
each mutational category was estimated on the basis of published data. The proportion of
segregating sites (PSSs) for each functional/mutational category was estimated by dividing
the observed number of SNPs by the number of potential sites in the genome for a given
functional/mutational category. We used analyses of variance and covariance to estimate the
relative effects of selection (functional category) and mutability (relative mutation rate) on the
PSSs.

Results and Conclusions: By analyzing each functional group separately, we found
significant positive correlations between PSSs and relative mutation rates (Spearman’s
correlation coefficient, at least r=0.95, df=9, P<0.001). We adjusted the PSSs for the mutation
rate and found that the functional category had a significant effect on SNP density (F=3.3,
df=4, P=0.03), suggesting that selection also affects SNP density in transcribed regions of the
genome. We found that approximately 90% of variation in PSS was due to variation in the
mutation rate and approximately 10% was due to selection, suggesting that the probability
that a site located in a transcribed region of a gene is polymorphic mostly depends on the
mutability of the site. Our results show that the adjusted PSSs in the 5'UTRs are similar to, or
even lower than, the PSSs for radical missense mutations. This result suggests that 5UTRs
are under selection purification pressure as strong as that affecting radical missense
mutations.
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Motivation and Aim: Traditionally, clinical data have been used as the only source of
information to diagnose diseases. Nowadays, other kinds of information, such as various
forms of omics data (e.g. DNA microarrays), are taken into account to improve diagnosis and
even prognosis in many diseases. This paper proposes a new approach for efficiently
combining both sources of information, namely clinical data and genes expressions, in order
to further improve estimations.

Methods and Algorithms: Clinical data and genes expressions are combined using a new
algorithm, named CliDaPa. In this approach, patients are firstly divided into different clusters
(represented as a decision tree) depending on their clinical information. CliDaPa is a greedy
algorithm, developed with Java, Knime and Weka, which allow us to compute these clusters,
depending on the percentage of successful classifieds. Thus, we obtain different groups of
patients with similar behaviors. Each individual group can be studied and classified
separately, using only gene expression data, with different supervised classification methods,
like decision trees, Bayesian networks or lazy induction learning.

Results: To test our method, the well-known Van’t Veer dataset on Breast Cancer has
been used. For the proposed approach, internal (0.632 Bootstrap) and external validations
(hold-out) have been carried out. Results have shown an approximate 15% improvements on
accuracy in the internal validation and 5% of accuracy in the external validation in
comparison with the traditional uses of clinical data and genes expression data separately.

Conclusions: Our new approach efficiently combines clinical and gene expression data,
outperforming the traditional use of these sources of information. Thus, CliDaPa algorithm
gets the fulfillment of the proposed objectives.

Availability: CliDaPa is available for the research community, for further information,
please, contact the authors.
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A MOLECULAR-GENETIC SYSTEM OF DEVELOPMENT:
FUNCTIONAL DYNAMICS AND MOLECULAR EVOLUTION
OF HH-, DPP- AND WG- SIGNAL CASCADES
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Motivation and Aim: We compare parametric robustness of the Hh-, Dpp- and Wg- signal
cascade mathematical models and molecular evolution of the Hh-, Dpp- and Wg- cascade
proteins (genes).

Methods and Algorithms: Parametric robustness of the signal cascade mathematical
models was taken from published data (Table 1). Gene evolution modes were analyzed in two
steps [1; 2]: (1) searching of protein sites for which there was positive selection at the codon
level in corresponding gene; (2) searching for branches of the phylogenic tree with positive
selection by the computer test based on modeling of protein evolution [1]. Protein regions in
which positive selection was identified at the first step were analyzed at the second step.

Results and Conclusion: Positive selection of the Hh-, Dpp- and Wg- signal cascade genes
and the kinetic parameters of the Hh-, Dpp- and Wg- signal cascade models whose change
produces the greatest shift in the cascade dynamics are related (Table 1). Therefore it may be
assumed that the genes determining the hyper-response parameters had very important role in
evolution. Even small changes in their function might have resulted in great changes in the
function of the entire network and, hence, these genes could serve as candidates for “the within”
sources of compensatory shift produced by mere point mutations.

Table 1. Examples of relations between gene evolution modes, divergence of Bilateria taxonomic groups,
and hyper-responsive kinetic parameters.

Protein | Network response corresponding to Functional Events of positive selections
(gene) | change in kinetic parameters (+ - protein group related with divergence of
name hyper-response; - - inertness Bilateria taxonomic groups [1; 2]
Hh +7 Developmental +

Dpp ” Developmental +

Smo + Developmental +

Tkv +7 Developmental +

Fz2 +7 Developmental +

Fz + 7 Developmental +

PKA -7 Housekeeping -

Slmb -7 Housekeeping -

Ci +7 Developmental +

Mad +7 Developmental +

Designations: models for

"~ the Hh-cascade [Lai, et al., (2004) Bio-phys. J., 86: 2748-2757; Gunbin, et al., (2007) J. Bioinform. Comput. Biol., 5:
491-506.];

"'_ the Dpp-cascade [Shimmi, ef al., (2005) Cell, 120: 873-886; Umulis, et al. (2006) Proc. Natl. Acad. Sci. U.S.A., 103:
11613-11618];

™" - the Wg-cascade [Buceta, et al. (2007) PLoS 2:¢602; Amonlirdviman, et al. (2005) Science 307: 423-426]

Availability: The detailed results are available from the authors upon request.

References:
1. K.V. Gunbin, et al. (2007) The evolution of the Hh-signaling pathway genes: a computer-
assisted study, In Silico Biol., 7: 333-354.
2. K.V. Gunbin, et al. (2007) Aromorphoses and the adaptive molecular evolution,
Informational Herald of the VOGS, 11: 373-400. (In russian)
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THE MOLECULAR EVOLUTION OF THE PYROCOCCUS
GENOMES: A COMPUTER-ASSISTED STUDY
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" Corresponding author

Motivation and Aim: Our aim was to reveal genes that can be responsible for adaptation
to high pressure environment conditions in hyper-thermophilic archaea genus Pyrococcus: P.
furiosus grows at the shallow water; P. horikoshii grows at 1400 m depth, P. abyssi grows at
2000 depth. We used Thermococcus kodakaraensis as outgroup to reconstruct the Pyrococcus
phylogeny.

Methods and Algorithms: Groups of orthologous proteins from Pyrococcus and
Thermococcus proteomes [GenBank, release 160] was made by BLASTClust [1]. Multiple
alignments of ortholog proteins were made by MAFFT 6.240 [2]; there were the sources for
constructing aligned cDNA sequences. Pyrococcus phylogeny was reconstructed from the
concatenation of multiple alignments of amino acid sequences by TREE-PUZZLE 5.2 [3].
Detection of gene and protein regions evolving under positive selection were made using
Rate4Site 2.01 [4] and SNAP.pl correspondingly. Evolution of G+C contents was investigated
using nhPhyML [5].

Results and Conclusion: We analyzed set of 1165 proteins that are presented in all three
Pyrococcus genomes. Significantly higher rate of the Ka/Ks rates between P. furiosus and
other Pyrococcus species were found for 11 genes: 9 genes were related to membrane
functions, amino acid metabolism, DNA and protein synthesis (Table 1); 2 genes were
uncharacterized. The results suggest that these functional properties of proteins can be
particularly important for adaptation to the high pressure environment conditions.

Table 1. Functions of genes under positive selection pressure

COG # COG functional class Gene name

COG0438 Cell wall/membrane/envelope biogenesis | Glycosyltransferase

COGO0733 General function prediction only Na+-dependent transporters of the SNF
family

COG1175 Carbohydrate transport and metabolism ABC-type  sugar transport  systems,
permease

COG1244 General function prediction only Predicted Fe-S oxidoreductase

COG0626 Amino acid transport and metabolism Cystathionine B-lyases/y-synthases

COGO0532 Translation, ribosomal structure Translation initiation factor 2

COG1599 Replication, recombination and repair ssDNA-binding replication protein A

Availability: The detailed results are available from the authors upon request.
The work was supported by SB RAS integration project #49.
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WHY TATA-BOX HIDES AT GLI GENE MOLECULAR
EVOLUTION?
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Motivation and Aim: We analyze promoters of mammalian key transcription factors
genes Glil, Gli2 and Gli3 responsible for morphogenesis to understand their regulation.

Methods and Algorithms: By Mauve 2.0 tool [1] we aligned multiply the Ensembl
contigs containing these genes [2] and, then, calculated TBP/DNA-affinity rates, —Ln(Kp),
upon 70bp-upstream aligned DNA sequences with respect to their known transcription starts
in mouse and human using our tool published elsewhere [3], as given in Figure on Gli3 genes.

-Ln(Kp), TBP/DNA-affinity ¥ Rat —x— Mouse 0 Dog < Bovine —a Chimpanzee o Human
17
16 %979 ' xxx’( X3 EB"
A x
15 =] XX
11 Byxxx aaaﬂgg;ﬁégggﬁggiiﬂﬁ
13 XX : — = —
=70 -60
Rat cggg cCATCCACGGTAgCcoOga]g cogocogoo--goetoogotggog ogdETC TET G
Mouse cagqcCATCCACGETAYCC oAl o o o o o o e e e = CCdCCtyCC- g :tmqacqc cgcagGTCT
Dog coegecECTeseC ngJrLC(ngyLLLLE‘(r(J&ILK ;! > : C
Bovine coggooTCITGeCT .-1<1t<<g¢-1<_]| COCECOCEC

Chimp. ccggccElToGogytagecggag=CCGCC ’"(“FGT"(" ..:;r‘g;nGr*@’@n"r"aa
Human coggoeo=riloGeggtagoeogh dgl rrvr [ rfo (11’7(.'(,‘ :\7( ﬁ(mm f7f1w(-.4(;.< cgoca

Figure. Gli3 promoters aligned [2] and TBP/DNA-affinity [3] along each of them with upper 95%-confidence cut-
oftf (bold-faced line) that points to (dot-arrow) the rodent TATA-box (bold-faced) hiding at the others
mammalians due to substitutions (underlined) and the CpG-island insertions (boxed) in front of transcription starts.

Results and Conclusion: Gli-family promoters in rodents seem to be TATA-containing
(dotted arrow) whereas in primates, ungulates, and carnivores they are TATA-less due to the
CpG-island insertions (boxed) in-between the transcription start and the TATA-like sequence
damaged by substitutions (underlined). As one can see, the rodent-specific TATA-like box
(bold-faced) hides at the evolution branch of primates, ungulates, and carnivores Gli-family.
This orthologous gene “TATA-containing/less” dichotomy may be associated with commonly
accepted dichotomy of the “rapid/slow” maturation of ecological strategies [4]. Indeed,
TATA-box proves Gli protein superproduction responsible for the rapid maturation in rodent,
R-strategy, whereas K-strategy, slow maturation, of the other mammalians requires making
TATA-box “hidden”.

Availability: The detailed results are available from the corresponding author upon
request.
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MoDELING AND ViSUALISATION OF PATHWAY'S USING
PETRI NETS
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Motivation: MoViSPP is a new web-based tool to model and visualize biochemical pathways. Today
scientific research needs a combination from different data sources. The underlaying infrastructure includes
several data sources containing biochemical and metabolic information from Enzyme, MINT, OMIM, PDB,
iProClass, GO and KEGG. A relational database management system as backend contains all necessary
information. For visualization of the pathway as Petri nets the JUNG (Java Universal Network/Graph
Framework) library is used. A web-based graphical user interface is implemented in JavaServer Pages (JSP)
that can be accessed with a common web browser.

Implementation: MoViSPP web application consists of a graphical user interface which is useable with
a common browser on the client side. Additionally, the application logic and the data warehouse run on server
side. The application logic is implemented in platform independent programming language Java.

For the web application MySQL is used as database system on the server side. A JDBC driver for
MySQL facilitates the access to the database from the Java classes. JavaServer Pages (JSP) contain Java code
that can be included via JSP elements in static HTML code. Hence dependent on the behaviour of the user the
static HTML parts can be dynamically be complemented. Whenever a JavaServer Page is called in a web
browser a request is send from the client side to the server side. The web container (also called servlet
container) on the server side creates, compiles and/or executes a Java servlet. From the server side a response
in form of a generated static HTML website is send to the client. MoVisPP uses an Apache Tomcat 6.0.2
servlet container to generate HTML code.

In the web application the user is able to choose different options for the modelling and visualisation of
the pathways as Petri nets. There are only a few steps to generate a Petri net. At first the user has to select one
of the KEGG pathways. Afterwards the opportunity is given to select a specific organism and to decide if
KEGG reactions, the different KEGG relations, interactions from MINT and the data from OMIM should be
modelled and visualised. After the previous steps a website with an image of the generated pathway as Petri
net (based on the user selection) is displayed. The image map functionality allows the user to get detailed
information of all parts of the Petri net.

Application/Results: The semi-automatic construction of Petri net pathways has an added advantage
unlike the conventional construction of pathways, using other Petri net tool which is otherwise time
consuming and manual intensive. Bringing in the integrated information for the pathways of interest at the
same time also providing the possibility to simulate using commercial and non-commercial Petri net based
tools provides an edge over already available conventional pathways. If a KEGG pathway is supported with
these features it always has an advantage.

For example, gene and protein expression pattern studies of the genes Bel2 and Tp53 prove their role in
cardio vascular diseases. Also, these genes also play a major role in neurodegenerative diseases and in
apoptosis. The inputs are generated in the cardio workbench project and are further used as application case.
Search for these genes in KEGG database listed the pathways involving these genes.

The figure shows a KEGG pathway based MoViSPP generated map created at run time. The interactive
maps are supported with some more information from other in-built and integrated databases such as
Enzyme, MINT, OMIM, PDB, iProClass, GO and KEGG which provide more information of the entity
involved along with the legend and supported with color indicators as described in the full paper.

Furthermore the maps generated from MoViSPP can be exported and can be used by several other
applications that support Petri nets like cell illustrator. The export function provides different possibilities i.e.,
CSML, PNML and SBML based outputs. Also, the map when imported into cell illustrator allows simulation
of the same pathway further making them dynamic in nature allowing user interference.

Conclusion: During the last decade more and more publications showed that the Petri net application
seems to be a useful method to solve the fundamental representation and simulation problem of metabolic
networks. Petri nets are useful to model concurrent biochemical processes. This allows the natural based
representation of biochemical, gene regulation and cell communication processes. Today the most important
argument for the usage of Petri nets is that this kind of formalization allows a stepwise extension of the
network. That means that we can start with a simple discrete network, which is representing the knowledge of
en expert. Furthermore, more details can be included using published papers, databases or information
systems like pubmed. In this paper we present a new tool, which allows the semiautomatic construction of
metabolic pathways.

WWWe-link: http://agbi.techfak.uni-bielefeld.de/movispp/index.jsp
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Motivation and Aim: Chromatin immunoprecipitation on DNA chips (ChIP-chip) is most
commonly used for in vivo discovery of transcription factor binding sites (TFBS). However,
this technique only locates TFBS within large sequence segments and not yields their precise
positions. The spatial resolution of site location may be increased in silico. Position weight
matrices (PWM)-based prediction is an appropriate method for in silico identification of
TFBS. Although popular, this technique is suffering from specific tradeoffs and can only give
estimated positions. Our aim is to compare ChIP-chip raw signal values and computational
predictions. The resulting information may help to develop a combined approach for genome
wide identification of TFBS with a high precision.

Methods and Algorithms: In silico predicted Spl TFBS with different scores were
mapped to in vivo observed Spl binding segments published in [1]. The number of in silico
TFBS within and outside of in vivo binding segments was evaluated and the overall hit ratio
was calculated. The raw intensity of tiling arrays, used for GST and Spl detection [1], was
quantile-normalized [2], scaled and transformed into signal values. On both datasets, the auto
correlation function was applied to calculate the spatial correlation between signal values.
Based on the correlation between signal positions the average length of DNA fragments
produced by DNA sonication was calculated. In the vicinity of isolated Sp1 TFBS predicted
in silico the ChIP signal value distribution was evaluated.

Results: The overall number of in silico predicted Spl TFBS, which are outside of in
vivo predicted TFBS varies from 3-10% depending on the PWM threshold. The overall hit
ratio increases with the increasing threshold, so the enrichment of experimental ChIP-chip
segment with “strong” sites is greater than that with “weak” sites. Correlation analysis reveals
a very similar length-correlation pattern for both Sp1 and GST datasets having two significant
correlation lengths. Thus, it seems that correlation of close signals for Spl comes out of
length distribution of fragments produced through DNA sonication but not from site
positional clustering in the chromosome. This average length can be estimated between 90 -
120 bp with the maximal length around 1200 bp.

Conclusion: Comparison of ChIP-chip and PWM based TFBS prediction results
combined with analysis of spatial correlation of signal values can build a basis for a algorithm
for better genome-wide TFBS predictions.
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DNA - THE PROGRAMMING LANGUAGE OF LIFE?
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Motivation.: During the last decades molecular genetics could identify and sequence
different gene functional units (DNA_Units). Most of these units are analysed in syntax
(sequence and genome) and semantic (metabolic function). This information is growing and
represented by different database systems (EMBL - sequences, PDB — structure and
semantics etc.), which are available via the internet. Based on this knowledge it is possible to
discuss the open question: Can DNA be interpreted as a programming language?

In this paper we will show that the DNA can be interpreted as a programming language
in the sense of computer science [1]. Moreover, it is possible to describe the so called
“Programming Language of Life” using classical methods of compiler systems.

Method: To show that the DNA_Units can be interpreted as a programming language we
have to:

a) Specify relevant functional units.
b) Show that the DNA_Units represent fundamental mechanisms of a
programming language.

In this paper only b) will be discussed, because a) can be done using specific Chomsky-
type-2 grammars [2]. The fundamental features of a programming language are:

F1. Data type (at least one is sufficient)

F2. Instruction (standard instructions or by definition)
F3. Control instructions

F4. Punctuation mark

Result/Interpretation: Let the DNA be the genetic program of a cell. In that case the
cytoplasm can be interpreted as the data type representing metabolites. Therefore, we can say
that the data type (metabolite) is available (F1). Instructions are chemical reactions caused
by enzymes. Therefore, we can interpret enzymes as instructions which are presented by
structured genes (F2). Structure genes are controlling the metabolism indirectly. Regarding
specific cells we can see specific genes, which are active during specific time periods. This
behaviour shows directly that DNA_Units can be interpreted as control instructions (F3).
Finally the DNA_Unit which is called spacer can be interpreted as the punctuation mark of
this system (F4).

However, based on these ideas this talk/paper will show that the DNA Units represent
the features of a programming language and that the DNA_ Units can be interpreted as a
programming language.

References:
1. H.Atlan, M.Koppel (1990) THE CELLULAR COMPUTER DNA: PROGRAM OR
DATA, Bull. Of Mathematical Biology, 52, 335-348.
2. R.Hofestidt (2007) Extended Backus-Systems for the representation and specification of
the genome, Journal of Bioinformatics and Computational Biology, 5-2(b): 457-466.
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Motivation and Aim: The TRRD [1] contains information about the transcription
regulatory regions in the eukaryotic genes accumulated by manual annotation of scientific
articles. TRRD stores data on the experimentally identified transcription start sites (TSSs) of
the eukaryotic genes in nucleotide sequences of 100 bp and longer collected in GenBank or
EMBL nucleotide sequence database. To integrate TRRD with other genomic databases, it is
required to identify the positions of the TSSs in the whole genome sequences. Our aim was to
develop a computer technology and to estimate its efficiency using three organisms: Homo
sapiens, Mus musculus, Rattus norvegicus

Methods and Algorithms: As a first step, on the basis of data from the TRRD (xml
version), we extracted from the entries of the EMBL/Genbank 1705 gene fragments (-
1000/+1000 relative to TSS) of three species. Then, using Blat [2], we identified different
variants of sequences alignments with fragments of genomic sequences in the neighborhood
of the gene starts (GSs) whose positions are given in EntrezGenome. Criteria for choice of the
best alignment variant were homology level and total gap length.

Results: Comparison of the TSSs positions we identified in the human genomic
sequences relative to GSs stored in EntrezGenome demonstrated that TSSs are not
consistently identified at points corresponding to the GSs. In some cases the distance between
them may be more than 190 000 bp (the human MITF). The disagreement between TSS and
GS locations may be due to the presence of alternative TSSs, incomplete data on 5’UTR,
sequencing or assembly errors, etc. Search of homologous regions in genomic Builds for three
species revealed different characteristics of the data sources. The percentage of
EMBL/GenBank sequences for which we succeeded to identify homologous regions in
genomic fragments (homology > 95%) was 96.8% for the human, 97.5% for the mouse and
88.7 % for the rat genes. In other situations, the estimates for the alignments and TSS
localization on genome sequence should be obtained manually.

Conclusion: The positions of gene TSSs annotated in TRRD for three species were
identified. In the course of identification of the TSSs positions on the whole genomes,
differences in data sources (Homo sapiens, Mus musculus, Rattus norvegicus NCBI Builds)
were determined, and concepts (terms) of TSS and GS were compared. Using the obtained
distribution of TSSs relative to gene starts, we developed an accurate procedure for alignment
and identification of TSS localizations in the whole genome.
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Motivation and Aim: Duplicated genes can coevolve by exchanging their DNA
fragments through gene conversion. This research aims to detect evidence for coevolution
using comparative genomic approaches. To understand the evolutionary background behind
coelvolution, theoretical frameworks for analyzing DNA sequences of coevolving duplicated
genes are also developed.

Methods and Algorithms: We take advantage of the availability of multiple genomic
sequences of baker’s yeast and its relatives. The detection of evidence for coevlution involves
identification of duplicated genes and simple evolutionary analysis of DNA sequences. We
use the diffusion and coalescent approached for developing population genetic theories and
analytical and simulation tools.

Results, Conclusion and Availability: Evidence for coevolution was detected in a number
of duplicated genes, indicating extensive roles gene conversion in the evolution of duplicated
genes in yeast (1). The evolutionary patterns of DNA sequences of duplicated genes are
investigated theoretically and by simulations under various conditions (2-5). Simulation tools
will be available through the Innan lab web

http://www.sendou.soken.ac.jp/esb/innan/InnanLab/
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Motivation and Aim: Nanobiotechnology is a dramatically developing sector of science
and engineering. Applications of nanobiotechnology in biomedicine includes areas such as
drug-delivery systems, labeling, diagnostics, treatment, microfluidics, implants, grafts and
biosensors for detecting blood gases, blood sugars, proteins and so on. The rapid increase in
the volume of publications on nanobiotechnology issues makes timely the task of
development of automated tools for extraction of knowledge from scientific texts. Integration
of extracted information about nanomaterial, nanoparticle and nanostructure properties with
knowledge in areas of molecular biology, biomedicine and pharmacology may serve as a
basis for prediction of new areas for use of the now available nanobiotechnological solutions
and search of new promising ones.

Methods and Algorithms: Automated extraction of information about nanobiotechnology
from PubMed abstracts was performed using the text-mining methods we developed. For text-
mining, we also used the thesaurus we previously developed for the names of proteins, genes,
microRNAs, metabolites, biological pathways, diseases, cells, and organisms. Information
was integrated by building networks for semantic association coupled literary facts about
molecular-genetics regulations, physical interactions, also about associations between
nanoobjects, molecular-genetic objects, biological processes and diseases.

Results: Abstracts of scientific publications from PubMed were analyzed. The
ANDNanobiotechnology (Associative Network Discovery in the Nanobiotechnology)
knowledge base was established. The ANDNanobiotechnology software is equipped with
tools for reconstruction and visualization of associative networks. ANDNanobiotechnology
provides information about the available nanobiotechnological developments, also ensures
analysis of the molecular-genetics systems involved in the function of nanobioconstructs,
expression of their pharmacological properties and toxicities in living organisms.

Conclusion: Nanobiotechnology emerges from the physical, chemical, biological,
biomedical, and engineering sciences. To develop successfully, nanobiotechnology has to
meet the requirement of integration of heterogeneous data from these fields of science. The
ANDNanobiotechnology system we developed is pioneering in the area of automated
extraction of nanobiotechnological knowledge from texts of scientific publications and their
integration with the data on molecular-genetic regulations, molecular interactions and
associations observed in living organisms.

Availability:. The ANDNanobiotechnology system is available at request to the authors.
Work was supported in part by RFBR: 08-04-91313-IND_a, Government contract FASI
Ne02.514.11.4065, RAS presidium program “Molecular and cellular biology”, “Systems
biology: computer and experimental approaches.
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Motivation and Aim: Recognition of functional sites in proteins is a direct computational
approach providing a better understanding of protein biological and biochemical functions.
Information about the disposition of the functional sites in protein structure to allows
increasing the efficiency of the search of inhibitors of the protein function using methods such
as docking and provides acceleration of the development of drugs. An important towards
molecular docking is the initial positioning of the ligand in the region of the protein functional
site. The aim of the work was a further expansion of the PDBSite database and PDBSiteScan
program (Ivanisenko et al, 2004, Ivanisenko et al, 2005), early developed for functional site
recognition and site template-based docking.

Methods and Algorithms: The relational PDBSite database was developed using
MySQL. The new PDBSiteScan version provides the derivation of protein-ligand complexes
from template based docking. To implement docking, we developed an auxiliary database
known as the PDBLigand library. The PDBLigand library contains atom coordinates of the
low molecular ligands, proteins, DNA and RNA, which bind to the sites from PDBSite.
Template based docking is done by transfer of the ligand together with the site-template
during the structural alignment of the site-template to protein.

Results: We developed a new version for the PDBSite database that contains 3d
templates of various protein functional sites (posttranslational modification, catalytic active,
organic and inorganic ligand binding, protein-protein, protein-DNA and protein-RNA
interactions) and also a new version of the PDBSiteScan tool ensuring the recognition of
functional sites using 3d templates and the creation of molecular protein-ligand complexes
relying on template based docking. The generated draft protein-ligand complex can be
accepted as an approximation to the further more accurate docking or molecular dynamics
analysis. The number of functional and drug binding sites stored in PDBSite was considerably
increased, also, the relational version of the PDBSite database was developed.

Availability: The new versions of the PDBSite and PDBSiteScan are now being installed
at the IC&G SBRAS server. Work was supported in part by RFBR: 08-04-91313-IND a,
Government contract FASI Ne02.514.11.4065, RAS presidium program “Molecular and
cellular biology”, grant “Systems biology: computer and experimental approaches.
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Motivation and Aim: Molecular recognition in protein complexes plays a central role in
biochemical processes. The interface areas of protein-protein interactions (PPI) have unique
structures and represent prospective targets for a new generation of drugs [1-2]. Oligomeric
enzymes are the most interesting group of such targets. The aim of this work was
investigation of molecular recognition between subunits and PPI inhibitors in oligomeric
enzymes.

