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The new generation of short read sequencing technologies still requires both accuracy of 

data processing methods and reliable measures of that accuracy and data quality. Such measures 

are especially important for variant calling. However, in the particular case of SNP calling, a 

great number of False Positive SNPs (FP SNP) may be obtained.  Reliable methods are required 

to distinguish putative SNPs from sequencing- or other errors.   

We found that not only the probability of sequencing errors (i.e. the quality value) is 

important to distinguish a FP SNP, but also the conditional probability of ócorrectingô this error 

(the ósecond best callô probability, conditional on that of the first call). Surprisingly, around 80% 

of mismatches can be ócorrectedô with this second call.  

Another way to reduce the rate of FP SNPs is to retrieve DNA motifs which seem to be 

prone to sequencing errors, and to attach a corresponding conditional quality value to these 

motifs. We have developed several measures to distinguish between sequence errors and 

candidate SNPs, based on a base callôs nucleotide context and its mismatch type.  

In addition, we suggested a simple method to correct the majority of mismatches, based 

on conditional probability of their ósecondô best intensity call. We attach a corresponding second 

call confidence (quality value) of being corrected to each mismatch. 

The software is available from the authors by request. It collects mismatches from a 

BAM or qseq file, performs statistical analysis of these mismatches and assigns probability of 

being corrected by the second intensity call to each mismatch.   

In  Illumina technology [1], the sequencer analyses one nucleotide of the sequence in 

each cluster per cycle. At each cycle, A,C,G and  T nucleotides, each labeled with a different 

dye, are added to the flow-cell and an intensity for each dye in each cluster is recorded. Ideally, 

the strongest of the four intensities recorded at a given cycle for a given cluster should 

correspond to the nucleotide at that position in the sequence for that cluster. Two problems 

accrue in clusters of DNA over successive cycles of the Illumina sequencer: phase inaccuracy 

due to base-incorporation errors and dye-label cross-talk, effectively limit  the use at this 

technology  to short read lengths of around 100 bases on the GA2 and HiSeq. 

mailto:ia1@sanger.ac.uk
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There are attempts to solve these problems: Alta-Cyclic [2] applies a machine learning 

method to improve a base call; AYB [3] takes an account of DNA context to improve a base call. 

Statistical models for phase inaccuracy, drop-off and dye-label cross-talk are combined by W. 

Gilks [4] in a base-calling inference tool, which allows for differential rates of phase inaccuracy 

and drop-off between DNA clusters, and calculates the probability of miscall for each called 

base. Other methods try to account for nucleotide context by introducing such a predictors for 

quality values as di-nucleotide content [5] or homo-polymer count [1]. However, all these 

methods do not analyze possible errors directly.   

Let us briefly clarify the notation we will use further. Any mismatch is defined by the 

nucleotide called and the corresponding nucleotide in a reference genome; this reference 

nucleotide is obtained after mapping called read to the reference genome.  There are twelve 

possible mismatch types of substitutions: A-> C, A-> G, A-> T, C-> A, C-> G, C-> T, G -> A, 

G -> C, G-> T, T->A, T-> C, and T-> G. The first letter for each pair is what it is  in a reference, 

and the second letter stands for what was called by sequencing. When we say ómismatch 

patternô, we think about an identity of a base called (as expected in a reference), and an identity 

of its preceding base(s), namely about DNA context preceding a mismatch position.  

 While looking at the mismatches we noticed some intriguing facts:  

o Certain mismatch patterns and mismatch types  occur significantly more 

frequently than others, and are common for organisms and runs 

These  observations inspired us to perform a systematic analysis of Illumina 

mismatches/errors, and to see which mismatch types and mismatch patterns  are persistent 

between different lanes, runs, organisms, CG-contents and machines for Illumina sequencing. 

Looking at the mismatch  context, we aimed to learn if an identity of previous base(s) affects the 

mismatch type and frequency. 

We also kept in mind the cross-talk and phasing inaccuracy tendencies mentioned before. 

These error tendencies might be enhanced for particular DNA combinations (local DNA 

content), making them especially error prone.  

 

1. http://www.illumina.com/Documents/products/technotes/technote_casava_secondaryanalysis.pdf 
2. http://www.ebi.ac.uk/goldman-srv/AYB/  

3. http://www.slidefinder.net/s/statistical_base_caller_illumina_genome/12171624/p3  
4. http://www.broadinstitute.org/gsa/wiki/index.php/Base_quality_score_recalibration 
5. Erlich Y, Mitra PP, Delabastide M, et al. Alta-Cyclic: a self-optimizing base caller for next-generation 
sequencing. NatureMethods 2008;5(8):679ï82. 
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The liver fluke Opisthorchis felineus cause the opisthorchiasis and represents a 

substantial public health problem in Siberia and eastern regions of the former USSR. From 

40000 to 95000 cases of opisthorchiasis were reported annually between 1986 and 1992 [1].  In 

the central part of Western Siberia, the prevalence ranges between 40% and 95%. The 

opisthorchiasis is associated with a number of hepatobiliary abnormalities, including cholangitis, 

obstructive jaundice, hepatomegaly, cholecystitis, cholelithiasis and carcinogenesis [2]. 

Therefore, it is important to search for methods of efficient combating with O. felineus infection, 

based on a detailed knowledge of the interplay between the parasites and their hosts as well as 

the biology of the parasites themselves at the molecular level.  

The life cycles of O. felineus involves an aquatic snail, in which asexual reproduction 

takes place, and freshwater fishes as intermediate hosts. Fishïeating mammals, including 

humans, dogs and cats, act as definitive hosts, in which sexual reproduction occurs [3]. 

In this work we performed the bioinformatics analysis of transcriptome sequences from 

O. felineus marita (adult form parasitizing in mammals liver). As result, structural and functional 

annotations of more than 20000 sequences were obtained.  

In our report we will present the results of analysis of structure and functional 

characteristics of the O. felineus transcriptome for this life form. 

The work was supported by RAS programs ˉ 6.8, ɹ 26.29 ʠ 24.2., SB RAS integration 

projects 113 and 119, the SB RAS Program "Genomics, Proteomic, Bioinformatics", the State 

contract Rosnauki 02.512.11.2332, the RFBR grant 09-04-12209-ofi_m. 

 

1. WHO study group on the control of the foodborne trematode infections. (1995) Control of the foodborne 
trematode infections: report of a WHO study group, Who technical report series, 849:92ï93. 
2. Mordvinov VA, Furman DP. (2010) The Digenea parasite Opisthorchis felineus: a target for the discovery and 
development of novel drugs. Infect Disord Drug Targets. 10:385-401. 
3. Beer SA. (2005) Biology of opisthorchosis invasion agent. Moscow: KMK Press;   
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Despite decades of debate, our understanding of dominance effects remains elusive. Since 

the seminal works of Fisher and Wright, it has been assumed that large-effect mutations tend to 

be recessive, while the effects of small-effect mutations is usually additive. Nonsense mutations 

prevent the synthesis of the gene product, and can be safely assumed to be large-effect; 

nevertheless, they can reach a substantial frequency in the population. Here, we use 162 

complete genome sequences of D. melanogaster to study the frequency of nonsense mutations 

segregating in the population. In 10.2% of genes in our D. melanogaster sample, stop codons 

segregate at non-trivial frequencies. Since the alleles carrying stop codons on the X chromosome 

are hemizygous and more visible to selection, we expected the nonsense mutations to have lower 

frequencies on the X chromosome. Surprisingly, the fraction of genes carrying a nonsense 

mutation was virtually identical between the X chromosome (10.0%) and autosomes (10.2%). 

The allele frequency spectra, which can reveal the action of weak selection, were also similar. 

The significance of these results for our understanding of dominance is discussed.  

 

1. F.A. Kondrashov, E.V.  Koonin (2004) A common framework for understanding the origin of genetic donimamce 
and evolutionary fates of gene duplications, TREND in Genetics, 20:7. 
2. R.A. Fisher (1928) The possible modification of the response f the wild type to recurrent mutations, Am. Nature, 
62:115ï126. 
3. P. Andolfatto et.al  (2010) Effective population size and the efficacy of selection on the X chromosomes of two 
closely related Drosophila species, Genome Biol. Evol., 3:114ï128. 

mailto:aleksandra.akhmadullina@gmail.com
mailto:gbazykin@iitp.ru
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The classification of protein folds is a hard problem: widely used hierarchical 

classifications SCOP and CATH vary in significant details, and are based on manual expert 

decisions for those structures which canôt be well superimposed to already classified domains. 

Attempts to create fully automatic classifications are less successful [1].  

Here we present SheeP (Sheet Puzzle) program aimed to detect architectures in input 

protein structure of PDB format. All detectable architectures have core beta-sheets. They are 

beta-sandwich (parallel and orthogonal), beta-barrel (single), beta-prism, beta-propeller, beta-

bigmac (beta-sandwich with more than two layers), alpha/beta barrel, GFP-like barrel, alpha/beta 

sandwich, Rossmann fold (alpha-beta-alpha sandwich), single sheet (including open barrels), 

small sheet (considered as non-structural element).  

Core procedure of SheeP algorithm is beta-sheet detection and description. Graphical 

output of a beta-sheet is óa sheet mapô (Fig.1). Beta-sheets are detected in several steps. 

Preliminary beta-sheets are obtained from DSSP program output. Each preliminary beta-sheet 

undergoes several steps of modifications using geometrical criteria. Modifications may result in 

breaking preliminary sheet into two separate sheets or, conversely, joining two sheets into one; 

adding or excluding residues from the sheet and so on. Arrangements of interacting beta-sheets, 

helixes and beta-sheets, are analyzed to determine architectures. Additionally, standard structural 

motifs, like jelly-rolls, Greek keys and interlocks, are detected. SheeP program is implemented 

as web-service at http://mouse.belozersky.msu.ru/. 

SheeP program was tested on all 125567 domains of CATH DB, release 3.30. Such 

CATH architectures as beta-sandwich (SheeP algorithm detected 92.6% , 14252 of 15395 

domains from 38 topologies belonging to sandwich architectures), beta-prism (85.4% ,135 of 

158 domains) were detected appropriately well. In CATH, beta-barrel architecture includes 

single barrels as well as open barrels. Open barrels are determined by SheeP as single sheets. 

This is the main reason why only a half of beta-barrel domains (47.1%, 4500 of 9547) were 

correctly detected. For example, only 150 of 375 domains from CATH family 2.40.30.10, 

annotated in CATH as óbarrel, topology: Elongation Factor Tu (Ef-tu); domain 3ô, were detected 

http://mouse.belozersky.msu.ru/~evgeniy/cgi-bin/sheep/sheep.php
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by SheeP as closed barrels. Domain 1cqxA151-261 (flavohemoglobin domain) was not 

detected by SheeP as closed barrel and visually it is open barrel; 2b7bA333-440 (elongation 

factor domain) was detected as closed barrel (and visually, it is). Thus, distinguishing open and 

close barrels provides additional arguments for the classification. 

Another problem occurs with corrupt beta-strands and beta-sheets, which are not detected by 

DSSP algorithm. For example, 4 of 47 "Orthogonal Prisms" domains were not detected correctly 

by SheeP because of lack of one sheet due to a large number of irregularities.  

We believe that developed algorithm and further improvements of algorithmic 

descriptions of architectures and folds could lead to more objective and reproducible fold 

classifications.   

 

Fig. 1. Sheet map of lectin from Scilla campanulata (PDB code 1dl p, chain B, only one of three sheets is shown ). 

A non-empty cell of the map contains a residue from the sheet, empty cell - óa gapô - is needed to represent sheetôs 

irregularities. Each strand is contained in one raw. Cross-strand arrays are shaded according to location of side 

chain: on one side of the sheet, on another side or failed to determine. Bold lines indicate either edge of a strand (N-

terminal or C-terminal) or absence of regular hydrogen bonds within a cross-strand array.  

The work was partially supported by RFBR grant 10-07-00685-ʘ. 

1. Sam V. et al. (2008), Towards an automatic classification of protein structural domains based on structural 
similarity, BMC Bioinformatics, 9:74 
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Switching between two stable states (bistability) of a gene has been observed to be a 

ubiquitous feature in many organisms. For a system to be bistable, positive autoregulation is 

required which can be achieved by either a single-gene positive feedback loop [1] or a motif 

comprising of two mutually suppressing genes [2]. Examples of bistability include: sporulation 

and competence in bacterium B. subtilis [3] and the maturation of frog oocytes [4]. Studies of the 

expression dynamics of  positively autoregulated genes have shown that the time to reach steady 

state is always slower than for genes with negative or no feedback [5]. Some functions 

associated with  delays in state transition are: filtering out short-lasting activation signals arising 

from noise [6]; and, orchestrating temporal chain of events, i. e. cascades, where a set of genes is 

turned on one by one [7].  

Since any biological system is subject to intrinsic noise, one may wonder about the 

accuracy with which gene switching can be delayed. In this work we set out to answer the 

following question: what are the necessary conditions, i. e. parameter values, that allow a genetic 

switch to be delayed with accuracy? In order to answer this question, we considered the simplest 

bistable system: a single gene with positive autoregulation. As a starting point, we approximated 

the full system ï involving all biochemical reactions -- by replacing the state variables 

representing the DNA-transcription-factor complexes with their equilibrium values; this allowed 

us to describe the system with only one second order differential equation corresponding to the 

protein concentration. With this single equation, the analysis became similar to that of a particle 

moving in an external potential under a frictional force. Next, we selected many parameter sets, 

each yielding a different set of three fixed points: metastable (MSP), unstable (UP) and stable 

(SP). Switching occurs when an external input changes one of the parameter values in such a 

way that the MSP and  the UP merge together, leaving the SP as the only equilibrium solution. If 

the system initially starts out in the MSP it will be driven to the SP. The time to reach the SP will 

depend on the amplitude of the external signal.  

Finally, returning to the full set of stochastic equations and setting the initial mRNA and 

protein concentrations (mPC) to the MSP, we simulated, using the Gillespie algorithm [8], the 

evolution of the mPC under the influence if external input. For every parameter set, the 

magnitude of the input was chosen whereby the same delay was produced. Our results show that 

one of the criteria for generating reliable delays is the initial and final (steady state) mPC. At 

large concentrations, switching delays tend to be more accurate than at low concentrations. 

However, we also found that for some parameter sets accurate delays can be achieved even at 

low mPC. 

mailto:jalbert@ulb.ac.be
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 Challenges in Comparative Genomics: from Biological Problems  

 to Combinatorial Algorithms (and back)  
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Recent large-scale sequencing projects fueled the comparative genomics studies and 

heightened the need for algorithms to extract valuable information about genetic and 

phylogenomic variations. 

Since the most dramatic genomic changes are caused by genome rearrangement events 

(that shuffle genomic material), it becomes extremely important to understand their mechanisms 

and reconstruct the sequence of such events (evolutionary history) between genomes of interest.  

In this expository talk I shall describe several controversial and hotly debated topics in 

evolutionary biology (chromosome breakage models, mammalian phylogenomics, prediction of 

future rearrangements) and formulate related combinatorial challenges (rearrangement and 

breakpoint re-use analysis, ancestral genomes reconstruction problem). 

I shall further present recent theoretic and algorithmic advances in addressing these 

challenges and their biological implications. 

mailto:maxal@cse.sc.edu
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The Opisthokonta is a well established group of eukaryotes that includes animals, fungi 

and choanoflagellates. Phylogenetic analyses have shown that, in addition to its main lineages, 

Opisthokonta includes a number of lesser known unicellular organisms that were previously 

classified as diverse Protozoa [1]. The majority of trees based on multigene datasets place these 

organisms in a monophyletic clade, known as Mesomycetozoea, sister to animals and 

choanoflagellates. The phylogenetic position of Mesomycetozoea has generated significant 

interest to the group in the context of emergence of Metazoa [2]. The genome sequencing 

initiative aimed at these early diverging members of Opisthokonta revealed numerous homologs 

of genes involved in cell adhesion and signaling that were previously considered specific to 

Metazoa. The genome of Capsaspora owczarzaki, a filose amoeboid member of 

Mesomycetozoea, contains homologs of metazoan integrins and kinases implicated in focal 

adhesions [3], and transcription factors that are responsible for cell differentiation in Metazoa 

[4]. Presence of these genes in members of Mesomycetozoea implies their premetazoan ancestry, 

and suggests that part of the metazoan genetic toolkit emerged prior to the divergence of 

metazoan and mesomycetozoean lineages. Surprisingly, many of these genes are absent from the 

genome of choanoflagellate Monosiga brevicollis, which means that they were lost by 

choanoflagellates. 

 
1. M.A. Ragan, et al. (1996) A novel clade of protistan parasites near the animal-fungal divergence, Proceedings of 
the National Academy Sciences of the United States of America, 93:11907-11912.  
2. I.Ruiz-Trillo, G.Burger, P.W.Holland, N.King, B.F.Lang, et al. (2007) The origins of multicellularity: a multi-

taxon genome initiative, Trends in Genetics, 23:113ï118. 
3. A.Seb®-Pedr·sa, et al. (2010) Ancient origin of the integrin-mediated adhesion and signaling machinery, 
Proceedings of the National Academy Sciences of the United States of America, 107: 10142ï10147. 
4. A.Seb®-Pedr·sa, et al. (2010) Unexpected repertoire of metazoan transcription factors in the unicellular holozoan 
Capsaspora owczarzaki, Molecular Biology and Evolution, 28: 1241-1254. 
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Here, we report a package MALAKITE, which allows detecting reliable parts in an input 

multiple alignment of protein sequences, constructed by any other program, and use it for 

verification and comparison of protein sequence alignments. 

Alignment is meant to express an equivalence relation between monomers in sequences. 

In the case of protein sequence alignments this equivalence can be regarded as residue 

homology. Standard alignment representation implies homology of all monomers in each 

column.  However, most alignment programs sometimes put unrelated residues in the same 

column, either due to limitations of algorithms or to aid visual simplicity of representation. 

 Thus, additional means of detecting and displaying homologous residues in alignment 

are required. To some extent such means are provided in a number of alignment-related software 

by coloring schemes (e.g. M-Coffee [1]), or by uppercase/lowercase letters (e.g. Prefab [2]). 

However, these approaches do not suffice for cases where several classes of homologous 

residues fall into the same column. We know the only approach, in which  residue equivalence 

(homology) is expressed adequately. It is implemented in POSA service for multiple flexible 3D 

structure superimposition [3] . 

