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This year, we received a number of quality poster abstracts with authors coming from a 

total of 18 different countries. The abstracts were carefully reviewed by the poster 

committee members who also made recommendations for the selection of the oral 

presentations. In total 103 posters were accepted and of these 9 were selected for oral 

presentation. We would like to thank all the people who submitted posters and 

participated in the workshop. 
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Structural Difference with Temperature in Prokaryotic

Metabolic Networks and a Hypothesis of Its Origin

Kazuhiro Takemoto1 Jose C. Nacher2 Tatsuya Akutsu1

takemoto@kuicr.kyoto-u.ac.jp nacher@fun.ac.jp takutsu@kuicr.kyoto-u.ac.jp

1 Bioinformatics Center, Institute for Chemical Research, Kyoto University, Gokasho,
Uji, Kyoto 611-0011, Japan

2 Department of Complex Systems, School of Systems Information Science, Future
University-Hakodate, Kamedanakano-cho, Hakodate, Hokkaido 041-8655, Japan

Keywords: metabolic network, extremophile, growth temperature, network model

1 Introduction

Most positively selected mutations cause changes in metabolism, resulting in a better-adapted phe-
notype. We often focus on adaptation to temperature when we consider such adaptive evolution. Up
until now, several works have revealed the adaptive differences as a result of temperature for structural
and sequence properties of transcriptomes and proteomes [1]. However, temperature-dependent differ-
ences in metabolism are unclear. This is because it is difficult to quantify metabolism. In recent years,
however, the quantification has become possible by representing metabolism as a network (graph) [2].

In this work, we reveal structural differences with temperature in prokaryotic metabolic networks
via graph-theoretical analyses (see also [3] for details), and speculate on the origin of the differences
via a network model.

2 Method and Results

2.1 Network analysis

First, we investigate structural differences of metabolic networks. We selected 113 prokaryotes from
KEGG (http://www.genome.jp/kegg/) whose optimal growth temperature is also available in PGTdb
(http://pgtdb.csie.ncu.edu.tw/), and downloaded the metabolic pathway data of these prokary-
otes. We then constructed, from the data, metabolic networks in which nodes and edges are, respec-
tively, metabolites and binary relationships between them. We also evaluated correlations between
optimal growth temperature and structural properties of the metabolic networks.

As a result, we found that the edge density, which is the ratio of the number of edges to the number
of nodes, and the clustering coefficient [2] decrease with temperature, and that the degree exponent
[2] increases with temperature. In Fig. 1 (A), we only show the correlation between the clustering
coefficient and optimal growth temperature because of insufficient space.

2.2 Network model

Next, we consider the origin of the structural differences with temperature. We propose a network
model with two parameters p and q (see poster for details), where p is the appearance frequency of a
short-cut path, which reduces the minimum distance between two nodes on a network, and q is the
probability that triangles are generated by the resulting appearance of the short-cut path.

#1
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Figure 1: (A) Correlation between the clustering coefficient and optimal growth temperature (r =
−0.58 with P -value < 0.01). (B) Comparison between predicted clustering coefficient from our model
Cpred and the real one Creal. The dashed line shows Creal = Cpred. (C) Correlation between the
parameter p and optimal growth temperature (r = −0.55 with P -value < 0.01)

As a result, we found that this model reproduces several structural properties both qualitatively
and quantitatively. Fig. 1 (B) shows the comparison between the predicted clustering coefficient from
our model and the real one, and Fig. 1 (C) shows the correlation between the parameter p and optimal
growth temperature. Both figures are simplified because of insufficient space, though we also found
that the parameters p and q decrease with increasing temperature.

3 Discussions

We have shown that the metabolic networks present different structural properties at different temper-
atures. In addition, our model suggests that the structural differences are due to the appearance of the
short-cut path. In particular, the negative correlation between the parameter p and temperature (Fig.
1 (C)) indicates that the emergence of short cut paths (enzymes) is inhibited at high temperature.
That is, it might be hard for new proteins to be selected at high temperature. This might be caused
by strong selective constraint (negative selection) at high temperature [4]. In addition, the negative
correlation between the parameter q and temperature suggests that the short-cut path is a bypass of
a relatively long path at high temperature.

Our finding implies how temperature, which is an exogenous force, influences the shape of metabolic
networks. Therefore, further studies in this line of research may provide valuable insights into evolution
of metabolic networks.
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1  Introduction  

Metabolic engineering aims at improving the metabolic capabilities of industrially relevant 
microorganisms during their cultivation [1]. A kinetic simulation model of metabolic pathways that describes 
the dynamic behavior of metabolites is efficient for creating the optimal design of bioreactors and developing 
operation strategies with minimum exertion. Furthermore, sensitivity analysis by the kinetic simulation 
model could reveal which pathways have impact on high production of target products. 

Currently using renewable resources, acetone-butanol-ethanol (ABE) fermentation is becoming very 
attractive for the production of chemicals and liquid fuels. Since the metabolic pathways of ABE 
fermentation were quite complicated [2], there was no report on a development of kinetic simulation model 
describing dynamic behaviors of reactants in ABE fermentation. In order to successfully create an optimal 
design for bioreactors and develop operation strategies for ABE production, we developed a kinetic 
simulation model of metabolic pathways in this study. Furthermore, we carried out sensitivity analysis to 
assess its validity and to reveal which pathways have impact on high production of butanol. 

 
2  Methods and Results  

Modeling and simulation were conducted using WinBEST-KIT (Biochemical Engineering System 
analyzing Tool-KIT [Windows version]) [3]. Kinetic simulation model of metabolic pathways was 
developed with considering substrate utilization rate, production rate and cell growth rate. The model for 
simulation was developed based on the metabolic pathways of Clostridium acetobutylicum ATCC824T 
[2]. Since butanol inhibited glucose utilization and butanol production in ABE fermentation [2], we 
introduced the inhibition term to the model. Furthermore, to consider the cessation of metabolic reactions 
after glucose exhaustion, an on-off mechanism [3], which was changed depending on glucose 
concentration, was introduced into equations of metabolic reactions accompanied with ATP, ADP, 
NADH or NAD+. The values of kinetic parameters were estimated to realize the experimental data of batch 
culture by C. saccharoperbutylacetonicum N1-4 with 70.6 mM of initial glucose. To confirm the validity of 
the estimated values of kinetic parameters in the model, we compared the calculated time-course results with 
experimental data obtained in the case of 36.1, 122 and 295 mM of initial glucose, respectively. The average 
squared correlation coefficients (r2) between simulation results and experimental data were calculated to 
determine the accuracy of the models quantitatively. 

In the simulation result, both organic acid reassimilation and solvent production terminated after glucose 
exhaustion, which showed qualitative consistency with the experimental time-course data (Fig.1). The 
average r2 of each metabolite with the initial glucose concentrations of 36.1, 70.6, 122, and 295 mM were 
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calculated to be 0.850 for biomass, 0.972 for glucose, 
0.970 for acetate, 0.983 for acetone, 0.644 for butyrate, 
and 0.984 for butanol, and 0.901 for total. Thus, the 
model is one of the best model-candidates of ABE 
production that can realize the experimentally obtained 
time-course data of the target metabolites over a wide 
range of initial glucose concentration [4]. 
  Secondly, sensitivity analysis was carried out to 
assess the impact on endpoint butanol production given 
a 5% increase in each kinetic parameter in rate 
equations with initial glucose concentration of 70.6 
mM. We assessed the endpoint deviation (ED) of 
butanol to reveal which reaction pathway has impact on 
butanol production. As a result, the greatest impact on 
ED of butanol is R1 in Fig. 2. The increase in R1 
caused negative ED which means negative contribution 
to butanol production; a 5% increase in Vmax of R1 
resulted in a 1.52% decrease in ED. The second impact 
reaction on ED of butanol was R19 in Fig.2; a 5% 
increase in Vmax of R19 resulted in a 1.06% increase in 
ED, which showed positive impact of Vmax of R19 on 
butanol production. R14, R15, R17, and R18 in Fig. 2 
had also great impact on ED of butanol. R15 and R17 
represent the butyrate utilization by CoA transferase 
and the reverse reaction of butyrate production, 
respectively. The sensitivity of butanol production by a 
5% increase in R15 was negative while the sensitivity 
in R17 was positive; a 5% increase in Vmax of R15 resulted in a 0.87% decrease in ED, and a 5% increase in 
Vmax of R17 resulted in a 0.98% increase in ED. Comparing the result of R15 with that of R17, reassimilation 
of butyrate by R17 was more important for high butanol production than that by R15. Therefore, we could 
predict which pathway has more impact on the higher butanol production by using developed model. 
 
3  Discussion 
 The main target of metabolic engineering is metabolic 

pathways and its goal is the optimization of yield of some 
desired metabolites. The goal of optimization is to identify 
the best possible outcome, and from the view point of 
mathematics, the outcome is the value of some function 
often called objective function, and the best possible is the 
maximum or minimum of the objective function. That is, 
optimal control is to estimate the values of time-dependent 
control variables for maximizing or minimizing the 
objective function. What is the best optimal strategy for 
maximizing the butanol production? Related to this 
problem, we have analyzed the time-sliced metabolic flow 
of each pathway in ABE fermentation; once fixed the kinetic 
parameters in the dynamic simulation model, we can examine the time-variant change in every metabolic 
flow during the transient time period, which leads us to the prediction on the target pathway to be controlled. 
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Figure 1: Time-courses of target metabolites in Model III. 
Initial concentration of glucose; (a)36.1 mM, (b)295 mM. 
sim, simulation result; exp, experimental data. 
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Figure 2: Metabolic pathway of ABE fermentation 
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1 Introduction

Discovery of structured protein groups that exhibit some forms of interactions is important in the study
of biological processes. We focus on mining structured pair of protein groups that can be represented
by maximal quasi-biclique. A maximal quasi-biclique is a subgraph which consists of two disjoint
vertex sets that has edges between them. The concept of quasi allows some missing edges between
the two vertex sets, so every vertex in one vertex set need not be adjacent to all vertices in the other
vertex set. A quasi-biclique is a maximal when it is not a proper subset of another quasi-biclique. The
formal definition of maximal quasi-biclique is found in [2].

Our work is motivated by the limitation of using maximal bicliques in Li et al. [1]. Maximal
biclique is a more stringent form of maximal quasi-biclique, where every vertex in a vertex set is
adjacent to all vertices in the other vertex set. Thus, a pair of protein groups represented by maximal
biclique exhibits an all-versus-all interaction whereas a pair of protein groups represented by maximal
quasi-biclique exhibits a most-versus-most interaction. Li et al. observe two characteristics of protein
interaction data sets that impede the usage of maximal bicliques. (1) Not all pairs of protein groups
exhibit all-versus-all interactions. Using maximal bicliques to mine will omit significant pairs of protein
groups that exhibit most-versus-most interactions. (2) Protein interaction data sets are incomplete
and are constantly updating. The data sets also contain errors; an interaction between proteins may
be omitted, yielding a false negative, or an interaction between proteins may be wrongly indicated
to exist, yielding a false positive. Hence maximal biclique suffers when applied to incomplete and
erroneous data sets.

We can use maximal quasi-bicliques to mine pairs of protein groups that exhibit most-versus-
most interactions. And with regards to the second characteristic of protein interaction data sets,
maximal quasi-bicliques attempt to reduce the negative impact of incomplete and erroneous data set
by generalizing maximal biclique through tolerating missing edges.

2 Experimental Method and Results

The yeast (Saccharomyces cerevisiae) protein-protein interaction (ppi) dataset was downloaded from
the Database of Interacting Proteins (DIP) on 23rd October 2005. This dataset is modeled by an
undirected graph where the proteins are represented by the vertices and an interaction between a pair
of proteins is represented by an edge between the corresponding pair of vertices. After removing all
the complex-level experiments, the graph contains 4959 vertices and 10,640 edges.
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Table 1: No. of maximal quasi-bicliques/bicliques mined from yeast ppi dataset and their significance.

basic results group validation pair validation

ms ε pairs covered domains validated groups (rate) iPfam pairs Interdom pairs

11 0 53 386 92 (86.79%) 0 5
1 7251 1657 12423 (85.66%) 128 420

12 0 4 24 7 (87.50%) 0 0
1 1381 1509 2353 ( 85.19%) 28 115

13 1 79 318 104 (65.82%) 0 0

14 2 1150 1164 1961 (85.26%) 22 67

15 2 13 118 25 (96.15%) 0 0

16 3 12 87 17 (70.83%) 0 0

17 4 15 86 19 (63.33%) 0 0

Using this yeast ppi dataset, we mine both maximal quasi-bicliques and maximal bicliques. The
maximal quasi-bicliques are mined from the yeast ppi dataset using CompleteQB [2] and the maximal
bicliques are mined using the method described in [1]. We then use the validation techniques [1] –
group validation and pair validation – to verify if using maximal quasi-bicliques has more significant
discoveries than using maximal bicliques.

We compared the results obtained from maximal quasi-bicliques and maximal bicliques by varying
the error tolerance rate ε while maintaining a constant minimum support ms on the number of vertices
in the maximal quasi-bicliques/bicliques. Table 1 presents the result. The third column pairs shows
the number of maximal quasi-bicliques/bicliques mined at a given ms and ε. The results with ε = 0
are obtained with maximal bicliques, whereas the others are obtained with maximal quasi-bicliques.
For ms ≥ 13, no maximal bicliques are found but we are still able to find maximal quasi-bicliques by
increasing ε. This demonstrates the flexibility of maximal quasi-bicliques, whereby large interacting
pairs of protein groups can be obtained by relaxing the all-versus-all constraint of maximal biclique.

We know a maximal quasi-biclique/biclique represents a pair of protein groups and we validate
each protein group using group validation. For the results on covered domains, at ms = 11 and
ms = 12 with ε = 1, we are able to obtain 4.5 and 62.9 times more covered domains respectively
by using maximal quasi-bicliques. Similarly for the results on validated groups for ms = 11 and
ms = 12, using maximal quasi-bicliques enable us to obtain 135 and 336 times more validated groups
respectively. The validated groups rate in the fifth column indicates that a high percentage (> 80%)
of interacting protein groups generated by maximal quasi-bicliques can be mapped to domains in the
domain database, and there is no obvious decrease of the validated rate.

For the validations on pairs of protein groups, at ms = 11 and ms = 12 and by using maximal
bicliques, we can only find 5 pairs of groups that can be mapped to domain-domain pairs and they
are only found in the Interdom database. By using maximal quasi-bicliques, we can map 691 pairs of
groups to domain-domain pairs in both domain-domain interaction databases, iPfam and Interdom.
Apparently, we are able to discover more relationships between interacting protein group pairs and
domain-domain pairs.
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Abstract 

 
     Emerging infectious diseases and drug resistant strains of current pathogens are a threat to public health, but few 
comprehensive resources exist to study the underlying problem of antigenic variation. Antigenic variation is the 
mechanism by which pathogens alter their antigenic signature in order to evade recognition and clearance by the 
immune system. The varDB database (http://www.vardb.org/) is a curated collection of protein and nucleotide 
sequences involved in antigenic variation in pathogens. The database provides a compilation of annotated genome 
sequence data on antigenic variation strategies as well as integrated tools to facilitate comparative analysis within and 
among taxa. The current release contains 5,000 sequences from 35 gene families and 32 different pathogenic organisms. 
The aim of varDB is to serve as a central site for antigenic protein families from all pathogens, enabling researchers to 
compare pathogenic mechanisms across taxa with the goal of identifying common mechanisms of pathogenicity to 
assist in the fight against a range of important diseases. 
 
Keywords: antigenic variation, genomics, infectious diseases, PfEMP1 
 
1  Introduction  
 
     Diseases such as malaria, AIDS, and tuberculosis are responsible for millions of deaths per year, but 
pathogens in this class share sophisticated mechanisms that enable them to alter or switch their antigenic 
signatures in order to evade recognition and clearance by the immune system, greatly complicating drug and 
vaccine development efforts. There are a number of databases devoted to immunology or sequence analysis 
of one or a limited group of pathogens, but there is no centralized resource dedicated to compiling antigenic 
variation data across multiple taxonomic groups. VarDB (http://www.vardb.org/) is intended to serve as a 
central resource for analyses of antigenically variable protein families from a range of pathogenic organisms. 
The primary application of varDB is querying and retrieving sequence data from gene and protein families 
involved in antigenic variation.  Search results can be filtered using a hierarchical filtering tool, and several 
custom motif detection algorithms and sequence alignment tools are provided to identify statistically 
significant patterns. 
 
2  Method and Results  
 
     Medically and scientifically important viruses, bacteria, fungi, and protists that have been shown to 
demonstrate antigenic variation were selected for inclusion in varDB. Gene and protein families involved in 
antigenic variation were identified from the literature, and sequence data was compiled from NCBI, 
KEGG[2], and relevant genome sequencing projects using a combination of keyword and BLAST[1] queries. 
Additional sequences were retrieved from domain-specific databases, motif-based search tools, and 
accession numbers referenced in the literature. Users can also upload their own sequences for analysis. 
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     A local BLAST database is provided to find related sequences across taxa, and results can be filtered 
using a variety of criteria (e.g., similar symptoms, geographic location, taxonomic category). When a set of 
sequences is selected, an interactive workspace is created for viewing and organizing the sequences (Figure 
1). Several integrated tools are available for visualizing, analyzing and annotating sequence data. Sequence 
variation is analyzed using an entropy-based variability score[3]. Conserved domains are annotated, and 
motif detection tools are provided to identify common motifs and repeats. 

 

 
Figure 1: In the workspace view (upper left), sequences can be edited, aligned, annotated, and filtered using a 
hierarchical labeling system. Database entries can also be searched by keyword or BLAST and are organized 
by disease, taxonomic category (upper right), pathogen (lower right) and gene family (lower left). 
 
3  Discussion 
 
     The ability to perform comparative analyses over diverse taxa should assist in the elucidation of 
biological mechanisms of pathogenicity and increase our ability to identify new biological pathways, drug 
targets, and therapeutic interventions. In combination with existing resources, varDB should be a valuable 
tool in the ongoing fight against infectious organisms. 
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Abstract 
 

We developed an elegant and intuitive method called Local Singular Value Decomposition (LSVD) to 
identify genomic regions of recurrent amplification (amplicons) using massive microarray gene expression datasets. We 
show that the LSVD identifies amplicons associated with the well-known oncogenes in breast cancer.  
 
Keywords: Genomic amplification, Gene expression, Singular Value Decomposition. 
 
1  Introduction  
 
Regions of recurrent genomic amplification are believed to contain oncogenes vital to the growth and 
progression of cancer, and may be of prognostic value in the clinic. The established correlation of induced 
gene expression and genomic amplifications along with the availability of the massive gene expression 
datasets in public databases for various cancers warrants the development of scalable and accurate methods 
to identifying such amplicons. The analysis of expression datasets for amplicons is indispensable as the 
corresponding DNA samples or aCGH datasets are not available and amplification in a region may occur in a 
relatively smaller subset of tumors. To circumvent these problems and to utilize the publicly available 
massive gene expression datasets, we developed an elegant and intuitive method called Local Singular Value 
Decomposition (LSVD) to identify recurrent genomic amplicons from gene expression measurements. LSVD 
identifies a region as amplified if it has consistently induced genes in a coordinated fashion among a subset 
of tumors. An application on a breast tumor data shows the efficacy of the LSVD. 
 
2  Method  
 
Singular Value Decomposition (SVD) [1] is a rectangular matrix factorization method: A matrix Amxn of 
dimensions m and n is decomposed into the product of three matrices i.e. Umxk ∑kxk Vnxk

T: (1) Umxk , matrix of 
eigen vectors of AAT; (2) ∑kxk, a diagnol matrix of the eigen values of AAT or ATA; and (3) Vnxk, a matrix of 
eigen vectors of ATA. It has been known that SVD of a matrix of a bi-partite graph reveals highly 
inter-connected sub graphs in it [2]. The eigen vectors corresponding to the principal eigen value or the 
largest eigen value represents the dominant densely connected subgraph present in A. The principal eigen 
value indicates the strength of the coordinated connectivity of the sub-bipartite graph. The principal eigen 
vectors in U and V indicates the participation of each gene and sample nodes, respectively, in such sub-graph. 
The direct application of SVD on gene expression data to discover genomic amplifications suffer from two 
defects: (1) the order independence of nodes in the matrix A while the genomic amplifications are defined 
based on the localization of the involved genes; (2) multiple coordinated groups of genes and samples mask 
each other or confuse each other. We address them by LSVD which is essentially a local application of SVD 
on each window of genes localized at a position on the chromosome under consideration. It means the ‘A’ 
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changes to ‘Aci’ to indicate that the expression matrix is derived using genes from position ‘i-w’ to ‘i+w’ on 
chromosome ‘c’ where ‘w’ is the window size, a predefined parameter. The corresponding principal eigen 
value is denoted by ‘λci’. Plotting ‘λci’ vs. ‘i’ gives the plot of putative expression amplicons (PEAs). Higher 
the value of  ‘λci’, higher the confidence of expression amplicon at ‘i’. The peaks in this plot show the 
potential expression amplicons. For to improve the contrast of real PEAs prediction we use SVD on 
(AciAci

T)3 instead of Aci to find ‘λci’. The eigen weights of tumors and genes are obtained from the principal 
eigen vectors of (Aci

TAci)4 and (AciAci
T)4 respectively. Now, ‘λci’ is the fourth root of the principal eigen value 

of (AciAci
T )4 and the eigen weights of genes and tumors are the fourth root of the respective components of 

the principal eigen vectors of  (AciAci
T )4/M4  and (Aci

TAci )4/M4 respectively. This operation helps in 
improving the contrast between the real expression amplicons contributed genes-tumors from that do not 
contribute. The relative amplification of the principal eigen value and the attenuation of the remaining eigen 
values greatly improves the detectability of the principal cluster in the background of noise. Note that, the 
principal eigen vectors do not change by the above transformation. 
 
3  Results 
 

We have applied LSVD on a massive breast cancer gene 
expression dataset from Miller et al [3], containing 260 
tumors and >44000 probes representing >28000 
unigene clusters, to identify amplicons. We used a 
chromosomal sliding window of 10 probes and the 
expression was binarized to be 1 if it was more than 
Median+3.5MAD, 0 otherwise. The known oncogenes 
[4] and the detection of their regions of amplification 
above the local moving average of principal eigen 
values are shown in the table. The False Negative rate is 
~15% which is due to the weak expression of 
corresponding regions in this cohort (e.g. ZNF217 on 
chr20). This is more of the limitation of the data, not of 
the method. 
 
4  Discussions 
 
We have shown that the LSVD method successfully 
identified several well-known regions of genomic 
amplifications in a breast cancer cohort. Moreover, it 
elicits the tumors which have particular amplifications 

and ranks the genes based on their potential oncogenic or tumor suppression characteristics. Moreover, 
LSVD may distinguish amplificons from the co-localized co-regulated genes using statistical properties of 
the principal eigen weights of tumors and genes (results are not shown here). 

Oncogene Location  Detection
HOXD10 Chr2-177Mb √ 
PTPLB Chr3-125Mb √ 
MSX1 Chr4-5Mb √ 
MYB Chr6-135.5Mb √ 
EGFR Chr7-55Mb √ 

LSM1/BAG4 Chr8-38Mb √ 
FGFR1 Chr8-38.4Mb √ 
CCNE2 Chr8-96Mb √ 
MYC Chr8-129Mb X 

PTPLA Chr10-17.6Mb √ 
HRAS Chr11-0.5Mb √ 

CCND1 (PRAD1) Chr11-69Mb √ 
MDM2 Chr12 (67.5Mb) √ 
ERBB2 Chr17-35Mb √ 

PPM1D/TBX2 Chr17-56-57Mb √ 
BCL2 Chr18-59Mb √ 

CCNE1 Chr19-35Mb X 
ZNF217 Chr20-52Mb X 

DcR3/TNFRSF6B Chr20-62Mb √ 
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1 Introduction 
 
In many of the chemical reactions in living cells, enzymes act as catalysts in the conversion of certain 
compounds into other compounds. The pathway of a reaction is generally called the “metabolic pathway,” 
which is often abbreviated simply to “pathway.” We focused on “pathway duplication,” which is one of the 
hypotheses explaining the evolution of the metabolic pathways. Pathway duplication suggests that evolution 
has occurred through duplication of the genes encoding proteins within a pathway [1]. To analysis of 
pathway duplication, we developed a scoring system to express the degree of similarity between reactions 
based on their compounds similarity. We introduced the scoring system to the local alignment algorithm 
based on dynamic programming to align between two pathways [2]. However, the alignment score was 
influenced by the sequence size. In this paper, we propose a Z-score of the alignment score for metabolic 
pathway alignment.  
 
2  Method and Results  
 
For reaction sequences 11 12 1, , mr r r and 21 22 2, , nr r r as input, the alignment algorithm uses a matrix M . 
Let [ , ]M i j ( 0 ,0i m j n≤ ≤ ≤ ≤ ) be a matrix initially filled with zeroes. The local alignment based on 
dynamic programming arranges the elements in each pair of sequences in two dimensions, and fills the 
matrix from left to right and top to bottom based on the following recursive relation transform M : 

1 2[ , ] max{0, [ 1, 1] ( , ), [ 1, ] , [ , 1] }i jM i j M i j S r r M i j g M i j g= − − + − − − − .             (1) 
Here we set the gap penalty g to 0.001. 

1 2( , )i jS r r is reaction similarity between two reactions. The similarity between reactions is defined with 
reference to similarity between the chemical structures of the pair of compounds involved. We convert the 
chemical structures of compounds to bit-strings, typically showing the presence (bit=1) or absence (bit=0) of 
a predefined structural element based on the MACCS keys [3]. To define the degree of 
similarity 1 2( , )T c c between bit-strings 1c and 2c , we used the Tanimoto (Jaccard) coefficient. 1 2( , )T c c is the 
number in the range 0 to 1; the closer to 1, the higher the degree of similarity between the two bit-strings, 
while the closer to 0, the lower the degree of similarity between the two bit-strings. The reaction 
similarity 11 21( , )S r r of the reaction 11

11 12
rc c⎯⎯→ and the reaction 21

21 22
rc c⎯⎯→ is calculated by the average of 

the compound similarities of corresponding compounds as follows: 
11 21 11 21 12 22( , ) ( ( , ) ( , )) / 2 0.393.S r r T c c T c c= + −                          (2) 

The alignment score is generally influenced by the sequence size. In this paper, we propose a Z-score of 
the alignment score for metabolic pathway alignment. The Z-score are usually calculated by taking the mean 
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and standard deviation over a random sample taken from the set of all permutations of the query sequence. 
The mean meanS is calculated as a mean score of the query sequence aligned with all sequences from the 
sample set. The standard deviationσ is taken over the same set of realigned sequence pairs. The Z-score is 
defined as  

( , ) /align meanZ x y S S σ= −                                  (3) 
where alignS is the local alignment score between two sequences. 

We extracted 14556 non-branching sub-pathways between any pair of compounds using Dijkstra's 
algorithm from E.coli data which are obtained from KEGG [4]. Using the extracted pathways, we performed 
alignments between any pair of the pathways. The result, the Z-score and the score of alignment between 
pathways show in Table 1. In these alignments, the highest Z-score of the results is the score between 
fructose and mannose metabolic pathways and galactose metabolic pathways. These two pathways consist of 
similar reaction sequences as shown in Fig. 1. 

 
Table 1: The 5 results from the top in all of alignments. 

Z-score Salign Alignment
C00861 C01131 C00111 C05378 C05345 C00644 C00392  
C01216 C01286 C00118 C03785 C01097 C06311 C01697 
C00794 C01096 C05345 C05378 C00111 C01131 C00861
C01697 C06311 C01097 C03785 C00118 C01286 C01216 
C00392 C00644 C05345 C05378 C00111 C01131 
C01697 C06311 C01097 C03785 C00118 C01286 
C00794 C01096 C05345 C05378 C00111 C01131 
C01697 C06311 C01097 C03785 C00118 C01286 
C00392 C00644 C05345 C05378 C00111 C01131 C00861 C00507 
C01697 C06311 C01097 C03785 C00118 C01286 C01216 C00880 

4.252 3.454

4.273 2.875

4.273 2.875

4.325 3.279

4.325 3.279
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Figure 1: Top alignment result. 
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1    Introduction 
 

Dynamic nature of gene regulatory mechanism is an area of molecular biology that 

has not yet been well explored. Understanding the role of transcriptional regulation of 

transcription factor (TF) binding sites is crucial to decipher the dynamic control of the gene 

regulatory mechanisms. We developed a novel Sequential Logic Model (SLM) to decipher 

the dynamic control of the gene regulatory mechanism [1]. Here, we further demonstrate the 

implementation of SLM in various models in order to explain the dynamic functions of 

transcriptional inputs, the dependency, cooperativity and synergic effect among the binding 

sites. 

 

2    Materials and Method 
 

2.1 Sequential Logic Model 

 

SLM is a novel technique developed based on the concept of finite state machine to 

decipher the dynamic transcription control of gene regulatory mechanism. The SLM defines 

TF binding site activities and gene expression levels as two states and maps the causality 

between them. In SLM, the dynamic logical mapping between input activities (TF binding 

sites) and output profiles (mRNA concentrations) is described by a sequential logic equation 

(SLE) [1]. Sequential logic equation is a function (F) of input condition and present states: 
 

),(1 ttt QXFQ =
+  Eq.1  

where the state Qτ, is represented by n binary variables [q0, τ  q1, τ q2, τ … qn, τ], for next state τ 

= t+1 and for present state τ = t; input condition, X τ , is representing by a m binary variables 

[x0, τ x1, τ x2, τ … xm, τ], where m, n = 0, 1, 2, … and qi, τ, xi τ ∈{0, 1}, ( i = 0, 1, 2, 3 …). 

 

2.2 Analysis and construction of transition map based on binding site activities 

 

We developed a method to represent the state transitions of gene expression level in 

terms of characteristic equations (Figure. 1-a). The truth table maps each input combinations 

and current state to one output state. From the SLE derived from the truth table, we can 

determine one characteristic equation (CE) for each given state level; these equations 

characterize the possible transitions for each state level. The characteristic equation is 

obtained by substituting present state Qt in Eq.1and is employed for systematically extracting 
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the dynamical function of cis-acting sites, their transactivities and their relationship in 

regulating gene expression. The CE is represented in terms of minterms, which represents the 

activities of binding sites. For example, CE given in figure 1-a explains when present state 

(q1q0) equal to 002, only the combined activation of binding sites A and B produces increase 

in output level (s → s+1), whereas individual activation of A or B produces no increase in 

output (s → s). This shows the dependency between binding sites. The CE can be much better 

represented using transition map, which represents the CE graphically. In state transition 

map, node (circle) represents the state level and ark (arrow) represents the transition between 

the state levels. Activities of the binging sites are labeled with arks. 

 

Figure 1: Construction of state transition map. 

3   Results and Discussion 
 

We can construct state transition maps based on the CEs obtained from various 

binding site activities. These state transition maps illustrate different dynamical binding site 

interactions like dependency, cooperativity and synergy effect (Figure 1-b). The state 

transition map provides a scenario for easy interpretation of gene regulation mechanism by 

mapping binding sites activities and state transitions. Based on our SLM model, we conclude 

that SLM offers a novel method to understand the dynamic gene regulation mechanism based 

on binding sites activities. As our future work, we are planning to integrate the Micro RNA 

(miRNA) silencing mechanism [2] as another state into SLM and decipher dynamic co-

regulation mechanisms between miRNAs and TFs. 
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Abstract 
 
We developed a new method to predict novel domain-domain interactions by combining 
experimental and bioinformatics analyses. An in vitro display technology called in vitro virus 
which is capable of identifying protein fragments involved in protein bindings were used. The 
obtained protein fragments were analyzed computationally to identify binding domains and 
we succeeded to predict 524 novel domain-domain interactions. 
 

Keywords: protein-protein interactions, domain-domain interactions, in vitro virus 
 
1  Introduction  
 
Identification of protein domain-domain interactions (DDIs) is one of the challenging fields of proteomics[1]. 
Performance of existing computational methods are limited due to biases in reported protein-protein 
interactions (PPIs) which are necessary for machine-learning to predict novel DDIs. Our developed in vitro 
virus (IVV) is a high-throughput experimental method capable of identifying protein regions involved in 
interactions as a result of sequencing the corresponding mRNA fragments, which are transcribed from 
randomly primed cDNA libraries (Fig. 1)[2]. We conducted IVV experiments followed by bioinformatics 
analyses to predict novel DDIs. 
 
2  Method and Results  
 
An overview of our work is shown in Fig. 1. After obtaining prey sequences from IVV experiments, we searched 
for known protein domains in each IVV sequence by aligning with protein domain sequences in Pfam database  
(Fig. 1 and 2) and pairs of these domains were assumed as DDI candidates. They were validated using known DDI 
databases (iPfam and InterDom) and known PPI database (HPRD and BIND). We identified 536 potential DDIs in 
44 bait and 847 prey sequences. Among them, we found 12 previously reported DDIs including interactions 
between basic leucine zippers. Furthermore, 59 DDIs matched to domain pairs in known PPIs. 
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Figure 1: Overview of our method 
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Pfam:bZIP_2:           @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
Prey#1:D12_:                     RIPMAAAKCRNRRRELTDTLQAETDQLGDEKSALQTEIANLLKEKEKLESILAAH
Prey#2:T050:                         AAANSRNRRRELTDTLQAETDQLEDEKSALQTEIANLLKEKEKLEFILAAH

201
FOS:4885241: RPACKIPDDLGFPEEMSVASLDLTGGLPEVATPESEEAFTLPLLNDPEPKPSVEPVKSISSMELKTEPFDDFLFP
Pfam:bZIP_2:
Prey#1:D12_: RPACKIPDDLGFPEEMSVASLDLTGGLPEVATPESEEAFTLPLLNDPEPKPSVEPVKSISSMERKT
Prey#2:T050: RPACKIPDDLGFPEEMSVASLDLTGGLPEVATPESLTTRTM  

 
Figure 2: An example of interacting domain identification using prey sequences of IVV 

 
3  Discussions 
 
By combining IVV experiments with computational analyses, we were able to identify novel DDI candidates 
without depending on reported PPI information. Approximately 24% (130) of DDIs were reproducible. An 
example is shown in Fig. 2 where binding domain in FOS protein is bZIP_2 and is detected by two sequences. 

Our analyses may indicate positions of the binding domains more accurately than those in Pfam 
database. In fact, our analysis shows that position of binding domain in FOS is 150 to 241 although position of 
bZIP_2 in Pfam is 136 to 189. We believe that our approach can be applied not only to identification of novel 
interactions between known domains but also between unknown domains. 
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1  Introduction  
 
The page Alternative transcript diversity manifests itself a prime cause of complexity in higher eukaryotes. 
Alternative splicing (AS) is a widespread phenomenon. Recently, transcript diversity studies have suggested 
that 60-80% of human genes are alternatively spliced[1,2]. Although several alternative splicing databases 
exist, they do provide neither visualization nor standardized classification of alternative splicing events[3,4]. 
We have used a splice pattern approach for the bioinformatics analysis of AS in chicken, human and mouse, 
providing novel splice pattern visualization as well as automated rule-based event classification. Four 
component splice patterns have been defined, which can be described as  nine AS events occurring in 
eukaryotic genomes. 

 
2  Methods  
 
Data format and sources  
As primary data source, algorithm uses input lines based on the GFF standard file format. Each GFF input line 
has nine required fields that must be tab-separated. To create splicing graphs, the application needs to first 
create a GFF (General Feature Format) file containing sequence information organized as a series of exon 
position information . Our web application will extract gene structure information such transcript location, the 
start and end positions of each exon that make up the transcript were parsed out, checked for consistency. The 
transcript information for human and mouse was extracted from ASD (version 3 of   Feb 2006) [4].  Chicken 
transcript data   was retrieved from the Ensembl database (WASHUC2, May 2006). 

Construction of the splicing graphs 
Details of the splicing graph construction are available from ASGS [1]. 
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Classification of alternative splicing events. 
Rules are derived to detect specific alternative splicing events from the distinct and variable exon sets (details 
and examples of the rules are available on the website). Apart from the classical alternative splicing events like 
cassette exons, intron retention, alternative donor sites and alternative acceptor sites, we have also elected to 
classify other gene structure events like alternative transcriptional start/termination sites as well as alternative 
initiation/termination exons. These rules are applied to each splicing graph generated by the server. We have 
also included the ASD [4] definition of mutually exclusive exons to this DEDB[5] list of eight AS events and 
analyzed all three genomes for these none AS events. 

 
3  Results and Discussions 
 
We find that 29% of chicken genes are alternative spliced, compared with 65% in humans and 58% in mice. We 
report a detailed analysis AS genes in chicken, human and mouse, using the splicing pattern approach, with 
exon skipping being the most common and intron retention, the least encountered AS event in the three 
transcriptomes. While alternative splicing has the potential to create many RNA isoforms from a single gene, 
in chicken the majority of genes generate only two or three isoforms and Splice pattern analysis indicates that 
these isoforms are generally not rare events. Most splicing pattern are localized to class I (distinct–distinct; 
common exons), suggesting the level alternative splicing. Among the nine splicing events Exon skipping is the 
most common in three species, which such that alternative splicing in chicken may be higher and close to 
human and mouse. However we found no supporting evidences and further analysis need to be done. 
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                                                          ABSTRACT 

 

In mammals Cholesterol conversion is initiated by four major cytochromes (P450s) i.e., 
CYP7A1, 27A1, 11A1 and 46A1 in different tissues. Among different cytochromes, 
CYP7A1 is microsomal liver specific enzyme that converts cholesterol to 7α-
Hydroxycholesterol. In mammals, excess cholesterol (5-cholestene-3β-ol) is removed 
mainly through conversion to bile acids and small portions are used for the production of 
steroid hormones. Humans lacking cholesterol 7α- hydroxylase have significant 
elevation of total and LDL cholesterol levels and decreased levels of bile acid excretion, 
leading to down regulation of LDL receptors and consequent hypercholesterolemia. Little 
is known about the residues in the CYP7A1 active site that are involved in the interaction 
with other substrates. There is clear need to identify additional strategies to lower 
plasma cholesterol levels. Therefore a three dimensional model was developed for 
CYP7A1 to understand enzyme-substrate interactions. A homology modeling method 
was used for the CYP7A1 using Insight-II and Modeller. The crystal structure of the 
Human Prostacyclin Synthase CYP8A1 (PDB ID: 2IAGa) used as template. 
Ramachandran plot analysis revealed that, 91.4% of the amino acids were present in 
most favored region and 6.3% residues are  falling in allowed region. The average value 
of heavy atomic RMSD was found to be 0.29 Å.  Analysis of ligand-protein studies are in 
progress using GOLD and results will be presented. 
 
 

Keywords: Cholesterol 7α-hydroxylase (CYP7A1), Homology Modeling, Docking, Modeller, 

Insight-II, GOLD.  
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1  Introduction  
 
One of the challenges in recent microarray gene expression studies is the problem of identifying 
differentially regulated genes between the groups in a statistical sense and understanding their biological 
meaning. For this purpose, the recent approach of gene set enrichment analysis [1] has developed a basic 
framework to find out statistically significant gene sets as well as genes and extract their biological 
interpretation in an elegant way by employing gene annotation databases, such as KEGG pathway, 
cytogenetic band, gene ontology, and etc., along with microarray gene expression profiles. Its usefulness in 
various contexts has been also shown in several previous studies [2,3]. In spite of their impressive results, 
however, the gene ranking by the signal-to-noise ratio used in [1] has limitation to consider either only 
highly up-regulated genes or only highly down-regulated genes at a time, not both, as significant genes and 
so it does not well reflect the situations in which not only highly up-regulated genes but also highly 
down-regulated genes might play an important role, such as in metabolic and signaling pathways. To handle 
this situation, in this paper, we investigate the method to use Fisher’s criterion for gene ranking in the gene 
set enrichment analysis. 
 
2  Fisher’s Criterion for Gene Ranking  
 
The fisher’s criterion we used for gene ranking in the gene set enrichment analysis is as below: 

( ) ( )( )
( ) ( )

2

2 2Fisher's score( ) A B

A B

i i
i

i i

μ μ

σ σ

−
=

+
 

where the means and the standard deviations of gene expression profiles for two groups A and B are μA, μB, 
σ

B

A, and σBB, respectively. By using Fisher’s score for gene ranking, the genes are highly ranked in the case of 
being either highly up-regulated or highly down-regulated, as shown in Figure 1, and because of this, unlike 
the signal-to-noise ratio used in previous works [1] where either only highly up-regulated genes or only 
highly down-regulated genes can be chosen at a time, it is possible that both highly up-regulated genes and 
highly down-regulated genes can be selected simultaneously as significant genes in the end.  
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(a) (b) 

Figure 1: (a) Gene ranking by Fisher’s score and (b) Gene ranking by the signal-to-noise ratio 
 

3  Experiment and Results  
 

For our experiments, the Leukemia data set collected by Golub et al. [4] has been used which includes two 
classes of 27 acute lymphoblastic leukemia (ALL) samples and 11 acute myeloid leukemia (AML) samples. 
To identify differentially regulated genes between ALL and AML and their biological meaning, we generated 
167 candidate gene sets, each of which include at least five genes, using KEGG pathway database and from 
them, the most significant 40 gene sets were identified by gene set enrichment analysis with Fisher’s score. 
Also, for comparative purpose, we repeated the same experiment except by applying the signal-to-noise ratio 
used in [1] for gene ranking. To verify the experiment results, we manually identified two AML-related 
pathways including hsa04110 (cell cycle) and hsa04210 (apoptosis), two ALL-related pathways including 
hsa04660 (T cell receptor signaling pathway) and hsa04662 (B cell receptor signaling pathway), and one 
AML- ALL-related pathway including hsa04640 (hematopoietic cell lineage) from literatures [5]. The 
summary of our experiment results is shown in the following.  

 
Gene Ranking method Type of Leukemia Identified KEGG Pathway ID. 

