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DIRECTIONS OF ACTIVITY:

e Construction of algorithms of reasonable complexity (quadratic, cubic) for
analysis of regulation on the DNA and RNA levels. Search for regulatory signals and
given patterns in genomic sequences, identification of conserved and alternative
RNA structures, and, in particular, analysis of attenuation-based regulation. Analysis
of complex interacting regulatory systems in a cell.

e Construction of acceptable-complexity (quadratic, qubic) algorithms for recon-
ciliation of protein phylogenetic trees. Application of these algorithms to construction
of species trees and analysis of evolutionary events such as horizontal transfer.

e Development of the concept of information interaction and effective description
of objects based on combining the theories: model completeness, descriptive set
theory, stochastic games with discrete time, modal logic, information transformers
categories, algorithmic complexity and randomness.

MAIN RESULTS

A new algorithm for identification of horizontally transferred genes was suggested
and implemented. The algorithm computes the dissimilarity between gene and spe-
cies trees and identifies the most offending gene in the tree. The algorithm was ap-
plied to clusters of orthologous genes (COGs).

The previously suggested algorithm for tree reconciliation was improved using
normalization of branch lengths and introduction of a weighting scheme for duplica-
tions and losses. A new species tree for forty microorganisms represented in COGs
was constructed.

The algorithm for identification of conserved RNA structures based on alignment of
half-stems was improved by accounting for conservation of sequence boxes. A pro-
cedure searching for such boxes by multiple alignment of given sequences was sug-
gested. The new algorithm takes into account energy parameters, pseudoknots and
other biological details. The identified structures are merged into a consensus struc-
ture using the technique of identification of dense subgraphs. The algorithm was suc-
cessfully tested on tRNA, RFN, T-box and S-box sequences, as well as simulated
sequence fragments.

A new algorithm was developed for identification of weakly conserved signails with
the cloverleaf topology.
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The algorithms were applied to the number of problems of comparative genomics
(joint work with Integrated Genomics, Inc.). This included description of structural
properties of protein-DNA recognition, analysis of evolution of regulons in bacterial
genomes, as well as studies of regulatory systems such as bacteriocin production,
SOS-response, purine biosynthesis, biosynthesis of vitamins such as riboflavin,
thiamin, and biotin.

It was shown that biosynthesis of riboflavin and thiamin is regulated by formation
of alternative RNA secondary structures, and the same structural mechanism acts on
different functional levels, attenuation (premature termination) of transcription and
ihibition of translation initiation. This prediction was subsequently confirmed by inde-
pendent experimental data. The THI-box pattern known to be involved in regulation
of thiamin-related genes was extended and applied to identification of new thiamin
regulon members such as thiamin transporters in the Bacillus/Clostridium group.

61 RFN elements were described in 49 bacterial genomes (in all taxonomic groups
excluding spirochaetes, mycoplasmas and rickettsiae); all of them occur upstream of
riboflavin biosynthesis and transport genes. Analysis of the topology and sequence
patterns of the RFN elements, together with construction of protein trees, allowed for
identification of several horizontal transfer events.

Analysis of the biotin regulon lead to identification of a regulatory signal common
to bacteria and archea; this is the first observation of this kind. We demonstrated that
conserved base pairs in regulatory signals form more contacts with recognizing pro-
teins and suggested a method for identification of amino acid residues responsible
for the specificity of recognition of DNA sites and ligands in large families of transcrip-
tion factors.

A new recognition rule for identification of T-boxes was constructed based on
comparative computer analysis of known examples. The search new T-boxes pro-
duced new biological results; this is the first attempt of complete characterization of a
global RNA-based regulatory system.

New attenuators in alpha- beta-and gamma-proteobacteria were identified using
analysis of RNA structures and other relevant features such as candidate leader pep-
tides, and relative positions of the Shine-Dalgarno boxes and start codons.

Complete analysis of the glycerol-3-phosphate regulons (GIpR repressor from the
DeoR family) in the genomes of proteobacteria leaded to identification new regulatory
signals that are palindromic in gamma-proteobacteria from the Enterobacteriaceae
and Pasteurellaceae families and tandem repeats in alpha- and beta-proteobactera.