We have developed software  to detect residue homology in an input alignment by 

finding blocks confirmed either by superimopsition of fragments of 3D structures 

(MALAKITE_3d) or by detectable sequence similarity (MALAKITE_seq).  The result of both 

programs is the decomposition of all residues of all sequences into classes of (presumably) 

homologous residues; one class is contained in one column, but one column may contain several 

classes. 

In order to verify Pfam alignments, we had to consider each column of Pfam alignment as 

one class of homologous residues.  MALAKITE_3d program was used for verification; thus, 

only 2223 alignments that contained at least two sequences of proteins with known 3D structure 

were selected and only sequences with determined 3D structures were left within thus producing 

reduced alignments. 
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To measure these reduced alignmentsô quality we define number ei of independent errors 

in column i as number of equivalence classes detected by MALAKITE_3d within the column 

minus one. Average number E of independent errors per column is defined as weighted sum E = 

Si  ei  (si /Sj sj) where si is a number of residues in column i. 

We conclude that the majority of Pfam alignments are well confirmed by 3D: 1526 of the 

reduced alignments have less than 0.5 independent errors per column, although there are 215 

alignments with E>1 and there are even four alignments with E>3. 

We generalize value E for comparison of any two alignments, A and B, of the same 

sequences. Here each alignment is considered as a decomposition of all residues into classes of 

homologous residues. We define relative error E(B/A) of alignment B with respect to alignment A 

as E(B/A)= S x  ex (sx /Sy sy) where x runs through classes of B, ex is a number of classes of A 

intersecting  x, sx is number of residues in x. If we consider A more reliable, E(B/A) displays how 

much B  joins separate classes of A together and E(A/B) displays how much B splits classes of A 

apart. Value E defined above for Pfam alignments verification coincides with E(Pfam/MALAKITE_3d ). 

Using value E we compared MALAKITE_3d vs MALAKITE_seq for 170 reduced Pfam 

alignments which have at least 10 sequences and Pfam alignments vs Muscle alignments (the 

latter showed a bit worse results).  

The work is partially supported by RFBR grants 09-04-92743, 11-04-91340, 10-07-00685. 

 
1. S. Moretti at al. (2007), The M-Coffee web server: a meta-method for computing multiple sequence alignments 
by combining alternative alignment methods. NAR, 35:W645-8. 
2. R.C.Edgar, (2004), MUSCLE: multiple sequence alignment with high accuracy and high throughput, NAR, 
32:1792-97. 
3. Y.Ye, A.Godzik (2005) Multiple flexible structure alignment using partial order graphs, Bioinformatics, 21:2362-

2369.  
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Regarding to widespread using of high-performance technologies of next generation 

sequencing one of the tasks of bioinformatics is to optimize the algorithmic methods for the 

analysis of the collected genomic information. Bioinformatics group of Research Institute of 

Physical Chemical Medicine (Moscow) have created users web-application for interested 

researchers that provides the most effective software solutions for comparative structural and 

functional analysis of prokaryotic genomes sequencing data. Comparative analysis consists of an 

alignment of genomic sequences, the search of single nucleotide polymorphisms with a verifying 

their synonymy, the genomic annotation based on known genomes structure of the same species 

of microorganisms, graphic comparison of results. Internet portal enables users to conduct their 

own genome project, keeping all information in the database, which allows access to analysis 

results from any PC. The effectiveness of available algorithms is demonstrated in the analysis of 

structural and functional features of genomes of clinical isolates of Neisseria gonorrhoeae and 

Mycobacterium tuberculosis, which have been re-sequenced under the scientific research project 

bearing by institute staffs. 

mailto:ilya.altukhov@gmail.com
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Recognition of DNA by proteins is one of the most important processes in living systems. 

There has been a growing interest in the prediction of DNA-binding sites in proteins which play 

crucial roles in gene regulation. We have previously developed a method of detection of residues 

involved in protein-DNA interactions based on Voronoy-Delaunay tessellation [1]. We reported 

importance of charged residues in DNA recognition both positively charged ARG and HIS and 

negatively charged ASP and GLU [2].  

Here we report the use of two different ways in search of key residues in protein-DNA 

interactions. Conservation and variation scores are used when evaluating DNA-binding sites in a 

multiple sequence alignment, in order to identify residues critical for structure or function. 

Residues involved in protein-DNA contacts are defined by Voronoi-Delaunay tessellation 

procedure. 

All available on 15 January, 2011, about 1900 protein-DNA complexes in PDB [3] were 

selected for contact analysis. The analysis revealed that amount of residues that formed contact 

with only one nucleotide is 40%, with two nucleotides is 40%, with three nucleotides is 9% from 

total amount of interfacial residues. Highest value of contacts finded out for ARG4 from A chain 

of 1EA4 complex. This arginine placed in major groove of double stranded DNA and formed 17 

contacts with different neighboring nucleotides. The medium number of nucleotide neighbors 

per interfacial residue is 2.0. Minimal value 1.6 belongs to aspartic acid, maximal value 2.7 

belongs to arginine.  

Quantity of residues formed more then 6 contacts is less 1.3% from total amount of 

interfacial residues. There are mainly arginines and lysines. One can suppose that these residues 

(formed contacts with more than 6 different nucleotides through protein-DNA interface) are the 

most important points in protein-DNA complex formation.We investigated a conservation of 

these residues (formed 7 and more contacts) by different conservation and variation scores and 

drew a conclusion that less then 60% of these residues are conservative by Valdar [3] 

conservation measure. 

All revealed residues involved in protein-DNA interactions were used for conservation 

analysis. Also we calculated distances among different scores based on correlation coefficients, 

and constructed a dendrogram of the scores by average linking cluster analysis. The cluster 

analysis showed that most scores fall into one of two groupsï substitution matrix based group 

mailto:anastasya.anashkina@gmail.com
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and frequency based group respectively. We also evaluated the scoresô performance in predicting 

DNA-binding sites and found that frequency based scores generally perform best. 

So, the same as for catalityc sites [4], conservation and variation scores for prediction of 

DNA-binding sites can be classified into mainly two large groups. When using a score to predict 

DNA-binding sites, frequency based scores that also consider a background distribution are most 

successful. 

This work was supported by Grant of Presidium RAS çMolecular and cellular biologyè 

and government contract P1272 of Education and Science Department of Russian Federation. 

 

1. A.Anashkina et al. (2007) Comprehensive statistical analysis of residues interaction specificity at protein-protein 
interfaces, Proteins, 67(4):1060-1077. 
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The V3 loop on gp120 from HIV-1 is a focus of many research groups involved in anti-

AIDS drug development because this region of the protein is the principal target for neutralizing 

antibodies and determines the preference of the virus for T-lymphocytes or primary 

macrophages. Although the V3 loop is a promising target for anti-HIV-1 drug design, its high 

sequence variability is a major complicating factor. Nevertheless, the occurrence of highly 

conserved residues within the V3 loop allows one to suggest that they may preserve their 

conformational states in different HIV-1 strains and, therefore, should be promising targets for 

designing new anti-HIV drugs. In this connection, the issue of whether these conserved amino 

acids may help to keep the local protein structure and form the structurally rigid segments of V3 

exhibiting the HIV-1 vulnerable spots is very relevant. One of the plausible ways to answer this 

question consists of examining the V3 structures for their consensus sequences corresponding to 

the HIV-1 group M subtypes responsible for the AIDS pandemic followed by disclosing the 

patterns in the 3D arrangement of the variable V3 loops. Because of the deficiency of 

mailto:andrianov@iboch.bas-net.by


Moscow Conference on Computational Molecular Biology 

July 21-24, 2011 

 

  
39  

 

  

experimental data on the V3 structures, these studies may be performed by homology modeling 

using the high-resolution X-ray and NMR-based V3 models as the templates.     

In this work, the 3D structural models for the consensus amino-acid sequences of the V3 

loops from the HIV-1 subtypes A, B, C, and D were generated by bioinformatics tools to reveal 

common structural motifs in this functionally important portion of the gp120 envelope protein. 

To this effect, the most preferable 3D structures of V3 were computed by homology modeling 

and simulated annealing methods and compared with each other, as well as with those 

determined previously by X-ray diffraction and NMR spectroscopy. Besides, the simulated V3 

structures were also exposed to molecular dynamics computations, the findings of which were 

analyzed in conjunction with the data on the conserved elements of V3 that were obtained by 

collation of its static models. 

As a matter of record, despite the high sequence mutability of the V3 loop, its segments 

3-7, 15-20 and 28-32 were shown to form the structurally invariant sites, which include amino 

acids critical for cell tropism. Moreover, the biologically meaningful residues of the identified 

conserved stretches were also shown to reside in -turns of the V3 polypeptide chain. In this 

connection, these structural motifs were suggested to be used by the virus as docking sites for 

specific and efficacious interactions with receptors of macrophages and T-lymphocytes. 

Therefore, the structurally invariant V3 sites found here represent potential HIV-1 weak points 

most suitable for therapeutic intervention.  

In the light of the findings obtained, the strategy for anti-HIV-1 drug discovery aimed at 

the identification of co-receptor antagonists that are able to efficiently mask the structural motifs 

of the V3 loop, which are conserved in different virus subtypes, is highly challenging. To 

overcome this problem, an integrated computational approach involving theoretical procedures, 

such as homology modeling, molecular docking, molecular dynamics, QSAR modeling and free 

energy calculations, should be of great assistance in the design of novel, potent and broad 

antiviral agents.  
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The modern microbiology has entered the era of metagenomics when the old way to 

manage sequence data as a list of records is due to be more ñintegralò, allowing investigation of 

specific and global microbial communities as a whole. A concept of ñtaxonomicò or 

ñevolutionaryò space (ES) where unique nucleotide sequences (e.g. 16S rRNA gene) are 

presented by dots and the distance between every two dots corresponds to evolutionary distances 

between these sequences exists as an appealing idea not only for microbial community data 

analysis, but also for adequate understanding of real evolutionary patterns which may be beyond 

of reach of traditional approaches (1-4). Taking into consideration the size of the current 16S 

rRNA gene database (more that 106 records) and the number of dimensions required for the 

corresponding true ES (probably more than 105), we understand that the shortest way to 

construct a ñworkingò ES is to find a low dimensional space approximation preserving main 

topological features and evolutionary metrics of the true ES.   

The aim of this study is to design a working ES with acceptable dimension and 

evolutionary reasonable metric. Two version of ES were designed by using current bacterial 16S 

rRNA databases and common statistics. Three experimental sets of the 16S rRNA gene fragment 

sequences were obtained from the same soil DNA sample with three different primer pairs. The 

first version of a 100-dimensional ES (ñillegalò) was constructed for ñprimer biasò effect 

measurement: three libraries of 16S rRNA sequences were mapped in ES_1. Despite of ñillegalò 

character of ES_1 we found a good correlation (0,87) between ñcalculatedò (by using ES_1 

metric) and ñtrueò distance matrices.  The analysis of relation between correlation coefficients 

and the number of dimensions suggested that satisfactory results can be achieved by using 40 

dimensions. Coordinates of the central point were calculated for each sequence set. A primer 

bias effect with clear taxonomic sense was quantified. A number of integral characteristics of 

microbial communities and their dynamic are proposed (density, volume, shape, trace, speed 

etc).    
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The second version of ES is under construction. It is more rigorous and has been 

designed for evolutionary studies of 16S rRNA databases. To some extent it has a 

ñcosmologicalò character. If we take the existence of the last common ancestor for bacteria as a 

ñnull hypotheseò and make some very rough simplifications, the representation of the global 

evolutionary process in Bacteria domain in the true ES (perhaps bounded by functional 

constraints) should look like the Big Bang with one big difference: contrary to the Big Bang the 

global bacterial community represented in the true ES should have bigger density in peripheral 

than in the central areas (maybe like a multidimensional diffuse hollow sphere). Strictly speaking 

our working hypothesis predicts that the global microbial diversity can be presented in the true 

ES as an irregular fractal with a multidimensional hollow sphere as the basic element. All the 

data presented are highly disputable but we believe that there is need for more integral ways to 

presentation and analyses of metagenomic data and the ES concept is one of such opportunities.        

 

The work was supported by Ministry Education and Science of Russian Federation (c. 
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The HIV-1 V3 loop plays a central role in the biology of the HIV-1 envelope 

glycoprotein gp120 as a principal target for neutralizing antibodies, and as a major determinant 

in the switch from the non-syncytium-inducing to the syncytium-inducing form of HIV-1 that is 

associated with accelerated disease progression. HIV-1 cell entry is mediated by the sequential 

interactions of gp120 with the receptor CD4 and a co-receptor, usually CCR5 or CXCR4, 

depending on the individual virion. The V3 loop is critically involved in this process. Because of 

the exceptional role of the V3 loop in the viral neutralization and cell tropism, one of the actual 

problems is that of identifying chemical compounds able to block this functionally crucial site of 

gp120. According to empirical observations, glycolipid beta-galactosylceramide (beta-GalCer) 

forming on the surface of some susceptible host cells the primary receptor for HIV-1 alternative 

to CD4 exhibits a strong attraction to the V3 loop and, for this reason, may be involved in anti-

HIV-1 drug studies. In the light of these observations, the use of bioinformatics tools for 

imitating the process of making the V3/glycolipid complexes may provide a structural rationale 

for the design of efficient blockers of the functionally important V3 sites. 

The objects of this study were to generate the 3D structure model for the complex of V3 

with beta-GalCer and, based on the calculation data, to design its water soluble analogs that 

could efficiently mask the HIV-1 V3 loop followed by their synthesis and medical trials. To this 

effect, the following problems were solved: (i) 3D structures for the consensus amino acid 

sequences of the HIV-1 subtypes A and B V3 loops were computed by homology modeling and 

simulated annealing; (ii) spatial structures of beta-GalCer, as well as of a series of its modified 

forms were determined by quantum chemistry and molecular dynamics simulations; (iii) 

supramolecular ensembles of these glycolipids with V3 were built by molecular docking 

methodology and energy characteristics describing their stability were estimated by molecular 

dynamics computations; (iv) synthesis of beta-GalCer derivatives that, according to the designed 
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data, give rise to the stable complexes with V3 was performed, and (v) testing of these 

compounds for antiviral activity was carried out. From the structural data obtained, the Phe and 

Arg/Gln amino acids of the gp120 immunogenic crest were revealed to play a key role in 

forming the complexes of glycolipids with V3 by specific interactions with the galactose residue 

and sphingosine base respectively. And at the same time, the sugar hydroxyl groups form the H-

bonds with the nearby polar atoms of the V3 backbone. Two water soluble analogs of beta-

GalCer were also found to display a high affinity to V3 close to that of the native glycolipid. 

This inference results from the values of binding free energy evaluated for the calculated 

structures and coincides with the experimental data on the complexes of gp120 with beta-

GalCer. The above theoretical findings are in keeping with those of medical trials of the 

synthesized molecules, which testify to their anti-HIV-1 activity against the virus subtypes A and 

B isolates. 

As a matter of record, the molecules constructed here are supposed to present the 

promising basic structures for the rational design of novel potent HIV-1 entry inhibitors that 

could neutralize the majority of circulating indigenous strains. 

 

Computer -Assisted Anti -AIDS Drug Development:  

Cyclophilin B Against the HIV -1 Subtype A V3 Loop 
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2
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The objects of this study originated from the experimental observations, whereby the 

HIV-1 gp120 V3 loop is a high-affinity ligand for immunophilins, and consisted in generating 

the structural complex of cyclophilin (Cyc) B belonging to immunophilins family with the virus 

subtype A V3 loop (SA-V3 loop), as well as in specifying the Cyc B segment forming the 

binding site for V3, synthetic copy of which may present a promising basic structure for anti-

AIDS drug development.  

To reach the objects of view, molecular docking of the HIV-1 SA-V3 loop structure 

determined previously with the X-ray conformation of Cyc B was put into practice by Hex 4.5 

program (http://www.loria.fr/~ritchied/hex/) and the immunophilin stretch responsible for 

binding to V3 (Cyc B peptide) was identified followed by examination of its 3D structure and 
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dynamic behavior in the unbound status. To design the Cyc B peptide, the X-ray conformation 

for the identical site of the native protein was involved in the calculations as a starting model to 

find its best energy structural variant. The search for this most preferable structure was carried 

out by consecutive use of the molecular mechanics and simulated annealing methods. The 

molecular dynamics computations were implemented for the Cyc B peptide by the GROMACS 

computer package (http://www.gromacs.org/). 

As a result, the supramolecular structure of Cyc B with V3 was built by computer modeling 

tools and the immunophilin-derived peptide able to effectively mask the structurally invariant V3 

segments, which include the functionally crucial amino acids of the HIV-1 gp120 envelope 

protein, was constructed and analyzed (Figure).  

Starting from the joint analysis of the results derived with those of the literature, the 

generated peptide was suggested to offer a promising basic structure for making a reality of 

the protein engineering projects aimed at developing the anti-AIDS drugs able to stop the 

HIV's spread. 

 

 

Figure. 3D structure of the CycB peptide generated by bioinformatics tools 
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It is well known that CD8+ T-cell epitopes play crucial role in antiviral and anticancer 

immunity. Reliable prediction of CTL epitopes remains one the most important goals of 

immunoinformatics as accurate in silico identification of potent T-cell epitopes could drastically 

reduce materials and time consumption compared to the traditional experimental approaches of 

epitope discovery. The main aim of this work was the development of new statistical models for 

predicting peptide binding to different allomorphs of MHC class I molecules to update TEpredict 

software [1]. 

New models for predicting affinity of peptide-MHC binding were constructed by means 

of either partial least squares (PLS) regression [2] or with recently developed sparse partial least 

squares (SPLS) technique, that was shown to outperform convenient PLS regression method [3]. 

Since the majority of known CTL epitopes have nine aminoacids in length, only 

nonapeptide:MHC binding data, collected from Immune Epitope Database (IEDB; 

http://www.immuneepitope.org), was used to build predictive models for 35 allelic variants of 

HLA class I molecules.  

The recently developed amino acid similarity matrix PMBEC, derived from 

experimentally determined peptide:MHC binding data [4], was used to parameterize peptides. 

Encoding of amino acid residues with rows of PMBEC matrix was found to provide better 

predictive models as compared to sparse-encoding and BLOSUM62-based parameterization [4]. 

Since results of principal component analysis and factor analysis of PMBEC matrix suggested 

that amino acids could be described well with 5-7 coordinates, the original 20-dimensional 

amino acid parameterization space was transformed into the set of 5-15 dimensional spaces by 

means of mutual information-based independent component analysis (PearsonICA package for 

R) [5] or using either isometric multidimensional scaling [6] or Sammonôs method [7] from the 

R package MASS.  All produced scales were applied for parameterizing nonameric peptides and 

the performance of corresponding PLS models was comparatively assessed.  