AML hsa04110 
ALL  

 
Signal-to-Noise Ratio 

ALL and AML hsa04640 
AML hsa04110, hsa04210 
ALL hsa04660, hsa04662 

 
Fisher’s Score 

ALL and AML hsa04640 
 

4  Discussions 
 
Here we investigated the gene set enrichment analysis with Fisher’s score for gene ranking and made some 
experiments on Golub’s Leukemia data sets. As expected, the experiment results show that the use of 
Fisher’s score for gene ranking enables us to capture the biologically verified Leukemia related pathways 
more extensively. 
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Abstract 
 

Modern biological methods have enabled deriving a wealth of information on genes and proteins from laboratories 
all over the world and this information come out as publications, which have increased enormously in the last decade, 
making a comprehensive analysis of such vast information practically impossible. The present study aims at using an 
interaction database NetProTM to analyze Alzheimer disease related microarray data to predict possible networks involved 
in the pathogenesis. The network generated is further used to identify potential targets and therapeutic agents. The study 
also highlights the kinetic data available for these molecules in the database and their significance. 
 
Keywords: Interaction database, Microarray, Alzheimer’s disease, Interaction networks 
 
1  Introduction  
First described in 1907 by Alios Alzheimer, Alzheimer’s disease (AD) is characterized by degradation and 
shrinkage of brain tissue. The current study aimed at using the protein interaction datasets from NetProTM to 
understand the significance of differential regulation genes in AD, as reported from a microarray study [1] and 
to find key molecules and events that lead to the disease progression.  Further, small molecules that alter the 
activity of some of the key players in the disease and thus could have therapeutic significance were also 
obtained from the database. 
 
2  Method 
The Microarray dataset published by Vittorio colangelo et al.[1] was used as the source of differentially 
regulated genes in AD, to analyze literature data present in NetProTM, . NetProTM   is an interaction database 
with manually curated data from PubMed literature.  It covers interactions pertaining to proteins, DNA, RNA 
and small molecules, both of direct and indirect nature, with several interaction terms (~160) that are grouped 
to 9 categories for ease of analysis and visualization. 
 
Vittorio colangelo et al., recorded 38 genes to be differentially regulated, from microarray profiling of 12633 
genes in hippocampal CA1 cells from AD patients, compared to normal controls [1]. They identified 38 genes, 
out of which 18 genes were up regulated and 20 genes were down regulated by a factor of at least 3 fold 
compared to the controls [Table1]. 
 
Table 1: List of differentially expressed genes in Alzheimer’s disease. 
 
Up-regulated genes DAXX, PLA2G4A, PDCD5, NFKB2, FAS, APP, CTSC, CEBPB, IL1B, 

TNFAIP2, CD83, RTEL1, IL1A, NFKB1, CCL2, PTGS2, CCL20, 
ERBB2 

Down-regulated genes HSPB1, IFI27, P2RX1, ADAM9, BDNF, SYN1, SLIT2, CSPG5, CHAT, 
STAT1, GATA2, LYL1, RELB, NEFL, GATA4, NFKBIA, TAF6L, 
MTF1, SYP, MT3 

 

#14

35



2.1 Visualization and analysis of interactions using MINE 
The set of 38 genes were queried and interactions were retrieved, filtered and visualized through a 
visualization tool MINE (developed in-house), and the results analyzed.  Interaction data from human, mouse 
and rat genes were considered.  Interaction terms pertaining to expression were used for retrieving data to 
study gene expression regulation and all of the other 7 groups of terms were used for retrieving data to study 
the functional interlinking of genes. 
 

3  Results and Discussions 
We were able to generate an interaction network that could link the up- and down- regulation of genes observed 
to the biochemical and physiological changes leading to the development of the disease condition. The 
network shows a highly complex co-ordination between up- and down- regulated genes, eventually leading to 
cleavage of APP to release A� fragments, hyperphosphorylation of Tau, or apoptosis, all events leading to 
manifestation of the disorder [1,2]. Some of the molecules, which formed inter connectible major hubs 
between these biological processes leading to pathogenesis included: TNF, NF-kappa-B, IL1, Calcium, 
CEBPB and BDNF. It was also noticed that 14/18 up-regulated genes and 7/20 down regulated genes had TNF 
as the common upstream node.  
 

 
 
 
 
Figure 1: Interaction network depicting the plausible molecular mechanism leading to Alzheimer’s disease 
 
Based on the network generated, four target molecules with in the pathway were identified, and using 
NetProTM data, certain potential therapeutic agents were also identified. The database also provides kinetic data 
like IC50, EC50, Ki, treatment concentrations, duration, dose etc, which could be of use in pharmacological 
perspective. Similar studies using databases like MINT or HPRD was not possible due to lack of specific 
functional terms defining an interaction and the directionality of the interactions. In silico analyses like this 
involving the collation of high throughput data with the vast amount of data available from databases to 
generate physiologically relevant networks will have significant role in understanding biological 

Neurofibrillary tangles 

Amyloid plaques Apoptosis 
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processes/pathological manifestations. 
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1  Introduction  
 
Protein structure and function are related to its physicochemical properties in amino acid sequence. There are 
many proteins with periodicity of physicochemical properties in proteomes. For example, the proteins with 
alpha-helices structure show the periodicity of hydrophobicity, and leucine zipper proteins the periodicity of 
7 residues. Therefore, the periodicity of physicochemical properties in amino acid sequence may be used for 
the classification of proteins as a parameter. Here, an interesting problem arises whether there are the 
proteins with charge periodicity in amino acid sequence. 
  Recently, we calculated the charge autocorrelation in entire amino acid sequences coded by human and 
yeast genome in order to investigate the charge periodicity [1, 2]. The autocorrelation functions show 
significant peak at intervals of multiples of 28 residues in human and no peak in yeast, suggesting that there 
are a lot of the proteins with charge periodicity of 28 residues (PCP28) in human. We found that many of 
PCP28 belong to the nuclear proteins such as DNA-binding proteins. In this work, we selected the PCP28 in 
eukaryotic genomes and then performed genome comparison. The result indicated that there were two 
branches in distribution of the number of PCP28 to the total open reading frames (ORFs): one branch of 
vertebrates and another branch of invertebrates (including plants and fungus). 
 
2  Method and Results 
 
The amino acid sequences for 20 eukaryote genomes, 10 vertebrates and 10 invertebrates (including plants 
and fungus), were mostly obtained from the database NCBI [4]. When all amino acid sequences from 20 
biological organisms were analyzed, we found that autocorrelation function of charge sequences showed 
peak at intervals of multiples of 28 residues in vertebrates and no peak in invertebrates. 

We selected the PCP28 in all amino acid sequences from the biological genomes by the following 
formulas:  
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C(28) ≥ max{C(i): 14 ≤ i ≤42, 28≠i }+0.01,                                   (2) 

 
in which C(j) represents the autocorrelation function of charge, j the interval of the correlation, q(i) the 
charge of the i-th residue, and L the length of the protein. Using the threshold of the difference of 0.01, we 
could accurately discriminate between PCP28 and non-PCP28 in all amino acid sequences. Figure 1 shows 
the autocorrelation functions of charge from PCP28 and non-PCP28 in chimpanzee genome.  

The ratio of PCP28 to total ORFs from vertebrates (1.2~2.9%) was higher than that from invertebrates 
(0.7~1.2%). The relation between the number of PCP28 and the total number of ORFs in 20 biological 
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organisms indicated clearly two branches: one with the higher ratio of PCP28 from vertebrates and another 
from invertebrates. We also classified annotated PCP28 according to intracellular localization (Swiss-Prot 
release 52.0) and found that 73% (591/812) of PCP28 from vertebrates are nuclear protein such as 
DNA-binding protein. On the contrary, only 25% (49/196) are nuclear protein in invertebrates. 
 
3 Discussions 
 
In this work, we found that the charge periodicity of 28 residues in all amino acid sequences became 
remarkable from invertebrates to vertebrates and most of known PCP28 from vertebrates were the nuclear 
protein. Many PCP28 probably formed the protein-DNA complex to regulate the gene expression in the 
nucleus. Because the number of PCP28 in invertebrates was significantly lower than those in vertebrates, the 
number of PCP28 has increased in the process of evolution from invertebrates to vertebrates. We inferred 
that the gene expression regulated by the increased PCP28 may be closely related to unique functions within 
vertebrate cells. 
  It is known that some zinc finger proteins with multi-fingers contact the DNA with a charge periodicity of 
approximately 30 residues, such as human GLI-DNA complex with five fingers [3]. Therefore, it is 
reasonable to suppose that many unknown PCP28 from vertebrates are likely to be transcription factors. The 
unknown PCP28 studies could help discover novel transcription factors. 
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Figure 1: The autocorrelation function 
of charge from PCP28 and non-PCP28 
in chimpanzee. 1057 PCP28 were 
extracted from all amino acid 
sequences by Eq.(1) and (2). The 
distribution shows significant peak at 
intervals of multiples of 28 residues in 
PCP28 (a) and no peak in non-PCP28 
(b). Many of PCP28 from vertebrate 
genomes are nuclear protein such as 
DNA-binding protein, suggesting that 
PCP28 are probably related to regulate 
gene expression within a cell. 
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1  Introduction  
 
Oral Squamous Cell Carcinoma (OSCC) is the most common head and neck carcinoma and ranks within top 
10 cancers worldwide in terms of numbers of cases [1].  Prognosis of OSCC depends on the existence of 
lymph node metastasis because it has been shown that the cumulative survival rate in patients with lymph 
node metastasis is approximately 20% to 30% lower than this rate in patients without lymph node metastasis 
[2].  Copy number variations of chromosomal regions containing several genes associated with the 
prognosis of OSCC were previously reported [3].  Recently, microarray technology has been developed and 
several types of microarrays are commercially provided for the purpose of analyzing SNPs or DNA copy 
number variations.  Although Affymetrix GeneChip® Human Mapping 500K Array Set has been recently 
released as the high density genotyping array, appropriate software to identify the genes with the copy 
number variation from the data produced by the GTYPE software (Affymetrix) has not been provided by the 
manufacturer.  The purposes of this study were (1) to develop the computer program to extract the 
consecutive regions of the copy number variations and annotate them with gene information, and (2) to 
identify the copy number alterations related with the prognosis of OSCC.  
 
2  Materials and Methods  
 
We obtained fresh-frozen tissue samples from 63 OSCC patients (40 males, 23 females) who had undergone 
surgical resection at Tokyo Medical and Dental University Hospital.  The tumors were located in the tongue 
(34 cases), mandibular gingiva (15 cases), floor of the mouth (6 cases), buccal mucosa (6 cases), maxilla (2 
cases), and pterygopalatine fossa (1 case).  All specimens were frozen just after the resection and stored at 
−80 ℃  until the use of DNA analyses.  Frozen specimens were cut into small pieces and briefly 
homogenized.  Genomic DNA was extracted from tumor tissues and purified using QIAamp DNA Mini Kit 
(QIAGEN, Valencia, CA, USA).  According to the Mapping 500K Assay Manual supplied by Affymetrix, 
the minimum amount of genomic DNA required was 250 ng.  For each sample, quality controls were 
performed by running 1% agarose gel electrophoresis with lambda DNA/Hind fragments.  The experiment 
was performed by strictly following the Assay Manual and using Mapping 250K Sty array (Affymetrix).  In 
this study, we used Sty I for digesting genomic DNA and adaptor Sty I prior to PCR reaction.   
Subsequently, as a quality check, the CEL data from the microarray image was analyzed with DM algorithm and 
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BRLMM algorithm to generate genotype calls and BRLMM.CHP data. This was followed by analyzing the 
BRLMM.CHP data by the chromosome Copy Number Analysis Tool (CNAT) and the copy number for each SNP 
probe set was calculated.  This data and the annotation information, provided by World Fusion (Tokyo, Japan), 
were imported into the MySQL database using our analytical tool.  The tool was basically programmed with 
Microsoft Excel VBA to execute importing and exporting data between MySQL and Excel.  We first separated 
the data into three subgroups based on copy numbers and set different criteria, for each, to extract consecutive 
copy number region.  For the subgroup of copy number gain, the region was set to cover the entire locus region 
for each gene because the entire sequence of gene was necessary for overexpression with the increase of copy 
number.  Since the gene expression may not be sufficiently followed if there is a missing sequence, the subgroup 
of copy number loss needed to be handled carefully.  We decided that the gene was to be included in the 
subgroup of loss, if the gene had at least one sequence overlapping within the consecutive copy number region.  
In the case of loss, consecutive regions were extended with extra 2,000 bases toward the upstream of chromosome 
in order to simultaneously cover the promoter regions.  The rest of the gene grouped in neither copy number gain 
nor loss was set as normal copy number.  According to the algorithms, the consecutive data was integrated to one 
set of data with gene annotation information.  The data in the subgroup of copy number loss had priority to be 
extracted while there was duplication on gene information between different copy numbers.   
Gene information combined with copy numbers was statistically analyzed to investigate the association between 
the copy number variation and the prognosis of OSCC.  Fisher’s exact test was applied on the multiple 
conditions.  As the result of this test, top 50 genes were selected from the genes with p-value < 0.01.  R 
statistical software was used to perform the hierarchical cluster analysis of the data with clinical information.   
 
3  Results and Discussions 
 
To identify the genes having significant copy 
number aberration in OSCC, we analyzed 63 
OSCC cases with high density mapping arrays.  
For the annotation of consecutive copy number 
variation, we used 26,615 genes, and 293 genes 
showed p-value < 0.01 for the recurrence (+) vs. 
(-) by Fisher’s exact test.  The cluster analysis 
of top 50 genes from 293 genes showed two 
clusters (Fig. 1).  Left upper cluster in Fig. 1 
represented gain of copy number.  Genes with 
the loss of copy number were clustered on the 
left bottom side of Fig. 1.  This result suggests 
that further investigation may reveal valuable 
genes associated with the prognosis of OSCC.  
 
 Figure 1: Cluster Analysis of Copy Number Variation in OSCC
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1  Introduction  

 
De novo prediction is the problem to predict protein structures from their sequences which do not resemble 

to sequences of the hitherto known structures. While much effort has been devoted, we still do not have a 
reliable consistent technique for de novo prediction [1]. In de novo prediction, relatively successful methods 
are the fragment assembly (FA) method [2, 3] and the Threading/Assembly/Refinement (TASSER) method 
[4, 5], which have employed the strategy to assemble the candidates of local structures such as 9-residue 
length fragments or longer chain configurations. In these methods, local structural candidates are selected at 
first by utilizing the local sequential similarity between target and database proteins, and then the whole 
chain structure has been predicted by finding the consistent combination of local structures to form the whole 
structure of the low effective energy. Another strategy of de novo prediction is to use Monte Carlo [6, 7] or 
Langevin molecular dynamics (MD) methods [8-10] to simulate the folding process toward structures to be 
predicted. The structure generation mimicking the process existing in nature should be a reasonable way to 
resolve the complex conformation. Furthermore, the method developed in the prediction problem should give 
insights on folding process. In the present paper we discuss a newly developed de novo prediction method 
which incorporates both of the above two strategies at the same time. 

 
2  Methods 
 

In this method an empirical energy function is constructed, which consists of several terms of potentials. 
One of them is derived from the sequence profile similarity between amino-acid sequences of fragments in a 
target protein and those in the library proteins of known structures. This multi-residue potential expresses 
structural tendency for fragments to take in the target protein. Other multi-residue potentials express how the 
fragments are assembled through hydrophobic interactions among multiple residues and hydrogen-bond 
forming in β sheets. In this way, both the suitable local structure prediction and the minimally frustrated 
assembly of local structures should be realized when the value of this energy function is lowered enough. 
Using thus defined energy function, coarse-grained Langevin MD simulations are performed to search 
structures of low energy. 
 
3  Results and Discussions 
 
A benchmarking test of this method is performed by targeting proteins used in the TBM and FM categories 
of CASP7 (See Figure.1 for two examples of our prediction). The method gives the comparable scores of 
prediction quality to those obtained by TASSER or ROKKO. Results show that the combined application of 
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a strategy to minimize frustration among local structures and a strategy to simulate dynamical folding 
process opens a new way to construct the consistent de novo prediction method.  
 
                    Example1                               Example2  

      
           Predicted             Native              Predicted           Native  
Figure.1 
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Abstract

KnowleGator is a multi-use platform designed to support a variety of tasks which involve rea-
soning over OWL-DL ontologies. These tasks can be summarized as follows; A-box reasoning over
ontology instances, T-box reasoning over ontology concepts and object properties and the export-
ing of results. In the case of A-box reasoning, KnowleGator facilitates the construction of nested
axiomatic queries akin to multi-tables SQL queries, with boolean and negation operators. We il-
lustrate navigation over sentence instances derived by the text mining of Dengue-related literature
and Internet media such as blogs and newsfeeds. In the case of T-box reasoning, KnowleGator
supports the use of recursive queries for identification of the path relating any two concepts in a
single ontology. This may result in the derivation of one or more paths linking any two concepts in
any ontology. Furthermore, KnowleGator supports the exporting of selected concepts, ancestor and
descendant concepts, and object properties in OWL-DL format with the specific goal of permitting
the reuse of specific subsets of ontologies for further analyses.

Keywords: ontology, knowledge navigation, knowlegator, dengue ontology

1 Introduction

Current estimates of available online OWL ontologies lie in the range in the mid thousands [1]. Clearly,
the actual number of ontologies does not reveal the actual scale and scope of knowledge captured in the
conceptualizations but the increase in the last two years is likely to be considerable. Although these
initial studies indicate that the majority of available ontologies are relatively simplistic and do not use
the full range of OWL language constructs much beyond those deployed in relational databases, there
is clearly an upward trend in their abundance, complexity and the domains that are being captured
in formal knowledge representations. In a recent review [2], Keet outlined a limited set of OWL
reasoning tasks currently reported in bio-ontology publications to date. This relatively small handful
of tasks suggests that wide spread exploitation of OWL reasoning for knowledge discovery is still at
an early stage. Moreover, the lack of advanced tools designed specifically for the non-specialist to take
advantage of and repurpose metadata remains a problem in the adoption and deployment of OWL
technologies. There continues to be much room for improvement and the need for effective interfaces
to reasoning and inference tasks is a highly contemporary research theme.

2 KnowleGator: Reasoning and Results

We present KnowleGator, a tool designed to facilitate the navigation of OWL ontologies. Primarily, we
address the rediscovery of useful information in legacy digital biological resources and Internet media
derived by text mining and targeted instantiation to OWL ontologies. In this scenario, KnowleGator
serves as a visual query composer for complex queries requiring A-box reasoning to an OWL-DL

knowledgebase. Secondly, we address tacit knowledge lookup (knowledge which may only be known
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Figure 1: Functional profile of KnowleGator in
the Knowledge Discovery ecosystem.

Figure 2: Question on dengue epidemic.

Figure 3: Answer to dengue epidemic.

by an individual and that is difficult to communicate to the rest of an organization) and we transpose
this to the identification of relations linking distinct concepts within ontologies. Additional features
of Knowledgator permit the exporting of the derived insights of tacit knowledge lookup in OWL-DL

format such that they can be reused as fragments (Fig. 1) in the construction of new ontologies .

2.1 Canvas Query

The selection and dragging of named elements from an ontology tree or keyword lookup panel invokes
the retrieval of the ancestors and decedents (T-box) as well as the identity of all individuals (A-box) of
a particular concept. Likewise dragging a named role (object property) invokes the query of instances
specified in the domain and range of the particular role. Dropped items can appear on the query
canvas in the form of a single concepts or directed graph which is modeled as triples where a triple
consists of a predicate (role) and, its subsequent domain and range. For example, a question: Which

country has a Dengue epidemic in the year 1953 and which sentence in the scientific paper mentions

this? can be translated into a set of KnowleGator graph primitives shown in Fig. 2. The subsequent
answer to this question is shown in Fig. 3.

2.2 Tacit Knowledge Query

Tacit knowledge queries can be posed, searching the path of relationships linking any two concepts
dragged to the canvas. This is achieved by an exhaustive cascade of automated recursive nRQL role
queries (ARQ) to the ontology. KnowleGator allocates one of the concepts as the source and the other
as the target for ARQ. The search starts from the source and completes when all the relationships
have been found or when there is no linkage between the source and target concepts. In Fig. 4, we
show the output of a tacit knowledge query, linking DiseaseManifestation to Blog.
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3

Figure 4: Tacit knowledge using ARQ.
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Abstract 

Recently, high-throughput methods such as yeast two-hybrid or the use of in vitro virus (IVV) to 
obtain protein-protein interactions (PPIs) have been developed and provide a global view of the 
interaction network. The ability to detect protein complexes or functional modules from the 
network enhances our understanding of the principles of life. 

Although some methods extract protein complexes from the interaction network using 
graph theory, the extracted complexes may include false positives because they do not take 
structural limitations of proteins into account and thus do not consider whether the proteins in the 
extracted complex can bind to each other simultaneously. 

Here, we introduce a new method which considers binding domain independency (i.e. 
whether a domain is shared by multiple interactions or not) to extract protein complexes. Our 
method assumes that extracted proteins can form a protein complex if each of all the domains is 
used by a single protein interaction. We extracted 183 candidates of protein complexes from 
25,212 public PPIs. Among them, 34 candidates partially matched with known protein complexes.  
 

 
Keywords: protein complex, binding domain, in vitro virus, 
 
1  Introduction  
 
High-throughput methods for detecting PPIs enable us to obtain a large scale protein interaction network. 
Extracting complexes from the protein network is becoming increasingly important because they often play a 
crucial part in basal cellular mechanism. There are several methods to extract protein complexes from the 
network based on graph theory, where nodes and edges correspond to proteins and interactions respectively 
[1,3,5]. These methods extract locally dense regions from the network as protein complexes with the 
assumption that proteins in complexes are highly interconnected to each other. However the predicted results 
of all these methods include non-negligible amount of false positives [2]. One reason for the error is that 
these methods do not consider structural limitations of interactions in the complex. The proteins in the 
extracted complex cannot bind to each other simultaneously if a protein domain is shared by multiple 
interactions. 

In this work, we developed a new method for extracting protein complexes which enables one to find sets 
of domain-domain interactions (DDIs) that can take place simultaneously in the complex. 
 
2  Method and Results  
 
2.1 Method 
An overview of our method is shown in Fig. 1. First, we extracted all cliques from the 25,212 PPIs 

#19

47



downloaded from NCBI as initial candidates for protein complexes. We then analyzed all combinations of 

possible DDIs in the complex to check whether each domain can be assigned to a single DDI in the complex. 

The method assumes that proteins in the clique can form a complex if more than two domains and more than 

three proteins participated in the clique. In vitro virus data and iPfam were used to find DDIs in the clique 

[4]. 

SH3_1

SH2 SH3_1

SH2

Pkinase_TyrSH2

FES

RASA1 PIK3R1

PPI network

Clique

DDIs

Extracted complex An example of extracted complex  
Figure 1: An overview of our method (left) and an example of our extracted complexes (right). 

 
2.2  Results 
 
Through this method, 9879 cliques were extracted as initial candidates of protein complexes from 25,212 PPIs, 
resulting in the selection of 183 complexes as final candidates. One example is shown in Fig. 1. The final 
candidates contained fractions of 34 known protein complexes, thus validating our method. 

 
3  Discussion 
 
Our method successfully extracted candidate complexes from the PPI network. Unlike candidates extracted by 
previous works, proteins in our candidates have the potential to bind to each other simultaneously. Our work 
reflects more accurately the structural characteristics of complexes in the cell and may provide further insight 
into how proteins are organized to function in the cell. 
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1  Introduction  
 
The development of microarray technology enabled us to monitor massive genes simultaneously in an 
efficient way, eventually leading to the advance in functional genomics. Now one of the significant issues is 
to characterize the functionalities of unknown massive genes based on large gene expression profiles 
collected by microarray experiments. In the meantime, many attempts have been made to unveil the 
understand the relationship between genes and more recently to extract their biological meanings 
systematically by employing gene annotation databases with gene expression profiles for either cluster 
generation or cluster interpretation[3,7,8]. Also, some recent studies investigated the methods to estimate the 
cluster boundaries using gene annotation databases like MIPS FunCat[4,5] or Gene Ontology[2,6] with gene 
expression profiles. In this paper, our objective is to perform a comparative study of several approaches for 
using GO-Slim databases[9], where the enriched species-specific biological knowledge is described with 
more condensed biological terms than Gene Ontology, with gene expression profiles to estimate cluster 
boundaries. For experiments, Cho’s yeast cell cycle data[1] and Eisen’s combined yeast data[3] are used. 
 
2  Cluster Boundary Estimation Using GO-Slim 
 
The yeast GO-Slim we use here for our analyses consists of three biological categories which include 34 
biological process related terms, 23 molecular function related terms, 25 cellular component related terms. 
For cluster boundary estimation, the following methodology is employed. Here the compute of VIF adopted 
from [4]. 
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3  Experimental Results  
 
Yeast data in [3] is originally formed with 10 clusters but we employed only 9 clusters for our experiments 
by excluding the ribosome and translation cluster[4]. In the steps of estimating biologically optimal number 
of clusters(K*) for the data, we use kmeans with correlation coefficient as a clustering methods. The resulting 
clusters were assessed with external indices such as Kappa statistic, Jaccard and Rand indices. To minimize 
the randomness of initialization in kmeans, we performed 100 iterations. The GFVs are built as 3 parts of 
yeast GO-Slim 34 BP, 23 MF, 25 CC terms respectively. We compose MIPS FunCat and GO-Slim GFV to 
compare the estimating performance of K*. GO-Slim BP represents reasonable K* in the experiment with two 
yeast data. In Figure 1, * indicates max[VIF] > 80. 
 

 
Figure 1: Estimating K* on the different types or categories of biological knowledge 

 
Table 1: Comparing external indices for Cho and Eisen data 

 
 
4  Discussions 
 
In this study, we could find better estimation of K* as using GO-Slim rather than MIPS FunCat and validate 
the clusters of each clustering algorithm respectively. Table 1 indicates that the best appropriate clustering 
algorithm for the data is kmeans. In further study, we’ll expand the scope of species such as human and 
proceed experiments to understand gene regulatory by mapping genes onto pathway networks. 
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1 Introduction

Prediction of subcellular location of proteins is a problem of predicting which part (e.g., Mitochondria,
Chloroplast, etc.) in a cell a given protein is transported to, where an amino acid sequence (i.e.,
string data) of the protein is given as an input. This problem is becoming more important because
information on subcellular location is helpful for annotation of proteins and genes and the number of
complete genomes is rapidly increasing.

For this problem, many methods have been proposed using various intelligent techniques. Fur-
thermore, many web-based prediction systems have been developed based on these proposed methods.
PSORT [2, 4], which is historically the first subcellular location predictor, uses various sequence-
derived features such as the presence of sequence motifs and amino acid compositions.

Though the prediction accuracies of existing methods are high, they are based on various heuristics.
Furthermore, many of the heuristics are specific to the protein subcellular location problem. In
this work, we try to develop a less heuristic method for the protein subcellular location problem
with keeping similar prediction accuracy. Development of such a method is important since it may
be applied to other problems in bioinformatics. For example, the spectrum kernel [3], which is a
simple and general kernel function for SVM, has been applied to various problems including remote
homology detection, recognition of DNA-binding proteins, prediction of protein-protein interactions
and prediction of protein subcellular location.

2 Data Sets

The data sets used in this work are the same as plant proteins of TargetP [1]. TargetP data sets were
collected from the SWISS-PROT database. Although TargetP data sets consist of plant and non-plant
proteins, the mitochondrial proteins contain sequences from both plant and non-plant proteins since
the number of mitochondrial proteins extracted from SWISS-PROT was too small to be used. The
redundancy reduced sets from which the training and test sets were built contain 141 cTP, 368 mTP,
269 SP, and 162 other (nuclear or cytosolic) sequences, where “cTP”, “mTP”, “SP”, and “other”
indicate proteins destined for chloroplast, mitochondria, secretory pathway, and other locations (nu-
cleus and cytosol), respectively. One subset is regarded as test data and the remaining four subsets
as training data. This procedure is repeated five times so that each subset is used as test data once.
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3 Methods and Results

In this work, we combine two-techniques: sequence alignment and a feature vector based on amino
acid composition. It should be noted that amino acid composition-based feature vector is similar to
spectrum kernel. Elements of our proposed kernel matrix are scores of alignment between sequences
of subsequences of proteins. The alignment scores are calculated in accordance with amino acid
composition-based feature vectors. Note that there is a possibility that the obtained matrix is not
semi-definite since we use alignment. Fortunately, in most cases, our method can train SVM without
additional operations in order to satisfy the kernel condition. To evaluate the efficiency of our method,
we compared the prediction accuracy of subcellular location for TargetP plant data sets with existing
methods through fivefold cross validation tests. Although our prediction method is less heuristic
than existing predictors, the overall accuracy and average MCC, which are standard measures of
prediction accuracy, are 0.9064 and 0.8594 respectively. They are higher than existing predictors.
Details are shown in Table 1. Our method is also implemented as a web-system and available on
[http://sunflower.kuicr.kyoto-u.ac.jp/~tamura/slpfa.html].

Table 1: Comparison of predictive accuracy for plant proteins in the TargetP data set.

Predictor Location Sensitivity Specificity MCC Average Overall
MCC Accuracy

Our method cTP 0.8014 0.9040 0.8270 0.8594 0.9064
mTP 0.9402 0.9081 0.8739
SP 0.9628 0.9317 0.9255

other 0.8272 0.8590 0.8110
Matsuda et al. cTP 0.7591 0.8474 0.7694 0.8244 0.8809
(2005) mTP 0.9240 0.8652 0.8227

SP 0.9219 0.9326 0.8983
other 0.8210 0.8586 0.8070

Kim et al. cTP 0.6874 0.8435 0.7222 0.7791 0.8479
(2004) mTP 0.8970 0.8392 0.7773

SP 0.8592 0.9428 0.8872
other 0.8027 0.7549 0.7296

Emanuelsson cTP 0.85 0.69 0.72 0.79 0.853
et al. (2000) mTP 0.82 0.90 0.77

SP 0.91 0.95 0.90
other 0.85 0.78 0.77
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Abstract

Despite improvement of prediction protein-protein interactions, there is little progress to 
predicting protein complexes. We regard as that the problem of predicting protein complexes is 
because of coexistence of interaction which can not occur concurrently. Therefore, we propose the 
method to predict protein complexes eliminating interactions which occur to one interface. For find 
out coexistence of interaction interfaces, we integrate several databases like PSIbase, SwissProt, 
SCOP, ASTRAL, etc. This method adjusts exist prediction method like MCODE, which using 
protein interaction network for the prediction. The result will be compared with original MCODE 
with new method, and represents the accuracy is improved. 

Keywords: prediction, protein complex, interaction interface

1  Introduction 

With a flood of biological data sources, predicting protein interaction comes up with a major issue of 
bioinformatics. Although many researchers are struggling to how can they find accurate method to predict 
protein-protein interaction, there are little progress to predicting protein complex – molecular aggregations of 
proteins assembled from multiple stable protein-protein interaction. Typically, most of the approaches for 
predicting protein complexes are using modeled protein interaction data as an undirected graph, and detect 
dense region or complete subgraph from such a graph as a protein complex. However, as like observation of 
the result of recent researches [1], protein complexes can be modeled by graph, but it is hard to say that the 
entire dense region of graph going to be complexes. This is caused that high false-positive rate of prediction, 
which means only part of the prediction can be actually true complexes. It implies that clique cannot be a 
complex always, because the clique, predicted protein complex, does not consider its interface cannot be 
share with other proteins. To solve such a problem, we propose that a method of predicting protein 
complexes using actual interaction interface structure of proteins which participate in protein interaction 
networks.

2  Method 

Interaction point of a protein cannot accept redundant interactions from different proteins in a same time.
However, protein interaction networks are not considers actual interfaces of proteins; it is constructed from 
exist of interactions between proteins. Therefore, it has to be adjusted by adapting interaction interfaces of 
proteins, selecting one interaction from overlapped interactions of an interface. Selecting only one interaction 
among others gives variations of the predicted complex networks. Newly created sub-networks will be 
judged as a complex or not by an evaluation system. Detail steps for the prediction system are as follows:

1. Construct protein interaction network
2. Find dense region
3. Detect domain interface of protein interaction network
4. Remove overlapped interface and reconstruct network
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First and second steps are base architecture of prediction system. It is inspired from existing methods, 
MCODE proposed by Bader and Hogue [2].  As a base step, it requires that constructing protein interaction 
networks; it needs information of protein interactions. It comes from DIP (domain interaction prediction) 
database for protein interaction database. Using protein interaction data, it constructs protein interaction 
network, which node represents protein and edge represents interaction. In this system, we use MCODE 
(Molecular Complex Detention) algorithm – utilize connectivity values in protein interaction networks to 
search for protein complexes - for detecting dense region of protein interaction network.

Next is detecting domain interface of protein interaction network. PSIbase provides domain-domain and 
protein-protein interaction information from proteins which 3D structures are identified [3]. This information 
is provided in a form of atom and residue information of protein. However, it does not match with protein 
identifier of SwissProt because this is based on PDB structures, protein superfamily and family levels. 
Therefore, matching process with protein unit – domain interface detection - is required and in this step, we 
used SCOP structures for identify domain. (Figure 1) After figure out interfaces of a protein, removes 
overlapped interface for one interface and reconstruct interaction networks which can occur concurrently.

Figure 1: Domain interface detection

3 Result and Discussions

In this research, we propose the method for refine protein complex prediction method using mining protein 
interaction network, especially about MCODE system. We are expecting prediction accurate will be increase,
compares with original MCODE system. In other words, false positive goes down than MCODE system 
without considering interface. This research represents that considering not only interaction between proteins 
but also interaction interfaces of domains is more accurate approach for predicting protein complex.
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1 Introduction

Glycosylation is one of the main topics in understanding the life systems. More than a half of the
protein is glycosylated to acquire the function, biological diversity and structural stability. Mucin-type
O-glycosylation is one of the main two types of the mammalian protein glycosylation. It is serine (Ser)
or threonine (Thr) specific, though any consensus sequence is still unknown, while N-glycosylation is
clarified as a binding process to an asparagine (Asn) residue in a sequence of Asn-X-Ser/Thr.

In the previous report[1], we applied a support vector machine(SVM) with radial basis function,
as well as a 3-layered neural network, for the prediction of O-glycosylation sites using 99 mammalian
protein sequences obtained from UniProt8.0[2]. In the present study, we use structural information
of the protein in addition to the sequence information for the prediction by SVM. The structural
information is found available for 72 proteins among the 99 proteins, directly from Protein Data Bank
(PDB)[3] for 29 proteins, together by the support of the sequence homology search using ClustalW[4]
for 12 proteins, and using GTOP[5] for 31 proteins.

2 Method and Results

2.1 Primary protein sequences and structure information as the input data

72 mammalian protein sequences are selected from UniProt8.0 for the prediction, which contain some
Ser and Thr residues annotated as being O-glycosylated experimentally. Among 72 proteins, 41
proteins are found to be registered in PDB[3] with tertiary structure data of each amino acid residue.
29 proteins shows the perfect consistency of the primary sequences, while the other 12 proteins contain
slight inconsistencies of the sequences. Therefore, the best match sequence is searched by a multiple
sequence alignment using ClustalW for each of the 12 protein sequences. For the rest 41 proteins,
GTOP is used for the sequence homology search of PDB. All the homologs with the E-value up to e-10
and the sequence identity larger than 30% are jointly used to fully utilize the available information
in PDB, by adopting the PDB file with the highest similarity for each residue. Thus, the tertiary
structure data in PDB is acquired for all 72 proteins, and is used to calculate the secondary structure
and the solvent accessibility of of each amino acid residue using DSSP[6]. The primary sequence and
the structural information are used as the input data to SVM. Fig.1 shows the flow to acquire the
protein data used in the prediction. As O-glycosylation is Ser or Thr specific, these two kinds of amino
acid residues are the prediction target. Therefore, the input data is a protein sequence with length
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Ws with Ser or Thr site at the center. A sparse coding is used for the sequence information, which
distinguishes all 20 kinds of amino acid residue.

Each protein sequence contains the Ser and Thr residues with the annotation of O-glycosylation,
together with other Ser and Thr residues without such annotations. We refer the former as a positive
site, while the latter as a negative site. There are 267 positive sites in 72 proteins, and we randomly
select two times of negative sites of either Ser or Thr residue from the same 72 proteins. Total 810
positive and negative sites are segmented into three sets for three fold cross-validation for the training.

2.2 Prediction by SVM

Matthews correlation coefficient is used for the evaluation, and the results by SVM is shown in Fig.2,
where the best results among the various values of a kernel parameter and a margin size are given.

PDB UniProt

SVM

DSSP

72 primary
 sequences

Secondary structural informationAccessibility
... 0.15 0.96 0.22 ...

...LAVSAGP...

...HHHCECC...

ClustalW

29 proteins 12 proteins31 proteins

Tertiary structure

GTOP

Figure 1: Protein data obtained from UniProt,
PDB, GTOP, ClustalW and estimated by DSSP
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Figure 2: Matthews coefficients obtained by SVM
with/without the structure information

3 Discussions and Future Works

The present report implies the effectiveness of the structure data, in addition to a sequence information.
More intensive investigation with different ratios of the negative and positive sites data is necessary for
the further discussion. The future works include a study of new encodings and other kernel functions
to elucidate the effective information for O-glycosylation and thereby to clarify the mechanism.

References

[1] Nouno, I. et al., Prediction of Mucin-type O-glycosylation by Layered Neural Networks and
Support Vector Machines, Genome Informatics, 17:P111-1-2, 2006.

[2] http://www.ebi.uniprot.org

[3] http://www.rcsb.org/pdb/home/home.do

[4] http://www.ebi.ac.uk/Tools/clustalw/

[5] http://spock.genes.nig.ac.jp/˜genome/gtop.html

[6] http://swift.cmbi.kun.nl/swift/dssp

#23

56



Weeder-based Identification of Potential Splicing Regulatory 
Motifs in Constitutive and Alternative Exons 

 

Liu Nan1     Christian Schönbach1 
liunan@ntu.edu.sg    schoen@ntu.edu.sg 

 
1 Division of Genomics and Genetics, School of Biological Sciences, College of Sciences, Nanyang 

Technological University, 60 Nanyang Drive, Singapore 637551, Singapore 
 

Keywords: alternative splicing, splice regulatory motifs, exonic splice enhancer, exonic splice silencer 
 
 
1  Introduction  
 
In mouse and human the splicing of exons from its precursor mRNA in different patterns, which include 
length variations or skipping, is a major source of transcriptome and proteome diversity. The splicing process 
is tightly controlled by spliceosomal proteins which bind to short regulatory cis elements. The latter are 
rather degenerate 6-12mer motifs that aid the localization of exons (e.g. exonic splice enhancer ESE), 
promote (ESE) or suppress (exonic splice silencers ESS) splice site recognition. The majority of known ESE 
and ESI were identified by systematic evolution of ligands by exponential enrichment (SELEX) [1] and 
position weight matrix based probabilistic modeling (RESCUE-ESE) [2] among alternatively spliced exons. 
RESCUE-ESE uses the prior assumption of ESE being preferentially associated with weak splice sites. 
Therefore ESE motifs in constitutive exons may remain undetected. In addition, there is only limited 
information on motif occurrence, motif type, and spacing between motifs in both constitutive and alternative 
exons relative to 5’ and 3’ splice sites. To address these points and detect new splice regulatory candidate 
motifs we applied ab initio motif prediction among length variation exons, skipped exons and constitutive 
exons and analyzed significantly over-represented motifs. Here, we report the initial findings on potential 
new splice regulatory motifs in mouse. 
 
2  Method and Results 
 
Our splice regulatory motif analysis utilizes the data set of Wang et al. [3] which comprises the mouse and 
human genomic coordinates of constitutive exons (CEs), pairs of alternative 3' splice site exons (A3Es), pairs 
of alternative 5' splice site exons (A5Es), and skipped exons (SEs). The corresponding exonic sequences 
were retrieved from human hg17 and mouse mm6 genome assemblies. mRNA accessions and gene symbols 
associated with the exonic sequences were extracted from GenBank using UCSD Genome Browser 
annotations. Ab initio finding of potential ESE/ESS motifs in the data sets was performed with Weeder, a 
word enumeration-based algorithm [4]. Since Weeder outperformed other methods in detecting 
overrepresented short motifs in context of transcription factor binding site predictions, we have chosen the 
program with adjusted background frequencies for finding potential splice regulatory motifs. The default 
background frequencies derived from 6- and 8-mers of 3’ and 5’UTR sequences were replaced with 
frequencies calculated from mouse and human variant transcript sets (VTS) (ftp://fantom.gsc.riken.jp/RTPS/). 
The top 100 motif candidates with P values of less than 0.001 were considered in the subsequent motif 
analyses and comparisons with previously reported SRp55, SF2, SRp40, SC35 ESEs, RESCUE-ESE and 
ESS [2] [3] [5]. Canonical splicing site sequences detected by Weeder were excluded. 
The occurrence of Weeder-derived 6-mer motifs flanking constitutive and alternative splice sites largely 
concurred with previously reported distribution. Most candidates are located within 200 nucleotides distance 
from the splice sites. Comparison of Weeder 6-mer motif candidates among mouse CE, SE, A5E and A3E 
exon categories yielded 274 unique 6-mers of which 108 (44.2%) matched to previously reported ESE or 
ESS (Table 1). The high number of matches to known RESCUE-ESE in skipped exons might be indicative of 
ESE functioning as ESS depending on the context. Interestingly, several novel candidates coincided with 
recently identified intronic splicing regulatory elements (ISREs). For example TTGCAG (U140) [6] was 
observed in 274 skipped exons, providing support to the notion that these motif can act as silencers in both 
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introns and exons [6]. About new splice regulatory candidates were detected in A3E and A5E variant exons.  
 