A problem of influence of the players' knowledge level and its form on creating the
optimal strategies in games connected with stochastic dynamic systems with discrete
time (Nesh equilibrium) is studied. It was shown that additional information and fa-
vorable external conditions can have a negative impact on the game results. How-
ever, for the cooperative behavior of the players in the same situations both increase
of the knowledge and improvement of external conditions always lead to the players'
payoffs. Developed methods are implemented in computer algorithms.

The general properties of categories of information transformers (IT) were investi-
gated as a monoidal category of special kind. The key concept in construction of
such category as Kleisly category is a functor T that takes an object A to an object
TA of all "distributions on A", and a natural transformation which assigns an "inde-
pendent joint distribution" to a pair of "distributions". Necessary and sufficient condi-
tions for a derived Kleisly category to satisfy the axioms for a monoidal category of
ITs were obtained.
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There where studied measurement systems that are described by an integral
operator on a plane, which is invariant with respect to the group of motions on a
plane. The problem of construction of an optimum measurement-computer system
was studied. It was shown that adequate consideration of invariance reduces the
problem on a plane to a one-dimensional Fredholm equation on an interval.
Developed methods are implemented in computer algorithms.

Well known hypothesis: that fragments of the intuitionistic propositional logic de-
fined by limitation on the number of variables used are decidable by a polynomial al-
gorithm is refuted. This hypothesis was also formulated for standard modal logics
with PSPACE-complete problem of decidability. This hypothesis was also refuted for
modal logics, namely, it was proved that the condition of PSPACE—-completeness for
K, K4 logics are ensured by constant formulas, and for S4, Crz, GL logics — by formu-
las with one variable.

The complexity of decidability for modal logic of statements on consistency in for-
mal arithmetic (GLLin logic) with limitation on the number of variables is studied. It is
proved that its constant fragment is polynomial decidable, and one variable formulas
fragment have NP-complete problem of satisfability (unprovability).

The problem of reducibility of Borel and countably determined equivalence rela-
tions in nonstandard domains is studied. It is proved that reducibility relation between
such equivalence is determined by the relative rate of growth of confinal sequences
in initial segments which induce the monads. In particular, any two equivalence rela-
tions induced by countably confinal monads are comparable by Borel reducibility.

A generalization of Gilbert geometric form theorem on basis was obtained. The
sense of this generalization is in the replacement of the notion of "polynom" to more
general notion of "quasipolynom" from variables x4,x,...,Xx By quasipolynom we
mean a polynom from x4, xo,..., Xx and expressions F(x1), F(x2),...,F(xx), and also of
derivatives F'(x1),....F'(xi),....F”(x1),....F?(x). It is proved that for any infinite se-
quence S of quasipolynoms of x4,xa,...,Xx there exists such a number ¢ that for almost
all polynoms p=F(x) for any point a=<x4,xz,...,X,> either all polynoms in S(p) equal 0
in the point a or some polynom from S(p) having number not greater than c is not
equal to 0 in the point a (phrase “for almost all” means that for any polynom it is al-
ways possible to change its coefficients as little as possible so)

Well-known universal (for stationary ergodic sources) data compression algorithms
(for example Lempel-Ziv algorithms) have a property of asymptotic optimality. In par-
ticular, for almost every infinite data sequence generated by a source with unknown
statistics the average length of the code sequence on one bit of input sequence
tends to entropy of the source when the block-length tends to infinity. Non-
robustness property for such algorithms is proved in the case when ergodicity is vio-
lated. We used a notion of deficiency of randomness as a measure of dissimilarity
between probability distribution and data sequence. The robustness property for
more specific sources is proved: Lempel-Ziv algorithm is robust on any sequence
generated by Markov chains if the deficiency of randomness of this sequence grows
as o(n).

A theoretical ground for Minimum Description Length principle (MDL) was given.
Assume that we are given some data x (we may assume that x is a finite binary se-
quence). We want to find a best hypothesis explaining x. By definition a hypothesis is
a probability distributions on the set of all binary strings. Assume that the description
complexity of any explanation must not increase a given number a. MDL principle
suggests to define the best hypothesis as that minimizing the difference K(P)-
log_2(P(x)). It is proved (with P. Vytanyi) that this hypothesis is the best, i.e. it also
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minimizes the randomness deficiency of x with respect to P (among all hypothesis of
complexity at most a).