Methods and Algorithms: We have chosen two oligomeric enzymes as test molecular
objects most convenient for such research - HIV-1 protease (HIVp) (homo-dimer) and
bacterial L-asparaginase (homo-tetramer) [3]. We have used some computer methods:
molecular modeling, computational alanine scanning, molecular dynamics simulation and
energy minimization. All calculations were done using Sybyl 6.9.1 (Tripos Inc.) and Amber 7
software running on SGI Origin200 server. For experimental measurement of molecular
interactions SPR-biosensor Biacore-3000 was used.

Results: Computer analysis of subunits contact areas in HIVp dimer and homotetramer
of bacterial L-asparaginase was done using virtual «alanine scanning». Several amino acid
residues (“hot spots”) which bring maximal contribution into the interaction energy have been
found. In case of L-asparaginase The basic attention was given to the interface between
dimers AC and BD and between monomers in these dimers. It was shown, that in each
subunit there are 13 residues which play a key role in interaction between dimers AC and BD.
Computer and biosensoric analysis of intersubunits interactions were carried out

Specificity of PPI in oligomeric enzymes was tested on the set of close relative bacterial
L-asparaginases from: E. coli, Erw. chrysanthemi, Erw. carotovora and H. pylori (26695 and
J99). The estimation of possible formation of chimeric hetero-complexes by subunits from
different asparaginases was done using computer simulation and SPR-biosensor. The highest
degree of molecular recognition between subunits has been shown.

Thermodynamics of subunits interaction in both enzymes, as well as interaction
inhibitors of PPI [4] were also studied.

Acknowledgments: This work was supported in part by Russian Foundation for Basic
Research (grant 07-04-00575).
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Motivation and Aim: The big number of currently used antimicrobial drugs do not meet
medico-biological requirements - not safety application and efficiency reduction in
connection with occurrence of drug-resistant microbial strains. Way out of this situation is
creation of the new antimicrobic drugs with action, distinct from already known. It means,
that they must influence on new molecular targets and therefore the searching of new targets
for antimicrobic drugs is actual. The aim of this work was the predicting of new potential
targets for antitubercular agents.

Methods and Algorithms: Recently, we have used bioinformatics approaches for
predicting new potential targets for antitubercular agents [1]. Genomes of M. tuberculosis
H37Rv, M. tuberculosis CDC1551, Mycobacterium leprae, sequences of all known human
proteins and proteins from PDB were utilized for these purposes. Experimental measurement
of protein-ligand interactions was carried out with optical biosensor Biacore-3000.

Results: S election of target proteins encoded by genome of M. tuberculosis H37Rv was
done based on the following criteria: 1) no homologues in human; 2) identical both in M.
tuberculosis H37Rv and CDC1551 strains; 3) similar to proteins from M. leprae TN (>67% of
homology); 4) homologues in PDB (>40% of identity). Preliminary hit list of targets (13
proteins) was analyzed in detail and target prioritization, based on probable protein functions,
was carried out. As a result, only 8 proteins were selected as potential targets (rpoA, rpsD,
rpsE, prsH, kdtB, ruvA, and kdtB). Later, two of them were also found by other investigators
as potential targets for wide-spectrum antibacterial agents: phosphopantetheine
adenylyltransferase (PPAT) (kdtB) and DNA helicase (ruvA).

Later we selected PPAT for the next step of research - finding new inhibitors of PPAT
using virtual and experimental screening of compounds from chemical databases of
commercial available samples. High purity PPAT and high resolution (1.6 A) 3D structure of
PPAT were obtained from our collaborators - Institute of Bioorganic Chemistry RAS and
Institute of Crystallography RAS, correspondingly.

Based on SPR-biosensor technology we created test system for experimental screening
of potential lead compounds. This work will be continued.

Acknowledgments: This work was supported in part by Russian Federal Space Agency
(in frame of ground preparation of space research).
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Motivation and Aim: Introns perform many functions in genes, and the analysis of their
properties is necessary for the further understanding of their biological role. Variability of
exon and intron lengths is rather great in genes of eukaryotic organisms. In genomes of the
human, nematode, arabidopsis and rice the links between exon and intron length, and the sum
of exon lengths and intron number in genes have been established [1, 2]. It is obviously
important to clarify if there are such links in genes of completely sequencing genomes of
other eukaryotic organisms.

Methods and Algorithms: The genes of chromosome 1 Gallus gallus, Canis familiaris
and Equus caballus, chromosome 5 Danio rerio and Monodephis domestica were arranged in
samplings with 1, 2, 3, 4, 5, 6-9, 10-14, 15 and more introns in a gene. In each sampling of
genes mean of exon (l), intron (l;;) and gene length (Lg,), sum of exon lengths (L.y) and
intron number in a gene (N;,) was calculated.

Results: Exon and intron lengths decreased in some times while augmenting intron
number in genes of fish and hen. These variations of exon and intron lengths are
interdependent and they are described by linear regressions: lex = 7.3 I, + 1298 with a
coefficient of correlation (») equal 0.840 (D. rerio) and lx = 12.2 1;, + 1458 with r equal 0.898
(G. gallus). The exon length essentially changes in genes of the horse, dog and opossum when
increasing intron number. The sum of exon lengths in genes of the horse, dog, opossum, hen
and fish increased accordingly in 4.3, 4.2, 3.4, 4.7 and 4.2 times when increasing intron
number in genes. The augmentation of exon lengths sum changes proportionally to increasing
of intron number in genes. This link is described by linear equations with the high value of 7

E. caballus:  Njp=0.0082 Ley - 4.29 (=0.990), Ni, = 0.00032 Ly, - 1.18 (+ =0.994);
C. familiaris: Ni=0.0081 Ley - 4.53 (=0.993), Nj, =0.00026 Ly, + 0.08 (-=0.990);
M. domestica: Nj,=0.0088 Ley - 6.18 (+=0.988), Ni, =0.00017 Ly, - 0.40 (r =0.995);
G. gallus: Nin = 0.0079 Ley - 3.40 (+=0.996), N, = 0.00033 Ly, - 1.09 (+=0.997);
D. rerio: Nin = 0.0082 Ley - 3.69 (+=0.988), N, = 0.00050 Ly, - 1.63 (=0.996).

The gene length of the horse, dog, opossum, hen and fish when increasing intron number
changes accordingly in 20, 19, 16, 12 and 11 times. The gene length augmented with the
increase of intron number in genes and this link is described by a linear regression, which
testifies to the above mentioned.

Conclusion: The obtained results demonstrate that the eukaryotic intron-containing
genes have an identical principle of exon-intron structure. When increasing protein-coding
nucleotude sequience there are inserts introns in a gene. The dissection of this sequience in
exons by means of introns takes place while observing of quantitative rations between exon
and intron lengths.
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Motivation and Aim: Within the metazoans, sponges and cnidarians represent the phyla
with the simplest body plan and a relatively simple regulatory network controlling the
development. This makes these organisms an excellent case study for understanding
morphogenesis and the physical translation of the genetic information into a growth form,
using a combination of biomechanical models of growth and form and a model of the spatial
and temporal expression of developmental genes.

Methods and Algorithms: We use a set of coupled partial differential equations to model
spatio-temporal gene expression patterns. We use a cell boundary model to model cell
morphology, cell adhesion and cell movement in early development of the cnidarians
Nematostella vectensis and Acropora millepora. An optimalisation method [1] based on
evolutionary algorithms is applied to infer gene networks and model parameters from gene
expression data obtained from in situ hybridizations.

Results: A method for modelling and simulation of gene regulation in combination with
cell movement and adhesion.

Conclusion: We can simulate several aspects of gene regulation and cell movement in
early development in Nematostella vectensis and Acropora millepora
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Motivation and Aim: Exon-intron structure of lower eukaryotes genes has not
investigated insufficiently. It is necessary to bring out if there is some link between the
changes of exon and intron length from intron number that of higher eukaryotes genes [1].
Studying the properties of intron-containing genes of lower eukaryotes will promote to
clarification of biological role of introns.

Methods and Algorithms: The genes of completely sequencing genomes of
Dictyostelium discoideum, Plasmodium falciparum and Theileria parva were arranged in
samplings with 1, 2, 3, 4, 5, 6-9, 10-14, 15 and more intron in a gene. In each sampling of
genes was calculated mean of exon (le), intron (li,) and genes length (Lg,), sum of exon
lengths (L) and intron number in a gene (Nj,). The amount of introns and exons with the
length at the intervals 1-20, 21-40, 41-60 n and so on up to 400 n as well as a length more
than 400 n has been analyzed.

Results: In P. falciparum, D. discoideum and T. parva genes the l.x decreased
accordingly in 5.8, 3.9 and 4.0 times at the augmentation Ny, from 1 to 17. When increasing
intron number the I, decreased. The link between changes of the I and the I, has been
expressed by the following linear equations: lex = 0.110 1, + 117 (P. falciparum), lex = 0.077 1,
+ 97 (D. discoideum) and lex = 0.110 1, + 65 (T. parva).

While increasing intron number the sum of exon lengths of P. falciparum, D. discoideum
and 7. parva genes enlarged in 1.6, 2.3 and 2.3 times according to linear equations: Nj, =
0.0104 Lex — 18.8 (r = 0.89), Nijy = 0.0038 Ly — 4.1 ( = 0.78) and Nj, = 0.0095 Lk — 9.1
(r =0.97).

In P. falciparum genes a close link between the length of genes and intron number in
them has been observed expressed by the equation: Ni, = 0.0048 Ly, - 9.9 (r = 0.99). The close
link between the Lx and Nj, caused close link between Ly, and Nj, which in D. discoideum
and T. parva genes is described by the equations: Nj, = 0.0022 Ly, - 2.5 (» = 0.88) and Nj, =
0.0049 L, - 4.3 (r=0.99).

Changes of exon lengths at the augmentation of Ny, in P. falciparum and genes descends
in such a way that a lobe of exons with the length more than 400 n decreases in 10 times and a
lobe of exons with a length at an interval 60-140 n increases in 3 times. The value I,
decreases too due to reducing a lobe of introns with the length of more than 400 n from 10.8
to 0.3% and the augmentation of a lobe introns at an interval of 100-140 n from 24 to 60%.
The change of lx at the augmentation of Nj, in 7. parva genes descends so that a lobe of
exons with a length of more than 400 n decreases in 9 times and a lobe of exons with the
length at an interval of 80-160 n increases in 3 times. The 1, decreases too due to reducing a
lobe of introns with the length of more than 400 n from 4.5 to 0.5% and the augmentation a
lobe of introns at an interval 40-80 n from 50 to 68%.

Conclusion: The obtained results demonstrate that intron-containing genes of lower and
higher eukaryotic organisms have an identical rule of exon-intron structure.
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Motivation and Aim: The method of molecular hybridization of oligonucleotide probes
with nucleic acids used for revealing specific sequences has found a wide utility in molecular
biology. The technologies allow not only the revealing of specific nucleotide sequences but
also discrimination of minimal perturbations in the nucleic acid structure, such as, for
example, single mismatches, which leads to destabilization of duplex formation. The
providing of the highly selective interaction between nucleic acids and oligonucleotides or
their analogs and derivatives is an important task for physico-chemical biology and, in
particular, for DNA diagnostics. To date, however, there is no generally accepted parameter
for the quantitative estimation of the hybridization selectivity.

Methods and Algorithms: A simple model of allele specific hybridization has been
viewed when an oligonucleotide probe interacts with two templates, one of which is
completely complementary and the other one contains one nucleotide substitution, which
leads to the decreased efficiency of complex formation. Thermodynamic characteristics (dH®
and dS°) for complementary and mismatched complexes were calculated for the standard
conditions (1M NaCl) using unified nearest neighbor parameters. The selectivity function,
that is the ratio of the association extents of complementary and noncomplementary
complexes, was used for the description of the hybridization selectivity. This function
corresponds to the ratio of specific and nonspecific signals upon hybridization.

Results: The notions of the probe selectivity for the specific hybridization conditions
and, in general, the limit probe selectivity, should be clearly distinguished. The limit probe
selectivity depends solely on temperature and ddH® and ddS°® whereas the selectivity function
is determined, in addition, by the length and concentration of the probe. The influence of all
this parameters on selectivity hybridization has been considered. The temperature
corresponding to the maximal selectivity is slightly higher than melting temperature of the
complementary complex. Unexpectedly, the short probes were shown to have the lower
maximal selectivity than the long ones.

Conclusion: In this work we considered the theoretical aspects of the selectivity of
hybridization of oligonucleotide probes with nucleic acids. The proposed functions of the
probes selectivity allow evaluating the efficiency of discrimination of any perturbation in an
analyzed NA duplex. These perturbations can be natural (mismatches) or caused by some
artificial modifications, e.g., by introduction of a non-canonical base. The obtained results can
be the basis for the software for the choice of the optimal probe structure, which has the
maximal selectivity under the given conditions, and for the strategy of the analysis of new
probe types selectivity.

This work was supported by MCB Program of RAS (10.6), integration grant of SB RAS
(55, 73), RFBR grant (06-04-49263), and SS (3689.2008.4).
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Motivation and Aim: Conservation across the genome sequences of several organisms
and/or within one genome has helped to discover many novel functional sequence elements.
However, the one weak point of this classical approach is that it relies on conservation of
nucleotide letters only, while nature is “function-oriented”.

Methods and Algorithms: To overcome this weak point of the classical approach we
presented a novel, signal-theoretical technology (1). To evaluate conservation of DNA
properties rather than just primary sequence, we applied our novel tool (2) and carried out
phylogenetic comparisons of promoter regions of genes from human, mouse, rat and dog.
Starting from the compiled dataset of promoter sequences (—2000bp...—1bp), we searched for
motifs (10-15bp), which are conserved in the four genomes and statistically over-represented
in this dataset. In contrast to other studies (3), motifs were regarded as similar if they showed
similar property profiles, which were calculated using the DNA conformational parameter
“roll” and the DNA physical parameter “melting enthalpy”. Although the matching sequences
may slightly vary in letters, they nevertheless represent identical properties in real nature.

Results: We then compiled a top list of motifs (104 in total), many of which were similar
to known binding sites for different transcription factors. Normalized by the total length of all
found motifs, the frequency of some predicted binding sites (PWM taken from TRANSFAC)
in the top list is ~107 times higher than compared to observed frequencies in promoter regions
of human genes (-2Kbp...-1bp from TSS) or exons. In comparison to a similar work, based
on nucleotide letter statistics (3), our top-scoring list is similar, but not identical and contains
in addition, for example, binding motifs for HMG-I(Y), SRY and Pbx1a transcription factors.

Conclusion: We suppose that for these three motifs (and for many others identified by
our approach, but not by letter conservation) the more important characteristic is
conformation of the DNA double strand, rather than simple nucleotide conservation. In
general, our approach offers a broader view of similarity (with 38 DNA parameters at hand)
and may help to pull-out many novel functional elements for which no classical consensus
can be found.
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Motivation and Aim: We examined large-scale patterns of single nucleotide
polymorphism (SNP) variation on the Y chromosome of Indonesian people 1) to investigate
the origins and relationships of Indonesian populations; 2) to study the history of the
colonization of Indonesia, Melanesia and Australia; 3) to relate processes of genetic and
linguistic change.

Methods: Eighty five Y-chromosome SNPs and 14 STRs (Short Tandem Repeats) were
typed by standard methods. The software package ARLEQUIN 3.0 was used to calculate
population parameters and to perform Mantel test. Quantitative measurement of distance
between all pairs of languages was made using ALINE distance. The isolation-with-migration
(IM) model was used to estimate two daughter populations split from a constant-sized
ancestral population, but with continuing migration between the two demes
(http://lifesci.rutgers.edu/~heylab/HeylabSoftware.htm#IM).

Results: For a long period of time most of Indonesian territory was a dry land. Islands
from Western Indonesia formed a direct extension of the Asian mainland — Sundaland, while
Australia and New Guinea formed a single prehistoric continent, called Sahulland. The area
between Sundaland and Sahullalnd, named Wallacea, has never formed a continuous land
bridge between Asia and Australia. To understand the genetic affinities among indigenous
Indonesians, their Y-chromosome data were compared with populations from Southeast Asia
and Pacific region. We found that Indonesian islands differed to a great extent by their Y-
haplogroup composition. As a result their Fst value was 0.42 — one of the highest Fst’s for any
regions in the world. Western Indonesian islands shared intensively Y-haplogroups with
Mainland Asia whilst Eastern Indonesians were similar to Papuans. Three dominant
haplogroups in Eastern Indonesia yielded dates older than 30,000 years ago, these estimates
were consistent with Pleistocene heritage of these lineages. We examined language change in
a contact zone where incursive agricultural communities interacted, and subsequently merged,
with aboriginal foraging societies on the eastern Indonesian island of Sumba and found a
strong correlation between language and genes.

Conclusions: Significant distinction in genetic structure between Western and Eastern
Indonesia reflects long time of separation between Sundaland and Wallacea. Considerable
genetic differences between Australians and New Guineans might be due very old and
separate initial populations from Wallacea. We demonstrate gene flow to Western Indonesia
from the northern populations prior to Austronesian expansion. Historical patterns of social
interaction reconstructed from genetic, linguistic and climatic data largely explain
community-level language evolution on one of Indonesian island.

Acknowledgments: This research was supported by the National Science Foundation to
JSL, MFH and TMK.
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Motivation and Aim.: Microtubule-associated proteins (MAPs) play an important role in
the regulation of microtubule (MT) structure and functions. They stabilize MTs and support
their interactions with other cell components. Most of the plant MAPs discovered so far have
homologues in eukaryotes, but not all animal or fungal MAPs are present in plants. Although
because of MAPs role in modulating microtubule functions, the full complement of these
important sequences has not yet been described.

Methods and Algorithms: The sequences of known structural MAPs were obtained from
Swiss-Prot/TrTEMBL, GenBank and DDBJ. The FASTA-sequences were sorted accordingly
to their types and families (MAP1, MAP2 tau, MAP4). The information on domain
architecture and functional regions was obtained from the Swiss-Prot and was analysed with a
help of SMART. Alignment was performed in Clustal X (1.8). Motifs (not less than six amino
acid residues) were considered conservative if 100%-identity was observed only with typical
animal MAPs under scanning in the SIB BLAST. Identification of Arabidopsis thaliana
homologues was accomplished with the NCBI tBLASTn using complete protein sequences of
domains or tubulin binding repeats. The sequence handling, assembly, translation and search
of the A. thaliana genome were carried out with the help of different Lynnon BioSoft tools.
Localization of consensus regions, corresponding to the candidate genes were carried out
using the NCBI Map Viewer and data represented in Tair, TIGR, KEGG, ExpPASy and
GenBank.

Results:. The gene-identification strategy, utilizing site-based and comparative methods,
allowed us to identify amino acid motifs that are conserved within each MAP family, and
designed corresponding nucleotide motifs in [IUPAC code, accommodating potential codon
polymorphism by applying the universal symbols representing all possible substitutions.
Scanning the complete sequences of A. thaliana chromosomes, we identified candidate
coding sequences for plant homologues of animal structural MAPs. Furthermore, we
identified 200 loci (i.e., 178 of MAP1 and 22 of MAP2 and tau) that are of interest as
potential chromosomal regions for plant structural MAPs. Interestingly, consensus regions for
MAP4 were not identified in 4. thaliana. Chromosomal locations for three previously known
plant homologues of MAPI1 (i.e., AtEBla, AtEB1b and AtEB1c) were also identified in the 4.
thaliana genome.

Conclusion and Availability: Based on the results of investigations, we inclines to
assumption, that if the new homologues of MAP1 will be detected within the genome regions
designated, their sequences will soon differ considerably from the sequences of typical animal
MAPs. Nevertheless, slight sequence resemblance of the not exclude existence of functional
homology. In the case of MAP2 tau and MAP4 we assume the possibility of existence of
some proteins, functionally similar to MAP2. At the same time, if plant homologues do exist,
the sequences similarity will be very low. In the case of MAP4, our results confirm the
absence of MAP4 in plants. In any case, if plant homologues of animal MAP2_tau and MAP4
do exist, their similarity will be very weak. So, there divergence probably took place at a very
early stage in their evolution.
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Motivation and Aim: Standard Affymetrix technology evaluates gene expression by
measuring the intensity of mRNA hybridization with olygonucleotide probes; the probes are
grouped into probe sets. The probes within a probe set may work very differently, but
standard technique uses only integral characteristics of probe sets. We propose to consider
each probe individually that provides us with larger amount of data and may lead to better
results. The approach is implemented to the model of male/female discrimination using
expressions of genes in sex chromosomes.

Methods and Algorithms: CEL files obtained using Affymetrix U133 Plus 2.0 Array for
different cancer tissues were extracted from GEO repository (GSE2109 entry), each file has
the male/female label. Our aim was to reveal the probes and genes allowing to separate sexes
and to use the probes for the description of the samples. First, each probe of each sample was
assigned with a numerical value; we used the PM-MM differences that give better results than
PM values. Second, for each probe we have found the threshold giving the minimal number of
wrongly attributed files, i.e. the male files belonging to the female part of values with respect
to the threshold and vice versa. Third, the probes having the above error number below 5% of
the total number of files were selected as the informative probes. Finally, we describe each
file with a Boolean vector, each component of the vector corresponds to a selected probe (0 if
it is below the threshold and 1 otherwise). To map Affymetrix probes on human genome we
have constructed and used an Affy AltSplice DataBase (http://affymetrix.bioinf.fbb.msu.ru/).

Results: For all probe sets of X and Y chromosomes only 18 probes from X chromosome
and 27 probes from Y chromosome were selected as the informative ones. Those probes
belong to two probe sets from X chromosome (both from the XIST gene) and five probe sets
from Y chromosome (corresponding respectively to the genes RPS4Y1, EIF1AY, DDX3Y,
JARID1D, CYorfl5B). Each of above 7 probe sets contains both informative and non-
informative probes. Clusterization of Boolean vectors shows several clusters that can be
interpreted as (a) normal males (551) and females (1251), (b) males (19) and females (19)
with wrong sex labels, (¢) males with high expression for all chosen probes of Y-chromosome
and high XIST expression (10), (d) males with several unexpressed probes for genes of Y
chromosomes (15), (e) females with XIST probes unexpressed (22). The minor subgroups are
subject of biological interpretation. E.g. male samples with pronounced X-chromosome
inactivation (group (c)), are often observed in testis tumors, as well as in patients with
Klinefelter’s syndrome as a result of X-chromosome amplification.

Conclusion: Different probes within a probe set have different levels of reliability. The
suggested approach to reveal and use informative probes provides biologically reasonable
results.
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Motivation and Aim: Development of multifunctional analytical computer system that
presents resources for modelling and analysis of the functional patterns in molecular genetic
systems of eu- and prokaryote cells is one of the current important problems in system
biology. In this study the MGSmodeller computer system that intended for reconstruction,
calculation and analysis mathematical models of molecular genetic system is presented.

Methods and Algorithms: MGSmodeller as a computer system contains the next set of
modules: “model constructor/editor”, “model calculation”, “inverse problem”, “optimal
control”. Multifunctionality of the system is based on the facilities of each module. Such
module as “model constructor/editor” allows to create and to edit models using original
standard SiBML for specification mathematical models of molecular genetic networks.
SiBML based on generalized chemical kinetic method [1] and taking into account the
structure of their genetic and compartmental levels.. The system also includes: (i) tools for
model reconstruction with arbitrary structure of the molecular genetic systems taking into
account positional relationship and orientation genes in genomes, polyallel genes, matrix
principles of the passing such fundamental processes as replication, transcription and
translation, and milticompartmental structure of studying systems, (ii) tools for dynamic
calculation, solving of inverse problems and problems of optimal control. MGSmodeller is
java-application and is supplied with attributes of the user friendly interfaces. User interface
of the MGSmodeller allows to hierarchically represent data, edit them and to clearly represent
the calculation results and to perform analysis of molecular genetic models.

Results: The original format of models description SiBML, algorithms and the
MGSmodeller system are developed for generation, reconstruction, edition and calculation of
molecular genetic networks models. This system was used for reconstruction the auxin
metabolism mathematical model [2]. All information relatively MGSmodeller and about
authors is available on the web-site http://www.bionet.nsc.ru/labs/modelgroup/indexEng.html

References:
1. V.A. Likhoshvai et al. (2001). Generalized chemokinetic method for gene network
simulation, Mol. Biol., 35:1072-1079.
2. LR. Akberdin et al, Mathematical model of auxin metabolism in shoots of arabidopsis
thaliana L, this volume
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Motivation and Aim: One of the topical and interesting challenge in the system biology is
creating automatic tool for generation of the mathematical models on basis of reconstructed
gene networks with further analysis of this complex models and visualization of model
results. Since reach this aim we have developed special software that allow to convert
information about gene network structure to the mathematical model. We called this system
as MGSgenerator.

Methods and Algorithms: MGSgenerator is based on Eclipse (www.eclipse.org) plug-in
architecture. The developed converter support following types of plug-ins. First is the data
source modules and second is the data export modules. Thus, this tool can be extended for
conversion from different systems such as KEGG data base and for generation models in
different modeling systems such as Mathematica. The reaction rate is described on basis of
Hill functions, that allow to represent different types of the molecular-genetic regulation. It’s
computer system could be used for generation mathematical models only for correct described
subset of patterns that could be representing in gene networks. Anyway it might be networks
where are complex processes, which couldn’t be described by pre-set rules. In this case user
can manually set the necessary reaction rate equation.

Results: This software tool MGSgenerator could be and is used to generate math models
of gene network patterns subset. Today we have few plug-in modules that allow us to convert
format XML of the GeneNet computer system [1] into SiBML format of the MGSmodeller
[2]. MGSmodeller is the complex software which allows to reconstruct models and, of course,
to analyze and calculate mathematical models. The gene network that we used for
MGSgenerator testing didn't allow us to describe for less then 20% of molecular-genetic
processes by the mathematical models, but after gene network annotations modification we
converted all processes in this gene network in the SiBML. All information relatively
MGSgenerator and about authors is available on the web-site
http://www .bionet.nsc.ru/labs/modelgroup/indexEng.html.