Table 1. New mouse splice regulatory 6-mer candidate motifs unique to exon categories 
 

Exon Category   Weeder 6-mer Motifs      Known [2] [3] [5]        New  
and Number  Shared Unique  ESE  ESS  

CE 94,817     22  78    34  0    44   (56.4%) 
SE 15,374     15     85   50  4    31   (38.3%) 
A5E   3,918     44  56   17  2    37   (66.1%) 
A3E   2,963     45  55     7  7    41 (74.5%) 

All   117,072         126 274  108 13  153  (55.8%) 
 
3  Discussions 
 
Previously Weeder has been only used to detect potential transcription factor binding sites or conserved 
non-coding elements. Since the word enumeration is a memory efficient and fast motif detection method it is 
also applicable to splice regulatory motifs, provided the background frequencies are re-calculated for exon 
sequences. The identification of 37 (66.1%) and 41 (74.5%) unique motif candidates in A5E and A3E exons 
that were not reported by RESCUE suggest that the number of splice regulatory motifs is far from saturated 
Since we have not yet experimentally tested the motif candidates, the number of false positives is unknown. 
However, new Weeder-based motifs (i.e. CGTGAG, CGAGGT, etc.) in SE, A5E and A3E exons candidate 
motifs were also found in variant exons of the independent dataset of alternative splicing sequence enriched 
tags (ASSETs) [7] supporting their role in splice regulation. Considering the high number of motifs the real 
challenge lies in identifying which motifs or combination of motifs, are actually used in expression context. 
In absence of larger ASSET or SELEX datasets the correlation of motif occurrence with tissue cell-specific 
transcription start site tagging data (i.e. CAGE) of variant transcripts and transcripts of splice regulator 
proteins rmay help to identify tissue cell specific motif usage patterns. 
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1  Introduction 
 
The requirements for exploring some common structural rules in the sequences have been increasing because 
the rule can provide insights to the interaction mechanism such as genome-transcriptional factors, 
protein-protein, ligand-receptor, and etc. controlled by structural or physical atmosphere of molecules 
(property motifs). Multiple sequence alignment (MSA) methods such as ClustalW [1] could not provide 
output information of common property motifs in the analyzed sequences because these methods were 
designed to align neighboring sequence queries one-by-one in the way of constructing binary tree. 
Advancing the MSA strategy, a novel algorithm TEIRESIAS [2] has been developed for the discovery of 
existing patterns in the candidate sequences. This method can construct grammatical rules by processing 
local alignments first, and then connect them to the total sequence alignment result as the literal grammars in 
the sentence. However, the algorithm is not focused on searching property motifs. In addition, this method is 
used for discovering common motifs by using the same characteristic data set (either data set of positively 
active peptides or negative peptides) which is not practical for analyzing experimental data. 

To overcome these problems, we applied Genetic Programming (GP) [3] to discovery of property motifs. 
We have evaluated its performance by aligning the property combinations in the peptide sequence by two 
types of data. As a first data, we evaluated the algorithm with artificially produced peptide data with 
intentionally buried property motifs in positive data. As a second data, we evaluated the efficiency with 
experimentally proved biological peptide sequences, which are major histocompatibility complex (MHC) 
class II binding and non-binding peptides. 
 
2  Materials and Method  
 
Peptide sequences and their binding affinities to MHC class II were obtained from the database MHCPEP [4] 
and MHCBN [5]. The dataset consisted of 1250 positive peptides that bind to HLA-DRB1*0401 (length of 
sequence is from 9 to 30) and 865 negative peptides (9-mer peptides). We compared our proposed method 
with matrix optimization technique (MOT) [6] which finds binding cores (nine amino acids) in the positive 
peptides to restrict the peptide sequence information to the binding core region. 

To evaluate the motif extracting performance of GP, we have prepared 2 types of simulation datasets 
including 2 types of model property rule (Rule 1: hydrophobic-hydrophobic, Rule 2: 
bulky-bulky-arbitrary-positively-charged) with negative sequences without the model motifs. We analyzed 4 
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variations of lengths data set separately 4-, 6-, 9-, and 12-mer). Each data set had 50 positive and 50 negative 
sequences. The data included approximately 10% of noise which the buried property motif was found in 
negative sequences in each dataset. 

To explore property motifs and analyze positively active and negative sequence simultaneously, following 
two considerations should be taken carefully: the employment of physicochemical indices for alignment and 
appropriate fitness value of motif rule candidate for evolutionary algorithm. First, the residues in the 
sequence were efficiently represented by numerical parameters reflecting combinations of chemical or 
physical property, size, hydrophobicity, and isoelectric point. Second, Fisher ratio value was applied to 
fitness value, which can statistically evaluate the discrimination ability of two class datasets. 
 
3  Results and Discussions 
 
From the artificially produced queries of 4 variations of lengths, objective property motifs were almost 
correctly explored with high fitness value. From the results, GP based motif search was found to be an 
effective method to align the homologous property combinations in the sequence, and do not rely on the 
alphabetical homology. 

Using the MHC class II dataset, the rule “bulky at N-terminal and positively charged at C-terminal spaced 
by 7 arbitral amino acids”, was obtained in GP analysis (Figure 1). We performed comparison of attributes of 
selected motifs using fuzzy IF-THEN rules [7] shown in Figure 1. When MOT was used for motif selection, 
the different rule was extracted. 

Approximately twice as many as binding peptides (1045) were in the GP 
motif rule cell, compared to the binding peptides (550) in the MOT motif rule. 
It indicated that 83.6% of binding peptides possess such property motif in 
common, whereas MOT motif only covered 44%. This result indicates the 
higher robustness of the constructed model using 2 input motifs selected by GP. 
In general, it is difficult to construct matrices such as MOT for searching 
functional motifs which can mimic the original peptides activity because of 
limitations of experimental data acquisition. In contrast to a scoring matrix 
approach, the GP approach enables us to obtain knowledge of functional 
aspects by using available experimental data labeled positive or negative and 
without a prior knowledge. 

(b

 
Figure 1. Fuzzy IF-THEN rules using FNN. Peptide sequences data 
were preprocessed by (a) GP and (b) MOT. 
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1. Introduction
In view for the next several decades, development of a new material that substitutes petroleum

products for substitutions is demanded as reflecting the oil exhaustion. The “spider silk” is

limelight of next generation artificial fiber. Dragline silks produced by spiders exceed existing

artificial fibers in respects of strength, retractillity, heatproof, and biodegradability, etc.

A large amount of breeding of spider is not realistic from respect of the cost for the production

of the spider silk protein. Hence, various kinds of production methods using hircine mammary

gland cell and Escherichia coli have been exhibited. However, the industrial production of the

spider silk protein is not achieved at present by serious problems of low productivity and

refinement cost etc [1].

To solve the above-mentioned problems, establishment of the production system using Bacillus

subtilis was expected to be an end goal in this research. Because B. subtilis has the ability of

protein secretion, the reduction in the refinement cost can be expected [2]. Moreover, adopting

optimized promoters realizes efficient production of proteins with high toxicity without

expression inducers.

2. Methods and Results
As the first milestone, the spider silk protein was produced by E. coli host which can be applied

to various proteins When MaSp1 gene of Nephila clavipes with modified NR region was

introduced to pET22b(+) vector. The recombinant protein was produced in the E. coli host by

IPTG-mediated induction. The production of spider silk protein was confirmed by gel

electrophoresis. We successfully converted the protein to fibrous, but the productivity was still
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insufficient. Next, the MaSp1 gene was fused with His-tag for the protein detection and the

purification, sporulation-specific promoter of B. subtilis, and secretion signal sequence, and

introduced in pHY300PLK and pMH119 expression vectors. The optimized condition has been

investigated for production in B. subtilis host.

Figure 1: MaSP I gene and its cloning procedure

3. Conclusion
The production of spider silk protein in E. coli host was demonstrated here. Though the protein

could be converted to fibrous materials, but the production was insufficient for large scale

production. Production system in B. subtilis was also provided. The production and secretion of

the synthetic spider protein in various B. subtilis hosts were also discussed. .
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Abstract 

 
The transporter associated with antigen processing (TAP) is a critical component of the human leukocyte antigen 

(HLA) class I antigen processing and presentation pathway. Selective peptide transport by the TAP transporter 
represents one of the main candidate mechanisms that may regulate the presentation of antigenic peptides to HLA class 
I molecules. To assess the impact of this pre-selection, we describe the use of hidden Markov models (HMMs) for 
studying the relationship between HLA and TAP binding specificities. In computer simulated TAP binding experiments 
with 20663 peptides from 16 alleles, HLA class I molecules differed significantly with respect to TAP affinities of their 
ligands. Our data indicates that TAP binding preferences have a significant effect on T-cell epitope selection and this 
information should be incorporated in existing screening strategies and experimental design.          
 
Keywords: bioinformatics, transporter associated with antigen processing, major histocompatibility complex 
 
1  Introduction  
 
The ability of cytotoxic T-cells to differentiate normal cells from infected or malignantly transformed cells is 
vital to our defense against pathogens, cancer and also forms the foundation for successful immunization. To 
accomplish this, endogenous antigens are degraded by the proteasome, and the peptide fragments are 
selectively translocated by TAP from the cytosol to the endoplasmic reticulum (ER) for assembly with HLA 
class I molecules. Peptides that bind to HLA class molecules are subsequently presented on the cell surface 
for inspection by cytotoxic T-cells. Peptides must be translocated by TAP prior to presentation on HLA class 
I molecules, hence TAP binding preferences is likely to be a limiting factor in T-cell epitope selection.  

Existing experimental evidences indicate that different HLA class I alleles have different 
TAP-dependencies [1]. HLA-A2 is reportedly the least TAP-dependent; B7 can bind to other mechanisms 
besides TAP transport; while A3 is predominantly TAP dependent. In this study, we report the large scale 
analysis of the relationship between TAP associated ligands and HLA locus products. Using HMMs, we 
examined whether 1) peptides presented by class I alleles show evidence of selection by the translocator; and 
2) the extent of selection for peptides by different class I supertypes. 
 
2  Method  
 
2.1. Algorithm 
 
We used hidden Markov model (HMM) as the prediction engine. A first-order HMM is applied in which the 
current system state is determined only by the preceding state. The training dataset consists of 493 nonameric 
peptides from biochemical studies [2]. Each amino acid in a nonamer peptide is encoded as a binary string of 
length 20 with a unique position set to “1” and other positions set to “0”. The outputs were binding scores 
ranging from 0 to 10, in increasing level of binding affinity (non-binding, N: 0-2; low binding affinity, L: 
3-4; medium binding affinity, M: 5-6; high binding affinity, H: 7-10). The AROC values for H, MH and LMH 
datasets are 0.68, 0.81 and 0.86, respectively. The HMM algorithm, training and testing were described in an 
earlier study [3].   
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Figure 1: Number of experimental HLA binding and non-binding sequences predicted to be TAP associated.  
  
3  Results and Discussions  
 
To examine whether HLA class I ligands show evidence of selection by the translocator, we screened 20663 
experimentally determined HLA binding and non-binding peptides for their TAP binding ability. If an HLA 
locus product has high TAP dependency, we would expect a large proportion of the HLA ligands to be 
positively TAP associated. Of 7570 A2, A3 and B7 binding sequences, 1414 (or 18.7%) are predicted to be 
TAP associated. The number of A2, A3 and B7 binding ligands predicted to be TAP associated are ~16.7% 
(674/4043), ~25.2% (686/2721) and ~6.7% (54/806) respectively. A3 alleles (A*0301, A*1101, A*3101, 
A*3301 and A*6801), reportedly the most TAP dependent, has the largest proportion of ligands predicted to 
be preferentially selected by TAP. Interestingly, B7 alleles (B*0702, B*3501, B*5101, B*5301, B*5401) has 
a lower proportion of predicted TAP binders compared to A2 (A*0201, A*0202, A*0203, A*0206, A*6802, 
A*6901), reportedly the least TAP dependent. B7 alleles bind peptides with high affinities in subphysiologic 
temperature [4]. Much remains unknown with regards to the mechanism of putative TAP-independent 
transport. It is interesting to speculate that TAP-independent transport can translocate different sets of 
peptides to the ER.  
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Abstract 
 

Vibrio vulnificus is a halophilic and highly human-pathogenic bacterium, showing 
very high mortality rate when infected [1]. In order to facilitate the drug development 
process for this, we undertook in silico analysis to identify specific drug targets in the 
genome-scale metabolism of V. vulnificus. With a newly sequenced and annotated 
genome of V. vulnificus, we first reconstructed its genome-scale metabolic network 
consisting of 946 reactions and 766 metabolites (Table 1). Subsequently, we employed 
constraints-based flux analysis [2], an optimization-based simulation technique, to 
validate the model in comparison with experimental data, and identify essential genes 
comprising the metabolic network. Essential genes herein refer to genes responsible for 
the specific enzymatic reactions whose deletions result in the failure of biomass 
formation.   

In order to identify primary drug targets, we applied constraints-based flux analysis 
to the genome-scale model of V. vulnificus with maximization of biomass as an objective 
function under random media. Here, the random media indicate a set of media covering 
all possible combinations of carbon and nitrogen sources so as to account for various 
nutrients available for the pathogens inside the human body. In this study, the random 
media consist of 22 carbon sources and 41 nitrogen sources, and the simulation was 
performed for each combination. Uptake of sulfate, phosphate and oxygen was allowed in 
all cases. As a result, 228 enzymatic reactions were identified as primary drug targets. 
This study demonstrates that drug targeting using in silico approaches facilitates not only 
the systems-level analysis of the bacterial metabolism, but also a rational design of 
experiments applicable to biomedical science. 
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1 Introduction

Thermal fluctuations, ionizing radiation, and standard metabolism are three ways (amongst many)
in which DNA is damaged or mutated. DNA repair is the collective term for the mechanisms which
reverse the damage incurred to DNA, and the proteins that perform DNA repair are of many types.
The abilities of a machine learning technique and a homology search method are compared in their
ability to classify DNA repair proteins from repair-exclusive datasets created at random.

2 Datasets

Classification of KEGG[3] and UniProt[4] DNA repair protein datasets filtered by similarity was done
previously [2]. One of the inherent problems mentioned in [2] is that the use of BLASTclust [1] biased
performance towards BLAST homology searches over Support Vector Machine learning. In order to
remove the bias and study the true performance of the techniques, we perform a sufficient number
(> 20) of trials on datasets that are generated by randomly selecting either a percentage or a fixed
number of proteins from DNA repair protein databases (databases are as used in [2]).

3 Methods

For each of the two source databases, we draw a uniform random sampling of proteins that is either
a fixed size (500, 1000, or 1500 proteins) or a specified percentage (25%, 50%, or 75%) of the original
database. For each random sample database, we test the abilities of both BLAST and an SVM to
recognize 10 DNA repair protein types. The testing is done using 5-fold cross validation.

BLAST is capable of using data in sequence format, though the SVM technique requires us to
transform it into a numerical vector of some type. For this purpose, the spectrum kernel transformation
is utilized on data at 1-, 2-, and (shown in Table 1) 3-spectrum levels. As an example, the 2-spectrum
kernel of AAABA for Σ = {A,B} is < 2, 1, 1, 0 > because there are 2 AAs, 1 AB, etc.

For both techniques, we use the output e-values or SVM scores, where appropriate, to create a
range of thresholds and generate a ROC curve. Using the many randomly-generated datasets, the
total area under the curve (0 < AUC < 1) for each experiment is our random variable for assessing
the statistical performance of the two methods.
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For datasets randomly generated from the UniProt database (3, 165 repair proteins)

Type Method
25% 50% 1000 proteins 1500 proteins Overall

µ σ µ σ µ σ µ σ µ

atpase
BLAST 0.783 0.049 0.769 0.058 0.794 0.053 0.766 0.068 0.781
SVM 0.865 0.034 0.907 0.017 0.879 0.035 0.890 0.022 0.881

excision
BLAST 0.958 0.037 0.979 0.015 0.963 0.025 0.971 0.018 0.969
SVM 0.856 0.078 0.901 0.061 0.879 0.078 0.854 0.081 0.877

photolyase
BLAST 0.0951 0.041 0.970 0.028 0.958 0.041 0.964 0.050 0.962
SVM 0.826 0.113 0.925 0.042 0.860 0.096 0.889 0.095 0.883

rec
BLAST 0.798 0.088 0.727 0.042 0.775 0.068 0.769 0.071 0.765
SVM 0.941 0.007 0.951 0.005 0.943 0.007 0.948 0.004 0.945

For datasets randomly generated from the KEGG database (3, 742 repair proteins)

atpase
BLAST 0.614 0.052 0.546 0.037 0.568 0.045 0.561 0.042 0.577
SVM 0.725 0.061 0.755 0.035 0.710 0.043 0.743 0.035 0.731

excision
BLAST 0.890 0.052 0.936 0.017 0.881 0.057 0.910 0.032 0.895
SVM 0.818 0.051 0.864 0.025 0.795 0.062 0.842 0.039 0.828

polymerase
BLAST 0.945 0.035 0.952 0.023 0.944 0.048 0.955 0.033 0.941
SVM 0.901 0.042 0.919 0.032 0.913 0.054 0.926 0.032 0.905

rec
BLAST 0.693 0.038 0.664 0.021 0.686 0.020 0.665 0.020 0.684
SVM 0.917 0.011 0.931 0.007 0.917 0.010 0.926 0.007 0.923

Table 1: Statistical performance of SVM and BLAST methods for five DNA repair protein types
available in the KEGG and UniProt databases. µ and σ are the average AUC score and the variance
of the AUC score, respectively. The rightmost column indicates the average AUC score for all trials
in all experiments (including 75% and 1500-protein dataset experiments not shown here).

4 Discussion

The experiment results shown here do not suffer the bias present in [2], and thus provide a better
reflection of each algorithm’s long-term performance when taken over many experimental trials. For
the other types of proteins not shown here, results are similar, with an even split in the superiority of
the algorithms depending on DNA repair protein type. This leads us to believe that we can combine
the two techniques to achieve a single method with even better results than given here.

The overall AUC scores are, with the exception of atpase in the KEGG database, above 85%,
suggesting that the methods are successful enough to be applied to unclassified proteins. A large-scale
scan of genomes to determine if each protein type has a similar ratio in all organisms is being planned.
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1 Introduction

Clustering techniques are widely used for gene expression data analysis. These techniques group
genes together based on the similarity in their gene expression profile. By this grouping, we can find
functionally related genes. In recent years, the amount of gene expression data has been increasing in
size. When performing hierarchical clustering, the relation between expression data is denoted as a
distance matrix. This triangular matrix has a size of order of N2 generally, where N is the number of
genes. This situation requires tremendous computer memory resources in order to analyze gene data if
the number of genes is large. One of the hierarchical clustering algorithms, single-linkage algorithm has
a solution[1] for this memory problem. However, other hierarchical clustering, (an average-, centroid-
and complete-linkage clustering) may fail due to lack of memory.

In this poster, we propose an implementation with a lower memory requirement, for complete-
linkage clustering. Therefore we developed a program based on the open source clustering software[2],
and estimated its performance.

2 Method

First, a conventional clustering program allocates maximal memory for triangular distance matrix of
gene pairs, then releases memory by reducing the matrix gradually as the computation. Therefore,
a problem may happen at the beginning of computation due to lack of memory. In our strategy
memory is allocated when a request of distance value between items occurs, such as when updating
the matrix. In the situation, the program calls a function which calculates the distance between two
genes, allocates memory to cache in size of a row or a column. The matrix size decreases during the
computation. Thus the total memory required is less than the conventional algorithm.

The clustering routine related memory allocation divides into two procedure, clustering and reduc-
tion of matrix. The clustering procedure compares between two items(item 4-∗ and 1-∗ except for 4-4
and 1-1) in Figure.1, replaces the items by the other one if one has a larger distance value in complete
linkage, as shown in Figure.1(a).

In this case, our program allocates memory to cache the distance value as shown in Figure.1(b).
The reduction of matrix procedure relocates items as shown in Figure.1(c). In this case, both the
conventional and our program release memory in the bottom row of the matrix as shown in Figure.1(d).
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Figure 1: The procedure in a matrix of 8 items : (a) clustering. (c) reduction of matrix. (b) and (d)
are an overview of memory allocation. The cache means array memory for the distance value allocated
when the matrix changed.

3 Results and Discussion

This poster shows the benchmark results using cyanobacterial gene expression that is the attached
sample the open source clustering software collection. The distance definition is Eucledian. The
number of gene data is 90. Figure.2 shows the results.

The conventional algorithm shows intense mem-
ory allocation at the beginning, and decreases
monotonously. The proposed algorithm shows pro-
gram modest allocation and remains below the
memory requirement of the conventional algorithm.
This approach may prevent program failure due to
lack of memory.

In this work, we have proposed an implemen-
tation with less memory requirement for complete
linkage clustering, and developed a program based
on the open source clustering software. The result
agrees with the conventional algorithm and shows
reduced requirement of memory. As this method is
not limited to complete linkage, next we will apply
it for average- and centroid-linkage to reduce their
memory requirement also.
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Figure 2: Transition of number of array
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1 Introduction

Non-coding RNAs play an important role in cellular processes, and their subclass, called antisense
RNA, is involved in post-transcriptional regulation of gene expression via binding to its complementary
target mRNA. The base-paired structure of such two interacting RNAs is said to be the joint secondary
structure. In particular, many loop-loop interactions have been observed, which are called kissing
hairpin loops. Several studies have so far been made on RNA-RNA interaction prediction that employ
dynamic programming algorithms [1, 4, 5]. To the best of the authors’ knowledge, there seem to be
few works that deal with this kind of problem as a special case of general integer programming (IP)
problems. In recent years, the performance of optimization solvers has made dramatic progress in the
sense that they have been able to solve large-scale optimization problems in a relatively short time. It
might be a good strategy to focus on the formulation of the problem to be solved as a mathematical
programming problem and leave it to a solver.

This paper provides a new method of predicting joint secondary structure between two RNA
molecules based on IP. To make RNA-RNA interaction prediction problem simple, we assume that ev-
ery joint secondary structure satisfies the pseudoknot-free condition, that is, joint secondary structure
includes neither internal pseudoknots nor external pseudoknots (see [1, 4] for details).

2 Method and Results

Let Σ denote the set of bases {A, C, G, U}. Let a = a1 · · · an ∈ Σ∗ and b = b1 · · · bm ∈ Σ∗ be two
RNA sequences in 5′-3′ direction and in 3′-5′ direction respectively. The integer variables used in IP
formulation are defined as follows: (i) xij = 1 if ai bonds with aj , otherwise xij = 0; (ii) yi′j′ = 1 if
bi′ bonds with bj′ , otherwise yi′j′ = 0; and (iii) zkl = 1 if ak bonds with bl, otherwise zkl = 0. The
ranges of indices are defined as i ∈ Ix1 = {1, . . . , n − L}, j ∈ Ix2(i) = {i + L, . . . , n} that depends on
i, i′ ∈ Iy1 = {1, . . . ,m−L}, j′ ∈ Iy2(i

′) = {i′ + L, . . . ,m} that depends on i′, k ∈ Iz1 ⊆ {1, . . . , n} and
l ∈ Iz2 ⊆ {1, . . . ,m}. Note that L denotes a positive integer that represents a loop length, which is
set at two or more. The objective function is linear with respect to the variables xij , yi′j′ and zkl, and
their respective coefficients wa

ij , wb
i′j′ and wab

kl are real values determined by the number of hydrogen
bonds between base pairs. Then, we can formulate an RNA-RNA interaction prediction problem into
a 0-1 IP problem as follows:

maximize
∑

(i,j)∈(Ix1 ,Ix2 (i)) wa
ijxij +

∑
(i′,j′)∈(Iy1 ,Iy2 (i′)) wb

i′j′yi′j′ +
∑

(k,l)∈(Iz1 ,Iz2 ) wab
kl zkl

subject to
∑

j∈Ix2 (i) xij ≤ 1 (i = 1, . . . , L),
∑i−L

h=1 xhi +
∑

j∈Ix2 (i) xij ≤ 1 (i = L + 1, . . . , n − L),
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∑j−L
i=1 xij ≤ 1 (j = n − L + 1, . . . , n),

xij + xkl ≤ 1 ((i, j) ∈ (Ix1 , Ix2(i)), (k, l) ∈ (Ix1 , Ix2(k)), i < k < j < l),∑
j′∈Iy2 (i′) yi′j′ ≤ 1 (i′ = 1, . . . , L),

∑i′−L
h=1 yhi′ +

∑
j′∈Iy2 (i′) yi′j′ ≤ 1 (i′ = L + 1, . . . ,m − L),∑j′−L

i′=1 yi′j′ ≤ 1 (j′ = m − L + 1, . . . ,m),
yi′j′ + yk′l′ ≤ 1 ((i′, j′) ∈ (Iy1 , Iy2(i

′)), (k′, l′) ∈ (Iy1 , Iy2(k
′)), i′ < k′ < j′ < l′),∑

l∈Iz2
zkl ≤ 1 (k ∈ Iz1),

∑
k∈Iz1

zkl ≤ 1 (l ∈ Iz2),

zij + zkl ≤ 1 ((i, j) ∈ (Iz1 , Iz2), (k, l) ∈ (Iz1 , Iz2), i < k, l < j),
2xkj +

∑
l∈Iz2

zkl +
∑

l∈Iz2
zjl ≤ 2 ((k, j) ∈ (Ix1 , Ix2(k))),

2ylj +
∑

k∈Iz1
zkl +

∑
k∈Iz1

zkj ≤ 2 ((l, j) ∈ (Iy1 , Iy2(l))),

xij , yi′j′ , zkl ∈ {0, 1} ((i, j) ∈ (Ix1 , Ix2(i)), (i′, j′) ∈ (Iy1 , Iy2(i
′)), (k, l) ∈ (Iz1 , Iz2)).

Table 1: Prediction accuracy for Tar-Tar*.
Model IP PairFold

Sensitivity [%] 100.0 36.0
Specificity [%] 87.5 56.0

We carried out an elementary test where a pair of RNA
sequences taken for prediction is Tar-Tar* of the same
lengths 16 [3]. It is experimentally shown that Tar-Tar*
complex contains one kissing hairpin loop. In our experi-
ment, we solved the above IP problem by an optimization
solver GLPK (GNU Linear Programming Kit) [6]. The
prediction accuracy of our approach was measured by the
sensitivity and specificity (see [2, 4] for detailed definitions). The result is shown in Table 1, where the
prediction accuracy of PairFold [2] for the same input is listed for comparison. Note that the accuracy
of PairFold is low since this model cannot predict any kissing hairpin loop.

3 Discussion

Although we obtained a good result in accuracy for the pair of the short RNA sequences, experiments
for longer sequences have not been performed, which are left as future work. We would like to
emphasize that IP-based approach can flexibly cope with RNA-RNA interaction prediction problem
“with pseudoknots” by changing a part of the constraints of the corresponding IP problem.
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Lysosomal α-mannosidase is an enzyme that acts to degrade the N-linked 

oligosaccharides and hence plays an important role in mannose metabolism in humans 

and other mammalian species especially livestock. Mutations in the gene (MAN2B1) 

encoding lysosomal α-D-mannosidase cause improper coding resulting in dysfunctional 

or non-functional protein and hence causing the disease α-mannosidosis. The phenotypic 

severity in this kind of inherited diseases is often found to be in co-relation with the 

genotype. Mapping disease mutations to the structure of the protein can help in 

understanding the functional consequences of these mutations and thus indirectly, the 

finer aspects of the pathology and clinical manifestations of the disease. We hereby 

performed a complete homology modelling study and analysis of all the wild-type and 

mutated sequences of lysosomal α-mannosidase in four different species – human, cow, 

cat and guinea pig. Using the X-ray crystallographic structure of bovine lysosomal α-

mannosidase as the template to build the models of both wild type and mutated structures 

with all four disulfide linkages and bound ligands, we successfully established a 

satisfactory correlation between the severity of the genotype and that of the phenotype of 

the disease.  All the truncation mutations and the mutations in the residues in and around 

the active site and also those destabilizing the fold led to lethal phenotypes and had 

severe genotypes as well. Where as, the mutations lying away from the active site, were 

milder in both their genotypic and phenotypic expression. This investigation provides us 

with an understanding of the importance of the protein’s structure in its function and also 

forms the base for understanding the disease in different animal species at a molecular 
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level with a thorough analysis of the atomic reasons as to why the mutations lead to a 

lethal or a viable phenotype. A thorough structure function study also helps us to locate 

the conserved residues in the protein and thereby predict the potential of a mutation 

involving these residues to cause a severe phenotype. Thus studies involving mutational 

mapping on to the structure of the protein could play a vital role in drug designing or any 

other therapeutic application for the treatment of inherited diseases.    
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1 Introduction

Recently there have been attempts to characterize the fragmentation patterns of peptide sequences
as they undergo CID in tandem mass spectrometry experiments. Some like [5] attempts to discover
factors that affect fragmentation, while [6] focuses on factors affecting the ion intensities of fragmented
peptide ions. Recent work like [1, 4] uses more systematic machine learning methods to discover the
fragmentation patterns, while [7, 8] use a mathematical model to simulate the fragmentation. In short
given an peptide, such methods can predict what the MS/MS spectra for that peptide would look
like. One issue faced by researchers in such characterization is that of noisy spectra preventing the
discovery of the ”‘correct”’ fragmentation patterns, and also only the major ions (B and Y ions) are
significant enough to register within the fragmentation model, leaving out the satellite ions. It is also
very difficult to get annotated and verified spectra of a high quality to work on.

2 Consensus based Fragmentation Modeling

In this study, we have used the decision tree method as detailed in [4] to determine the fragmentation
pattern of multi-charge spectra specifically charge 1-3 spectra. In brief, for the training set of peptide,
the whole prefix ladder is generated and for each prefix fragment, the values for a set of attributes
similar to that in [4] is generated based on the ion-type assumed for the fragment. Such an ion is
searched for in the exprimental spectra for the peptide and it’s peak intensity is assigned to 6 classes
or levels as detailed in [4]. Such a record is created for all prefix fragments for all the training peptides
and used to train the decision tree. We used the publicly available software C4.5 for this purpose. In
our study we have expanded the ion-type set to include not just B and Y ions but also satellite ions
(a,c,x ions) and the ions due to neutral losses. Thus a given prefix fragment could generate quite a
large set of records. This has an adverse effect since most of the other ions except the B and Y ions
are rarely generated and thus will match the 0 intensity level (i.e no peak generated). This can result
in trees which just collapse to one node which will predict no peak being generated for every fragment
given an ion-type as most probable. Thus we perform a preprocessing step before the training by
adopting an approach given in [2].

In [2], they propose a change in the experimental protocol for De Novo peptide sequencing by
intentionally introducing chemical damage and modifications to the peptides undergoing CID in the
Mass Spectrometer. This is in order to get a cluster of spectra corresponding to a particular peptide
from which a consensus spectra can be built. This consensus spectra will not only be cleaner but also
include more real peaks (peaks corresponding to ions of actually peptide fragments), since a peak is
included in the consensus only if x% of the spectra is in agreement (has the corresponding peak). It
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is also argued that there need not be much of a change in the current method of producing spectra
as noise is unintionally included in the process. In our work we have adopted the idea for purposes
of fragmentation modeling by using a set of peptide which have multiple spectra generated for them,
and building a set of consensus spectra for traing and testing set. We then use the consensus spectra
to train a decision tree.

3 Preliminary Results

As noted in section 1, without building the consensus spectra, we note that in a 10-fold cross-validation
training, many of the decision trees generated are collasped into a single node (simply assigning absent
peaks). We tested training the decision trees using only 2 intensity level namely 0 and 1 which
represents the absence and presence of a peak. This generally built larger trees but many of the
leaf nodes still indicated an absent peak as being most probable. Currently, we have compared the
specificity of the consensus spectra as opposed to the average specificity (as detailed in [3])of the
individual spectra and found the values to be ≈0.25 and ≈0.4 respectively. However the average
completeness (as detailed in [3]) of the individual spectra and the consensus spectra is ≈0.92 and
≈0.89 respectively. Thus there is no new fragments to be obtained in the consensus spectra and the
increase in the real peaks can be attributed to more ions of different types being included for present
fragments. Further work will be to observe the effect when using the consensus spectra to train the
decision trees.
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1  Introduction 
 

In bacteria, functionally related one or more structural genes are transcribed into one monocistronic or 

polycistronic mRNA, whose end is signaled by a terminator structure in the DNA sequence. Currently, two classes 

of transcription terminators are known; rho-dependent transcription terminators that require Rho factor, and 

intrinsic transcription terminators (rho-independent terminators) that consist of a hairpin loop structure followed 

by a short stretch of uracil residues. Focusing on these uracil (U) residues and hairpin loop structures, a high 

prediction accuracy of rho-independent terminators was achieved in E. coli [1] and B. subtilis [2].  On the other 

hand, rho-independent terminator prediction in high GC-content bacteria, like Streptomyces, is difficult because 

some genes do not have poly-U stretch sequences after the hairpin loop structure [3,4]. Instead of the poly-U 

stretch sequences, high GC-content bacteria tend to have more stable Gibbs free energies [2].  

To predict rho-independent terminators in high GC-content bacteria more accurately, we propose a prediction 

method that does not rely on poly-U stretch sequences. 

 

2  Method 
 
To predict terminators that do not have clear poly-U stretches, we checked the behavior of Gibbs free energies 

depending on distance from the stop codon and number of nucleotides in the loop. 

Calculation of the RNA secondary structure was done with UNA-Fold [5]. We calculated the Gibbs free energy of 

formation for the terminator stem-loop structure from -5 to +120 bp of the stop codon. We fixed the length of the 

stem-loop structure with window size 5 to15 bp. 

To validate our results with well-studied bacteria, we first calculated the Gibbs free energy in Escherichia coli 

K12 and B. subtilis str. 168. The genome sequences were downloaded from NCBI (E. coli: NC_000913, B. 

subtilis: NC_000964). For high GC-content bacteria, we calculated the Gibbs free energy in Streptomyces 

avermitilis MA-4680 (NC_003155). 

 

3  Results and Discussions 

 

Table 1: average values of terminator predictions. 

                      Stem length     Loop size       Gibbs free energy 

Escherichia coli           10.2          5.2              15.3  

Bacillus subtilis            9.1          5.2              15.0 
Streptomyces avermitilis   14.5          4.4              12.8 
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Figure 1: E. coli                            Figure 2: B. subtilis 

 
Figure 3: S. avermitilis 

 

Table 1 shows average values of terminator predictions. GC-high bacterium, S. avermitilis, has the longest 

stem-loop structure on average. It may support without poly-U transcription terminators. 

To know the stability of the secondary structure in the vicinity of stop codon, we calculated the Gibbs free energy 

of formation for the terminator stem-loop structure from -5 to +120 bp of the stop codon using fixed window size 

5 to15 bp in E. coli (Fig. 1), B. subtilis (Fig. 2), and S. avermitilis (Fig. 3). Compared with non-high GC bacteria, 

like E. coli and B. subtilis, high-GC content bacterium S. avermitilis showed a small and stable Gibbs free energy. 

As the reasons of these differences, we are considering 1) high GC-sequence makes stable secondary structures 

more easily, 2) Instead of poly-U stretch sequences; high GC-content bacteria require strong secondary structures. 

To decide which explanation is more correct, now we are examining the Gibbs free energy in coding region and 

vicinity of stop codon of S. avermitilis. 

Additionally, to solve the problem that a long computational time is required for the calculation of RNA secondary 

structures, we are aiming to develop an efficient algorithm. 
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1 Introduction

Most large-scale genome sequencing projects use the whole-genome shotgun sequencing strategy, in
which a genome is shattered into numerous small fragments and the fragments are then sequenced from
both ends. The resulting sequences (called fragments or reads) must then be assembled to reconstruct
the chromosomes of the genome. Current technology produces reads of length 600-800 base pairs (bp)
in length. The assembly problem is often called fragment assembly.

In 2001, Pevzner, Tang and Waterman [4] proposed a new approach based on finding the Eulerian
Superpath through iterative simplification of the underlying de Bruijn Graph. The approach gives an
elegant way to handle repeats in a genome – in fact, the output is a structure constructed from the
repeats in the genome.

While Eulerian Superpath is ideal given error-free reads, errors complicate the de Bruijn graph
and cause wrong simplifications. To partially address this problem, an error correction phase was
introduced in [4, 1] prior to assembly. The error correction problem was formulated in [4] as the
Spectral Alignment Problem (SAP) and a simple greedy heuristic was used. A package called EULER
was developed using this approach.

Subsequently in 2004, [2] introduced fragment assembly on the A-Bruijn graph, a generalization
of the de Bruijn graph on which error correction and alignment inconsistency resolution (reads are
pairwise aligned to construct the A-Bruijn graph) are done. This was implemented in EULER 2. For
short reads, [1] described a dynamic programming solution for error correction, whose complexity is
unfortunately prohibitive for long reads.

Even with these corrections, it has been reported in [3] that EULER produces significantly more
contigs than Phrap with low coverage data. We believe two things that motivated our research. First,
error correction (and hence assembly) can be improved by localizing reads sequenced from overlapping
parts of the genome (henceforth called truly overlapping), rather than reads that textually overlap.
This difference is due to repeats. Second, good error correction can be done from localized reads
efficiently even with longer reads.

2 Our Work

We will follow the “correction, assembly, correction from feedback” paradigm. The reason is that for
each read r in the input set R, finding the set N(r, i) of reads that truly overlap r[i] (ith position of r)
is a catch-22, accomplishing which would imply solving the assembly problem. We shall approximate
N(r, i) with false positives only, and make initial error correction (the function “init-ec”) least affected
by those false positives. After that, the contig graphs EULER(init-ec(R)) produced by EULER are
used to refine N(r, i). The potential precision and specificity of the refinement, as a consequence of
init-ec(R), must be taken into account to measure how “affected” our init-ec is.

init-ec consists of estimating N(r, i) and correcting error, both with choices
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A N(r, i) is estimated as reads that share a lot of the l-tuples (strings of length l) around
r[i], to handle read errors at a cheap (linear) cost

B N(r, i) is estimated by pairwise (local) alignment

X Error correction by solving a modified SAP which accounts for variation of local coverage
(|N(r, i)|) and frequency. Dynamic programming is used with heuristics for speed-up at
almost no loss of accuracy

Y Error correction as multiple alignment of N(r, i)

Preliminary study using AX has demonstrated improvement over existing error correction schemes in
(different versions of) EULER.

Refinement of N(r, i) is mostly easily done by inferring from the contig graph containing r, which
reads truly overlap r at i. Leaving fewest uncorrected errors in init-ec may be the best strategy, in
order to avoid the situation where truly overlapping reads do not end up covering the same edge in
the contig graphs.
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1  Introduction  
The accumulation of experimental Protein-Protein Interaction (PPI) and associated data on the Internet 

allows us to predict PPI computationally. Among computational methods for PPI prediction, the ones 
utilizing protein domain information have revealed to be relatively more accurate [1]. However, those 

methods based on domain information still have limitations. The methods can predict only when target pair 

of proteins and learning pair have the common domain information. Also accumulated PPI information is 

still not enough to represent all PPI in nature, and have a lot of false positive data.   

In this paper, we propose a new idea that is complement to domain based PPI prediction methods as 

utilizing intra-molecular interaction information within proteins. Proposed approach let PPI prediction 

method utilize abundant learning resources. For evaluation, we verify proposed idea on S.cerevisiae 
proteome using domain combination based PPI prediction method, PreSPI [1], as substituting the intra-molecular 

domain-domain interaction data for PPI information. Another concept used is conserved domain combination 

[2] for identifying pseudo PPI information from a multi-domain protein. As result, we gain 48% of 
sensitivity and 87% of specificity. Therefore we drew the conclusion that intra-molecular information can be 

used as complement to domain based computational PPI prediction learning.  

 

2  Method and Results  
2.1 Intra-molecular Interaction in Proteins. 

Domain is a fundamental unit and sub-structure of proteins, which has own 3 dimensional structure and 

function. Domains comprise a protein, as if proteins comprise a protein complex or interacting protein pair. 

The ways of domain assembly within protein and protein assembly within PPI have common features; 

sub-units, domains or proteins, are combined since each sub-unit has affinity to one another geometrically 

and physically. Furthermore, PPI also can be considered as a result of interaction of domains in each protein. 

Therefore domain-domain interaction within a protein might imply domain-domain interaction among 

protein pair. 

Our hypothesis is based only on physical and geometrical features of domain, but also on evolutionary 
evidence. Proteins have evolved by gene fusion, fission, recombination, and so on using floating 

evolutionary unit, domains [2]. From the ancient time, genes have been built into domain for target functions, 

domains have been gathered into proteins, proteins have evolved into bigger structure for functional 
advantage. A big protein was two or more proteins interacted each other in ancient time, and the footprints on 

the genome such as fusion gene are the evidences[3]. Some genes remain original, so those can refer to 

evolved genes for PPI. 

 

2.2 Identification of Pseudo PPI information 

To use intra-molecular domain-domain interaction information for PPI prediction, we should reserve 

pseudo PPI information from multi-domain proteins. Following evolutionary evidence, a multi-domain 
protein should be separated into original proteins. That process could be done by fusion protein purification 

[3], but we identified conserved domain combination instead [2], since proteins have evolved by various 

procedures, not only by fusion. For convenience sake, we separated a multi-domain protein into two domain 
combinations which are seem to be conserved through evolution. For identification of conserved domain 

combination, we used a concept of Association Rule, all-confidence (1), which has been widely accepted in 
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data mining[4]. 

For experiments, we used 3,457 S.cerevisiae proteins recorded in 

UniProte knowledgebase [5] and InterPro domain formation [6]. 

Form 3,457 proteins with domain information, we obtained 1,124 
pseudo PPI data.  

 

2.3 Domain Combination based PPI Prediction 
To testify that intra-molecular domain-domain interaction 

information works for PPI prediction, we adopted the prediction 

method based on domain combination, which were devised by HAN’s 

group; that approach came to be highly accurate through the 

prediction of Yeast-protein interaction [1]. Reserved pseudo PPI 

information was used for learning set instead of PPI data and 5,826 

S.cerevisiae PPI interaction information recorded in DIP [7] was used 

validation test ( Figure 1.).  

(1) 

 

                                                            - - - - - - - - - - - - - - -        (1) 

 

2.4 Result 

From the validation results, we obtained 48% of 
sensitivity and 87% of specificity. The result is listed 

in Table 1. The pair of proteins not found in learning set 

was regarded as negative. Since S.cerevisiae proteins 

have a lot of interaction information and relatively a few 

pseudo PPI data, sensitivity is low. However specificity is 

remarkably high. It means that pseudo PPI data can not 

reflect many of PPI data, but a lot of pseudo PPI 

information implied PPI prediction positively.   