The a priori measure of any set is at least 2 to the power of minus complexity of its
implicit description. It is proved that an inverse inequality holds: the square of the
measure of any set is at most the same value. This was already known with the cube
in place of the square (Solovay's theorem).

The members took part as invited speakers at the conferences and schools:

— International Summer School in Functional Genomics "From Genome To Life.
Structural, Functional and Evolutionary Approaches", Cargese, Corsica, July, 2002.

— Modern Logik: theory, hystory and applications, Sankt-Petersburg, 2002.

— Fourth conference Advances in Modal Logic, Toulouse, 2002.

— Nonstandard methods and applications in mathematics. Pisa, ltaly, 10-16 June 2002.

— Logic Colloquium 2002, ASL European Summer meeting. Munster, Germany,
2002, August 3-10.

— Workshop on Descriptive Set Theory, Analysis, and Dynamical Systems. Fields
Institute, Toronto, Canada, 2002, Oktober 6-12.

— Fourth International Conference «Problems of control amd modelling in the
compex systems», Samara, 2002, June 17-23.

— The third international conference on bioinformatics of genome regulation and
structure, BGRS2002, Novosibirsk, Russia, 2002, July 14-20.

— Computational Learning Theory, Australia, Sydney, 2002, January.

International cooperation: Vuppertal (Germany), Bonn (Germany), Royal Holloway
College (London university), CWI (Amsterdam, The Netherlands), Provance univer-
sity (Marselle), Dagshtul (Germany), Vienna university (Austria), AstraZeneca (Bos-
ton), NCBI (Bethesda, USA), Int. Summer School (Cargese, France), MIT (Boston),
Lawrence Berkeley National Laboratory (Bepknu), Stanford University (CLUA).

GRANTS FROM:

e Ministry of Industry, Science and Technologies of Russian Federation
(No. 37.053.11.0061): "Models and algorithms of information interaction in genetics, lin-
guistics and colour vision". Inter-laboratories theme.

PUBLICATIONS IN 2002

Articles

1. Bbtorun B.B., Jltobeuknn B.A. O HekoTopbix cnocobax oTbopa ropns3oHTanbHO
nepeHeceHHbIX TeHOB Ha OCHOBE (PUMOreHeTUYECKNX OaHHbIX // QNEKTPOHHbIA Hayu-
HbI XypHan "WHdopmauunoHHble npoueccol". 2002. T. 2. Ne 1. C. 120-140.
(http://www. jip.ru).

2. Bebtormn B.B., lenbdang M.C., JTobeukun B.A. CornacoBaHue OepeBbLEB: pe-
KOHCTPYKUMS 3BOMOUMM BUOOB NO uroreHeTudecknm aepesbsam reHos // Moneky-
nsapHas 6uonorusa. 2002. T. 36. Ne 5. C. 807-816.

3. Lyubetsky V.A., V'yugin V.V. Method of horizontal gene transfer determination
using phylogenetic data // Proceedings of the third International Conference on Bioin-
formatics of Genome Regulation and Structure, BGRS'2002, Novosibirsk, Russia,
July 14-20, 2002. V. 2. P. 60-62.
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4. TopbyHoB K.FO., Jllobeuknin B.A. Anroputm noucka KOHCEpPBaTMBHbLIX BTOPMWY-
HbIX CTPYKTYp B Habope cpparmeHToB PHK // OnekTpoHHbIA HayyHbIA XypHan "WH-
dopmaumnoHHblie npouecchl”. 2002. T. 2. Ne 1. C. 55-58 (http://www.jip.ru).

5. JleontbeB J1.A., Jliobeukas E.B., Jlo6eukun B.A. MognduumpoBaHHbIA anro-
PUTM MOWCKa arnbTepHaTMBHbLIX BTOPUYHbIX CTPYKTYp PHK n pesynbTtaThbl cueta //
OnEeKTPOHHbIN Hay4HbIN XypHan "MHdpopmaumoHHble npouecchl”. 2002. T. 2. Ne1, C.
100-105 (http://www.jip.ru).