As it was expected, the models built with PMBEC parameterization were shown to 

outperform those built with sparsely-encoded peptides, but although they performed well on 

testing data, these models were much more complex (as they have 180 predictor variables and 

the majority of such PLS models had more than 14 hidden components) and they had less 

predictive power in cases with small training datasets as compared to the models that were built 

using ICA-transformed amino acid parameterization scales. All PLS models that were built with 

ICA-produced scales with dimensionality > 10 were shown to slightly outperform sparse-
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encoding-based models and PMBEC-based ones both in terms of the area under the ROC curve 

(AUC) and Pearsonôs correlation coefficient. In general, 11D parameterization scheme produced 

with ICA was almost as efficient  as PMBEC and for some HLA alleles (HLA-A*2402, HLA-

A*2403) resulted in more accurate predictive models. Itôs of interest that, as judged by AUC, for 

some HLA alleles the most qualitatively accurate predictive models were produced using 7D 

parameterization scales. AUC values, obtained by testing new models exploiting 11D 

parameterization scheme, ranged from 0.77 to 0.98 with mean and median values equal to 0.91.  

Results of comparative testing of produced models and updated TEpredict software could 

be found at http://tepredict.sourceforge.net/update.html. 
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Orthopoxviral TNF-binding proteins and especially variola virus (VARV) CrmB may be 

used to develop novel medications for treatment of rheumatoid arthritis, Chron's desease and 

other pathologies driven by TNF overproduction. The aim of this study was the theoretical 

analysis of molecular mechanisms underlying interaction of orthopoxviral TNF-binding CrmB 

proteins with their ligans. 

Models of TNF receptor domains of VARV- and CPXV-CrmB were constructed using 

Modeller (9v2) software (http://salilab.org/modeller) and validated with Proʉheck [1]. Models of 

ligand-receptor complexes of VARV and cowpox virus (CPXV) CrmBs with hTNF (1TNF) and 

mTNF (2TNF) were produced by superimposing corresponding molecules onto the crystall 

structure of human TNF receptor I (p55) complex with lymphotoxin (1TNR). All constructed 

models were then energy minimized using either NOC (http://noch.sourceforge.net) or FoldX 

(http://foldx.crg.es). Stability of ligand-receptor complexes was predicted either with FoldX or 

using residue-level pairwise potentials BETM990101 [2]. Analysis of these models with either 
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FoldX or with BETM990101 pair potentials revealed that mTNF should bind to CPXV-CrmB 

with higher affinity than hTNF. VARV-CrmB was predicted to bind both cytokines with higher 

affinity than CPXV-CrmB; CPXV-CrmB was predicted to bind hTNF(R31Q) with significantly 

higher affinity than wild type hTNF. Using FoldX both CrmBs were predicted to less efficiently 

bind to hTNF(E127Q), than to the wild type hTNF. All these findings were then approved by 

experimental evaluation of VARV- and CPXV-CrmB proteins ability to inhibit cytotoxic action 

of mTNF, hTNF, hTNF(R31Q) and hTNF(E127Q) on L929 murine fibroblast cells. Predicted 

stability of modelled ligand-receptor complexes of both CrmBs with selected TNFs was found to 

be in good qualitative agreement with experimental data. Produced models will be used for 

designing mutant forms of VARV-CrmB with higher  affinity towards hTNF.  

Recently VARV CrmB protein was also shown to bind with high affinity several 

chemokines which recruit B- and T-lymphocytes and dendritic cells to sites of viral entry and 

replication and ability to bind chemokines was shown to be associated with unique C-terminal 

domain of CrmB protein [3]. This domain named SECRET (Smallpox virus-Encoded 

Chemokine Receptor) is unrelated to the host proteins and lacks significant homology with other 

known viral chemokine-binding proteins or any other known protein. Using I-TASSER server 

[4], which was shown to be the best server for predicting spatial structures of proteins according 

to results of CASP7 (CASP - Critical Assessment of protein Structure Prediction) and CASP8 

competitions, we obtained the model of VARV-CrmB SECRET domain. As the best template for 

modelling SECRET spatial structure I-TASSER has chosen the structure of CPXV vCCI protein 

(PDB ID: 1CQ3) belonging to the family of poxviral type II chemokine-binding proteins 

(vCkBPsII) which are encoded by almost all known members of Orthopoxvirus and 

Leporipoxvirus genera. As other members of vCkBPsII SECRET was predicted to be beta-

sandwich, composed by two parallel beta-sheets connected by several loops and its ligand-

binding surface was predicted to have prominent electronegative charge required for binding to 

positively charged conservative amino-acid residues of chemokines. Thus our results suggest 

that SECRET should be included into the family of poxviral type II chemokine-binding proteins 

and that it might have been evolved from the vCCI-like predecessor protein. 

This work was supported by Russian Foundation for Basic Research (grant #09-04-

00055a) and by the government of Novosibirsk region. 

 

1. R.A. Laskowski et al. (1993) PROCHECK: a program to check the stereochemical quality of protein structures. J. 
Appl. Cryst., 26:283ï291.  
2. M.R. Betancourt, D. Thirumalai (1999). Pair potentials for protein folding: choice of reference states and 
sensitivity of predicted native states to variations in the interaction schemes. Protein Sci. 8:361ï369. 

3. R.A. Alejo et al. (2006) A chemokine-binding domain in the tumor necrosis factor receptor from variola 
(smallpox) virus. Proc Natl Acad Sci USA, 103:5995ï6000. 
4. Y. Zhang (2008) I-TASSER server for protein 3D structure prediction. BMC Bioinformatics, 9:40. 



Moscow Conference on Computational Molecular Biology 

July 21-24, 2011 

 

  
48  

 

  

Finding and sorting out frameshifts in 1100+ prokaryotic 

genomes:  programmed frameshi fts,  

pseudogenes and sequencing errors  

Ivan Antonov1, Mark Borodovsky2 

1
Division of Computational Science and Engineering, Georgia Institute of Technology, 

801 Atlantic Drive, Atlanta, GA, USA 30332, ivan.antonov@gatech.edu 
2
Department of Biomedical Engineering and School of Computational Science and Engineering, Georgia Institute of 

Technology, 313 Ferst Drive, Atlanta, GA, USA 30332, borodovsky@gatech.edu 

 

An ab initio frameshift prediction program GeneTack [1] was applied to 1,106 

prokaryotic genome sequences. Overall, 206,991 frameshifts have been predicted. All genes 

containing predicted frameshifts (fs-genes) were conceptually translated into proteins (fs-

proteins). 

The fs-proteins  were further used as queries for the BLASTp search against NCBI nr 

database to detect homologous fs-proteins in other species; we also attempted to locate Pfam 

domains in fs-proteins. Notably, for 10,961 fs-proteins both BLASTp and Pfam searches 

identified homologous proteins combining translations of both sides of the broken frame, thus 

the corresponding frameshift predictions were validated .  

Next, a database of all fs-proteins was built and ñall-against-allò BLASTp search was 

done in order to clump together orthologous fs-proteins; as a result, the fs-proteins were grouped 

into 19,666 clusters of orthologous fs- proteins (COFs). 

Since the GeneTack performance, as assessed earlier, delivers 85.8% sensitivity and 

68.2% specificity in frameshift detection, we expect that almost 1/3 of the predictions are false 

positives.  

Further down the road our goals were i/ to filter out false positive predictions and ii/ to 

determine a nature of true positive predictions, i.e. to classify them as ones caused by either 

random sequencing error or representing a true sequence feature which could inactivate a gene 

(pseudogene) or be involved in gene regulation (programmed frameshift). 

The fs-proteins produced by recovering a sequencing error do not have homologs among 

other fs-proteins. Therefore, 100,991 of one element COFs (singletons) are likely to represent 

sequence errors 5,523 of them validated by both BLASTp and Pfam.  

Frameshifts that show conservation in homologous genes are indicative of a conserved 

frameshift mutation in the lineage. Still, false positive frameshift predictions related to 

adjacent/overlapping gene pairs with conserved co-location could also form clusters.  
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Presence of a specific conserved motif situated close to the frameshift site is an important 

feature of clusters of programmed frameshifts discriminating them from clusters of fs-proteins 

derived from pseudogenes and from clusters of false positive fs-proteins.  

Not only a motif itself but also its phasing with respect to the reading frame is crucial for 

proper functioning of a programmed ribosomal frameshift (PRF). The phasing was taken into 

account in a new algorithm that identifies possible programmed frameshifts motifs better than 

standard motif searching algorithm, e.g. MEME.  

To identify clusters of fs-proteins which expression is regulated by programmed 

frameshifts we considered multiple features such as cluster size, motif strength and type, average 

Ka/Ks ratio (indicative of pseudogenes), etc. Technically,  each cluster makes a point in N-

dimensional space where N is number of different features.  A clustering algorithm was applied 

to separate clusters of fs-proteins with different origin, particularly ones that require programmed 

frameshifts for their expression regulation. In the results section we describe our findings of 

programmed frameshifts and pseudogenes and their distributions among prokaryotic species. 

 

We would like to thank Pavel Baranov for very useful discussions of biological features 

of programmed frameshifts. 
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The prediction of catalytic residues is a key step in understanding the function of 

enzymes and classifying them. This is a very challenging job, because an Amino Acid can 

appear in a variety of active sites. The biological activity of a protein usually depends on the 

presence of a small number of functional residues. Identifying these residues from the sequence 

has many applications. Classically, strictly conserved residues are predicted to be functional, but 

often conservation patterns are more complicated. There are a lot of algorithms to predict 

functional site, but few are available via publicly accessible application. Here, we represent 3D-

CSD, a database containing 3D structure of active sites, and a tool for predicting the active site 

based on spatial shape. and the type of functional residues. 

3D-CSD is a database consists of information about the enzymes, related function and the 

specifications of the active site in enzymes.  

Proteins and active sites are represented by a connected graph G(V,E) in which the nodes 

(V) represent the CŬ atoms of each residue and the edges (E) of the graph are weighted with the 

inverse of the distance between each two residues.  

We use an approximate sub-graph isomorphism algorithm for finding the active site in 

the query protein. This algorithm searches the graph model of the query protein to find the active 

site sub-graph. 

This data can be used to predict the function and the active site of a query protein. This 

capability of the program can increase our knowledge about the enzymes. Also it can be used for 

the hypothetical proteins that their structure is known with no information about their function. 

The structure of these proteins has been determined by X-Ray, NMR or even prediction 

methods. This software is useful to infer the active site and function of enzymes, and also it has 

many applications in designing new enzymes. 
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There is increasing evidence that alternative splicing provides significant contribution to 

the diversity of tissue-specific gene products. A number of recently emerged experimental results 

support the role of epigenetic modifications and chromatin structure in the regulation of 

alternative splicing. Assuming that at least some of the splicing events occur co-trancriptionally, 

the regulation can be explained by so called kinetic model. The kinetic model suggests that, 

when spliceosome binds the donor splice site during transcription, the chromatin state can affect 

the choice of the acceptor splice site by decreasing the RNA polymerase elongation rate, thereby 

providing competitive advantage to the 5'-most acceptor splice site compared to the other splice 

sites located further downstream. 

In the current work we performed a large-scale analysis to find associations between 

tissue-specific patterns of alternative splicing and tissue-specific patterns of DNA methylation 

that would be consistent with the kinetic model. For simplicity we chose the particular case of 
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cassette exons. We observed that DNA regions corresponding to introns which follow cassette 

exons tend to have higher average methylation scores compared to introns located downstream 

of constitutive exons. We have shown that this effect is not due to the difference in downstream 

intron lengths, which might as well affect the lag time between splice site synthesis events. We 

have also shown that higher average methylation downstream of cassette exons remains 

statistically significant when compared to the average methylation of the upstream region. The 

elevated DNA methylation downstream of constitutive exons doesn't seem to be localized in any 

particular region between alternative acceptor sites but is rather uniformly distributed along the 

downstream intron. We also find statistical evidence for correlation between cassette exon's 

inclusion rate and methylation of its downstream intron; however, the statistical significance of 

these findings is rather weak due to lack of the data. Genes that contain a cassette exon followed 

by a highly methylation intron tend to be classified as being involved in regulation of biological 

process (GO:0050789) and developmental processes (GO:0032502). 

Taken together, our results support the kinetic model for regulation of alternative splicing 

by changes in chromatin structure resulting from tissue-specific DNA methylation. 
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Comparative bioinformatics is the cornerstone of computational approaches to 

understanding structure-functional relationship in enzymes. The members of Ŭ/ɓ hydrolase-fold 

superfamily represent a functionally diverse group of enzymes with common structural 

organization that appear to have lost sequence similarity during natural selection and 

specialization from a common ancestor. At the same time their active site structures in general 

remain conserved while other parts may largely differ. It is therefore expected that three-

dimensional alignment will provide more significant clues to protein function, properties and 

evolution than sequence alignment alone. Here we report the largest so far multiple structural 

comparison of Ŭ/ɓ hydrolase-fold superfamily enzymes and analysis of catalytically important 

residues considering distribution of amino acid types among enzymes with different catalytic 

properties. 

A computer algorithm has been developed for high-throughput structural comparison of 

homologous enzymes. Comparative analysis of the most functionally significant parts of enzyme 

structures ï the active sites ï is suggested as a source of new understanding of structure-

functional relationship in Ŭ/ɓ hydrolases. On the first step a library of active site structures of Ŭ/ɓ 

hydrolases ï amino acids involved in catalysis together with residues forming the active site 

cavity and thus potentially involved in mechanical aspects of enzyme behavior by interacting 

with the substrate or catalytic machinery ï was created using previously reported procedure [1]. 

Then a representative set of structures as the basis for comparison of distinct subfamilies was 

selected using 95% sequence similarity threshold. On the next step a superimposition matrix was 

created from pairwise comparisons of representative structures. Finally, amino acid positions 

conserved between the structures were determined and clustered to form the common core 

alignment. 

Multiple alignment of Ŭ/ɓ-hydrolase superfamily was created on the basis of 238 non-

redundant structure set of enzymes with lipase, esterase, hydroxynitrile lyase, epoxide hydrolase, 

peptidase, dienelactone hydrolase and dehalogenase activities. To the best of our knowledge this 

is the largest structural alignment of the superfamily reported so far. Comparative analysis 
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revealed a major structural similarity of active site regions while the most significant fit was 

observed near the catalytic triad residues. While catalytic His was found to be conserved among 

all Ŭ/ɓ-hydrolase enzymes, the nucleophile and catalytic acid were identified as subfamily-

specific positions - residues with a tendency to be conserved only within subfamilies of enzymes, 

but different between subfamilies. Nucleophile position can be occupied by Ser, Asp or Cys. Ser 

was found to be common for the majority of activities explored. Asp is considered as stronger 

nucleophile compared to Ser and contributes to SN2 reaction mechanism of epoxide hydrolases 

and dehalogenases. Dienelactone hydrolases have Cys as a nucleophile due to substrate-assisted 

catalysis, where a functional group in the substrate controls the protonation state of the 

nucleophile. Catalytic acid was found to be represented by Asp or Glu. Asp was shown to be the 

most common in this position, while Glu was found in acetylcholine esterases and some 

carboxypeptidases. Role of this substitution yet remains unknown. It was shown, that the origin 

of catalytic acids is not always homologous ï in the majority of structures it is hosted by ɓ7 

sheet, though in 15% of cases it can be found on ɓ6 sheet of the Ŭ/ɓ-fold. Proteins with Ŭ/ɓ-

hydrolase fold that do not have reported enzymatic activity like gibberellin receptors, cell 

adhesion proteins, signaling proteins etc. were also considered. It was shown that catalytic triad 

positions are occupied by residues that do not support catalytic activity, like Gly in nucleophile 

position or Val in place of a catalytic histidine.  

This work was supported by Russian Ministry of Science and Innovation (contract ˉ 

02.740.11.0866) 
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HFE (OMIM: 613609, 612635) is required for normal regulation of hepcidin synthesis in 

liver and hepcidin-mediated iron export from macrophages, enterocytes, and hepatocytes (Makui 

et al., 2005).  

In our previous study (Mikhailova et al., 2010) we concentrated on  snp haplotypes 

referring to the second haploblock from the two total  encompassing the gene.We analysed the 

distribution of HFE haplotypes across various indigenious as well as contemporary populations 

of Russia. The dramatic variance of haplotype frequences was found, featuring distinct Asian 

and European haplotypes pattern that is confimed by HapMap data (www.hapmap.org).  On the 

other hand, the multidude of HFE isoforms (13  Refseq entries) are observed and the range of 

them confirmed experimentally (Martins et al., 2011). Analysis of haplotype pattern points at 

their putative linkage to the isoforms frequencies implying their splicing-specific effect.  

Current work is devoted in further research of HFE expression specifics by means of 

auxilliary data sources namely: 

a) Affymmetrix exon chip data         

(http://www.affymetrix.com/products_services/research_solutions/methods/wt_geneexpression_

altsplicing.affx). We found out that exons 2 and 4 are the most variable ones considering 

expression across 11 tissues  . Another point was that long as well as short isoforms are 

expressed depending on the tissue. It complies  with current experimental evidence (Martins et 

al., 2011).  

b) ENCODE histone modification University of Washington and Broad Institute data 

(www.encode.org).  

We checked the chromatin state profile within the gene in 8 tissues  and observed distinct 

chromatin state pattern which could accommodate in alternative splicing outcome. In particular 

the H3K4Me1 histone modification enrichment encompasses haploblock 2 in a tissue ï specific 

manner, that is, it was observed in GM12878 cell line only, peaking in the vicinity of exon 4 

upstream region in this cell line possibly implicating termination site markup for the soluble 

isoform (Martins et al., 2011). A sharp increase has been observed in the downstream region of 

exon 1 in K562 cell line. H3K4Me3, the promoter-associated histone mark, peaked at the 

original TSS. H3K36Me3 is observed over the whole gene body in an exon-specific manner. 
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Overall, we conclude that haplotype blocks in case of HFE correlate with distinct 

chromatin states, which may afford HFE expression in a tissue-specific manner. In turn, specific 

chromatin marks exons as was previously reported in (Schwartz, Ast, 2010), stressing in this way 

the chromatin implication in splicing. Further experimental verification is underway to assess the 

degree of chromatin implication in HFE expression. 

The work is partly supported by RFBR grants (11-04-01206-ʘ) and SB RAS integration 

grant N115. 
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During the last few years, a multitude of regulatory non-coding RNAs (ncRNAs) have 

been discovered. Many of these act as post-transcriptional regulators by base pairing to a target 

mRNA, causing mRNA cleavage or translational repression or activation. We will discuss two 

problem related to ncRNA. 