 

3  Discussions 
From the results, we can draw the conclusion that inter-molecular domain-domain interaction information can 

be used for computational PPI prediction learning. The fact that domain information rarely have false positive 

contrary to PPI information makes proposed idea more concrete. In the case of S.cerevisiae, inter-molecular 

interaction information is not enough to represent all PPI, but still useful complement to insufficient PPI data. We 

suppose that intra-molecular interaction information would be more useful for some organism that has a little PPI 

information but many multi-domain protein data such as Human. Therefore we are planning to verify the theory 

on Human proteome and report the results.  
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Test 

 

True 

 

Fase 

Positive 2807 724 

Negative 3019 5102 

 Sensitivity: 48% Specificity:87% 

Table 1: Validation Result 

Figure 1: System Flow 
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1 Summary

With the increasing availability of diverse biological information, protein function prediction ap-
proaches have converged towards integration of heterogeneous data. Many adapted existing tech-
niques, such as machine learning and probabilistic methods, which have proven successful on specific
data types. However, the impact of these approaches is hindered by a couple of factors. Firstly, there
is little comparison between existing approaches. This is in part due to a divergence in the focus
adopted by different works, which makes comparison difficult or even fuzzy. Secondly, there seems
to be over-emphasis on the use of computationally demanding machine learning methods, which runs
counter to the surge in biological data.

Analogous to the success of BLAST for sequence homology search, we believe that the ability to
tap escalating quantity, quality and diversity of biological data is crucial to the success of automated
function prediction as a useful instrument for the advancement of proteomic research. We address
these problems by: 1) providing useful comparison between some prominent methods; 2) proposing
Integrated Weighted Averaging (IWA)—a scalable, efficient and flexible function prediction framework
that integrates diverse information using simple weighting strategies and a local prediction method.

The simplicity of IWA makes it possible to make predictions based on on-the-fly information fusion.
In addition to its greater efficiency, IWA performs exceptionally well against existing approaches. In
the presence of crossgenome information, which is overwhelming for existing approaches, IWA makes
even better predictions. We also demonstrate the significance of appropriate weighting strategies in
data integration.

2 Method

The IWA works as follow:
Step 1: Discretize each data source into subtypes. Some data sources have pre-computed

scores. For example, for a sequence homology dataset generated from BLAST searches, we not only
know that two proteins u and v form an edge, but also the E-Scores from BLAST. Protein pairs defined
by sequence similarity with lower E-scores are more likely to indicate function similarity. To provide a
better estimation of edge weights in the next step, we first subdivide these data sources into subtypes.
Given a set of edges E from a data source k where both vertices of each edge in E have at least one
functional annotation, we subdivide E into subtypes using a straightforward equal-interval binning
approach into n bins. Here, n = 20 for simplicity sake. For datasets that do not have pre-computed
scores, we can score them in a variety of ways. For example, we score protein interaction data using the
FS-weight measure [1], PFam domains by the number of domains common to two proteins, Pubmed
abstracts by the proportion of abstracts shared by the two proteins, etc.
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Step 2: Estimate confidence of data source subtypes. Each data source subtype is modeled
as an undirected graph G = 〈V,E〉, where V and E are the set of vertices and edges in the graph
G, with each vertex representing a protein and each edge (u, v) representing a relationship between
proteins u and v. Edges defined by different types of evidence have varying probability of sharing
common function of different nature. To capture these variations, we evaluate the confidence of each
data source separately for each function. The probability that a data source k transfers function f ,
is estimated using p(k, f) =

∑
(u,v)∈Ekf

Sf (u, v)/(|Ekf | + 1). Here, Ekf is the subset of edges of data
source k where each edge has either one or both of its vertices annotated with function f , and both its
vertices has at least one functional annotation; Sf (u, v) = 1 if u and v shares function f , 0 otherwise.

Step 3: Estimate confidence of combined graph. After the confidence of edges in the graph
representing each data source is derived, these graphs are combined into a more complex graph G′,
which contains all edges and nodes in the component graphs. The confidence of each edge (u, v) in G′

for each function f is estimated by the subtypes in which (u, v) is observed: ru,v,f = 1−
∏

k∈Du,v
(1−

p(k, f)), Du,v is the set of subtypes of data sources containing the edge (u, v).
Step 4: Assign score of an annotation to a protein. Finally, a function f is assigned a score

Sf (u) for protein u using a weighted averaging method, defined by: Sf (u) =
∑

v∈Nu
ef (v) ∗ ru,v,f/(1+∑

v∈Nu
ru,v,f ). Here, ef (v) = 1 if protein v has function f , 0 otherwise; Nu is the set of proteins that

are linked by an edge to protein u; ru,v,f is the link confidence between protein u and protein v.

3 Results

We compile a test dataset using up-to-date information from public databases. Functional annotations
are taken from nearly the entire set of Gene Ontology annotations. Functional association information
is obtained from 6 data sources: 1) Sequence Homology. Protein sequences are downloaded from the
Gene Ontology database. Each yeast sequence is aligned with all other sequences using BLAST. The
top 5 hits with an E-value ≤ 1 is used to define binary relationships. 2) Protein-Protein Interactions.
Interaction data for yeast proteins is obtained from a recent release of BIOGRID. 3) Pfam Domains.
Pfam domain information of the sequences is extracted from the SwissPfam database. 4) Pubmed
Abstracts. Pubmed abstracts are obtained by searching each protein’s name and aliases on NCBI
Entrez Pubmed. Only the first 1000 abstracts returned are used. 5) Predicted interactions. Pre-
dicted interactions are obtained from the Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database. 6) Gene expression data. Two widely used gene expression profiles are obtained
from (Eisen et al. 1998) and the Rosetta Compendium (Hughes et al. 2000). Gene pairs with a
correlation score ≥ 0.7 are used.

We compare IWA to several existing methods, including GAIN and GeneFAS. Figure 1 (left col-
umn) shows the number of informative GO terms that can be predicted with an ROC score above
or better than various threshold using the two approaches. IWA performs the best out of the 3 ap-
proaches, indicating that it has better discriminative ability over the other two approaches. Figure 1
(right column) shows the precision-recall analysis of the two approaches for each GO namespace. IWA
obtains significantly higher precision over the entire recall range compared to GeneFAS and GAIN.
This means that the prediction scores of IWA are more consistent between different terms, making it
easier for users to interpret prediction results.
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Integration of Biological Data for Protein Function Prediction 3

Figure 1: Comparison of GAIN, GeneFAS, IWA, and IWA with cross-genomic information (IWA*).
Left: The number of informative GO terms that can be predicted better or equal to various thresholds
using data from 6 heterogeneous sources. Right: Precision vs Recall of predictions made using data
from 6 heterogeneous sources.
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Abstract

Gene expression analysis has been proved effective in disease subtype diagnosis, disease subtype
discovery, and treatment prognosis [1, 2]. However, most of the existed methods all fall short on
two issues: the selected genes can be poorly understood in a biological context and little interplay
information is provided between these genes. These issues make it difficult to perform gene expres-
sion analysis under ad hoc conditions, for instance, tumorigenesis understanding and drug response
analysis.

Three nasopharyngeal carcinoma (NPC) cell lines, CNE1, CNE2 and HK1 are treated with
CYC202, a cyclin-dependent kinase (CDK) inhibitor. Gene expressions are profiled across six time
points. As a result of the treatment, HK1 responds to the drug; CNE1 does not respond; CNE2
responds in a limited way. By applying unsupervised approach to selected genes followed by a
biclustering on the selected genes, it gives a figure similar to Figure 1 [3]. In Figure 1, we see
clearly that three distinct gene expression profiles are associated with the three cell lines. However,
even if the selected genes and their expression profiles are truly reliable markers for distinguishing
the three cell lines, it is still impossible to known how the cell lines respond to CYC202.

Figure 1: Gene expression profiles of NPC cell lines. Rows are samples. Columns are genes.

To understand how cell lines respond the drug treatment, it is necessary to provide hypotheses
on drug induced pathways and estimate their impact on target cell status. In our current research,
we propose a drug pathway analysis method, to find out the most consistent standard pathways
compared against the drug treatment gene expression observation. Figure 2 depicts the idea. In
our system, pathways are reduced into a chain of binary regulations. Users are required to specify
gene expression data, pathway collection and a p-value as confidence threshold. Pathways are
then decomposed into binary genetic relationships and kept in an initial working set. We consider
expression correlation between genes and use probability estimation to evaluate a pathway. For each
time, pathways are taken from the working set and tested whether can be joined into a longer valid
pathway. Due to the computational complexity of an exhausted search [4], an anneal approximation
is therefore used in our system.

Table 1 shows some preliminary result of our study. Red pathways indicate the corresponding
system events at the end of those pathways are activated; green ones suggest suppression. In CNE1,
cell proliferation is activated and apoptosis is suppressed, suggesting pathways for cancer cell to
escape the drug potency. In CNE2, both cell cycle progression and apoptosis are induced, meaning
although apoptosis is triggered in CNE2, cell progression is promoted as well. This result may
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Figure 2: An overview of drug pathway analysis system.

explain why CNE2 is only half respondent to CYC202. As to HK1, we find strong support for both
suppression of cell proliferation and induction of apoptosis. These observations are consistent with
the our prior knowledge that HK1 is the most sensitive cell line to CYC202. Altogether, it shows
the possibility to detect pathways consistent with the standard form and generate hypotheses for
drug response.

Table 1: Preliminary result of drug pathway analysis.

CNE1 GRB2→ HRAS → RAF1 → MAP2K1 99K Cell Proliferation
PIK3CB99K IKBKB → NFKB2 → BIRC5 a CASP3 → Apoptosis

CNE2 CHEK2a CCNE2/CDK299K E2F1→ CCNA2→ G1/S Progression
SRC→PIK3R199KIKBKB→RELA→BIRC5aApoptosis

HK1 MAP4K3→MAP3K1→IKBKBaRELA→BCL2aApoptosis
SRC→PIK3R199KIKBKB→NFKB2→BIRC2aApoptosis
GRB299KRAF1→MAP2K1→MAPK1→ELK499KCell Proliferation
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Abstract 
We propose a set of minimal cellular functions to organize a living cell, instead of 

the minimal gene set. We found the genetic information processing is conserved in 
many organisms, while the catabolization diverges, probably depending on the habitat 
environment. 

 
Keywords: metabolic network, cellular function, comparative genomics 
 
1 Introduction 
Rapid progress of the sequencing technology enabled us to determine genome sequences more 
easily. So far more than 550 microbial genomes are completely sequenced and many efforts 
have been devoted to extract an essential gene set to organize a living cell. Systematic gene 
knock-out studies have been performed in Bacillus subtilis [1], Haemophilus influenzae [2], 
and so on, but by the experimental studies, double or triple deletions are hard to be taken into 
account.  Here, we tried to detect a set of minimal cellular functions instead of a minimal gene 
set to illustrate a more course-grained picture on the living system.  
 
2 Results 
2.1 Primary Essential Maps 
Cellular functions are realized by the cooperative interactions among a set of proteins and 
ligands and are represented by the maps in the KEGG pathway database. For each of 110 
KEGG maps, we calculated the Orthogonal Rate (OR), the ratio of the number of conserved 
orthogonal genes to the number of all genes assigned to the map. To retain the cellular 
functions, a certain number of assigned genes in a map should be preserved. Therefore the OR 
is an indicator for the essentiality of a cellular function. We noticed the cellular functions 
related to the genetic information processing, e.g., ribosome, DNA/RNA polymerase, have high 
OR values. 21 cellular functions shown as numerical nodes (in descending order of the OR) in 
Figure 1 were selected as the primary essential maps. 
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2.2 Secondary Essential Maps 
Referring to the input 
compounds and the metabolites, 
the network of the primary 
essential maps was examined. 
At that time, we checked the 
number of input compounds 
into the network so as to 
evaluate the autonomy of the 
network. If the number of the 
input compounds of the 
network decreases by the 
addition of a new map, we 
consider the additional map is 
necessary to attain the 
autonomy of the network and 
call it the secondary essential 
map. 12 secondary essential 
maps are shown as alphabets in Figure 1. Catabolization (Carbohydrate and Energy 
Metabolism) is dominant in the secondary essential maps. 
 
3 Discussion 
Needless to say, catabolization is obligatory for each of organisms. However the genes for the 
catabolization are not conserved in the microbial genomes. Since each of organisms has evolved 
to fit their own environment, catabolization process might be optimized for the nutrients 
around.  On the other hand, the changes on the genetic information processing cause lethal 
effects. In summary the genetic information processing is conserved in many organisms and 
constitutes the central cellular function of the living cell. Catabolization is important to 
maintain the reproduction system and exhibits a kind of modularity depending on the habitat 
environment.  
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Figure 1: Network of the essential maps  The shape of the nodes 

indicates the category of the cellular functions: the genetic information 

processing (diamond, e.g., 2: Ribosome, 3: Aminoacyl-tRNA biosynthesis), 

the catabolization (ellipse, e.g., A: Glycolysis and B: Nucleotide sugars 

metabolism) and others (rectangle). 
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Abstract 
 

Chemical database search has become an important process the virtual screening stage of modern drug discovery. 
Since the sizes of databases involved are usually large, speed is an important factor in chemical database search. Here, 
we propose a novel filter-and-refine scheme to speed up the search. Experimental results show that, on a database of 
about 16 million compounds, our proposed method can achieve an average of 6.53-fold speedup over the traditional 
search method while maintaining the same level of search accuracy. 
 
Keywords: virtual screening, chemical database, database search, database indexing, filter-and-refine 
 
1  Introduction  
 
Chemical database search is a ubiquitous task in various bio-medical applications, especially in the virtual 
screening of drugs [1, 4]. During a virtual screening process, we have to search though a database of millions 
of raw compounds against hundreds of query compounds, which have special chemical/structural properties 
relevant to the disease in question. A chemical compound is usually represented as a bit vector of 2D or 3D 
descriptors. The similarity between two compounds can be measured using a scoring function like Tanimoto 
coefficient between their bit vectors [1]. When a database is searched though, the traditional exhaustive 
search approach compares the query against all the compounds in the database on-by-one in a pair-wise 
fashion (Fig. 1(a)). This approach is obviously slow, and consequently, drug companies currently have to 
take 3 to 6 months using hundreds of processors for virtual screening [4]. Thus, a faster chemical database 
search method is needed in order to reduce the time and/or the cost for virtual screening. 
 
2  Method 
 
We adopt the filter-and-refine approach to speed up the process of chemical database search without 
compromising any accuracy. This approach has been successfully used the searching of the other kinds of 
large databases such as image databases [3], geographical databases [3], and protein structure databases [2].  

We first pre-compute a data structure called an index from the given chemical database. When a query is 
evaluated, a large percentage of the database compounds that are quite dissimilar to the query are quickly 
pruned away with the help of the index in the filtering step. Only the remaining small percentage of 
compounds is examined using the normal pair-wise comparisons in the refinement step (Fig. 1(b)). Here, we 
adopt the inverted file indexing and searching techniques [3] for the filtering step. 
 
3  Results and Discussions 
 
The database we use in our experiment is NCBI PubChem [5] containing 16,733,812 chemical compounds 
(as of September 2007). We choose a set of ten queries which are diverse in their chemical properties as 
shown in Table 1. The proposed scheme is implemented using Java 5, and is tested on a standard laptop 
computer with Intel Pentium M 1.6GHz processor and 1GB main memory running Windows XP. 
 Our strategy is to retrieve the top-ranking 10% of the compounds from the index in the filtering step, and 
to carry out the normal pair-wise comparisons of those top-ranking compounds to the query in the refinement 
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Figure 1: (a) Traditional exhaustive database search; (b) Filter-and-refine database search. 

step. In each case, it is observed that we can retrieve all the query’s relevant answers (as determined by 
PubChem’s Structure Search [5]) in the top 10%. This means we do not miss any of the relevant answers and 
achieve a 100% of accuracy! The time statistics for the ten queries are also given in Table 1. The pair-wise 
comparison of two bit vectors takes an average of 0.000216 seconds. Thus, for the Query ID 1, the 
traditional exhaustive search method takes 0.00216 × 16733812 = 3614 seconds. On the other hand, the 
proposed filter-and-refine method takes only 235 seconds for the filtering step and 3614 / 10 = 361.4 seconds 
for the refinement step. So, we achieve a 3614 / (235+361.4) = 6.06-fold speedup. For the ten queries, the 
average speedup is 6.53 folds.  

Table 1: Ten sample query compounds and their database search times under filter-and-refine scheme. 
Query’s 
PubChem ID 

Query’s chemical (IUPAC) name Time in 
seconds 

Speedup 
in folds

1 
7457 
60131 
273417 
700301 
2107050 
2723966 
10060321 
10495056 
14053794 

3-acetyloxy-4-trimethylazaniumylbutanoate 
ethyl 4-nitrobenzoate 
2-(2,4-dinitrophenyl)-1,3-dinitrobenzene 
ethyl 2-acetamido-2-(benzoyl)-5-oxohexanoate 
(2R)-2-(3,4-dimethoxyphenyl)-3-hydroxy-1,2-dihydroquinazolin-4-one 
4-(4-acetylphenyl)-N-(3-chlorophenyl)piperazine-1-carbothioamide 
(2,2,2-trideuterioacetyl) 2,2,2-trideuterioacetate 
4-[3-(trifluoromethyl)pyridin-2-yl]-1,4-diazabicyclo[3.1.1]heptane 
3-[4-(tert-butyl-dimethylsilyl)oxyphenyl]propyl acetate 
4-[(3,4-dichlorophenyl)methyl]-2H-phthalazin-1-one 

596 
541 
499 
611 
571 
601 
511 
591 
581 
471 

6.06 
6.68 
7.24 
5.91 
6.33 
6.01 
7.07 
6.11 
6.22 
7.67

 Average 557 6.53
 
4  Conclusion 
 
We have proposed a filter-and-refine scheme for rapid chemical database search. It has been shown that the 
proposed scheme is about 6.53 times faster than the traditional exhaustive search approach for a database 
with about 16 million compounds – without sacrificing the accuracy of the search results. The proposed 
scheme can be useful for the drug companies in reducing the time and/or the cost in their drug discovery 
processes.  
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Abstract 

 
Complex biological systems are very robust to genetic and environmental changes 

at all levels of organization. Many biological functions of Escherichia coli metabolism 
can be sustained against single-gene or even multiple-gene mutations by using redundant 
or alternative pathways. Thus, only a limited number of genes have been identified to be 
lethal to the cell. In this regard, the reaction-centric gene deletion study has a limitation in 
understanding the metabolic robustness. Here, we report the use of flux-sum, which is the 
summation of all incoming or outgoing fluxes around a particular metabolite under 
pseudo-steady state conditions, as a good conserved property for elucidating such 
robustness of E. coli from the metabolite point of view. The functional behavior, as well 
as the structural and evolutionary properties of metabolites essential to the cell survival, 
was investigated by means of a constraints-based flux analysis under perturbed 
conditions. The essential metabolites are capable of maintaining a steady flux-sum even 
against severe perturbation by actively redistributing the relevant fluxes. Disrupting the 
flux-sum maintenance was found to suppress cell growth. This approach of analyzing 
metabolite essentiality provides insight into cellular robustness and concomitant fragility, 
which can be used for several applications, including the development of new drugs for 
treating pathogens. 
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Abstract 
Herein we present an updated version of the genome-scale metabolic model of mouse 
hybridoma cells. It is reconstructed with an integrated biochemical and genomic data under a 
comprehensive framework. In total, it accounts for 1344 metabolic reactions, of which 232 
and 1112 correspond to transport reactions and compartmentalized biochemical conversions, 
respectively. In addition, the precursor balances and other energetic requirements are included 
for describing the cell growth and production of monoclonal antibodies (human IgG1). The 
resultant genome scale model was validated with experimental measurements during the cell 
fermentation, followed by further characterization of this complex mammalian system by 
resorting to combined flux analysis and multivariate data analysis. The in silico predictions 
were found to be in good agreement with experiments. The analysis of fermentation data 
using the model identified interesting metabolic characteristics such as, partial growth 
association of antibodies production, high lactate to glucose ratio during the cell growth 
transition phase, predominant use of glycolytic pathway for ATP synthesis. Multivariate data 
analysis deciphered significant positive correlation between antibodies and amino acids such 
as glycine and tyrosine, and also identified significant negative correlation between antibodies 
and inhibitory metabolites such as lactate and ammonia. Thus, current in silico model and its 
prediction could be directly applied to identifying potential cell engineering targets for the 
enhanced production of monoclonal antibody or recombinant proteins, thereby allowing us to 
develop high-yielding mammalian cell culture processes. 
 
Keywords: Metabolic flux analysis, statistical analysis, mouse hybridoma cells, monoclonal 
antibodies 
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1 Introduction

The biological experimental technique using transfected cell arrays has been developed for observing
behaviors of protein pathways and genetic networks under various environments in living cells. It
is often useful to allocate several reporter genes for cell array analysis. In this poster, we consider
the problem of selecting the most effective set of reporter genes. We propose two graph theoretic
formulations of the reporter gene allocation problem, and integer programming-based methods for
solving practical instances of these problems optimally. We apply them to apoptosis pathway maps,
and discuss biological significance of the result.

2 Allocation Problems

Biological networks such as gene regulatory networks and signaling pathways can be considered as a
directed graph. We define that a node vr covers a node v if there is a directed path within the length
of a constant L from v to vr in a graph G. We assume in this poster that L does not depend on
the reporter node and each edge has unit length because it is difficult to determine L for each gene
or protein and the length of each edge. However, the proposed methods can be modified for general
cases. Thus, we define two optimal allocation problems as follows:

Definition 1 (Problem P1) Given a directed graph G = (V,E) and two integers L and K (≤ |V |),
find a set R ⊆ V of cardinality at most K maximizing the number of nodes covered by R.

Definition 2 (Problem P2) Given a directed graph G = (V,E) and an integer L, find a minimum
cardinality set R ⊆ V such that all nodes of V are covered by R.

It should be noted that R corresponds to a set of reporters. We can prove some hardness for these prob-
lems as follows [1]. Problem P1 is MAX SNP-hard, which means that no PTAS exists unless P=NP.
There is no polynomial time algorithm for Problem P2 with approximation ratio less than 1−δ

4 log n

for any constant 0 < δ < 1 unless NP ⊆ DTIME(npolylog(n)). P1 and P2 can be approximated within
factors of e/(e − 1) and O(log n), respectively.
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3 Integer Programming Formulation

We propose integer programming formulations IP1 and IP2 to solve Problem P1 and P2.

(IP1) Maximize
n∑

i=1

yi,

Subject to yi ≤
∑

j∈SL
i

xj for i = 1, .., n,

n∑
i=1

xi ≤ K, xi, yi = {0, 1},

(IP2) Minimize
n∑

i=1

xi,

Subject to
∑

j∈SL
i

xj ≥ 1 for i = 1, .., n,

xi = {0, 1},

where SL
i is the set of nodes covering vi. xi = 1 if vi is selected as a reporter, otherwise xi = 0. yi = 1

if vi is covered by some reporter, otherwise yi = 0. IP1 maximizes the number of covered nodes using
at most K reporters. IP2 minimizes the number of reporters such that all nodes are covered. If the
parameter K of IP1 is greater than or equal to the optimum of IP2, the optimum of IP1 is always n.

4 Result

We applied our methods to apoptosis pathway maps in a HeLa cell, which contain 132 proteins and
337 binomial relations [1]. Table 1 shows the results on the optimal solution of IP1 and IP2.

Table 1: The optimal solution of IP1 and IP2 for each L (= 1, ..., 6, 132) and K (= 1, ..., 6) in apoptosis
pathway maps, where the numbers of covered nodes and the numbers of the selected reporters are
shown for IP1 and IP2, respectively.

L IP1 for each K IP2 Reporter in K = 1
1 2 3 4 5 6 (indegree/outdegree)

1 20 36 47 56 62 68 42 TP53 (19/5)
2 60 76 85 92 98 104 22 BCL2 (17/4)
3 88 103 110 116 118 120 15 BAX (16/6)
4 109 116 120 122 124 126 12 BAX (16/6)
5 118 121 123 125 127 128 10 BAK1 (6/1)
6 121 123 125 127 128 129 9 BAK1 (6/1)

132 121 123 125 127 128 129 9 BAK1 (6/1)

We can see that the distance between almost all pairs of proteins in the network is at most 12
because 121 of 132 proteins are covered by BAK1 in L = 6 and 132. It is considered that the network
also has a small-world property. TP53, BCL2 and BAX were selected as the most significant reporters
for L = 1, ..., 3, respectively. These are considered as hubs of the network since they have large
degrees. In contrast, BAK1 is not considered as a hub, but is as an accumulation node. Moreover, it
seems that some selected proteins have significant biological meanings. For instance, Bcl-2 superfamily
regulates cell death that is amplified via the mitochondrial pathway. For each case, the elapsed time
of optimizing IP1 or IP2 was at most 0.023 seconds. It suggests that our methods are practical.
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Abstract 

 
Genome-wide expression profiles from stressful conditions (Gash et al. 2000), and from about 260 

of gene knocked-down microarrays were used in this study. Gene-network of yeast, Saccharomyces 
cerevisiae, of a particular stress condition such as Osmotic perturbation, is estimated from time-course 
data of the stressful condition by dynamic Bayesian network model, the relationship between the 
knock-down genes and its regulated genes, and the gene-network estimated from knock-down 
microarray data alone (also by Bayesian network model). This method was proposed to study the 
effects of drug on cells by a previous paper (Imoto et al. 2006).  The relation of genes estimated from 
the gene-network is a base where signal transduction pathways involved are identified. Signal 
transduction involves comprehensive transcriptional regulatory mechanisms in which regulatory gene 
products, such as transcription factors (TF), alter the rate of transcription of other genes to achieve a 
new cellular state in response to stress conditions.  TF-DNA binding profiles such as from Harbison et 
al. 2004, have establish data sets of genes with high probability affected by the TFs. However, a gene 
may have multiple TFs and response to a stress condition may trigger one (or more) but not others that 
would affect transcription of the gene. The TFs maybe a positive or negative regulator. Through the 
estimated gene-network and the time course data, likely clusters of genes affected specifically by TFs 
are identified. TFs genes themselves are also controlled by other TFs, and therefore establishing a 
transcription regulatory network (Farkas et. al 2006).  This would entail a more comprehensive and 
refinement of genes related to transcriptional pathways from signaling pathways. 
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1  Introduction  
 

Type 2 diabetes mellitus(T2DM) is a complex genetic disease, which results from interactions between 
multiple genes and environmental factors. The analysis of combination SNPs is very important for revealing 
the genetic basis of complex traits. However, the afore-mentioned studies were carried out mostly on the 
single gene or single SNP basis.  

This study was performed as two-stage approaches for the combination effects. First, the allele and 
genotype frequencies of 420 SNP loci from 87 candidate genes in the cohort study were compared between 
the case (T2DM) and control (non-diabetes) groups using chi-square statistics. In the second stage, we have 
tried to find the significant SNPs combination related to T2DM development using Support Vector Machine 
(SVM) discrimination analysis. 

Previous epidemiological evidences suggest that sex differences exist in T2DM. What are reasons for 
differences between men and women? Men and Women may need differential genetic mechanisms for 
development of diabetes. Thus, we additionally compared the results of SVM in all groups with each gender 
group. 
 
2  Method and Results  
 

Association analysis was performed on 420 SNP loci in a population-based cohort of 462 T2DM patients 
by the Center for Genome Science, Korea Center for Disease Control and Prevention(KCDC). This study 
also contains various clinical and epidemiological data for the cohort populations. The allelic and genotypic 
frequencies between the case and control groups were compared using standard chi-square statistics. Among 
the 420 SNPs, 11 SNPs obtained p-values smaller than 0.05 in either the allelic or genotypic comparison 
(Table 1). An SNP in the IL4 gene (rs2243250, SNP no. 276) showed the strongest associations in both the 
allelic (p= 0.002458796) and genotypic comparison (p=0.009015892) in this study. 

We performed total datasets and some subsets of the case-control study by using the clinical and 
epidemiological data. In the present study, we also applied a SVM to find the important SNP combination 
sets within all datasets and each case-control sub-data set. To validate the results of our SVM analysis we 
performed 10-fold cross-validation test, and the important functional SNP sets were constructed by a forward 
feature selection method. We selected combination of SNPs comprising seven loci by SVM. This suggests 
that certain SNPs sets might be genetic markers for T2DM susceptibility. We obtained higher prediction rate 
in gender-based group than in total population group (Figure 1). There is no difference between accuracy of 
women and men, but Figure 2 showed different contribution of SNPs in each group.  
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Table 1: Top 11 SNPs from the case-control association study 

Association (χ2 p-value) 
SNP no. gene_symbol dbSNP ID Allele 

Genotype Allele 

148 STXBP4 rs9902718 T>C 0.047809905 0.01563496 
152 STXBP4 rs10468513 C>A 0.047809905 0.01563496 
153 STXBP4 rs11658717 A>G 0.039624619 0.012785483 
230 ACE rs4362 C>T 0.038444901 0.026954887 
254 FGA rs2070011 A>G 0.020755086 0.005285829 
258 FGA rs6050 A>G 0.026134204 0.00771588 
259 FGA rs2070022 A>G 0.009863053 0.008279922 
271 IL10 rs1554286 T>C 0.046960767 0.017029924 
276 IL4 rs2243250 T>C 0.009015892 0.002458796 
312 LPL rs343 C>A 0.021533072 0.007478333 
377 SLC11A1 novel G>A 0.011283311 0.022942324 

 

 
Figure 1: Results of forward selection in subsets 
 

Figure 2: Overlapping results of SNP combinations 
in each sub-data set

 

3  Discussions 
 
In the KCDC, we are carrying out the 500k SNP genotyping experiments from the same cohort study. 
Therefore, we could identify more significant combination of SNPs as the genetic factors from genome-wide 
association. One of the future directions of the research is to estimate the biological meaning of SNPs with 
PPI or gene-gene interaction information. 
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1 Introduction

Clustering is widely used to group genes from gene expression data in order to identify groups of
functionally related genes. However, most of the plentiful clustering techniques require the user to
input certain parameters. There are no established metrics to gauge the superiority of one technique
and related parameters over the others. Hence, biologists are left with the issue of deciding which
algorithm and parameters to apply for a given gene expression dataset so that the best clusters will
be generated.

To help judge the quality of the generated clusters and relieve domain experts from the diffi-
cult mission of having to grade the generated clusters, researchers have developed cluster evaluation
techniques. Cluster evaluation techniques can be broadly classified into two types, data-driven and
knowledge-driven. Data-driven evaluation techniques such as Silhouette Index [3], Dunn’s Index and
Davies-Bouldin Index are based on numerical methods that try to measure the intra cluster and inter
cluster distance derived from the gene expression data. These techniques may not be very accurate,
as the gene expression data often contain noise.

On the other hand, knowledge-driven cluster evaluation techniques, for instance, Neighbor Diver-
gence Per Gene, make use of biological knowledge for evaluation. Such techniques are not affected by
the noise that is present in the gene expression data and they may be looked upon as a representative
of and hence substitute the experts’ opinion. However, such techniques are restricted by the lack of
biological data (scientific literature, gene annotations, etc.) which greatly affects their performance.

2 Method, Results and Discussions

In this paper, we propose a cluster evaluation approach using a novel measure called Gene Conservation
Similarity Measure (GCSM) that is based on gene conservation1. Gene conservation refers to the
phenomenon where a cluster of genes (or pairs of genes) are conserved over long evolutionary distances.
Such conservation may be an indication that the genes are functionally related due to the effect
of natural selection. This work is inspired by the research of Overbeek et al.[2] which uses gene
conservation information to predict functional relationship of genes.

To compare the similarity between two genes, GCSM calculates the evolutionary distance be-
tween organisms, having both genes conserved. As functionally related genes should be in the same
neighbourhood, the pair of conserved genes are required to be within a specified distance, in terms
of base pairs, in all these organisms. GCSM is denoted as gcsm(gi, gj , t) where gi and gj are the
genes compared and t is the specified maximum distance between the two genes. The distance metric
used with validity indices is d(gi, gj) =

√
gcsm(gi, gi, t) + gcsm(gj , gj , t) − 2 · gcsm(gi, gj , t) satisfies

the triangular inequality and is used for early pruning.
1
The software demo can be found at http://www.ntu.edu.sg/home/asvivek/clusterevaluation
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Figure 1: Scatter plot of Validity Indices Score
based on GCSM and Euclidean Distance Measure

AABCABDABEABFABGABHABIABJABKC
A DG GA IG CAA CDG CGA CIG DAAL MNOPQ R STU V PQ RU RW XY ZMN

T
[\]^_` ab cdefg

hijklmnopqrst
Figure 2: Effects of Randomization on Clusters on
Normalized Dunn’s Index

There are two advantages GCSM has over other evaluation techniques; firstly, it is not affected by
noise in the gene expression data as it uses genomic sequences to derive gene conservation information.
Secondly, GCSM depends on the sequencing data of several organisms which is widely available as
compared to scientific literature or gene annotations and hence it does not suffer from lack of data.

In order to verify our approach, we have conducted several experiments, using E.Coli gene ex-
pression data from [1]. Two of these experiments’ results are shown here. The first result examines
the correlation between GCSM and Euclidean, as validity indices based on the Euclidean metric are
widely accepted for cluster evaluation. K-means clustering was used to generate clusterings of size two
to ten on the dataset. These clusterings were then evaluated with three validity indices (Silhouette,
Dunn’s and Davies-Bouldin), using both GCSM and Euclidean as the distance measure (Figure 1).

The second experiment investigates the effect of randomization on several cluster evaluation tech-
niques, by swapping two randomly chosen genes, each from a randomly chosen cluster. The result of
Normalized Dunn’s Index using Euclidean and GCSM metrics is shown here (Figure 2).

From Figure 1, we see that GCSM is positively correlated to Euclidean distance measure especially
in the case of Silhouette Index. Or, in another words, the gene conservation information correlates to
the gene expression data, and hence justifies the correctness of our approach.

Figure 2 shows that the normalized Dunn’s Index is more responsive to the effects of randomization
when using GCSM as compared to using Euclidean. Similar results were obtained using Silhouette
and Davies-Bouldin Index. Here, we have demonstrated that our approach is more sensitive to the
content of the clusters. Hence, it is evaluating the clusters more accurately.

In this paper, we have presented a cluster evaluation approach using a novel measure called Gene
Conservation Similarity Measure (GCSM) that is based on gene conservation. We have demonstrated
that gene conservation information correlates with gene expression data and hence validates the cor-
rectness of our approach. We also show that our approach is more sensitive to the content of the
clusters compared to data-driven techniques, therefore, is able to evaluate clusters more accurately.
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1 Introduction

Given the gene order of a set of contemporary genomes, the problem of recovering the rearrangement
scenario that best explains these arrangements can be challenging even if the phylogeny of these
species is known. We recently proposed an Efficient Method to Recover Ancestral Events (EMRAE) to
infer partial rearrangement scenarios consisting of only reliable ancestral events [1]. EMRAE had both
high sensitivities and specificities on inferring reversals and transpositions but was only applicable to
uni-chromosomal genomes. Here we extend EMRAE so that it can also be applied to multi-chromosomal
genomes to infer translocations, fusions, and fissions. Using simulations, we show that the extended
EMRAE allows the recovery of actual multi-chromosomal events with high sensitivity and specificity.
Finally, we apply the extended EMRAE to a real data set.

2 Method and Results

2.1 EMRAE

Let T be the phylogenetic tree for a set of genomes, and e = (A,B) is an edge of T . The removal of
e from T will partition the genomes into two sets SA and SB. To infer the events on the edge e, the
idea of EMRAE was to identify the conserved adjacencies CA(e,A) for SA and the conserved adjacencies
CA(e,B) for SB, and combine them to trace back ancestral reversals and transpositions on the edge
e (See [1] for details.).

2.2 Extension on EMRAE

A translocation can be viewed as a reversal if we concatenate the two affected chromosomes in a proper
way. Thus we use a similar rule to infer translocations as to infer reversals. Because a translocation
affects two chromosomes, we count the inferred event as a translocation only if the corresponding
adjacencies are on different chromosomes for a certain fragment of the genomes.

A fission f breaks an adjacency of a chromosome and splits the chromosome into two new ones.
The two genes of the broken adjacency become the head or tail of the two new chromosomes. A fusion
is the opposite of a fission.

Based on the above properties of the multi-chromosomal events, we extend EMRAE so that we can
predict reversals, transpositions, translocations, fusions and fissions.
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2.3 Simulation

As in [1], we compare the extended EMRAE with MGR. The results are as in Figure 1. For c) and d), the
proportion of reversals, translocations, transpositions, fission/fusions is about 0.4 : 0.2 : 0.2 : 0.2.
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Figure 1: a) and b) are on a translocation-
only model; c) and d) are based on a mixed
model. The x-axis is the average number of
events on each edge.

cat

dog

chimp

human

mouse

rat

9, 1, 0, 0

0, 0, 0, 9

2, 0, 0, 0

5, 0, 0, 1

1, 0, 0, 5

3, 1, 0, 4

6, 0, 2, 6
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Figure 2: The four numbers on each edge
are the number of reversals, transpositions,
translocations, fusions/fissions predicted on
this edge, respectively.

3 Real Data

We applied the extended EMRAE to a set of 6 mammals: human (hg17, UCSC version), cat(felCat3),
mouse(mm7), rat(rn4), dog(canFam2) and chimp(panTro2). The synteny blocks were generated with
the GRIMM-Synteny algorithm [3] with threshold 500 kb. There are 339 blocks for each genome.
See Figure 2 for our predictions. We believe that our predictions are highly reliable based on our
simulations.
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1  Introduction  
 

Accurate classification of biopsy samples as being diseased or normal is important for successful 
therapeutic intervention, more so in complex diseases like cancer. The molecular events that initiate cancer 
result from multitude of breakdowns of molecular machinery in a normally functioning cell. A molecular 
picture of the events that have been changed can be obtained using microarray based approaches which 
measures the levels of mRNA transcript. Most mRNA transcripts undergo further editing by way of alternative 
splicing and thus the measure of the levels of the unprocessed transcript gives an incomplete picture. In our 
previous study we had analyzed mRNA isoform expression of genes associated with cancer from paraffin 
embedded prostate cancer tissue samples using splicing arrays with the aim to select biomarkers [1]. 

Identifying unique signatures from subset of potentially complex expression pattern is indeed 
challenging. This is further complicated when one considers the fact that tissue samples can complicate things 
even more, due to its heterogeneous nature. Thus development of robust methods becomes even more 
important. We have used multiple testing based approaches to determine the overall significance of a family of 
hypothesis tests [2]. Using a scoring scheme we developed based on multiple testing we were able to rank the 
isoforms. We further used recursive support vector machine (R-SVM) algorithm [3] to identify specific 
features, critical for class separation. The scores as obtained by our scoring scheme were used to define ranked 
feature for the R-SVM algorithm. The results revealed a minimal subset of features that were capable of 
providing class separation (see figure 1). However we did find a few tumor samples that were classified as 
normal, which when subjected to further statistical analysis that revealed their expression structure was similar 
to that of the normal samples thus lending credence to the method employed. We feel that the method is robust 
and can be applied to other systems.  

 
2  Method and Results 
 
2.1 Multiple comparisons of splicing array data: For this study we used data that we had generated for 

earlier work [3]. The data consisted of isoform expression from prostate tumor tissue. Multiple testing 
[2] was done using the multcomp package from the R statistical environment (www.r-project.org).  

 
2.2 Recursive Support Vector Machines:  These are supervised learning methods used for classification.  

They map input vectors to a higher dimensional space where a maximal separating hyper-plane is 
constructed. In R-SVM ranked features are eliminated based on the result of classification [3].  Features 
that result in maximal separation have been used rather than using the minimal error criterion, as many 
combinations of features can give zero error on the training data. 

  
3  Discussion  
Identifying genes that could serve as specific signatures of a particular type of cancer has been a challenging 
problem. The problem is compounded by the heterogeneity seen even within one specific type of cancer.  
With the advancement in novel methods that are capable of providing better picture of the proteome that result 
from alternatively splice transcript, it is possible to identify the molecular change in the diseased state. Splicing 
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Figure 1. Class separation of tumor tissue samples using isoforms 

selected using feature selection. 

arrays serve as useful tools for such 
analysis. Scoring method in 
combination with R-SVM help to 
select features that are 
discriminatory. The misclassified 
tumor samples provide evidence for 
the heterogeneous nature of the 
tumor samples which is an 
important challenge in early cancer 
diagnosis. Querying for isoforms of 
a gene rather than the entire 

transcript it may be possible to 
overcome this problem to some extant. 
Further, developing sophisticate data 

analysis methods that are sensitive and specific could further improve prediction accuracy. The methods 
discussed here holds promise and need to be rigorously tested.  
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1  Introduction  
Large-scale genome gains and losses have long been recognized as important features of microbial evolution, 

however, the influence of rearrangement events such as translocations and inversions on functional diversity 

has been less explored. Specifically, it is unclear how rearrangements, by disrupting existing patterns of gene 

order and chromosomal organization, might specifically contribute to functional alterations in prokaryotic 

cellular pathways. Given the high frequency of such chromosomal rearrangements in bacterial families, 

exploring this issue is likely to be important and may further our understanding of gene-phenotype 

relationships in microbes.  
 
2  Method and Results  
To investigate the relationship between genome rearrangements and nucleotide variation, we compared four 

closely-related members of the Gram-negative Burkholderia family (B. pseudomallei, B. mallei, B. 

thailandensis and B. cenocepacia) and identified a core set of 2590 orthologs present in all four species 

(“metagenes”) using a reciprocal Blast strategy. Note that Bp is used as the reference genome in this study 

because of our prior interest in this organism as the causative agent of melioidosis [1]. The metagenes were 

unevenly distributed between the two Burkholderia chromosomes, and were organized into 255 synteny 

blocks whose relative order has been altered by a predicted minimum of 242 genome rearrangement events 

(see Figure 1) using the MGR algorithm [2]. Genes located within synteny blocks were significantly 

associated with common cellular functions compared to genes from different blocks, consistent with a 

non-random mode of chromosomal breakage biased against separating genes with common functionalities. 