6. KysHeuoB H.A., Jlio6eukmn B.A., YepHaBckuini A.B. K Bonpocy 0 MOHATUM WH-
doopmMaunoHHOro B3ammogencTauns, 3: peyeon nHtennekT // Npobnembl ynpasneHus
N MOAENUPOBaHME B CMOXHbIX cuctemax. Tpyasl IV MexayHapoaHon KOHepeHuuu
(r. Camapa, 17-23 utoHs 2002 r.). C. 7-17.

7. Lyubetsky E.V., Lyubetsky V.A. Algorithm for searching alternative secondary
RNA structures // Proceedings of the third international conference of bioinformatics
of genome regulation and structure, BGRS’2002, Novosibirsk, Russia, July 14-20,
2002. V. 3. P. 15-17.

8. Gorbunov K.Yu., Lyubetsky V.A. An algorithm for searching common secon-
dary structures in a set of RNA sequences // Proceedings of the third international
conference of bioinformatics of genome regulation and structure, BGRS'2002, No-
vosibirsk, Russia, July 14-20, 2002. V. 3. P. 21-23.

9. Lyubetsky V.A., Rubanov L.l. Parallel algorithm for searching regulatory signal
in bacterial genome // Proceedings of the third international conference of bioinfor-
matics of genome regulation and structure, BGRS’2002, Novosibirsk, Russia, July
14-20, 2002. V. 1. P. 23-25.
10.  Vitreschak A.G., Rodionov D.A., Mironov A.A., Gelfand M.S. Regulation of ribo-
flavin biosynthesis and transport genes in bacteria by transcriptional and translational
attenuation // Nucleic Acids Research. 2002. V. 30. No. 14. P. 3141-3151.
11.  Rodionov D.A., Vitreschak A.G., Mironov A.A., Gelfand M.S. Comparative Ge-
nomics of Thiamin Biosynthesis in Procaryotes. New Genes and Regulatory Mecha-
nisms // J. Biol. Chem. 2002 Dec 13. V. 277. No. 50. P. 48949-48959.
12. Panina E.M, Vitreschak A.G., Mironov A.A., Gelfand M.S. Bioinformatics ap-
proach to analysis of regulation of aromatic amino acids biosynthesis in Bacil-
lus/Clostridium group // Proceedings of the third International Conference on Bioin-
formatics of Genome Regulation and Structure, BGRS'2002, Novosibirsk, Russia,
July 14-20, 2002. V. 2. P. 32-34.
13.  Vitreschak A.G., Rodionov D.A., Mironov A.A., Gelfand M.S. Regulation of bac-
terial riboflavin genes by a conserved RNA structural element // Proceedings of the
third International Conference on Bioinformatics of Genome Regulation and Struc-
ture, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 2. P. 44-46.

14. Sze S.-H., Gelfand M.S. and Pevzner P.A. Finding weak motifs in DNA se-
quences // Pacific Symposium on Biocomputing. 2002. P. 235-246.

15. Ponomarenko J.V., G.V.Orlova, Frolov A.S., Gelfand M.S, Ponomarenko M.P.
SELEX DB, a database on in vitro selected oligomers adapted for recognizing natu-
ral sites and for analyzing both SNPs and site-directed mutagenesis data // Nucleic
Acids Res. 2002. V. 30. No. 1. P. 195-199.

16. Mirny L.A., Gelfand M.S. Structural analysis of conserved base-pairs in protein-
DNA complexes // Nucleic Acids Res. 2002. V. 30. No. 7. P. 1704-1711.

17. KotenbHukoBa E.A., lenbang M.C. Bbipabotka 6akTepuouuHoB [pam-
NONOXUTENBbHBIMU BaKTEPUAMN U MEXaHU3Mbl TPaAHCKPUNUMOHHOW perynsauum // Te-
HeTuka. 2002. T. 38. Ne 6. P. 758-772.
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18. Mirny L.A., Gelfand M.S. Using orthologous and paralogous proteins to identify
specificity determining residues bacterial transcription factors // J. Mol. Biol. 2002. V.
321. No. 1. P. 7-20.

19. Permina E.A., Mironov A.A, Gelfand M.S. Damage-repair error-prone poly-
merase of bacteria: association with mobile genome elements // Gene. 2002. V. 293.
No. 1-2. P. 133-140.