References:
1. Ananko E.A., Podkolodny N.L., Stepanenko I.L., Podkolodnaya O.A., Rasskazov D.A.,
Miginsky D.S., Likhoshvai V.A., Ratushny A.V., Podkolodnaya N.N., Kolchanov N.A.
(2005) GeneNet in 2005. Nucleic Acids Res., 33: 425-427.
2. Kazantsev F.V. et al. MGSmodeller — a computer system for reconstruction, calculation
and analysis mathematical models of molecular genetic system, this volume
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Motivation and Aim: Progress in sequencing of the genomes from different organisms
raised the problem of rapid functional decoding of their genetic programs. One possible
approach could be based on computer analysis of potential regulatory regions of the genes,
mathematical modeling of their functions and experimental verification of the putative
mechanisms. This approach allows mass analysis of the sequences. We used this approach to
reconstruct the structure of the potential promoter of E. coli yfid gene. Previously, we have
constructed a genosensor based on the potential yfi4 promoter and the gfp reporter gene. The
sensor cells E.coli/pYfi-gfp responded to various external toxic stimuli, including oxidative
stress [1]. However, the mechanism underlying the response remains unknown.

Methods: Mathematical models were developed by the method of generalized Hill
functions [2]. Recognition of the potential binding sites for the transcription factors (TF) was
done using the SITECON method [3]. Protein-DNA binding was analyzed by EMSA
(electrophoretic mobility shift assay).

Results: Modeling of the response on oxidative stress in sensor cells E.coli/pYfi-gfp
demonstrated that the coincidence with the experimental data is the best in the model
implying a complicated effect presumably through several TFs. With regard to this fact, we
searched for TF potential binding sites (TFBS) in the yfi4 promoter region. Totally, 52
alignments of TFBS were analyzed. The high recognition level estimated by type II error
(false positive) was demonstrated for 19 sites belonging to 16 TFs. Among them, several
binding sites for TFs (MarA, IscR, MetJ, PurR, and SoxS), directly or indirectly involved in
the response of this gene to oxidative stress, were found. In addition, and some potential
TFBSs regulating the metabolism of sugars, amino acids, nucleic and fatty acids were
discovered. Moreover, the presence of the Crp TFBS, which is a global regulator of the genes
responsible for sugars catabolism, was proved by EMSA.

Conclusion: Detection of the great number of potential sites for TFs, both for oxidative
agents and global regulators of metabolic processes, supports our assumption that the E.coli
yfi4 gene is a sensor of metabolism disorders in a cell. So, the genosensor derived from its
promoter could be a polyfunctional sensor.

References:

1. N.V. Tikunova et al. (2007) A computational-experimental approach to designing a
polyfunctional genosensor derived from the Escherichia coli gene yfiA promoter. Dokl.
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Motivation and Aim: Most of the available tools for transcription factor binding site
(TFBS) prediction are based on simplifying assumption of independent contribution of each
nucleotide position to the binding affinity. The assumption is not universally valid. The task
of developing the method overcoming this limitation is the challenging one.

Methods and Algorithms: ‘ExpertDiscovery’ system discovers the specific nucleotide
patterns of arbitrary length that could be characterized as (1) statistically significant; (2)
hierarchically complicating; (3) allowing gaps [1].

Results: We analyzed the DNA targets for several protein families (CEBP, HNF4, SF1
an so on). In the case when the apriori alignment of TFBSs is known, ‘ExpertDiscovery’
outperforms position weight matrix (PWM) at any threshold cutoff (Fig. 1, a). When the
apriori alignment is not known, ‘ExpertDiscovery’ performs much better than PWM at any
threshold cutoff (Fig. 1, b).
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Figure 1. False positive versus false negative rates calculated for ‘ExpertDiscovery’ system and PWM using
bootstrap procedure to recognize CEBP binding sites in two cases: a. aligned data, b. unaligned data.

Conclusion: TFBS sequences possess the complex degenerate structure, they vary in
length, position, redundancy, orientation in the DNA chain. Some factors seem to show
position dependencies whereas others do not. ‘ExpertDiscovery’ finds the common building
patterns of unaligned TFBSs and allows to predict the new members of family factors.

Availability. http://www.math.nsc.ru/AP/ScientificDiscovery/pages/projects.html

References:
L Khomicheva et al. (2008) ExpertDiscovery application for the hierarchical analysis
of the eukaryotic transcription regulatory regions based on the DNA codes of
transcription, Intelligent Data Analysis, in press.
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Motivation and Aim: The importance of protein in all living systems is immense. At the
protein level most biological mechanisms are based on shape-complementarity, so that
proteins present particular concavities and convexities that allow them to bind to each other
and form complex structures. In general, proteins perform their functions by forming
complexes. Therefore the knowledge of interactions between proteins is essential for
understanding the molecular mechanisms of biological systems and drug design. The aim of
our research is the prediction of protein interactions using homologous interfaces. We address
two problems. First, given an interface database and a protein database the task is to predict
possible protein interactions. Second, given a target protein, an interface database and a
protein database the task is to find possible interacting partners.

Methods and Algorithms: The assumption behind the homology-based approaches is that
interaction information can be extrapolated from one complex structure to homologs of the
interacting proteins. Define an interface as a pair of interacting binding sites (patch) of two
protein. Each patch consists of all residues of a protein that are located within a distance of

o

6 A from the other protein. From such an interface definition it is clear that in a patch there are
continuous segments of protein polypeptide chain. We use that observation for searching
similar patches in proteins. We also assume that if a protein spatial feature is similar to a patch
spatial feature then the corresponding distance matrices are highly correlated.
The proposed algorithm consists of the following steps:

1. select continuous segments in the interface;

2. find similar continuous segments in proteins using dynamic programming on distance
matrix;
superpose proteins by the correspondence found;

4. check modeled interaction (steric clash, similarity score);

Taking into account residue types makes prediction more accurate.

Results: This algorithm was implemented in C++. Our algorithm is quite fast, depending
on the protein and interface sizes it takes several seconds to find the solution, what is
important in screening task.

Conclusion: We have proposed a novel homology-based algorithm for prediction of
protein interactions, which employs dynamic programming on distance matrix. Finding
particularly spatially similar continuous segments reduces searching time drastically in
comparison with hashing algorithms and adequately reflects the nature of protein interactions.

Availability: The software is available on request from the authors.
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Motivation and aim: Cell cycle regulation abnormalities lead to serious diseases. One of
the most wide spread is breast cancer. There are some drugs acting on different targets, but
despite of that only in US in 2007, approximately 40,460 women are expected to die from
breast cancer (American Cancer Society). Thus, finding of new drug targets for cancer
therapy, is important task.

Methods and algorithms: We propose an algorithm for anticancer drug target
identification. The algorithm models cell cycle regulation as logic networks. Input data is the
initial states of nodes (proteins and/or genes) in a primary moment of time. Output data is a
number of node states in different time moments — trajectories. For analysis of proteins,
influence on which can change trajectories in a desired way (i.e., apoptosis stimulation of
cancer cells without influence on normal cells or stop of cell cycle progression), the node
states can be fixed according to the type of proposed effect (inhibition of the respective
proteins).

Results: The method was applied to the case of breast cancer using molecular network
consisting of 234 nodes: 361 proteins from TRANSPATH database (http://www.biobase.de),
and expression data for breast cancer, consisting of up and down regulated genes list from
Cyclonet database (http://cyclonet.biouml.org). The network consists of two functional
blocks: cell cycle block and stress associated pathway block. Two groups of promising targets
were identified: first - a number of targets, which inhibition changes trajectory into
interruption of cancer cells division, and second - a number of targets, which inhibition
changes trajectory into apoptosis of breast cancer cells.

Conclusion: Proposed algorithm evaluated the anti-tumor targets and its combination
taking into account the microarray data for breast cancer. Preliminary results demonstrate the
applicability of the method to identify new targets.

Availability: According to Net2Drug Consortium agreement.

Acknowledgement: The work was supported by European Commission project Net2Drug
No. 037590 (FP6-2005-LIFESCIHEALTH-7).
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Motivation and aim: X-chromosome inactivation is the epigenetic phenomenon which
occurs in female mammals, whereby one X chromosome is silenced in every cell. X-
inactivation, together with genomic imprinting, has provided an important model system for
studying epigenetic regulation, i.e. regulation occurring apart from the DNA sequence itself.
Indeed, the transcriptional inactivation of the one X chromosome is a complex process,
controlled by the inactivation center, denoted as XIC. The XIC is a complex genetic locus
comprising a number of genes producing non-coding nuclear RNAs. Within the XIC the non-
coding (nc) RNA gene, Xist, is the key player. Xist is virtually unique in that it is the only
known gene where the ncRNA product, and not a protein, epigenetically regulates a whole
chromosome. Previous studies showed that two of Xist’s exons originated from a protein
coding gene. In this study we have conducted an independent analysis of the origin and
evolution of the inactivation center and Xist gene in eutherians using a set of bioinformatics
approaches, the impact of mobile elements on the creation of the ncRNA genes.

Results: In this study we showed that key XIC gene Xist, which display fragmentary
homology to the chicken protein coding gene Lnx3, emerged de novo ~ 180 Mya by
integration of mobile elements and colonization of simple tandem repeats. The Xist gene
promoter region and four of ten exons found in eutherian retain homology to exons of Lnx3
gene. The rest six Xist exons including simple tamdem repeats detectable in their structure
have similarity to different transposable elements. Integration of mobile elements into Xist
accompanies the overall evolution of the gene and presumably continues in contemporary
eutherian species. Additionally we noted that combination of remnants of protein-coding
sequences and mobile elements is not unique for the Xist gene and found in the other XIC
genes producing non-coding nuclear RNA. As a result additional data demonstrating how the
XIC originated from a region containing protein-coding genes have been obtained. In
particular, we have demonstrated that the genes Enox(Jpx) and Fitx of the XIC, contain exons
homologous to those in cognate protein-coding genes Usp! and Wave4(Wasf3), moreover,
different types of dispersed repeats give birth to the exons of the genes in different
mammalian species.

Conclusion: Thus, the eutherian X-inactivation center has originated from a region
containing protein-coding genes that has undergone considerable structural rearrangements,
invasion of mobile elements and processed pseudogenes, and pseudogenization of protein-
coding genes.

The key XIC gene, Xist, displays a fragmentary homology to the chicken protein-coding
gene Lnx3 and, most likely, emerged de novo during formation of the eutherian X
chromosome ~180 Mya. Consequently, XIST can be classified as an intermediate pseudogene
and this gene evolution has contributed to the creation of a new ncRNA gene. Our data, adds
to the story that Xist originally stemmed from a protein coding gene by showing that a
transposable elements inserted within the gene contributed to the creation of a ncRNA gene.
In fact, we see that other regions of the XIC have evolved similarly by transposable element
insertion, mutating active genes into non coding pseudogenes. Our data constitute important
findings into the origin of the unique Xist gene and others ncRNA genes of the XIC.
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Motivation and Aim: The aim of the Cyclonet database [1] is to develop an integrative
approach that will help researchers to understand the cell cycle regulation and carcinogenesis
process through modelling and simulation of gene regulatory networks.

Methods and Algorithms: Modern software technologies were used for Cyclonet
development. BioUML technology (http://www.biouml.org) was applied for the formal
description of structure and functioning of complex biological systems and processes on
different logical levels represented in diagrams, as well as for visual modelling and simulation
of eukaryotic cell cycle using built-in Java engine. BeanExplorer Enterprise Edition
(http://www.beanexplorer.com) was used for Cyclonet integration with free international
biological databases and development of web interface for user access via Internet. The
BMOND database (http://bmond.biouml.org) was used as repository of diagrams, description
diagram elements (genes, proteins, substances, concepts, reactions and semantic
relationships), mathematical models and results of simulation.

Results: Cyclonet integrates data of genomics, proteomics, chemoinformatics, and
systems biology to use them in design of more effective drugs:

» genomics — 354 links to available microarray experiments were collected and
categorized. This section also contains complete list of human genes derived from five
microarray experiments and 30 lists of up- and down-regulated genes for different subtypes of
breast cancer revealed by meta-analysis of these experiments, as well as three lists of genes
characterized by monotonical expression in cell cycle;

* proteomics — information about 3436 proteins, their complexes and interactions;

» chemoinformatics — information about 55 key targets for anticancer treatments, 62
anticancer pharmacological activities, 422 corresponding activities, and 4335 chemical
sustances with chemical formulas and described physiological activities. This information is
used by PASS system (http://www.ibmc.msk.ru/PASS) to predict new ligands with anticancer
activities;

* systems biology — more than 150 diagrams describing cell cycle regulation and related
systems and 32 mathematical models of cell cycle regulation annotated from literature.

Cyclonet is also integrated with BMOND (http://bmond.biouml.org) — the specialized
database on cell cycle regulation and microarray data. Both databases are used for storage and
exchange of data collected in the frameworks of international project FP6 "Net2Drug".

Availability: Cyclonet is available at http://cyclonet.biouml.org.

Acknowledgements: This work was supported by European Committee grant Ne037590
“Net2Drug”.
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Motivation and Aim: Regulation of quiescence may be critical to degenerative diseases
and cancer. Serum deprivation of fibroblasts was studied in [1] as a model of entry into
cellular quiescence. It remains a challenge to identify transcriptional factors that regulate
over-expression of genes after serum deprivation. In the frameworks of this work we aimed at
the two main tasks: 1) identification of genes over-expressed after serum deprivation; 2)
analysis of promoter regions of identified genes with the purpose to reveal the transcription
factors that significantly regulate them in conditions of serum deprivation.

Methods and Algorithms: For identification of genes over-expressed after serum
deprivation we used the statistical method based on optimization of parameters of hyper-
geometrical distribution. For recognition of potential binding sites of transcription factors we
used the weight matrix method described in [2]. Initial frequency matrices were extracted
from the TRANSFAC (http://www.biobase-international.com/pages/index.php?id=transfac)
and JASPAR databases (http:/jaspar.genereg.net). Statistical simulation was applied to
decrease the number of false positive results.

Results: Analyzing the microarray data we selected two groups of genes. The 1% group
contained the genes significantly over-expressed after serum deprivation. The 2 (control
group) contained the genes with not changed expression. Promoter [-1000bp, +1000bp]-
regions of all selected genes were extracted from the Ensembl database
(http://www.ensembl.org). Promoter regions of genes from both groups were analyzed by the
matrix method for recognition of transcription factor binding sites. Comparison of the
occurrence frequencies of recognized binding sites allowed to reveal a set of transcription
factors (for instance, KLF4, PPARG and FOXF2), which responded to serum deprivation.
Application of chi-squared independence test allowed us to reveal additional set of
transcription factors, whose binding sites significantly co-occured in promoters of the genes
from the 1* group. The most striking examples were IRF2, c-Ets-1 (p54), PU1 and STAT6.

Acknowledgements: SB RAS Integrational Grant nl3 “Stem cells for future
biotechnology”.
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Motivation and Aim: Cancer is a highly heterogeneous disease. It remains a challenge to
identify common transcriptional features of cancer as well as particular features of different
cancer subtypes. Currently, a lot of gene expression experiments were intended for studying
various types and subtypes of cancer. Public available microarray data sets were accumulated
in such databases as the Stanford Microarray Database (http://genome-www5.stanford.edu)
and ArrayExpress (www.ebi.ac.uk/arrayexpress). Meta-analysis of microarray data on gene
expression in normal and cancer cells from independent experiments could allow to reveal
reliably differentially expressed genes. In the frameworks of this work we aimed at several
main tasks: 1) meta-analysis of five data sets to identify significantly the genes expressed
differentially in breast cancer; 2) comparison of identified genes with genes revealed by meta-
analysis in [1] as differentially expressed in common cancer; 3) comparative analysis of
promoter regions of identified genes with the purpose to reveal the transcription factors that
significantly participate in neoplastic progression.

Methods and Algorithms: For identification of differentially expressed genes we have
developed the statistical method based on optimization of parameters of hyper-geometrical
distribution. For recognition of potential binding sites of transcription factors we used the
weight matrix method described in [2]. Initial frequency matrices were extracted from the
TRANSFAC database (http://www.biobase-international.com/pages/index.php?id=transfac).

Results: Our meta-analysis has identified significantly (p-value<0.001) that 431 genes
were differentially expressed in breast cancer tissues. 187 genes dysregulated in nearly all
cancerous tissues were identified in [1]. About 70% of these genes were also differentially
expressed (at least, insignificantly) in breast cancer. Promoter [-1000bp, +1000bp]-regions of
genes up-regulated in breast and common cancer were analyzed by the matrix method for
recognition of transcription factor binding sites. Promoter regions of selected genes were
extracted from Ensembl database (http://www.ensembl.org). We discriminated a set of
transcription factors (for instance, PAX6, COUP, TBXS5 and ABI4), which were characterized
as specific for breast cancer only. We also identified the set of transcription factors (for
instance, NF-Y, YY1, E2F and ICSBP) as specific for common cancer.

Acknowledgements: This work was supported by European Committee grant Ne037590
“Net2Drug”.
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Motivation.: Organisms repair their damaged DNA in several ways, one of which, base
excision repair (BER), removes most of nucleobase lesions. The first step of BER is
performed by DNA glycosylases, such as bacterial enzymes Fpg and Nei, which catalyze
excision of many oxidatively damaged bases from DNA.

To investigate which structural features are important for the functions of enzymes,
phylogenetic methods can be used. One of such methods is the detection of correlated
mutations. If amino acid (AA) residues interact physically or functionally, they are likely to
change in an interdependent manner. Given a set of proteins of a homologous family, the co-
evolution can be detected by analyzing the physicochemical properties of residues for
correlations. A covariation matrix can be built using the values of property in different
proteins and positions; then Pearson's linear correlation coefficients with significance levels
can be estimated.

Methods and Algorithms: In this work, a correlated mutation analysis was performed on
the 124 AA sequences of the Fpg and Nei proteins from different organisms. Alignment and
phylogenetic tree were built (MUSCLE [1], Phylip [2]), and the data was analyzed by the
CRASP program [3] for correlated mutations. Results of the CRASP output were further
accompanied by the 3D structure analysis to find the pairs of most functional and structural
importance.

Results: Significant correlations were detected in residue pairs for isoelectric point (pl)
and hydrophobicity. It is shown that several pairs detected by pl correlation analysis evolve
by compensatory mutations and form salt bridges in the 3D structure of Fpg. Some of these
pairs are located in functionally important sites and may contribute to protein's glycosylase
function, e.g. the pair R54/E131 binds N- and C-domains of the enzyme and can significantly
influence the structural flexibility of the DNA-binding groove. It is suggested that
anticompensatory mutations in these sites will decrease or ablate the glycosylase activity of
the enzyme, while the compensatory mutations will not affect it significantly. The hypothesis
about structural and functional relationships between these residues is subject for further
verification by site-directed mutagenesis.

The work was partly supported by the RAS program "Biosphere origin and evolution",
RFBR grant 08-04-00596 and SB RAS integration project 49.
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Motivation and Aim: The increasing quality, size and complexity of gene regulatory
networks enforces the application and further development of network analysis methods for
their investigation, and various approaches have been developed or employed from other
fields of sciences to investigate these complex networks. The ranking of network elements,
often called centrality analysis, is one of these methods. A centrality is a function which
considers the network structure and assigns every vertex of the network a numeric value in a
way that more important vertices (such as global regulators in a gene regulatory network) get
higher centrality values.

Results: Here we discuss and compare different centrality measures which can be used to
analyze gene regulatory networks. Some of these centralities have been already studied in
biological sciences; others are transferred, for example, from social network analysis. This
study includes the centralities degree, closeness, radiality, integration, shortest path
betweeness, Katz status index, and PageRank. We analyze these centralities within the gene
regulatory network of Escherichia coli based on the data of transcriptional regulatory
interactions of genes from RegulonDB, Version 5.5 and compare the ranking of the genes
based on the centralities with global regulators proposed by Martinez-Antonio & Collado-
Vides (2003). Some centralities are able to identify more than 50% of the global regulators
within the top 2% of the ranked genes. However, they also result in very different rankings
with low pair-wise Kendall's correlation coefficients for several pairs of centralities. We also
show that the consideration of biological knowledge can improve the results of centrality
analysis (the identification of global regulators). We discuss and extend a complex class of
centrality measures, motif-based centralities, which is based on network motifs, small
recurring sub-networks within a given network which often relate to specific biological
functions.
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Motivation and Aim: Ubiquitylation is a process of great importance for many vital cell
functions (proteolysis, signal transduction, control of gene expression, DNA repair, etc).
Ubiquitin system consists of complex of enzymes wich catalyse covalent attachment of
ubiquitin to a target protein (E1 - ubiquitin activating enzymes, E2 — ubiquitin conjugating
enzymes, E3 — ubiquitin protein ligases), particular proteins serving as substrates for ubiquitin
modification, deubiquitylation enzymes (DUB) and proteins containing ubiquitin binding
domains (UBP). Biological significance of ubiquitin dependent regulation makes it attractive
object of research, using methods of systems biology. However among specialized biological
Internet-resources (SwissProt/TTEMBL, GO, KEGG, Reactome, etc.) there are no resources
correctly and completely describing ubiquitin system. Therefore Internet-resource is required
for accumulation and ordering of knowledge on ubiquitin system. The aim of our work was to
create specialized object-oriented database, collecting data on all members of ubiquitylation
system and their interactions in various organisms.

Methods and Algorithms: For development of Ubiquitomix database BioUml platform
has been chosen. It is open source software, being used for formalization of biological
systems, as well as for their visualization (http://www.biouml.org).

Results: Main principles of formalization and graphic display of all compounds of
ubiquitin system and their interactions have been developed. Proteins were formalized
according to their properties. Basing on protein structure we had divided them in two different
kinds of entities: simple entities (monomeric or homo-oligomeric proteins) and modular
entities (hetero-oligomeric proteins and protein complexes). According to their function, all
components of ubiquitin system have been divided into: 1) enzymes of conjugation (i.e.
attachment of ubiquitin molecule to target protein); 2) deubiquitylating (the reversal of
conjugation) enzymes; 3) proteins which recognize a specific ubiquitin signal; 4) ubiquitin
target proteins. For modular entities, components have been divided into 5 types: possessing
catalytic activity, carrying out ubiquitin binding function, substrate binding proteins, adaptor
proteins and effector proteins. Function and structure of proteins are displayed by form and
color of pictogram. Each protein is characterized by name and synonyms, gene name, MW,
length, posttranslational modifications, function in ubiquitin system. Additionally,
ubiquitylated proteins are characterized by type of ubiquitin chain, site of ubiquitylation and
ubiquitylating machinery. If ubiquitylation mechanism of target protein is described
completely, respective reaction is displayed on own pathway diagram. For partially
characterized ubiquitin binding processes semantic diagrams are chosen. Information on 383
human and 508 yeast proteins has been collected in Ubiquitomix database and their
interactions have been analyzed.

Conclusions: General information on ubiquitin system members and their interactions
has been collected in developed database. We expect that further development of Ubiquitomix
database will be of common interest for different research groups involved in studies of
ubiquitin system.
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Motivation and Aim: Chicken (Gallus gallus domesticus) genome is now one of the best
investigated bird genomes. Available resources include a consensus genetic map, BAC
libraries representing several genome-equivalents organized in physical maps
(http://www.bioinformatics.nl/gbrowse/cgi-bin/gbrowse/) and the second draft of the chicken
genome sequence. Notwithstanding the progress of the research, the chicken genome
sequence still contains numerous gaps (accessible at http://www.ensembl.org,
http://ncbi.nih.gov). For a number of microchromosomes no sequence information is
available. Among certain difficulties - cloning, sequencing and chromosome assembling of
tandem repeat clusters, which constitute centromere, telomere and other heterochromatic
regions of chromosomes. Consequently, the DNA sequences of centromeric regions are
usually unknown and are represented by gaps in the current chicken chromosome sequence
assembly (symbolized by 1.5Mb gaps for macrochromosomes and 0.5 Mb gaps for
microchromosomes). At the same time so-called virtual chromosome (chromosome unknown,
ChrUn) containing sequences with unknown chromosome position is highly enriched with
tandem repeats.

The aim of the present work was to introduce a novel 'cytogenomic' approach which
would provide essential information about the regions absent from the sequence maps of
chromosomes including centromeres, telomeres and other heterochromatic regions enriched
with tandem repeats.

Results and Conclusions: The integrative approach, which includes computer based
analysis and physical mapping at of tandemly repetitive sequences high resolution level, was
developed [1, 2]. Examination of sequences bordering heterochromatic regions in the current
chromosome sequence assembly allowed us to identify several novel tandem repeat families
in the chicken genome including PO28 and PO446 repeats. We also screened the chicken
genome databases (ChrUn) to analyze sequences bordering previously described tandem
repeats CNM and PO41; 107 contigs containing CNM and/or PO41 repeat clusters were
found. Detailed analysis of these DNA  fragments with  RepeatMasker
(http://www.repeatmasker.org), RepBase Update (http://www.girinst.org) and BLAST
resources allowed us to predict that satellite transcription could be initiated at long terminal
sequences (LTR) of LTR-retrotransposones.

This work was supported by the Russian Foundation for Basic Research (grant 08-04-
01328). We used the equipment of the Core Facility "CHROMAS" (Biological Research
Institute of Saint-Petersburg Sate University).
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Motivation: The simulation of biochemical reaction networks requires information about
the kinetics of the biochemical reactions participating in the network, such as the kinetic laws
describing the dynamics of the reactions with their respective parameters determined under
certain experimental conditions. These data are widely scattered through various publications
and described in many different formats. Thus, it is a prerequisite for integrating such data
into simulation networks to define standards for reporting and exchanging the data obtained,
both from experimentalist to modelers and for the feedback from modelers to
experimentalists.

Results: SABIO-RK (System for the Analysis of Biochemical Pathways - Reaction
Kinetics) is a database designed to store and offer access to information about biochemical
reactions and their kinetics in a comprehensive and standardised manner. It stores the
fundamental information about biochemical pathways, like reactions and their participants
(enzymes, compounds, modifiers). It also offers support for the storage of information about
proteins, protein complexes and genes, all this linked to organism (including strains) and to
biochemical reactions (in the case of enzymes).

Availability: SABIO-RK can be accessed through a web-based user interface
(http://sabio.villa-bosch.de/SABIORKY/) that allows the search for biochemical reactions and
their kinetics by specifying characteristics of the reactions of interest (such as reactants,
enzymes or pathways) as well as the kinetic data searched (e.g. from a particular tissue,
determined under certain experimental conditions or only certain parameter types). All
reactions matching the search criteria are presented, allowing the view of further details about
reactions, catalyzing enzymes and the kinetic data upon selection. Data about biochemical
reactions and their kinetic parameters with their respective rate equations can be exported in
SBML format (Systems Biology Mark-Up Language, thus allowing the import into simulation
and modeling programs supporting SBML
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Many bacteria hold restriction-modification (RM) systems preventing host cells from
invasions of foreign DNA by cleavage the latter at specific sites. Typically, type II RM-
system includes two proteins: the restriction endonuclease cleaves foreign DNA at specific
short sequences, while the methyltransferase protects host DNA from restriction by
methylation of such sites. Bacteriophages possess several strategies to prevent DNA cleavage.
For instance, in their genome they can avoid sites recognized by the host RM systems. The
degree of conformity of the real number of RM-site occurrences in a phage genome to the
expected (assuming their random distribution) number of such sites, points out the presence of
an RM-system against this sequences in the phage host cell and allows to propose other phage
strategies against RM-systems.