We found that genes adjacent to rearrangement breakpoints (“boundary genes”) exhibited higher levels of 

molecular divergence compared to genes interior to a synteny block (see Table 1), suggesting a link between 

rearrangement breakpoints and local fine-scale genetic alterations. We also show that this phenomenon, 

which we refer to as Boundary Element Associated Divergence (BEAD), is detectable in both the 

Pseudomonas and the Shigella families, suggesting that this is a common phenomenon in prokaryotes.  
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Figure 1. Whole genome synteny maps of Bp, Bm, Bt, Bc and of the predicted Burkholderia ancestor. Blocks 

and gaps are displayed proportionally to their actual size in all four species. Numbers within brackets 

indicate the number of reversals in Chr 1 and Chr 2 respectively while the number outside refers to the total 

number of reversals of both chromosomes.  

 

Table 1. BEAD effect shown by comparing the percent identify of ‘Boundary genes’ versus all-metagenes in 

Burkholderia using Bp as the reference. 

Burkholderia Bc Bt Bm 

  Chr 1 Chr 2 Chr 1 Chr 2 Chr 1 Chr 2 

‘Boundary genes’ Percent 

Identity (%) 78.93 74.76 93.74 93.01 99.41 99.4 

All-metagenes Percent 

Identity (%) 83.57 78.18 95.28 93.95 99.56 99.46 

p-value (Wilcoxon)  2.28E-08 1.32E-09 4.01E-06 3.97E-06 1.11E-55 6.66E-16 
 
3  Discussions 
Our results suggest that balanced genome rearrangements may influence functional diversity and the 

development of novel microbial phenotypes by both the enhanced divergence of boundary genes, and by 

creating foci for the acquisition and deletion of species-specific genes. 

 
References 
[1] Wiersinga, W. J., T. van der Poll, N. J. White, N. P. Day, and S. J. Peacock. 2006. Melioidosis: insights 

into the pathogenicity of Burkholderia pseudomallei. Nat Rev Microbiol 4:272-82. 

[2] Bourque, G., and P. A. Pevzner. 2002. Genome-scale evolution: reconstructing gene orders in the 

ancestral species. Genome Res 12:26-36. 

#49

107



Towards modeling and simulation of Glycolysis and TCA cycle. 
 
Hitomi Dose1  Natsuko Yamamoto1  Yuto Ikegami2  Kenji Nakahigashi3  
h-dose@gtc.naist.jp  nyamamot@gtc.naist.jp ikegami@ib.sci.yamaguchi-u.ac.jp knakahig@sfc.keio.ac.jp 
Rikiya Takeuchi1  Kirill Datsenko4  Barry L. Wanner4,  
r-takeuchi@gtc.naist.jp datsenko@bilbo.bio.purdue.edu blwanner@bilbo.bio.purdue.edu  
 Hiroshi Matsuno2,  Hirotada Mori1,3 
 matsuno@sci.yamaguchi-u.ac.jp hmori@gtc.naist.jp 
1Graduate School of Biological Sciences, Nara Institute of Science and Technology, Ikoma, Nara 630-0101 Japan 
2Graduate School of Science and Engineering, Yamaguchi University, 1677-1, Yoshida, Yamaguchi 753-8512, 
Japan 
3The Institute of Advanced Biosciences, Keio University, Tsuruoka, Yamagata 997-0017 Japan. 
4Department of Biological Sciences, Purdue University, West Lafayette, IN 47907, USA. 

 
Abstract 

 
The glycolysis and TCA cycle pathways of E. coli were quantitatively analyzed with respect to transcription, 
enzyme and metabolite levels during aerobic growth in glucose minimal MOPS medium. mRNA copy number 
was measured by qRT-PCR. Enzyme levels were quantified initially by Western analysis and by measuring 
fluorescence of enzyme-GFP fusion strains. Metabolites were analyzed by CE/MS. We are now using these 
quantitative data to construct a model of these pathways using Cell Illustrator. We will attempt to elucidate the 
mechanism of robustness of metabolic pathways. One approach for doing will involve synthetic lethality and 
sickness analysis. We will show our latest results and would like to discuss them. 
 
Keywords: metabolic pathway, quantitative analysis, modeling, simulation, synthetic lethal, genetic network 
 
 
１Introduction  
Since completion of the first complete microbial genome structure in 1995, more than 400 bacterial genomes have 
been determined. At the same time, numerous high-throughput experimental approaches have been developed to 
help enable defining the molecular parts of cellular organisms. Yet, even in E. coli, which is one of the 
best-studied organisms, the function of about half of the parts (genes) still remain to be elucidated. It is, however, 
now possible to begin reconstruction of the genome-scale networks, such as metabolism, protein-protein 
interaction and transcriptional networks. Understanding these processes in quantitative terms is the essence of 
systems biology. 
For this purpose, the systems-level quantitative description is required to construct in silico models. Also, missing 
connections, including unknown networks such as alternative pathways and isozymes in metabolism, are required 
to be elucidated.  
To accomplish this, we have established comprehensive experimental resources of E. coli; 1) ORF plasmid library 
(ASKA library) [2] and 2) single gene deletion library (Keio collection) [1]. These resources have enabled us to 
analyze cellular enzyme concentration quantitatively and to show the possibilities of existence of alternative 
pathways or bypass routes in metabolic pathway network. To identify such redundant networks, synthetic lethality 
or sickness analysis using double knockout strains is a powerful approach. To perform this with E. coli, we are 
now developing the system to construct double knockout strains. 
We started to analyze glycolysis, TCA cycle and related metabolic pathways quantitatively and to construct in 
silico model as a model system. The latest results will be shown both of quantitative experimental measurements 
and models using Cell Ilustrator [3].  
 
２Results and Discussion 
２-１Quantitative measurements of cellular concentration of enzymes 
Basically, quantitative measurements of cellular concentration of enzymes were done using standard Western 
blotting method [5]. Rat antibodies were prepared by using purified His-tagged enzyme proteins as antigens. 
Enzyme proteins were overproduced using 600 ml LB cultures of the ASKA clones grown with inducer (0.1mM 
IPTG) and purified by Ni-NTA column. Of 69 targetted proteins, 56 enzymes were successfully purified. 
Antibodies were tested for cross-reactivity by Western analysis using wild type and deletion single-gene deletion 
mutants of the target enzyme genes. Of 51 antibodies having enough titer, 37 were proven to be highly specific 
and reliable for quantitative measurements of the target enzymes. Enzyme concentrations were calculated using a 
standard curve developed with known concentrations of purified enzymes. Measurements were performed during 
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cell growth in batch culture in MOPS medium [6]. The medium environmental conditions during cell growth were 
shown in figure. In glycolysis, each of the enzymes remained a relatively constant level. In contrast, the amounts 
of TCA cycle enzymes were generally less than glycolysis and accumulation was observed during logarithmic 
growth phase. We are now optimizing our model using these quantitative data and would like to discuss using our 
latest results. 
Since western analysis is a time-consuming experimental procedure, we developed enzyme fusion strains with 
Venus GFP [4] to make quantitative measurements of enzymes easier, We will also show the initial test results for 
measurements of fluorescence detected by FACS and fluorescence microscope.  

 
 Medium condition Glycolysis TCA cycle 
２-２Implement of models into simulator 
The structure of glycolysis and TCA cycle were modeled with a hybrid functional Petri net (HFPN) based on the 
information of enzymatic reactions and transcription factors in EcoCyc database [http://ecocyc.org/] by using Cell 
Illustrator version 3 from GNI Ltd [http://www.gene-networks.com/]. The constructed model contains a huge 
number of reactions, which are represented by transitions of the HFPN. We are currently determining the rates of 
these transitions by try-and-error tuning in accordance with the concentration behavior of metabolites in 
glycolysis and TCA cycles obtained from biological experiments. 
２-３Identification of genetic interaction 
The cell is so robust that it escapes from intercept of the steps in central metabolic pathways by using alternative 
or bypass steps. To make the pathway network complete, the identification of such routes is hardly avoided. For 
this purpose, identification of synthetic lethal or sickness combination is one of the powerful methods. For this, 
we started to construct the second comprehensive deletion library having a different antibiotic resistance and an 
efficient method to combine two deletions by conjugation. We will show the latest situation of the comprehensive 
double knockout analysis and discuss about the future aspect to complete enzymatic pathways and the mechanism 
of robustness. 
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1 Introduction

We have developed a mthod using the principal component analysis to classify the sequences of tRNA
genes into multiple groups of similar sequences, and also to extract ’characteristic’ bases that are
conserved within a group but differ from other groups. This procedure was applied recursively to clas-
sify the sequences into hierarchical groups so that characteristic sites can be detected more precisely.
The advantages of our method are as follows; (1)it allows comparison of the whole sequence; (2)Gene
sequences are represented as vectors in a generalized sequence space; (3)the bases of each sequence
are projected individually onto the same sequence space. We applied our method to the sequences of
tRNA genes from Aspergilli which are one of the most important fungi for a useful enzymes production,
and detected not only that bases that are always conserved but also bases that are often conserved.

2 Method and Results

Our method is based on principal component analysis and multi-dimensional scaling analysis. We
defined alignment matrix F , each row of which is a sequence vector F k for the k th gene sequence.
Each base is encoded to a 4-bit binary number (A, C, G and T are respectively encoded to 1000, 0100,
0010 and 0001). A sequence vector consists of 1s and 0s, and corresponds to a point in 4l -dimensional
space, where l is the length of the sequence. The number Ckk′

of matched masses between sequences
k and k’ can be expressed as the inner product of the sequence vector. A comparison matrix C, each
element of which is the number of matches for all pairs of sequences can thus be expressed as the
matrix product between alignment F and its transpose F T . The principal axes ~up are defined as
C~up = λp~up where up is an eigenvector and λp is the corresponding eigenvalue of comparison matrix
C. Each sequence is plotted on the two-dimensional plane called sequence space. The coordinate xk

p

of gene k in dimension p is given by xk
p = λp~u

k
p. Sequences are classified into one or more groups,

according to the distance between the two-dimensional sequence plots. The coordinates yp of base in
the sequence are given by yp = F T

~up. The i th element of yp corresponds to a base at position i

in the sequence, and characteristic bases of each group are detected by comparing the bases with the
group of sequences.

3 Discussion

We applied our method to the sequences of tRNA genes from Aspergilli and detected characteristic
bases. Most of the characteristic bases are in stem regions, and most of the characteristic bases
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2

Figure 1: Sequence and base spaces (Aspergillus oryzae). The sequences are projected individually
onto the space (left). The bases are projected individually onto the same space (right).

that are not in stem regions are in T and D domains, which have a role of preserving the L-shape
structure of each tRNA. We consider that that the bases in elbow region play an influential role in
determining the dynamics of the molecule and the recognition of tRNAs and its cognate aminoacyl
tRNA synthetases. Thus, the results suggest that preserving the bases in elbow region is important
to molecular evolution.
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Abstract 
 

Recent advances in proteomics have facilitated to increase and accumulate large 
amounts of proteome data, protein interaction and expression profile data. Among them, 
Escherichia coli has been a model organism for many years, which is also true for 
proteomic studies. However, even for E. coli, most of proteome studies have been 
performed by 2-dimensional (2-D) gel electrophoresis, which makes it difficult to retrieve, 
analyze and compare the data. 

In this study, we developed the EcoProDB database, which contains information on 
E. coli proteins identified on 2-D gels along with other resources collected from various 
databases and published literature. The database provides a comprehensive feature of 
showing the expression levels of E. coli proteins under different genetic and 
environmental conditions. In addition, the database has detailed information on 
subcelluar localization, theoretical 2-D map, experimental 2-D map. Users can access and 
compare their own 2-D gels via an interactive web interface and application such as the 
Map Browser and the Online tools. Using EcoProDB, users can efficiently grasp the core 
information associated with the proteins and 2-D gel results obtained from several 
different experimental sets for more convenient and enhanced analysis. [This work was 
supported by the Korea Science and Engineering Foundation (KOSEF) grant funded by 
the Korea government (MOST) (No. M10309020000-03B5002-00000). Further supports 
by LG Chem Chair Professorship, Microsoft and IBM SUR program are appreciated.] 
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Abstract 
 

The genome-scale stoichiometric model of Escherichia coli consists of multiple 
reactions representing the entire metabolic network. Herein, a constraints-based modeling 
approach is employed to predict metabolic flux distribution using a linear programming 
(LP) technique based on the stoichiometric model. In agreement with the premise that E. 
coli has evolved towards an optimum rate of cell growth, predictions using the LP 
objective function of maximizing growth rate have been found to be consistent with 
experimental measurements for the wild type. However, engineered strains not exposed 
to long-term evolutionary pressure might not have reached optimum growth rates. In 
these cells, other metabolic objectives such represented by other LP objective functions 
in the model may be adopted. 

 
The presence of multicopy plasmids is known to lead to growth retardation, altered 

global gene regulation and redistribution of metabolic fluxes. In this work, we aim to 
elucidate the metabolic state of plasmid-bearing cells by comparing experimental results 
with in silico flux predictions using various objective functions: (1) maximizing growth 
rate, (2) maximizing plasmid productivity and (3) maximizing maintenance ATP. Flux 
variability analysis was applied to quantify the ranges of flux variation within each of the 
933 reactions in the model. Results indicate that alterative pathways and highest 
metabolic fluxes exist within the central metabolic pathways, transport reactions and 
energy metabolism. Within these pathways, flux predictions for different cellular 
objectives were compared with experimental flux data, suggesting that plasmid-bearing E. 
coli could be more energy stressed and might adopt a maximum maintenance ATP 
strategy. 

 
Keywords: ATP maintenance energy, Constraints-based flux analysis, genome-scale in 
silico model, metabolic burden, plasmid-bearing Escherichia coli 
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Abstract 

With the increase in sequence information available from hundreds of different bacterial genome sequencing 

projects it has become possible to analyze a large number of different bacterial genera in order to recognize 

organism specific, genome-wide, recurring oligonucleotides (referred to as oligonucleotide signatures). These can 

be used to identify individual species effectively even if only fragments of the genome are present. Applications of 

this technology are widespread, from identifying and diagnosing disease causing bacteria quickly and effectively 

to helping elucidate phylogenetic differences by analyzing word differences. 
To this end we have created a MYSQL database named oligoDB, containing oligonucleotides (8-14 base pairs in 

length) for each sequenced bacterial genome. At present the database contains oligonucleotides from 738 genomes 

(including bacterial chromosomes and plasmids) of different strains of bacteria with a total of 866,939 signatures 

present. On average these signatures are expected to be present an average of 1.63 times in a 100 kb sequence. 
Preliminary tests were performed on three closely-related strains of the genus Mycobacterium (M. tuberculosis 

H37Rv, M. bovis AF2122/97 and M. avium 104) and we attempted to discern closely related organisms of the 

genus Bacillus: saprophytic B.cereus ATCC14579 and a highly virulent human pathogen B. anthracis str. 'Ames 

Ancestor'. Unique oligonucleotide signatures were found that may be used as species-specific DNA probes. 

 

Keywords: database, OligoCounter, signature, metagenomics, identification 
 

1 Introduction  
Overrepresented oligonucleotides (hereafter: oligos or oligonucleotide signatures) are 8-14 bp long [2], 

present in unexpectedly high counts in a genome and wholly unexploited in contrast to di- and 

tetranucleotides, which are routinely used in genomic sliding window analyses [1]. 

We hypothesize that (i) oligos in the 8-14bp size range are overrepresented over and above what would be 

normally expected in prokaryotic genomes, (ii) some overrepresented oligos in our dataset will be unique to 

a single bacterial strain. 
 

2 Methods and Results 
 

OligoCounter, an in-house program in Java used to count overrepresented oligos, was used to analyze all 789 

complete genomes (including plasmids) available from the NCBI bacterial genomes FTP site (January 2007). 

Thresholds were set very low in order to find oligos which are unique among fully sequenced bacteria. These 

files were then processed and incorporated into a database (oligoDB) containing lists of oligos for each 

species. This database was then used to compare all oligos of each species with their intrageneric relatives to 

identify unique oligos.  

Overrepresented oligos were found by OligoCounter in 738 of 789 full genomes, chromosomes and 

plasmids. Typical counts range from 6 to over 1000 oligos per genome. Some oligos are not just present in 

high copy numbers but are distributed evenly throughout the entire genome. From these results datasets were 

generated for the genera Mycobacterium (M. tuberculosis H37Rv, M. bovis AF2122/97 and M. avium 104) 

and Bacillus (B. cereus, B. anthracis and B. subtilis). For each dataset each species was tested against others 
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to identify unique oligonucleotide signatures. M. tuberculosis has 74 unique signatures present (recurring an 

average of 11 times in the genome) while M. avium has over 1300 unique signatures present (recurring between 

12 and 36 times in the genome). In the B. anthracis genome we found 19 unique signatures that may be used as 

genetic probes. Some of the signature oligonucleotides are shown in Table 1. 

 

Table 1: Some signatures identified in Mycobacterium and Bacillus datasets. 

Signatures Counts Signatures Counts 

 M.tub M.bovis M.avium  B.subt B. anth B.cereus 

TTGCCGCCGTTGCC 80 81 0 AAGTTTCACTTTA 0 24 51 

CCGCCATTGCC 56 54 0 CCAGTTGGCCCAGT 0 19 0 

TCCACGATGGCCAC 11 0 0 GAAACAGAAAAGCC 0 11 0 

CTTACACCACTCC 0 0 36 CTGTCAGC 211 6 15 

GACACCGCTGCCAG 0 0 25 GATCCGGAGATTTC 10 0 0 

 

3 Discussions 
 

Overrepresented oligos were found in the vast majority of 789 fully sequenced bacterial chromosomes and 

plasmids. Some oligos belong, as expected, to clusters of repeats and are only present in limited genomic 

positions (see Figure 1). However other oligos are widely distributed throughout genomes with the exception 

of certain distinctive genomic positions most corresponding to known or putative genome islands. With the 

identification of these DNA probes and the potential for further discovery with further research a new method to 

identify these pathogenic microorganisms will be realized. Apparent redundancy in the dataset can be important 

for identification of short metagenomic reads, since shorter oligos are present more frequently and may also 

be more widespread. Discovery of unique oligos and patterns of infrequent oligos should allow development 

of a fast tool for identifying bacterial compositions in metagenomic reads. 
 

 
Figure 1: The top 600 overrepresented oligos in the M. tuberculosis H37Rv. Overrepresented oligos are 

represented on the X-axis and sorted by descending overrepresentation index (chi-squared), with genome 

position on the Y-axis. 
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Abstract 
 

Mammalian cell lines such as Chinese Hamster Ovary (CHO) are ideal for 
producing recombinant proteins that require post-translational modifications such as 
glycosylation. Since glycosylation has an effect on various biological properties such as 
folding, stability and efficacy, the quality of secreted proteins is dependent on the 
consistency of attached glycan structures. Thus far, several cell engineering techniques to 
improve and optimize glycosylation have been applied to certain gene targets. These 
targets are selected on the basis of prior biological knowledge of regulatory and 
metabolic pathways such as known bottlenecks or alternative routes. In addition to prior 
biological knowledge, multivariate statistics can be applied to cell culture data to 
discover new gene targets for further manipulation. 

 
We consider gene expression and glycosylation profiles from five interferon-alpha 

producing CHO cell lines consisting of four apoptotic-resistant gene targeted (GT) lines 
and one parent CHO line. There are two issues that can be addressed for this data; how to 
quantifiably differentiate the cell lines from one another, and how to measure the effect 
of gene expression on glycosylation. Principal component analysis (PCA) is used to 
identify which genes in the GT cell lines show similar behavior in the parent line and 
which genes differ significantly. Ridge regression and Partial Least Squares (PLS) 
regression are used to identify genes which have the most significant impact on 
sialylation and branching of glycan structures 

 
Keywords: CHO cells, Gene expression profiles, Glycosylation, Multivariate data 
analysis 
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Abstract 
 

DNA Data Bank of Japan (DDBJ) has provided Web API to molecular biology data resources by use 

of Simple Object Access Protocol (SOAP) to the public for some years. We here introduce a new Web 

API available from DDBJ based on Representational State Transfer (REST). The new Web API includes 

services in 25 categories and 171 methods and accessible at http://xml.nig.ac.jp/. Sample workflows 

composed of Web API are also available from there. 

 

Keywords: interoperability, Web services, SOAP, REST, workflow 
 

1  Introduction  
 

DNA Data Bank of Japan (DDBJ) has provided users with the interface to Web browsers and ftp to search, 

analyze and download nucleotides and amino acids sequences and the annotation at 

http://www.ddbj.nig.ac.jp/. Other sites also provide similar but not the same services by http and ftp. 

Therefore it has been easy for us to utilize variety of databases and services thanks to the proliferation of the 

Internet. It will be more convenient for bioinformaticians if the sites are equipped with programmable 

interfaces. 

DDBJ recognized the need and actually implemented a Simple Object Access Protocol (SOAP) server to 

realize biological Web services. The SOAP server was open to the public in 2002 [1]. Then all the DDBJ 

services usable with Web browsers were equipped with programmable interface, e.g. homology searches, text 

searches, multiple alignment. SOAP is convenient to capture data in a clearly defined structure. SOAP, 

however, is inconvenient in the processing of a large scale data and is insufficient in the interoperability 

depending on the implementation of SOAP serves and clients. Therefore, DDBJ introduces Web API based 

on Representational State Transfer (REST). You are now able to call Web API through either SOAP or REST 

servers. 
 

2  Method and Results  
 

The Web API by REST has a couple of advantages compared to the one by SOAP. REST is easier to use than 

SOAP. You can access the Web API by REST, if you just specify in your Web browser the URL of the REST 

server. In the DDBJ REST server, we make sure that various program languages such as Perl, Java, C, Ruby 

and Python can be used to write a program to call Web API. Furthermore, you can use REST services by 

using telnet or wget command.  

Another feature of REST is easiness to treat large-scale data. The Web API by REST returns you results 

of your request as a stream that is light for computers to process. The genome data of Escherichia coli with 
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the flat file format, the throughput of REST server actually three times as fast as SOAP server. 

SOAP server, however, has its own advantages such as extensibility. Therefore we will maintain Web API 

by both REST and SOAP servers. 
 

3  Discussions 
 

We have already prepared biological workflows as follows: 

� DDBJ-UniProt workflow 

to search DDBJ entries from any keyword like protein name and make a table of 

relationship among DDBJ Accession numbers, protein IDs and UniProt IDs.  

� Blast-ClustalW workflow 

to run blastn against DDBJ database with a given DNA sequence and compare the 

aligned regions of high similarity by using ClustalW.  

� BLAST workflow 

to run multiple blast requests against DDBJ, UniProt-SwissProt and PDB 

continuously with a set of the accession numbers.  

� E.coli bacteria genome workflow 

to map all E.coli piece entries registered in DDBJ to the chromosome. 

� E.coli bacteria genome annotation workflow 

to evaluate the annotation of E.coli genome by using the workflow of mapping piece 

entries to the chromosome.  

� Splicing workflow  

to compare the similarities between the structure of splicing and homology between 

human and mouse. 

� Ensembl-PDB workflow 

to find a relationship between genes and proteins from the cross reference of 

Ensembl and PDB to identify the genes whose protein structures are known. 

� OMIM workflow 

to discover disease genes in Homo sapiens that are related to genes of model 

organisms 

� SNP workflow 

to explore the relation between a human gene and SNP from the viewpoint of the 

amino acid substitution.

 

 

You might expect that it is now straightforward to concatenate methods in the DDBJ Web API and Web 

API from other sites. Unfortunately, it is not true yet. You have to always inspect and match the output 

format from a service and the input format from another service. We have discussed about the establishment 

of ontology to express and specify the service including the format. We believe that Web API at DDBJ will 

contribute to the standardization in bioinformatics and the improvement of the interoperability of diverse 

biological information resources once the service ontology is set up. 

   We have carried out a feasibility study to establish an information environment that makes you possible 

to concatenate the DDBJ Web APIs in a Web browser. We actually use a controlled vocabulary to describe 

the service provides by each Web API for the navigation and expect to reach a service ontology. 
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1  Introduction  
 
A mimotope is defined as a peptide able to bind an antibody, not necessarily identical with the epitope 
inducing the antibody, but an acceptable mimic of the epitope [1]. It has become convenient to select out a 
set of mimotopes since the phage display technology became available. High throughput mimotope 
identification followed by computational analyses has been widely used in developing new drugs, vaccines, 
and diagnostics, in exploring protein-protein interaction networks, and in epitope mapping as well.  

The mimotope based epitope mapping is usually accomplished through aligning a set of mimotope 
sequences to the sequence and structure of the genuine antigen. There are now several tools available that 
can assist mapping out the native epitope based on the corresponding antigen and mimotopes [2]. Though 
these tools are different from each other, most of them have two common and implicit assumptions: (1) 
mimotopes are in extended conformation; (2) the sequential neighbor residues of mimotope correspond to 
the spatial neighbor residues on the antigen structure. 

Under these assumptions, all published tools have partly succeeded in given cases. Some residues in the 
native epitope were successfully mapped; other residues however, were missed during mapping process. In 
this study, we reconsidered the two assumptions for mimotope based epitope mapping.  
 
2  Data sets and Methods  
 
All the structures with mimotope in the PDB database were extracted and compiled as the first data sets. The 
state and backbone conformation of the mimotope in each structure were observed and then confirmed by the 
corresponding peer reviewed papers. 

The second data set is composed of 640 representative proteins selected from the PDB database [3]. The 
Euclidian distances between Cα atoms of all amino acid residue pairs were calculated [2]. The calculation of 
the distances and the following statistic analyses were implemented with Perl. 

 
3  Results and Discussions 
 
3.1  Mimotope conformations 
 
Short linear peptides are usually extended in water solution. Some mimotopes are in line with the rule and 
without significant conformational trend. As shown in the Tab. 1 however, besides extended state, other 
conformations such as helix, turn, hairpin and even globular shape can be seen in the structures of free and 
bound mimotopes. This means that two residues far away on a mimotope sequence might be folded together 
into neighbors. Considering a mimotope as an extended strand only will certainly lose spatial neighbor 
information at the beginning of the mapping process. Phage display library can indeed be designed to be α 
helix constrained or other conformation restricted. Thus, instead of assuming mimotopes to be extended at 
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first, the information on phage library should be considered carefully whenever available. 
     

Table 1: Representative conformations shown in the PDB structures of mimotopes 

Mimotope Conformation State PDB Code Thumbnail 

TGWETWV extended bound 1n7t 12 

APPLPPRNRPRL helix bound 1qwe 1 

ACLPWSDGPC turn free 1yt6 1 

WRYYESSLLPYPD β-hairpin bound 1hc9 1 

HRYYESSLEPWYPD globular bound 1jbd 1 

 
3.2  Statistics of distances between residues  
 
As described previously, most existing tools for mimotope based epitope mapping assume implicitly that the 
sequential neighbor residues of mimotope correspond to the spatial neighbor residues on the antigen 
structure. A sequential neighbor pair refers to residues linked with a peptidyl bond. Two residues are taken as 
a spatial neighbor pair when the distance (usually based on Cα atoms) between them is shorter than a given 
threshold, usually around 8Å.  

As shown in the Tab. 2, however, the indirect sequential neighbors separated by one amino acid in all 
types of conformations are also below this threshold. This means that the indirect sequential neighbor pairs 
of mimotope sequence should be considered in the mapping. Considering the direct sequential neighbor pairs 
only may also lead to losing the information hidden in the mimotope sequence.        

 
Table 2: Distance statistics of the indirect sequential neighbors separated by one amino acid residue   

Conformation Pair Minimum (Å) Maximum(Å) Mean distance(Å) 
α-helix 51160 4.667 7.184 5.486±0.179 
β-strand 21300 4.376 7.494 6.649±0.389 
β-turn 726 4.493 7.251 5.642±0.365 
others 158432 3.698 7.769 6.022±0.620 

 
The two implicit assumptions for most mimotope based epitope mapping tools are not complete. We 

expect that the performance of these tools could be improved with the insights above. This is a future work 
we plan to do. 
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Abstract 
 

ARSA (All-round Retrieval of Sequence and Annotation), which is a service recently developed by 
DDBJ, provides you with a one-stop retrieval from 28 million data across 23 life science databases from the 
DNA sequence database to pathway databases. The unique and distinctive features of ARSA compared to 
conventional keyword search systems are a very high throughput, rich functions for query construction and 
the interface by Web API.   

 
Keywords: DDBJ, XML, text search, database, Web API 
 
1  Introduction  
 
The International Nucleotide Sequence Database Collaboration (INSDC, http://www.insdc.org/) of DDBJ, 
EMBL/EBI and GenBank/NCBI has archived all the DNA sequences and their annotation for more than 20 years. 
The size of the database keeps increasing even after the completion of sequencing of human genomes as shown in 
Fig. 1. It will expand further due to new sequencing technologies and emerging research fields such as 
meta-genomics and re-sequencing. In addition, the annotation will be updated in accordance with the progress of 
life science. 

 
 

Fig.1  The growth of the DNA sequence database maintained and diffused by the INSDC 
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Therefore we have to prepare a scalable and flexible engine for the search by key words in addition to the 
homology search by DNA sequences. DDBJ recently implemented ARSA to satisfy these requirements. 
 
2  Method and Results  
 
ARSA is an application based on the algorithm of SIGMA proposed in 1980s [1, 2]. SIGMA does not require 
indexing and completes the search by reading the data file once. These pros mean that the search can be 
made against the currently available data anytime. The algorithm is successfully implemented as Shunsaku 
search engine by Fujitsu Limited. The data file of Shunsaku is distributed in nodes of PC cluster. DDBJ and 
Fujitsu Limited collaborated to customize Shunsaku to the INSDC database and named the new search 
engine ARSA. ARSA users can actually obtain the result of a query within 10 seconds irrespective of the data 
size and search formula. ARSA is also scalable enough to process the INSDC database that keeps expanding. 
We have to increase the number of nodes of PC clusters, however, if we want to guarantee the high 
throughput.  

ARSA covers 23 databases including DDBJ, UniProt, PFAM, PDB and LENZYME among the others as 
shown in Fig. 2. We will soon include KEGG (http://www.genome.ad.jp/kegg/) in ARSA and make the 24 
databases simultaneously retrievable for common keywords. 

 

 
Fig.2   A table of the number of hits to the key word of “human” from 23 databases. 

            The table was displayed in 5 seconds as of September 27th, 2007. 
 

3  Discussions 
 

The annotation is stored in the INSDC data structure of Features and Qualifiers. In ARSA, the user has an 
option to specify sets of Features and Qualifiers to search in addition to the option to perform a full text 
search. Namely, ARSA user can expect that false positive hits are largely excluded. It is also to be noted that 
Web API (http://xml.nig.ac.jp/) is already prepared so that a custom database is easily constructed in a client 
to ARSA.  
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Abstract  
The Chordate phylum comprises three subphylums: urochordates, cephalochordates and vertebrates. Recently, 

Ciona, a member of the urochordates, was identified as the closest invertebrates group of vertebrates. Ciona therefore 
hold a unique position in the evolution of chordates and vertebrates. We set out to investigate the evolution of gene 
families corresponding to Ciona intestinalis and Ciona savignyi to better understand the factors that shape the 
emergence of vertebrate genomes. The protein-coding genes of C. savignyi were compared to genes of C. intestinalis 
and other model organisms. Gene duplication events were detected and analyzed at different levels: C. savignyi-specific, 
C. intestinalis-specific, Ciona-specific and Chordate-specific. 
 
Keywords: comparative genomics, gene duplication, Ciona, chordates, vertebrates, GO terms 
 
1  Introduction  
Species from Ciona genus have the smallest genomes of any chordate that can be manipulated 
experimentally [1]. As the members of the urochordates (the closest branching clade of vertebrates), Ciona 
species are good candidates for investigating the origins and evolutions of the chordates phylum, from which 
all vertebrates sprouted. In this study, the genomes of C. savignyi [2] and C. intestinalis [1] were compared 
to detect gene duplication events at different levels: C. savignyi-specific, C. intestinalis-specific, 
Ciona-specific and Chordate-specific duplications. We report on various over- and under-represented 
functional groups of duplicated genes and discuss their significance.  
 
2  Material and Methods 
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3  Results 
Table 1: Gene duplications identified in C. savignyi (C.S.) and C. intestinalis (C.I.) genomes 
Type Families with fly/worm Families without fly/worm 
C.I.-specific 433 96 
C.S.-specific 83 40 
Ciona-specific 31 7 
Chordate-specific 8 N.A. 
 
Table 2: Over- and under-represented GO terms in C.I.-specific duplicated genes 
GO term Description Type Enrichment P-Value 
GO:0006519 amino acid and derivative metabolism biological process ×2.40 3.95e-07 
GO:0009058 Biosynthesis biological process ×1.55 8.54e-05 
GO:0007165 signal transduction biological process ÷1.80 0.00292 
GO:0004872 receptor activity molecular function ÷2.55 0.00559 
 
Table 3: Over- and under-represented GO terms in C.S.-specific duplicated genes 
GO term Description Type Enrichment P-Value 
GO:0006519 amino acid and derivative metabolism biological process ×3.01 0.00661 
GO:0005975 carbohydrate metabolism biological process ×2.28 0.0146 
GO:0003677 DNA binding molecular function ÷17.33 0.00622 
GO:0007165 signal transduction biological process ÷4.59 0.0146 
 
Table 4: Over- and under-represented GO terms in chordate-specific duplicated genes 
GO term Description Type Enrichment P-Value 
GO:0005975 carbohydrate metabolism biological process ×3.13 0.00642 
GO:0003682 chromatin binding molecular function ×11.7 0.00959 
GO:0005515 protein binding molecular function ÷3.96 0.00642 
GO:0003676 nucleic acid binding molecular function ÷2.23 0.0888 
 
4  Discussions 
The comparison of C.S. and C.I. genomes reveals some interesting findings:  
(a) There are significantly more C.I.-specific (529) duplicates than C.S.-specific (123) duplicates. The 
difference in gene numbers between C.S. and C.I. is likely due to significant number of C.I.-specific 
duplicates.  
(b) Overall, for Ciona duplicates, GO terms describing metabolism and nuclease activity were enriched while 
GO terms related to signal transduction, receptor activity and transcription were depleted. A possible 
explanation for these observations is: the enrichment of duplicates on metabolic functions might be 
associated with the rapid embryogenesis of Ciona species. Furthermore, over-expression of signal 
transduction genes might be deleterious to the finely-tuned cascade of enzymatic events and/or regulatory 
networks at work in Ciona species. 
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Abstract 
 
NetProTM database is an interaction database, unique compared to other interaction databases currently available in that it 
provides a comprehensive picture of any given interaction by providing all possible information available that is relevant 
to understanding of the interaction in the context studied, in a format in which the data could be queried by any data 
point available. The study aims at highlighting the relevance of such information in understanding the interactions in 
their biological context and their possible applications. 
 
Keywords: Interaction database, regulators, differential regulation, applications 
 
1 Introduction 
 
NetProTM is an interaction database with manually curated data from articles published in PubMed and 
consists of protein-protein and protein-small molecule interactions. Data in NetProTM, among other details, 
have been provided with a feature describing the affect of a regulator on an interaction, termed as 
“Quantitative/Qualitative” (Q/Q), which defines the influence of variations within a molecule/factor on an 
interaction in terms of quality or quantity. Details like these add a significant value to the core interaction as 
they indirectly suggest the possible role of the regulatory factor on the specific interaction.  
 
2 Method 
 
The data in NetProTM were queried in the web interface built in-house, for details that would highlight 
differences in regulation of an interaction based on the post translational modifications (PTM) of the 
interacting/regulating molecules, polymorphic/splice variants of the interacting molecules, treatment 
condition or concentration or time of treatment and the location in which the interactions are taking place.  
 
3 Results and Discussion 
 
The protein-protein interactions in biological systems are not straightforward and do not take place in all 
organisms, under all conditions. In order to get an idea of the physiological scenario, it is necessary that the 
interactions are looked at in as precise a detail as is possible. Very often, we come across studies describing 
that a particular molecule has a potentiating or negative influence on an interaction but the extent of influence 
is more under certain conditions compared to certain other conditions. Details like these are highlighted in 
NetProTM with the regulation type being described as Q/Q. Given below is a brief account of how such data 
could be of scientific significance, followed by the details available in NetProTM  as summarized in table 1. 
Nature dependent: Nature of PTM might have a role in regulating interactions between two molecules. The 
PTM status of a molecule in a certain pathway might have therapeutic relevance. Maintaining the required 
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PTM status might prove useful in the drug discovery scenario. Eg., maintaining beta-catenin in 
unphosphorylated form, which enhances its association to E-cadherin and inhibits its cell proliferative 
property could be of therapeutic relevance in colon cancer. 
Polymorphism dependent: Data on genotype specific differential regulation of drug metabolism can be used 
in personalized medicine. Eg., individuals with CYP2C9.2 or CYP2C9.3 polymorphisms are poor 
metabolizers of Losartan and hence require an alternative medication. 
Variant dependent: Data on variant dependent influence can be used in enhancing the therapeutic efficacy of 
molecules. Eg., exogenous administration of beta isoform of SERPINC1 can be more effective than alpha 
form in treatment of Disseminated Intravascular Coagulation.  
Location dependent: Differential regulation of an interaction between tissues can indicate relevance of the 
interaction in tissue specific diseases or pathways. Eg., IL1B induced expression of ADAMTS9 being more in 
chondrocytes compared to fibroblasts suggests its involvement in chondrocyte related inflammatory pathway- 
ADAMTS9 is indeed implicated in arthritis. 
Treatment condition dependent: These data highlights the influence of treatment condition on an 
interaction. Eg., A2R regulating VEGFA more in normoxia than in hypoxia could have a clinical impact in 
terms of developing angiogenic therapy with agonists (for coronary artery disease, stroke, delayed wound 
healing etc.) or developing antiangiogenic therapy with antagonists (for cancer, diabetic blindness, 
rheumatoid arthritis, psoriasis etc.). 
 
Table 1: Table highlighting the quantitative/qualitative effects of molecule/factor on interactions 

 
Apart from the above-mentioned fields, NetProTM has quantitative data on the treatment time and treatment 
concentration that could be useful in studying dose responses of potential therapeutic molecules. Other 
influencing factors like mutation, structural variations of molecules, conditions like pH, temperature or 
stage/age of the organism are also highlighted in NetProTM. NetProTM to the best of our knowledge is the only 
interaction database with such extensive information. 
 
References 
PubMed References have been mentioned in the table 

Type of Q/Q regulation Interaction Quantitative/Qualitative description PubMed ID 
Nature dependent 
 

CTNNB1 bind CDH1 Unphosphorylated CTNNB1 binds 
CDH1 more compared to 
phosphorylated CTNNB1 

11245482 

Polymorphism dependent CYP2C9 oxidize 
Losartan 

CYP2C9.2 and CYP2C9.3 
polymorphic variant oxidizes Losartan 
at a lower rate than CYP2C9.1 

11408373 

Variant dependent SERPINC1 inhibits 
activity NF-Kappa-B 

Beta form of SERPINC1 more 
effective than alpha form 

12010802 

Location dependent IL1B increase 
expression ADAMTS9 

Expression of ADAMTS9 is more in 
chondrocytes than in fibroblasts 

15880812 

Concentration dependent Cisplatin increase 
activity CASP3 
(Positive 
regulator:Bryostatin 1) 

1 nm Bryostatin 1 increases CASP3 
activity more than 1 miroM 

10194341 

Treatment condition 
dependent 

Adenosine A2 receptor 
increases expression 
VEGFA 

Adenosine A2 receptor increases 
VEGFA more in hypoxic compared to 
normoxic condition 

10444484 

Treatment time dependent Cyanidin 3-O-
glucoside increases 
expression NOS3 

Longer incubation with Cyanidin 3-O-
glucoside for 12, 16, and 24 hours 
enhances NOS3 expression more than 
short incubation 

15226277 
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Abstract 
 

It is widely feared that the highly pathogenic H5N1 avian influenza virus may evolve a human transmissible 

strain that could cause the next global pandemic. In-silico mathematical modeling allows us to examine various 

scenarios, and to estimate the costs and effectiveness of various pandemic mitigation policies. During a real pandemic, 

various Influenza-Like-Illnesses (ILIs) as well as non-pandemic seasonal influenza will continue to present themselves 

within the population. Previous work either treats ILIs as false positives that consume resources, or else assumes perfect 

diagnosis without taking into account the cost of such diagnosis.  

It has previously been found that a slow, low throughput laboratory based diagnostic test would not be 

worthwhile in assisting pandemic mitigation. A possible alternative to such lab-based tests might be a highly specific, 

PCR-based test kit. These offer the chance of diagnosing pandemic flu cases within hours, in a clinical rather than 

laboratory setting. Although not yet available, such test kits may play an important role in pandemic mitigation. Here, 

we establish the framework for a stochastic agent based city scale model, which may be used to estimate the cost & 

effectiveness of various control policies, including the cost of diagnosis using test kits. We run this model with a 

simplified population and show the effect of such a test kit on the costs and effectiveness of various intervention 

policies. 

 

Keywords: Influenza pandemic model; Stochastic agent-based model; Diagnosis test kits 
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Abstract 

 
Drug target identification and validation are complex tasks increasingly involving 

use of information from  high throughput technologies. The diversity of genomic 
datasets generated with microarrays and the advanced analysis techniques required to 
derive meaningful results from such datasets makes ordinary biologists uncomfortable 
with exploring the benefits from such technologies in their entirety. An outcome is the 
improper and under utilization of the datasets generated. IGPCR (Integrated Genomics 
Portal for Cancer Research) is an integrated .Net application that summarizes analysis 
results from both private and public data including mutations, , array comparative 
genomic hybridization (aCGH), gene expression from cell lines and tumors as also RNAi 
data relevant for cancer research. This is done  through  user friendly outputs and 
visualization such as  tables, heatmaps and graphs. IGPCR utilizes Microsoft Composite 
UI Application Block (CAB) architecture. It accesses different databases using Windows 
or Java web service. The different data types are organized as tabs. A single query for a 
gene retrieves results obtained from analysis of different datasets in an asynchronous 
fashion. Besides, single gene search, users can create custom lists of genes and query 
both public cell line expression datasets from  the National Cancer Institute (NCI),, 
University of Califormia at San Francisco (UCSF) and Lilly proprietary datasets with one 
click. IGPCR provides analysis tools like survival analysis that help determine whether 
expression levels of a gene affect the survival probability of the patient, a key 
determinant in target prioritization. IGPCR as an integrated desktop portal is being used 
by Lilly cancer researchers to identify new drug targets, prioritize existing targets and to 
identify appropriate cell line models for experiments. In summary IGPCR helps improve 
the productivity of  cancer scientists while providing for a framework that is extensible 
to other therapeutic areas and data from emerging technologies such as ChIP on Chip 
data. 