20. Baytalulk M.V., Gelfand M.S., Mironov A.A. Exact mapping of prokaryotic gene
starts // Briefings in Bioinformatics. 2002. V. 3. No. 2. P. 181-194.

21. bawntantok M.B., lNenbdang M.C., MupoHoB A.A. CpaBHUTENbHbIN NOAX04 K
YTOYHEHMIO HAa4an reHoB B NOJSHbIX GakTepuanbHbIx reHomax // buodmsmka. 2002. T.
47. Ne 2. C. 197-203.

22. PaBueeB [.A., lenbdang M.C, MupoHoB A.A., PaxmaHuHoBa A.B. [ypuHoBbIv
perynoH ramma-npoteobakrepuii. [letansHoe onucanune // NeHeTuka. 2002. T. 38. Ne
9. C. 1203-1214.

23. KotenbHukoBa E.A., N'enbdang M.C. Perynaumsi TpaHCKpunumMm B CUCTEME Bbipa-
6oTkM GakTepuoumHoB Streptococcus equi // FeHeTumka. 2002. T. 38. Ne 7. C. 911-915.
24. Rodionov D.A., Mironov A.A., Gelfand M.S. Conservation of the biotin regulon
and the BirA regulatory signal in eubacteria and archaea // Genome Research. 2002.
V. 12. No. 10. P. 1507-1516.

25. TllonyaktoBa E.Y., Xonbcannene C., NarapuHa E.1O., Nenbdang M.C., bpoH C.,
MposopoB A.A. Hanuuue reHetnyeckoro MobunbHoro anemeHta ISBsu2 n3 kpuntu-
Yyecko nnasmumabl B Xpomocome psaga wrammoB Bacillus subtilis // Ooknagbr PAH.
2002. T. 386. Ne 4. C. 552-554.

26. HyptauHoB P.H., MupoHoB A.A., enbdang M.C. KoHcepBaTuBeH nn anbTep-
HaTMBHbIA CMNNAWCUHI reHoB Mnekonutarowmx? // buodusmka. 2002. T. 47. Ne 4. C.
197-203.

27. Gelfand M.S., Laikova O.N. Prolegomena to the evolution of transcriptional
regulation in bacterial genomes // Functional Genomics Series, Caister Aca-
demicPress, V. 3: Frontiers in Computational Genomics, Galperin M.Y and Koonin
E.V., eds. 2003. P. 195-216.

28. Permina E.A., Gelfand M.S. Regulation of the heat-shock response of B-, y- e-
proteobacteria // Proc. RECOMB 2002, Washington DC, USA, April 2002. P. 150-151.
29. Vitreschak A.G., Panina E.M., Rodionov D.A., Mironov A.A., Gelfand M.S.
Comparative analysis of RNA regulation in bacterial genomes // 2002. Proc. Meeting
of Howard Hughes Medical Institute International Research Scholars, Palm Cove,
Australia, June 2002. P. 89.

30. Vitreschak A.G. Computer analysis of regulation of genes encoding aminoacyl-
tRNA synthetases and amino acid biosynthetic proteins in Gram-positive bacteria: T-
box RNA regulatory element. Prediction of regulation of new genes including amino
acid transporters // Proc. Int. Summer School “From Genome to Life”. Structural,
Functional and Evolutionary Approaches, Cargese, Corsica, France, July 2002. P.
57-58.

31.  Nurtdinov R.N., Artamonova I.l., Mironov A A., Gelfand M.S. Are patterns of al-
ternative splicing of mammalian genes conserved? // Proceedings of the third Inter-
national Conference on Bioinformatics of Genome Regulation and Structure,
BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 36-39.

32. Sutormin R.A., Rakhmaninova A.B., Gelfand M.S. BATMAS30 — the amino
acid substitution matrix for alignment of bacterial transporters // Proceedings of the
third International Conference on Bioinformatics of Genome Regulation and Struc-
ture, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 90-92.
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33. Kalinina O.V., Makeev V. Ju., Sutormin R.A., Gelfand M.S., Rakhmaninova
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ceedings of the third International Conference on Bioinformatics of Genome Regula-
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