The first task is related to the problem of detecting and classifying ncRNAs. The main 

basis for this task are comparison methods that are based on both sequence and structure to 

determine conserved RNA-motifs, and we will dicuss problems and approaches related to this 

problem. 

The second taks is the computational detection of possible targets since experimental 

verification of  targets is difficult. Many existing target prediction programs neglect intra-

molecular binding, while other approaches are either specialized to certain types of ncRNAs or 

too slow for genome-wide searches. We introduce a new fast and general approach to the 

prediction of RNA-RNA interactions incorporating accessibility of target sites as well as the 

existence of a user-definable seed. We further discuss approaches that can handle more complex 

RNA-RNA interaction structures. 
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The formation of amyloid fibrils has been associated with a large number of pathological 

conditions. Study of amyloid fibrils is of interest not only from therapeutical point of view but 

also from an intellectual point since nearly all the proteins can form amyloids, under some 

conditions or other. Various aspects of fibril formation and their dissociation into monomers / 

oligomers is being studied and one of these aspects is the nucleation step. The formation of a 

ócritical nucleusô is the rate determining step in fibril formation. Addition of pre-formed critical 

nucleus, or seeding, is known to accelerate fibril formation. The question is what is the structure 

of the critical nucleus? Experimental methods often are not able to provide atomic level details 

and dynamics of the critical nucleus since they have a very short half-life. Molecular dynamics 

simulations have been used extensively to bridge this short-coming. In the present study, the 

dynamics and stability of pre-formed aggregates of an amyloidogenic peptide has been 

investigated by molecular dynamics simulations. Several pre-formed aggregates, which differ 

from each other in their zwitterionic status, size, topology and organization have been simulated. 

The total duration of the simulations is 3.4 microseconds. The data leads to the inference that the 

critical nucleus need not be a single species, but instead a heterogeneous mixture of oligomers 

differing in their size and the way peptides are arranged with respect to each other. It is observed 

that irrespective of whether the termini are charged or neutral, the cross-beta strands adopt a 

twist which gives the fibrils the characteristic screw symmetry. Stabilization of the oligomers 

can be either through the side chain interactions (e.g., by forming double layers) and/or by the 

interaction of the termini, in addition to the main chain hydrogen bonds. It is also found that the 

aggregates can dissociate in many different ways. 
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To date, the quantification of the diagnostic and prognostic biomarker molecules in the 

human serum and tissues remains the primary means of enhancing the clinicianôs ability to 

predict and detect cancer before it spreads and to predict the outcome of treatment. Importantly, 

with innumerable molecular markers in development, the discovery of novel standalone markers 

with acceptable sensitivity and specificity is an extremely rare event. The ideal molecular marker 

would be one that is inherently related to the process of tumorigenesis or to the defense 

mechanisms of the individual. However, the same traits of sensitivity and specificity may also 

allow biomarker molecules to serve as tumor antigens and in such case one would expect that 

expression of such molecules would be rapidly eliminated in the evolutionary processes within a 

tumor cell population.  

The conventional method to overcome the problem of relatively low sensitivity and 

specificity of newly discovered biomarkers is to combine them into biomarker panels. However, 

in many cases these biomarker panels suffer from relatively low reproducibility of results in 

independently collected sets of samples. This is especially true for the mRNA biomarkers 

identified by microarray experiments. Here we challenge the biomarker paradigm by developing 

a distance measure between the entire gene expression profile of a tumor and the center of the 

space occupied by normal samples. We also introduce a innovative concept of the distance 

measure between given expression profile and the center of n-dimension space occupied by the 

set of reference samples with normal (or standard) histology. This novel concept allows one to 

depart from the classical two-bin prediction model (e.g. ñbad prognosis/good prognosisò) as it 

produces a continuous prognosis model, where each sample is located in the neighborhood of 

other samples analyzed post-hoc and associated with known survival. Here we show that the 

whole-transcriptome genome based distances calculated using Pearson correlation coefficients 

provide easy visualization of the relative degree of the malignancy characteristic for studied 

samples. In all studied datasets, on average, tumors were further away from the Normal Sample 

Space than the paired samples with normal histology. The distance analysis demonstrated 
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remarkable behavioral invariance observed in eighteen independent tumor data sets and provided 

a robust validation of this approach.  

 

 

 

The concept of distance analysis is not limited to cancer as it could be generalized to 

quantify the departure of any given sample from its reference set, i.e. tissue sample of aged 

persons from reference of non-aged, samples of insulin resistant tissues from normally 

functioning tissues, and even model cell lines that drift away from the standard phenotype. If 

successful, this unconventional approach will shift the tumor biomarker paradigm from 

expression biomarker panels associated with low reproducibility, to the distance analysis of 

robust molecular portraits. We also foresee the application of the distance analysis method as a 

novel technique for the direct evaluation of the departure of a particular batch of model cell line 

from its original phenotype, thus, replacing the commonly used STR analysis that is sensitive to 

the genetic, but not to the epigenetic changes in cell lines rapidly acquiring novel chromatin 

aberrations in vitro. The proposed distance analysis is versatile in its application as it will be 

equally attributable to gene expression profiles collected both by microarrays and by RNA-seq 

platforms.  

Sample chart depicting results of the 

distance analysis for normal, pre-

malignant and malignant samples of 

esophageal origin 
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Fitness landscape, the function which relates fitness to genotype, can be visualized as 

isolated peaks separated by valleys. One of the interesting questions in evolutionary biology is 

whether it is possible for evolving organisms to overpass valleys of low fitness variants to 

achieve high fitness. For mitochondrial tRNA, it was shown that double substitutions leading to 

a WatsonïCrick switch in complementary pairs at stem region are strongly correlated, and the 

intermediate variant appears only at low frequencies (1).We study an analogous effect in protein 

coding sequences. Comparison of codons that differ between two species (2) or two individuals 

of the same species (3) at two non-synonymous nucleotide sites showed that both substitutions 

often occur in the same linage. Here, we use the polymorphism of 162 lines of D.melanogaster to 

analyze the polymorphic codons separated by two nucleotide substitutions. When these two 

codons encoded the same amino acid (serine), the intermediate variant was observed in 17% of 

sites, while it was expected at 38% of sites, implying selection against the intermediate variant. 

For other pairs of nonsynonymous substitutions, the relative fitnesses of the two amino acids are 

generally not known. Nevertheless, we could assess how the frequency of the intermediate 

variant depended on the absolute differences in amino acid properties between the three variants. 

When the two amino acids separated by two nucleotide substitutions were similar, and the 

intermediate variant was different, the sites with the intermediate variant were rare. Conversely, 

when these two amino acids were different, we observed the intermediate variant more 

frequently. Next, we used the codons of  D. simulans and D. yakuba to reveal the ancestral state 

for the two-substitution codons. We found sites where the ancestral and derived amino acids 

occur simultaneously, and counted the fraction of sites containing the intermediate variant. We 

found that part of substitutions, which happen without intermediate variant at all, is equal for 

exons and introns. So, tunneling effect is not specific for exons. But among sites with ancestral 

and derived amino acids we can see intermediate variant in 12% of exonsô sites, compared to 

22% of sites in introns. Therefore, in exons, the second substitution follows the first one faster 

than in introns. 
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Section Dissitiflori of the diverse genus Astragalus has several European members with 

conservational interest. Nonetheless, the phylogenetic relationships in general are scarcely 

known in this section. Our recent molecular survey ï utili zing the multi-copy plant phylogenetic 

marker nuclear ribosomal internal transcribed spacer (nrITS) region ï found evidence for intra-

individual polymorphism that hindered straightforward phylogenetic reconstruction. This was 

probably due to the polyploid nature of our target species, which can give rise to concerted 

evolution, intra-individual recombination, and unequal gene-conversion. On the other hand, our 

results hint at ancient hybridization in the group, which requires usage of nuclear regions. The 

object of this study was to test the phylogenetic utility of the low-copy nuclear gene LFY 2nd 

intron for determining phylogenetic relationships in European taxa of the genus Astragalus sect. 

Dissitiflori. Since low-copy genes are thought not to be susceptible to the abovementioned 

disadvantages of multi-copy genes, it gave promise of an alternative to the more conventional 

nrITS. 

Taxon sampling included two subspecies of A. vesicarius s. str. (A. pastellianus and A. 

albidus), A. varius and A. asper, plus Oxytropis pilosa as outgroup. Forward and reverse primers 

were designed using the Fabaceae LFY exon 2 and exon 3 sequences found in GenBank. An app. 

470 bp long region spanning from the end of exon 2 through the entire 2nd intron to the 

beginning of exon 3 was PCR-amplified and cloned. Clone sequences originating from a single 

specimen were firstly aligned by ClustalW in distinct matrices and every sequence type was 

retained in one representative/specimen. Retained sequences were then combined and aligned in 

a final matrix, on which phylogenetic tree reconstruction was based in Paup4.0b* using 

Maximum Parsimony criterion. Tree reconstruction worked with 561 characters of which 29 

were parsimony-informative. Statistical support for branches was assessed via 1000 bootstrap 

pseudo-replication. 

A heuristic search (TBR branch-swapping; AccTran optimization; gaps missing) found one 
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single most parsimonious tree at length 92 (CI = 0.9457, HI = 0.0543, RI = 0.9375), shown with 

bootstrap values in our figure. The two main subtrees has clearly shown similar topologies, the 

only difference between them was the lack of A. albidus sequences from one subtree. 

 

The cloned LFY intron 2 sequences have provided a robust insight into the phylogeny of 

selected species of the Astragalus section Dissitiflori. It was evident that copies of the LFY gene 

belonged to two main gene-clusters representing either an ancient allopolyploidization or a 

duplication event. Notwithstanding, it has provided a clearer picture than nrITS, therefore, it can 

represent an alternative to nrITS in cases where the disadvantageous features of the latter 

challenge phylogenetic reconstruction. 

This work was partially supported by a PhD scholarship (to L. Bartha) co-financed by the 

European Social Fund through the Sectoral Operational Program for Human Resources 

Development 2007-2013 (POSDRU/88/1.5/S/60185). The work of G. Sramk· was helped by the 

NKTH-OTKA-EU FP7 (Marie Curie action) co-funded ôMOBILITYô grant (nr: OTKA-MB08-A 

80332). 
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150,000 people die every day, two thirds of which die form age-related diseases. The 

main reasons of death are associated with cardiovascular diseases, diabetes, cancer, lung diseases 

and neurodegenerative pathologies. Any novel drug against age-related diseases has a huge 

market. However, there is no significant success in this area and the main reason for that is the 

lack of an exact system of effective biomarkers of aging and age-associated pathologies.  

Any interventions (gene engineering, pharmacological, environmental) canôt be used to 

the full extent in the absence of methods for evaluation of their effectiveness. Therefore, it is 

necessary to search for exact biomarkers of aging and methods to evaluate individual biological 

age, search for biomarkers to analyze epidemiological factors of age-related diseases. 

Therefore, it is essential to systematization of potential biomarkers of aging, evaluation of 

their clinical effectiveness and development of mathematical tools for analyzing their impact.    

The underlying processes of aging happen on the molecular (reactive oxygen species, 

protein cross-links, DNA strand breaks, epigenetic changes, endocrine shift), cellular (protein 

aggregation, mitochondrion dysfunction, lysosomal disfunction), tissue (cellular senescence, 

apoptosis, senescence-associated secretory phenotype) and systemic (immunosenescence, 

endocrinosenescence, chronic inflammation, regenerative capacity decreasing) levels. Changes 

associated with this phenomena (telomere truncation, advanced glycation end-products, 

amyloidosis, lipofuscin accumulation, NF-kB activity increasing, gene expression alteration) 

play a key role in development of age-related pathologies (cataract,  senile systemic amyloidosis, 

Alzheimer's disease, cancer, brown atrophy of the heart, atherosclerosis, thrombosis, vascular 

dementia, heart failure, obesity, type 2 diabetes mellitus, arterial hypertension, chronic kidney 

failure, autoimmunity, sarcopenia, immunodeficiency) from one hand, and may serve as 

biomarkers of aging processes and effectiveness of geroprotective interventions on the other 

hand. 

The report represents the chart of relationships between aging-associated phenomena, 

potential biomarkers of aging and age-related diseases. 
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Detecting positive selection is a challenging task. We propose a method for detecting past 

positive selection through ongoing negative selection, based on comparison of the parameters of 

intraspecies polymorphism at functionally important and selectively neutral sites where a 

nucleotide substitution of the same kind occurred recently. Reduced occurrence of recently 

replaced ancestral alleles at functionally important sites indicates that negative selection 

currently acts against these alleles and, therefore, that their replacements were driven by positive 

selection. Application of this method to the Drosophila melanogaster lineage shows that the 

fraction of adaptive amino acid replacements remained ~0.5 for a long time. In the Homo sapiens 

lineage, however, this fraction drops from ~0.5 before the Ponginae-Homininae divergence to ~0 

after it. The proposed method is based on essentially the same data as the McDonald-Kreitman 

test, but is free from some of its limitations, which may open new opportunities, especially when 

many genotypes within a species are known. 
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Aim of Investigation: Recent genome-wide association studies (GWAS) in humans have 

revealed novel genetic variants associated with disorders such as age-related macular 

degeneration, Crohnôs disease, cancer, diabetes, and lipid disorders. However, over 440 recently 

published GWAS, only one study was related to human pain (acute post-surgical pain, [1]). To 

take advantage of recent advances in gene-mapping technology and hopefully fill the obvious 
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research-lag of pain genetics, we executed a genome-wide scan to identify genetic variants 

associated with chronic sciatica phenotype (summed pain score over one year after the surgery) 

in the sample of Maine patients [2]. 

Methods: First, genotypes determined with the Affymetrix SNP 500k chip were called 

using the Affy BRLMM algorithm. For data quality check, we removed individuals who have a 

genotyping rate of less than 95%, SNPs that have less than a 95% genotyping rate, SNPs that 

have a minor allele frequency (MAF) of less than 1%, or SNPs that fail the HW test with p < 

0.00001. A total of 301286 SNPs were retained for final analysis of 177 patients with chronic 

sciatica pain. 

The initial GWA data was analyzed for additive genetic model by fitting a regression 

model in which sex, age, SF36_GH, baseline workerôs compensation status, and crossover to late 

surgery were included as covariates. Possible population stratification in patients was assessed 

by both genomic control and multidimensional scaling analysis using abundant genome-wide 

SNPs. 

Results: Our initial analysis suggested that several SNPs were associated with chronic 

sciatic pain. Top five significant SNPs are rs4146308 (chr 15), rs48887298 (chr 15), rs10953178 

(chr 7), rs71844628 (chr16) and rs11230889 (chr11) with a p-value at least less than 2.8 x 10-5. 

rs4146308 showed the strongest association with chronic pain (p = 1.4 x 10-6). In Maine cohort, 

homozygotes for the rare ñAò allele of this SNP (MAF = 0.18) had the higher pain score than 

homozygotes for the common ñGò allele and heterozygotes ñAGò.  

Perspective: More advanced analysis such as haplotype analysis, testing for gene x gene 

interaction, and copy-number variation analysis are being investigated by researchers; with 

replication analysis in other cohorts is currently being planned. 

Acknowledgements: United States Cancer Pain Relief Committee. We also appreciate the 

great leadership from our late colleague Dr. Mitchell Max.  
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The challenges to solar biofuel production are fundamental in nature and are associated 

with the inherent complexity of photosynthetic metabolism.  To achieve the goal of economic, 

large-scale generation of biofuels, practical engineering and fundamental microbial physiology, 

biochemistry, and genomics must be reconciled to improve rates of photoautotrophic biomass 

productivity and the specific content of desired products.  These challenges are fundamental and 

require profound knowledge of biological systems.  This is where a viable solution will require a 

cross-cutting approach that not only leverages the availability of new genomic tools and 

engineering principles but also takes advantage of the systems biology suite of approaches to 

interrogate the genetic and functional diversity at an organism and community levels.  It requires 

a shift of emphasis from ñde novoò synthesis of complex functions to systems engineering, 

which will identify and manipulate the properties of a system as a whole and, which in a 

biological context, may greatly differ from the sum of the parts' properties.  Our concept for 

developing viable technologies for bio-solar production of high-density fuels involves platforms 

beyond those used traditionally for metabolic engineering and synthetic biology (i.e., 

Escherichia coli, Saccharomyces cerevisiae). The reason for this is relatively simple ï

engineering biological systems for environmental and industrial processes relevant to bioenergy 

missions will require biological systems with capabilities and adaptations that cannot be readily 

engineered into traditional platform organisms, i.e., photosynthesis, extracellular electron 

transfer reactions, adaptation to extremes of temperature, salinity, pH, solvent concentrations, 

etc.   

To that end, the U.S. Department of Energy Biofuels Scientific Focus Area (BSFA) at 

Pacific Northwest National Laboratory (PNNL) conducts fundamental research on cyanobacteria 

with specific emphasis on pathways of carbon, nitrogen, and redox metabolism that consume 

reductant and conserve energy produced by photosynthetic light reactions.  The long-term 

objective of the PNNL BSFA is to develop a predictive understanding of metabolic subsystems 
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and regulatory networks involved in solar energy conversion to biofuel precursors or products.  

Toward this goal, we are conducting system-level analysis of modules involved in 

photosynthetic energy conservation and reductant generation; CO2 accumulation, fixation, and 

reduction; biosynthesis of metabolic intermediates and monomers; and macromolecular 

synthesis.  The gathered information is integrated into genome-scale metabolic reconstructions to 

understand metabolism qualitatively and quantitatively through a constraint-based flux analysis.  

When coupled with methods for the reconstruction of regulatory networks from transcriptomic 

data (and, as we look forward, proteomic data on post-translational modification of enzyme 

catalysts and transcription factors), this approach can provide experimentally testable predictions 

of: (i) fluxes to energy and reductant, (ii ) reductant partitioning to carbon metabolism and other 

sinks, and (iii ) analysis of anabolic and biosynthetic pathways that lead to macromolecular 

synthesis.  The BSFA research embodies both scientific and technical tasks and builds on 

PNNLôs expertise in systems biology, microbial physiology, genomics, proteomics, and 

metabolomics.  This presentation discusses approaches for designing of novel pathways and 

cellular functions through genetic and metabolic engineering and summarizes the current 

progress in developing alternative engineering platforms for high-density fuels production. 