 
Acknowledgement: We would like to thank Bill Yan, Boon Siew Kee, Young Gong 

and other HiSoft Technology (Dalian, China) partners, as well as Chen Wu Ling from 
Veles Consulting for software development support. 
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Abstract 
 

Dengue fever is a viral infection (genus Flavivirus) causing fever, severe joint pain, less often hemorrhage 
and shock and in the most severe cases, death. It is found in tropical and sub-tropical regions and it annually affects 50 
million people across five continents and kills at least 12,000. Moreover, infection rates are increasing dramatically. 
Presently, there is no known cure or vaccine for this disease. Over the past few decades, the mosquito-borne virus has 
spread dramatically, and 2 billion people live in areas with infection risk. Dengue has therefore become a major 
international public health concern, now being endemic in more than 100 countries in Africa, the Americas, south-east 
Asia and the western Pacific. 

 
Dengue is among a group of ailments referred to as neglected tropical diseases (NTDs). For these diseases, 

populations most affected are also the poorest and most vulnerable and are found mainly in tropical and subtropical 
areas of the world. While a major objective of pharmaceutical research is to discover novel medicines that improve the 
quality of life of the human population, diseases which affect mainly the developing countries are of limited commercial 
potential. Innovative public-private partnerships between non-profit organizations, such as universities or foundations 
and industrial partners can give new momentum to the development of new drugs for neglected tropical diseases.  

 
When structural data for a protein target are available, computationally ‘docking’ molecules into the protein 

structure and scoring their calculated binding affinities can be a valuable aid in selecting compounds which are likely to 
be active in screening assays. As a first Dengue virus target, we selected the methyltransferase function of the NS5 
protein. Insights gained from the three-dimensional structure of the binding site [1] allow us to perform virtual 
screening of large libraries of commercially purchasable compounds to identify likely inhibitors. A key problem in 
docking is that assessing the interaction of all possible conformations, orientations and positions of a given ligand with 
even one rigid model of the protein receptor is expensive in terms of computational time, and so becomes impractical 
for screening huge libraries. But if not all interaction possibilities are assessed, or if the size of the search library is 
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restricted by filtering according to 1D or 2D molecular properties, important possibilities could be missed. Using grid 
computing [2], sufficient free compute capacity can be harvested from clusters and individual desktops to allow more 
extensive testing of larger sets of candidate molecules. In this study, we have deployed the Glide docking algorithm [3] 
on a PC grid.  

We have successfully screened over 6 million commercially available compounds, including those of the 
ZINC collection [4]. Further post-processing for plausibility and chemical diversity resulted in a short list of promising 
candidate compounds. The accuracy of the docking and the scoring step, as well as the final selection step are crucial 
for the success of this approach in order to sufficiently enrich the hit rate (compared to random screening) in 
biochemical assays, where the inhibitory effect of compounds against methyltransferase activity in vitro is assayed. 
Ultimately, it is also the results from biochemical assays that allow us to validate and improve on the performance of the 
applied virtual screening strategy.  

 

 
Figure 1: Active site of dengue NS5 methyltransferase protein with bound ligand (PDB: 1R6A) 

 
 
Keywords: grid computing, neglected diseases, dengue, virtual screening, drug discovery 
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Abstract: 
We aim to present a software framework with database support, called CPAT: Cellular 
Pathway Analysis Tool that simplifies working with different interaction networks in 
cells. It parses interaction file in different (PSI-MI, XML, BIND, DIP) formats into a 
visual network. Molecules (protein/gene/ligand) are represented as nodes and interactions 
between molecules are represented as edges. It draws both directed and undirected graph 
which is scale-free network (P(k)~k-γ). The analysis of network is performed with 
calculation of valency of vertex, identification of modules (kin/kout>=1), shortest path 
between modular-node and other nodes using Dijkstra’s algorithm, cluster coefficient, 
average degree (2L/N), and diameter of graph. All these properties are calculated using 
graph algebra. We can analyze the network by degree distribution (P(k)=∑vє|deg(v)=k  1) 
curve, module v/s degree of module plot and by calculating diameter of graph after 
removing n-nodes. Each module can be visualized and analyzed separately; modification 
in network is executed by adding, subtracting nodes or edges and visualizing nodes and 
interactions separately. We are developing modules for integrating CPAT with multiple 
databases extracting information about cell recovery, cell death processes, gene-ontology, 
protein families, gene catalogs and ortholog relationship of pathways. This information 
can then be saved in a local database with customized SQL schema. The database is used 
for searching similar network using network alignment tools. 
 
Keywords: interaction pathway, centrality-lethality, module, cell recovery, network 
ontology.  
 
Introduction: 
The current analysis of protein-protein interaction (PPI) networks treats all edges equally. 
But in reality it’s not, these are self similar objects. Some PPIs are essential 
(indispensable) to the survival or reproduction of an organism. These PPIs can potentially 
explain the centrality-lethality and evolutionary relationship among organisms. CPAT is 
an effort to study the cellular interaction pathway. It provides framework for visualizing 
pathways as scale free network, calculation of topological parameters in network and 
different tools for pathway analysis.  
 
Method: 
Each node (Protein) is depicted as a point image and edges (Interaction) as straight line, 
for directed graph edges are taken with directions. These graphs are scale-free network. It 
derives the module according to the ration of indegree to outdegree (kin/kout>=1). There 
are modules for calculation of valency of vertex, searching nodes and interactions, 
shortest path between modular-node and other nodes using Dijkstra’s algorithm, cluster 
coefficient. Identify the number of connections amongst neighbors. By adding or deleting 
dynamically n additional interaction we can expand our analysis.  
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Results: 
 

Data set  No. of   
hub       Total Interaction  No. of proteins Average degree 

Epidermal growth 
factor (EGF) pathway, 
BIND 

   62        275         309        1.757 

Human, DIP    452        1129         946        1.193 
S. Cerevisiae     952        13000        4316         3.012 

 
 
 
 
 
 
 
 
 
 
 
(b) 

 
(a)        (c) 
 
Fig: (a) Visualization of cellular pathway, (b) k/degree curve and (c) k/frequency curve. 
 
Conclusion: 
CPAT will serve as a fine introduction to the scientific community informing about the 
strategy we have adopted to analyze the cellular interaction pathways. The analysis of 
network according to degree distribution and hubs gives information about the reaction 
zones, protein distribution in pathways and compartmentization of proteins in cellular 
reactions. This gives results to customize the signaling pathway. It will serve as the 
communication note for the people who are interested in systems biology.  
 
References: 
1) Dongbo Bu and et al.Topological structural analysis of protein-protein interaction 

network in budding yeast”, Nucleic Acids Research, 2003, Vol. 31, No. 9    2443-2450 
2) He X, Zhang J (2006) “Why do hubs tend to be essential in protein networks” PLoS     

Genetics 2(6): e88. DOI: 10.1371/journal.pgen.0020088. 
3) Paul Shannon and et al. “Cytoscape: A Software Environment for Integrated Models 

of Biomolecular Interaction Networks”  Genome Res. 2003 13: 2498-2504 
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Abstract 
 
Viruses have been evolved to oppose immune system of host. Main evasive tactics for immune system are amino 
acid sequence change in vial proteins. We predicted common epitope in viruses. Our result can apply to develop 
common epitope and prevent human disease for pathogenic virus. 
 
 
Keywords: common epitope, conserved region, virus 
 
 
1  Introduction  
 
Viruses have been found in all species from bacteria to mammalian. Some viruses, HIV and SARS, are causative 
agents of serious human diseases but don’t other species. However, antibodies for those viruses have not yet been 
developed. One of the reasons for delay antibody development is protein sequence change by virus evolution. 
Recently, You JC et al [1] found conserved region in HIV coat protein. HIV coat protein is most variable sequence 
in retrovirus. Therefore, it may be possible to exist the conserved region for the other viruses. Those conserved 
regions are able to use common epitope for the immune response of viruses. We analyzed conservation of protein 
sequences using viral COGs. Using diverse public software for epitope prediction, we checked antigenecity for 
conserved regions. 
 
 
2  Method and Results  
 
2.1 conserved region in viruses coat proteins 
 
The Viral Genomes Project of NCBI provided various information for viral genomic research. Viral Protein 
Clusters(VOGs) provide functional and evolutionary groups of viral proteins derived from genomes. VOGs 
were classified virus into 4 group such as positive-strand RNA virus, negative-strand RNA virus, 
double-strand DNA virus and single-strand virus. Functional related proteins in 4 groups were clustered by 
sequence similarity based on BLASTP pairwise alignments [2]. We analyzed conservation of functional 
related proteins using VOGs cluster (ClustalX and MUSCLE). 
 
 
2.2 prediction of common epitope 
 
All conserved regions don’t work as epitope. Using diverse public software for epitope prediction, we predicted 
common epitope in conserved regions. 

fig 1. Work flow chart 
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3  Result 

 
Fig 1. Conserved region of functional related proteins; Red box show conserved region in multiple 
alignment. 

 
 

4  Discussions 
 
Viruses are continues evolve. One of the evolution methods is protein sequence change. We predicted putative 
common epitope using conserved region in viruses. We will confirm for common epitope using biochemical 
experiment. Our results suggest the useful information to prevent human disease derives from viruses. 
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Abstract 

 
Analysis and visualization of biological networks, such as protein-protein and protein-DNA 

interactions, are crucially important toward obtaining a thorough understanding of living systems. Here, we 
present an integrative software platform, eXpanda, which enables analyses of a very broad range of 
biological networks, with a special focus on the extraction of characteristic topologies that potentially 
function as units in the networks. eXpanda is provided as a Perl library which gives full-automatic 
connections to various biological databases via a Perl programmable interface and can perform topological 
analysis based on graph theory. The results of these analyses can be visualized by vector graphics. eXpanda 
is licensed under GNU General Public License and its software package, detailed documentations, source 
codes, and some sample scripts are downloadable at http://medcd.iab.keio.ac.jp/expanda/. 

 
Keywords: Interactome, Network analysis, Network visualization, Perl library 
 
 
1  Introduction 
 
We previously developed eXpanda [4], which is an integrated software platform provided as a Perl library to 
analyze and visualize multitudes of data, especially focusing on (1) full-automatic connections to various 
biological resources such as web-based databases, (2) topological analysis of network structures based on 
graph theory, and (3) versatile and aesthetic visualization of a network graph based on the output of 
analytical components. In addition, we have developed eXpanda-flow which allows users to develop network 
analysis program with the workflow-style interface on-line via any web browser (e.g. Firefox and Safari). 
 
2  Program Overview 
 
2.1 The network initialization and editing components 
 
Although previously reported interactions are stored in web-based databases and are downloadable via the 
ftp or accessible through network APIs, it is difficult to integrate them manually. By using the parsing 
modules of eXpanda, the interaction data are full-automatically imported to eXpanda from flat files and also 
through APIs of the various databases. File formats for PSI-MI [2] level 1 & 2.5 and BioPax level 1 are 
currently supported.  The Simple Interaction File (SIF) format and the Graphical Markup Language (GML) 
file format, along with Cytoscape [5] graphical attributes, are acceptable and can also be imported to 
eXpanda data structures. After the operations of data initialization, user can edit or add further information to 
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Figure2: Screen-shot of eXpanda-flow. 

Figure1: Part of protein-protein 
interaction network of S. cerevisiae 
edited and visualized by eXpanda. 

the data structures. The objects, such as nodes, edges or sub graphs, can be selected by the methods in the 
library so that the user can easily edit the information of the objects. For example, the node label names can 
be obtained and changed by DBGET [1] through KEGG [3] API. 
 
2.2  The analysis components and visualization 
 
In recent studies, network analyses based on topological features 
have been suggested to be important because they potentially 
reflect functional units in the network. In eXpanda, certain 
interaction scoring methods based on graph theory have been 
implemented, such as calculation of the degree of each node, and 
network motif extraction including the extraction of cliques. 
eXpanda can save the constructed or edited network as files in 
various formats, i.e. SIF, GML format which is importable to 
Cytoscape, and Scalable Vector Graphics (SVG). For each node, 
there are 13 graphical attributes such as size, opacity, shape and 
label font, and seven attributes for each edge. The scores 
calculated by the topological analysis modules can be reflected to 
these attributes, such as the thickness of lines and the gradation of 
colors (Fig. 1). Sample codes and their output network images are 
available at the eXpanda website. 
 
2.3  Programmable Interface 
 
We further implemented workflow-based programming interface 
named eXpanda-flow (Fig. 2). By connecting ‘boxes’ 
corresponding to the functions in eXpanda, users easily construct 
processing workflow and generate Perl program code. 
eXpanda-flow was implemented by JavaScript and html and 
utilizes JSON(Javascript Object Notation ) server to generate 
eXpanda code based on constructed workflow. We believe that 
eXpanda-flow provides user-friendly interface not only for 
bioinformaticians but also for biologists who use eXpanda for 
the network analyses. 
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Abstract 
 
Proteins are key factors for sustaining life through their unique functions and their interactions. We have developed ProNet, a 
user-friendly visualization system used for protein research to get specific information, such as protein-protein interactions, cellular 
localization and metabolic functions of proteins, all of which is displayed by graphical fashion and easily operated by graphical 
interface. The database system of ProNet is constructed with four major protein information databases, HPRD, BIND, STRING and 
DIP.  The protein-protein interaction data are displayed with four graphical layout types, organic layout, hierarchical layout, 
pathway layout and circular layout. Protein localization information is assigned to each protein with sub-cellular organelles such as 
nucleus, mitochondria, cytosol, cellular membrane and extracellular region. A lot of features were implemented for analysis and 
visualization, which include grouping proteins by metabolic functions, changing network node structures and attributes such as color 
and shape, and each shortest path is calculated between each protein pairs. 
 
Keywords: ProNet, protein-protein interaction, network, localization, metabolic analysis. 
 
1  Introduction  
 
Protein-protein interactions, which is a critical information to understand cellular processes. Protein-protein 
interactions occurring in cells are very intricate networks and are very difficult to analyze and comprehend because of 
their multi-cross interactions.  

We have developed ProNet, a stand-alone application, which has three major features, to display 
protein-protein interaction diagrams by graphical mode, to show information for protein localization, and to 
provide the protein functions in a cell.   
 
2  Method and Results  
 
ProNet system is organized by two major parts, the database and the application. The database part in 
server-side contains the data for modified proteins and protein-protein interactions obtained from public 
websites for HPRD, BIND, STRING and DIP. The client-side application of ProNet(Fig.1) can use the 
server-side data by MySQL database connecting modules. The protein interacting database of ProNet is 
constructed using MySQL relational database (Fig.2). Protein-protein interaction networks are created where 
nodes represent proteins and edges represent their interactions. Users can get more specific information from 
each node and edit it. This system provides six specific information/features : ‘node name (protein name)’, 
‘node to center’, ‘delete node’, ‘change color’, ‘edit label’ and ‘3D structure view’ (Fig. 3(c)). 

Deleting node, changing color and editing label menus are for editing nodes. Users can change the graph 
structure by ‘delete node’ and save it as two-type image file formats, GIF or JPG. ‘Change color’ menu of the 
node is used to make the specific node highlighted. 

ProNet provides four types of graphical layout modes; organic, hierarchical, metabolic and circular layouts. 
The main feature of ProNet is to display protein-protein interactions by graphical mode. It provides the 
second-extended-level mode of protein-protein interactions (Fig. 3(b)). 

ProNet shows where the proteins are located among sub-cellular organelles as well as what proteins 
interact to each others. A cell is divided into 5 sub-cellular organelles cell nucleus, mitochondria, cell 
membrane, cytosol and cell-outside(Fig. 3(a)(c)) by ProNet localization information. Cell-outside includes 
endoplasmic reticulum, peroxisomes and other vehicles that can fuse with cell membrane as well as 
extra-cellular space. With protein localization information, we can improve the prediction quality of 
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protein-protein interaction. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
3  Discussions 
 
ProNet is a stand-alone java application program showing the protein interaction graph with localized and 
functional information of the proteins in a cell. ProNet can be a useful tool for biological researchers for 
improving the quality of protein-protein interaction analysis using protein localization and cellular functions. 
And more practical algorithms for precise prediction of cellular localization and the integration of 
localization information and protein-protein interaction information are to be developed and implemented in 
ProNet. 
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Fig.2. Database schema of ProNet system.  

 
 

Fig.1. Overview of ProNet system. 

 
Fig.3. Protein-protein interaction graph with their localization information and extended 
interaction. 
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1  Introduction  
 
The vaccination mechanism of peptide vaccines involves antigen processing by proteosome, antigen 
presentation by major histocompatibility complex class II (MHC-II) and immune response by helper T cell. 
Previous studies of computer-based vaccine design focus on predicting MHC-II binding peptides. However, 
experiments are still necessary for selecting MHC-II binding peptides with high immunogenicity.  

Accurately predicting immunogenicity of MHC-II binding peptides will be helpful to save experimental 
efforts and accelerate vaccine design. Peptide immunogenicity is determined by the complex effects of many 
intrinsic physicochemical properties and extrinsic factors like host immunoglobulin repertoire. By mining 
informative physicochemical properties from experimental data, these properties can be applied to construct 
prediction systems and will provide insight into underlying mechanism of immunogenicity. 
 
2  Method and Results 
 
2.1 Material 
 
The used 531 physicochemical properties are obtained from AAindex database [1] that is a collection of 
published amino acid indices. The dataset for mining informative physicochemical properties and evaluating 
prediction performance is constructed by extracting human MHC-II binding peptides with experimentally 
verified immunogenicity from the MHCPEP database [2]. The used dataset consists of 226 peptides 
belonging to four levels of immunogenicity including none, little, moderate and high. 
 
2.2 Mining Physicochemical Properties 
 
In order to mine informative properties from 531 physicochemical properties, an inheritable genetic 
algorithm (IGA) [3, 4] is applied to automatically identify a small set of informative properties and 
simultaneously design a support vector machine (SVM) [5] based classifier. For comparison, two rank-based 
univariate methods are also applied to select properties. The effectiveness of IGA for selecting informative 
properties and tuning SVM parameters can be observed by comparing overall accuracy of IGA (76.84%) 
using 10-fold cross-validation to the rank-based methods using default SVM parameters (RankD, 43.80%) 
and parameters selected by IGA (RankI, 58.08%) [4]. Figure 1 shows the performances of various methods. 
 
2.2 Evaluation of Prediction Performances  
 
Finally, 21 physicochemical properties and SVM parameters selected by IGA are applied to construct an 
SVM-based prediction system. By comparing prediction performances of leave-one-out cross-validation, our 
method based on the physicochemical properties with overall accuracy of 73.45% performs better than the 
two methods PSI-BLAST [6] (49.75%) and ALIGN [7] (58.41%). To evaluate the effect of binding affinity 
between MHC-II and peptide on immunogenicity, an additional dataset consisting of 69 peptides is 
constructed by removing the peptides with unknown level of binding affinity. Our method performs well 
with overall accuracy of 69.57%, compared with the affinity-based method (40.58%). 
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Figure 1. Performance comparisons among IGA, RankI and RankD. 

 
3  Conclusions 
 
Accurate prediction of immunogenicity is important for vaccine design. In this study, the prediction ability of 
physicochemical properties is investigated. IGA is successfully applied to mine an informative feature set of 
physicochemical property for predicting immunogenicity of MHC-II binding peptides, which performs better 
than the rank-based methods. Previously, binding affinity between MHC-II and peptide on immunogenicity 
is usually regarded as the most related factor. This study shows that the informative physicochemical 
properties based prediction method performs better than the affinity-based method. The results reveal that the 
informative physicochemical properties are effective for predicting immunogenicity of both MHC class I and 
II binding peptides. 
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Abstract 
 

Secreted recombinant proteins produced in mammalian cell cultures display a wide range of glycan structures 
that are attached to them. The challenges of dealing with this diversity are further amplified by advances in high-
throughput techniques and computational methods. Increasing amounts of glycome data are being generated by wet-lab 
experiments, aiming to control the glycoform profile of recombinant proteins. At the same time, computational 
scientists are building in-silico experiments to simulate the complex interaction pathways involved in the glycosylation 
process. Both of these approaches to studying glycosylation would benefit greatly from a compact notation for 
representing glycan structures that can be easily stored and interpreted by computers.  

We propose a fixed-length alpha-numeric code for representing N-linked glycan structures commonly found in 
secreted glycoproteins from mammalian cell cultures. This code, GlycoDigit, uses a pre-assigned alpha-numeric index 
to represent the monosaccharides attached in different branches to the core glycan structure. The branch-centric 
representation allows biologists to visualize the structure while the numerical nature of the code makes it machine 
readable. In addition, this code can be easily extended to define a difference operator, and to develop algorithms that 
can be used to measure the similarity between structures and generate the necessary reaction steps to convert one 
structure to another. A web interface for describing the current standard, implementing the algorithms, converting 
structures from different formats and visualizing glycan structures corresponding to assigned digit codes is available at 
http://bioinfo.bti.a-star.edu.sg/glycodigit/.  
 
Keywords: Alpha-numeric code; Glycan structures; Standard; GlycoDigit  
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Abstract 
 

In the industrial biotechnology, there are too many combinatorial gene knock-out 
targets to achieve the overproduction of desired products. However, researchers cannot 
perform every single experiment to identify the best combination of gene knock-out 
targets. This is the reason that computational simulations can play important roles for the 
overproduction of desired products. In addition, the advent of in silico genome-scale 
model developed various algorithms for the gene targeting. Flux balance analysis (FBA) 
optimizes a specific objective function by linear programming under pseudo-steady state 
based on the stoichiometry of metabolic reactions. In order to incorporate the 
physiological characteristics of the organisms under gene knock-out conditions, various 
methods such as minimization of metabolic adjustment (MOMA) and regulatory on/off 
minimization (ROOM) were developed. However, these algorithms optimize only the 
limited objective function. To improve a strain for biochemical production, the organism 
should be investigated from diverse sides simultaneously: for instance, biomass 
formation, biochemical production, and waste formation. In this respect, we propose a 
new approach called the flux scanning with compromised objective fluxes (FSCOF) that 
optimizes multi-objective functions. FSCOF can identify the correlation between the 
biomass formation, biochemical production, and waste formation by maximizing the 
biomass formation subjected to limiting the levels of biochemical production or waste 
formation. [This work was supported by the Korea Science and Engineering Foundation 
(KOSEF) grant funded by the Korea government (MOST) (No. 
M10309020000-03B5002-00000). Further supports by LG Chem Chair Professorship, 
Microsoft and IBM SUR program are appreciated.] 
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Abstract 
 

Polyketides are secondary metabolites of microorganisms with diverse biological activities, 
including pharmacological functions such as antibiotic, antitumor and agrochemical properties. 
Polyketides are synthesized by serialized reactions of a set of enzymes called polyketide 
synthase(PKS). Due to their importance as drugs, the volume of data on polyketides is rapidly increasing and 
creating a need for computational analysis methods for efficient polyketide research. Moreover, the increasing use of 
genetic engineering to research new kinds of polyketides requires genome wide analysis. We describe a system named 
Analysis System for Modular Polyketide Synthesis (ASMPKS) for computational analysis of the modular polyketide 
synthase (PKS) in genome sequences. It also provides overall management of information on modular PKSs, including 
polyketide database construction, new PKS assembly, and chain visualization. ASMPKS operates on a web interface to 
construct the data-base and to analyze PKSs, allowing polyketide researchers to add their data to this database and to 
use it easily. In addition, the ASMPKS can predict functional modules for a protein sequence submitted by users, 
estimate the chemical composition of a polyketide synthesized from the modules, and display the carbon chain structure 
on the web interface.  
 
Keywords: polyketide, PKS, modular, antibiotic, ASMPKS 
 
1  Introduction  
 
Polyketides are secondary metabolites of many kinds of microorganisms with diverse biological functions, 
including pharmacological activities such as antibiotic properties. While the polyketide antibiotics are important 
clinical drugs, new kinds of polyketides are still being discovered. Polyketides are synthesized by serialized 
reactions of a set of enzymes called polyketide synthase(PKS)s [4], which coordinate the elongation of carbon 
skeletons by the stepwise condensation of short carbon precursors [2].  

We have developed ASMPKS (an Analysis System for Modular Polyketide Synthesis) to efficiently 
support computational analysis of the modular PKS in genome sequences. ASMPKS operates as a 
web application and provides various features including visualization of polyketide structures, new 
PKS assembly simulation and management of the modular polyketide database. 
 
2  Methods and Results  
 
ASMPKS has been developed for the overall management of modular PKS data. As it operates on the web 
interface to construct the database and to analyze polyketides, the extension of database is very accessible for 
multiple users (Fig. 1). Researcher can add and delete their data in the database easily. The database system 
of ASMPKS is divided into two parts. The first part, which has been constructed with published data, 
contains information regarding PKS genes, modules, domains and assembly. It is used to search and to align 
domains of protein sequences. The second part, which contains genome data of microorganisms and 
polyketide information related to the genomes, allows researchers to study synthesis of polyketides in a 
specified microorganism.  

The PKS composition and the chemical structure of a polyketide in the database are displayed by the PKS 
navigation component, which shows the arrangements of the PKSs with their domain composition and draws 
the intermediate chain for a selected polyketide. The domain button has a hyperlink to homology search 

#72

145



and multiple sequence alignment components for the analysis of domain similarity relationships. 
BLAST [1] is used for homology analysis between the same type domains and ClustalW [5] is used 
for multiple sequence alignments. And the PKS assembly component assembles a set of modules and 
shows the construction of an expected carbon body for a predicted polyketide. 

ASMPKS predicts domain information from protein sequences. Domain identification is based on the 
homology search method with template sequences of domains. To detect domains, BLAST is used. 
Template sequences that represent each domain type are formatted into the BLAST database file. A 
genome analysis component is also provided. It searches microbial genome sequences for modular PKSs. 
It detects PKS gene clusters producing known polyketides, which are included in the database, by measuring 
the homology between protein sequences of an annotated genome and all PKS sequences, and predicts 
unknown gene clusters to produce putative polyketide candidates by identifying domains (Fig. 2). It can 
accept genome sequences or GenBank format data, including gene information. If genome sequences are 
submitted, genes are predicted by Glimmer [3], and their sequences are converted to proteins. And the 
automated genome wide PKS analysis, which finds known and unknown PKS gene clusters, is carried out. 
The result of the PKS analysis process against microbial genome sequences can be displayed in the genome 
browser of ASMPKS. It shows the position and composition of gene clusters of each polyketide on a 
genome. 

 

  

Figure 1: information viewers for a polyketide.     Figure 2: PKS analysis result for genome sequences. 
 

3  Discussion 
 
ASMPKS has been developed for computational analysis of the modular PKS for genome sequences. It also 
provides overall management of information on modular PKS, including PKS database construction, new 
PKS assembly, and visualization of polyketide structures. It is a useful system to analyze known polyketides 
and to predict new polyketides. The PKS assembly and genome analysis components are especially powerful 
computation tools for polyketide research. As various factors are related to polyketide biosynthesis, 
ASMPKS can be improved through further study.  
ASMPKS is available from [http://gate.smallsoft.co.kr:8008/~hstae/asmpks/index.html] 
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1.  Introduction  
In the eukaryotic genomes, many families of repeats are propagated by the mechanism of 
transposition. Most classes of repetitive sequences are species specific and illustrate diversity 
between organisms. Two interesting repeats elements are (i) endogenous retroviruses (ERVs), 
which are retroviral genomes integrated into vertebrate chromosomes and some are thought to be 
active and might cause direct synthesis of exogenous viruses [1] and (ii) Mammalian interspersed 
repeats (MIRs), which are tRNA-like short interspersed nuclear elements (SINE) [2].   
 
Using a collection of data from chromatin immunoprecipitation Paired-End-diTag (ChIP-PET) and 
microarray based (ChIP-Chip) experiments, Bourque et al [3] showed that the p53, Oct4-Sox2 and 
ER binding sites are associated with distinctive family of transposon repeats: ERV1, ERVK and 
MIR respectively. The associations are found to be highly specific. We collectively termed these 
binding sites as Repeat Associated Binding Sites (RABs). To probe the association further, we 
investigate the possibility whether the transposable repeat elements are progenitor sequences for 
p53, Oct4-Sox2 and ER binding motifs.  
 
2.  Method and Results  
 
We perform a genome wide survey of RABs for the following associations: ER with MIR repeats, 
p53 with ERV1 and Oct4-Sox2 with ERVK. We found that the observed number of bound regions 
(overlap regions where the binding sites of a specific motif are localized by the ChIP-PET 
experiments) with the repeat is significantly higher than expected number for each association (see 
Table 1). For example, in the ERVK case, the expected number is 106 but the observed number is 
286 (with a p-value < 1E-10). It is found that certain subfamilies of ERV1, ERVK and MIR are 
over-represented in the regions bound by p53, Oct4-Sox2 and ER motifs. We investigate further by 
plotting the preferential exaptation of specific proportions of selected repeat subfamilies with 
criteria that there are more than 10 instances of bound regions with repeat and p-value (< 1E-04) 
similar to the approach in [4]. We found that the transcription factor confirmed a surprised binding 
specificity to the same regions of the repeat consensus for specific subfamilies of the repeats (see 
figure 1a). In the example of RLTR11B, we aligned the 17 instances where the Oct4-Sox2 motif is 
present and found that the motif within this set of transposable elements can be highly preserved 
(see figure 1b). 
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3. Discussion 
Our results show that the distinct order in which the binding sites are located on the sequences 
suggests the possibility that the RABS did not emerge as random mutational events but potentially 
arose as a result of inherent structure characteristics within specific repeat sequences. The evidence 
from our results seems to support the hypothesis that the transposable repeat elements are 
progenitor sequences for p53, Oct4-Sox2 and ER binding motifs and possibly suggest that there are 
two evolutionary pathways for generation of regulatory diversity: by random mutation or by 
retrotransposon dissemination.  
 
RAB (Repeat – Motif) Observed Bound 

Regions with Repeats 
Expected Bound 
Regions with Repeats 

p-value 

ERV1 – p53 108 17 < 1E-10 
ERVK – Oct4-Sox2 286 106 < 1E-10 
MIR – ER 219 147 < 1.3E-09 
Table 1: The MIR, ERV1 and ERVK families are over-represented in the regions bound by p53, 
Oct4-Sox2 and ER.  
 

   
   (a)     (b) 
Figures 1: (a) An example of a preferential exaptation of specific portions of a repeat subfamily – RLTR11B in 
ERVK, with the consensus position as the x-axis and the normalized relative abundance for the y-axis. The red 
curve (with the y-axis on the left) denotes the motif instances on the consensus for the Oct4-Sox2 while the blue 
and black curve (sharing the y-axis on the right) denotes the motif instances that intersect with the bound regions 
and genome wide matches of the consensus from RepeatMasker in UCSC browser. (b) An alignment of the bound 
instances of the RLTR11B repeat, which has 90% identity and showed a strong preservation of the Oct4-Sox 2 
motif.  
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Abstract 

 
We introduce DiSNP database: a SNP catalog database that is specialized for studies associated with 

diabetes-related SNPs in the human genome. 
 
Keywords: diabetes, single nucleotide polymorphism, association study, catalog, database, bioinformatics 
 

1  Introduction 
 
Study of human diseases based on genetic information in the human genome is one of the most important 
subjects in the Post Genome Project. In particular, to overcome human multi-genetic disorders, it is essential to 
perform trans-ethnic genetic analyses of human genome variations. Many of these candidate genes-based 
analyses of disease-associated mutations and SNP(Single Nucleotide Polymorphism) have produced 
enormous amounts of information on sequence variation. We have developed a SNP catalog database that is 
specialized studies associated with diabetes-related SNPs in the human genome.  

The Major feature of our database is that all  SNP data are classified according to ethnicity.  Thus you can 
find a clue for solving different mechanism of diabetes according to the types of ethnicity. We also provide 
both positive and negative results, based on the validity survey, of studies associated with diabetes. This 
provides base information for future diabetes-related studies.  

Our database is available temporarily at http://192.168.10.53:8080/disnp/.  
 
 

2  Method  
 
The DiSNP DB(Diabetes-related SNP Database) has a user-friendly search interface: the SNP-central view. 
At one time,  you can easily compare different diabetes related SNPs and figure out what SNPs are discovered 
so far. This saves time and labor.  To collect information on the web, the common method is text mining. That 
method rarely brings the exact information needed, especially for biological data. We have collected the data 
from studies associated with diabetes, based on population-based cohort research, and we confirmed each 
study one by one. Therefore users can search various fields and analyze the relationship between SNPs easily 
and precisely. 

We used Oracle and JSP(Java Server Page) to provide SNP information on the Web. And we mainly 
referenced journals such as diabetes_[1], DIABETIC Medicine_[2], BIOCHEMICAL AND BIOPHYSICAL 
RESEARCH COMMUNICATIONS_[3], Human Molecular Genetics_[4], BMC Medical Genetics_[5]. In 
selecting the data, case of patients with complications were excluded. The rs-number of dbSNP(NCBI) is 
preemptive for SNP id and some genome positions of SNPs from the literature were changed into that of the 
current version_(127) of NCBI. We classified data according to the type of ethnicity rather than 
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intercontinental type in contrast to international Hapmap. If there were additional remarkable analyses or 
data-selection details in any study, these are included in the remarks. Figure 1 shows the overview of our 
database.   
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: The result of selection according to given condition  
and the list of categories.  

 
 
3  Results and Discussions 
   
Our database collects information from studies associated with diabetes and we found four cases as follows. 

•  SNPs having different results according to the types of ethnic.  
: rs12255372, rs7903146 and so on. 

•  The SNP having same results in the different ethnic. 
: rs7901695  

•  SNPs having inconsistent results in the same ethnic. 
: rs1442, rs2074809, rs2563298, rs2569190 and so on. 

•  SNPs having not same but similar results in the same ethnic. 
: rs2073507, rs2072239 and so on. 

As in the third case, some SNPs have inconsistent results within the same ethnicity. That is because the dataset 
is divided into epidemiological subgroups causing different results. 
 We think that our database provides clear information about diabetes-related SNPs, and 
based on the validity survey, will be more useful than paper searching.  

 
4  References 
 
[1] diabetes: http://diabetes.diabetesjournals.org/cgi/content/full/55/3/856 
[2] DIABETIC Medicine: http://www.blackwellpublishing.com/journal.asp?ref=0742-3071&site=1 
[3] BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS: 

http://www.elsevier.com/wps/find/journaldescription.cws_home/622790/description#description 
[4] Human Molecular Genetics: http://hmg.oxfordjournals.org/ 
[5] BMC Medical Genetics: http://www.biomedcentral.com/bmcmedgenet 

#74

150



Phylogeny from Genomes with Unequal Content 1

Gene Order Phylogeny from

Genomes with Unequal Content

Melvin Zhang1 Hon Wai Leong1 Guillaume Bourque2

melvin@comp.nus.edu.sg leonghw@comp.nus.edu.sg bourque@gis.a-star.edu.sg
1 School of Computing, National University of Singapore, Singapore 117590, Singapore
2 Genome Institute of Singapore, 60 Biopolis Street, Singapore 138672, Singapore

Keywords:
genome rearrangement, phylogenetic reconstruction, gene order, unequal gene content

1 Multiple Genome Rearrangement Problem

Most modern phylogenies are determined by comparing the DNA sequences of conserved genes but
in recent years there has been a growing interest in the use of gene order rearrangements between
genomes for phylogenetic reconstruction.

The Multiple Genome Rearrangement problem is a parsimony based formulation of the gene
order phylogeny reconstruction problem. It can be summarized as follows: Given a set of gene orders,
compute a tree with the given gene orders as leaf nodes and determine the gene order of the internal
nodes which minimizes the total number of rearrangements. The special case of only three genomes,
is known as the Median problem. Bourque and Pevzner introduced the first reconstruction algorithm
that does not enumerate the space of tree topologies [1]. Their algorithm, which is based on the
heuristic of applying “good” rearrangements, is available in a software package named MGR.

MGR and several other algorithms for solving the Multiple Genome Rearrangement problem
assume that genomes consist of the same set of genes. This assumption is unrealistic in practice
because genomes may contain duplicated genes and genes may be lost/gained during evolution, leading
to genomes with unequal content. A näıve approach to obtain equal gene content is restrict the input
to genes which are present in all genomes.

2 Dealing with Unequal Content

Our approach is guided by the observation that rearrangements between genes shared only among a
subset of the genomes may be crucial in resolving their phylogeny. Hence, our goal is to delay the
removal of such genes until we have made use of them. This is achieved by only removing genes when
determining the ancestral gene order. In particular, for the Median problem, we retain genes which
are present in the majority.

We adapted the heuristics in MGR based on our approach to produce two variations, namely MGR-
BR and MGR-GT. MGR-BR (Best rearrangements) generalizes the concept of good rearrangements
by scoring all rearrangements and applying the best one. A rearrangement which reduces the distance
to similar genomes is considered to be better than one which reduces the distance to distant genomes.
MGR-GT (Grow tree) grows the tree iteratively, adding one genome at a time. The optimal insertion
point is determined by solving the Median problem using MGR-BR.

MGR-BR and MGR-GT recovers the phylogeny using different approaches. MGR-BR considers
the global effect of a rearrangement via the scoring function and it recovers the phylogeny one rear-
rangement at a time, whereas MGR-GT considers three genomes at a time and it determines the gene
order of one ancestral genome in each iteration.
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3 Results

We validated the performance of our algorithms using both simulated and biological datasets. In our
experiments, we measured the false positive rate, which is defined as the number of false positive edges
divided by the total number of edges. A edge recovered by a reconstruction algorithm is considered
to be a false positive if it does not occur in the true tree. In our simulations, we generated the model
tree using the Beta-Splitting model and simulated reversals/deletions along the edges.
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Figure 1: Scaling up the number of genomes
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Figure 2: Effect of deletions on accuracy

In Figure 1, both MGR-BR and MGR-GT outperform MGR, in particular MGR-GT has compara-
ble performance with distance-based methods (GOTREE [2], SWENSON [3]). Note that in addition
to the topology, parsimony-based methods also recover a plausible rearrangement scenario. Figure 2
shows that the näıve extension of MGR leads to a significant decrease in accuracy, whereas MGR-GT
and MGR-BR are robust against variations in the amount of insertions/deletions.

For biological datasets with equal content, our best algorithm, MGR-GT, produces results which
are almost identical to that of MGR. Experiments with the γ-proteobacteria dataset, which has sig-
nificant amounts of gene loss/gain, confirms that algorithms which explicitly handle unequal gene
content outperform the näıve extension of existing algorithms which assume equal gene content.
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Abstract 

 
Though microarray experiments are very popular in life science researches, 

managing and analyzing microarray data are still challenging tasks for most biologists. 
There are very few programs allowing users to efficiently manage microarray data 
management and perform data analysis instantly from where the data are stored. With 
accumulating microarray data deposited in public databases, easy-to-use programs to 
re-analyze previously published microarray data are also demanded. 

 
EzArray is a web-based Affymetrix expression array data management and analysis 

system for researchers who need to organize microarray data efficiently and get data 
analyzed instantly. EzArray organizes microarray data into projects that can be analyzed 
on-line with predefined or custom procedures. EzArray performs data preprocessing and 
detection of differentially expressed genes with statistical methods. All analysis 
procedures are optimized and highly automated that even novice users with less 
pre-knowledge of microarray data analysis can complete initial analysis. Since all input 
files, analysis parameters, and the executed scripts can be downloaded, EzArray provides 
maximum transparency and reproducibility for each analysis. In addition, EzArray 
integrates with Gene Expression Omnibus (GEO) and allows re-analyzing published 
array data instantly. 

 
EzArray is the first microarray program that comes with unique and powerful data 

management and sharing capabilities. It also represents the most automated Affymetrix 
expression array data analysis system currently available. In addition, EzArray provides 
efficient tools for re-analyzing published microarray data. EzArray will help novice users 
perform initial analysis of their microarray data and experienced users perform custom 
analysis right from where the data are stored. In summary, EzArray is an ideal system for 
facilities with microarray services and laboratories with multiple members involved in a 
microarray project. 

 
Keywords: BioInfoRx, BxAF, Data Management, EzArray, Microarray 

 

#76

153



Gene Team Tree: Visualizing All Gene Team 1

Gene Team Tree: Visualizing All Gene Team

Melvin Zhang
melvin@comp.nus.edu.sg

School of Computing, National University of Singapore, Singapore 117590, Singapore

Keywords:
conserved gene clusters, gene teams, parameter selection, cluster visualization

1 Introduction

Biological evidence suggests that genes which are located close to one another in several different
genomes tend to code for proteins that have a functional interaction. Such regions are also commonly
known as conserved gene clusters. In the study of prokaryotic genomes, such as that of bacteria, the
identification of conserved gene clusters is used in predicting operons and detecting horizontal transfers.
Hence, the identification of conserved gene clusters is an important step towards understanding genome
evolution and predicting the function of genes.

2 Gene Teams

Bergeron et. al. formalized the concept of gene teams [1], which is a model for conserved gene clusters
that takes into account the position of genes on a genome. The gene order of a genome is a list of
genes and their positions. A gene team is a maximal set of genes such that the distance between
adjacent genes in every gene order is at most δ. Gene teams are also referred to as max-gap clusters
and they are widely used in practice [2].

The parameter δ is a user specified parameter. However, determining reasonable values for this
parameter is non-trivial, as it depends on the arrangement of genes on the genomes. A typical approach
is to resort to trial-and-error, which is ad-hoc and time consuming. Another problem is that different
regions of the genome may have different rates of rearrangement and hence require different values of
δ to discover meaningful gene clusters.

One approach is to define a scoring function for gene teams and use it to score gene teams for all
possible values of δ. Statistical tests, such as those developed in [3], can be used to determine the
significance of gene teams. In this research, we focus on the problem of effectively enumerating all
gene teams for every possible value of δ.