In the present work, we have computed the number of occurrences of 259 known type 11
RM-sites in 366 bacteriophage genomes and determined the expected occurrence number by
using Markov model estimation. We have found 2535 pairs (phage genome, RM-site) with
the underrepresented site, i.e., such that the number of sites is significantly less than
statistically expected.

A comparison of underrepresented phage sites and host RM-systems has confirmed
aforesaid supposition, but also has revealed some cases when an appropriate RM-system in
the host cell is unknown. We suggest two possible explanations of this situation: either the
host really has a necessary RM-system, but it is still not annotated, or the phage can have one
or more additional hosts with a necessary RM-system besides its annotated hosts. The second
variant can be confirmed by taxonomic or ecological proximity of annotated and possible
additional phage hosts. In particular, we have determined 297 cases, in which the bacteria
genus of the annotated phage host includes also a bacterium possessing an appropriate RM
system.

Also we have divided all 2545 genome-site pairs into two groups. The first group
contains pairs with zero or very few sites per genome. This group represents cases of evident
phage survival against the host RM-system. The second group contains pairs with the number
of sites that is less than statistically expected but, nevertheless, can reach several tens or
hundreds per genome. The latter group is quite large, while the mathematical model predicts
an exponential fall of chances to survive depending on the absolute number of sites in a
genome.

Proceed from the contradiction, we propose that the phages from the second group either
recently lost contacts with the corresponding RM-system, or should possess some additional
strategies against RM-systems. In the latter case, the aim of decreasing the number of RM-
sites is to promote success of other strategies, rather than to guarantee phage survival
independently.

Acknowledgements. the work was supported by RFBR, grants 06-04-49558 and 07-04—
91560, and INTAS, grant 05-1000008—8028.
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Motivation and Aim: Genome wide location of transcription factor binding sites (TFBS)
at ChIP-chip tiled arrays and even footprints can bring about rather extended DNA segments,
which makes a challenge of binding motif identification with traditional techniques. On the
other hand the data on protein binding to DNA is available from many different sources of
experimental information. Simultaneous analysis of data obtained from such sources as
SELEX, ChIP-chip, footprints etc can result in a much clearer signal for DNA-protein binding
than usage any of the data sources alone. For instance, the oligos yielded by SELEX strictly
correspond to the binding protein, but they are usually short and in practice the binding motif
is often distorted. At the same time ChIP-chip arrays give functional binding motifs, often in
vivo, but the resulting sequences are long and can contain binding signals for proteins
different from the test one. Our objective was to make an integrated tool for incorporating
different types of experimental data into the single protein binding model.

Methods and Algorithms: For a binding model we have selected the Positional Weight
Matrix (PWM) which is traditional motif model for transcription factor binding sites (TFBS)
at DNA. The core of the algorithm is SeSIMCMC Gibbs sampler which is used to construct
the anchored optimal multiple local alignment (MLA) of raw sequence data. “The anchored”
means that any sequence included into MLA should overlap with the anchor sequence
initially seeded into the data. This layout allowed incorporating the data of ChIP-chip and
SELEX simultaneously. SELEX data was used to place anchors in ChIP-chip sequences. The
resulting MLA corresponds to the binding signal for the correct protein.

Results: We paid a particular attention to identify the length of a binding signal, the
problem, which is not solved in many signal identification tools. We have tested our system
for several TFBS of Human and Drosophila fly and resulting motif models have better
selectivity than those built using one source of experimental data.

Conclusion: We created a tool designed to construct a binding motif model from
different types of experimental data on DNA-protein binding. Now we can map specific site
occurrences at genome sequences within mapped ChIP-chip resulting regions. We can detect
genome wide putative TFBS rich regions, which were not covered by ChIP-chip results. This
opens a view to compare ChIP-chip results obtained in different experimental environment
and study tissue-specific gene expression.

Availability: The source code is available by request. Web-based version of the software
tool is planned for release.
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In the present study efforts have been made to identify new candidate compounds for
existing drug to improve efficacy by optimizing various parameters. Single change is
considered in compared to multichange, for analog generation. Objective and subjective both
approaches were used in identification of descriptors to explore the efficacy of drug
dutasteride. A comparison of the calculated binding affinities for structurally similar
inhibitors of dutasteride gave suitable analogues. Total 469 analogs are generated and eight
are selected for comparative study. To explore the efficacy of drug dutasteride, various
softwares and online tools are used in order to annotate the theoretical calculations of analog
compounds and drug. In the present study three dutasteride drug analogs showing
theoretically more superior results have been predicted. Dutasteride analog with CH,NH,,
CH,0H, CF,OH is identified as the most suitable analogs in the present study that needs to be
further evaluated in laboratory.
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Motivation and Aim: The next-generation sequencing technologies, capable of producing
tens of millions of sequence reads during each instrument run, can be quickly applied to
answer to many important genome-wide questions. Recently, Robertson and colleagues
(2007) described such an application for identification of binding sites (BSs) of STAT1 TF,
using a next-generation sequencing platform (ChIP-seq method). The objective of our work is
to develop a computational approach which uses ChIP-Seq data and statistical modeling to
identify reliable Transcription Factor Binding Sites (TFBS) for TF in a ChIP-Seq library and
predict the total number of the TF BSs in the genome.

Methods and Algorithms: We used two models of statistical distribution of binding
events (number of sequence overlap peaks) in ChIP-seq experiments. The first model is the
Generalized Discrete Pareto Function and the second model is the Kolmogorov-Waring (K-
W) function (Kuznetsov et al, 2007).

Results and Conclusion: Here we present goodness-of fit method to estimatie the number
of specific TF binding sites, as well as specificity and sensitivity of ChIPSeq data. The both
of our model functions allows us to fit empirical distributions well and thus to extrapolate the
functions into high-noisy region (Fig.1). However, we conclude that K-W model better fits to
ChIP-seq data (11 libraries) and allows us to estimate fraction of non-observed TFBSs and
total number of specific (physical) BSs in genome. We show that our approach in
combination with motif search procedures and expression data not only predicts bona
fide specific TF BSs, it could also establish practical basis for further optimization of ChIP-
Seq protocols.
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Figure 1. Goodness-of fit analysis of statistics of binding events for TFs (A) ESRRB and (B) c-Myc in mouse
genome. Vertical line: cut-off value of reliable events. By K-W model, 62% of low-avidity ESRRB TFBSs
and 86% of low-avidity c-Myc TFBS were not represented in the libraries. Thus, vast majority of BSs were
not reliably detected, but could be mathematically predicted (on empty circles on the left side of cut-off
value).
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Motivation and Aim: Histological grading of breast cancer provides clinically important
prognostic information and defines morphological subtypes, informative of patient risk.
Approximately 50% of all breast cancers are classified as “Grade 2”7, which is less
informative for clinical decisions than Grade 1 and Grade 3 due to biological heterogeneity of
this group’s patients and their intermediate risk of cancer recurrence. We have found several
small gene signatures (one 5-gene signature and two 7-gene signatures) of histologic breast
cancer grades. In this work, we exam the clinical significance of the genes, gene pairs
included in small histologic grade signatures.

Methods and Algorithms: A novel statistically-based patients’ grouping algorithm called
Data-Driven grouping (DDg), is proposed for selection of individual genes and synergetic
gene pairs significantly associated with time of patient survival. DDg is based on the semi-
parametric Cox proportional hazard regression model which we use in microarray analysis of
primary breast cancer samples to identify the most survival significant genes/gene-pairs (by
Wald statistics) and to discriminate patients into groups with low and high risk of disease
progression. We use 410 microarray U133A&B data of two large cohorts (Stockholm &
Uppsala) of breast cancer patients (Stockholm: NCBI dataset label GSE4922; Uppsala: NCBI
dataset label GSE1456).

Results: Almost all genes of our three gene signatures were highly significant for poor
and good prognosis of disease relapse. Among our findings there are genes that exhibit very
high survival significance (e.g. PRC1, MELK, TPX2; p<l E-5) and several transcripts that
have not been considered previously as significant breast cancer prognostic markers
(FLJ11029 splice variant, C6orf173). We also found several high survival significant synergic
gene pairs across genes of our signatures. Finally, we identified functions, networks and
pathways of the genes associated with grouping of breast cancer patients based on our 3
molecular signatures.

Conclusion: Our analysis shed light on underlined biological mechanisms of low- and
high-aggressive human breast cancer phenotypes and recapitulates our recent re-classification
of “Grade 2” breast tumors into “Grade 1-like” and “Grade 3-like” genetic subtypes. Our
DDg algorithm can be further used for prediction of new anti-cancer therapeutically
perspective genes, their co-regulated partners and disease-related cellular subtypes.
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Motivation and Aim: Comparative mapping of mammalian chromosomes revealed
synteny of a number of homologous genes maintained in mammalian evolution. One of the
largest autosomic synteny blocks is the region represented by the whole human chr 17
(HSA17). With the exception in a few primate and carnivore species HSA17 genes are linked
in the genomes of all placental mammals studied. To elucidate the ancestral structure of this
block we performed multi-species comparison of the homologous chromosomes for the
representatives of four orders of placental mammals: Primate (human, chimpanzee, macaque),
Artiodactyla (cattle), Carnivora (dog, american mink) and Rodentia (mouse).

Methods and Algorithms: Homo sapience (Build 36.1), Pan troglodytes (Build 2.1),
Macaca mullata (Build 1.0), Canis familiaris (Build 2.1), and Bos taurus (Build 4.0) genes
with single known ortholog in the Mus musculus (Build 37.0) chr 11 (MMUI11) were
extracted using Ensemble (v.48; http://www.ensembl.org/). For the Mustela vison, the data on
the FISH localization for 19 cattle BACs with known orthologous coordinates in the HSA17
and MMU11 were used. We applied the combination of a manual approach together with the
SyntenyTracker automated definition of the homologous synteny blocks (HSBs) of genes in
the pair-wise comparison for each of the target genomes against the reference mouse genome.
The Evolution Highway tool was used to visualize the HSBs and to determine and classify the
evolutionary breakpoints (EBs) in each mammalian lineage.

Results: We revealed 9 primate-specific EBs. Ten hominid specific EBs and one
macaque specific EBs appeared after the split of primates, one EB is specific to the human
lineage, another one to the macaque, and two specific to chimpanzee. Two EB were found in
the cattle chromosome 19, five in the dog orthologous chromosomes, and none in the mink
when compared to the region of MMUI11 orthologous to HSA17 (MMUI11: 59,589,725 -
120,852,647 bp). In MMU11 the region orthologous to HSA17 consists of four HSBs with the
largest one of 59.1 Mbp (the third largest HSB found in the mouse genome) and a small
region of 2.0 Mbp populated with four mouse-specific EBs. The regions homologous to
HSA1,5,6,2,7, and 22 constitute the proximal part of MMUI11 with the total length of the
chromosome 120,9 Mbp and are populated with 12 additional mouse-specific EBs. The
distribution of mouse-specific HSB sizes along MMUI11 is deviated from the Poisson
distribution (p-value < 0.006) suggesting the non-random distribution of the EBs in MMU11
evolution.

Conclusion: Despite the overall high level of the chromosomal rearrangements found in
murine rodent lineage (2) the mouse genome maintained the ancestral boreoeutherian
architecture of the distal part of MMUI11 with the evolutionary breakpoints non-randomly
distributed across the mouse chromosome.
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Motivation and Aim: Progressive evolution involves an organism’s complication and its
metabolism intensification. Whence and evolutionary ways of complex life forms on the
Earth are the significant scientific problems. Many studies using complete genome data of
eubacteria, archaebacteria and eukaryotes go in evidence that lots of eukaryotic domains
originated rather from bacteria than from mitochondria and plastids. Hence, a eukaryotic cell
has been formed owing to autonomism of a member of complex syntrophic prokaryotic
community via its self-closure of base regulatory pathways. As an experimental study of
evolution is too complex, mathematical modeling becomes the main tool used;

Methods and Algorithms: To model the origin of cell autonomism the previously
developed software package “Evolutionary Constructor” (EC) [1] was used. EC is designed
for modeling of coevolution in trophically linked populations of haploid organisms. It
combines imitation and generalized modeling approaches which allow changing structure of
modeled system immediately during the calculation process. In turn it allows us to model
such evolutionary processes as mutation and horizontal transfer of gene material (HT);

Results: We have studied long-term evolution of trophic system being represented at
starting time as closed “ring” of populations, feeding each other. Each population utilized
only one specific (for that population) substrate and produced only one specific (for that
population) product. During the calculation a HT might occur with a certain probability. HT
could lead to beginnings of novel populations which could utilize more substrates and/or
produce more products. It has been shown that in long view the ultimate advantage (the
highest population size) obtained the populations having “most complete genome” (i.e.
populations utilizing and producing maximal number of substrates/products in given trophic
system) or populations having “almost complete genome”. In long view such populations
eliminated all other members from trophic system while the common metabolism rate grew
up.

Conclusion: 1t was shown that HT in the stable environmental conditions transforms
common metabolism of trophic ring to inner metabolisms of separate species becoming
autonomous. Selection supplies autonomism, but the novel populations cause trophic ring
disintegration to a set of autonomous populations. At that time common metabolism rate
grows up. Consequently the criteria of progressive evolution are presented here.

Acknowledgements: Work was supported by the RFBR (No.06-04-49556), RAS
Presidium program "Biosphere origin and evolution", project "System Biology: computer-
experimental approaches" of RAS Presidium program of molecular and cell biology.
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Motivation and Aim: Prediction of the sites of transcription termination is the actual
bioinformatics problem. It allows primary marking of the genome operon structure.
Moreover, in prokaryotes the process of transcription termination is the important stage of
gene expression regulation;

Methods and Algorithms: The complete nucleotide sequences of five Frimicutes
annotated in GenBank (www.gl.iit.edu/frame/genbank.htm) were used for analysis and
termination sites prediction. To recognize transcription terminators we have developed
original algorithm evolving methods suggested in [1, 2]. As the quality measure of potential
terminator we considered the value of discriminant d = T + G + C + P, where T is the score
value of thymine stretch, G is the Gibbs energy of stem-loop formation (for its calculation the
UNAFold package [3] was used), C is the length-penalty of the secondary structure, P is the
penalty on the gap between T-stretch and stem-loop structure;

Results: In the study we suggest a novel method of transcription terminators recognition.
In comparison with method presented in [2] our algorithm has less beta error (verified using
experimentally revealed terminators of B.subtilis from [2]). The maps of potential
transcription terminators were constructed for five mycoplasms: Mycoplasma mycoides (1068
genes), Mycoplasma mycoides subsp. mycoides SC Type Strain PG1 (1052 genes),
Mycoplasma hyopneumoniae J (698 genes), Mycoplasma hyopneumoniae 7448 (696 genes),
Mycoplasma genitalium (515 genes). The rate of fall of transcription terminators number in
relation of genome length decreasing is studied.

Conclusion: Specific quantity of recognized transcription terminators was shown to
decrease in more high gear than genome size. It can be interpreted as relative growth of the
operons length in such organisms in which genome length was decreasing during evolution.

Acknowledgements: Work was supported by the RFBR (No.06-04-49556), RAS
Presidium program "Biosphere origin and evolution", project "System Biology: computer-
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Motivation and Aim: Relation between stability and evolvability in biological
communities is the key issue of biosphere study. Mathematical models with fixed
stoichiometric constants for each substrate are traditionally used to describe ecosystem. Set of
those constants specifies conditions of species existence which accords with Liebig’s law.
Meanwhile in nature the adaptive compensation of utilized substrates (Rubel’s law) is
observed. In the study the comparative modeling of stability and evolvability of trophically
closed communities with metabolism of Liebig and Rubel is investigated;

Methods and Algorithms: For modeling the software package “Evolutionary
Constructor” (EC) [1] was used;

Results: Influence of mutations on population survival was modeled under conditions of
sublethal deficiency of some substrates. The populations were grouped into trophic ring-like
networks (TRLN). Each population utilized specific substrate, which was secreted by its
previous TRLN neighbor and produced and secreted specific product that could be utilized by
its next TRLN neighbor (as neighbor’s specific substrate). Also all populations were needed
the same nonspecific substrate injected into system from outside. We have considered two
types of TRLN differed in population trophism: 1) insufficiency of some substrates was
compensated with redundancy of the other ones (adaptive trophism — TRLN-A); 2)
compensation was impossible (Liebig’s trophism — TRLN-L). It was shown that if no positive
mutations (increasing of substrate utilization efficiency is meant) occurred, it led to the death
of both TRLN-A and TRLN-L systems, and they have life time of the same magnitude.
Fixation of a positive mutation in population-member of TRLN-L led to a short-time size
growth for all populations-members of the network. At the same time limiting regime of
functioning did not changed — life time was grown a little. On the other hand, fixation of a
positive mutation in member of TRLN-A either significantly (by order of magnitude)
increased system’s life time or even prevented its extinction;

Conclusion: Modeling has shown TRLN-A to be superior to TRLN-L both in terms of
stability and evolvability. Positive mutations, fixed even in one of populations either
significantly increased life time of the whole system (additional chance to outlive the
“starvation”) or even “pulled through” extinction a TRLN-A due to metabolism optimization.
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The mammalian nervous system expresses numerous noncoding RNAs (ncRNAs). We
propose that ncRNAs may be capable of coupling the digital information universe of nucleic
acids to the analog universe of cellular protein interactions. First, ncRNAs would allow
efficient coupling of energy to information, wherein less energy is required to represent and
process more information, condensed in analog and digital form, into smaller spatial and
temporal domains, ideal for the environments found in neural tissues. Second, ncRNAs would
permit the rapid acquisition of information from the environment, along with the rapid
flexible processing and elimination of that information when no longer necessary. Third,
ncRNAs would facilitate accelerated evolution of an organism’s information content and
functional computational systems. These features allow ncRNAs to form complex circuitry
for the precise control of gene expression in high complexity systems such as mammalian
stress response and synaptic plasticity. For example, we have identified stress response
functions for the highly conserved noncoding antisense transcript for f-secretase-1 (BACE1),
a critical enzyme in Alzheimer’s disease (AD) pathophysiology. This ncRNA (BACE1-AS)
concordantly regulates BACE1 mRNA and subsequently BACE1 protein expression in vitro
and in vivo, using both analog and digital information coded within its 2kb sequence.
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Motivation and Aim: Software development for analysis and modeling of plant tissue a
very important problem in developmental biology. Growth and development of tissue are
determined by cellular biomechanics, molecule transportation, and cellular responses to their
microenvironments. Biologically motivated models of such processes, when incorporated,
would help to study the influence of these processes on plant tissue development. Explicit
account of geometric characteristics of biological object allows carrying out quantitative
analysis of mechanisms of growth and development regulation.

Comparing models with real observed tissue structures is the very important step in
model verification with experimental data and its interpretation. The image processing is one
of the powerful instruments for such an analysis. As the result of image processing the
geometric model of real object (cell ensemble and/or tissue) could be obtained. That is why
such an approach to the building of the model might be used as “morphology module” of the
model development system.

Results: Presented system was designed to support the modeling process of cell
ensemble development, i.e. constructing geometry of biological objects based on real images,
editing its biological and biophysical characteristics, and simulating of its functional state
dynamics.

This system can be used for studying influence of biophysics and molecular-biological
processes on morphogenesis both separately and in the aggregate; and for simulating growth
and morphogenesis of ‘planar’ plant tissues.

Our computer system has module architecture that allows extending easily its
functionality. Now it includes following modules: (1) module of cells growth and division
simulation with the following possibility. The regulation of morphogens expression and its
influence on cell functioning and differentiation have been taken into account; (2) the module
calculating water, morphogens and “nutrients” transport through the tissue; (3) the module
calculating tissue deformation based on biomechanics models; (4) the module acquiring cell
ensemble structure from images.

Conclusion: Main aspects of modeled objects are: orientation to plant tissue (without
migration of cells); mechanic properties of plant cells are defined by cell walls; the diffusion
flux depend on square of the cell wall; arbitrary form of cell ensemble is possible. Functional
aspects include: the graphic user interface; the library of models; reconstruction of the cell
ensemble geometry from the biological objects images.

Acknowledgements: This work was supported by the RFBR grant: 08-04-01214-a
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Motivation and Aim: Powdery mildew caused by B. graminis f. sp. tritici is a widespread
foliar disease of common wheat in regions with cool, wet conditions. At the present day genes
for powdery mildew resistance (Pm genes) have been described at 34 gene loci in common
wheat. In the wheat breeding much less genes are used. High resistance of new wheat
varieties is limited by their time-life because of continuous appearance of fungus biotypes
with new virulence. That is why the research of new resistant forms is of a great importance.

Methods and Algorithms: Our study is devoted to estimation of resistance potential of
common wheat. The estimation of resistance of wheat varieties from VIR collection was
made in the field (adult plants) and laboratory (seedlings). The field population of fungus had
virulent to Pml, Pm2, Pm4, Pm6, Pm8, Pm9, Pml10, Pm10+15, Pmll, Pml9. The test lines
with Pm3(a,b,c,d), pm5, pm7 and Pmli8 had strong leaf chlorosis. Thee test-line Wembley
14.31 (Pm1i2 gene from Aegilops speltoides) and test-line BR 93N (Pm16 gene from Triticum
dicoccoides) had immunity to fungus field population. At the seedling stage only test-lines
with Pm12 and Pm16 had immunity, the others were susceptible to the disease.

Results and Conclusion: The next varieties shown high resistance at the adult stage: k-
64544, k-64555 (Russia), k-610694, 610595, k-610700 (Ukraine), k-64480 (Poland), k-
611828 (Czech R.), k-610705 (Serbia), k-141951 (Germany), k-141399, k-61059, k-64433, k-
64434, k-64435, 64436 (Sweden). Varieties k-604655, 604674 (Canada), k-141392, k-64554
(Russia), k-610709, k-610710 (Czech R.) were intermediate. Varieties from Estonia Helle (k-
610818) and Meri (k-610819) had strong leaf chlorosis. At the seedling stage high resistance
was shown by only Sweden varieties and Brasil line BR34 (k-62165). The resistance of the
Sweden varieties is likely to be controlled by Pm12 or Pml6 or a new gene. The high
resistance to powdery mildew of Brasil line BR34 was established to be controlled by one
dominant gene non allelic Pmi2 or Pm1i6.
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Motivation and Aim: Currently theoretical prediction of DNA sequences possessing
higher nucleosome formation efficiency are still far from wide genome application.

Methods and Algorithms: The PHASE method measures the abundance of phased
dinucleotides in DNA sequence implying the double helix periodicities (~10.5 bp per turn).
Any observed dinucleotide considered either as a phased or not depending on the number of
other dinucleotides of the same type anywhere one turn apart in both directions of DNA
strand. The method compared the probabilities of specifically phased dinucleotides with those
expected by chance (I* order markov model). Total score is constructed on the basis of
dinucleotide weight matrix according to NLG approach [1], but instead of every dinucleotide
type we have one not phased subtype and two phased ones. Mammal’s nucleosome formation
sites [2] were used to estimate any specific dinucleotide phasing in a certain site position. The
growth of PHASE score implied the better nucleosome formation.

Results: At first we verified that PHASE score ensured correct classification of stable
nucleosomes [3] and anti-nucleosomal DNA [4] and splice junctions. The higher and lower
scores were found for housekeeping and tissue-specific gene promoters, respectively [5,6].
Similar contrast was also observed for promoters from TRRD [7] expressed in restricted and
wide range of tissues. The scan of full-length human chromosomes approved that sites of
dinucleotide periodicity overrepresentation are uniformly distributed as against to clustered
underrepresentation sites. We demonstrated that DNase I hypersensitivity sites mapped in
genome-scale microarrays [8] characterized by decreased PHASE score.

Conclusion: The PHASE model may be successively applied for prediction of
nucleosome formation potential of genome DNA.
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Motivation and Aim: Plants compared to the most animals do not complete establishment
of their body plan in embryogenesis but continually produce new lateral organs in the course
of postembryonic development. A general mechanism of new lateral organ initiation is
common for both shoot and root apical meristems (SAM and RAM, respectively) and consists
of local accumulation of auxin at the margin of stem cell niche [1]. In the case of RAM these
local maxima appear on the way of the auxin stream coming from the shoot along the root
longitudinal axis. In the SAM local auxin maxima occur in the peripheral zone lying as a ring
surrounding the SAM summit. Polar auxin transport machinery producing these local maxima
consists of the influx and efflux carriers. Previously we have developed the 1D model (1), for
studying of auxin distribution along the longitudinal axis in the plant root [2].

Methods and Algorithms: We converted the model (1) into the model (2r) attempting to
present auxin stream in the SAM: we replaced column cell ensemble by the ring cell
ensemble, made the auxin stream within the ring bidirectional and excluded from the model
(2r) auxin input and dissipation. All other parameters and conditions in the model (2r) were
kept the same as in the model (1).

Results: The model (2r) did not give rise to any local maximum of auxin in the ring. We
changed the equation according to [3], where regulation of auxin transport from the cell
depends on auxin concentration in the neighboring cell. This model (2s) demonstrated local
auxin maxima similar to [3].

Conclusion: Numerical simulations of models (1) and (2) showed that each of them is
effective in only one case: model (1) in RAM and model (2s) in SAM This provided insights
into the difference in auxin maximum formation in SAM and RAM borders related to the
difference in the regulation of polar auxin transport. It’s allowed to suggest that in the shoot
apex there is an auxin absorption mechanism and the cell with highest auxin level works like
“vacuum cleaner”, but in the root auxin extrusion mechanism is prevalent and each cell works
like “spray”.
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Motivation and Aim: There are two major types of root systems in the flowering plants:
fibrous and taproot. Most monocots have fibrous root, where primary root ceases to elongate
and root system forms from adventitious roots arising from hypocotyl. A taproot mainly
attributed to dicots is formed when the primary root becomes the central and most important
feature of the root system. In both lateral root formation takes place. The following three
types of auxin concentration maxima were experimentally detected in plants. The terminal
auxin maximum (TAM) is always located in the root tip [1]. The internal auxin maxima
(IAM) are temporally observed in the provascular tissue preceding the initiation of lateral root
meristems [2]. As well as a hypocotyl auxin maximuma (HAM) precede to adventitious root
meristems. In the course of plant development the auxin flow from the shoot is increased
following to the shoots growth.