*PNNL is operated for the DOE by Battelle Memorial Institute under Contract DE-

AC06-76RLO 1830.  Battelle Memorial Institute is ABO Corporate Member. 
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RNA molecules are involved in most biological processes and being able to predict their 

structure is key in the understanding of their function. Recent efforts in RNA structure prediction 

techniques have shown that parameterized energy functions and knowledge-based techniques 

largely improve the accuracy of structure prediction [1]. For protein folding, knowledge-based 

(KB) potentials have been developed [2, 3]. Most of these are based on Potential of Mean Force 

generated from distance distributions between atoms and can be used to score and refine protein 

structures. Due to the previous lack of available RNA 3D structures, KB potentials were just 

recently adapted to RNA molecules. We recently showed that they can be accurately used for 

screening both at atomic and coarse-grained representation levels [4]. 

To obtain a KB potential, a PMF is derived from distance measurements based on an 

energy function model first described by Samudrala and Moult [3]. The potential between atoms 

i  and j  is written as : ( )ä-=
ij

ijrefijobs dPdPkTE )()(ln  where ijd
is the distance between i  and 

j , T is the temperature (taken to be 300 K) and k the Boltzmann constant.  
)( ijobs dP
 and 

)( ijref dP
 

are the observed and reference probabilities respectively for the atoms i  and j . 

Obtaining, 
)( ijobs dP
 and 

)( ijref dP
 is not an easy task. They are usually computed by 

binning distances. This binning calls for an interpolation function to evaluate the energy and be 

able to differentiate the energy function to perform refinement and molecular dynamics using 

KB potentials. The bin size has an effect on the prediction as described in [5]. 

In this study we show that the use of Gaussian Mixture Models (MM) allows an accurate 

description of 
)( ijobs dP
 and 

)( ijref dP
. We can then derive efficient energy functions using various 

techniques: Kernel Density Estimation (Standard and Simplified), Expectation Maximization 

based and Dirichlet Process Mixture Models. Using an in-lab MM library [6], we compare the 

fitting to the data for these three techniques and show their performance for scoring RNA decoy 
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3D structures. We also show that using MM, it is possible to provide differentiable energy 

functions suitable for molecular dynamics experiments. 
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The detection of structural variants (SVs) in the human genome plays an important role in 

the understanding of many genetic diseases, including cancer. In cancer, tumor suppressor genes 

can be deleted or mutated, whereas oncogenes can be amplified or mutated with a gain of 

function. Translocations can result in cancer-causing fusion proteins (BCR/ABL fusion in CML, 

BCL1/IGH in multiple myeloma, EWS/FLI1 in Ewing sarcoma, etc.)  

With the arrival of new high-throughput sequencing technologies, our current power to 

detect SVs has significantly improved. Genomic breakpoints of large structural variants (i.e., 

translocations or large duplications and deletions) can be identified using two complementary 

approaches: calculation of copy number profiles (CNPs) and analysis of ódiscordantô mate-

paired/paired-ends mappings (PEMs). 

Investigation of CNPs allows identification of genomic regions of gain and loss. There 

exist two frequent obstacles in the analysis of cancer genomes: absence of an appropriate control 

sample for normal tissue and possible polyploidy. We therefore developed a bioinformatics tool, 

called FREEC [1], able to automatically detect copy number alterations (CNAs) without use of a 

control dataset. FREEC normalizes copy number profiles using read mappability and GC-content 

and then applies a LASSO-based segmentation procedure to the normalized profiles to predict 

CNAs. 

For PEM data, one can complement the information about CNAs (i.e., output of FREEC) 

with the predictions of structural variants (SVs) made by another tool that we have developed, 

SVDetect [2]. SVDetect finds clusters of ódiscordantô PEMs and uses all the characteristics of 

reads inside the clusters (orientation, order and clone insert size) to identify SV type. SVDetect 

allows identification of a large spectrum of rearrangements including large insertions-deletions, 

duplications, inversions, insertions of genomic shards and balanced/unbalanced intra/inter-

chromosomal translocations. 
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Here we present a package for automatic intersection of FREEC and SVDetect outputs 

that allows one to (1) refine coordinates of CNAs using PEM data and (2) improve confidence in 

calling true positive rearrangements (particularly, in ambiguous satellite/repetitive regions). 

Both SVDetect and FREEC are compatible with the SAM alignment format and provide 

output files for graphical visualization of predicted genomic rearrangements. 

Funding: The Ligue Nationale contre le Cancer (V.B., A.Z., E.B., I.J.-L. and O.D. are 

members of a labeled team).  

 
1. V. Boeva et al. (2011) Control-free calling of copy number alterations in deep-sequencing data using GC-content 
normalization, Bioinformatics, 27(2):268-9.  
2. B. Zeitouni et al. (2010) SVDetect - a bioinformatic tool to identify genomic structural variations from paired-end 
next-generation sequencing data, Bioinformatics, 26: 1895-1896. 

 

Phylogenomics and Robust Construction of Prokaryotic 

Evolutionary Trees  

Katerina Korenblat1, Zeev Volkovich1, Alexander Bolshoy2 

1
Software Engineering Department, ORT Braude Academic College, Karmiel, Israel, katerina@braude.ac.il, 

vlvolkov@braude.ac.il 
2
Department of Evolutionary and Environmental Biology, University of Haifa, Haifa 31905, Israel, 

bolshoy@research.haifa.ac.il 
 

Here we present a novel phylogenomic method of genome-tree construction on the basis 

of gene lengths of orthologous genes presented in completely sequenced genomes of prokaryotic 

organisms using Clusters of Orthologous Groups (COGs). Every single element of our input 

data is a median protein length related to a pair (COG, genome). In principle, the method is so 

fast that input data may consist of median protein lengths related to thousands of COGs and 

hundreds of genomes. Clustering is performed using an application of the information bottleneck 

method for unsupervised clustering.  

Two main strategies in the field of a species tree phylogenomic reconstruction were 

developed to this end: the supertree and the supermatrix. One group of the supermatrix methods 

is associated with a Boolean matrix based on the presence and absence of gene families in 

genomes. Even though the method we present here is closely related to a group of methods based 

on the presence and absence of genes, it uses the information related to the lengths of genes, and 

this addition makes a significant difference. 

In introducing a novel supermatrix phylogenomic method, we have had several primary 

goals.  
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¶ First, to propose a fast method that allows the use of whole proteome characters for 

reliable construction of genome trees. We show that the method is fast and reliable, indeed. 

¶ Second, to show the robustness of the proposed algorithm. For robustness evaluation, we 

applied jackknife technique to input data. The aim of this approach is to show that tree structure 

based on different subsets of COGs is sufficiently stable. We have conducted extensive 

experiments to validate the performance of bootstrapping and jackknifing in order to estimate 

how robust the phylogenies produced by the proposed methodology are. These experiments 

show that randomization as part of the bootstrap procedure substantially decreases stability of the 

obtained trees and that jackknifing is very useful to determine the confidence level of a 

phylogeny.  

¶ Thirdly, to reveal the phylogenetic nature of these trees on the basis of a few empirical 

case studies. We demonstrate that a selected small group of genomes is distributed reasonably 

along a produced phylogenetic tree. Although our comprehensive genome clustering is 

independent of phylogenies based on the level of homology of individual genes, it correlates well 

with the standard ñtree of life" based on sequence similarity of 16s rRNA. This, together with 

successful jackknifing for the determination of confidence levels signifies that the method may 

be truly classified as phylogenomic. We have also examined several of the methodological issues 

involved in going from a large sequence database to a useable phylogeny. In particular, we 

integrate (semi) automated solutions to rogue taxon identifications and jackknifing 

measurements of tree stability in a single study to examine the phylogenetic signal contained in 

large sparse supermatrices.  

¶ On the basis of a few empirical case studies, we intended to fix the parameters of the 

method. We considered three parameters to choose the most appropriate values of the 

parameters. (1) A bootstrapping parameter that designates a fraction of randomly resampling 

columns (COGs) of the input dataset. (2) A jackknifing parameter that designates a fraction of 

randomly deleted columns. (3) A preprocessing parameter (threshold) to consider only those 

columns of the supermatrix containing more elements than a certain threshold. 

To summarize, we are confident in our proposal to construct prokaryotic phylogenetic 

trees using the fast and reliable method described in this manuscript with parameter values equal 

to 15% of the maximal COG size for the preprocessing parameter and equal to 80% for the 

jackknifing parameter. 
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Despite recent improvements in molecular techniques, biological knowledge remains 

incomplete.  

Any theorizing about living systems is therefore necessarily based on the use of 

heterogeneous and partial information. Much current research has focussed successfully on the 

qualitative behaviors of macromolecular networks.  Nonetheless, it is not able to take available 

quantitative information such as time-series protein concentration variations into account. 

The present work proposes a probabilistic modeling framework that integrates both kinds 

of information. Average case analysis methods are used in association to Markov chains in order 

to link  qualitative information about transcriptional regulations to quantitative information about 

protein concentrations.   The approach is illustrated by modeling the carbon starvation response 

in Escherichia coli. 

Its use accurately predicts the quantitative time-series evolution of several protein 

concentrations by using only discrete gene interaction knowledge and very few quantitative 

observation on a single protein concentration.  From that, the modeling technique also derives a 

ranking of interactions with respect to their importance during the considered experiment. Such a 

classification is confirmed by literature knowledge. Therefore, as a main novelty, our method 

permits (i) to integrate few quantitative information into an existing qualitative discrete model 

and derive new quantitative predictions, (ii) to precisely quantify the robustness and relevance of 

interactions with respect to phenotypic criteria, and (iii)  to extract the key features of the model 

and  design some new experiments. 
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The entry of the human immunodeficiency virus (HIV) into human cells is a multi step 

process involving binding to one of the cell-surface coreceptors CCR5 or CXCR4 (1). The 

binding site of the coreceptor is partially located in the third variable region (V3) of gp120 viral 

protein (2). Whether a virus can bind to CCR5 only (R5 virus), to CCR5 and CXCR4 alternately 

(dual virus) or to CXCR4 only (X4 virus) is determined predominantly by the sequence and 

structure of this region. The phenotype related to the virus coreceptor usage is termed viral 

tropism. While in the early, asymptomatic stages of infection mainly R5 viruses are observed, 

progression to AIDS is often correlated with the emergence of X4 viruses (3). The relationship 

of HIV tropism with disease progression and the recent development of CCR5-blocking drugs 

underscore the importance of monitoring virus coreceptor usage. As an alternative to costly 

phenotypic assays, computational methods aim at predicting virus tropism based on the V3 loop 

sequence and on its structure (4-7). The major drawback of the binary sequence representation is 

the limited insights it offers into the physicochemical properties of amino acids and their spatial 

arrangement in the binding site that determine coreceptor binding.  

Here we present a structural descriptor of the V3 loop encoding the physicochemical 

properties of the loop together with their locations on the protein structure. We map 54 amino 

acid indices representing the physicochemical properties of amino acids onto the V3 loop 

structure and use machine learning methods to extract the features which are the most 

informative for coreceptor usage. The extracted set of features represents a small fraction of the 

initial feature set and models based on this set attain higher prediction accuracy with decreased 

computational load.  

Our descriptor used as input to the support vector machine (SVM) predicting tropism 

shows a statistically significant improvement over the binary representation of the V3 sequence. 

At the specificity of 11/25 rule a sensitivity of 69% was achieved, comparing favorably with the 

62% sensitivity of sequence-based prediction. In addition to the data inferred from lab-cloned 

viruses (clonal data) we assessed the predictive power of our method on the clinically derived 

'bulk' sequence data of patient samples and obtained a statistically significant 3% improvement 
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over the sequence representation evaluated using receiver operating characteristic (ROC) curve. 

We also demonstrated the capacity of our method to predict the outcome of therapies based on 

coreceptor blocker Maraviroc (8) by applying it to 53 samples of patients undergoing Maraviroc 

therapy. 

Our structural descriptor affords direct interpretation of the features of the V3 loop 

relevant for viral tropism by indicating specific physicochemical properties of amino acids in 

distinct parts of the loop being predictive of coreceptor usage. The analysis of features important 

for the classification pointed to two loop regions playing determining role in the coreceptor 

usage. The regions are located on the opposite strands of the loop stem and show predominantly 

structure, hydrophobicity and charge-related properties. In the bound conformation of the loop 

these regions are situated in close proximity forming a potentially determinant site for the 

coreceptor binding. 

The proposed method offers therefore higher performance over sequence-based method 

with a comparable efficiency and a direct interpretation of structural and physicochemical 

determinants of tropism. 
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The problem of reconstructing ancestral states given a phylogeny and data from extant 

species arises in many areas of bioinformatics. Commonly used technique is the Markovian 

probabilistic model, where the rates of transitions between states are defined relatively to 

evolution rates. Maximizing the probability to observe given data one can find optimal rate 

parameters, and then reconstruct ancestral states by their contribution in overall probability. 

Recent additions to this method were developed account for uncertainties in the initial phylogeny 

[1]. Here we modify the basic Markovian model to apply in a situation when one has not exact 

data, but predictions about states at terminal nodes.  

We aim to reconstruct the ancestral states given the tree phylogeny, prediction scores at 

terminal nodes and prediction score distribution for different states. This probability distribution 

could be collected from a large unbiased sample of predictions. To reconstruct the optimal set of 

ancestral states we use the Viterbi algorithm, modified for a tree: 

, 

where (x) is the score probability distribution for state i;  is the probability of 

transition from state i to j;  is the distance from node Y to the ancestral node; child(Y) is the set 

of descendants of node Y; 

As it the linear Viterbi algorithm, after selecting the most probable state at the root, the  

states of descendant nodes can be reconstructed at the reverse run as argmax. 

To reconstruct the state probabilities at each node we use the forward-backward 

algorithm, modified for a tree: 
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where  is the prior probability of states at the root; neighb(Y) is the neighbor node to node 

Y. 

The final state probability at a node can be found after the forward and backward runs as: 

 

In fact, similar algorithms were proposed for defined discrete states at terminal nodes: the 

Viterbi algorithm was described as ñweighted parsimonyò, the backward algorithm was 

described as the ñpurningò algorithm by Felsenstein [2]. The forward recursive formulas for a 

tree were not published, although a hint was given in [1]. With the addition of emission 

probabilities at terminal nodes, the reconstruction of ancestral states becomes closer to the HMM 

(Hidden Markov Model) reconstitution. Hence we believe that using the HMM language could 

be helpful in further development of this model (for example, using more complex HMM 

structures to account for parameters changing between nodes).  

It should be also noted, that when we reconstruct the state probabilities at terminal nodes, 

we obtain the posterior probabilities of states in the extant species (prior probabilities could be 

calculated from the prediction scores and score distributions). So the method could be considered 

as a novel comparative genomic technique to correct predictions, where the correspondence of 

sequence similarity to feature similarity is defined by the optimized transition rates for different 

states. The species hierarchy is also taken into account, rather than the distances only. 

The method is illustrated with an example of predicted N-terminal signal peptides in 

bacterial proteins from ortholog clusters. 

Implementing the opportunity to reconstruct the evolutionary history from predicted data 

would expand applicability of the Markovian probabalistic method to new areas of 

bioinformatics, such as predictions of molecular traits. 

This study was partially supported by RFBR grant 09-04-92742. 

 

1. M.Pagel et al. (2004) Bayesian estimation of ancestral character states on phylogenies, Syst Biol, 53(5):673-84. 

2. J. Felsenstein (1981) Evolutionary trees from DNA sequences: a maximum likelihood approach, J Mol Evol, 
17(6):368-76. 
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Protein -protein interfaces ɀ structural features,  

and changes brought about by complex formation  
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To understand the physicochemical features underlying molecular recognition structural 

databases have been generated representing different types of protein-protein interfactions, such 

as óstrongô homodimers (which are permanent in nature), óweakô dimers (that can exist in 

equilibrium between monomer and dimer), transient protein-protein heterocomplexes, and the 

non-physiological interfaces that are observed in the crystal lattice of protein crystals. These 

categories do show some differences in the atomic packing [1]. The average interface area (the 

accessible surface area, ASA, on the two components that gets buried on heterocomplex 

formation) is ~1600 ¡2 and the interface can be dissected into core and rim regions with the 

former being composed of residues that are more conserved than those in the latter [2]. 

To gain an insight into the process of molecular recognition and protein-protein 

interaction one needs to  understand not only the static interface formed between the two 

molecules, but also the changes that result in the structure as the two components associate.  To 

analyze the physicochemical changes that occur in an isolated protein structure as it forms a 

complex, we have used the Protein-Protein Docking Benchmark (version 3.0) [3] and mapped 

the interface residues and atoms as seen in the complex to those in the isolated state.  On going 

from the isolated (I) to the complex (C) state there is a change of about 6% in the accessible 

surface area (ASA) of the interface atoms (considering the absolute value of the difference and 

relative to the total value in the complex state). Other changes, especially those occurring in the 

secondary structural content would be discussed.  

 

 [1] Dey S, Pal A, Chakrabarti P and Janin, J. The subunit interfaces of weakly associated homodimeric proteins. J. 
Mol. Biol. 398, 146-160 (2010) 

[2] Guharoy, M. and Chakrabarti, P. Conservation and relative importance of residues across protein-protein 
interfaces. Proc Natl Aca. Sci USA 102, 15447-15452 (2005). 
[3] Hwang H., et al . (2008) Protein-protein docking benchmark version 3.0, Proteins; 73:705-709. 
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Research on both short- and long-range nucleotide correlations is of great importance for 

understanding known structural particularities in DNA sequences and for revealing new ones. 

Images of various functions demonstrating nucleotide correlations in DNA coding regions show 

regular peaks with the steps of three bases corresponding to the triplet nature of the genetic code. 

This has led to the notion of triplet periodicity in the coding regions. 

In light of current understanding of latent periodicity as approximate tandem repeats [1], 

the occurrence of periodicity has been corroborated by textual ñconsensus-patternò, which is an 

estimate of a pattern in the original repeat. If alterations in the copies of the pattern account for 

more than 30% of the pattern, the validity of the revealed consensus-pattern is in doubt. 

Although tandem repeats of three- and hexa-nucleotides occur in coding regions, as a rule it is 

impossible to deduce a reliable consensus-pattern of approximate tandem repeat over the whole 

length of a coding region. 

Use of Fourier methods for revealing imperfect or latent periodicity has become common. 

Other statistical methods have also arisen for determining latent periodicity in nucleotide 

sequences. These methods are based upon measuring heterogeneity in nucleotide distributions 

over period positions. In practice, in the absence of weak periodicity in a sequence that is not an 

approximate tandem repeat, a high index of heterogeneity and a Fourier spectrum with a 

dominant peak may be observed. Nevertheless, it is incorrect in this case to use the term ñlatent 

periodicityò, until the discovery of a pattern indicating some new type of periodicity. 