3 Computing the Gene Team Tree

A näıve approach is to run a parametrized gene team mining algorithm for every possible value of δ
but this is hopelessly inefficient when the parameter space is large. There are two gross inefficiencies
with the näıve approach, 1) not all parameter values lead to new gene teams and 2) results obtained
for one value of the parameter can be reused to obtain results for other values.

Observe that as the maximum allowed gap length δ decreases, existing gene teams are split into
smaller teams. This allows us to represent the set of gene teams for all possible values of δ compactly
using a tree of gene teams, where gene team t is a child of gene team t′ if t ⊂ t′. We call this the gene
team tree of the given gene orders.
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Our algorithm FindGeneTeamTree takes in a gene team t and returns a tree of gene teams, it
is based on the divide-and-conquer paradigm. Initially we start with the gene team Σ which is the
entire set of genes. In each call to FindGeneTeamTree, we construct a tree node tree which stores
t. Then we compute MaxGap(t) − 1, which is the largest value of δ which will cause the current
gene team to be partitioned into smaller sub gene teams. We then make use of the FastFindTeams
algorithm described in [1] (adapted to take in a gene team instead of a set of gene order) to partition
t into a set of smaller gene teams T . For each gene team in T , recursively apply GeneTreamTree
to get a tree of gene teams and make it a subtree of tree. Finally, the algorithm returns tree, which
is the tree of gene teams. The base case is when |t| = 1, for which there is no need to recursively
partition t anymore.

4 Results

We ran our algorithm on three biological datasets from [2]. These datasets are E. coli and B. sub-tilis
(1315 genes), Homo sapiens (human) and Gallus gallus (chicken) (10337 genes) and Homo sapiens
and Mus musculus (mouse) (14767 genes). Figure 1 shows the gene team tree for the first dataset.
Some of the trees are extremely large, therefore only gene teams with size above a certain threshold
are shown. The time taken to compute the gene team tree for each of the datasets is below 2 seconds
on a Pentium 4 2.6 GHz processor.

Figure 1: Gene teams of size at least 5 between E. coli and B. sub-tilis
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Abstract 

 
Microarray experiments generate a vast amount of data and the challenge is to 

understand the biology behind differentially expression of genes. In recent years tools for 
Gene Ontology (GO) mapping and pathway mapping were developed to facilitate the 
interpretation of microarray experiment results. The outcome of these tools are based on 
known relations between genes and biological processes in which they participate. We 
developed an additional tool named CoPub 
(http://services.nbic.nl/cgi-bin/copub/CoPub.pl) that makes use of information from 
literature to link human, mouse, and rat genes to biomedical concepts like GO biological 
processes, molecular functions, cellular components, pathways, drugs, and diseases for 
facilitating the interpretation of microarray experiment results. 

The methodology used to extract relations between genes and biomedical concepts 
from literature is thesaurus based keyword matching in Medline abstracts. The 
assumption is that there is a link between a gene and a biomedical concept when they 
co-occur in Medline abstracts. In total 275.000 keywords were searched in ~15 million 
Medline abstracts to generate a database in which co-occurences between genes and 
biomedical concepts were stored. 

CoPub can calculate keyword overrepresentation in a set of differentially expressed 
genes from a microarray experiment using the Fisher Exact Test. The analysis returns 
biomedical concepts that are statistically linked to the submitted set of genes, and shows 
the abstracts in which the genes and biomedical concepts co-occur. Furthermore, CoPub 
can be used to quickly answer questions like: which genes are co-published with disease 
x or which biological processes are co-published with drug y? 

CoPub is a useful addition to existing microarray data analysis tools, as it provides 
an overview of enriched biological concepts combined with direct access to abstracts in 
which the co-occurrences were mined. 

 
Keywords: keyword enrichment analysis, literature mining tool, microarray data analysis, 
text-mining 
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Abstract 

 
Efforts will be described on development of a biology-driven, integrated 

“one-stop-shopping” E. coli community information resource to permit full use of our 
existing knowledge and to enable new discoveries leading to deeper understanding of 
life processes.   Moreover, since most cellular processes are universal, these tools and 
the advances they allow will have important impact on human health, through their 
application to pathogenic bacteria, especially enteropathogenic E. coli, Shigella, and 
Salmonella species. The resource is being designed for seamless and transparent 
bi-directional connections among cooperating and interoperable E. coli informatics 
databases (EcoCyc, GenExpDB and Genobase), as well as with major biological 
database like ERIC, NCBI’s Entrez Gene, UniProt, and KEGG. 

EcoliHub has recently released on the web at www.ecolicommunity.org. Two 
main search engines are being developed for use by the E. coli community. 
EcoliWebsearch is a web-crawler engine that searches E. coli websites and websites 
with E. coli-specific information. Our major effort has been on development of the 
EcoliDatabase search engine, which is currently available only as a demo. 
EcoliDatabase search is being developed with a web services protocol that will allow 
seamless searching across multiple databases simultaneously. Registered EcoliHub 
users can also save their search results in personal (private) “workspaces” and retrieve 
them on subsequent visits to the site.  EcoliHub is  developing a community a wiki 
(www.EcoliWiki.org) for community annotation. Our current release also includes: 
EcoliPredict (a database of computational predictions of the E. coli genome), E. 
coli-specific BLAST, E. coli in the News, and an Events calendar of 
meetings/conferences. A community forum is available for discussion and feedback to 
EcoliHub and the user community, as well as current research topics and publications. 

Supported by NIH U24 GM077905. 
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Abstract 
 

The GORGS (Gastrointestinal Oncology Research Group of Singapore) is a 
collaboration aimed at generating a critical mass of clinical samples, data and 
investigators involved in gastrointestinal cancer management and research in Singapore. 
Many major hospitals and scientific institutions throughout Singapore are involved 
including the National University of Singapore (NUS), National University Hospital, 
National Cancer Centre, Singapore General Hospital, Tan Tock Seng Hospital and Johns 
Hopkins Medical Institute. Furthermore, within each institution, numerous divisions are 
involved including surgery, pathology, radiation oncology and medical oncology. The 
large volume of data and the need to anonymize and integrate it from its many diverse 
sources presents significant challenges to the data management of the collaboration. Here, 
we describe the development of a database system designed to anonymize, standardize, 
integrate and mine information obtained for the GORGS collaboration. The database is 
secured in the NUS School of Computing and hashing algorithms are employed to 
de-identify personal information. Entry fields are standardized at the data entry level to 
enable integration of data between the various sources of information and user-friendly 
web interfaces are employed to make data entry and retrieval an efficient process for the 
scientific and clinical operators. Future work includes incorporating additional parsing 
and data retrieval tools to enable the execution of more complex queries. 
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ABSTRACT

  Insulin  is  a  hormone  that  is  necessary  for  normal  carbohydrate,  protein  and  fat 

metabolism in mammals. Insulin which is used for the treatment of Diabetes mellitus has 

to  be  administered  only  by  injections  and  cannot  be  administered  orally.  Oral 

administration leads to destruction of insulin by digestive enzymes. Molecular mimicry of 

this peptide hormone has potential application by which the injections can be substituted 

by  orally  active  insulin  mimetics. Ever  since  the  discovery  of  insulin  in  1921,  the 

development of an orally administered insulin or insulin mimetic has been the ‘global wish 

for the treatment of Diabetes mellitus. Hence, development and designing of oral insulin 

mimetics is of great interest in the recent years. A series of compounds were designed 

by molecular modeling and docked with the human insulin receptor using GOLD. These 

designed molecules were analyzed in MOE and were found to mimic the action of insulin 

by binding to the active site residues thereby affecting the insulin receptor.Compouds 

IN9I and IN10d were identified as potent, highly selective and orally active small molecule 

activators of human insulin receptor.

        Keywords: Oral insulin, Insulin receptor, Docking, Diabetes, GOLD, MOE. 
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Abstract 
 

We propose CADLIVE (Computer-Aided Design of LIVing systems), an integrative pathway 
simulator that enables one to efficiently construct biochemical network maps and to simulate 
and analyze the topological and dynamic features of biochemical network maps. 

 
Keywords: dynamic simulator, biochemical network, layout, notation, pathway, systems biology 
 
 
1  Introduction  
 
Systems biology aims at constructing a large-scale biochemical network and understanding the mechanisms 
of how it generates particular cellular function. There are two approaches: topological and dynamic analyses. 
The former captures topological features such as scale-free networks, hierarchical modularity or at exploring 
"building blocks” such as feedback and feedforward motifs. The latter reveals the mechanism of how a 
biochemical network generates a robust property to environmental changes or genetic variations. In order to 
implement both these analyses, we have been developing the CADLIVE system that consists of a network 
construction editor, a database, a data integrator, an automatic layout module, a dynamic simulator, and a 
pathway search module for virtual knockout mutants (Figure 1 -2)(http://www.cadlive.jp) [1-4]. 
 

Automatic
Dynamic 
Simulator

GUI Network 
Constructor

Regulator 
Reaction 
Equations

SBML

Pathway Search
Virtual Knockout

Automatic Layout

Database
Regulator reaction equations

         
 
Figure 1 The whole system of CADLIVE            Figure 2 GUI network constructor of CADLIVE 
 
2 Method and Results              
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2.1 GUI network constructor 
Using the CADLIVE GUI network constructor one is able to draw biochemical networks and to generate 
their associated regulator reaction equations (RREs) [1, 2]. The RRE, Regulator (Modifier) (-0/->>/-II) 
Reactants -> Products, clearly shows the relationship between regulators and their regulated reactions and 
describes not only a mechanistic model but also a semantic model, i.e., a meaningful flow of signal 
transduction pathways. A major consideration in the CADLIVE’s graphical notation is the capability to trace 
all known interactions of any given molecular species in the temporal order. Accordingly, each molecular 
species ideally appear only once in a diagram and all interactions involving those species should emanate 
from a single symbolic object.  
 
2.2 Automatic layout 
Biochemical network maps are indispensable for an understanding of complex biochemical networks. Thus, 
CADLIVE implements an automatic layout program to draw a large-scale biochemical network map from 
RREs, which exhibits cluster structures clearly in relatively compact layout areas without any prior 
knowledge [3]. A network map is modeled as a system of interacting nodes on squared grids.  
 
2.3 Dynamic simulator and analyzer 
Although biochemical network maps seem too complicated, we created the new rules that automatically 
converted a biochemical map into a mathematical model. The CADLIVE dynamic simulator enables 
simulating and analyzing the dynamic behaviors of biochemical networks [4]. In addition, CADLIVE 
implements sensitivity and stability analyses to characterize a robust property of dynamic models. 
 
2.4 Pathway search module for virtual knockout mutants 
We developed the pathway explorer, which is effective in exploring the flow of signals or mass in complex 
biochemical networks or in understanding molecular architectures, such as redundant pathways and feedback 
loops. In addition, we developed the virtual knockout module that removes a target gene from a biochemical 
network, where the complexes and modified molecules derived from the target gene and the biochemical 
compounds catalyzed by the gene products are removed together. Combination of pathway search with 
virtual knockout function facilitates an understanding of the function of a target gene. 
 
2.5 Network map integrator 
To construct large-scale biochemical map, we developed the integrator that merges biochemical network 
maps and converts many kinds of biochemical network data into the CADLIVE’s format. 
 
3 Discussion 
 
To rationally design biochemical networks at the molecular interaction level, computer-aided design (CAD) 
technology is a promising technology. CADLIVE is an integrative system that consists of multiple modules: 
a GUI-supported network constructor, a dynamic simulator, a network layout module, a data integrator and a 
pathway search module. Once a biochemical network map is provided, CADLIVE efficiently simulates and 
analyzes its static and dynamic features. 
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Abstract

Cells execute apoptosis by expressing particular genes under DNA damage. Here, apoptosis
means cells actively kill themselves. However, it is suggested that execution of apoptosis is stochastic
under the same amount of cellular harm induced by H2O2. In this report, we assume that the
stochastic nature of cell fate decision depends on the probability of the amount of DNA damage. We
analyze both the network model of the p53 gene and its resultant proteins that accelerate apoptosis
as well as ERK proteins that suppress it. Consequently, we can find that the concentrations of p53
and ERK drastically change on reaching a certain concentration of H2O2. In this situation, if DNA
damage is stochastic, the response of a cell also becomes stochastic, and we can potentially explain
the existing experimental results.

Keywords: p53, ERK, apoptosis, DNA damage, mathematical model.

1 Introduction

DSB:

DNA 

damage

ATM:

sensor

Raf: 

signal 

transduction

H2O2

sensor

P53*:

active P53

ERK*:

survival 

signal

Apoptosis

MDM2*

Figure 1: The network of
apoptosis pathway

The self protection mechanism inherent in cells against DNA damage
and cellular stresses. In such mechanisms, cell-cycle arrest and repair
of DNA damages exist for cellular survival. On the other hand, if
the damages to a cell are excessive, the cell actively kills itself. This
phenomenon is called apoptosis. Recently, the oxidative stress H2O2

can determine whether the cell should survive or induce apoptosis
stochastically. In this study, our motivation is to clarify why the
decision of the apoptosis is stochastic by constructing a network model
of apoptosis at the molecular level. In previous experimental studies, it
is suggested that the p53 tumor suppressor gene and the ERK protein
are important for controlling apoptosis. The p53 gene expresses P53
proteins under cellular stress (we denote p53 as the gene and P53 as
the protein product). After these proteins are phosphorylated for some
time, the cell activates Caspase-3 and induces apoptosis. Meanwhile,
ERK proteins suppress apoptosis by receiving survival signals. Recent
experimental studies[4, 5] suggest that (i) when the cellular stress
(H2O2) increases, the number of cells which induce apoptosis gradually
increases and the survival rate decreases, and (ii) the phosphorylation
of ERK and P53 take place in separate cells. We seek to clarify such
results by our model.
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2 Method and Results
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Figure 2: The distribution of
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Figure 3: Survival rates of
cells in H2O2 stress.

In our study, the apoptosis related net-
work can be formulated as in Fig. 1. At
first H2O2, which is one of the causes of
DNA damage, harms a cell, and induces
DNA double strand breaks (DSBs). In
this situation, DNA repair proteins at-
tach to the place where the DNA is dam-
aged, and immediately begin to repair
the DNA damage. Next, the complex of
DNA and repair proteins activates ATM
proteins, and they carry down the infor-
mation of the existence of DNA dam-
age[1]. Here, we assume that ATM*
(activated ATM) activates P53, degra-
dation of MDM2, and phosphorylation
of MDM2 (we denote Mdm2 as the gene
and MDM2 as the protein). On the other hand, the stimulation of H2O2 activates Raf proteins, and
signals phosphorylate ERK proteins[3]. Here, ERK* phosphorylates MDM2, but ERK* is dephospho-
rylayted by P53*.

We assume two types of DNA damages in our model. (i) The number of DSBs (NDSB) are de-
termined by the concentration of H2O2 ([H2O2]), and the relation is NDSB=[H2O2]/100. (ii) The
stochastic decision of the number of DSBs. That is to say, NDSB is determined by the poisson dis-
tribution with a mean of λ=[H2O2]/100 (Fig. 2. shows the distribution of NDSB). In the end, we
determine the threshold of apoptosis. In a previous study[5], it is suggested that when the concentra-
tion of ERK* is low and that of P53* is high, a cell induces apoptosis. Here we assume that in the
case of ERK*< 0.5µM and P53*> 0.5µM, a cell induces apoptosis. Thus we can estimate the survival
rate of a cell under the H2O2 stress. Fig. 3. shows the survival rates of cells.

3 Discussions

Our research can explain the previous experimental results[4, 5]: (i) the number of cells which induce
apoptosis gradually increases and the survival rate decreases when the cellular stress (H2O2) increases;
(ii) the phosphorylations of ERK and P53 take place in separate cells. Furthermore, we can clarify
the reason why a cell induces apoptosis stochastically under the same H2O2 stress by using our model:
the number of DSBs is different among individual cells.
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Abstract 

 
Tag generation methods for database searching have been discussed extensively in the literature. The length 

of a tag will determine the range of the search – i.e. a longer tag will result in a smaller number of search results. In this 
paper we discuss the feasibility of merging peptide sequence tags, propose a method for merging as well as discuss a 
new scoring method. 
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1  Introduction  
 
A common approach to tag generation is to perform partial de-novo sequencing to obtain several candidate 
tags and to compare these sequences with a database of known peptides to obtain a listing of possible 
sequences [1,2,3,4]. The theoretical spectra for these sequences are then matched with the experimental 
spectrum to determine the sequence that best explains the spectra. 

A longer tag is desired as it narrows down the number of candidate sequences. In [5], Ning et al discussed 
a tag generation method by producing tags (which join the peptides of a specific ion type) in the extended 
spectrum graph and then joining these tags end to end. We aim to extend this approach by also merging 
overlapping tags because of a critical disadvantage in that this method does not merge overlapping tags, 
which can occur quite frequently.  
 
2  Analysis  
 
Using a set of experimentally sequenced spectrums, we perform some analysis to show that by not 
considering overlapping tags, we would have possibly lost some sensitivity in the tag generation algorithm. 
Table 1 shows the different possible overlaps of B and Y ion tags for 2328 GPM datasets of various charge 
distributions. We focus mainly on B and Y ion tags as these tags are the most frequently generated due to the 
high rate of B and Y ion occurrences. The different charge columns represent the charge extension of the 
spectrum we consider. 
 

 Table 1: Different types of overlaps for B and Y ions 
Type Charge1 Charge2 Charge3 Charge4 Charge5 

No-overlap 
N-overlap 
End to End 
Substring 

1300 
53 
2 

973 

879 
95 
7 

1347 

709 
132 
15 

1472 

569 
136 
23 

1600 

509 
131 
22 

1666 
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3  Merging of Sequence Tags 
 
Merging multi charged peptide sequence tags is not a trivial process. Each peak in the spectrum can 
potentially represent any of the A, B, C, X, Y ion types. Furthermore, the ions can undergo various 
modifications. They can also represent several of the possible charge types. This introduces a massive 
number of vertices which are noisy. When we consider merging two possible tags together, there is an even 
higher likelihood that resultant tag is incorrect. Therefore several corrective measures must be taken.  
   
3.1  Ion types, modifications and charge groups 
 
Based on a small experimentally sequenced sample size, we identify the true peaks in the spectrum and then 
construct a 3-dimensional probability table with the dimensions as following - ion types (consisting of 
A,B,C,X,Y), modification types (consisting of water loss, ammonia loss, water ammonia loss) and charge 
groups (consisting of charge 1 to 5). Each cell in the table therefore corresponds to the p value of a peak 
being (z, t, h)∈(Δz × Δt × Δh) given that the peak is identified as a non-noise peak, where z is the 
charge of the ion, t is the basic ion type, and h is the neutral loss incurred by the ion. 
  Upon determining this information, we perform statistical analysis to determine a comfortable confidence 
interval where a peak can be determined to be of a certain interpretation. We then use this data to compute a 
scoring function to score the tags by taking the function of each of the interpretation score.   

 
4  Conclusions 
 
In this paper we review the current method used in Ning Kang’s approach, and extend his method by 
merging overlapping tags as well as propose an alternative method in scoring the tags. We have also shown 
that by considering overlapping tags, we will be able to produce longer tags, hence resulting in a more 
narrow search range.  
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1 Summary

High-throughput protein interaction data are becoming the foundation of many biological discoveries.
However, high-throughput protein interaction data are often associated with high false positive and
false negative rates. We develop here a computational method to identify missing interactions from
high-throughput data. Our method generates interacting motif pairs from protein sequences and
protein interaction networks, and uses them to predict new protein interactions. A confidence score
is calculated for every interacting motif pair, and the interacting motif pairs are then used to assign
a confidence score to every protein pair that does not interact in the given interaction network to
indicate their possibility of being false negatives. We generated interacting motif pairs using the DIP
yeast interaction dataset, and evaluated the predicted protein pairs using functional homogeneity. We
showed that the interactions predicted by our method have high functional homogeneity, and 62 of
the top 100 predictions can be found in the MIPS CYGD database.

2 Method

Given a protein interaction network, our method works in four steps.
Step 1: Purify interaction network. It has been estimated that more than half of current high-

throughput data are spurious. So we first remove spurious interactions from the protein interaction
network using a simple measure called CD-distance, which was shown to be very effective in finding
false positive errors from high-throughput interaction data [1]. The CD-distance between two proteins
p1 and p2 is defined as CD(p1, p2) = 2∗A12/(A1+A2), where A12 is the number of common interacting
partners of p1 and p2, and A1 and A2 are the number of proteins interacting with p1 and p2.

Step 2: Generate motifs. We next identify groups of proteins that have common interacting
partners, called CP protein groups, from the purified interaction network. A CP protein group contains
at least l proteins and have at least k common interacting partners. Then for each group, we find
sequence motifs from the associated protein sequences using PROTOMAT. To avoid generating too
many highly similar motifs, we consider only the maximal CP protein groups for motif generation.

Step 3: Generate interacting motif pairs. We consider every possible pair of motifs and
calculate their interacting confidence scores. The confidence of a motif pair (m1,m2) is defined as
conf(m1,m2) = Ninteract(m1,m2)/Ntotal(m1,m2), where Ninteract(m1,m2) is the number of inter-
acting protein pairs containing (m1,m2) and Ntotal(m1,m2) is the total number of distinct protein
pairs containing (m1,m2).

Step 4: Assign confidence scores to protein pairs. The confidence of a pair of proteins
(p1, p2) interacting with each other is defined as conf(p1, p2) = CD(p1, p2) ∗ confmtf (p1, p2), where
confmtf (p1, p2) is the maximal confidence of the motif pairs contained in (p1, p2). After the confidence
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scores of the protein pairs are calculated, we rank the protein pairs in descending order of their
confidence, and predict the top ranked protein pairs to be interacting.

3 Results

In our experiments, we use the DIP yeast interaction dataset dated 12/03/2006. True interacting
proteins usually share some common functional role. Hence we use the degree of functional homo-
geneity among interacting protein pairs as one of the measurements to evaluate our method. We use
the molecular functional annotations in Gene Ontology (GO) to calculate functional homogeneity.

Our method (“motif pairs”) uses both interacting motif pairs and the CD-distance of the protein
pairs to calculate the confidence scores. We compare it with the method that uses CD-distance alone
to assign confidence scores to protein pairs. Figure 1 shows the degree of functional homogeneity
of the predicted interactions using the two methods. It shows that the generated interacting motif
pairs are effective in finding false negative errors. The degree of functional homogeneity of the top 100
interactions predicted by our method is 74.4%, which is significantly higher than the overall functional
homogeneity of the protein pairs not in the DIP yeast interaction dataset (11.5%).

We also verify the predicted interactions in the MIPS CYGD database. For the top 100 interactions
predicted by our method, 62 of them are in the MIPS CYGD database. Among the 62 interactions,
5 interactions are direct physical interactions supported by coimmunoprecipitation experiments, one
is a genetic interaction, and the remaining 56 interactions are found in complexes. For the top 100
interactions predicted by CD-distance, only 17 are in the MIPS CYGD database, and only one of
them is a direct physical interaction. The remaining 16 interactions are found in complexes.

We further study the ability of our method in discerning interacting and non-interacting protein
pairs as follows. We randomly remove some interactions from the original DIP yeast interaction
dataset, and use the remaining interactions to generate motif pairs. The removed interactions are
regarded as true interactions, and they are used to form testing datasets together with some artificially
generated non-interacting protein pairs. We generate 100 testing datasets, and we use the average
for the final results. Let Np be the number of interactions removed and Nn be the number of non-
interacting protein pairs selected.

Figure 2 shows the performance of the two methods under different ratios of Nn to Np when 1000
interactions are removed. With the increase of the number of non-interacting protein pairs in the
testing datasets, more non-interacting protein pairs are predicted to be interacting, but the number
of interacting protein pairs that are predicted to be interacting remains the same, so the precision of
both algorithms decreases, and the CD-distance method suffers more than the motif pair method.
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Figure 1: Functional homogeneity. Figure 2: Effects of the ratio of Nn to Np (Np = 1000).
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1 Introduction

As the number of completed genomic sequences grows, comparison among closely related as well as
distantly related genomes has become more important to understand the function and evolution of
various genomes. Ortholog identification is a fundamental step for any comparative genome analysis.
It is known that orthologous relationships are not always one-to-one correspondence; in fact, an
orthologous group may contain paralogs (in-paralogs) when a duplication occurred after speciation.
Because of this dependence on the context of speciation and duplication events, ortholog grouping may
yield different partitioning of the same set of genes when different set of organisms are considered.
This was one of the motivations of our development of the microbial genome database, MBGD, which
allows users to create their own orthologous groups with a specified set of organisms [2].

Despite its usefulness, however, comparison of target genomes alone is not generally sufficient for
evolutionary genome analysis. In fact, for evolutionary analysis of some target set of phylogenetically
related organisms (ingroup), we often need another set of organisms outside of that group (outgroup)
to correctly infer evolutionary processes. To incorporate this concept, we have modified the DomClust
algorithm to impose some phylogenetic constraints on ortholog grouping.

We have developed a new software named RECOG (Research Environment for COmparative Ge-
nomics), which extends the current MBGD system [4] to incorporate this ingroup/outgroup concept.
In addition, the RECOG system has several advanced functions that allow users to perform more
flexible phylogenetc pattern analyses.

2 Extension of the Ortholog Clustering Method

Ortholog identification protocol was previously defined as a process of fitting gene lineage into its
species lineage [1]. Although the DomClust algorithm [3] used in MBGD can adopt this approach since
it considers hierarchical similarity relationships among genes that can be viewed as a gene phylogeny,
we previously avoid using this approach partly because it is generally difficult to know the exact
species phylogeny. In this work, we modified the DomClust algorithm to accept ingroup/outgroup
information specified by users, which imposes constraints on the resulting orthologous groups satisfying
the condition that the outgroup species should come outside of the ingroup species (Figure 1 AB).
The resulting table has nested structure when a duplication occurred within the ingroup lineage.
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Figure 1: Converting from a gene tree (A) to a nested ortholog table (B). A-D are ingroup and
XY are outgroup. (C) A snapshot of the RECOG client showing a hierarchical table.

3 Software Features

The entire RECOG system employs client-server architecture. The RECOG server program has been
developed based on the MBGD server and conains database construction protocol in MBGD including
all-against-all similarity search calculation, as well as the extended version of the DomClust program.
Unlike MBGD that is just a web application, however, users can install the RECOG server program
on their local machines to analyze their own genomic data. Alternatively, users can connect to the
public RECOG server to analyze publicly available data.

The RECOG client program is a Java application that runs on a local machine by receiving data
from any available RECOG server. The main window of the RECOG client consists of three parts:
taxonomic tree viewer (left), ortholog table/phylogenetic pattern map viewer (center) (Figure 1 C)
and gene information viewer (right). In the taxonomic tree viewer, users can specify either a set of
organisms to be analyzed (as ingroup or outgroup), or conditions to filter phylogenetic patterns to
be displayed. The ortholog table viewer displays the entire ortholog table. By semantic zooming
functionality, users can see from the entire picture of the phylogenetic pattern map to the full details
of the ortholog table including lists of gene names for each orthologous group. In the gene information
viewer, users can see detailed information about specified orthologous groups or genes belonging to
each of the groups. Several sorting and filtering functions have been implemented for modifying the
display of the ortholog table viewer, including sorting by function category and gene name or by gene
order of a specified genome, and filtering by keywords or by phylogenetic pattern conditions.
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Abstract 
 

We propose a simple, robust and effective meta-analysis based statistical procedure which simultaneously 
provides information on overall responsiveness as well as group wise responsiveness. The procedure is based on pooled 
variance based t-statistic and a non-parametric meta-analysis. False discovery rates can be estimated at each time point 
as well as for the overall response assessment. Our analyses show that our procedure out-performs SAM and ANOVA 
on both simulated as well as real data. 
 
Keywords: Differential expression, multi-group studies, pooled variance. 
 
 
1  Introduction  
 
The multi-group microarray studies, including short time-course studies, require efficient statistical 
procedures which are robust to the pattern of response and deviation from normality. As the response pattern 
varies considerably from one gene to the other, the pattern bias could be crucial in biasing the analysis in 
favour of certain types of genes in the genome-wide studies. Similarly, the deviation from normality is also 
expected, but cannot be verified in small sample studies, the procedure has to be robust to such deviations. 
The short time-course studies, in which the experiment is designed such that each time-point represents a 
state of response, are of length 3-7 time-points which make the smoothness and time factor models not 
suitable. The problem is further complicated by the fact that the number of repeats in each group may range 
from 2 to 4, usually three. Moreover, one wants to know in which group a gene is responsive. Because of the 
relatively less number of repeats, t-test like statistics will not serve this purpose without incurring many false 
positives. ANOVA [1] like statistics may be inappropriate because of the nearly constant response of a gene 
across time-course may be expected. 
 
We propose a simple, robust and effective statistical procedure based on meta-analysis to simultaneously 
provide information on overall responsiveness as well as group wise responsiveness. The procedure is based 
on pooled variance based t-statistic to estimate group-wise responsiveness which is combined through 
non-parametric meta-analysis to provide overall responsiveness without loosing power. False discovery rates 
are estimated at each time point as well as for the overall response assessment. Our simulations show that our 
procedure out-performs ANOVA [1] and SAM [2]. We showed the efficacy of our method on a real data, HU 
responsive studies [4], in which the other methods are either fail or inappropriate.  
 
2  Pooled Variance Meta-analysis (PVMA)  
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We present the method for one gene and it is equally applicable to all genes in the same way as typical use of 
t-test or ANOVA in microarray analysis. Let there be a total of K groups with ni (> 0) non-missing repeats in 

a group Gi then the pooled variance σ2 = Knn
K

i
ii

K

i
i −− ∑∑

== 1

2

1

)1( σ . The t-statistic of group Gi is defined as 

μi√Ni/σ ~ t( ) gives p-value Pi of μi being 0 (the null hypothesis). Then the p-value of the gene is 

based on a meta-analysis statistic, we use inverse chi-squared method for the purpose of this paper, as 
–2log(ПK

i=1Pi) ~ X2(2K). μi is the group mean or the difference between the group mean and the reference 
group mean whichever is applicable depending on the data. Ni is the effective number of samples which is 
the number of samples if μi is the group mean, inverse of the harmonic mean of the samples from the group 
and the reference group if μi is the difference between the group mean and the reference group mean. The 
method is applicable to two different designs: (1) finding genes differentially expressed with respect to a 
given reference, say 0; and, (2) finding genes whose expression changed among different groups which can 
be achieved by mean centering the gene data and the situation boils down to the previous scenario with 0 
reference level. 
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3  Results 
 
We present the relative performance of PVMA on different types of simulated data to show its relative 
robustness to pattern variation and violation of normality assumptions. We simulated data K=3&7 time 
points with 1,2&3 time points differentially expressed for K=3 and 1,3&7 for K=7. 10000 genes were 
simulated, 2000 of them are differentially expressed at μi = 1&2 with ni=2&10. The performance of the 
method was evaluated using Area Under the Curve (AUC) statistic of the ROC curves [3]. We tested it in 
both situations and the median performance of the methods over all combinations of parameter settings is 
tabulated below for both scenarios. Shown in the parentheses are the coefficients of variation of the 
performance of each method in different design settings. 

S.No Distribution Design PVMA ANOVA SAM 
1 Normal 1 0.99 (0.09) 0.75 (0.28) 0.94 (0.18) (Area) 
2 Normal 2 0.89 (0.18) 0.88 (0.18) 0.90 (0.16) 
3 X2(1) 2 0.88 (0.17) 0.88 (0.17) 0.89 (0.16) 

 
4  Discussions 
 
We presented an elegant, robust and simple statistical procedure called pooled variance meta-analysis 
(PVMA). We have shown that PVMA has much higher performance than both ANOVA and SAM interms of 
both median AUC performance as well as the robustness to pattern variation (CV) in design 1. It performed 
on par with that of SAM and ANOVA in design 2. In other words, PVMA has done much better than SAM in 
design 1 while slightly worse in design 2. The results show that PVMA is a good alternative to SAM or 
ANOVA especially for small sample problems such as microarray studies.  
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1  Introduction  
 

Reconstructing gene regulatory networks (GRNs) plays an important role in many research disciplines 
such as molecular biology, biochemistry, bioengineering and pharmaceutics. There are many methods 
proposed to reconstruct models of GRN from gene expression data. The existing network component 
analysis (NCA) [1] is known as an efficient model-based decomposition method for reconstructing GRNs to 
deduce information of transcription factor (TF) activities and control strength (CS) of TF-gene connectivity 
where the TF-gene connectivity information is obtained from literature or public databases. 

For utilizing the matrix decomposition method to reduce complexity of inferring GRNs and avoiding 
accompanied system uncertainty, NCA utilizes matrix reduction criteria to ensure a unique solution to the 
problem of reconstructing GRNs where some valuable information such as TF-gene regulation relationship 
and potential unknown regulation would be ignored [1]. The improved version of NCA [2] can help 
researchers to analyze more TFs than a limited number of data points. However, the matrix reduction criteria 
were still needed, resulting in that only the magnitude of regulation but not the sign is available, i.e., the up 
and down regulations are indiscriminate. As a result, biologists need some prior knowledge to further 
determine the direction of regulation. 
 
2  Method and Results  
 

2.1 Evolutionary Method GRNet 
 

An efficient and robust evolutionary method GRNet is proposed to reconstruct GRNs from gene 
expression data and known TF-gene connectivity. A mathematical model of NCA is defined as equation(1).  
GRNet aims to optimize both signs and magnitudes of TF activities and CS while considering noisy gene 
expression data. The initial values of CS are known regulation between gene and TF from public literature 
and database and in the set of [1,-1, 0] to represent up-regulation, down-regulation, and no regulation 
respectively. The model reconstruction is formulated as an optimization problem where least square error 
(LSE) between the known and estimated expression data is used as an objective function to be minimized. 
High performance of GRNet arises mainly from an orthogonal simulated annealing algorithm [3] to solve the 
large-scale optimization problem. For evaluating the robustness ability of GRNet, Various Gaussian 
perturbations (0%, 5%, 10%) are added to the gene expression data. 
 

2.2 Materials and results 
 

For comparison, the same dataset of Escherichia coli used by NCA [2] is used to evaluate GRNet in terms 
of accuracy, robustness and efficiency. The dataset consists of the expression profile representing 10 time 
points of 100 genes and the CS matrix indicating the connectivity between 100 genes and 16 TFs. Positive 
and negative values in CS mean up and down regulation of each gene-TF pair. Not only the magnitude but 
also the sign of CSs are concerned. The mismatch rate of CS is recorded by counting the number of incorrect 
signs of CSs. For evaluating significance of the two compared methods GRNet and NCAr, 30 independent 
runs were performed. NCAr is NCA with regulation that obtains stabilized solution but take longer. The 
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performance comparisons in terms of LSE and CS mismatch rate are shown in Figs. 1 and 2, respectively. 
These results reveal that GRNet is significantly superior to NCAr in both aspects of LSE and CS mismatch 
rate for noise-free and noisy expression data.  
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Figure 1: Box plot of LSE for two compared     Figure 2: Box plot of CS mismatch rate for two  
methods and NCAr.                         compared methods and NCAr. 

 
 

3  Discussions 
 

An efficient method GRNet is proposed to obtain accurate and robust models of gene regulatory network 
(GRN). A reliable GRN model is helpful to verify the conflicts of prior knowledge of CS from literature and 
public databases. Furthermore, biologists using GRNet can focus on all interested TF-gene connectivity 
without lost of valuable information in analyzing the gene regulatory network. 
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Motivation

We have established a current underrepresentation of knowledge about the subcellular localization 
of proteins within organelles of the secretory pathway. Mitochondrion and nucleus are wellstudied 
organelles and have therefore a proteome of high quality. Endosomes are crucial organelles for 
processes communication with the extracellular environment, regulation of cell signaling and the 
degradation   of   proteins.   The   protein   composition   of   the   endosome   is   highly   dynamic,   due   to 
abundant membrane trafficking and also varies between cell types. Interestingly, subdomains of 
the   endosome   system,   like   the   early   and   late   endosomes   differ   in   their   protein   and   lipid 
composition. Defining the “location proteome” or protein content for this organelle is critical. 

Methods  and Material

To define the set of proteins that associates with the endosomal system we made use of several resources. 
Our subcellular localization database LOCATE hosts human and mouse protein sequences with high quality 
annotation describing membrane organization and subcellular locations. Using endosomal assigned protein 
sequences, we were looking for proteinprotein interaction data to uncover potential new endosomal proteins. 
This procedure is supported by iHOP, a scientific literature project, and proteinprotein interaction databases. 
Finding and assigning new potential endosomal proteins will allow us to create the endosomal proteome. 
Cytoscape, an opensource software project for biomolecular interaction networks, will be used to display the 
interaction between every single endosomal protein. 
 
Results  and Conclusions  

Creating a representative endosomal protein collection, the endosomal proteome, will underpin future system 
biology  approaches   to  characterize   this  organelle.  This  network  based on  the   interaction  between  these 
proteins, can help to discover new connections and highlight proteins of interest that will be experimentally 
examined in future experimental studies.
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Abstract: IPredict is a HMMER-based prediction software used to predict the occurrence of 
integrons in bacterial genomes. Integrons are genetic elements which contain the determinants of 
the components of a site specific recombination system capable of recognizing and capturing 
mobile gene cassettes. Prediction is done using a customized HMMER which identifies certain 
conserved sequences present in all integrons. These include a 5’ conserved segment( containing 
an integrase-coding(int) gene), an attI site( receptor site for integrase), a conserved promoter 
sequence and a 3’ conserved segment. HMMER is an implementation of profile hidden markov 
models for biological sequence analysis. Profile HMMs for IPredict were built from a multiple 
sequence alignment of known integron-containing sequences. Query sequences are aligned 
against these profile HMMs and presence of integrons is identified based on the e-value of the 
alignment. The user interface for the tool was developed using Java Net Beans and HMMER-
interface connectivity was achieved by Core Java programming. IPredict provides a very good 
computational approach to identify integrons, which have great functional importance in 
rendering bacterial antibiotic resistance and have potential applications in genetic engineering. 

Keywords: Integron, Prediction software, HMMER, antibiotic resistance.
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Abstract 

 
One of the processes that differs living organisms from non-living objects is metabolism. Availability of full 

genome sequence data and metabolic pathways data for these individual organisms allows one to develop 
Bioinformatics tools to identify metabolic alphabets required for the survival of organisms. One such Bioinformatics 
tool is developed and 153 bacterial genomes annotated to at least 40% gene annotation and having at least 70 metabolic 
pathways were analyzed. Comparison of these pathways has helped to identify 34 metabolic alphabets essential for the 
survival of bacterial system. The knowledge extraction depends on the quality of annotations. These studies are 
expected to have major impact on ab initio creation of bacteria in laboratory.  
 
Keywords: metabolic alphabets, essential pathways, comparative metabolomics. 
 

1  Introduction  
 
The amount of genomic data is increasing at an overwhelming rate. As on September 16, 2007 there are 645 
published complete genomes and 2160 ongoing genome projects [3]. This daunting source of information 
includes genomes from bacteria, archaea, eukaryotes and viruses. Most of the genomes are poorly annotated 
in terms of assigned functions to gene as well as the identification of metabolic pathways. Metabolism is 
essential for any living organism and this differentiates between living and non – living matter. Comparative 
metabolomics has therefore becomes very important to understand the function, evolution and creation of 
organisms by ab initio approach in laboratory. Very few Bioinformatics tools are available to carry out 
comparative metabolomics, which includes efforts by Pinter et al  [4] and Wernicke [5]. In the present study 
a Bioinformatics tool has been developed to compare genome wide metabolic pathways from KEGG [2] 
database. This tool was then used to identify a set of essential pathways in bacterial system. The extraction of 
such essential pathways highly depends on the quality of the data that is used. In fact out of 645 published 
complete genome sequences more than 400 entries belong to bacteria. Among these completely sequenced 
systems only 153 bacterial systems were found whose annotations matched criterion set in this study. 
 

2 Method and Results  
 
KEGG has entries for more than 400 completely sequenced bacteria. Many of these bacteria are not well 
annotated. The total number of pathways identified to be present in some bacteria is very less. There is large 
difference between number of genes and number of pathways present in bacteria.  For example, genome 
size of Pseudomonas stutzeri is 4.56 Mbp and has 4206 genes but in KEGG it is shown to have only two 
pathways. Hence on account of low annotations, pathways may be incorrectly marked as absent, causing 
problem in identification of pathways present in all bacteria. In order to minimize the above problem 
following filtration criteria is applied. 

Bacteria are taken for study only if –  
� They have more than 70 KEGG pathways and 
� They have more than 40% genes with assigned role function, as given in TIGR [1].  

After applying this criterion, the number of bacteria to be analyzed came down to 153. Note that bacteria 
belonging to different genus are taken for study. For example, if two bacteria from same genus have 
pathways more than 70, then the bacteria having higher number of pathways is taken for study. List of 
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pathways present in each of the 153 bacteria was retrieved from KEGG. From this, pathways common to 153 
bacteria were identified. There are 34 pathways that are common to all 153 bacteria. These are expected to 
be the essential metabolic pathways. 
 KEGG API provides means for accessing the KEGG system. The KEGG API server can be 
accessed by SOAP technology over the HTTP protocol through perl scripts. Using this, metabolic pathways 
can be searched in 153 bacteria in an automated manner. Perl scripts were written to identify common 
pathways in 153 bacteria. It was found that there are 34 pathways that are always present in 153 bacteria 
under study. List of these pathways is given in Table 1.  
 

Table 1: Pathways present in 153 bacteria under study. 