Methods and Algorithms: We analyzed the influence of increasing values of auxin flow
from the shoot on solutions of 1Da [1] and 1Db [3] models of auxin distribution in root. The
difference is that 1Db model accounts for cell divisions in the root meristem. 1Da deals with
the fixed cell number. The “tolerant” set of parameters fit the curve of auxin distribution in
the arabidopsis root. The “sensitive” set was adjusted from the “tolerant” one by increasing
the efficiency of auxin transport inhibition by auxin.

Results: 1Db model with slowly increase of the auxin flow reproduces maintaining of the
TAM position and reiterative appearance of IAM at the both sets of parameters. The position
of TAM was permanent for the “tolerant” and variable in some interval for the “sensitive” set
of parameters. With the “sensitive” set of parameters, 1 Db demonstrated more than one IAM
as well as HAM formation. In the 1Da model with the «tolerant» set of parameters the TAM
shifted proximally, further increase caused oscillations in auxin concentration in the root end.
Proximal shift of the TAM was also the first response in 1Da with “sensitive” parameters,
following by appearance of IAM and shifting back the TAM. Finally, the TAM disappeared
and oscillations of auxin concentration were recorded in the basal part of the axis
corresponding to hypocotyl.

Conclusion: In our model increasing auxin flow resulted in appearance of proximal
auxin maxima. These maxima in vivo precede the initiation of lateral and adventitious roots.
This fact and different model behavior at two sets of parameters indicated that the difference
in the auxin acropetal transport regulation may be the main factor responsible for plant
diversity in root architecture.
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Motivation and Aim: Study of patterns of nature and artificial gene nets is an important
problem of modern biology today. This problem could be solved by computer recourses that
allow modeling of functions of genetic systems, analysis of their properties using in silico
experiment, and prediction of new knowledge about the genetic systems. This study is
devoted to development of the resource based on an original unified standard of model
specification (SiBML standard).

Methods: “Genetic constructor” was designed on the base of computer software
MGSmodeller and modeling resources of SiBML standart [1, 2], which allowed development
of elementary mathematical models irrespective of other models, but provide their
compatibility.

Results: A computer resource “Genetic constructor” is an integrate system including data
base of the elementary subsystem models [3], elementary models of phage A ontogenesis and
engineering environment using genetic maps. “Genetic constructor” allows modeling of the
regulatory circuits of genetic system and studies their functioning in various conditions of
external and internal environments. The potentialities inherent to “Genetic constructor” were
demonstrated on the example of Elowitz-Leibler repressilator based on a synthetic oscillatory
network of the lacl, A ¢l and A tetR genes [4] and on the example of genosensor based on the
E. coli yfiA gene [5].

Conclusion: The application of “Genetic constructor” for analysis of Elowitz-Leibler
repressilator allowed not only to reproduce behavior of the repressilator in the experiment [3]
but to demonstrate new interpretations and characteristics of the process. Use of “Genetic
constructor” for the analysis of genosensor functioning let us to estimate the peculiarity of the
regulatory mechanisms of unknown promoter of the E. coli yfi4 gene.
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Motivation and Aim: In many proteobacteria the leucine synthesis is regulated by
classical attenuation, while in most a-proteobacteria it is apparently not the case for gene leud
encoding 2-isopropylmalate synthase. Regulation of gene leuA is studied.

Methods and Algorithms: Previously published algorithms are employed to analyze all
complete genomes of a-proteobacteria from GenBank (NCBI).

Results: In many o-proteobacteria (Rhizobiales: Agrobacterium tumefaciens,
Aurantimonas sp. SI85-9A1, Brucella spp., Fulvimarina pelagi, Mesorhizobium spp.,
Rhizobium  spp., Sinorhizobium  spp.; Rhodospirillales:  Magnetospirillum  spp.;
Rhodobacterales: Dinoroseobacter shibae, Jannaschia sp. CCS1, Loktanella vestfoldensis,
Oceanicola spp., Rhodobacterales bacterium HTCC2654, Rhodobacter spp., Roseobacter
denitrificans, Roseovarius spp., Sulfitobacter spp., Alpha proteobacterium HTCC2255) a
conserved pseudoknot with long shoulders and a leader peptide gene with a run of leu-codons
(“LEU-regulation”) were found to precede a single paralog of gene leuA. In Rhizobiales
LEU-regulation structure contains an additional variable helix within the conserved
pseudoknot. In Rhodospirillales and in most Rhodobacterales the pseudoknot is located at a
short distance from the start of gene leud; in other cases it is located further away and
separated by a long low-conserved region, thus precluding interaction between the
pseudoknot and the ribosome binding site. In all referred cases the attenuation-characteristic
terminator is lacking from the entire region between the leader peptide gene and gene /euA.
Neither of leuA paralogs having LEU-regulation is located close to other leu or ilv genes.
Thus, in Magnetospirillum spp. such paralog is essentially more distant in terms of sequence
similarity from gene leuAd in E.coli than from another /eud paralog in Magnetospirillum spp.,
which is positionally coupled with i/v genes and undergoes classic attenuation regulation with
ilv genes. Therefore, one might suggest that leud gene with its LEU-regulation was
horizontally transferred in a-proteobacteria, while classic attenuation existed in the common
ancestor of - and y-proteobacteria.

Conclusion: ~ LEU-regulation is related to the ortholog complex of
isopropylmalate/homocitrate/citramalate synthases, which lacks the leud representative in
E.coli and in most proteobacteria. Also, Rhizobiaceae possess a single /eud gene with LEU-
regulation, which indicates its functional activity. Thus, the /eud gene in Rhizobiaceae can be
hypothesized to be a xenolog. Another conserved RNA structure containing a pseudoknot and
leader peptide gene different from both attenuation and LEU-regulation structures was found
in actinobacterial genera Acidothermus, Actinomyces, Arthrobacter, Brevibacterium,
Clavibacter, Corynebacterium, Frankia, Kineococcus, Leifsonia, Mycobacterium, Nocardia,
Rhodococcus, Saccharopolyspora, Salinispora, Streptomyces, and Thermobifida.
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Motivation and Aim: Cytochrome P450170 (CYP17a) plays an important role in
biosynthesis of steroid hormones [1]. Its three-dimensional structure has not been resolved,
because the enzyme is a hydrophobic membrane bound hemeprotein. The only approach to
obtain information about 3D structure of CYP17a is a homology modeling.

Methods and Algorithms: The sequence alignment has been performed with ClustalW 2.0
[2]. The initial 3D model of CYP17a has been generated using Modeller 8v2 [3]. The model has
been validated with Procheck procedure and chosen for further refinement. Molecular dynamics
(MD) simulation has been carried out at 1 atm and 300K with the NPT ensemble.

Results: A blastp search (www.ncbi.nih.gov/blast) confirmed that CYP17a has the
sequence similarity 36,7% with CYP1A2 and CYP2R1. The coordinates of N- terminal
residues (1-26) in crystal structures of these hemeproteins are missing. Because of its
importance for substrate binding we reconstructed the secondary structure of N-terminus.
Figurel. displays a schematic representation of the refined homology model for human full-
length CYP170.. The volume of binding pocket is 189A°. The total energy of the model
decreased substantially in the first 250 ps of dynamics simulation and stabilized after 600 ps
equilibration. The RMSD of the heavy atoms compared the starting coordinates increased
slowly in the first 700 ps time period and then reached a plataue in the sequent simulation
time. All the properties converged after 700 ps MD simulation, indicating that the model is
stable and can be used for further docking of steroids to elucidate the mechanism of their
transformation (hydroxylation).

Conclusions: The model for human full-
length CYP17a was constructed using
homology modeling and MD simulation and
critically assessed with stereochemical and
energetic aspects. The largest flexibility was
found in the preceding loop region of helix A
and the region between helices F and G. The
latter is considered to be responsible for
substrate binding.

Figure 1. Full-length model of CYP17a
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Motivation and Aim: Two-dimensional polyacrylamide gel electrophoresis (2D-PAGE)
is a widely used separation technique that can identify target proteins existing in a tissue. It
has the power to monitor global changes of protein expressions that occur in the tissues,
organisms, and/or under different circumstances. However, 2D-PAGE suffers from the
restriction of the following identification methods such as PMF and MS/MS (For instance a
low abundant spot is hardly possibly identified.). For rice, until now few systemic 2D-PAGE
databases are available, one of which is RPD (Rice Proteome Database). It is an online
resource for Oryza sativa which contains information on proteins identified from 23 tissues
and organelles 2D-PAGE reference maps, nevertheless only about 24.4% of total spots are
identified with little correlative information. We are motivated to annotate the remaining
spots automatically by using a data mining technique and develop the database OsPAD
(Oryza sativa Proteome Annotation Database of 2D-PAGE) providing with comprehensive
protein information.

Methods and Algorithms: Based on the original RPD data (23 gel images data sets), we
integrated relative data from KEGG and Uniprot databases. For each tissue/organelle,
candidate proteins were selected from the KEGG pathways which were generated by the
identified spots. Then in certain error ranges, we queried these candidate proteins against
Uniprot according to the theoretical pi and mw, the three most accurate hits were choosed.
These hits are regarded as the potential proteins for each spot. Using this approach, 9713 out
of 12840 gel spots were annotated with Uniprot/KEGG information.

Results: OsPAD users can query pi, mw and tissue/organelle (selective) to find out
potential proteins for a experimental gel spot. They can also search items with Uniprot/ KEGG
information or certain keywords to get detailed information on the interested protein(s). With
community effort, experimental data submission function can help to create a fully open-
source 2D-PAGE protein expression data analysis system. The results can be freely
downloaded and used for data mining protein expression profiles across sets of 2D-PAGE
data from research experiments.

Conclusion: In conclusion, OsPAD is a systemic proteome annotation database for
Oryza sativa 2D-PAGE with integrated rice proteomics data. The information obtained from
the rice proteome using expression-data-mining and comparing will be helpful in predicting
the function of the unknown proteins. Thus our database can help biologists in better
understanding of the rice development, growth or other physiological activities.
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Motivation and Aim: Sigma subunits are basal transcription factors of bacterial RNA
polymerases. However, eukaryotes have such RNA polymerases too: in plastids of different
algae and land plants transcription is directed by RNA polymerases of cyanobacterial origin.
Plant sigma factors are encoded by a small family of nuclear Sig genes. Their evolution was
studied previously [1] but some steps are still unclear. We have searched through newly
completed plant genomes to clarify the evolution of this gene family in higher plants.

Methods and Algorithms: Standard BLAST procedures and multiple alignment with
program AlignW were used for the analysis. Prediction of plastome promoters was based on a
clique finding method described earlier [2].

Results: We have searched through completed genomes of the moss Physcomitrella
patens, dicotyledonous flowering plant Populus trichocarpa, monocotyledonous flowering
plant Oryza sativa, and not completed genomes of some other plants. We have revealed
previously unknown genes coding for plant sigma factors: OsSig3, PpSig2b, PpSig2c,
PpSig2d, PtSigla, PtSiglb, PtSig2a, PtSig2b, PtSig3, PtSig4, PtSigba, PtSig5b, PtSigo,
JvSig4. Also genomic copy of ZmSig3 has been found (only cDNA of this gene was known
previously). The revealed genes were classified on the basis of multiple alignments,
evolutionary tree construction procedure, and comparison of intron positions.

In Arabidopsis thaliana, plastome gene ndhF is Sig4-dependent [3]. We have analysed
5’-upstream ndhF regions from all known plastomes of photosynthesizing flowering plants.
The analysis revealed a homologous promoter in all Brassicaceae species (including A.
thaliana), in representatives of closely related families (Citrus sinensis, Gossypium sp.), and
in two very distantly related species — Vitis vinifera and Platanus occidentalis. In the majority
of species this region was non-homologous to 4. thaliana Sig4-dependent promoter.

Conclusion: The data obtained let us clarify timing of evolution of less ancient Sig genes
(3, 4, and 6) and introduce a new scheme of their evolution: genes Sig3 and Sig6 arose after
divergence of mosses and vascular plants but before divergence of mono- and dicotyledonous
flowering plants. Gene Sig4, probably, arose later — after separation of eudicotyledonous
plants, but before their divergence into stem and core eudicotyledons.
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Motivation and Aim: Evolution of genes, proteins and species was studied for a long
time; various models of the evolution have been developed. We aimed to develop an
evolution model of regulatory site, specifically the site which performs by folding alternative
RNA secondary structures. The site of classic attenuation regulation is an example.

Methods and Algorithms: Given a phylogenetic tree e.g. of species, each leaf is
juxtaposed with contemporary site of classic attenuation regulation. The objective is to
reconstruct such sites in ancestral nodes of the tree. The configuration is a function which
juxtaposes each internal node with a nucleotide sequence. We sought for the configuration
that yields the absolute minimum of two items summed. The first item describes primary
structure dynamics as per some model of nucleotide change allowing for deletion and
insertion. The second item represents a condition of the most possible conservatism of
antiterminator-terminator pairs along entire paths from each leaf to the root. These pairs are
selected in the sequences corresponding to the tree nodes in accordance with the configuration
found. We proposed and implement the algorithm to search the absolute minimum of the
items sum.

Results: The algorithm was extensively tried out at artificial and natural data. The
following fragment of the result was obtained for regulatory site of threonine biosynthesis in
gamma-proteobacteria. Only paths from three leaves are shown; complete result for this
example (and others) is given at http://lab6.iitp.ru/docs/anneal/primer.htm along with
appropriate trees, species names, etc. The antiterminator is marked by underline, the
terminator has grey background. Node name and the second item value is given to the right
for each edge and the whole paths from the leaves (species) EO, HI, SON to the root NOI
over respective nodes of the tree.

agtcggggcgggctgttgegteccacgtaactaaacaacgagececgeatecgaccaggatgegggcegtttetcte NO1 H3=-40.2

agttggggcgggctgatgegece tcaacaacgagcccgeatccaacaaagatgegggcttttttett NO2 H3=-35.5
tgttggggegggctgatgegege: tte ccgtatccaacaagatgegggctttttttta NO3 H3=-34.8
taatggtgcgggctgatgegceac ttc ccgtatccaacaaaatgegggctttttttta NO04 H3=-41.2
taacggtgcgggctgacgegtac ac ccgeacctgaacagtgegggctttttttta NOS H3=-52.0
taacggtgegggcetgacgegtacagaaaacacagaaaaaageecgeacctgaacagtgegggettttttttt  N06 H3=-52.0
taacggtgegggcetgacgegtac ac ccgeacctgaacagtgegggettttttttt  NO8 H3=-42.0

taacggtgegggctgacgeatacaaagattccagaaaaageccgeaccgaacagtgegggettttttttt  EQ X=-297.9
agtcggggegggcetgttgegtecacgtaactaaacaacgageccgeatccgaccaggatgegggegtttetete NO1 H3=-40.2
agttggggcgggctgatgegece tcaacaacgagcccgeatccaacaaagatgegggcttttttctt NO2 H3=-35.5
tgttggggcgggctgatgegege: tte ccgtatccaacaagatgegggctttttttta NO3 H3=-34.8
taatggtgcgggctgatgegeac ttc ccgtatccaacaaaatgegggctttttttta N04 H3=-36.6
aaatggtgcgggttagtgcgaacaaaaagatcaaacgaaaaaacccgtatccaacaaaatgegggtttttttata NO9 H3=-43.6
aatggtgegggttagtgttagcaaaaacaacaaac cggtatccaactaaatgegggtttttttata N10 H3=-14.8
aatggtgegggttagtgcagcaaaaacaagatacagaaaaccegegattcaactgaatagegggtttttttata HI X=-205.7

agtcggggegggctgttgegtccacgtaactaaacaacgageecgceatccgaccaggatgegggegtttetcte NO1 H3=-40.2
agttggggcgggctgatgegeccaaaaaattcaacaacgageccgeatccaacaaagatgegggettttttett N02 H3=-42.3
agtgggggegggctgatacaccetaaagaatttaacgacgagecegcettcecacaaagaagegggcttttttgtt SON X=-82.5

Conclusion: A model and algorithm are proposed to reconstruct ancestral states of the
regulatory signal in classic attenuation regulation.
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Between five and fourteen per cent of genes in the vertebrate genomes do overlap
sharing some intronic and/or exonic sequence. It was observed that majority of these overlaps
are not conserved among vertebrate lineages. Although several mechanisms have been
proposed to explain gene overlap origination the evolutionary basis of these phenomenon are
still not well understood. Here, we present results of the comparative analysis of several
vertebrate genomes. The purpose of this study was to examine overlapping genes in the
context of their evolution and mechanisms leading to their origin.

Based on the presence and arrangement of human overlapping genes orthologs in rodent
and fish genomes we developed 15 theoretical scenarios of overlapping genes evolution.
Analysis of these theoretical scenarios and close examination of genomic sequences revealed
new mechanisms leading to the overlaps evolution and confirmed that many of the vertebrate
gene overlaps are not conserved. This study also demonstrates that repetitive elements
contribute to the overlapping genes origination and, for the first time, that evolutionary events
could lead to the loss of an ancient overlap.

Our study shows that there’s no single mechanism responsible for the overlap
origination. In principle, any mechanism of a new exon or a new gene origination may lead to
a gene overlap. In the light of presented results, we can conclude that the major forces in the
overlapping genes evolution are transposition and exaptation - a process that gives rise to new
genes or new variants from preexisting nucleotide sequences. Additionally, results of our
study imply that origin of overlapping genes is not an issue of saving space and contracting
genomes size. Although there are some implications on functional importance of overlapping
genes, the present analysis shows that most gene overlaps evolve stochastically, the same way
as other genomic features, and without any positive pressure on the overlap presence.

Birth as well as most probably death of gene overlaps occurred over the entire time of
vertebrate evolution and there wasn’t any rapid origin or ‘big bang’ in the course of
overlapping genes evolution. Majority of gene overlaps are lineage specific and are not
conserved among vertebrates and this study demonstrates that in order to fully understand the
evolution of overlapping genes one has to study many genomes in minute details. Studies on a
limited number of species may lead to false conclusions.
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Interspersed repetitive sequences are major components of eukaryotic genomes. They
comprise over 50% of the mammalian genome. Because the specific function of these
elements remains to be defined and because of their unusual ‘behavior’ in the genome, they
are often quoted as a selfish or junk DNA. Our view of the entire phenomenon of repetitive
elements has now to be revised in light of data on their biology and evolution, especially in
the light of what we know about the retroposons. We argue that even if we cannot define the
specific functions of these elements, we still can show that they are not useless pieces of the
genomes. The repetitive elements interact with the whole genome and influence its evolution.
They may serve as recombination hot spots or acquire specific cellular functions such as RNA
transcription control or even become part of protein coding regions. Finally, they provide very
efficient mechanism for genomic shuffling. As such, repetitive elements should be called
genomic scrap yard rather than junk DNA.

Our recent focus is on Alu elements who are a particularly successful class of primate
specific transposable elements. More than 1.2 million Alus are found in the human genome to
which they contribute ~10% of its size.

It has been documented that when inserted into intronic regions, a few mutations are
often enough to activate splice sites and determine inclusion of Alu fragments into mature
mRNA molecules. Several studies revealed that Alu fragments are present in coding
sequences of many genes, but a single case where a constitutively spliced Alu exon produces
a functional protein has yet to be documented. Corroborated with Alu exons being
alternatively spliced, this raises the question of whether Alu elements can contribute with
functional domains to the host proteins. Interestingly, we found several examples when Alu
cassettes potentially serve as templates for a signal peptide. Even more intriguing are cases of
Alu cassettes promoting selenocysteine incorporation.

Here we take advantage of the recently sequenced macaque genome in order to
investigate the pattern of selection acting on Alu exons. Even though publicly available SNP
data are not useful for this task mostly because of the relative small size of the exons, the
macaque genome presents divergence that allows for conducting the codon-based Fisher’s
exact test of selection. We did not find any exon subjected to significant positive or purifying
selection, which together with other type of evidence (e.g. comparison with intergenic Alu
sequences, protein homology modeling) suggests that Alu exons function as regulatory
elements at mRNA level rather than adding new functionality to the host proteins.
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Motivation and Aim: Microarray expression level scaling may suffer strong changes for
a given gene or group of genes, which makes the small to be hidden in the large. Low
expression levels should be as reliably estimated as high levels to monitor these changes and
their possible cause and influence. Specific algorithms to estimate, detect and group genes
acting together as metagenes are to be developed using independent component analysis and
non negative matrix factorization as powerful tools having demonstrated their specific ability
in treating these problems.

Methods and Algorithms: The amounts of hybridized material in an oligonucleotide

microarray experiment for the perfect (xfk) and mismatch (xl.':1 +) probe pairs k
corresponding to gene i given by the following relations: x/, = p(s, ., X, y)p,(s;, | z]})

and X, = p(8,,,%,¥)p,(s;, | z,), will have under certain conditions that involved

hybridization thermodynamics proportional probabilities. We will refer to these cases as
reliably expressed cases. But in certain cases this assumption can not be checked, as there are
some p-m pairs where strict proportionality does not match that of others within the same test
probe. These cases may be referred to as unreliably expressed cases. The level of reliability
for a probe set expression can be measured by the proportionality parameter of gene i,

m P
cos f, - <X" Xi >, while the orthogonality parameter may be measured by

m
Xi

i = 2

P
Xz’

P
Xi

7; =1—cos® B;. Using these two parameters, the microarray data can be study to determine

unreliable gene expression samples. Unreliably expressed probe sets may be re-aligned using
ICA algorithms, like FixedPoint ICA, AMUSE, JADE.

Results: For a single microarray containing information of PM-MM probe sets from
223391 gene positions, and having a large number of unreliable gene expression tests
(vi>0.1), the re-estimated components show an improvement of co-linearity. When using
FixedPoint ICA, an unreliably expressed probe with y=0.143 was re-aligned, the new probes
having orthogonality parameter of 0.0873.

Conclusion: The number of unreliable gene probe sets found in a particular microarray
may be quite large, thus meaning that many probe tests may have been affected by corruption
processes. These probe sets may be re-aligned by detecting their independent components by
ICA, and re-estimating the PM-MM pairs from the independent components found. The
results show that re-alignment improve the reliability of genes affected by underlying
processes related with the independent components.

Availability: The software implementation of the algorithm is available on request from
the authors, while the ICA tool used is available on http://www.bsp.brain.riken.jp/ICALAB.
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Motivation: Y-box proteins are a family of highly conserved nucleic acid binding proteins that are conserved
from prokaryotes to human. They are defined as a group based on their ability to bind to the Y-box element. These
proteins have been identified in various eukaryotic organisms. They are supposed to be involved in both
transcriptional and translational control. Y-box proteins consist of three domains: the N-terminal domain, the cold
shock domain and the C- terminal domain. Y-box proteins have been shown to interact with a number of cellular
and viral proteins that are involved in various cellular processes. Expression of Y-box proteins has been correlated
with response to cold stress, tumor progression, cell nuclear antigen proliferation in human lung cancer as well as
with cell cycle progression. Little is understood about their evolution end genomic diversity among different taxa.

Aim: The study was performed by combining Bioinformatics and phylogenetic approaches in order to address
first cross family evolution of y-box proteins among different eukaryotic organisms. A genomics based statistical
approach was applied towards these functionally significant proteins to have an insight into conserved domains
across and within the taxa of organisms.

Introduction: The Y-box proteins are the most evolutionarily conserved nucleic acid-binding proteins yet
described, found in bacteria, plants and animals. The eukaryotic Y-box proteins were originally identified through
their ability to interact with DNA containing a reverse CCAAT box, the Y-box sequence CTGATTGGCCAA. This
sequence is found in a variety of promoter regions, including those of the MHC class II genes and genes encoding
germ cell-specific functions and in these contexts the Y-box proteins are considered to act as regulators of
transcription.

Methods and algorithms: In order to search Y-box protein family members we performed BLAST by using
blastp program in the protein database at NCBI. Mus musculus y-box protein’s gi|2745892|gb|AAB94768.1| amino
acid sequence was selected as query. From the hits 17 sequences each from different species were selected for
further studies. All the sequences were taken in FASTA format. The sequences were examined individually and
aligned using CLUSTALW. Multiple sequence alignment, phylogenetic and molecular evolutionary analyses were
conducted using MEGA version 4. For pair wise and multiple alignment gap open penalty was -7 and gap extension
penalty was -1. BLOSUM weight matrix was selected for substitution scoring. Hydrophilic gap penalties were used
to increase the chances of a gap within a run (5 or more residues) of hydrophilic amino acids; these are likely to be
loop or random coil regions where gaps are more common. The aligned sequences were used to create phylogenetic
tree. The evolutionary history was inferred using the Neighbour-Joining method. All the characters were given
equal weights. The bootstrap consensus tree inferred from 10000 replicates was taken to represent the evolutionary
history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
were collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test
(1000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as
those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed
using the poisson correction method and are in the units of the number of amino acid substitutions per site. All
positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). There were
a total of 158 positions in the final dataset, out of which 87 were parsimony informative. Phylogenetic analyses
were conducted in MEGA4.

Results:By statistical analysis of multiple aligned sequences it was observed that glycine, arginine, proline,
alanine, glutamine and valine are the most frequently present amino acids with frequency percentage of 12.76,
12.03, 9.52, 8.21, 8.21 and 5.76 respectively. While within conserved sites glycine, valine, alanine, asparagine,
glutamine, lysine and serine are the most frequently present amino acids with frequency percentage of 19.13, 14.87,
9.25, 8.50, 8.38, 6.37, 6.37 and 5.12 respectively. These Y- box proteins contain a cold shock domain which is 70 or
71 residues long and highly conserved. It was observed that within the cold shock domain valine, glycine,
asparagines, lysine, glutamine and alanine are most frequently occurring amino acids with frequency percentage of
14.44, 11.37, 9.54, 9.38, 8.30 and 6.06 respectively. The multiple aligned sequence was found with No. of
conserved sites=54, No. of parsimony informative sites= 230 and No. of singleton sites= 84.