A spectral-statistical approach [3] to identifying a new type of latent periodicity, called 

profile periodicity or profility, is presented. The notion of latent profility in DNA sequences [2] 

expands on the idea of approximate tandem repeat [1] in which textual string (DNA sequence) is 

presented as a chain of eroded copies (with approximately 80% identity) of the textual pattern. 

Latent profile periodicity occurs in DNA regions where nucleotide correlations can be described 

by hypothesizing on the generation of successive uni-length DNA fragments according to a fixed 

probability distribution of nucleotides appearance at each fragment position. A pattern of latent 

profility can be described with the aid of a finite random string consisting of independent random 
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characters with corresponding probability distribution for the textual characters from the DNA 

alphabet. The usual methods [1] applied for identification of approximate tandem repeats 

therefore cannot be used to reveal new types of latent periodicity. 

Via a procedure that identifies patterns of latent profile periodicity in DNA [3], it is 

possible to reveal the two levels of organization in encoded genetic information: regular 

heterogeneity of nucleotide distribution over positions in the codons, and latent profility. It is 

shown that Fourier analysis does not enable the second level (latent profility) to be distinguished 

in the genetic encoding. The latent profility revealed in the DNA coding regions can be 

translated into features of protein structure. It is possible to determine signs of local features in 

the structure of genes and corresponding proteins through latent profile periodicity (latent 

profility). The direct detection of such features is challenging because the goal of the search is 

not a priori known.  

 

1. G. Benson (1999) Tandem repeats finder: a program to analyze DNA sequences. Nucl. Acids Res., 27: 573-580. 
2. M.Chaley, V. Kutyrkin (2008) Model of perfect tandem repeat with random pattern and empirical homogeneity 
testing poly-criteria for latent periodicity revelation in biological sequences, Math. Biosci., 211: 186-204. 
3. M.Chaley, V. Kutyrkin (2010) Structure of proteins and latent periodicity in their genes. Moscow Univ. Biol. Sci. 
Bull., 65: 133ï135. 

 

Significance  of Clusterin Expression in Patients with 

Hepatocellular Carcinoma Undergoing Hepatic Resection  

Gar-Yang Chau 
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Background: Surgical resection offers hepatocellular carcinoma (HCC) patients a chance 

for a cure, but carries a high tumor recurrence rate. Clusterin is a highly conserved glycoprotein, 

enhancing cell aggregation in vitro. Clusterin upregulated in cancers of the breast, ovary, colon, 

prostate, kidney and HCC. Overexpression of clusterin has been correlated with tumor 

metastasis. This study evaluates the significance of serum clusterin levels and protein expression 

in resected tissue specimen in HCC patients. 

Methods: The sera and HCC and nontumor tissues of 140 HCC patients undergoing 

hepatic resection were prospectively collected. Serum clusterin levels were determined by 

enzyme-linked immunosorbent assay. The clusterin protein expression in resected specimen 

were examined by immunohistochemistry. Median followup time was 39.1 months. 
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Results: Mean serum clusterin levels were 13.0 Ñ 5.9 ng/mL (range, 1.0~36.7 ng/mL). 

Patients with high serum clusterin level (> 14.5 ng/mL) had significantly lower frequency of 

family history of HCC, poorer liver function, and higher frequency of tumor being multiple, 

presence of vascular invasion than those with low clusterin level (< 14.5 ng/mL). For patients 

with tumor size > 5 cm, patient with a high serum clusterin level had significantly worse 

postoperative survival when compared to patients with low serum clusterin level (p = 0.018). 

Clusterin protein was overexpressed in HCC tissues in 76 patients (54.3%) and in nontumor liver 

tissues in 53 patients (37.9%). Patients with overexpression of clusterin in nontumor tissue have 

worse postoperative survival rates (p=0.003).  

Conclusions: In HCC patients, high serum clusterin levels and overexpression of 

clusterin in nontumor tissue related with worse prognosis after hepatic resection. Clusterin can 

be a prognostic indicator for HCC patients after resection. 

 

3-D complexes of VirE2 protein originated from Agro bacterium 

tumefaciens and evaluation of his pore -forming ability  
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Bacteria of the genus Agrobacterium are a natural vector for the transfer of genetic 

information (T-DNA) into the eukaryotic cell. The T-DNA nonspecifically integrates into the 

hostôs chromosome and is inherited at subsequent cell divisions. The T-DNAïVirD2 complex 

and VirE2 proteins are transferred to the host cell independently. It is belived that VirE2 proteins 

form a membrane-spanning pore or a channel  for promotion  of short nucleotides translocation 

across the membrane [1]. How VirE2 participates in the T-DNA transfer across artificial and 

natural membranes is not known. 

For prediction of secondary structures for VirE2, the PROFsec program, located at 

http://www.embl-heidelberg.de, was used.  For formation of a complex consisting of VirE2 

protein subunits, the GRAMM-X program, located at (http://vakser. bioinformatics.ku.edu), was 

used. For localization of VirE2-dependent complexes in lipid membranes, the CHARMM GUI-

Membrane Builder program, located at (http://www.charmm-gui.org), was used.  
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Using the PROFsec program, we predicted 15 ɓ-sheets [2],  and 22 Ŭ-helices for the 

VirE2 fragment (amino acid residues 112 through 517). X-ray diffraction analysis showed that 

the same fragment of VirE2 as a complex with VirE1 (PDB ID:3BTP) contains 21 ɓ-sheets and 

15 Ŭ-helices [3].   Only in 5% of sequences did a contradiction arise in our prediction of helixï

sheet structures: the presumed Ŭ-helix (amino acid residues 243 through 253) was predicted to be 

in the place of ɓ-sheets (amino acid residues 242 through 246 and 249 through 251), shown by 

X-ray diffraction analysis. It follows that the results obtained with the PROFsec program may 

give grounds to make suggestions as to the secondary structure of proteins that lack like VirE2 

homology to known proteins.   Duckely and Hohn [1] hypothesized that the ɓ-barrel fold is a 

structural solution for the delicate transition from soluble to membrane-bound state and possibly 

for the passage of ssDNA through membranes. Subsequently, it was found that VirE2 forms a 

TIM-like barrel composed of Ŭ-helices and ɓ-strands, resulting in a donut shape with interior ɓ-

strands and exterior Ŭ-helices [1]. We found that the TIM-like barrel located in the C-domain of 

VirE2 had a channel.  We measured the inner diameter of the TIM-like barrel located in the C-

domain of VirE2 and evaluated it to be 1.3 nm.  Possibly, it is sufficient for the passage of short 

oligonucleotides through the pores formed by two VirE2 proteins in the bilayer membrane. 

However, the TIM-like barrel complex is not sufficient for the translocation of the ssT-DNAï

VirD2 complex across  the TIM-like barrel, since the VirD2 protein has a size of 2Ĭ4 nm, 

according to our evaluation of a 3D model for VirD2 by using the Swiss-PdbViewer program. In 

a probabilistic model by using the Membrane Builder program for a structure composed of two 

VirE2 proteins integrated into a lipid bilayer, a channel with a diameter of 2 nm may form 

between Ile330 VirE2 protein (number 1) and Ile330 VirE2 protein (number 2). One model 

structure built from four of VirE2 proteins by using the CHARMM GUI program had a channel 

(3.8 nm in size) between Lys488 VirE2 protein (number 1) and Lys488 VirE2 protein (number 

3) in the membrane portion of the complex. 

 

1. M. Duckely,  B. Hohn (2003) The VirE2 protein of Agrobacterium tumefaciens: the Yin and Yang of T-DNA 
transfer. FEMS Microbiol. Lett. 223:1ï6. 
2. M.I.Chumakov, A.V.Burmatov, V.I. Bogdanov, I.V. Volokhina (2004) Experimental and computer evaluation of 

the ability ssT-DNA-binding VirE2 protein to interact with lipid membranes. In.: Proc. The Fourth International 
Conference on Bioinformatics of Genome Regulation and Structure (BGRS'2004), Novosibirsk, Russia, July 25-30, 
V.1. P. 252-254. 
3. O. Dym,  S. Albeck,  T. Unger, J. Jacobovitch, A. Branzburg  et al. (2008) Crystal structure of the Agrobacterium 
virulence complex VirE1-VirE2 reveals a flexible protein that can accommodate different partners. Proc. Natl. 
Acad. Sci. USA. 105:11170ï11175. 
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Homo sapiens L. ɀ a Species is in a State of Evolutionary Saltation  
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Motivation and Aim . We studied the process of macro-evolution in Angiosperms. It was 

revealed the saltational nature of this process and positive correlation between the evolutionary 

events, the level of evolutionary advance and the nucleotide composition, dinucleotide and CpG 

content in ITS1-5.8S-ITS2 rDNA [1-3].   

The revealed correlation allows determine the evolutionary status of taxa according to the 

analysis of nucleotide composition of rDNA. On the assumption of this idea a problem of 

evolutionary status of the species Homo sapiens L. brought up.  

Methods and Algorithms. We used the NCBI GeneBank data on ITS1, ITS2 and 5.8S 

rRNA sequences and MEGA-4 and DAMBE software. 

Results. We consider our conclusions as preliminary because the rDNA of animals is less 

studied as compared with rDNA of plants. We analyzed various regions of rDNA of Homo 

sapiens, Primates (11 specirs), Rodentia (7 sp.), Carnivora (8 sp.), Reptilia (4 sp.) and Amphibia 

(5 sp). It was shown that both C+G and CpG content in rDNA of Homo sapiens, on a level with 

Pongo pigmaeus, is highest among the primates and even most saturated by guanine and cytosine 

among  animals in general. The dinucleotide spectra of rDNA of man and apes relate to the most 

specialized groups containing maximum GG, CC, CpG and CpC and  minimum quantity TpG 

dinucleotide. 

Conclusion. These data being compared with the nucleotide spectra of plant rDNA in 

evolutionary advanced and static taxa bring to the conclusion that the evolutionary state of the 

species Homo sapiens correspond to the rarely observed stage of evolutionary saltation[5]. 

ɻʨʘʥʪʳ: "ɼʠʥʘʤʠʢʘ ʛʝʥʦʬʦʥʜʦʚ" ʠ ʈʌʌʀ 09-04-014-69, 09-04-01469-ʘ. 

 
1. Chupov, V. S. (2002) Shape of lateral phylogenetic branch in plants by data of neontological-taxonomic analysis 
of  evolution.  Uspechy sovremennoi biologii 122, 227-238. (In Russ., Enl. Summary) 
2. Chupov, V. S., Punina, E. O., Machs, E. M., Rodionov, A. V. (2007) Nucleotide composition and contents of 
CpG in rRNA of the representatives of Melanthiales-Liliales and Melanthiales-Asparagales reflects a characteristic 
feature of evolution. Mol. Biol. (Moscow), 41: 808-829. 

3. Chupov, V. S., Machs, E. M., Rodionov, A. V. (2008) The dinucleotide composition of rhibosomal spacer region 
ITSI-5.8S rDNA-ITS2 as an indicator of evolutionary development and a phylogenetic marker of monocotyledon 
plants Melanthiales - Liliales and  Melanthiales - Asparagales  (Angiospermae, Monocotyledones). General changes 
in the dinucleotide composition. Uspechy sovremennoi biologii 128, 481-496. (In Russ, Engl. Summary) 
4. Chupov, V. S., Machs, E. M., Rodionov, A. V. (2008)The dinucleotide composition of the rDNA region (ITS1-
5.8S-ITS2) as an indicator of evolutionary levels of development and phylogenetic marker of monocotyledon 

macrotaxa. dinucleotide spectrum of cryptaffine taxa 
Uspechy sovremennoi biologii 128, 542ï552. (In Russ, Engl. Summary) 
5. Chupov, V. S. (2010) ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʠʜʘ ʅomo sapiens L. 
ʌʫʪʫʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ: ʙʫʜʫʱʝʝ ʈʦʩʩʠʠ ʠ ʤʠʨʘ.ʄʘʪʝʨʠʘʣʳ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 4 
ʠʶʥʷ. 2010 ʛ., ʄʦʩʢʚʘ. ʉ. 247-257. 
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L12 is the only protein present in prokaryotic ribosome in  multiple copies. It is known 

that L12 interacts with translation factors such as EF-G, EF-Tu and RF3. While interacting with 

these factors L12 seems to increase their GTPase activity. Probably L12  also has other 

functions, e.g. it was recently shown that mitochondrial L12 controls the mitochondrial genes 

transcription rate [1]. 

L12 stalk comprised of several L12 copies is one of the least studied ribosome functional 

centers. Partially that is due to its high flexibility which complicates X-ray study [2]. 

In the end of 1970's it was shown that Escherichia coli ribosome contains four L12 

molecules [3]. However stoichiometry 4:1 is not the only one possible option for the bacteria. T. 

maritima  ribosome comprises six L12 molecules [2] as well as Thermus themophilus ribosome 

[4].  

 Our goal was to determine L12 stoichiometry for different species using genome 

sequence and to study the changes of L12 copy number between sibling species. 

We developed an algorithm for L12 copy-number prediction. Our approach was based on 

the prediction of L10 secondary structure in order to locate L12 binding region. We analyzed 

several hundreds of bacteria and demonstrated that both variants (4:1 and 6:1) were prevalent 

among different phyla.  It should be noted that mitochondria ribosome has 6:1 stoichiometry. 

Analyzing the examples of different L12 copy numbers between closely related species 

we concluded that the reduction of L12 copy number was usually  caused by the loss of  a short 

gene fragment inside the eighth alpha helix of L10. The insertion of such a fragment could be 

resulted in the possibility to bind an additional L12 dimer, but it was observed much rarer.  

It was also found that some cyanobacteria (such as Arthrospira and Gloeobacter) possibly 

had stoichiometry 8:1.This possibility was not noted previously. 

The authors are supported by the Russian Ministry of Science grant 16.740.11.0449.Some 

of the results were obtained using the supercomputer SKIF MSU "Chebyshev" of the Moscow 

State University Supercomputer Center. 

1. Z.Wang et al. (2007) Human mitochondrial ribosomal protein MRPL12 interacts directly with mitochondrial 

RNA polymerase to modulate mitochondrial gene expression, J. Biol. Chem, 282:12610ï12618. 
2. M.Diaconu et al. (2005) Structural basis for the function of the ribosomal L7/12 stalk in factor binding and 
GTPase activation, Cell, 121:991ï1004 
3. A.T.Gudkov et al. (1978) Stoichiometry and properties of the complex between ribosomal proteins L7 and L10 in 
solution, FEBS Letters, 93:215ï218. 
 4. L.Ilag et al. (2005) Heptameric (L12)6/L10 rather than canonical pentameric complexes are found by tandem MS 

of intact ribosomes from thermophilic bacteria, Proc. Natl. Acad. Sci. U.S.A., 102:8192ï7.  
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The major histocompatibility complex (MHC) region on chromosome 6 harbors the 

largest number of validated genetic associations to human diseases.   The extreme genetic 

diversity of this locus and the broad linkage disequilibrium among variants has made it 

challenging to localize association signals and to pinpoint causal variants.   Using specific 

examples of HIV control and autoimmunity, I will illustrate how association signals of common 

SNPs can be interpreted in terms of amino acid polymorphisms within classical HLA proteins. 
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Conserved Noncoding Elements (CNEs) are a set of approximately 7000 conserved non-

coding regions of the genome identified by whole genome comparison between human and 

Takifugu rubripes (Japanese Pufferfish), a vertebrate species evolutionarily distant from humans 

[5]. Arranged in clusters around genes regulating transcription and development (trans-dev 

genes) in vertebrates, some CNEs act as tissue-specific enhancers during embryonic 

development and are candidates for a network of cis-regulatory modules [5]. It has been 

suggested that a deleterious effect can be observed when most cis-regulatory elements which 

have one or more functions in the genome are lost [4]. We also know of cases where mutations 

in CNEs (not the gene itself) can lead to congenital abnormalities in human beings, for example, 

certain kinds of polydactyly [3] and the Pierre Robin syndrome [2] are caused by mutations in 

CNEs. Their absence in invertebrates suggests they may have played an important role in 

vertebrate development and evolution.  

Efforts to catalogue human genetic variation by the HapMap and 1000 Genomes Projects 

have allowed us to analyse single nucleotide polymorphisms across worldwide populations in 

order to detect signals of selection in CNEs. Preliminary analysis of the allele frequency 

spectrum in CNEs shows a striking similarity to the skewed distribution observed at 

nonsynonymous sites indicating a signal of selection. Further analysis of genotype data from 

HapMap and 1000 Genomes Projects on the LOSITAN [1] workbench is expected to identify 

candidate loci under selection, which can then be used to study expression patterns in zebrafish.  

 
1. Antao T. et al. (2008) LOSITAN: A workbench to detect molecular adaptation based on a Fst-outlier 
method, BMC Bioinformatics, 9:323. 
2. Benko S. et al. (2009) Highly conserved non-coding elements on either side of SOX9 associated with 
Pierre Robin sequence, Nat Genet. 41: 359-364. 

3. Lettice L. et al. (2003) A long-range Shh enhancer regulates expression in the developing limb and fin and 
is associated with preaxial polydactyly. Hum Mol Genet. 12: 1725-1735. 
4. McLean C. and Bejerano G. (2008) Dispensability of mammalian DNA, Genome Res., 18: 1743-1751. 
5. Woolfe A. et al. (2004) Highly Conserved Non-coding Sequences Are Associated with Vertebrate 
Development. PLoS Biol. 3 (1): e7. 
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The bacterial FtsZ proteins represent potential cytoskeletal target for antimicrobial 

compounds as essential component of bacterial cell division machinery. They are conserved in 

most important bacterial pathogens and responsible to target-based drug discovery toolbox with 

features of an ideal antimicrobial target [1, 2]. Due to homology with eukaryotic tubulins the 

benzimidazoles and their derivatives are considered as potential inhibitors of bacterial FtsZ 

proteins [3, 4]. Recently the libraries of novel tri-substituted benzimidazoles were created 

through rational drug design. The transmission electron microscopy and scanning electron 

microscopy analyses of Micobacterium tuberculosis FtsZ and bacterial cells, respectively, 

treated with a lead compound strongly suggest that benzimidazoles have a novel mechanism of 

action on the inhibition of mycobacterial FtsZ assembly and Z-ring formation [5]. 