Name of Pathways present in 153 bacteria under study    

Glycolysis  
Gluconeogenesis  
Methionine metabolism  
Citrate cycle 
Aminosugars metabolism  
Glutamate metabolism 
Propanoate metabolism  
Fatty acid biosynthesis  
Oxidative phosphorylation  
One carbon pool by folate  
Peptidoglycan biosynthesis 
Pentose phosphate pathway 

Pyrimidine metabolism 

Alanine and aspartate metabolism  
Glycine serine and threonine metabolism  
Valine leucine and isoleucine biosynthesis  
Arginine and proline metabolism 
Phenylalanine tyrosine and tryptophan biosynthesis 
Selenoamino acid metabolism 
Aminoacyl-tRNA biosynthesis 
Glyoxylate and dicarboxylate metabolism 
Nicotinate and nicotinamide metabolism 
Fructose and mannose metabolism 
Porphyrin and chlorophyll metabolism 
Pantothenate and CoA biosynthesis 
Glycerophospholipid metabolism 

Lysine biosynthesis 
Folate biosynthesis 
Histidine metabolism 
Lysine degradation 
Pyruvate metabolism 
Purine metabolism  
Carbon fixation 
Cysteine metabolism 

 
3 Discussions 
 
The 34 metabolic pathways in 153 bacteria are expected to be essential for an organism’s survival as they are 
always present in all bacteria under study. We call these metabolic alphabets. As can be seen from Table 1, 
the metabolic alphabets include important pathways for carbohydrates, lipids, nucleotide and amino acid 
metabolism. Just like genetic code these are metabolic alphabets required for survival of bacterial 
system. However it should be noted that correctness of the results highly depend on accuracy of annotations. 
This set of metabolic alphabets is expected to change as and when annotations change. Further work needs to 
be done to improve annotations so that pathways can be added to the above set. In return, this set of essential 
metabolic pathways can be used as a knowledgebase to annotate new organisms. Here we have developed a 
Bioinformatics tool that can find set of essential metabolic pathways given proper annotations. 
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We enhanced Cell System Ontology 
(CSO) 3.0 by creating an ontology for 
system dynamics and inheriting most of 
the terms from BioPAX Level2 which 
does not have ontology terms for system 
dynamics.  A new XML format Cell 
System Markup Language CSML 3.0 is 
developed where all tags and attributes 
in CSML 3.0 have the mapping rule 
from CSO 3.0, which is the ontology 
based terminology definition with OWL. 
CSML 3.0 realized an integrated and 
unified data exchange format which 
covers widely used data formats and 
applications, e.g. CellML 1.0, SBML 2.0, 
BioPAX, and Cytoscape.  For the 
system dynamics architecture, CSML 
3.0 employed the architecture of Hybrid 
Functional Petri net with extension 
(HFPNe), which is an extension of 
Hybrid Petri Net, with "object" notion. 
In short, any object constituting a 
biological pathway is treated as "generic 
entity" of HFPNe and any relations 
among objects are treated as "generic 
process" of HFPNe. For example, 
"sequence", "boolean", and any complex 
object can be described with CSML 3.0 and it enables us more advanced biological pathway 
modeling, e.g. alternative RNA splicing model of the Calcitonin/CGRP gene.   
The format consists of the following and the details of CSML 3.0 are available form 
http://www.csml.org/:  
(i) A model with entity set and relation set on HFPNe.  
(ii) Submodels of (i).  
(iii) Views for each sub-model in (ii).   
(iv) Various biological ontological terms together with visualized images in SVG, e.g. 

organism, cell type, tissue type, and molecular events. 
Furthermore, simultaneously, we developed automatic conversion programs which convert 
TRANSPATH to CSML 3.0, SBML 2.0 to CSML 3.0 and CellML 1.0 to CSML 3.0 automatically.  
Cell Illustrator 3.5 fully supports CSML 3.0 as its base XML (see Figure).  Thus major pathway 
models can be described with CSML 3.0 and can be simulated on Cell Illustrator 3.5 without any 
difficulty. 
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Abstract 
 

Bacillus species have been widely employed in the fermentation industry for the 
production of various enzymes, antibiotics, proteases and other useful materials. The 
complete genome sequence of Bacillus licheniformis, an important industrial Bacillus 
species, has recently been deciphered. We compared the global and local sequence 
properties with other closely related Bacillus species. B. licheniformis showed high 
similarities to other three genomes of B. subtilis, B. clausii and B. halodurans in global 
sequence properties. However, but there were differences in the functional distribution of 
transporters and the sequence features of famous industrial proteins. Although the 
comparative analysis of the various genomic properties of the Bacillus species showed 
that they were highly similar, significant differences in small-scale properties including 
protein sequences and transporters were identified.[This work was supported by Korean 
Systems Biology Research Program (M10309020000-03B5002-00000) of the Korean 
Ministry of Science and Technology. Further supports through the LG Chem Chair 
Professorship, Microsoft and IBM SUR program are greatly appreciated.] 
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Abstract 
 
  As huge amount of molecular interaction data is now available, network analysis is one of the important 

approaches to analyze living organisms. We previously developed eXpanda, an integrated platform for 
network analysis and visualization. In the current release of eXpanda, we have developed analysis methods in 
analysis component. The topological analysis methods allow researchers to calculate topological properties of 
the network, to extract characteristic sub-graphs which may reflect functional units, and to extract nodes 
which play a key role in a given biological processes. Thus, our improved analysis components will allow 
researchers to make the visualization and exploration of large biological networks more accessible. 

 
Keywords: interactome, graph theory, network analysis, network visualization, Perl library 
 
 
1  Introduction  
 
As huge amount of molecular interactions are screened by recent technologies such as yeast two-hybrid, 
graph theory became very important to analyze this “interactome”. However it is very laborious to integrate 
much interactome data from various public databases and write own programs to analyze these complex 
networks. From these reasons, we previously developed eXpanda: the integrated platform for network 
analysis and visualization [2]. eXpanda is provided as a Perl library and enables users to perform topological 
analysis based on graph theory. It also gives full-automatic connections to various biological databases by a 
Perl programmable interface. The scores calculated by analysis components can be reflected to visualization. 
In this work, we have implemented additional analysis methods to eXpanda, which can perform much 
broader range of graph analyses.   
 
2  Overview of eXpanda Analysis Component 
 
For the current release of eXpanda, we have newly implemented nine analysis methods, which can calculate 
network properties and extract characteristic sub-graphs from the biological network. 
 
2.1  Methods for Calculating Network Properties 
 
Although there are various kinds of networks in the real world (Internet, neural network, railways, etc), 
properties of all these networks can be analyzed by recently developed graph theory. eXpanda can calculate 
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five kinds of major properties of network which focuse on density and importance of nodes in the network. 
For instance, global clustering coefficient shows how 
frequent nodes are connected in the network. The degree, 
betweenness and local clustering coefficient are the 
parameters for the relative importance of each node to 
maintain pathways in the network. The average shortest 
path indicates how close the nodes are in the network. 
 
2.2  Methods for Extraction of Clusters in Network 

 
We implemented four methods for efficient extraction of 
characteristic sub-graphs, i.e. k-clique, k-core, n-clique 
and MCL (Markov Clustering Algorithm)[4]. K-clique 
extracts the completely linked sub-graphs, which have k 
nodes whereas K-core extracts those, whose minimum 
degree is k. N-clique extracts sub-graphs where every 
shortest paths among all nodes are less than n-steps. The MCL clusters graphs into densely linked sub-graphs 
by the manipulation (squaring and normalization) of stochastic matrix constructed based on a given graph.  
 
2.3  Reflecting to Visualization 
 
eXpanda enables users to visualize networks reflecting the scores which are calculated by these analyses 
above. In case of network properties, scores are saved in each node or edge. For nodes, there are 13 graphical 
attributes such as size, opacity, shape and label font. For edges there are and seven attributes. If multiple 
sub-graphs are extracted, users can assign different graphical attributes for each sub-graph (Fig.1). 
 
3  Discussions 
 
Analysis component of eXpanda allows users to view two important structural properties of given biological 
network: denseness of sub-graphs and importance of each node. Denseness of sub-graphs in protein-protein 
interaction network is useful index to detect functional units like protein complexes or sets of highly related 
proteins [1,3]. On the other hand, importance of a node may reflect how important the participation of the 
node is in the given biological processes including those related to diseases. Not only estimation of these 
indexes but also visualization of the network, which reflects the result of these calculations, is highly 
beneficial. Manual inspection of each node in the visualized network is necessary to infer biological role of 
each node, considering the network properties as well as relations to neighboring nodes. Overall, eXpanda 
will assist users to conduct such analysis with much less effort and time. The software package, detailed 
documentations, and source codes are available on our website, http://medcd.iab.keio.ac.jp/expanda. 
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Figure1: Protein-protein interaction network 
of S. cerevisiae edited and visualized by 
eXpanda. Colored nodes reflect scores 
calculated by MCL clustering algorithm.  
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Abstract 

 

Drug discovery is a long process with a low rate of successful new therapeutic discovery regardless of the advances 

in information technologies. Identification of candidate proteins is an essential step for the drug discovery and it 

usually requires considerable time and efforts in the drug discovery. The drug discovery is not a logical, but a 

fortuitous process. Nevertheless, considerable amount of information on drugs are accumulated in UniProt, NCBI, 

or DrugBank. In this paper, we devise a method for drug target protein classification by using weighted feature 

summation and Support Vector Machine. According to our evaluation, the method is revealed to show moderate 

accuracy 85~90%. This indicates that if the devised method is used appropriately, it can contribute in reducing the 

time and cost of the drug discovery process, particularly in identifying new drug target proteins. 

 

Keywords: drug target protein, SVM  
 

1  Introduction  
Drug target protein, a protein affected by a specific drug, is responsible for the manifestation of a 

therapeutically relevant disease or a toxic side effect. Since drug must have strong effects on a specific biological 

pathway and minimally interfere in all the other normal metabolisms, confirmation that a compound inhibits the 

intended target protein and the identification of undesirable secondary effects are main challenges in developing 

new drugs [1]. Although, in present, many kinds of drug are already developed, the approved target proteins 

adopted in drug discovery are just several hundred rather than millions [2]. There are several bioinformatics tools 

that have opened new ways in drug discovery, yet we still have to spend time and costs in choosing plausible 

target proteins from hundreds or thousands of proteins [3][4]. Fortunately, approved drug target protein list is 

opened to public in DrugBank, and annotated features of each protein can be gathered from several resources such 

as UniProt, NCBI, etc.  

In this paper, we devise a learning based drug target protein classification method based on the assumption that 

drug target protein may share common features in terms of structural or functional or other aspects. With this 

viewpoint, we made learning sets for drug target protein from DrugBank, and for non drug target protein from 

UniProt respectively. All features of proteins in learning sets were extracted from UniProt and we gave different 

weights to each feature based on the number of proteins having the features.  

We devise a formula which maps each feature to assign feature weight. By applying the formula to every 

feature in drug and non-drug target proteins, two classes (drug target protein and non-drug target protein) is 

classified. With these weighted features, we learn SVM, and get a prediction results which identifying new drug 

target proteins.  

The rest of the paper is organized as follows. In section 2, detailed methods about feature extraction and 

classification are also introduces and validation result is presented. The result is analyzed in section 3.  

 

2  Method and Results  
 

2.1  Data preparation 
 DrugBank provides approved drug target protein list, it remains only sequence level and lacks of annotated 
features. In UniProt, functional property of a certain protein is summarized in “keywords” annotation, and we use 

it to make a feature space. Total 865 kinds of keywords are currently provided in UniProt. We make two datasets; 

one is for the drug target protein and another is for non drug target protein. Drug target protein class consist of 450 

proteins, and to check validity proposed method 20% of proteins were reserved as testing data. The same size of 

non drug target protein dataset is randomly selected from UniProt and 20% of them used for testing. Note that 
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duplicated entry was manually removed when we prepare dataset. In this paper, UniProt dataset released 10.4 and 

approved drug target protein list of DrugBank published Feb, 2006 were used.  

 

2.2  feature extraction 

 We construct feature × protein space. In feature × protein space, if i-th protein has j-th feature, the value of (i ,j) 

=, becomes 1, otherwise 0. The value of (i ,j) is represented as ijf . Based on the feature matrix, a feature vector 

of each protein, ,FV is reserved by multiplying weights, so it is represented as (1) for i
th
 protein.  

        (1) 
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2.3  Result 
The results have high accuracy over all. In 1x ratio, all of sensitivity, specificity and accuracy are higher than 

80%. However, in 5x ratio, sensitivity is 66.8%, and specificity is 96.5%, and accuracy is 92.4% that show a 

tendency. If ratio is increase, accuracy and specificity is also increased, but sensitivity is decreased.  The reason 

of increasing accuracy is that increase of specificity is more dramatic than decrease of sensitivity. 

Figure 1: Validation result 

 

3  Discussions 
The ratio of non-drug target protein and drug target protein is not certain in nature. Therefore, our result can’t 

show certain accuracy, but we get a meaning result from tendency which increasing specificity and decreasing 

sensitivity in high ratio. The decreasing sensitivity means that applying method do not certainly identifying in 

high ratio of non-drug target proteins and drug target proteins like nature. However, specificity is increasing in 

high ratio, which means our methods good judge non-drug target protein. In addition, if there is more drug target 

protein’s information, method’s accuracy is expected to be increased. Therefore, researcher can avoid unnecessary 

experiments for discovering new drug target proteins, so they can save time and cost.  
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Abstract 
 

Intuitive user features in software application  are essential to simplify substantial efforts by bioinformaticians 
and molecular biologists to manage, manipulate and analyse large datasets. Users of desktop computer environments are 
accustomed to functionality such as Drag and Drop . Fortunately, these features are now available in web browser 
based applications, known as Rich Internet Applications (RIAs) [1]. RIAs are considered the benchmark for 
contemporary Internet applications. Molecular biologists utilise a diverse range of Internet based tools and datasets to 
create analysis pipelines when performing tasks such as sequence similarity searches, various molecular sequence 
analysis for genomics, proteomics and metabolomics (-omics), visualization and integration. However, in order to carry 
out these activities researchers must interact with disparate Internet bioinformatics resources either manually, via screen 
scraping, utilising software libraries such as BioPerl [2] and more recently via web services. More often than not, 
molecular biologists find that the bottleneck in analysis becomes the burden of data and information integration. The 
BioMoby [3] initiative addresses these issues by providing a decentralised architecture for the discovery and 
distribution of biological data through web services. On the desktop, the Taverna [4] workflow project, a component of 
myGrid [5], provides a sophisticated Java application for constructing bioinformatics workflows capable of utilising 
BioMoby and other resources. It follows that there exists a real opportunity for RIAs within a bioinformatics context in 
areas such as: i) Internet accessibility; ii) Efficient bioinformatics tool integration; iii) Intuitive bioinformatics workflow 
creation; iv) Effective data storage and manipulation; v) Comprehensive bioinformatics analysis audit trails; vi) Data 
visualisation and interpretation; and vii) transparent access to High Performance Computing. 

In this paper, we introduce an n-tier Internet based application called YABI [6,7,8]. YABI consists of a rich user 
interface layer, a middleware layer for workflow mangement and process execution layers. Designed to be accessible to 
non-technical users, the user interface layer efficiently and effectively integrates a diverse range of bioinformatics 
resources and tools in an enviroment that makes the analysis and integration of –omics data simple and intuitive.  

YABI allows the creation of –omics analysis workflows, accessing previously analysed time-stamped analysis 
and data, reuse of existing created workflows for high-throughput data analysis and visualization. YABI does this by 
encapsulating unix command line tools, custom scripts and accessing Internet based services and datasets. Command 
line tools include common bioinformatics tools such as Blast [9] and unix command line tools such as zip. Custom 
scripts typically leverage BioPerl [2] or BioJava [10] for utilities such as format conversion. Internet based services 
include sequence retrieval and KEGG [11] for metabolic pathways. The range of tools available can easily be extended. 
The middleware layer provides process management functionality by extending the JBoss embedded workflow engine, 
jBPM [12]. The process execution layers encompass external Internet based services, a national compute Grid and local 
high performance computing (HPC) infrastructure.  

In summary, YABI includes features such as bioinformatics analysis audit trails, Drag and Drop workflow 
creation, data management and transparent access to HPC resources in a convenient, simple and intuitive way. 

 
Keywords: Bioinformatics, Workflow, Integration 
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Figure 1: A drag and drop workflow created in YABI to 1. select a local sequence file, 2. 
perform blast, 3. extract top 10 hits, 4. search KEGG for potential metabolic pathways, 5. 

retrieve sequences and 6. summarise results.  
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Abstract 
 

A rather high portion of mammalian miRNA genes are found to associate with CpG-islands. It is found that 74 
of 462 (16.0%), 37 of 373 (9.9%), and 25 of 234 (10.7%) of the miRNA genes are located within 1000 bps of a CpG 
island for human, mouse, and rat respectively. These CpG-associated miRNA genes could be located near promoter 
regions as well. This finding suggests a potential role of these miRNAs in CpG-island methylation, and gene regulation. 
 
Keywords: microRNA, promoter regions, CpG islands, methylation, gene regulation 
 
 
1 Introduction 
 
MicroRNA (miRNA) genes encode small RNA molecules involved in mRNA translation and degradation by 
the RNA interference (siRNA) machinery. CpG islands are typically common near transcription start sites 
(TSS), often associated with promoter regions, and some of which are hypermethylated in cancer. A subset of 
miRNA genes are associated with CpG-islands and promoter regions, suggesting a potential role of these 
miRNAs in CpG-island methylation and gene regulation. Since siRNAs may be involved in inducing 
methylation of target CpG-islands [1, 2], it would be logical to suspect that miRNA genes close to or 
overlapping with CpG-islands could be involved in autoregulation of the methylation of their respective 
CpG-islands. 
 
2  Materials and Methods 
 
The mammalian miRNA precursor sequences are downloaded from the miRNA Registry [3] release 8.1. 
Next, the mammalian promoter sequences are retrieved from DBTSS [4] release 5.1. Then, the mammalian  
miRNA precursor sequences are aligned by BLAST [5] with the mammalian promoter sequences, hence, it 
locates precursor sequences originated from the promoter regions. Moreover, the CpG-island information 
associated with miRNA gene is obtained from the UCSC Genome Browser March 2006 draft [6]. 
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3  Results 
A highly significant proportion of human miRNA genes, 74 of 462 (16.0%), are either found within or to lie 
within 1000 bp of a CpG-island. This result is in consistent with the work by Holstebroe and Tommerup [7]. 
In this study, we extended their work where a larger set of human miRNA genes, and two more species’ 
miRNA genes are taken into account. Among the 462 miRNA genes, a subset of those are associated with 
CpG island and/or gene, possibly suggesting these miRNAs maybe have a potential role in CpG islands 
methylation, involving in gene regulation [8]. It is found that a rather high portion of human 
promoter-associated miRNA genes are CpG-island-associated as well, that is 7 out of 10. For mouse, 37 of 
373 (9.9%) miRNA genes are found to lie within 1000 bp of a CpG-island. It is found that a rather high 
portion of promoter-related miRNA genes are CpG-related as well, that is 4 out of 7. For rat, 25 of 234 
(10.7%) miRNA genes are found to lie within 1000 bp of a CpG-island. Since the promoter information for 
rat is not available, therefore, we cannot provide the promoter-associated miRNA gene result. 
 
4.  Conclusions 
A rather high portion of mammalian’s (human, mouse, and rat) miRNA genes are located near CpG islands. 

It is found that 74 of 462 (16.0%), 37 of 373 (9.9%), and 25 of 234 (10.7%) of the miRNA genes are located 

within 1000 bps of a CpG island for human, mouse, and rat respectively. Furthermore, it is determined that a 

rather high portion of promoter-related miRNA genes are CpG-associated as well. This finding suggests a 

potential role of these miRNAs in CpG-island methylation, and gene regulation. The possibility of other 

mammalian’s promoter-related or CpG island-associated miRNA genes are under investigation. Our 

preliminary study indicates that the portions of CpG island-associated miRNA genes are rather high as well, , 

which suggests that this is a rather conserve phenomena across species. 
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Abstract 
 
Tuberculosis is a totally curable disease, yet each year about 2 million people die worldwide. According to the WHO 
Report 2007, in 2005, the TB incidence rate was stable or in decline in all six WHO regions, and had reached a peak 
worldwide. However, the total number of new TB cases was still rising slowly. There were an estimated 8.8 million new 
TB cases in 2005. Of them 7.4 million were in Asia and sub-Saharan Africa. A total of 1.6 million people died of TB, 
including 1,95,000 patients infected with HIV. TB cases in India represent more than one-fifth of all TB cases 
worldwide due to social, economic, and environmental conditions leading to more than 4,50,000 deaths per year. 
In order to create widespread awareness about Tuberculosis we have created a database and website. The main aim of 
the project is to provide easy access to the general public about the methods of treatment of TB and to spread awareness 
about the graveness of the disease. The database provides details of the medication used in the treatment of TB. They 
have been classified into drugs and herbal medicines. 
The drugs database contains information about their structure, mode of actions, precautions, drug interaction, and 
dosage. Details about herbal medicines, which have proven to be useful is included in the herbs database. If information 
from the drug and herbs databases is coupled and implemented under guidance, the treatment may be more effective as 
well as reduce costs. 
The second aspect of the database is of the various strains leading to MDR-TB. Also available in the database is the 
location, address and contact information about the treatment units. Patients can access the database and locate 
treatment units and the DOTS centers present, especially in the city of Pune. 
The user-friendly environment of the database, allows even a nonprofessional to easily access the different methods of 
treatment. 
In addition to the database, the website provides general information about the disease, symptoms & diagnostic methods, 
its causes, prevention, available treatment, traditional medicine, TB in India and bioinformatics software, which can be 
used to analyze the available data. 
 
Keywords: Tuberculosis, Database, MDR, Alternative treatment for TB. 
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1  Introduction  
 
1.1 Background 
 
Tuberculosis is an infectious disease but completely curable and is affecting the Indian population at large. 
For developing an appropriate strategy for combating tuberculosis in the country, it is necessary to obtain a 
precise estimate of the disease in the community. The process of estimating it for, as large and diverse a 
country as India is not only difficult, but is also expensive[1] and time-consuming[2]. The development of 
tuberculosis or other mycobacterium diseases is the result of a complex interaction between the host and 
pathogen influenced by environmental factors which is the main cause of the prevalence of the disease in 
India[3]. One of the fundamental aspects in the treatment of Tuberculosis is the principle of “Treating until 
cured” and that is precisely not followed and hence leads to multi-drug resistant (MDR) TB. The inconsistent 
or partial treatment of the patients is leading to the development of MDR TB. Hence, the main problem due 
to which the disease relapses and that too in a more potent form is lack of awareness about the treatment of 
and tuberculosis in general.  
Tuberculosis is the commonest opportunistic disease in persons infected with human immunodeficiency 
virus (HIV). Emergence of drug resistant isolates of M. tuberculosis highlights the need for continuous 
monitoring of drug resistance to anti-tuberculosis drugs. The reported high prevalence of drug resistance in 
HIV infected tuberculosis patients[4] makes it a strong risk factor.  
 
1.2 Data evaluation 
 
The gathering of data regarding the facts, treatment, available drugs, traditional herbal medicines is done by 
referring to websites such as WHO[5] and by referring standard text books providing such information. The 
information about treatment units in Pune has been gathered from TBC – India[6] website. The data has been 
evaluated and only authentic data has been included in the database and website. 
 
1.3 Construction 
 
The database is constructed using Microsoft Access 2000. The website is created by using Macromedia 
Dreamweaver MX 2004. 
The database is available on the website http://www.dnserp.com/Tuberculosis/Homepage.htm . It is 
recommended to view the website in the Internet Explorer version 6.0 or above with a screen resolution of 
1024X768 pixels for good results. The Software page provides links to the appropriate software. TB 
Gateway takes no liability of the software.  
 
1.4 About the Database 
 
This database has been made with the general population in mind, at large, with the aim of spreading 
awareness about Tuberculosis, which is the need of the time, to stop TB evolving into the dreaded MDR and 
eventually into XDR TB. It provides easy access to the currently available methods of treatment. The 
user-friendly environment of the database, allows even a nonprofessional to easily access the different 
methods of treatment. The database contains the currently available drugs in practice along with their 
structure, active site and their mode of actions. Details about traditional herbal medicines, which have proven 
to be useful and have been known by the local population since a long time, have been included in the herbs 
database. 
If information from both the databases is coupled and implemented under guidance, the treatment may be 
more effective as well as reduce costs. Information about the various strains leading to MDR-TB is also 
available in the database. 
Patients, especially in Pune can access the database to locate the closest government hospital or the “TB 
Treatment Unit” lies, providing treatment of tuberculosis and the DOTS[7] centers present making it easier 
to locate them. This will help prevent “shopping” for drugs, which leads to MDR in India. 
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2  Content and Utility 
 
2.1 Content 
 
The Index page of the website itself is full of important links, which have been ordered in their level of 
priority, and gives information about the website and the aims of its conception and how it can be used. The 
general information can be obtained under a different tab, which gives the information about the origin and 
history of tuberculosis, the bacteria itself (strains etc.) and the various causes of TB. The symptoms, which 
have been given on the website, are the most common symptoms of tuberculosis. Various methods, which are 
used for the diagnosis of Tuberculosis are also listed and the breakthroughs obtained in the field of TB 
diagnostics are linked to the Latest Research page. Alternative methods of treatment have been profiled 
separately and subjects like Homeopathy and Home remedies have been dealt in detail in that section. For 
the prevention of Tuberculosis, the causes of Tuberculosis and the factors affecting it are discussed in brief 
and ways of preventing it are given. TB in India is one of the most comprehensive sections of the website 
and has the most important information on TB in India listed out in relevant points like Awareness in India, 
Economic Factors and the Control Measures used in India. The situation in Pune, Maharashtra has been 
highlighted, as detailed information was available from the local TB centers and Chest Hospital. Links to 3D 
structure viewing software have been put on the site and efforts are underway to incorporate the phylogenetic 
analysis software accessible on the site. The main and the most important aspect of the project that is the 
database is a collection of available treatments, herbs used for treatment and the different strains of 
Mycobacterium tuberculosis The data about drugs covers the pharmacology, dosage, preventive therapy, 
precautions, adverse effects, drug interactions, mode of action, absorption and toxicity of each drug. 
The Herbs database includes the availability of the herbs, the active compound, and dosage, mode of action, 
medicinal action, and uses is described about each herb. Information on various strains of Mycobacterium 
tuberculosis is listed in the database and on the same database page, links have been provided for a number 
of genome analysis software. Patients have an easy access to the “Tuberculosis Treatment Centers” which 
have been listed in the database where they can find contact details 
 
2.2 Utility 
 
The user-friendly features of the website have been noticed and been reviewed and improved upon a number 
of times and it is an ongoing process. The main aim is to provide the information and create awareness about 
tuberculosis in the general population and the handicap of not having detailed knowledge about computers 
should not be a hindrance. This will not only help in creating awareness about the care to be taken of TB 
patients but also to nip the rise of TB in the bud itself. The origin, spread and the prevalence of tuberculosis 
all over the world and particularly in India has been documented for the use of scientists and researchers who 
may be interested in knowing the pattern, which the Mycobacterium might follow. It also highlights the 
graveness of MDR-TB, which is on the rise in India and the spread of HIV-TB, which is the strongest risk 
factor for tuberculosis among adults, which is the necessary information for clinicians. The website thus 
provides a lead to the scientific community. Information about potential causes along with the prevention of 
the disease is also included which proves to be helpful for everyone. 
The database proved to be the most useful for the laypersons, researchers and the clinicians at the same time 
due to its heterogeneity. The database is designed in such a way, that it provides all the information about a 
particular drug or herb. It can be queried by the drug name or herb name thus making it user-friendly. The 
availability of the herbs, the active compound, and dosage, mode of action, medicinal action, and its uses 
have been described and the structure of their active compound have been provided wherever possible. A 
patient can thus know about the available drugs and herbs and gain knowledge about the methods of their 
administration. 
Similarly, the view of a researcher might be very different and the interest might lie in the structures of the 
drugs or that of the active component of the herbs, which have also been provided. Links to the different 
strains of tuberculosis along with the link to NCBI[8] may offer students and researchers the opportunity to 
perform genomic analysis. Links to bioinformatics software for analysis and viewing 3D structures of 
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proteins are present. The genomes of various strains of Mycobacterium tuberculosis have been provided and 
can be used for comparative study and to observe the evolution of MDR-TB to give an interactive platform 
to the researcher. It might be possible to predict the changes in the genome, using the given strains and the 
analysis tools, which may occur in the future and thus help design better drugs to combat TB & MDR-TB, at 
large, and thus prove useful to clinicians as well as researchers. 
 
3  Discussion 
 
Tuberculosis is affecting the world and causing many deaths and its occurrence is proposed to have increased 
in the coming years. Thus, by creating awareness about the prevention and cure of the disease, “TB 
GATEWAY” would help in reducing further incidences of the disease and thus trying to avoid its evolution 
into MDR TB. Being a comprehensive and easily accessible database, anyone who accesses this database 
will get information on almost all the aspects of tuberculosis like the precautions to be undertaken, the 
available treatment, the herbal medicines used to cure the disease, the signs and symptoms and the create 
general awareness of the graveness of the disease. Using the right combination of modern and traditional 
medicine can help patients cure the disease, since the prices of drugs are proposed to have increased as well 
the incidence of the disease in India as compared to the treatment if implemented through DOTS.[9] 
A lot of information about tuberculosis, MDR-TB, and mycobacterium in general is available all over the 
internet in various formats like information web pages, databases and medical links, but this database is an 
effort to make available all this diverse information content available to the naïve user under one domain. 
Thus, this website and database has tried to compile all the information available about tuberculosis, as of 
now, and by keeping it updated it will be self-sufficient for a user to know everything about tuberculosis at 
one time 
 
3.1 Future plans 
 
As of now the information on drugs and herbs in the database can be queried only on the search strings of 
Drug or Herb name but work is going on to make it searchable on different queries like based on the mode of 
action. Efforts are being made to incorporate a Java based 3D viewer for the structures of drugs. The 
database does not have enough data about the structures and that is due to the unavailability of web space, 
which can be avoided if a separate domain is awarded to it. 
The website itself will be updated as and when new information is available so that the user is always 
availing the latest information about TB. The TB centers listed in the database are as of now only in and 
about Pune but as more space on the net is obtained, the centers available all over India and still more will be 
included. 
It will be our constant effort to keep the database and the website up to date with the latest medical findings 
and the breakthroughs being posted on it in the form of News Links. 
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Abstract 
 

Pseudomonas putida is a Gram-negative bacterium known for its versatility and 
adaptability under a number of stressful conditions.  Interest in this bacterium comes 
from its versatility in surviving under numerous stress conditions and ability to utilize a 
number of exotic compounds, many of which are considered toxic, as a source of carbon 
for growth.  With the reconstruction of a genome scale model, simulations of what 
various alterations made to the metabolic network can be run, resulting in the selection of 
optimal connections in the network to suit various goals.  For example the production of 
various bioproducts have gained much interest as an alternate to chemical synthesis of the 
same products due to the increasing demand for natural products.  However, due to the 
low yield and high production costs, use of this method has been limited.  With P. 
putida ability to utilize a number of exotic compounds, new and potentially low cost 
substrates can be utilized and directed to producing high value products.  In the process 
of designing network connectivity for such applications, knowledge of bacterial 
biosystems can be better understood, resulting in an enhanced knowledge of other 
biological systems. 
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1  Introduction 

The largest amounts of information on sequence variation have come about as a consequence of genomic 
analysis of Single Nucleotide Polymorphisms(SNPs). A promising field of research associated with the 
application of this data consists of a systematic examination of the relationship between SNPs and protein 
structure. Current developments include the dbSNP database[1], the Human Genome Variation Database
(HGVbase), and the Human Gene Mutation Database (HGMD), while TopoSNP and SNPs3D have analyzed 
nsSNPs and their effects on protein structures, while trying to reveal the structural basis of disease mutations. 
The PolyPhen tool provides a web server that predicts the effects of nsSNPs, while Swiss Prot has the
ModSNP database, which is designed to store information related to single amino acid polymorphisms
(SAP) and model the SAPs onto protein structures via an automatic homology modeling pipeline. The 
authors attempt here to detail their efforts in creating a database aimed at understanding nsSNP variations 
through a comparative analysis that groups together structural mapping, protein-related physical, structural 
and functional properties and metabolic pathways.

2  Method and Results 

The authors are in the final stages of creating a large database that draws on information on pathways from 
the Kyoto Encyclopedia of Genes and Genomes databae(KEGG)[2], human proteins and genes from NCBI’s 
Locuslink and protein structures from the Protein Data Bank(PDB). Searching for frequency distribution of a 
reference to mutated amino acids as well as the statistical analysis of nsSNPs will be available to users. A 
linkage between the mutation frequency(available through a mutation matrix) and the presence of the 
mutation among proteins is possible. “On the Fly” modeling is used for the nsSNP mapping onto protein 
structures. This is accomplished if the appropriate structural template is available(sequence sharing of 50% 
of identity). Multiple SNPs may be visualized on one modeled structure, thus leading to the possible 
consideration of variations in protein structure. Dynamic visualization of metabolic pathways is being 
developed that will permit an examination of the possibility of an SNP selected could affect the metabolic 
pathway’s functioning.  

3 Discussions

The usefulness of such a database is chiefly in that it permits flexibility and multitasking in the consideration 
of multiple relationships between proteins, metabolic pathways and SNPs. It also enables a many-to-one 
variable consideration in that it permits the visualization of multiple SNPs on one modeled structure. Further, 
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predictive SNP-metabolic pathway relationships can be established by the usage of dynamic visualization. 
The authors are encouraged by the range of applications such a database offers and believe it will be of 
interest to those in the field.
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1  Introduction 

Understanding  the  function  of  biological  molecules  requires  knowledge  of  their 
molecular  structures.  Because  of  complexity  in  predicting three  dimensional 
structure  of  RNA,  most  of  the  research  have  been  done  on  secondary  structure 
prediction. A single-stranded RNA molecule maintains base-pairing patterns and folds 
the single-stranded back on itself into various kinds of structure. Recently, it has been 
recognized that pseudoknots, a kind of complex RNA structure, appear in many RNA 
molecules.  Many  algorithms  have  been  proposed  for  RNA  secondary  structure 
prediction. However, there are two major problems, especially when pseudoknots are 
included in secondary structure: computational efficiency, and prediction accuracy. 
We  propose  a  method  of  applying  integer  programming  (IP)  to  the  problem  of 
secondary  structure  prediction  from  a  given  RNA  sequence  based  on  the 
thermodynamic approach.

2  Method

2.1  Integer Programming model

The problem of RNA secondary structure prediction is an optimization problem. The 
most stable structure is the structure that yields the lowest free energy. Secondary 
structure is represented as a set of base pairs, each of which has its own free energy. 
The free energy associated with a particular base pair is influenced by its adjacent 
base  pairs.  We  modeled  the  RNA  secondary  structure  prediction  problem  as  a 
minimization  integer  programming.  It  was  separated  into  two  models:  non-
pseudoknot model, and with-simple-psedoknot model. For both models, the objective 
function  is  to  minimize  the  overall  energy  of  the  structure  under  some  linear 
constraints. Then, the IP models were solved by the CPLEX solver software.

2.2  Parameters and Data Sets

We applied  stacking  energies  parameters  as  used  in  mfold version  2.3  [5].  Non-
pseudoknot  sequences  were  obtained  from  Rfam [6],  and  sequences  with 
pseudoknots  were  obtained  from  PseudoBase [4].  For  non-pseudoknot  model,  we 
used a set of sequences from the Histone 3' UTR stem-loop (Histone3 (RF00032)) 
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family, for which their secondary structure is known (Figure 1), as a test set. Because 
the  known structure  contains  six  stacking  pairs,  and  only  one  hairpin  loop,  it  is 
appropriate  for  testing  the  model  which  includes  only  the  stacking  energies 
parameters.

3  Results and Discussions

Predicted structures shown in Table 1 are preliminary results of the non-pseudoknot 
model.  Structure of some sequences was predicted correctly.  For the with-simple-
pseudoknot  model,  the  model  is  being  revised  to  include  the  stacking  energy 
constraints.  However,  not  only  the  stacking  pairs,  but  also  various  kinds  of  loop 
structures influence overall energy of the structure; therefore, we have to include 
other kinds of loop energy parameters in both IP models.

Figure 1: Known secondary structure of  
RNA in Histone 3'UTR stemloop family
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Abstract 
 
Uniform standard for capturing gene/protein names and IDs is not available at present.  The article brings out areas that 
need to be addressed by the text mining community. 
 
Keywords: Controlled vocabulary, Community standard, Database, Bio-curation 
 
1  Introduction  
 
Several databases that enable easy retrieval of information are being generated. Many of these databases are 
key resources for target identification and building hypotheses and this requires navigation through several 
databases related to proteins and compounds.  An essential property of these databases needs to be uniformity.  
Multiple fields require controlled terms. It is a common practice to use names and identifiers as given in Entrez 
gene or SwissProt for genes and proteins and Cas registry numbers for small molecules [1,2]. However, there 
are still gaps in this area and this article brings out the lacunae in community standards to capture families or 
different isoforms of proteins, when the reacting molecule is not specific.  Methods adopted for capturing 
such molecules in the interaction database NetProTM is also discussed. 
 

2  Results and Discussion 
 

2.1  Gene ambiguities 
Names like TP53 or MDM2 and the corresponding Entrez gene or SwissProt IDs are appropriate if the 
specificity of the molecule is clear from the article.  However the protein may not be a specific gene product in 
cases like- 
1. Data where polyclonal or other non-specific antibodies not specific to an isoform are used and there are 
multiple isoforms of the protein 
2. Data using inhibitors, which are not specific to a particular isoform 
3. Data on functional proteins, which can exist as complex of different subunits 
Examples for the above 3 scenario mined from PubMed literature is given in table 1. 
 
2.2  How different databases address this issue 
 
In KEGG pathway maps [3], navigating to the molecule page gives all the different components of the 
isoforms or different subunits involved. In Biocarta, only one of the components is linked [4].  In NCI 
signaling gateway pathway, all the different components are indicated in the pathway map themselves [5]. 
There is no uniformity in the way the molecules given in the table 1 are captured across these databases.  Also 
there are no common Ids for these molecules. 
 
2.3  How the issue is handled in NetProTM 
 

In NetProTM, an interaction database, a well-defined internal ID system as given in Table 2 exists for groups 
of isoforms or functional proteins with varying subunits. Full name and not symbols are given. Internal IDs 
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are in turn linked to individual gene IDs.  This enables, querying any of the genes, which are part of an 
internal ID and retrieving all the information. 

  With the mounting of literature and unique characteristics and advantage each interaction or pathway 
  database may bring in, it is necessary that integration of different databases must be possible.  This can  
  happen only if the same name or IDs for genes or group of genes are used across databases.  In the  
  discussion above we bring out samples where ambiguities lie in assigning specific gene IDs that exist in 
  public databases.  During the development of NetProTM, a list of large number of proteins that cannot be 
  given specific IDs in the existing public databases has been generated. This list is available on request [6]. 
 
Table 1: Sample list of different reagents or methods used in biological research and the corresponding proteins 

that may be involved 

Reagents or method used  Possible components involved 

STAT5 antibodies STAT5A or STAT5B 

AKT antibody AKT1, -2 or -3 

PKC antibody At least 11 isoforms of PKC 

 

GF109203X, general PKC inhibitor 

At least 11 isoforms of PKC 

Gö6976, inhibitor of PKC alpha, beta1, beta2 and 

gamma 

At least 4 isoforms of PKC 

SB202190, a p38 kinase inhibitor 4 isoforms of p38 kinase 

PD98059 MEK1 and MEK2 

LY294002, PI3K inhibitor Any combination of the 2 regulatory subunits and 

2 catalytic subunits  

Wortmannin, PI3K inhibitor Any combination of the 2 regulatory subunits and 

2 catalytic subunits 

NF-kappa B DNA binding assay Any combination of heterodimers of DNA binding 

subunits (p50 and p52) and subunits with 

transcriptional activity (p65 (RelA), RelB, or 

c-Rel) 

AP-1 DNA binding assay Any combination of Fos and Jun subunits (c-Fos, 

FosB, Fra-1, Fra-2, c-Jun, JunB, or JunD) 
 

Table 2: Sample of well-defined internal IDs in NetProTM database 
 
Name  Internal ID Description of ID 

Phosphoinositide-3-kinase, 

regulatory subunit, p85 

EZHsS00010 

 

EZ – enzyme; Hs-Homo 

sapien; S- subunit 

Mitogen activated protein kinase EZHsF00023 

 

EZ – enzyme; Hs-Homo 

sapien; F- family 

Phosphoinositide-3-kinase EZHsM00003 

 

EZ – enzyme; Hs-Homo 

sapien; M- multi subunit 
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Abstract 
 

Studies on biomarkers are being extensively used to devise appropriate treatment 
modalities and to mitigate or nullify the effects of cancer causing factors. Tumor markers 
(biomarkers) have been developed in mammalian models to facilitate and to expedite the 
detection of tumors with little discomfort in the organisms involved. Such studies are 
scant in lower vertebrates. Liver tumors in fish inhabiting polluted waters have been 
reported only relatively recently. Efforts to develop tumor markers and probable early 
diagnosis of cancer hitherto in lower vertebrate models like O. gourami fish proved to be 
evasive Pathological identification could be done only following the death of the fish. To 
evaluate changes in protein expression among the normal and cancer cells derived from 
the liver of fish Gourami, a proteomic approach has been attempted to develop 
biomarkers of transformation. Such attempts have been successful in humans and used in 
cancer screening, diagnosis and treatment. An understanding of such mechanism in lower 
vertebrates may shed valuable light of information for further understanding the 
phenomenon in the context of evolution. A comparative study has been carried out in the 
present investigation on cellular proteomes of normal hepatic cells and hepatic cells with 
cancer in a fish Gourami and the visible variations in the proteome using 2D gel 
electrophoresis and computerized image analysis have been discussed. Crude protein 
extracts were prepared from whole cell lysates of cells from normal liver and liver cells 
with cancer. The isolates were further separated by isoelectric focusing followed by 
molecular weight separation. Between 18 to 26% of extracted cellular proteins differed 
between the normal liver cells and cancer cells. Of the  various differing protein spots 
identified, a group of proteins in the pI range of 5 to 5.5 and molecular weight of 17kD 
was noted to differ moderately among the normal cells and cancer cells. Interestingly 
Nucleoside diphosphate kinase A (NDKA) is one protein identified in this group that 
could be further investigated as this protein has been reported to be anti-metastatic in 
rodent cells. In another series of experiments, animals with hepatoma cells exhibited 
reduced carcinogenic activity on administration of extract of rhizome of turmeric. 
Investigations are underway on the ingredients causative for anti carcinogenic activity. 

 
Keywords: Proteomic approach, hepatoma cells, nucleoside diphosphate kinase 
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