A phylogenetic tree was constructed by using Neighbour —joining method.The tree shows different organisms
on tree nodes branched on the basis of their Y-box proteins. Schistosoma japonicum makes a totally diverged
branch from the main tree among 17 selected proteins. Node for Endopterygotans (Chironomus tetanus, Bombyx
mori, Drosophila melanogaster and aedes aegypti) is supported by lower bootstrap values i.e. 68% while the node
for vertebrates is supported by very high bootstrap support value i.e. 100%. Node for Teleosteians (Carassius
auratus, Danio rerio and Oryzus laetipus) and mammals is supported by 99% bootstrap value. Node for mammals
is supported by 100% bootstrap value, only exception is Xenopus tropicalis which is an amphibian.
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Motivation and Aim: Correlation of gene expression with the degree of codon bias is
known in many unicellular organisms. However, in a number of organisms such correlation is
absent. Recently we have shown that consideration of inverted complementary repeats within
open reading frames (ORFs) is necessary for proper estimation of translation efficiency of
genes for some organisms.

Methods and Algorithms: The previously developed software suit of Internet-available
programs providing estimation of potential expression level (index of elongation efficiency —
IEE) for coding sequences in unicellular organisms’ genomes was used for 612 organisms,
which genomes were in GenBank for later 2007 year. IEE is calculated taking into account
three factors: codon composition of coding sequence, its saturation of inverted repeats and
free energy of potential hairpins.

Results: For each organism the optimal individual combination of these factors is found.
The translation numerical characteristics of 612 sequenced unicellular organisms (563
bacteria, 49 archeans) are obtained. Taking into account the sample of 612 organisms the
presence of five evolutionary strategies of translation optimization is confirmed. The
significant difference of preferred strategies between bacteria and archeans is confirmed.

To improve the quantitative value of translation efficiency we used the structure of 5’-
region of mRNA as additional information. The oligonucleotide potential (OP) was calculated
for those regions (function of gene regulatory regions recognition, based on comparison of
representation and characteristics of motifs distribution in investigated sequence and on gene
regulatory regions sequences). The reliable correlation between OP and IEE is shown for
M.gallisepticum. When approximated by cubic polynomial, the correlation coefficient was
0.24 (p<0.001). For M.genitalium the similar study has shown the correlation coefficient
between OP and IEE to be 0.23 (p<0.3*107) for all genes. However, 77 the worst OP
sequences had the correlation coefficient with IEE if -0.19 (p< 0.05). Such effect can be
explained with the species specificity of 5’-regions, M. genitalium is the smallest one of
mycoplasms. To further improve of quantitative value of translation efficiency we have used
the internet-available program UNAFold which calculates most probable secondary structures
and their energy. In mRNA, the saturation of such structures differs in high- and low-
expressing mRNA which were determined taking into account IEE values. The expression
correlation of all genes of H.pylori with IEE growth with increase of gene length and that
dependency is nonlinear. Maximal value r =0.58 is achieved when the length 2200 bp.

Conclusion and Availability: The proposed method allows to estimate numerically the
coding DNA sequence expression efficiency and to optimize nucleotide composition of
heterologous genes in all unicellular organisms. Web-version of the program is available:
http://wwwmgs.bionet.nsc.ru/mgs/programs/eei-calculator/

Acknowledgements: Work was supported by RFBR (No. 06-04-49556), Project Nel3 of
RAS Presidium program "Biosphere origin and evolution", Project Ne10.7 of RAS Presidium
program NelO.
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Motivation and Aim: A central problem in modern molecular genetics is that of
understanding how DNA regulatory sequences control gene expression. Metazoan regulatory
regions are extremely complex and qualitatively different from those of prokaryotes. For
example, the regulatory regions of genes controlling development in Drosophila are large and
consist of groups of binding sites, called cis-regulatory modules (CRMs), each controlling
some aspects of gene expression. The goal of our work is to understand the role of proximal
1.7 kb upstream regulatory sequence in the regulation of the Drosophila even-skipped (eve)
gene in terms of binding sites.

Methods and Algorithms: To achieve this aim we have applied an approach which
includes both mathematical modeling and experiment. We 1) quantitatively monitor gene
expression at high resolution in space and time; 2) characterize transcription binding sites; 3)
use new quantitative and predictive model of transcriptional readout of the proximal 1.7 kb of
the Drosophila even-skipped gene to calculate the effect of a set of transcription factors bound
to a large group of binding sites.

Results: As a starting point we consider the 34-site model that includes binding sites for
repressors: Kruppel (Kr), Giant (Gt), Knirps (Kni) and Tailless (TIl) and activators: Bicoid
(Bcd), Hunchback (Hb) and Caudal (Cad). This model was published in Janssens et al., 2006.

We propose that Hb can act as activator only if it is bound to the site located close to
the binding site of Bcd, otherwise Hb acts as a repressor. To check this hypothesis we modify
the 34-site model by considering that Hb bound to hbl site acts as a repressor This
modification improves the quality of fits. The rms of a new model was 8.66 and the features
of experimental data were more accurately reproduced.

Next we consider the participation of Sloppy-paired 1 (Slpl) protein in the
transcriptional regulation of eve 2 stripe. Slp1 is expressed in a gap gene-like domain anterior
to eve stripe 2. In silico addition of the Slp1 binding site (position from -1221 to -1205) to the
34-site model further decreases the rms value (rms=8.48) and improves the quality of
patterns.

Conclusion: We introduce two new modifications in the previously published 34-site
model of the pl.7eve-lacZ expression. These modifications significantly improve the quality
of pattern prediction. Our results clarify the organization and regulation of the eve upstream
region. The in silico modeling of transcription provides new insights into the mechanisms of
gene regulation and allows to thoroughly analyze gene regulatory regions.
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Motivation and Aim: Two facts are currently inferred in the course of eukaryotic genome
investigations. The first finding is that the highly expressed genes in eukaryotes maintain
short introns ([1],[2]). The second observation is that there is domain-wide regulation of gene
expression in human, which comprises regions of ~80-90 genes per domain on average,
exhibiting a particular level of integral expression ([3]). In this work we analyzed the features
of various types of genes in regard to the issues mentioned above.

Methods and Algorithms: Intron length profiles were built along the human
chromosomes and were overlapped with the abovementioned annotated expression domains.
The profiles were calculated using high performance parallel computation mainframe itanium
at Institute of Computational Mathematics and Mathematical Geophysics SB RAS
(www.sscc.ru).

Results: We found that there are 2 distinct groups of genes in low expressed domains.
One contains genes with longer introns. They are characterized with distinct Gene Ontology
features. There is another class of moderately expressed genes which is often featured as
cluster-structured gene loci with various activities, including immunospecific and cytotoxic
ones. On the basis of intron length distribution we predicted novel domains of the particular
expression level.

Conclusion: Our findings confirm the supposition that there are at least two modes of
intron evolution.

Availability: The intron profiles are available at the institute web site:
ftp://ftp.bionet.nsc.ru/pub/ip

References:
1. Petrov, D.A., Lozovskaya, E.R. & Hartl, D.L. High intrinsic rate of DNA loss in

Drosophila. Nature 384, 346-349 (1998).
2. Castillo-Davis C.I., Mekhedov S.L., Hartl D.L., Koonin E.V., Kondrashov F.A. Selection
for short introns in highly expressed genes. Nat Genet. 2002;31(4):415-418.

3. Gierman H.J., Indemans M.H., Koster J., Goetze S., Seppen J., Geerts D., van Driel R.,
Versteeg R. Domain-wide regulation of gene expression in the human genome.
4. Genome Res. 2007;17(9):1286-1289.
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Motivation and Aim: Members of the genus Agrobacterium (family Rhizobeaceae) are
natural soil-borne plant-root-system bacteria that can transfer a portion of their Ti-plasmid
DNA (T-DNA) into host-plant nucleus under condition of virulence-gene activation. It is
belived that VirE2 proteins form a membrane-spanning pore in lipid bilayer, and mediated ss-
T-DNA-VirD2 protein complex delivering to the plant cell chromosomes [1]. Early, we
revealed of a single, long-time jumps of membrane conductivity (or channel formation)
during co-incubation flat dark membrane with VirE2 protein in a voltage-dependent manner
[2]. How the VirE2-born pores are functioning is not known, however. The aim of this work
was computer simulation of VirE2-protein 3-D models.

Methods and Algorithms: We used PHYRE 0.2. program and VirE2 protein primary
sequence originated from NCBI {{http://www.ncbi.nlm.nih.gov}} for preparing the 3-D
model for VirE2 protein. We used the Deep View Swiss-PdbViewer for visualization of
prepared 3-D models.

Results: We prepared the 3-D model-segment for VirE2 started from 172 up to 529
amino acid sequence (64% of full-length VirE2 protein) using PHYRE program as a "band
chains". According to this model a set of B-shits localized on the “left” side of VirE2 protein.
A set of a-helixes localized mainly at the opposite parts of VirE2 protein. BacterioRhodopsin
protein was applied as a prediction precision control for model prepared by PHYRE program.
Using PHYRE program we can observed only two of 11 a-helixes of BacterioRhodopsin
obtained by roentgeno-structure method. Nevertheless, we observed a high structure similarity
for checked VirE2 fragment using Magic Fit and transfer methods. We observed a high
structure similarity for checked VirE2 fragment.

Conclusion and Availability: Thus, using PHYRE program and primary amino acid
sequences we prepared a high-precise 3-D model for VirE2 protein fragment started from 172
up to 529 amino acid (64% of full length protein).

References:
1. F.Dumas, M. Duckely, P. Pelczar, P. Van Gelder, B. Hohn (2001) An Agrobacterium
VirE2 channel for transferred-DNA transport into plant cells, Proc. Natl. Acad. Sci. USA
98 : 485-490.
2. M.IL Chumakov, I.V. Volokhina (2005) Computer and experimental researching of
Agrobacterial T-DNA binding VirE2 protein. In: Proc. 2-nd Moscow Conf. on
Computational Molecular Biology. Moscow, Russia, July 18-21, 76-78.
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Motivation and Aim: Protein functional annotation from their amino acid sequences is
one of the big challenges in bioinformatics. Whereas prediction of general biochemical
function is a well-studied issue, the specificity prediction field is currently in the phase of
rapid expansion. The residues essential for protein function may be split into two types: those
responsible for the general function of a protein and conserved within the whole family of
homologous proteins; and those responsible for the specific recognition of the interacting
molecule are presumably conserved among proteins with the same specificity but differ
among proteins with different specificity. Let SDP (Specficity-Determining Position) be the
alignment position with the latter conservation pattern. We assume that they play a role in
protein specific interactions.

Methods and Algorithms: Recently, we developed SPDclust, a group of methods for
indentification of SDPs in a multiple alignment of a protein family [1]. These methods enable
analysis of protein families that lack information on specificity of their members. SDPclust
includes four interconnected methods that allow to identify SDPs given an alignment and a
grouping of proteins by specificity (SDPlight); assign proteins with unknown specificity to
one of the pre-identified specificity groups (SDPprofile); group proteins by specificity given
specificity assignment for a few family members (SDPgroup); and build a cluster tree of
predicted protein specificities in absence of a priori knowledge on it (SDPtree).

Results and conclusions: We implemented SDPclust as a Web-server (SDPfox) and as a
stand-alone console program (SDPproff) and compared its performance to a range of
available methods that aim to predict protein specificity. Our benchmark on real and
generated data shows that SDPclust performs equally or better than other methods. Moreover,
its independence from phylogeny and overall sequence identity makes it applicable to a set of
problem that none of the currently available tools is able to cope with.

Availability: SDPfox is available at the URL
http://storage.bioinf.ftbb.msu.ru/SDPfoxWeb/main.jsp , SDPproff can be downloaded from
http://storage.bioinf.fbb.msu.ru/~mazin/SDPproff.jar

Acknowledgements: This work is supported by Howard Hughes Medical Institute
(55001056), RFBR (07-04-91555). O.V.Kalinina is supported by the EMBO Long Term
Fellowship (ALTF 119-2007).
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Motivation and Aim: CpG islands (CGls) are defined as DNA segments longer than
200 bp, having over 50% of G+C content, and CpG frequency of at least 0.6 [1]. Most of
the studies focused on CGls considered only CGls associated with 5' gene regions. In such
CGls many transcriptional factors binding sites have been found. The methylation status of
5” CGls is believed to influence the transcription level of a corresponding gene.

Contrary to the widespread opinion only 40% of CGls are located near TSS (5’CGIs).
About 30% of CGls are disposed in internal and 3’ gene regions (intragenic and 3’CGIs).
There are several examples that intragenic and 3’CGls can perform important biological
functions. Intragenic and 3’CGIs tend to overlap with coding exons more then with introns.
Thus, the question arises if CGIs overlapping with protein-coding regions are in fact the
result of selection at the protein level.

Methods and Algorithms: We compared selection at genome and protein levels by
studying substitution rate between human and mouse orthologs in CpG sites belonging to
5, intragenic and 3’ CGls, using dn/ds test [2]. To this end we compared the substitution
rate in exons overlapping and not overlapping with CGls separately for different non-CpG
containing codons (the background) and CpG containing codons.

Results and conclusions: 1. CGls decrease the substitution rate in CpG pairs at
synonymous sites approximately two-fold.

2. Effect of CGI does not depend on location within the gene: 5°, intragenic and 3’
CGIs protect CpG sites from extinction and probably play the same regulatory role in
gene functioning.

References:
1. Gardiner-Garden, M. & Frommer, M. 1987. CpG islands in vertebrate genomes. J.
Mol.Biol. 196, 261-282.
2. Ina, Y. 1995. New methods for estimating the numbers of synonymous and
nonsynonymous substitutions. J. Mol. Evol. 40, 190-226.
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Motivation and Aim: Even the first researches in the area of comparing of the gene and
protein structure were made in the 70s, we do not have database that could join all of them.
Only in the last few years two resources related to the GenBank and PDB were developed:
XdomView[1] and SEDB. But the information about functional sites location is still very
essential and incomplete, especially about their location on the gene structure. So we
developed another method for mapping them on the gene structure and analyzed the result
distribution.

Methods and Algorithms: At first, using the links from the PDBSite[2] and EnPDB we
have found the entries in EMBL, than we used some filters to found the entries related to the
similar sequences, species or alternative forms from these databases. Further, the EMBL entry
coding sequence was artificially translated and aligned with protein sequence from PDB
entry.

Results: To describe the results we used here next abbreviations: F'S — functional site; FA
— functional aminoacid(s) (aminoacid(s) entering into the site); FE — exon(s), containing FA.

The number of FA in the sample varies from 0 to 20 and the 97% of the sites belong to
the groups containing up to 8 FA. In our sample we have seen that with the increase of exon
number the number of FE also increase. When we analyzed the sites situated in only one
exon, we saw that with the increase of the sequence length the length of the FE also increase.
Then we found that the distribution of the number of FA per one FE is not casual. If we
discern the discontinuity accurately we will see that the main part of the FA in sample locates
in the neighboring exons that means the site could be considered as one functional unit that
inherited from the gene structure.

Conclusion: In summary, we received the expected results that the functional units are
clustered into one unit. For the most cases we suppose there are several units. And the number
of FA does not depend on the functional exon length. Another point we discovered that
functional aminoacids do not appear by chance. So we are going to continue our research with
the hope to found more fine mechanisms of evolution of the functional units.

Work was supported in part by RFBR: 08-04-91313-IND_a, RAS presidium program
“Molecular and cellular biology”, the grant “Systems biology: computer and experimental
approaches.
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functional sites. Nucl. Acids Res. 33: D183-D187.
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Aim: HFE protein is the main regulator of iron metabolism in human. Mutations in this
gene are associated with hereditary hemochromatosis and some common diseases. It is
proven that HFE interacts with different proteins. Various sets of HFE mRNA isoforms had
been found at present. We tried to undermine the functional significance of widespread
intronic polymorphisms of HFE gene. Methods We investigated frequencies for IVS2(+4)T/C,
IVS4(-47) T/C, and IVS5(-44) A/G polymorphisms of HFE gene and their linkages with
C282Y, H63D, and S65S mutations of the gene in Siberian populations. Context analysis was
performed to reveal a potential influence of the intronic polymorphisms in splicing. Results
Of the eight theoretically possible intronic haplotype variants of HFE gene, we identified only
four, TTG, TTA, CTA, and CCA in various ethnic backgrounds in Siberia. We confirmed the
linkage for the C282Y mutation with the TTG haplotype and H63D with CTA variant. Our
novel finding was the association between the S65C mutation and CCA. The location of the
three intronic polymorphisms at a critical distance (shorter than 50 bp) from the splice sites
was found. The IVS2(+4) T/C polymorphism is located in intron near the donor site junction
and it is supposed to able to affect the choice of the 5° splice site by Ul RNP during splicing.
The IVS 4(-44) T/C polymorphism is located at position -5 of a possible donor splice site.
Predicted pre mRNA variants from different Hfe alleles containing the retained intron 4
sequences would generate soluble form proteins of the HFE protein through the stop codons
residing either in frame with the upstream exon at a distance of 5 nucleotides away from the
exon 4 / intron4 boundary or out of frame at a distance 110 nucleotides from beginning of
exon 4. An expression of HFE mRNA with the retained sequence of the intron 4 was
observed earlier in hemochromatosis patients. The IVS5(-44) A/G polymorphism is located in
proximity to the 3° splice site of the HFE intron 5 nearby the assumed branchpoint.
Conclusion Analyzed intronic SNPs can affect HFE mRNA splicing isoforms pattern and
change protein functions. It can explain the differences in phenotypic manifestations of HFE -
associated diseases.
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Motivation and Aim: Arabidopsis root apical meristem (RAM) organizes spatial patterns
of root cell differentiation by adding new cells with strict lineage relationships. RAM consists
of quiescent center (QC) surrounded by stem cells (initials). Upward located vascular initials
give rise to the actively divided cells of the provascular meristematic zone. Downward located
columella initials supply to slowly sloughed columella cells. The QC cells do not divide.
Monitoring of free auxin level in the root tip by reporter constructs showed a sharp
concentration gradient with maximum of auxin response in the columella initial cells and
lower activity in the columella [1]. Positions of both QC and auxin maximum relative to the
most apical root cell maintains permanent in the course of root growth despite of continuous
cell divisions in this region. Here we show by computer simulation that acropetal auxin
transport facilitated by the PIN1 proteins suffices to produce and maintain auxin maximum in
the root tip.

Methods and Algorithms: The 1D model for auxin stream along the central longitudinal
axis of root was developed, which considered the following processes: auxin flux from the
shoot, diffusion, dissipation and PINI1 regulated active transport of auxin [2]. Regulation of
PIN1 activity was defined by Hill’s functions. The cell-based model was made using the
Dynamical Grammar, a multiscale modeling framework in which a system can be comprised
of continuous and discrete elements [3].

Results: To explain the experimental data on cell divisions in the RAM we proposed that
the putative substance Y regulates this processes altogether with auxin. Y is constitutively
expressed in the QC, moves by diffusion and its degradation exhibits dose response to auxin.
The curve for cell division rates over the increasing of Y concentration has the bell shape. The
cell-based model maintains the stable auxin distribution with maximum at the 4th-5th cells
from the root tip fitting to experimental data. Cell types along the longitudinal axis can be
easily specified in the model by difference in auxin concentration and cell division rates.

Conclusion: The model reproduces maintaining of auxin maximum in the root tip and
explains the positional control of root cell predetermination occurring along the root
longitudinal axis. The model gives some predictions about the mechanisms of lateral root
initiation, root regeneration and modifications in auxin distribution under different conditions.

References:
1. S. Sabatini et al. (1999) An auxin-dependent distal organizer of pattern and polarity in the
Arabidopsis root, Cell, V. 99 P. 463-472.
2. V.A. Likhoshvai et al. (2007) Mathematical model of auxin distribution in the plant root,
Ontogenez, V. 38 N. 6 P. 374-382.
3. E.Mjolsness and G. Yosiphon (2007) Stochastic process semantics for dynamical
grammars, Ann Math Artif Intell, V. 47. P. 329-395.
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Motivation and Aim: The domination of Arabidopsis thaliana, as the main object in plant
developmental genetics is going to be followed and extended by studies of molecular
backgrounds of developmental processes in other species. The current challenge is to explore
whether the regulatory mechanisms that control plant development in model species have
been conserved in non-model species. Natural variability can even enhance the efficiency of
application of modern methods and techniques, for example, plant stem cell research is much
more easily conducted on plants with large meristems (tomato, maize, cactus), tobacco is
more prominent in experiments with plant tissue cultures in vitro. This wealth of
multilayered, heterogeneous, and autonomous data demands integration in a systematized and
classified form for further analysis. There are a number of databases both on genomes of
single plant species (TAIR, Gramene, BarleyBase and others) and plant comparative
genomics, for example PlantGDB. We are developing AGNS (Arabidopsis GeneNet
Supplementary DataBase) on Arabidopsis gene activity and phenotypes as results of changes
in gene activity in different genetic backgrounds [2]. Using AGNS as the basis we aim to
elaborate a database, which will allow integrating the data on developmental genetics coming
from different species. Due to quite similar anatomical structure of roots in different plant
species starting from the database on gene activity in plant root development will make easy
the establishment of the main database formats and tools.

Methods and Algorithms: The database input system was created as a Java application.
The Berkeley DB XML with XQuery-based access is used for data processing.

Results: The PGNS (Plant GeneNetwork System) structure and format have been worked
out to support both all AGNS preferences and new features extended the database facility.
The PGNS contains the following sections. The Sequence DataBase accumulates data on
mutations in plant genes with reference to related genomic databases. The Expression and
Phenotype Databases describe gene expression patterns it root tissues detected by different
methods and changes in root system phenotype, respectively, in wild type as well as in
mutants, transgenic plants and under different conditions. The annotated papers are listed in
the Reference Database. Vocabularies on anatomy and morphology of root system and root
developmental stages are developed, where the common and species specific characters in
root structure and development were denoted. Also the vocabularies on plant species,
ecotypes and treatments have been worked out.

Conclusion: The PGNS has been created to integrate, systematize, and classify using the
common frame the data on gene activities of different plants species.

Availability: http://wwwmgs2.bionet.nsc.ru/pgns

References:
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Hofestaedt, L. Milanesi, 433-442 (Springer Science+Business Media, Inc).
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Motivation and Aim: Application of mathematical modeling for investigation of drug
effects on hepatitis C virus (HCV) replication.

Methods and Algorithms: Generalized chemical kinetic method [1] and the
MGSModeller program [2] were used for model development and calculations. .

Results: We developed a mathematical model, which describes replication of subgenomic
HCYV replicon in an Huh-7 cell and incorporates the mechanisms of the action of inhibitors leading
to blockage of the steps of HCV replicon translation, polyprotein processing, and replication of the
HCYV strand RNAs. The current mathematical model is more comprehensive than our previous
[3] because it incorporates the effects of a greater number of potential drugs (inhibitors) alone
or in combinations. The efficiency of the action of inhibitors on NS3 protease, NS5B polymerase,
and EMCV IRES of HCV replicon was evaluated. The parameter estimates included the half-lives
of HCV RNA, the active replicase complex, of this complex associated with the plus- or minus-
strand RNA, polyprotein, depending on the inhibitor K;s value. The combination of a low affinity
and a high affinity inhibitors at low concentrations resulted in a strong synergistic suppressive
effect on HCV replicon level; in contrast, the inhibitor alone at the same concentrations was
without effect. These inhibitor combinations taken advantage in designing of novel anti-HCV
agents can be beneficial at relatively low concentrations. Combinations of agents would be helpful
in combating HCV drug resistance and reducing the toxicity of potential drugs.

Conclusion: Our model’s ability to demonstrate synergy in combinations of two inhibitors
offers new prospects for the evaluation of the utility of potential anti-HCV agents. On the
background of our results, we suggest that combinations of inhibitors with different
mechanisms of action should be prioritized in evaluation of chronic hepatitis C antivirals.

References:
1. V.A. Likhoshvai et al. (2001). Generalized chemokinetic method for gene
network simulation, Mol. Biol., 35:1072-1079.
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reconstruction, calculation and analysis mathematical models of molecular genetic
system . This issue.

3. E.L. Mihchenko et al. (2007). Mathematical model for suppression of
subgenomic hepatitis C virus RNA replication in cell culture. J. Bioinform. Comput.
Biol. 5:593-6009.
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Motivation and Aim: Long treatment of Huh-7 cells harbouring subgenomic hepatitis C
virus (HCV) RNA replicon with inhibitors of HCV NS3 protease or NS5B polymerase
resulted in HCV resistance and toxic effects on host cell. The aim of the study was to define
minimal treatment duration for clearance infected cell from the HCV replicon using
mathematical modeling.

Methods and Algorithms: Generalized chemical kinetic method [1] and the
MGSModeller program [2] were used for model development and calculations.

Results: We developed a mathematical model, which describes replication of
subgenomic HCV RNA replicon in an Huh-7 cell and incorporates the mechanisms of the
action of inhibitors leading to blockage of the steps of HCV replicon translation, polyprotein
processing, and replication of the HCV strand RNAs [3]. Calculations at 100 mcM of the
inhibitors showed that for the high affinity inhibitors of NS3 protease (K; = 1 pM - 0.63 nM)
and NS5B polymerase (K; = 1pM - 31 nM) treatment duration is brief (about 1 h) and weakly,
if at all, dependent on K; within the given range. Decrease in the affinity of inhibitors for
targets - NS3 protease (K; = 0.63 nM — 12 nM) and NS5B polymerase (K; = 31 nM - 2mcM) -
produced a fall in the minimum treatment duration from 1 h to 5 days within the analyzed
ranges. A further relatively small decrease in affinity inhibitors of NS3 protease (K; = 12 nM -
16 nM) and NS5B polymerase (K; = 2 mcM - 2.5 mcM) caused a drastic increase in this
parameter from 5 days to infinity within the examined ranges.

Conclusion: Our calculations showed that minimal treatment duration depends on the
inhibitor constant K; and allows, knowing the K; inhibitor and its target, to estimate the
minimal time for clearance of infected Huh-7 cells from subgenomic HCV RNA replicon.

References:
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Motivation and Aim: Nowadays a systems biology approach is essential to understand
complex biological processes, such as cell cycle regulation [1]. This approach relies on
mathematical models used to describe biological systems and make useful predictions. Due to
the lack of experimental measurements, experimental errors and biological variability, the
value of many parameters of the models is yet unknown or uncertain [2]. Although the
computational approach can be successfully applied to identify these constants, the
computational cost is very high for complex models. Here we present a grid oriented
approach to compute parameter estimation of Ordinary Differential Equations (ODEs) models
using an evolution strategy algorithm.