According to data mentioned above, we investigated inhibition properties of eight new 

phenyl-thiazine derivatives of benzimidazole on functionality of bacterial FtsZ. Potential binding 

sites for them were identified on molecular surface of FtsZ by HEX 6.1 [6] with CUDA-

graphics. For this study, we applied rigid docking of these compounds and reconstructed model 

of bacterial FtsZ as a target. The seven tested compounds had high scored binding site identical 

for 3-methoxybenzamide derivatives in region of cleft between helix seven (H7) and the C-

terminal domain [7, 8]. Five of the tested compounds had lower score to nucleotide binding site. 

The predicted binding sites for the last benzimidazole derivative were localized in GTP binding 

site and along the surface of FtsZ between this site and structural T-7 loop. 

We also estimated the FtsZ polymerization efficiency of these compounds in vitro by 

spectrophotometery. The solution density strongly correlated with light scattering of polymerized 

protein. Our study demonstrates the influence of all tested compounds in the first few minutes of 

reaction on the polymerization process. It was identified that two benzimidazole derivatives 

disturbed polymerization very sufficientle. Interestingly, the way action of these two compounds 

was opposite: the first inhibited polymerization and the second inhibited filament 

depolymerization. Since normal functioning of FtsZ is dynamic process of filaments 

assembling/disassembling, the disruption of polymerization as well as depolymerization leads to 

disorder of the cell cycle. Thus, we have identified several benzimidazole derivatives with big 

potential for further development of new antibacterial drugs. 
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It has recently been shown that Eph-ephrin interactions play an essential role not only in 

tumor angiogenesis but also in tumor progression and/or suppression. The exact mechanism 

contributing to such a multitude of responses, however, remains unclear. In order to better 

understand this problem we studied the intricacies of EphB4 biology using a systems modeling 

approach. The main aims of this study were to: (1) reconstruct the EphB4/ephrinB2 signaling 

pathways based on information mined from the literature; (2) develop a kinetic model for 

EphB4/ephrinB2 forward signaling, and (3) analyze the model behavior and prediction to gain 

deeper insight into EphB4/ephrinB2 forward signaling and its influence on tumor progression 

and/or suppression mechanisms. 

DBSolve Optimum software was used for all model development and analysis steps. 

Kinetic model verification was performed using data from ephrinB2-Fc induced EphB4 

activation, internalization and degradation obtained in a MCF7 breast cancer cell line and other 

datasets (approx. 30 datasets) published in the literature. 

The signaling pathways of EphB4-ephrinB2 interactions were successfully reconstructed 

and a kinetic model of EphB4-ephrinB2 forward signaling was developed. Analysis of the model 

behavior allowed us to make the following predictions about the system regulation and possible 

cellular responses at different physiological conditions: (1) the Abl/Rac/Rap branch of EphB4-

induced forward signaling was cell specific, (2) one of the main reasons for (1) was an inhibition 

of Abl function by filament actin. In addition, it followed that cell types with high concentration 

of filament actin were less sensitive to EphB4 inhibition of migration, (3) cell proliferation 

potential had low sensitivity against EphB4 activation and (4) EphB4 activation had an important 

influence on AKT phosphorylation. 

It was shown that EphB4-ephrinB2 forward signaling had a negative effect on cell 

proliferative, survival and migratory potential. However, those effects were cell specific and can 

be weakened in certain cell types. In these cases, increasing the concentration of filament actin 

could completely inhibit the Rac/Rap branch of EphB4-ephrinB2 signaling. 
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We performed a comparative analysis of promoters of orthologous genes of human and 

chimpanzee located on chromosomes 21. Similarities between DNA sequences were calculated 

using property-dependent similarity measure [1] (using FeatureScan [2] with ñmelting enthalpyò) 

and letter-based similarity (using ClustalW).  

The distribution of the number of promoters vs. similarity reveals that promoters of 

chimpanzee and human genes, which differ by less than 2% of nucleotides, show significantly 

higher similarity by FeatureScan than expected (under pure random and transition/transversion 

biased models). We found that 139 out of 198 orthologous promoter pairs showed higher signal 

similarity than can be expected - with a p-value of 2,43*10-8.  

Using the EMBL-EBI gene ontology classification, we examined the distribution of 

genes, which showed high signal similarity of their promoters. A subset of 15 genes involved in 

the molecular function ñmetal ion bindingò and another subset of 11 genes involved in 

ñnucleotide bindingò with p-values of 4,9*10-3 and 4,52*10-5, respectively. Contrarily, applying 

ClustalW, no significant association with GO terms was found.  

A strong correlation of signal similarity with gene expression was found by comparing 

our present results with our earlier data [3]. The prediction accuracy of gene expression by 

comparing their promoter sequences reaches a sensitivity of 83% and a selectivity of 60% using 

FeatureScan. At the same time, using letter conservation under the same conditions provides 

only 30% and 40%, respectively. 

As we may conclude from the presented results, a nucleotide substitution decreasing the 

melting temperature of a locus, may induce evolutionary pressure for further changes in the close 

vicinity to compensate the first mutation. As further investigations, it might be interesting to 

investigate changes of characteristics (melting temperature, conformation and others) caused by 

SNP mutations and its correlations with phenotype or diseases.  

 

1. Kauer G. et.al., (2003) Applying signal theory to the analysis of biomolecules. Bioinformatics, 19, 2016-2021. 

2. Deyneko IV. et.al., (2006) FeatureScan: revealing property-dependent similarity of nucleotide sequences. Nucleic 
Acids Research, 34, W591-W595. 
3. Watanabe, H. et al., (2004) DNA sequence and comparative analysis of chimpanzee chromosome 22. Nature, 
429, 382-388. 
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A presentation will present an illustration of how human association study results can 

then be translated into the pharmacological treatment of common clinical conditions, 

exemplified by genetic variants of the catechol-O-methyltransferase (COMT) gene, an enzyme 

that metabolizes catecholamines. First, three major haplotypes of COMT, designated as low pain 

sensitive (LPS), average pain sensitive (APS), and high pain sensitive (HPS) have been 

identified based on a carrierôs response to experimental pain stimuli. These three haplotypes 

account for 11% of the variability to human experimental pain sensitivity and are predictive of 

the risk of onset of a common musculoskeletal pain disorder (i.e., temporomandibular disorders, 

or TMD). Next, we showed the molecular genetic mechanism thereby the LPS haplotype 

produces higher levels of COMT enzymatic activity than the APS or HPS haplotypes. Third, we 

demonstrated that the pharmacological inhibition of COMT in rats results in mechanical and 

thermal hypersensitivity that is reversed by the nonselective ɓ-adrenergic antagonist propranolol, 

or by the combined administration of selective ɓ2- and ɓ3-adrenergic antagonists. These data 

provide the first direct evidence that low COMT activity leads to increased pain sensitivity via a 

ɓ2/3-adrenergic mechanism, and suggests that pain conditions associated with low COMT 

activity and/or elevated catecholamine levels can be treated with non-selective ɓ-blockers. This 

finding led to the clinical studies showed that propranolol, a clinically used non-selective ɓ-

adrenergic antagonist which is widely used for treatment of hypertension, may be and effective 

treatment for chronic pain conditions in a manner that is dependent on the subjectôs COMT 

diplotype. Thus, COMT haplotypes may serve as genetic predictors of treatment outcomes and 

permit the identification of a subgroup of patients who will benefit from propranolol therapy. 
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The chemical nature of the evolutionarily first membranes, which should have encased 

the Last Universal Common Ancestor (LUCA), cannot be inferred easily because the chemical 

compositions and biogenesis pathways of archaeal and bacterial phospholipids are fundamentally 

different [1-3]. However, the nearly universal conservation of the elements of general protein 

secretory pathway [4] and of the F- and V-type ATP synthases [5, 6], which are membrane-

embedded molecular machines, suggests that the LUCA did possess some kind of membranes 

[7-9]. 

Biosynthesis of membrane lipids, both in bacteria and in archaea, proceeds in three major 

steps, see [2, 3] for reviews. First, either fatty acids (in bacteria) or isoprenoid chains (in archaea) 

are synthesized. While there is only one synthetic pathway for fatty acids, there are two synthetic 

pathways for the 5-carbon units of the isoprenoid chains, namely the mevalonate pathway [10] 

and the deoxyxylulose phosphate (DXP) pathway [11]. Next, the hydrophobic tails (synthesized 

at the first step) are connected by ester (bacteria) or ether (archaea) bonds, respectively, to the 

specific stereoisomers of glycerol phosphate (sn-glycerol-3-phosphate (G3P) in bacteria and sn-

glycerol-1-phosphate (G1P) in archaea). Lastly, diverse polar head groups are attached to the 

glycerol moieties. The difference between archaeal and bacterial membranes extends beyond the 

chemical structures of the phospholipids, to the evolutionary provenance of the enzymes 

involved in membrane biogenesis that are either non-homologous or distantly related but not 

orthologous in bacteria and archaea [2, 3]. 

Using the available complete genomes, we have analyzed the occurrence of enzymes 

involved in these three major reactions of lipid biosynthesis in the bacterial and archaeal phyla, 

relying on the assignment of respective enzymes to the Clusters of Orthologous Clusters of 

Orthologous Groups of proteins (COGs) [12]. Our analysis indicates, in agreement with [10], 

that the mevalonate pathway of isoprenoid biosynthesis preceded the DXP pathway in evolution 

and may have already operated in the LUCA. In contrast, the enzymes responsible for the 
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synthesis of fatty acids and their attachment to the G3P moiety are found only within bacteria, so 

that the fatty-acid-based phospholipids should have been a bacterial invention.  Based on our 

analysis, we hypothesize that (i) either the enzyme for the G1P synthesis were present in the 

LUCA, so that the a G1P unit was a constituent of the first isoprenoid phospholipids, or (ii) the 

glycerol moiety was absent from the lipids of the LUCA, as suggested earlier [13]. 

 

1. Smit A, Mushegian A (2000) Biosynthesis of isoprenoids via mevalonate in Archaea: the lost pathway. 
Genome Res, 10(10):1468-1484. 
2. Pereto J, Lopez-Garcia P, Moreira D (2004) Ancestral lipid biosynthesis and early membrane evolution. 

Trends Biochem Sci, 29(9):469-477. 
3. Koonin EV, Martin W (2005) On the origin of genomes and cells within inorganic compartments. Trends 
Genet, 21(12):647-654. 
4. Cao TB, Saier MH, Jr. (2003) The general protein secretory pathway: phylogenetic analyses leading to 
evolutionary conclusions. Biochim Biophys Acta, 1609(1):115-125. 
5. Mulkidjanian AY, Makarova KS, Galperin MY, Koonin EV (2007) Inventing the dynamo machine: the 
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sodium bioenergetics. Biol Direct, 3:13. 
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Commonly used RNA folding programs compute the minimum free energy structure of a 

sequence under the pseudoknot exclusion constraint. They are based-on Zukerôs algorithm [1] 

which runs in time O(N3). Recently, it has been claimed that RNA folding can be achieved in 

time O(N2) using a sparsification technique that exploits the ñtriangular inequalityò [2]. Several 

variants of sparse RNA folding were proposed [3]. Here, we present our own version, which is 

readily applicable to existing RNA programs as it does not require any new data structure. 

Speed-gain is achieved solely by re-ordering and conditional execution of elementary arithmetic 

operations. The principle is explained in Fig. 1 using the simpler Nussinov algorithm, which 

maximizes the number of base-pairs. The same trick is applicable to energy-minimization based 

RNA folding and a variety of related algorithms. 

 

 

 

 

 

 

 

To prove practicality, we applied the proposed modification to the widely used Vienna 

RNAfold program, to create sibRNAfold, the first publicly available sparsified RNA folding 

program. We deliberately opted for modification of existing code rather than reprogramming to 

ensure identical results with a trusted implementation. Using real RNA sequences, we observed 

up to 50-fold speed gain for long RNAs. The time for folding the HIV genome (~10 kb) went 

down from 344 sec to 19. The SARS (~30 kb) genome was folded in 6 min compared to nearly 3 

hrs required by Vienna RNAfold. Using sibRNAfold, we were able to fold the 100kb long Titin 

mRNA in only 3 hrs. 

Figure 1. Pseudo-code for the original Nussinov algorithm (a) and our sparsified version (b). F(i,j)  contains the best score, 

i.e. the maximal number of bases pairs, for the subsequence starting at position i and ending at position j . The function 

d(i,j) returns 1 if the bases at positions i and j  can form a canonical base pair, and 0 otherwise. 
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To gain a better understanding of the time complexity of sparsified RNA folding in 

general, we carried out a thorough run time analysis with synthetic random sequences, both in 

the context of energy minimization and base-pairing maximization.  Contrary to previous claims, 

the asymptotic time complexity of sibRNAfold appears to be O(N3) under a wide variety of 

conditions (Fig 2a,b). Specifically, we varied the base composition, the folding temperature, and 

multi-loop parameters of the energy function. A previous proof of quadratic time complexity was 

based on the assumption that computational RNA folding obeys the ñpolymer zeta propertyò [2]. 

Specifically, the polymer zeta property stipulates that the probability that the terminal bases of a 

folded RNA are paired, exponentially decreases to zero with increasing sequence length. 

Consistent with our run-time analysis, we found that RNA folding does not obey the polymer 

zeta property. Different and more interesting results were obtained with a sparsified Nussinov 

algorithm. While run-time remained cubic for RNA sequences with an unbiased base 

composition, we observed quadratic behavior with sequences enriched in A and C. There appears 

to be a sharp phase transition at about 57% A+C content both with regard to time complexity 

(Fig 2c) and polymer zeta property. The code used in this work is available at: 

http://sibRNAfold.sourceforge.net/  
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Figure 2. a) Speed comparison of sibRNAfold vs Vienna RNAfold program; b,c) Sequence base composition dependence of 
the speed gain using sibRNAfold (b) and using sparsified Nussinov algorithm (c).  The vertical axis (time fold increase) 

reflects the fold increase in the number of multiloop operations resulting from doubling the sequence length. All the values 

represent an average over 100 random sequences the same length.  



Moscow Conference on Computational Molecular Biology 

July 21-24, 2011 

 

  
96  

 

  

A Quantitative Systems Pharmacology Model  

Provides Insights into Phosphate Homoeostasis through  

Multiple Interacting Pathways  

ALEKSANDR DORODNOV1, KIRILL PESKOV1, ARTEM DEMIDENKO1, OLEG DEMIN1, 

BALAJI AGORAM2 

1
Institute For Systems Biology SPb Moscow, Russian Federation, dorodnov@insysbio.ru 

2
MedImmune UK, United Kingdom 

 

Phosphate is an important mineral required for numerous cellular functions such as DNA 

and membrane lipid synthesis, generation of high energy phosphate esters, and intracellular 

signalling. However, an integrated understanding of phosphate regulation, the various control 

mechanisms, and interactions between the mechanisms is not available yet. We describe here the 

first attempt, to our knowledge, to develop an integrated quantitative understanding of the factors 

responsible for endogenous phosphate regulation. Based on Bergwitz (2010), a minimal model 

consisting of bone, serum, parathyroids, intestine, and kidney tissues and fibroblast growth factor 

(FGF) 23, parathyroid hormone (PTH), VitaminD, and phosphate entities was developed. The 

known dependencies (Ben-Gov 2007) were hypothesised based on literature and quantitatively 

characterised based on available data. The individual submodels were integrated to provide a 

unified model of phosphate homoeostasis. Model predictions were verified with available 

literature data on therapies known to impact phosphate levels (e.g. FGF23, and FGFR 

modulators) and from human genetic disorders. We then used the model to simulate single and 

multiple dose phosphate changes for different FGFR modulators that can potentially alter 

endogenous phosphate levels. All individual submodels provided adequate descriptions of 

isolated interactions. The magnitude, but not time course of Vit D changes after FGFR 

modulation was predicted correctly. The integrated model provided good descriptions of 

literature-reported changes in phosphate, and Vit D levels after FGFR therapy. FGFR-subtype 

specific modulators had generally different VitD and phosphate effects. The contribution of PTH 

to overall phosphate homoeostasis was found to be not significant compared to that of bone 

(through FGF23). A minimal QSP model of phosphate homoeostasis was developed. The model 

can be used to evaluate the potential effect of various therapeutic options affecting the phosphate 

homoeostasis pathway.  

 

1. Bergwitz and Juppner (2010) Regulation of phosphate homeostasis by PTH, vitamin D, and FGF23, Annu Rev 
Med, 61:91-104. 
2. Ben-Gov (2007), J Clin Inv. 
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Cell membranes, along with their individual components like membrane-bound proteins, 

particular lipids or lipid bilayer itself, attract a growing attention as very perspective 

pharmacological targets. According to recent estimations, up to 70% of currently marketed drugs 

act on these targets. Rational design of new highly efficient and selective compounds (drug 

prototypes) modulating activity of biomembranes, requires atomic-scale information on their 

spatial structure and dynamics under different conditions. Because such details resist easy 

experimental characterization, important insight can be gained via computer simulations.  

Here, we present the results of structural/dynamic studies of two classes of membrane 

active agents - cationic peptides with antimicrobial activity (AMPs) [1] and cardiotoxins from 

snake venom (CTXs), which are capable of lysing red blood cells [2]. The computational 

approach combines in a self-consistent manner Monte Carlo conformational search in implicit 

hydrophobic slabs and molecular dynamics in hydrated full-atom lipid bilayers composed of 

different types of lipids. Despite different structure (AMPs are Ŭ-helical, while CTXs have ɓ-

structural fold) and mechanism of membrane permeation (AMPs exhibit non-specific membrane 

binding, while CTXs may also specifically interact with anionic lipids in bilayers), in both cases 

the process of polypeptide interaction with cell membranes reveals a prominent ñself-adaptingò 

character. Namely, both classes of membrane active agents employ a wide arsenal of 

structural/dynamic tools in order to accomplish their function ï lysis of cell membrane. 

Importantly, the lipid bilayer of biological membranes plays an essential role in the recognition 

and binding events. In particular, the presence of anionic lipids induces formation of highly 

dynamic lateral heterogeneities (clusters) on the membrane surface, which differ in their packing 

and hydrophobic properties from the bulk lipids. Such a mosaic nature of membranes is tuned in 

a wide range by the chemical nature and relative content of lipids, presence of ions, and so on 

[3]. This makes possible mutual adaptation of the two amphiphatic systems (peptide and 

membrane). In our opinion, such a diversity of the factors important for polepeptide-bilayer 

interactions assures their efficient and robust binding to cell membranes. Understanding of such 

effects creates a basis for rational design of new physiologically active molecules and/or 

artificial membranes with predefined properties. 
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Influence of ecological conditions on the genetic structure of populations is one of the 

leading factors of intra- and interspecies differentiation. However, the molecular-genetic 

mechanisms of such processes are still insufficiently investigated. In order to study the species 

specificity of the responses to the chronic effect of environmental stress factors a comparative 

analysis of population-genetic structure of the Mongolian livestock (yaks, cattle, sheep) in a 

Biosphere Reserve Houbsougul (Mongolia) and in the zone of risky animal breeding Gobi Desert 

was carried out. The estimations of polymorphism of DNA fragments flanked by inverted 

microsatellite repeats (AG, ISSR-PCR markers) were used as molecular genetic markers. In 

order to evaluate the influence of different ecological conditions of livestock on the stability of 

the genetic apparatus in smears of peripheral blood of animals the counting of erythrocytes with 

micronuclei was performed. Genotyping of animals for 38 loci yielded the following data. The 

rate of polymorphic loci (P) of the yak was 15,8%, polymorphic information content (PIC) 

0,039. In the populations of yak of the Gobi Desert ï P - 10,5%, PIC - 0,039; of the reserve 

Houbsougul - P 13,2%, PIC - 0,040, the genetic distance between them DN = 0,0410. In 

Mongolian cattle it was revealed in total P -  28,9%, PIC - 0,049; in the Gobi Desert ï P - 13,2%, 
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PIC - 0,035; in the reserve Houbsougul ï P - 23,7%, PIC - 0,067; genetic distance between  them 

DN = 0.1087. In Mongolian sheep it was observed in total P - 42,1%, PIC - 0,095, in the Gobi 

Desert ï P -  34,2%, PIC - 0,118; in the reserve Houbsougul ï P - 10,5%, PIC - 0,071; genetic 

distance between them DN = 0,1712. On the dendrogram constructed on the genetic distance 

values, yaks form a common cluster with cattle, both groups of sheep - a single cluster. The 

obtained data indicated that the population-genetic differentiation on the ISSR-PCR markers was 

the most profound in sheep, the least - in yak, which was consistent with the level of 

polymorphism in these species (P, PIC).  The frequency of erythrocytes with micronuclei in the 

area of Houbsougul was significantly higher than that of the same species in zone of the high-

risk animal breeding. The frequency of erythrocytes with micronuclei in the area of Houbsougul 

in sheep was 5,3 Ñ 0,4 ă; in cattle - 4,6 Ñ 0,7 ă; in yak - 3,2 Ñ 0,6 ă; in the Gobi Desert in 

sheep - 0,9 Ñ 0,1 ă; in cattle - 1,8 Ñ 0,6 ă; in yak - 0,3 Ñ 0,2 ă. That is, the differentiation of 

animals on the micronuclei test coincided with that observed in molecular-genetic markers: the 

greatest - in sheep, the lowest - in yak. The frequency of occurrence of red blood cells with 

micronuclei in cattle and sheep of Houbsougul corresponds to typical for a number of other 

breeds of these species; we investigated earlier, in contrast to the animals of the Gobi Desert. 

Micronuclei test in somatic cells is widely used for bioindication of ecotoxical effects as an 

indicator of instability of the genetic apparatus. It is known that the frequency of cells with 

cytogenetic abnormalities in peripheral blood cells in mammals is closely linked with 

reproductive dysfunction (Rubes et al., 1991; Migliore et al., 2006). The data obtained suggest 

that all three species in the Gobi Desert were most resistant to the adverse effects in relation of 

animal selection (in several generations), with increased stability of the genetic apparatus. We 

also found that interspecies genetic distances for each species were less than between groups of 

animals Houbsougul and each pair of groups of two other species. For example, between the 

yaks of the Gobi Desert and both groups of the cattle DN ï 0,3318, 0,3758, and between the yaks 

of Houbsougul and these same groups of the cattle ï 0,2759, 0,2528. Apparently as a result of 

natural selection a unique gene pool was formed in the zone of risky animal breeding, the 

specificity of which can be identified using a random sample of ISSR-PCR markers. 

 

1. Rubes J., Horinova Z., Gustavson I., Borkovec L., Urbanova J. (1991) Somatic chromosome mutations and 
morphological abnormalities in sperms of boars, Hereditas, 115: 139-143. 
2. Migliore L., Colognato R., Naccarati A, Bergamaschi E. (2006) Relationship between genotoxicity biomarkers in 
somatic and germ cells: findings from a biomonitoring study, Mutagenesis, 21 (2): 149-152. 
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Population decrease of several species of ungulates leads to necessity for their condition 

control and for work on their reintroduction. In this regard, three populationôs of musk oxen 

(inhabiting on the Taimyr Peninsula, on the Wrangell Island and on the Greenland Island) 

genetic structure was studied using ISSR-PCR (Inter-Simple Sequence Repeat). Twenty animals 

were brought to the Wrangell Island from the Nunivak Island (the USA). From the same initial 

population on the Taimyr Peninsula 20 musk oxen and 10 animals from the Banks Island 

(Canada) were inhabited.  

To the Nunivak Island the population have been imported from eastern Greenland. 

Population of musk oxen inhabited at the Banks Island was sufficiently large and heterogeneous.  

West Greenland population (the Greenland Island) in our studies was used for comparison as 

successfully reintroduced (musk-ox-founders were moved from the native populations of the 

eastern part of Greenland). To investigate the genetic structure of populations (estimate of the 

proportion of polymorphic loci, polymorphic information content of each locus - PIC) ISSR-

PCR method was used. As the primers in polymerase chain reaction (PCR) fragments of di-and 

trinucleotide microsatellites with anchor nucleotides (AG)9C, (GA)9C, (GAG)6C was used. 

 Each amplification product was considered as a separate locus. 

 Total polymorphism was estimated by 20 loci. Monomorphic (conservative) and 

polymorphic DNA fragments of specific length, flanked by inverted repeats of these primers was 

defined.  

Monomorphic for all populations of musk oxen were the following loci: in the amplicons 

spectra of PCR primer (AG)9C DNA fragment length 450 bp, primer (GAG) 6C - 600 and 510 

bp, primer (GA) 9C - 570 and 500 bp.  In the spectra of PCR primers (GAG) 6C only among 

musk oxen of the Wrangell Island's population a DNA fragment 910bp in lengt was met, this 

fragment apparently can be a marker for this population. Comparative analysis of PIC values for 

all three populations of musk oxen indicates that the population of the Wrangell Island is 

different from the other two with the lowest average heterozygosity. Genetic distances, reflecting 

the specific characteristics of genetic differentiation between the studied populations, were 
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highest between a group of animals from the Wrangell Island and the other two, in comparison 

with the genetic distance between populations of  the Greenland Island and Taimyr Peninsula. 

 On the basis of calculating the values of genetic distances by the method of Nei, 1972 

constructed a general dendrogram that takes into account all the received loci showing genetic 

relationships between the studied groups of animals.  

Obtained data shows the complexity of the genetic processes occurring in generations 

reintroduced on the Wrangell Island and the Taimyr Peninsula populations of musk oxen.  

Spectrum of the amplification products can identify a number of molecular genetic 

markers of various genomic sites, which may be used later to control the dynamics of the genetic 

structure of each population and to take appropriate measures to preserve population. The lowest 

level of heterozygosity (PIC) we have identified at musk ox of Wrangellôs population, which 

may indicates its determine a disadvantage, probably due to the relatively high level of 

inbreeding. Comparing information about importation of animals and the dates of our study, it 

must be concluded that for introduction as a founding population the maximum possible number 

of animals from heterogenous population or from genetically unrelated population should be 

used. 
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Transcription factor CodY is a global regulator of nutrient limitation and amino acid 

metabolism in Firmicutes studied mostly in B. subtilis. Starting with a set of 42 experimentally 

verified binding sites in B. subtilis (Belitsky and Sonenshein 2008 and B. Belitsky, personal 

communication), CodY regulon was analysed in Bacillaceae using comparative genomics 

methods. We show that CodY regulon in Bacillaceae consists of at least 135 clusters of 

orthologous operons having conserved binding sites. 
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Restriction-modification (R-M) systems prevent host cells from invasions of foreign (e.g., 

phages) DNA. A typical R-M system has two activities: (1) DNA cleavage in specific sites, 

which results in destroying of the foreign DNA; (2) DNA methylation of the same sites, 

preventing cleavage of the host DNA. In addition to anti-phage protective role of R-M systems, 

they were hypothesized to be selfish genetic elements [1]. Each activity of an R-M system may 

correspond to a single protein (a restriction endonuclease (RE), a DNA-methyltransferase (M), 

or a fusion RM protein), or a complex of proteins. For all annotated R-M systems, genes of 

separate RE and M proteins are linked in prokaryotic genome [2, 3]. R-M systems are classified 

into four types (IïIV) [2]. In this work we deal with R-M systems of types I, II, and III, which 

cleave non-modified DNA sites. 

To reveal diversity of R-M systems, we have studied the distribution of R-M systems 

(data from REBASE [3]) in 1032 complete prokaryotic genomes (including available data on 

plasmids). Here we discuss: (i) life-style of the organisms free of R-M systems and ones 

possessing extremely high number of them, (ii) distribution of complete and incomplete (i.e. 

lacking RE or M gene) R-M systems, and (iii) existence of a number of scattered R-M systems.  

We found 75 genomes free of R-M systems, 73% of them are genomes of intracellular 

endosymbionts. As much as 65% of intracellular endosymbionts and only 2% of free living 

prokaryotes are free of R-M systems. Absence of R-M systems highly correlates with absence of 

CRISPR cassettes, another prokaryotic anti-phages protection system. Data on distribution of 

CRISPR cassettes in complete prokaryotic genomes were downloaded from IMG database [4]. 

We suppose that most prokaryotes having no known protective systems actually do not meet any 

bacteriophages in their life. These data in association with Ichizo Kobayashi hypothesis [1] 

allows to interpret the relations between R-M systems and their hosts as mutualistic. 

In 957 genomes we identified 2257 complete and 3017 incomplete R-M systems. The 

majority of prokaryotic genomes carry 1ï4 complete and 1ï4 incomplete R-M systems. Only a 

small fraction of incomplete R-M systems have known biological role (Dam methyltransferases 

are among them). Thus, either genes of incomplete R-M systems play yet unknown biological 

role or incomplete R-M systems are disabled. In the latter case, a large number of incomplete R-

M systems points to active R-M expanding that confirms Kobayashi hypothesis. 
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Among incomplete R-M systems we found 135 putatively active RE genes lacking paired 

active M gene in its vicinity (solitary RE genes). Among them there are 62 of type I, 38 of type 

II and 35 of type III. Note that bacteria with a functional RE gene of type II R-M systems cannot 

survive without corresponding active M gene (single RE molecule of such systems will cleave 

the unmodified host DNA). We proposed that in such cases the cell death may be prevented by a 

gene of a paired active M localized rather far from the RE gene in the genome. Here such R-M 

systems are called scattered R-M systems. 

For each solitary RE gene and a candidate to a paired M gene, genomes carrying 

orthologs of both RE and M genes were determined. Bidirectional Best Hits method was used for 

orthologs detection. Such pairs (RE gene, M gene) were considered as putative scattered R-M 

systems. 19 scattered R-M systems of type I and 10 scattered R-M systems of type II were found 

(see Fig. 1 for examples). Existence of remaining solitary RE genes may be explained either by 

the lost of their functionality or by a presence of a paired M gene in a plasmid genome. 

 

 

Fig. 1. Scattered R-M systems. Orthologous proteins are filled similarly. A) Scattered R-M system of type II in the 
genome of Bordetella pertussis compared to the R-M system of Bordetella bronchiseptica. B) Scattered R-M system 

of type I in the genome of Staphylococcus aureus MRSA252 compared to the R-M system of Staphylococcus 
saprophyticus (see text for explanation). 

 

In [5] activity of genes of RE, and both paires of M and S subunits (S is the recognition 

subunit for type I R-M system) of S. aureus (Fig.1B) was demonstrated experimentally. 

Functional cleavage complex RE2M2S can be formed either by one pair of (M,S) genes, or by 

another pair. On the best of our knowledge, this is the only described in literature example of R-

M system, considered as scattered in our terminology. 

Our findings of other scattered systems, in the case of experimental confirmations, may 

shed light on complicated relations between RE and M genes in host genomes.  
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2. Wilson G.G. 1991. Nucl. Acids Res. 19: 2539ï2566.  
3. Roberts, R.J., Vincze, T., Posfai, J., Macelis, D. 2010. Nucl. Acids Res. 38: D234-D236. 
4. Kyrpides N. C. et al. 2010. Nucl. Acids Res. 38: D382-D390. 

5. Lindsay J. A., Waldron D. E. 2006. Journal of Bactriology. 188 (15): 5578ï5585. 
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In the last two decades, analysis of genetic variation data, particulalry single nucleotide 

polymorphisms (SNPs), has been widely applied for the study of populations, and resulted in the 

discovery of genetic risks for disease, as well as the characterization of evolutionary processes, 

such as the inference of recombination hotspots, and regions under selection. The 

characterization of the genetic diversity across different populations has been playing a central 

role in these studies; particularly, such characterization is used for population stratification in 

genome-wide association studies [1], and for the discovery of novel associations of SNPs to 

disease through admixture mapping. Moreover, by exploiting the differnces in genetic variation 

across different populations, it has been possible to detect genes that have been under selection, 

and to learn about human history [2, 3, 4, 5, 6, 7, 8]. 

Genetic variation is useful in understanding all the above as the genetic information of an 

individual carries with it the history of her ancestrals. In particular, it has been shown several 

times that genetic variation encodes with high accuracy an individualôs geographic origin even in 

closely related populations such as the European populations [9]. 

The information obtained from the DNA, the genotypes of a sample of individuals from a 

population, is a multidimensional data which can be thought of as a matrix of individuals and 

SNPs. Principal component analysis (PCA) is typically perforemed in order to relate the 

individualôs genotype to its geographic location. PCA projects information from hundreds of 

thousands of genetic variants onto two dimensions which maximize the observed variance. In [9] 

it is shown that the projections of individuals on these principal components mirror the locations 

of their ancestral populations with a remarkably high resolution. The underlying cause of this 

observation is that genetic variation encodes spatial structure [5]. That is, individuals originating 

close to each other tend to have more similar genetic variation than individuals who originate 

from different regions. 

Prinicipal Component Analysis is a natural choice for the analysis of genotype data, as it 

is a classical statistical tool for dimension reduction, which has been well studied in a number of 

areas, including statistics, machine learning and pattern recognition. Mathematically, PCA looks 

for the low-rank approximation to the covariance matrix among all the samples. While PCA 

remarkably captures the locations of individuals, the principal components themselves only 

indirectly capture the spatial structure of genetic variation, and it lacks direct model-based 

interpretation. In this paper we propose an alternate, more natural approach for modeling spatial 

structure of genetic variation where we explicitly model how the allele frequency of each SNP 

changes as a function of the location of the individual in space (i.e., the allele frequency is a 
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function of the (x, y) coordinates of an individual in the map. We derive an Expectation-

Maximization algorithm that simultaneously estimates the position-specific allele frequencies of 

all SNPs, and the (x, y) map-coordinates of each genotype in the sample. 

We demonstrate the utility of our model in a few scenarios. First, by utilizing the fact that 

our model provides an explicit representation of the allele frequency as a function of the map 

coordinates, we demonstrate that the model can predict the geographical origins of an individual 

even in the case that the individual is of mixed ancestry (e.g., Spanish mother and Swedish 

father); in contrast to PCA, which will map such an individual to central Europe, our approach 

maps the two parents directly. Second, we detect regions under selection by searching for SNPs 

in which the gradient of the allele frequency function differs significantly from the average 

gradient across all SNPs. Our prediction for regions under selection is consistent with previous 

methods for selection detection, such as iHS [10] and Fst [11], and regions under selection such 

as the LCT and HLA regions stand out clearly using our method. In contrast to previous 

methods, however, our method does not require a homogeneous population (such as in the case 

of iHS), or a dichotomous parition of the population into subpopulations (e.g., in Fst analysis). 

This allows us to detect additional signals of selection across the genome that were not detected 

previously. Finally, we extend our approach to model spatial structure over the unit sphere to 

predict the spatial structure of worldwide populations. 
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The evolution of a group of taxa or genes is generally perceived as a single tree. However, 

Analyses based on data from different genes return different trees. Moreover, different analysis 

on a data also result different trees. So, phylogeneticists often confront with several different 

trees and want to summarize the collections of partial phylogenetic trees in the form of 

supertrees or supernetworks. In this paper, we introduce a new algorithm based on simulated 

annealing for constructing phylogenetic supernetworks from partial trees. Before describing the 

algorithm, first we summarize some necessary concepts. 

Suppose that X is a finite set of taxa. A split  of X is a bipartition of X, i.e., a partition of X 

into two non-empty sets or parts A and B with AẕB=X and AžB =‰. A split A|B is called partial 

split if AẕBṒ X. A phylogenetic tree (on X) is a tree with leaves labelled by X. Each edge of a 

phylogenetic tree naturally gives rise to a split. A collection of splits of X is circular if it has the 

followi ng property: There exists an ordering  of X such that every split is of the form 

 for some  and , . We say that a split is 

realized by a circular ordering if it has above property. A. Dress and D. H. Huson proved that 

circular collections of splits always have a planar splits graph representation [1]. 

Now, suppose a collection of partial trees is given. Our algorithm, SNSA (Super Network 

Simulated Annealing), extracts all partial splits from partial trees. Then it tries to find a circular 

ordering based on simulated annealing such that the number of realized partial splits is maximal. 

After producing circular ordering, the collection of splits obtained from the circular ordering are 

weighted using non-negative least squares. Then, we use SplitsTree4 program [2] to draw 

supernetworks from these weighted splits. 

To illustrate the applicability of SNSA, we performed it on 2 biological datasets, which are 

available in splitstree4 program, and compared the outputs with Z-Closure [3]. Figures 1 and 2 

show the supernetworks obtained by both algorithms. For small dataset, 2galles, the outputs of 

both algorithms are the same (Figure 1). But for large dataset, fungi, the results are different 

(Figure 2). According to what we see in figure 2, it seems that both algorithms give the same 
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classification of taxa and exhibit the same major splits. But the supernetwork obtained by SNSA 

is simple and less complicated than supernetwork obtained by Z-Closure. One of the main 

advantages of SNSA is that it produces a planar network. So, analysis of supernetworks obtained 

by SNSA is more comfortable than supernetworks obtained by Z-closure. 

 

  

Figure1. The SNSA network (Left) and the Z-Closure network (Right) for the 2galles data set. 

  

Figure2. The SNSA network (Left) and the Z-Closure network (Right) for the fungi data set. 
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