Methods and Algorithms: The parameter estimation is stated as the global optimization
(GO) problem to find the parameter values which determine the best model fitting to
experimental data. To solve the GO problem a well established method relies on using an
Evolution Strategy. In particular, we chose the Stochastic Ranking Evolution Strategy
algorithm (SRES) [3], which has shown good performance when applied to analysis of
biochemical pathways [4]. Although this algorithm is very efficient, it can take long time to
reach the global minimum of the optimization problem. An interesting approach to reduce the
execution time relies in running different computations of the algorithm simultaneously,
crossing periodically the best results among the processes, to speed up the convergence to the
optimal solution. In this work we develop an environment to distribute each run of the
evolution algorithm on a different grid working node. The key feature of the implementation
is a relational database that allows the user to swap the individuals (i.e. solutions of the GO)
among the working nodes during the computations.

Results and Conclusions: We have developed an automated system to manage the
parameter estimation of ODE models oriented to grid computing. The system is made of two
components: the application for parameter estimation and the application which manages the
distribution over the grid working nodes. Preliminary results indicate that this approach can
successfully lead to the parameter estimation of more complex ODE models, overcoming
both the computational load and the difficulty of the GO problem.

Availability: free for academic use.
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Histone chaperones regulate a diverse set of chromatin remodeling activities occurring
DNA replication/repair and transcription activation/repression. Asfl is likely to be the major
histone H3/H4 chaperone and it is involved in both replication-dependent and independent
chromatin assembly. However, Asfl also plays a role in transcription through facilitating the
eviction of histones from actively transcribed genes and as we have recently shown, it is also
required for the repression of Notch target genes. These observations pose the major question
of how Asfl can regulate such a diverse set of chromatin remodelling processes given its
relatively simple biochemical activity, the binding and releasing of histones. To address this
question, we set up an unbiased screen for Asfl interacting partners by purification of Asfl
complexes from Drosophila nuclear extract combined with the high throughput mass-
spectrometry analysis. This approach turned to be effective, as besides previously known
Asfl interactors such as CAF-1 and HirA, we identified a set of novel Asfl-associated
proteins. These include transcription regulators such as Sin3A, a PHD-finger protein PF1, a
protein homologous to the human oncogene EMSY and a histone demethylase of JARIDI
family — LID. Further biochemical analysis revealed that Sin3A, PF1, EMSY and LID form a
novel complex SPEL (Sin3A-PF1-EMSY-LID). A fraction of the SPEL associates with Asfl
and we refer to this Asfl-containing complex as A-SPEL. A-SPEL complex contains histone
H3K4 demethylase activity suggesting its function in gene repression. Therefore, we
wondered whether Asfl could facilitate histone demethylation by the SPEL complex in
repression of the Notch target genes. Indeed, it appeared that subunits of A-SPEL are required
for the repression of the Notch-inducible genes and depletion of cells for Asfl and other
SPEL subunits by RNAI leads to the increase of H3K4 methylation levels on enhancers of the
Notch target genes. Together, our results suggest that Asfl facilitates demethylation activity
by the SPEL enzymatic subunit LID and provide a novel link between histone chaperones and
histone modifying enzymes in control of gene silencing.
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Motivation and Aim: The confocal scanning microscopy in conjunction with fluorescent
labeling is a powerful tool for acquisition of accurate and standardized quantitative data at a
resolution of a single cell. However the use of this technique for systems biology is limited
due to possible experimental errors. The aim of this work is to estimate the most essential
errors which arise in the course of fluorescence quantification and to set the range of
experimental conditions allowing to obtain the sufficiently accurate data. We have developed
statistical methods for estimation and correction of these errors using images of gene
expression in embryos of Drosophila melanogaster as an example application [1].

Methods and Algorithms: (1) In photon-limited confocal imaging the major source of
errors is Poisson noise due to the discrete nature of photon detection [2]. The common way to
reduce this noise is averaging of multiple frames. We propose a method for the extraction,
estimation and removal of the residual photon noise from averaged images and show how
these errors are specified by the adjustment of microscope detector. (2) Averaging of images
may also cause a loss of information due to clipping of single frames. A method based on
censoring technique is used to estimate and correct errors stipulated by averaging of saturated
pixels both at high and low intensities. (3) One more source of errors lies in the image
segmentation procedure which results in the underestimation of expression levels when is
applied to blurred confocal images. We propose a modification of Richardson-Lucy (RL)
deconvolution method [3] which allows to estimate and correct these errors and makes the
quantification procedure less sensitive to the accuracy of image segmentation.

Results and Conclusions: It has been shown that the attempts to improve an image
quality by setting too high values of the microscope parameters yield the higher noise and
more severe distortions of the data. The presented statistical methods allow to estimate and
correct the data errors and set the admissible range of adjustable parameters.

An important application of the current work is the possibility to ensure the high
accuracy of a large amount of quantitative gene expression data accumulated in the previous
study (http://urchin.spbcas.ru/flyex/ ) as well as to give recommendations how to achieve the
required accuracy of the data in the context of the further work. It has been proved that the
choice of proper experimental conditions provide the high data quality sufficient to use the
dataset to study mechanisms of pattern formation, to infer regulatory interactions in the
genetic network and to develop new mathematical models.

Funding: This work is supported by NIH grant RR07801, GAP award RBO-1286 and
NWO-RFBR project 047.011.2004.013.

References:
1. E.Myasnikova et al. (2001) Registration of the expression patterns of Drosophila
segmentation genes by two independent methods, Bioinformatics, 17: 3-12.
2. J.Pawley (2006) Fundamental limits in confocal microscopy, In Handbook of biological
confocal microscopy, J.Pawley (Eds), 20-41 (Springer-Verlag New York Inc.).
3. G.M.P.van Kempen et al. (1997) A quantitative comparison of image restoration methods
for confocal microscopy, Journal of Microscopy, 185: 354—365.

167



ON THE OPTIMALITY OF THE GENETIC CODE: THE ROLE OF
NONSENSE CODONS

Naumenko S.A.
Keldysh Institute of Applied Mathematics RAS, Moscow, Russia
e-mail: sergey clark@yahoo.co.uk

Motivation: A role of nonsense codons in genetic code optimality is not underlined
clearly at present. The aim of the research is to determine the role of nonsense codons in the
process of minimization of logical translation errors.

Methods and Algorithms: We use a simplest model of the genetic code named the
genetic code markup, which is the division of codon set into sense and nonsense parts. There
is no difference between sense codons in the markup: all of them are equal. We use two
optimization parameters: the probability of nonsense codon appearance in the result of
frameshift mutation and the number of sense codons for which nonsense point mutations are
possible.

Results: The standard genetic code markup terminates the translation process in the case
of frameshit mutation with the highest probability in comparison with other markups. At the
same time the standard genetic code markup has the minimal number of sense codons for
which nonsense point mutations are possible. There are only 5,8% of optimal markups
including the standard markup. This fact supports the adaptive genetic code hypothesis.
Probably the optimal markup fixation on the early stages of evolution could provide the
translation stability in the case of primitive molecular apparatus.
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Motivation and Aim: GH31 is a family of glycosidase catalytic domains, having the
TIM-barrel type of the 3D structure. It is represented by proteins widely distributed among
living organisms and possessing at least six types of enzymatic activities. Currently,
sequences of about one thousand members of this family are deposited in web-databases.
However, subfamily structure of the GH31 family and its relationship with other families are
still unclear.

Methods and Algorithms: Protein sequences were retrieved from the NCBI database. The
phylogenetic trees were built using programs of PHYLIP package. Precise boundaries of
GH31 domains were determined according to PDB database (2G3M, 1WES, and 2QLY) or
by homology. In order to group GH31 domains, a representative of the family was used as a
query for PSI-BLAST search. All sequences obtained during the first iteration with E-value
less than 107" were considered as belonging to the same group as the query sequence. Then a
new query for PSI-BLAST was randomly selected among the domains, which were still out of
grouping. The procedure was subsequently repeated until all GH31 domains were included
into at least one group. Note that protein fragments were not used as a query. At the next stage
the groups of GH31 domains, containing at least one common member, were combined.
Interfamily relationships were established by PSI-BLAST searches, using several
representatives of the GH31 family and 0.005 as a threshold E-value for including a sequence
in the next iteration. The number of iterations needed to reach a family member was
considered as a degree of sequence similarity between GH31 and the corresponding family.

Results and Conclusion: On the basis of PSI-BLAST searches 59 groups of closely
related domains were distinguished inside the GH31 family. Joining up of the overlapping
groups of domains allowed reducing their number to 34, which we propose to consider as 34
subfamilies, forming the GH31 family. The biggest subfamily combines 16 groups, but the
others contain only 1-4 groups. Phylogenetic analysis showed that each subfamily forms a
separate cluster on the GH31 tree with exception of the biggest subfamily. The latter contains
more than a half of the known GH31 domains and its cluster on the tree includes several
(depending on the method of tree building) other subfamilies. It suggests that proteins of this
subfamily probably were evolutionary ancestor for all other members of the GH31 family.
Searches of the NCBI database by PSI-BLAST, using sequences of three GH31 domains with
known 3D structure as a query, during the first eleven iterations revealed 5703 nonidentical
protein sequences in total (i.e. about 0.1% of all known sequences), belonging to nine protein
families. The results allowed to conclude that GH13, GH27, GH36, and COG1649 families
are the closest to the GH31 family, while GH66, GH101, COG1306, and COG3868 are only
distantly related to it. Relationship of GH31 with GH101, COG1306, and COG3868 families
has been found for the first time.

I am thankful to Marco Carreras for help with automation of PSI-BLAST output analysis
and to the Russian Foundation for Basic Research for a financial support (grant 06-04-49079-a).

169



GAG RELATED GENE HAS A CONSERVATIVE FUNCTION
IN DROSOPHILA GENOME

Nefedova L.N.*, Kim A.L

Moscow State University, Moscow, Russia
e-mail: lidia_nefedova@mail.ru

* Corresponding author

Motivation and Aim: For a long time the question of retroviruses’ origin remained open.
Coming from structural likeness and homology of separate genetic structural components of
retrotransposons and retroviruses, it is possible to suppose that an evolutional process can go
in two directions: both by transformation of retrotransposons to the retroviruses and by
forming of retrotransposons on the base of retroviruses [1, 2]. If the process of assembling of
retrotransposons and retroviruses went in the host genome, in it, probably, there must be
homologues of their open reading frames (ORFs): gag, pol and env. But it’s difficult to prove
if these homologues are precursors or domesticated genes of retrotransposons. Drosophila
genomes contain the homologue of the env gene (named /ris) that assumed to be acquired at
baculoviruses [3]. We carried out the search and analysis of the gag gene homologues in
Drosophila genomes.

Methods: of bioinformatics (search of homologues, multiple alignments, amino acid
sequences analysis) were used as well as PCR- and RT-PCR-analysis.

Results: Unique homologue of the gag gene (CG4680), which encodes product with an
unknown function, has been detected in the D.melanogaster genome. We named this gene
Grp (Gag related protein). Homologues of the D.melanogaster Grp gene present at all
investigated species of Drosophila with the different degree of phylogenetical relation. But at
least sequenced genomes of the other insects don’t contain homologues of this gene. So the
age of the Grp gene is about 40 million years.

Surprising is that unlike the /ris gene, which, presumably, is under the action of positive
selection, the Grp gene differs high conservatism of the sequence at all investigated species
and is under purifying selection. It was shown the Grp gene is expressed on the transcription
level. Very low level of transcription observed during the embryo stage of development and a
high level - in adult flies.

Conclusion: Data obtained is the evidence of the conservative function of the Grp gene
for Drosophila. Origin of the gag gene in Drosophila genome is discussed.
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Motivation and Aim: Determination of microorganism genotypes isolated from clinical
or environmental specimens often has epidemiological or clinical significance. The gold
standard for genotyping is sequencing followed by phylogenetic analysis. In many cases it is
reasonable to design genotyping assay based on RealTime PCR or Hybridisation
technologies. Both methods use oligonucleotides selectively discriminating genotypes. We
elaborate a computer program to ease a time consuming theoretical analysis of
thermodynamic properties of olygonucleotides.

Methods and Algorithms: Multiple alignment is a source of information about sequence
divergence/similarity. For variable organisms like RNA viruses we have to analyze large
number of sequence to ensure presentation all possible alleles in each genome locus. To
prepare data for analysis we sort sequences in alignment according their similarity and split
alignment on groups corresponded to genotypes. The optimal probe for genotyping should
have mach more stable duplexes on isolates of desired genotype compared to others. The
probe should situated in a region conservative in the desired genotype and occupy positions
where nucleotides not evenly distributed across genotypes — genotyping positions. The
program looks for positions in alignment where nucleotide distribution is significantly
different from stochastic. These positions have a valuable portion of phylogenetic signal
about genotype subdivision. Searching of genotyping positions based on either mutual
information or Goodman and Kruskal lambda-max statistics. In a practical case we are often
interested to find positions where nucleotide distribution is significantly different in two
groups of genotypes, say in genotype A and in all other genotypes of Hepatitis B virus. Rule
for discrimination is represented in form of two lists of genotypes. We used a lambda-max
statistics to check rule satisfiability. Note what the lambda-max statistics takes value from the
range [0,1]. Nucleotide distribution across genotypes for each alignment position may be
represented by contingency table. Table rows correspond to nucleotide types, columns — to
genotypes. The zero value of lambda-max indicates absence of association between rows and
columns, the value 1 corresponds to diagonal table. Algorithm constructs a binary tree
joining columns (genotypes) at each step least distinguishable from each other (with minimal
value of lambda-max). At each step table likelihood is calculated using lambda-max as a
measure of table goodness multiplied by a penalty for column joining. The table corresponded
to a step where the likelihood takes maximum value used for calculation of the satisfiability
of discriminating rule. The rule is true (there is a significant difference in nucleotide
distribution) if there isn’t a pair of genotypes one from the 1st list of the rule and another from
the 2nd joined together in the same supergenotype.

Results: The program has convenient graphical interface to show aligned sequences and
nucleotide distributions in alignment positions in each genotype. Thermodynamics parameters
(Tm, dG, dH) are calculated for each of possible heteroduplex at the site of probe annealing.
User may explore the melting temperatures of the probe on sequences belong to different
genotypes.
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Motivation and Aim: There is a hypothesis that products of CLV genes inhibit WUS gene
expression, and WUS gene product activates expression of CLV. Further more this interaction
is supposed to be the basis for shoot apical meristem maintenance. To test this hypothesis a
mathematical model of mechanism of these genes interaction was proposed and studied.

Methods and Algorithms: The model consists of identical molecular-genetic regulation
circuits “working” in each cell. The circuits interact by gene diffusible products, called
regulators (i.e. this is a reaction-diffusion model). The shoot apical meristem is represented by
a semi-elliptic domain filled with polygonal cells (vertical section of the top of meristem).
Mathematical model was defined by a system of ordinary differential equations. Cell
geometry was used to calculate diffusion resistances for regulatory molecules transportation
between the cells.

Results: A hypothetical substance Y and additional interactions had been introduced to
complete mathematical model of CLV-WUS - based mechanism for shoot apical meristem
maintenance. A set of parameters had been obtained that provide steady state solution for the
model (spatial distribution of molecule concentrations). This solution is in accordance with
experimentally observed concentrations of CLV3 and WUS proteins in shoot apical meristem.

Conclusion: The following regulation circuits are postulated in proposed model: (1) Y
activates expression of WUS gene, (2) CLV inhibits WUS expression, and (3) WUS activates
Y expression, Y, in turn, activates CLV expression. The numerical runs of the model
demonstrate that postulated interactions between Y, CLV and WUS embedded in the reaction-
diffusion mechanism are able to provide an appropriate “mark up” for the zones of stem cells
and their niche in shoot apical meristem.

Acknowledgements: This work was supported by the RFBR grant: 08-04-01214-a
"Mathematical modeling and analysis of structure homeostasis mechanism of the stem cell
niche in Arabidopsis thaliana shoot apical meristem"
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Motivation and aim: SH3 domains that are often found in proteins implicated in cell
signaling pathways, cytoskeletal organization and membrane traffic are important for the
assembly of multiprotein complexes. SH3 domains are highly adaptable. Phage library
screens demonstrated that substitution of two or three residues within an SH3 domain is
sufficient to alter its specificity. It is considered that RT and n-Src loops of SH3 domains that
are highly variable in sequence and flexible in structure play important roles in modulating
the specificity of SH3 domains.

Previously we have shown the presence of two isoforms of the SH3A domain of
endocytic protein ITSN1 generated by neuron-specific alternative splicing of exon 20 [1].
Inclusion of exon 20 extends the n-Src loop of the ITSN1 SH3A domain and changes it's
ligand binding specificity. A similar brain-specific splicing event within an SH3 domain has
been described for the Src protein, in which 18 nucleotides encoding six amino acids are
inserted into the n-Src loop of the SH3 domain.

Methods and algorithms: In order to find similar alternative splicing events within other
SH3 domains we developed the “pipe” consisting of several Perl scripts. On the first stage for
consequent analysis genes, which meet the following requirements, were selected:

1) NCBI RefSeq data for corresponding mRNA and protein is available;
2) protein contains one or more SH3 domains encoded by at least 2 exons;

On the second stage introns between above-mentioned exons were scanned for
constitutive splicing sites (GT and AG) and possible alternative exons meeting following
criteria were selected:

1) exon size is from 9 bp to 27 bp and divisible by 3;
2) exon should not contain in-frame stop codon;
On the third stage for every predicted exon following parameters were evaluated:
1) “stringency” of 3" splice site (similarity to conservative 3" splice site);
2) “stringency” of 5" splice site (similarity to conservative 5 splice site);
3) conservation of corresponding region between genes from different origins (based
on NCBI HomoloGene)

Results: Only SH3 domains of aforementioned ITSN1 and c-Src had high values of
computed parameters. For complementary analysis few other top-scored genes (Yesl, Fynl,
Sorbs3, Scapl, Scap2, ArhGEFS5) were selected. However, RT-PCR analysis with specific
primers hasn't revealed such alternative splicing events. Nevertheless, negative result can be
explained by incomplete dataset (see stage 1 restrictions) and limited HomoloGene data
available.

Availability: All data and scripts are available on request from the authors.
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Motivation and Aim: Protein family patterns bank Prof Pat is a collection of the
patterns of groups of related proteins, characterizing the position intervals conservative in
aligned proteins, and flexible fast search program. It is one of the numerous “secondary”
banks, in which the information on the whole groups of the related proteins, most typical and
frequently unique features of this group is concentrated. Prof Pat was earlier showed to have
as good completeness and variety of included proteins as the best world-known “secondary”
banks. At the same time, its specificity and sensitivity is higher than those of other banks, and
its search speed was 3-10 times higher. [1]. In addition, Prof Pat can examine large groups of
protein sequences rather than just a few of them and so it appear to be an effective tool for
genome annotation.

Methods and Algorithms: Protein family patterns, the bank of these patterns and flexible
fast search program were created using original technology [2]. The version of Prof Pat 1.19,
constructed on the basis of the UniProt 8" release, contains patterns of 162161 groups of
related proteins including more than 1332000 amino acid sequences.

Results: Prof Pat is an updated tool for a prediction of function and distant similarity of
proteins. The efficacy of Prof Pat was demonstrated in analysis of amino acid sequences,
translated from complete genomes of microorganisms:

e From 4105 sequences of Bacillus subtilis 99.88% were recognised by Prof Pat. 22
sequences were annotated with high significance level for the first time. This
protein’s functions were not predicted up to now.

e From 3924 sequences of Mycobacterium tuberculosis, 99.95% were recognised by
Prof Pat. 44 sequences were annotated with high significance level for the first time [3].

e From 4767 sequences of Salmonella typhi + plasmides 99.94% were recognised by
Prof Pat. 16 sequences were annotated with high significance level for the first time.

Availability: http://wwwmgs.bionet.nsc.ru/mgs/programs/prof _pat/ .

Conclusion: Bank Prof Pat, an updated, developing and improved tool for a prediction
of function and relationships of proteins allows to get new information for assumption of
structural and functional similarity for distinct proteins as well as for large groups of amino
acid sequences.

References:

1. L. Ph.Nizolenko et al. (2003) Database of patterns PROF PAT for detecting local
similarities In Silico Biology, 3, 205-213.

2. A.G. Bachinsky et al. (2000). PROF_PAT 1.3: updated database of patterns used to detect
local similarities. Bioinformatics, 16, 358-366.

3. L. Ph. Nizolenko et al. (2005a) Study of the amino acid sequences of open reading frames
of the complete genome of Mycobacterium tuberculosis using the protein family pattern
bank Prof Pat. Biofizika. 50, 986-992. (Russian).

174



INVESTIGATION OF THE AMINO ACID SEQUENCES OF
HUMAN INFLUENZA VIRUS H5N1 WITH PROTEIN FAMILY
PATTERNS BANK PROF PAT

Nizolenko L.Ph."*, Bachinsky A.G."
“Corresponding author

'SRC VB “Vector”, Koltsovo, Novosibirsk, Russia.
e-mail: nizolenko@vector.nsc.ru

Motivation and Aim: The purpose of the investigation was revealing similarity of an
inflenza virus proteins with proteins of eucariotes and Homo sapiens in particular, as such
similarity can negatively affect safety of vaccines against this virus.

Methods and Algorithms: Sequences of human influenza virus H5NI1, circulated in
different regions of the Earth in 2006 are available in the Internet from the NCBI
(ftp://ftp.ncbi.nih.gov/genomes/INFLUENZA/).

Protein family patterns, the bank of these patterns and flexible fast search program were
created using original technology [1]. Prof Pat release 1.19, constructed on the basis of the
UniProt 8" release, contains patterns of 162161 groups of related proteins including more
than 1332000 amino acid sequences.

In analyzing we used a 250PAM similarity matrix, with 80% degree of similarity as the
lower boundary. Similarity was considered positive if not less than two ordered motives of the
pattern in length on 10 amino acids identified corresponding sequence.

Results: Similarity of neuraminidase of CDC623 strain (Indonesia) with beta carotene
oxygenase family, including human and other vertrebrates sequences was found. Polymerase
PA of many Indonesian strains contains the fragments similar with dynein heavy chain of
vertebrates, and polymerase PB1 of Indonesian strain CDC739 — with mammalian bone
marrow stromal antigen 2.

In addition, the similarity of influenza virus proteins with proteins of different eucariotes
(such as Saccharomycetes, Plasmodium and plant mitochondia), bacteria and viruses was
reveald.

Still time significant variability of influenza virus proteins is noted, and it concerns not
only hemagglutenin and neuramimidase, but also polimerases and nucleocapsid protein.

Availability. http://wwwmgs.bionet.nsc.ru/mgs/programs/prof pat/.

Conclusion: Results the investigation can be used in practical pharmacology with the
purpose of improvement of quality anti-influenza vaccines and reduction possible
postvaccinal accidents.
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Motivation and Aim: Horizontal transfer (HT) can be defined as the process by which
genes can move between reproductively isolated species. It is not surprising that many
examples of HT of mobile elements have been identified in eukaryotes. Mobile elements have
the capacity to insert themselves into the chromosomes of possible vectors and, subsequently,
into host chromosomes. Nevertheless, non-LTR retrotransposons are believed to be inherited
exclusively vertically. Extensive phylogenetic and comparative studies dismissed majority of
putative HT reports for non-LTR retrotransposons. At the same time, strong evidence of HT
that cannot be neglected were provided for Bov-B retroelements which have been transferred
from the ancestral snake lineage (Boidae) to the ancestor of ruminant mammals [1] and for
CRI1B elements which have been transmitted between Bombycidae moths and Lycaenidae
butterflies less than 10 MY A [2]. Thus, one should not exclude a possibility of occasional HT
events in non-LTR retrotransposons. In present report, one more case of non-LTR
retrotransposons horizontal transmission is presented.

Methods and Algorithms: Fungal genomes were obtained from public databases. UniPro
GenomeBrowser software (http://genome.unipro.ru/) was used for non-LTR retroelements
identification and analysis. Phylogenetic analyses were performed using the MEGA 3.0
program [3].

Results: In present study we screened 34 fungal genomes for the presence of non-LTR
retrotransposons. More then seventy new retroelements were found belonged to the four
diverse phylogenetic clusters of elements. Phylogenetic analysis and comparisons of amino
acid distances versus host divergence time which were made within and between
basiodiomycete and ascomycete lineages showed the extremely low divergence between two
newly identified elements from Aspergillus niger and Chaetomium globosum: It can not be
explained by the strong selective constraint in the mobile elements sequence coupled with
strict vertical transmission. Thus, the lower than expected divergence between elements and
low rate of evolution indicate the HT event which took place less than 10 MYA.

Conclusion and Availability: The HT of non-LTR retrotransposons is extremely rare
event. The actual mechanisms of HT are still unknown since it is not possible experimentally
to show how the HT can occur. Parasites, symbionts, bacteria, or viruses all could be
suggested as potential vectors for HT. The accumulation of new genomic data for diverse
eukaryotic organisms could provide very important data for clearing up the mystery of
horizontal transmission.
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INFLUENCE OF AMINO ACID REPLACEMENTS ASSOCIATED
WITH MULTIDRUG RESISTANCE ON B-TUBULIN
MOLECULAR DYNAMICS
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Motivation and Aim: Phenomenon of resistance to drugs depolymerising or irreversibly
stabilising microtubules is caused by single amino acid replacements in o- and B-tubulin subunits.
Most of these replacements localize immediately near binding sites of appropriate
antimicrotubular compounds and, thus, can directly change their spatial structure [1]. However,
spatial localization of amino acid alterations related with multidrug resistance [2, 3] doesn’t
correlate with localization of antimicrotubular drugs’ binding sites. Thus, one could suppose that
these mutations have alternative structural mechanism of action connecting with changes of
behaviour of whole protein. The verification of this assumption requires of molecular dynamics
analysis of tubulins, which have appropriate amino acid substitutions.

Methods and Algorithms: In accordance with literature data, different amino acid replacements in
position 220 of chinese hamster f-tubulin can cause resistance to microtubule depolymerising (P->S, P-
>C, P->T substitutions) as well as to microtubule stabilising (P->L, P->V) drugs [3]. Spatial structures
of chinese hamster -tubulins containing these replacements and regular chinese hamster B-tubulin
were reconstructed as described in our previous work [4]. Spatial structure optimization by L-BFGS
method [5] and 30-ns molecular dynamics of studied proteins were calculated using the mdrun module
of GROMACS software [6]. Structural changes were estimated by conformational energy dynamics
(using g energy module), levels of molecular oscillations (using g rms module) and differences
between conformation spaces of proteins (using g covar module).

Results and Conclusion: All described replacements result in alterations of [-tubulin
conformation space. Shift between average structures of regular and mutant subunits is within a range
from 3.44 A (T220 B-tubulin) to 5.51 A (1220 B-tubulin). Four replacements P->S, P->C, P->L, P->V
have cause a stable decrease of molecular oscillations level both for whole protein and amino acids
forming contact surfaces between tubulin subunits. Molecular oscillations downshift is within a range
from 0.72 A (L220 B-tubulin) to 0.93 A (8220 B-tubulin) for whole B-tubulins and from 0.69 A to 1.06
A for B-tubulin contact surfaces. Energy perturbations due to these four substitutions are more
complicated. Replacements P220C, P220S and P220V cause essential decrease of protein
conformational energy (by 570, 1144 and 572 kJ/mol correspondently), but replacement P220L
decreases energy of protein by 35 kJ/mol only. However, P220L replacement causes maximal reducing
of total conformational energy of contact surfaces (548 kJ/mol), though others replacements also
decrease this parameter (P220C — by 336, P220S — by 267, P220V — by 392 kJ/mol). The replacement
P220T influences neither level of oscillation nor conformational energy of studied proteins. Thus, we
can conclude that at least four from five substitutions cause general stabilization of tubulin structure in
time, that result in forming of more stable microtubules. These microtubules have non-specific
resistance to any depolymerising drugs, but not to stabilising agents.
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Motivation and Aim: The Arabidopsis GeneNet Supplementary DataBase (AGNS) is
aimed to provide an integrated view of arabidopsis development from positions of mutations
in the nucleotide sequences and changes in the gene expression patterns to phenotype
abnormalities [1]. AGNS contains the following sections: the Sequence database, the
Reference Database, the Expression Database (ED) and the Phenotype database (PD). The
current database release contains the tools for more efficient manual annotation of published
papers, data processing and representation.

Methods and Algorithms: The AGNS input system was created as a Java application.
The Berkeley XML DB with XQuery-based access is used for data processing.

Results: New developments at AGNS include the input system software, a redesigned
web-interface with new navigation structure and automatic queries and a new application tool
for the AGNS data processing (AGNK). Also the AGNS structure and format have been
refined to allow accumulation a more wide spectra of data. The AGNS input system was
created in order to ensure the efficient and acute annotation, storage and use of the data and,
as a response to rapid growth of the content. Annotation as well as editing are facilitated in
agreement with the database format and controlled vocabularies in the user-friendly interface.
The following vocabularies are supported: the anatomy and morphology of arabidopsis, the
developmental stages, the treatments. To facilitate the access to interrelated information in
AGNS, several additional automatic queries were developed. Based on the AGNS ED, the
automated queries provide the following information: (1) the key genes in the gene networks
related to development of different organs; (2) the regulatory interactions between genes; (3)
the changes in the gene network in the course of development. The automatic queries in
AGNS PD provide information about the role of the gene or groups of genes in
morphogenesis. Also, a new tool for AGNS data processing (AGNK) was created to extract
information about cause-and-effect processes in gene networks related to specific
developmental abnormalities [2].

Conclusion: AGNS annotates published papers on gene expression and function and by
using a special format and interface integrates, systematizes, and classifies this heterogeneous,
disparate, and scattered information. AGNS queries and logical data analysis in AGNK with
the help of specially developed software allow retrieving complex and systematized data sets
for the further investigation of different processes in morphogenesis from gene expression to
functions of gene.

Availability: http://wwwmgs2.bionet.nsc.ru/agns
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Motivation and Aim: ldentification of transcription factor binding sites and gene
regulatory elements is an important problem of computational genomics. Advances in high-
throughput sequencing technologies combined with chromatin immunoprecipitation, such as
ChIP-on-chip, ChIP-seq and ChIP-PET (Paired-End diTag), and the availability of human and
mouse genome sequences now allow us to identify transcription factor binding sites (TFBS)
and analyze mechanisms of gene regulation on the level of the entire genome [1,2]. Examples
include Oct4, Sox2 and Nanog transcription factors in mouse [1] and p53, c-Myc in human.
High-throughput data sets of binding sites demands integrated approaches including statistical
analysis of data mapping quality, sensitivity and specificity issues and gene expression
analysis [2].

Methods and Algorithms: The important bioinformatics step of ChIP-seq unlike ChIP-
on-chip is the accurate mapping of short sequence reads to the reference genome [2]. The
process of mapping tags to the reference genome can bias the analysis toward genomic
regions with unique and complex sequence patterns, requiring adjustment of the expected
chance to observe moderate peaks in ChIP sequence density. Oriented 25-mer DNA
fragments obtained after Solexa sequencing were mapped and extended to 200 nt regions to
count clusters of overlapping sequences (binding peaks). We develop a statistical approach
based only on observed and control data to filter out noise (false positive) chromatin IP
sequences. We found bias in GC content of 25-nt tags obtained after chromatin IP and in
density of tags mapped onto the mouse genome (mm8, Feb 2006) related to technological and
biological issues. For statistical validation of TF binding sites we used computer simulations
(random genomic location of the same number of virtual sequences) taking into account
background noise distribution from control (non-specific IP) data.

Results and Conclusion: Validated maps of TFBS contain thousands of experimentally
defined sites and thousands f novel target genes, much more than stored in any available
databases. We found strong correlations between binding motifs and cluster size. Correlation
of binding affinity and sequence cluster size was shown independently for ChIP-PET
experiments [1]. Combinations of different TFs maps on the same genome assembly allowed
us to describe potential enhancers. We analyzed the chromosomal profile of tags and found
correlation with chromatin structure and histone methylation patterns.
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SITECON: A QUALITY TOOL FOR PREDICTION OF NEW
POTENTIAL SREBP BINDING SITES. EXPERIMENTAL
VERIFICATION AND ANALYSIS OF REGULATORY REGIONS
OF VERTEBRATE GENES

Oshchepkov D. Y.I*, Ignatieva E. | 2 2, Vasiliev G. V.I, Klimova N. V.I, Merkulova T.L"?
"Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2Novosibirsk State University, Novosibirsk, Russia

e-mail: diman@bionet.nsc.ru

" Corresponding author

Motivation and Aim: Methods that accurately predict transcription factor binding sites
have always been important tools in studying the regulatory regions of eukaryotic genes. Here
we present our algorithm SITECON implementation for SREBP binding sites recognition.
Transcription factors of the SREBP family play an important role in regulation of expression
of genes controlling intracellular cholesterol level and biosynthesis of fatty acids. SREBPs are
functioning within the cholesterol sensor, providing gene regulation depending on the cell
cholesterol level [1]. Today the list of genes regulated by SREBPs includes genes encoding
enzymes of cholesterol and fatty acid biosynthesis, transport proteins, transcription factors,
etc., but the list is likely incomplete. The factors of this family bind to the sites like E-box and
SRE (Sterol Regulatory Element). Previously it was shown [2] that genes containing classic
SREs in their promoter regions are more efficiently activated by SREBPs than those
containing E-box. New SREs, found in the genes would shed a light on potential mechanisms
an intact organism uses to respond to increased levels of dietary cholesterol.

Methods and Algorithms: We addressed the problem using computational approach
SITECON, designed for recognition of potential transcription factor binding sites (TFBS)
basing on conservative conformational and physicochemical properties detected for set of
experimentally proven TFBS (3). We used EMSA with purified recombinant SREBP1-a to
verify the novel SREs predicted by SITECON (4).

Results: 44 new SREs were detected in 25 out of 44 tested genes of lipid metabolism. A
high predictive capacity of SITECON was proved by experimental verification: at least 20 out
of tested 22 predicted sites were shown to be able to bind to SREBP1-a in vitro (4). As the
detection threshold, SITECON employs conformational similarity (3). Accuracy of chosen
threshold was demonstrated; only 3 out of 8 tested potential SREs with lower conformational
similarity were shown to be able to bind to SREBP1-a in vitro. The discovered specific
conservative properties for a set of SREs comply with the X-ray structure analysis data [5].

Conclusion: Precise method for SRE detection was developed and its accuracy was
assessed using experimental data. The library of 25 genes that contain high-confidence
predicted and partially tested experimentally SREs should be a valuable resource for
biologists, the new genes that we have revealed as potential targets to SREBPs seem to be
worthy of experimental verification for functionality.

Availability: SITECON tool http://wwwmgs.bionet.nsc.ru/mgs/programs/sitecon/.
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Introduction and Background: We use the Budker INP free electron laser radiation with
fine tuning of the wavelength from 110 pum to 240 um for soft non-destructive ablation of
various nucleic acids (phage DNA and plasmids), proteins, and enzymes.

The terahertz irradiation excites non-covalent molecular bonds (including hydrogen
bonds). The radiation about 150 um is capable to excite the out-of-the-plane deformation
vibrations of the intermolecular hydrogen bonds O-H...O u O-H...N. Thus, selective
dissociation of these bonds by means of FEL radiation makes it possible to transfer a
biomacromolecule into the gas phase (aerosol) with the retention of the intramolecular
covalent bonds. This allowed develop new method of mild and non-destructive ablation.
ABLATION is defined as the removal of material from the surface of an object by
vaporization, chipping, or other erosive processes. In our case ablation is transfer of
biomacromolecules from solid surface into aerosol phase under FEL THz irradiation.

Results: The teraherz emission of the free electron laser was applied to the development
of the technology for the biochip production standardization.

The principle of soft nondestructive ablation of biological macromolecules under
terahertz irradiation was applied to technology for the direct analysis of the target DNA from
biochip surface. There was prepared model biochip for this experiment. DNA-probe is
covalently bonded to biochip surface. After hybridization the target DNA was bonded to the
DNA-probe by hydrogen bonds. By the action of terahertz emission hydrogen bonds were
disrupted and target DNA was transferred into aerosol phase. The target DNA was collected
to the filter for subsequent analysis. Firstly, ablated target DNA was amplified by Polymerase
Chain Reaction. Polymerase Chain Reaction product was identified by electrophoretic
analysis. The electrophoretic analysis proved identity of initial and ablated DNAs. Secondary,
the following sequence analysis proved the sequence identity of initial and ablated DNAs.

Conclusion: By action of terahertz emission we can destroy hydrogen bonds, leave
covalent bonds intact and transfer large biomacromolecules into aerosol phase.
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Motivation and Aim: Evaluation of second generation sequencing platforms for whole-
genome expression profiling.

Methods and Algorithms: Second generation sequencing platforms offer new
opportunities for transcriptome analysis. Sequencing approach has significant advantages over
conventional hybridization-based (microchip) methods: (i) no preliminary information about
transcriptome is required; (ii) any desirable detalization of the analysis is possible; (iii) new
transcripts may be detected; (iv) comparison of results obtained in different laboratories
becomes easy and straightforward. Transcriptome sequencing is also more informative than
SAGE-analysis, because it gives information about internal structure of transcripts.

Results: Here we report technological improvements for expression profiling studies and
for transcript structure analysis. Combination of random sequencing approach with paired-end
technology allows us to get information about structure and overall size of transcripts. With
novel protocols we are able to derive information about transcript direction, which is useful
for resolution of complementary transcripts and exons prediction. We demonstrated the ability
to provide genome-wide allele-specific expression profiling which reveals parental-specific
(imprinting) and allele-specific biases. We also present a bioinformatics pipeline for
transcriptome analysis using Illumina sequencing platform data.

Conclusion: Second generation sequencing platforms demonstrate numerous advantages
over other expression profiling methods and are likely to outfit older methods in future. The
examples we provided show some unique features of the platform and new methods of data
analyses.

Availability: additional information is available upon request
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Motivation and Aim: Investigation of aromatic structures interaction in proteins is one of
ways to understand how they form their tertiary structure. [1] More precise than previous
analysis of aromatic stacking [1,2] can reveal new insight of necessity and functioning of
aromatic amino acids in proteins. Comparing of aromatic dimers frequencies to ab initio high
quality dimer energies [3] under the assumption of quasi-Boltzmann distribution [4] can
shows similarity and difference of aromatic amino-acids dimers arrangements in proteins,
compared to those in vacuum.

Methods and Algorithms: For all statistical investigations of studied dimer
conformations unredundant set of protein chains from PDB (about seven thousand) was used.
From this set all aromatic pairs was picked out and bring to one base (first dimer element)
Quantity of second mobile dimer element mass center in unit of volume was used as
population in quasi-Boltzmann law. Because of obtained data limit there is only consideration
of a various layers of data in all 6D solid residues space.

Results: After comparing of logarithm of population to quantum energies of high quality
by quasi-Boltzmann distribution for the first time was obtained “experimental” energies
(based on population) of parallel stacking of PHE-PHE, PHE-TYR, TYR-TYR that contrast
to quantum ones. There is full correlation for PHE-PHE parallel stacking with effective
distribution temperature between 300-400K, partial coincidence for other parallel dimers. It
turned out, that it is impossible to reproduce quantum energy difference between Parallel
Displaced and T-Stacking (for stacking definitions see ref. [3]) because of impossibility of
obvious taking into account addition interaction of surrounding groups.

Detailed dependencies from various physical variables (distances between aromatic
planes, angle between planes ant other) for PD and T stacking were obtained and it
corresponds to quantum picture with according to physical restriction of aromatic residues.

Conclusion: Aromatic stacking in general obeys the quasi-Bolztmann law. The size of
aromatic groups in line (PHE, TYR, TRP) make a great impact on this distribution by
influence of rigid group scale, presumably on protein folding stage. It’s another one
prohibitive force on way of proteins evolution and diversity that must be accounted for
protein structure prediction without explicit folding modeling.
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Motivation and Aim: Cytosine methylation is the only known covalent modification of
DNA. It plays critical role in gene expression regulation, cell development, imprinting etc.
The cytosine (C) methylation occurs in CpG dinucleotides, so the rate of CpG pairs is lower
than the independent probabilistic prediction. Yet, there are specific genome regions that are
enriched with CpG dinucleotides. These areas are referred to as CpG islands. They are usually
unmethylated. One of directions of epigenomic studies is the investigation of the CpG islands
evolution. Thus, the work we present here examines the mutations of cytosine in CpG
context. Also, we describe orthologous CpG islands, i.e. CpG islands located into or near (in
upstream or downstream) orthologous genes and also look for highly similar islands.

Methods and Algorithms: We used triple alignment of human, chimpanzee and macaque
genomes and of human, rat and mouse genomes to analyze the mutations of cytosine in CpG
dinucleotides. Multiple alignments are available at
http://hgdownload.cse.ucsc.edu/goldenPath/hg18/multiz28way We used annotaded CpG
islands from Genome Browser [1] and found by CpGecluster algorithm [2]. Also we did the
whole genome analysis of CpG dinucleotides births and deaths. The sequence similarity of
highly similar island was at least 90% according to BLAT [3]. The orthologous genes
positions were obtained from Genome Browser [1]. All the scripts were written in Perl.

Results: We showed that the mutations notCpG—CpG are rarer than CpG—notCpG
both in and outside CpG islands. The mutations CpG—notCpG inside CpG islands are rarer
than outside, while the backwards changes notCpG—CpG are more often inside islands. Also
we have identified 220 groups of orthologous CpG islands and 434 islands combined in 158
groups of high similarity.

Conclusion: The objects that are commonly referred as CpG islands have complex
nature and possibly there is a set of different biological and statistical phenomena combined
into one term. On the other hand, at least some of the objects have biological rather than only
statistical nature.

Availability.: Perl scripts are available on request from the authors.
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Motivation and Aim: RNA structure has been reported to impact many cellular
processes, including splicing in genes associated with disease . The question is: can RNA
structure have an impact on splicing.

Methods and Algorithms: We searched possible RNA structures that can loop-out
introns. We define putative event of intron looping-out if the region near donor contains a
word that have a complement near acceptor site (word size at least 9 nt). For all found events
we analyze if the complement word are conservative in relative genomes. Three sets of
genomes was analyzed: vertebrates, Drosophilae, worms. For some cases the experimental
validation was done.

Results: In every set of genomes about 200 genes were selected. The distribution of
position of complement blocks is not uniform; alternatively spliced introns are
overrepresented; long introns are overrepresented. Gene ontology analysis shows that selected
genes mostly are related (with high significance) to follow categories: cell development, DNA
binding, neurons development, signal cascades etc. Experimental validation was based on
minigene system and was provided in follow way. A mutations in one found box were
introduced. Then a compensatory mutations in complement box were introduced. The splice
forms were tested using RTPCR and sequencing. In all cases mutations in one box
significantly changes pattern on splicing and compensatory mutations rescue the wild type
splicing.

Conclusion: RNA structures play an important role in splicing. Seems our observations
support hypothesis that RNA structure may be involved in the regulation of splicing.
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Motivation and Aim: Despite the profound studies in the field of translation termination,
many aspects of this phenomenon remain unclear. The good example of such situation is a
pleitropic manifestation of mutations in essential gene SUP45 encoding translation
termination factor 1 (eRF1) in the yeast Saccharomyces cerevisiae. Mutations in SUP45 gene
cause various defects in the cell. It was shown in our laboratory that sup45 mutants lose
capability to undergo the pseudohyphal transformation. In this work, we performed a
transcriptome analysis for the purpose of examining the changes of expression patterns in the
presence of wild-type or mutant allele of SUP45 gene under the condition of nitrogen
limitation.

Methods and Algorithms: Two diploids strains with different genetic backgrounds were
used in this work. Strain D1667 originates from Peterhoff Genetic Collection. Strain D1643
comes from Berkley collection and is characterized by £1278b background. Strains, carrying
wild-type or mutant (sup45-103) allele of SUP45 gene, were grown simultaneously in liquid
YNB and SLAD media. Overnight cultures were diluted and grown to the ODgyo~0,6 and then
used for total RNA extraction using Qiagen RNeasy Mini Kit. Purified RNA was subjected to
reverse transcription, labeled with cyanine 3-dCTP and cyanine 5-dCTP dyes and used for
transcriptome analysis (http://biopuce.insa-toulouse.fr/protocoles.php). Two independent
experiments were made for each variant. The obtained slides were analyzed using BioPlot
software (http://biopuce.insa-toulouse.fr/ExperimentExplorer/doc/).

Results: Analysis revealed only few genes, which expression was changed in both
mutant strains: ENA2 (ion transport), DALS0 (regulation of nitrogen utilization), VPS29
(retrograde transport endosome to Golgi), HSP82 (protein folding), GPII (GPI anchor
biosynthetic process) and others. Only DALS0 gene directly participates in regulation of
nitrogen metabolism. In mutant strains its expression increases 1,25 and 1,4-fold more than in
D1643 and D1667 wild-type strains, respectively. It is possible that in sup45-103 strains
increased expression of DALS0 may influence expression of other genes, sensitive to nitrogen
catabolite repression, and thus change the sensing of quality and availability of nitrogen
source. This may, in turn, block the expressional and morphological changes, caused by
nitrogen starvation. Considering background difference, D1643 strain demonstrates more
pronounced sensitivity to nitrogen starvation than D1667 strain. Expression of STE! 1, coding
for signal transducing MEK kinase essential for pseudohyphal and invasive growth, is lower
in D1667 strain comparing to D1643 strain, and in D1643 sup45-103 comparing to wild-type
strain.

This work was supported by FEMS Research Fellowship (for AP) and RFBR grant Ne
07-04-00605-a (for AP and GZ).
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Motivation and Aim: The nitrogen regulatory protein pll is involved in nitrogen
metabolism in prokaryotes, particularly in Mycobacterium tuberculosis, which is a pathogenic
organism of tuberculosis. pll indirectly activates the transcription of the g/nd gene, that
encodes the glutamate synthetase enzyme, which catalyses the reaction of nitrogen
assimilation. It has been demonstrated by Ramachandran group that pll is a nucleotide
binding protein[1]. Molecular dynamics simulations were performed to estimate the free
energy of ATP binding to pll, conformationally modified by 2-ketoglutarate binding.

Methods and Algorithms: The tertiary structure of pll complexed with ATP and
modified by 2-ketoglutarate binding was taken from the previous paper [1]. Then, the
GROMACS molecular topology and atom charges were obtained for the ligand using the
PRODRG?2 web server. Then, the molecular dynamics simulations were performed, including
energy minimization, protein relaxation, molecular dynamics itself and refinement.

Results: The ATP kept its position in its binding pocket and the conformation of the loop
that holds 2-ketoglutarate remained unchanged (bended) during all simulation period.
Nevertheless, opening and closing of hydrogen bonds was observed. The T-loop residue R38
also formed a hydrogen bond with ATP.

Conclusion: The evidence was obtained, that the pll protein, which conformation is
modified by the 2-ketoglutarate binding, strongly binds ATP. The T-loop residue R38 is
supposed to be involved in ATP binding, and observation of the hydrogen bond during the
simulations provides extra evidence for that.

References:
1. A.Bandyopadhyay et al. (2008) Molecular characterization of the PII protein of
Mycobacterium tuberculosis reveals that it is a general nucleotide binding protein,
Journal of Biochemistry, in press
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Motivation and Aim: The tumor suppressor p53 protein induces cell cycle arrest and
apoptosis through its transcription factor activity as well as through protein-protein
interactions (Levine, 1997). Interacting protein regions are considered to undergo coevolution
that is usually revealed in protein distance correlation analysis (Pazos et Valencia, 2001).
Here we study coevolution of the p53 domains with domains of proteins that are involved in
the p53 gene network. Also we analyze the effect of exclusion of neutrally evolving codons
on correlation of protein distances to study the phenomenon of high correlation values for
noninteracting proteins that is considered to result from neutral evolution.

Methods and Algorithms: Protein sequences of p53 transcription activation domain
(TAD), p53 DNA binding domain (DBD) and mdm2 SWIB domain were for eight vertebrate
species were taken from the Swiss-Prot database. Corresponding coding sequences were taken
from the Genbank database. Protein sequences were aligned using the ClustalW program and
corresponding codon alignments were obtained. Protein distance matrices were obtained
using the LAPD program (http://www.csc.kth.se/~arve/code/lapd/), developed by Lars
Arvestad (forthcoming paper). The Pearson correlation coefficient between the matrices was
calculated using the ad hoc Perl program. We used the PAML software to search for neutrally
evolving codons.

Results: Correlations of protein distances were as follows: p5S3 TAD-mdm2 SWIB —
87%, p53 DBD-mdm2 SWIB — 86%, p53 TAD-p53 DBD — 50%. The proportions of
neutrally selected codons were: mdm2 SWIB — 0%, p53 DBD — 14%, p53 TAD — 60%. After
exclusion of neutrally selected codons the correlation values slightly decreased: p53 TAD-
mdm2 SWIB — 85%, p53 DBD-mdm2 SWIB — 79.5%, p53 TAD-p53 DBD — 43%.
Interestingly, the correlation between neutrally evolved regions of p53 TAD and p53 DBD
was 82%.

Conclusion: The mdm2 SWIB domain, that inhibits p53, appears to be the most
conserved of the three peptides under study, while its target p53 TAD domain exhibits high
variability. This result suggest the strongest purifying selection for the domain that supplies a
negative feedback on p53 concentration in cell. Low correlation between “regulator” p53
TAD and “effector” p53 DBD suggests their independent evolution, which may result from
adaptation of the pS3 TAD to new protein signaling during evolutionary history.

References:
1. A.Levine (1997) Cell, 88:323-331.
2. F.Pazos, A.Valencia (2001) Protein Eng., 14:609-614.
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Motivation and Aim: Circadian rhythms are near-24-hour rhythms which is extremely
important for essence of living systems. Transcription factor Clock/Bmal is, a master
regulator of circadian thythm. Here we present detecting of potential Clock/Bmal binding
sites (BSs) in the regulatory regions of genes with circadian cycling expression pattern.

Methods and Algorithms: Nucleotide sequences of Clock/Bmal BSs were retrieved from
TRRD [1]. The combination of SiteGA and oPWMs (optimized position weight matrix)
models was used for putative sites prediction [2]. The SiteGA method applied genetic
algorithm to infer specific set of locally positioned dinucleotides (LPDs). To set thresholds we
fixed stringencies corresponding to recognition of certain portions of train data (50-90%).

Results: Dinucleotide matrix captured comparatively long flanking sequences, so that
total length of each sequence was 38 nt. SiteGA method allowed us to find out a number of
significant correlations between frequencies of LPDs. Notably, they were found not only in
the canonical consensus region, even the most significant correlations distributed along the
full length of analyzed sequence. Two sample of sequence were compiled for potential BS
search. The first samples contained [5000;+1] upstream regions of 109 mouse genes for which
circadian expression was confirmed by high-density oligonucleotide array-based analysis [3].
These genes were subdivided onto 8 functional groups according to their participation in
certain specific for liver or suprachiasmatic nuclei functions. Potential BSs of Clock/Bmal
were not found for each analyzed sequence, but for any groups they were found. The second
sample contained first 5000 upstream and whole transcript regions of 9 human genes involved
in heme biosynthesis, also this sample was supplemented with ortologous mouse, rat and
cattle genes. In mammals heme biosynthesis is controlled by circadian clock through
regulation of rate limiting enzyme ALAS1 (or ALAS2 in erythroid cells). We predicted
potential BSs in the upstream regions of human, mouse and cattle ALAS2 genes, and in the
last introns of human, mouse and rat ALAS1 genes. Potential Clock/Bmal BSs in the
respective regions (upstream or intron) of 3 ortologous genes argues for detection of most
promising targets.

Conclusion: Analysis of potential Clock/Bmal BSs indicated that only restricted subset
of genes with circadian cycling expression may be considered as promising targets of this
factor. In particular, these genes may be competent for interactions of circadian oscillator with
transcription networks maintaining tissue and organ specific functions.

References:

1. N.A. Kolchanov et al. (2002) Transcription Regulatory Regions Database (TRRD): its
status in 2002. Nucl Acids Res, 30: 312-317

2. V.G. Levitsky et al. (2007) Effective transcription factor binding site prediction using a
combination of optimization, a genetic algorithm and discriminant analysis to capture
distant interactions. BMC Bioinformatics, 8: 481.

3. S.Panda et al. (2002) Coordinated transcription of key pathways in the mouse by the
circadian clock. Cell, 109: 307-320.
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Motivation and Aim: In multicellular eukaryotic organisms, the transcriptional activity of
a particular gene is dependent of the type of cell, organ, or tissue, developmental stage of the
organism, cell cycle, or cell differentiation, also on numerous inducers or repressors, etc. This
fine and complex regulation is provided by the involvement of a great variety of regulatory
proteins and mechanisms underlying their functioning. The aim of this work is to develop the
RETRA database designed to analyze and reconstruct of the mechanisms of tissue-specific
regulation of gene transcription.

Methods and Algorithms: The RETRA database has been developed on the basis of an
integration of data from various world resources, and it contains the following information:

