1 SYSTEM AND METHOD FOR CONSTRUCTI NG PATHWAY NETWORKS OF TWO OR MORE
PATHWAYS FOR A SET OF GENES OR PROTEINS Field of the Invention

[ 0001] The present invention relates gelneral ly to the field of

bi oi nformatics, and nore specifically to a system and net hod for

genes. o pr ot S P8I ERAASISME THOD EOR ORI G0 GaBRaHWAY
e ovent NEASYOHRSTOP, ﬂ%%ﬁ\dﬁﬁﬁoﬁéﬁm@@bﬁi L%%Eéﬁ oGt Es:

with its intrinsic states incl udl(sgrﬁﬁ\éﬁtﬁ ntal stages,

physi ol ogi cal / pat hol ogi cal condit + eti c backgrounds, and/or
to cope with ever changing environnent conditions. Measuring
differential expressions of genes from organi sns subjected to
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which typically nmeasure the expressi on eve of thousands of genes
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Background of the Invention

[0002] Gene expressions and protein function regulations in a cell or
organism are events that the cell orvorganism orchestrates to correlate itself
with its intrinsic states including developmental stages,
physiological/pathological conditions and genetic backgrounds, and/or to
cope with ever changing environment conditions. Measuring differential
expressions of genes from organisms subjected to different stresses, from
cells or organisms at varying developmental stages, or from different tissues,
provides information instrumental in understanding the relationships between

genes and their functions.

[0003] Recent technological advancement has made it possible to profile
gene expressions on a genomic scale. Gene expression profiling can be
carried out by one of a number of different technologies, such as microarray
or GeneChip technologies, which typically measure the expression level of
thousands of genes simultaneously using an array of cDNA clones, PCR

products, or oligonucleotides bound to a solid support, such as a glass



m croscope slide or silicon surface. Since thousands of hybridisation
reactions may occur in a single array, gene expression profiling
assays generate huge data sets that are not anenable to sinple

anal ysis. Mreover, unlinmted gene expression profiles can be
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used intensively in studi es on how genes and/ or proteins function |n
various bagkgicamsl 2netaudilngadditivne preteoneasics it winits wap eotgenetatenaten
and plants. In the literature, different bioinformatics approaches
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laboratories. To maximize the use of such data, efforts are underway to

develop algorithms for interpreting and interconnecting results from different

genes under different conditions.

[0004] Organizing one or more genes or proteins into functional
pathways has been proven a powerful tool in studying the relationships
among different genes or proteins. Pathways have been used intensively in
studies on how genes and/or proteins function in various organisms including
bacteria, yeast, fungi, insects, animals and plants. In the literature, different
bioinformatics approaches have been applied to construct pathways and
pathway databases (Nakao et al., 1999, Genomescale gene expression anélysis
and pathway reconstruction in KEGG, Genome Informatics, 10:94—103;
Hiroyuki et al., 2000, A heuristic graph comparison algorithm and its
application to detect functionally related enzyme clusters, Nucleic Acids
Research, 28: 4021—4028; Kurhekar et al., 2002, Genome-wide pathway

analysis and visualization using gene expression data, PSB 7; Rojas et al.,



Research, 28: 4021-4028; Kurhekar et al., 2002, Genome-w de pat hway
anal ysis and visualization using gene expression data, PSB 7; Rojas
et al., 3 2002, A database systemfor 4he analysis of biochem cal
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identify potential drug targets and gene therapy in diseases |ike
cancers §0005pural Alitsiololgical sy8tifi] ePensin actingle afelpaubheys aapeast or
pat hway dat abaslt_as ;;ﬂ)]the su%nect mirnatté(::l;ﬂpg_f ac{)ew %&3&%&&@4 )

i nvent i omsamifoaliax ,ds an smrRensaly wcated et pathways
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experinments, wherein the groups of genes have been grouped together
byp a orth. Improved knmgvle(ijg% conce%nlng these pathwayg would be of immense

importance in many scientific and technological fields. For but one example,
the pathway databases are useful in helping us to understand of how diseases
are developed when a group of genes or proteins in one or more pathways are
defective. Therefore, identification of the affected pathways in diseases would
have helped the scientist to identify potential drug targets and gene therapy in

diseases like cancers and neural disorders.

[0006] Construction of pathways and pathway databases is the subject
matter of a few published inventions. For example, U.S. Patent Application
2002/0168664 discloses a method using clustering algorithms of analysing a
group of genes identified through analysis of gene expression profiling
experiments, wherein the groups of genes have been grouped together by a
commonality in their gene expression patterns. U.S. Patent Application
2003/0100996 discloses of methods of construction and search of a protein
pathway database by using FASTA format and dynamic programming
method. And U.S. Patent Application 2003/0023388 discloses a method for



commonal ity in their gene expression patterns. U S. Patent ‘
Application 2003/0100996 discl oses of nmethods of construction and
search of a protein pathway database usi ng FASTA format and
dynam c progranm ng nethod. And U. S. Patent Application 2003/0023388
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system and nethods of constructing a pathway network of a set of

genes or proteins. Summary of the Invention [0008] The present
i nvention provides systens and nethods for constructing pat hway

net wor ks [@907o or THHrefR:R! HIRYS i§04 ectefoPlsydRiRs Md MEMRINhat are
wherein a single pathway contains one or nore“genes or proteins that
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proteins wthin the pathway, and wherein the set of genes or proteins
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a set of genes or proteins that are responsive in coordination to
one or nore effecters, constructing a secondary pathway database by
m ning primary databases, identifying the pathways that

Summary of the Invention

[0008] The present invention provides systems and methods for
constructing pathway networks of two or more pathways for a set of genes or
proteins, wherein a single pathway contains one or more genes or proteins
that are grouped based on one or more commonality of all the genes or
proteins within the pathway, and wherein the set of genes or proteins are
identified by differential gene expression profiling. More particularly the
invention uses computer-implemented methods and systems. to analyse gene
expression profiling dataset by identifying a set of genes or proteins that are
responsive in coordination to one or more effecters, constructing a secondary
pathway database by mining primary databases, identifying the pathways that
contains one or more genes or proteins of the set of genes or proteins, and
constructing a pathway network of the identified pathways by using single

source maximum pathways algorithm.



contains one or nore genes or proteins of the set of genes or
proteins, and constructing a pathway network of the identified

pat hways by using single source naxi pat hways al gorithm 5

[ 0009] According to one enbodi nent, the present invention provides a
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pat hways which one pathway i"s |1 nke and/ or t°h

l'i nks t ocohbguetiigithe fpmbiwayfﬁétﬁvdrk%ﬂhbriﬂéhﬁﬁeﬂfﬁé%h%éfis%le{té&%ttH@ set
protei n databases includes” Accessi on Nunber (AC), DescCr ,

i ption (DE)

Gene Nanmof s orGootEitissH lyikefesienie sGaroemaximain pRAWEEH¢SSMP
Position (RP), Database éggis)-yl?gger enégg@( DR), Keyword PEV\) aﬁdQ )
| denti f i aagomthifil D)In lone aispect,atipeaidradtbd nofoshratidredrpai tvey primary
networks will be visualized and conpared to nmake common pat hway

net wor ks pafioaaps datakaset wludesdus tepe oftthe pathweys, ithe elescxption of the

provi des a _ secondary pat hway database with two or nore pat hways,

wher ei n patliwayec sheal mméags BCaN¥OY ebrmmembershef itheopatitways, the

i ncluding the type,h,oI1 .. e g
pathways which one pathway is linked to, and/or the pathways which links to
the one pathway, while the extracted information from the protein databases
includes Accession Number (AC), Description (DE), Gene Name (GN),
Comments (CC), Reference Comment (RC), Reference Position (RP),
Database Cross-Reference (DR), Keyword (KW) and Identification (ID). In
other aspects, the constructed pathway networks will be visualized and

compared to make common pathway networks.

[0010] In another embodiment, the present invention provides a
secondary pathway database with two or more pathways, wherein said
secondary pathway database contains the information including the type of
the pathways, the description of the pathways, the EC numbers (EC_NO) of
members of the pathways, the pathways which one pathway is linked to, the
pathways which links to one pathway, and the description of members of the
pathways; and wherein the description of members of the pathways includes

Accession Number (AC), Description (DE), Gene Name (GN), Comments



t he pat hways, the description of the pathways, the EC nunbers (EC _NO
of nenbers of the pathways, the pathways which one pathway is |inked
to, the pathways which links to one pa hway, and the description of
menbers of the pathways; and wherein the description of nenbers of

the path ifckudes ccessi.o e AC) ., Descri pji.o , ne
e (oI Ege (eI bnRetesb ek Rovhey (MoK diabase Tross-
Position 0SS- er . . K rd (KW and
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for constructing a pathway network, and an al gorithmfor
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(SSMP). [0012] In odi nent's, ent inventi ontprovi des
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said procéessor, wherein the nory-“contains one or nore progr
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stores the secondary pafhway databases and the constructed pat hway

net wor ks .soBrdécein aRésiim @h’tmapé (SSM[E)_ awi ngs [0013] Preferred

enbodi nents according to the invention will be described with

reference to the Figures, in which |ike reference nunerals denote

li ke el ements. [0014] FIG 1A shows an exenpl ary pathway map from KEGG

Pat hways [0@12base. Ipodusherl e dinmewtspahe piresért $heentionvipravideK,a

Vitam n E, Carotenoids Biosynthesis Pathway from KEGG Pat hways

Dat abase C@mp@ies system comprising a processor and a memory coupled to said
processor, wherein the memory contains one or more programs for enabling
the processor to perform the method, and wherein the memory stores the

secondary pathway databases and the constructed pathway networks.
Brief Description of the Drawings

[0013] Preferred embodiments according to the invention will be
described with reference to the Figures, in which like reference numerals

denote like elements.

[0014] FIG 1A shows an exemplary pathway map from KEGG
Pathways Database.

[0015] FIG 1B shows part of the Sterol, Vitamin K, Vitamin E,
Carotenoids Biosynthesis Pathway from KEGG Pathways Database wherein

legends are added to describe the information extracted from this database.

The legends are: == indicating an example of one pathway that the

current pathway is linked to; ==  indjcating an example of one pathway



| egends are added to describe the information extracted fromthis

dat abase. The | egends are: E indicating an exanple of one pat hway
that the current pathway is |inked to;5indicating an exanple of one
pat hway 7 that links to the current pat hway; and 1 indicating the EC

nunber f n rre |nvolv in rren pa.th 0016] FI G 1C
shows an elﬁilf%f W"’}ye a,ngcofl ofllk él epE RuRber §ag ]he
SW SS- P 00.17 1 (f ﬁ}l | ust one configuration of the
secondar S et ib eecul[r8 2@’ '2Ais a sinplified flowhart

showi ng the search process into the secondary pat hway dat abase
performed by one enbodi nent of the present invention for obtaining

five af f 600 50T par naadh G Mt SReaiblart ns RS AR BHSCh ofieco
bet ween hﬂ?nﬁﬁgﬂy@ﬁﬁ@ﬁlﬂ PVISSIpREpeNdi ng adj acent matrix. [0020] FIG

2C shows the resultant pathway networks with all possible starting
points in the pathway network depicted in FIG 2B by perform ng the
SSMP search algorithm for identifying all possible pathway networKk.

[0021] F[@)B7Fhows RIGe 1IDry0ustrafesoiee Rohfivrraiieh WH theabé@ind M/
al gorlthr[n sho]\i;vs t he di stance tr)ete\%een pat hwayg [0022] Fl GI}M%W&St o

i |l ustratdatabage. pat hway network generated from Alon's Col on Cancer
Dat aset by performng the present invention. 8 [0023] FIG 4B shows
the adjacent matrix for the affected pat hways
[0018] FIG 2A is a simplified flowchart showing the search process into
the secondary pathway database performed by one embodiment of the present

invention for obtaining the affected pathways.

[0019] FIG 2B depicts a pathway network with five affected pathways
with edges indicating the interconnections between two pathways and a

corresponding adjacent matrix.

[0020] FIG 2C shows the resultant pathway networks with all possible
starting points in the pathway network depicted in FIG 2B by performing the
SSMP search algorithm for identifying all possible pathway network.

[0021] FIG 3 shows the layout of one pathway network after the SSMP

algorithm shows the distance between pathways.

[0022] FIG 4A illustrates one pathway network generated from Alon’s

Colon Cancer Dataset by performing the present invention.



generated from Alon's Col on Cancer Dataset by perform ng the present

invention. [0024] FIG 4C illustrates one pathway network generated

from Febbo's Prostate Cancer Dat aset perform ng the present

i nvention. [0025] FIG 4D shows part of the adjacent matrix for the
t.ed from Febbo's Pr.ostate Dat aset by

af fected ways a cer
perform |{8821%\t pr Jgggﬁh Fhows F%?d{aGGQBPqﬂTIG Eﬂ%gﬁgctﬁﬁi@
pat hway net wor k ar ed, bet n he caol.on cancer pat hway. net work of
FI G 4A a,ggnpﬁaetegftggma&orb ﬁ\rlﬁ‘glronpgﬁﬂﬁ aﬁ’é? PegrorpagBe neeset ed
Descri pt iiﬁ{?elﬁfioﬁ he I nvention [0027] Unl ess defined otherw se, all
technical"and sCientific terns used herein have the sane neani ng as

commonl y understood by one of ordinary skill in the art to which
this invention belongs. [0028] A gene refers to a segnent of a

genore, ygng| n { NG IEPACSTHfusrAAS &@Bﬁﬁbir&o%%{lleﬁﬁ&gng%é@téd‘ﬁogﬁg‘gﬁBO’s

and i s conposed of exons, 1ntrons, a er, ntransl

regul at oProbRed CARCcRP PDRARE féfmirf%ﬁine ﬁé?en{ fetiopal protein. In

some situations, the gene may not con rons, pronoter, or
untransl ated regul atory regions. A protein as used herein 9 includes
any pol ypeptide that is encoded by a gene, and any bi ochem cal

conpound$0025} may RI&G gDoshipes payt endieqidjadeit AaeH:e torsthel S8efkd By
gene expression profiling is nmeant a procCess by which nolecular

t echni qugsthaveys geretatednéimsn Febbods PeogtateeCanpercBataset bgysirfordhing the
certain nucleic acid sequences (e.g., nRNAs, genes, expressed
sequence preggat invention.

[0026] FIG 4E shows one common pathway network shared between
the colon cancer pathway network of FIG 4A and the prostate cancer pathway
network of FIG 4B.

Detailed Description of the Invention

[0027] Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary

skill in the art to which this invention belongs.

[0028] A gene refers to a segment of a genome, wherein the segment
has a physical location in the genome, and is composed of exons, introns, a
promoter, and untranslated regulatory regions and expresses at least one
functional protein. In some situations, the gene may not contain introns,

promoter, or untranslated regulatory regions. A protein as used herein



(ESTs)), or levels of certain gene products, such as am no acid
sequences (protein or fragnents of proteins), in a cell-derived
sanple in relation to the levels of t sane nucl ei c acid sequences
or gene products froma different san@fe, or fromthe sane sanple

measur ed. at different ti poi nt.. As discussed above, the genpe .
expr essi b‘ﬁdbﬁgﬁiqr@é P@Eﬁpﬁpﬁﬁﬂg@&ﬁ% encedgds b rae gens anéxﬁnxs@psi%@mlﬁal
many pair situations such as. noryal -di sease, di sease 1- di sease 2,
devel opnﬁﬁ&mo%ﬁgtba{l]%v T’Bﬁ%‘ﬁ‘feéfglﬁpé’ﬁé)rfpof?ﬁﬁmfl%-ssue-type 2

ti ssue, species 1l-species 2, genetic background 1-genetic background
2, etc. An effecter neans any chem cal, conposition, physical

stinmul us ni pul g e - ca : n f the.
expr essi 91% a éﬁngborg pr ? g?%ﬁgh[ Bt)@ﬁ]lngs %gﬁggﬁte%eﬁ\lgcg&p%yhv‘ﬁh@c}l
is defin : t r i i i

i vi dug O SeamrAseHRiqles At Bed'R) Fo@pE Bl cBHEt SpkEifih Busls of
or protetsgati haeldiy aeid s8GhEmes! (4.g.T VB dnksO

prot ei ns asaused hérgi n iﬁ@?u%ss %ﬂ%il i e%’e%%ﬂétsh%)rﬁggygg%%%qggnwgs
met hyl at (ESTsYgrer feuwlesst! eertain bbRe PrOMueEs, NRhEhE dnfMR) acid sequences
alternative splicing, post-transcriptional "regulation,

post - t r asiodtinoonlfragrdeéfiscef protelrnyein ahewihdeyivetl @imples irtAMtBhi © the
activities. An affected pathway refers to any pathway that contains
one or niewelgefdhecsame otueleis adidsseqerepces oirqrene pfadigcts fasmbg elifferent
affected by any effecter. 10 [0031(?%A pat hway nmay be represented by
a pl ural sampde, apdeencthmsened saimpledgessureddae acdiffeichtaymeupdint. As
contain at least two nodes and at |east one e(gge. A "node" is a-
menber oflisgussechalgveuthsr geme expressiare prefilesdcaddareppesengithe atifferential

non- protein nol ecul e including, but not linmted to, ingrganics, such
expressions in many paired situations such as normal-disease, disease 1-

disease 2, developmental stage 1-developmental stage 2, type 1 tissue-type 2
tissue, species 1-species 2, genetic background 1-genetic background 2, etc.
An effecter means any chemical, composition, physical stimulus,
manipulation or procedure that can cause a change of the expressions of a

gene or protein.

[0030] As used herein, a pathway is defined as a group of two or more
genes or proteins in which individual genes or proteins can affect the activity
of other genes or proteins directly or indirectly. The activity of genes or
proteins as used herein includes many different things, such as DNA
methylation, gene expression—on the mRNA or protein level--, alternative
splicing, post-transcriptional regulation, post-translational modification like
phophorylation, or enzymatic activities. An affected pathway refers to any
pathway that contains one or more genes or proteins whose expression profile

has been affected by any effecter.



as atons, ions, cofactors, prosthetic groups and side chains; organic
nol ecul es such as carbohydrates, |ipids, fats, steroids, cyclic

nucl eoti des, and conpounds such as gl¥§oproteins, gl ycol i pi ds, NADH;

and snmall drug nolecules and the |ike that may have repetitious

| i near unj nd carry out a particular functionp in particular
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nore genes or ptoteihs that are grouped fogether based on one or

mor e comgpeiabiiies QlchPhd catibhydRaes, Abid, he @?ergi&sh! icieigerg;?/@légﬁﬁé!s, and

and wherein the set of genes-or ptroteins are 1denti
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represented in a simlar y as a pathway is represented wth sone
nodi fi cathelesuldsoand xhenike, tHatenapdRrvie SIS anétat MRAY ahld @arry out a

pat hway network and the edge represents the interactions of pathways

in the pattiowypr fehotdol in 20680 dBeeudsr Idvatianal Aaffﬂc%et”ei@m?l aggrdotion

measure gene expression is associated with great anounts o

exper i nethatl comnews twe nodesr i tinay iofdicateesintor bivdirectional intebactions

limted to qualitative information on the affected I | genes.

Qual i t at and bef desettibed uvsingenveords susht asnactieatts assosidte, demboxylate,

a graph representation of pathway networks. A directed graph is a
coactivate, deactivate, decarbodylate, deglycosylate, dehydroxylate,
dephosphorylate, downregulate, generate, glycosylate, hydroxylate, inhibit,

phosphorylate, promote, stimulate, upregulate, and the like.

[0032] A pathway network contains two or more pathways for a set of
genes or proteins, wherein a single pathway contains one or more genes or
proteins that are grouped together based on one or more commonality of all
the genes or proteins within the pathway, and wherein the set of genes or
proteins are identified by differential gene expression profiling. The pathway
network can be represented in a similar way as a pathway is represented with
some modifications. For example, the node represents a pathway in a
pathway network and the edge represents the interactions of pathways in the

pathway network.

[0033] Because the available technology to measure gene expression is
associated with great amounts of experimental noise, the description of

present invention will be limited to qualitative information on the affected



mat hemat i cal obj ect consisting of nodes and directed edges. In a
graph representation of a pathway network, the nodes of the graph
correspond to pathways, and two pathmi¥s, say pathway 1 and pat hway
2, are connected by a directed edge if gene/genes or

rotein/proteinsg i athway 1 influences the activjty, of nel/ genes
gr pr Iot e%?PﬁP%tQPHﬁt&hvepé@%mﬁ@rupneﬁmy 1ntﬁmzqnse|§‘a%1ﬁ @s@%%dﬁﬁ%ﬁﬁgy a
h de feasi ble | arge-.scal e.experinents, that affect the.,activjt

o? Srram;y @éﬁgg irﬁpﬁeﬁlﬁﬁpgncé?ﬁ H?&ﬁéi‘fa@’arﬁlgtwoqq??-t hél ﬁ%ﬁ‘fﬁ?%grmy%@ a

prof 11 et Cb&f‘éc‘ttﬁégm%igﬁﬂér8@31"0%?%?@%&%%%%&% rogseranh
bl ' ' ' ip. 1t
Eialé,’ﬁi f fczéefe’é%?@*%@? S ERRE Y Pl B b8 RS o T PR cprtspond to
b1 ocher CANAAEH EX CVO ERUASS, OEP BRI AT ] Ui BRRRS, B0 aLEERRTHEHE by
0035] Thedi i ' L
nhances oo ey e Ap e B REE O TIORIPABILS 1 1PN AR FRHPUEHLS the
genes. @@ﬂeim@ié/gé‘nésSotlﬁﬂftb!in/f)theﬁﬁ_ti gﬁh?ﬁﬁéé'r)/@ dﬁfeéﬂ?. and as a
source of new nolecular targets,. assum ng the rfegul atofy network

controlling a given gene is well-understood. As such., changes in
gene expression patterns can be used to assay drug efficacy

t hrougho(i0034f druGehmady esohrwloggdsas idd36feaditde fungd-soaleoéxperiments
constructing pathway networks is to discover the existence and

det er ni n¢hathaffast the actioityobf rmanyrgma&eheada'ngkeseblnon@r%mtshngiIcnathe
or transcriptional data that lead to the identification of possible
associ at siegntimeay@anyhéechriqeea enalpler sofenpistertoi do genowat i swade fgene
12 constructing al gorithnms, and conputer, software for network
const r ucEXBFession profiling. For example, the microarray that was developed in 1995
is capable of measuring thousands of genes in one single chip. Its
significance is best viewed in relation to the main thrust of molecular
genetics, which uses genetic perturbations to reconstruct biochemical

pathways involving painstaking gene-by-gene analysis.

[0035] The explosion of gene expression profiling data undoubtedly
enhances our understanding of gene regulation and interactions of genes.
Gene regulation is useful for both assaying drugs and as a source of new
molecular targets, assuming the regulatory network controlling a given gene
is well-understood. As such, changes in gene expression patterns can be used

to assay drug efficacy throughout the drug discovery process.

[0036] One function of constructing pathway networks is to discover the
existence and determine the association of multiple dependencies among
biological or transcriptional data that lead to the identification of possible

associated pathways. There are a number of potential motivations for



For instance, diagnostics and the diagnostic industry can use these
techniques and tolls for application in disease identification.

O her potential applications include ﬁgeat ment sel ection and out cone
prediction. In addition, the derived ififormation can be further
applied to aid in dr devel opnment and areas of tteature el ection ,
for clasSONSHACHHE akg?ré $, agEeC(H&PHWEFyS Wi £ KLOKi netvraiky copgtruction.
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orot o n e Xre iR e lhitn SndPontiBie PR, P BAG R e dgrived
convent i QRalmh A6 ANESe 'fﬂgtél% gag)ﬁ)‘rflilr@alsﬁf ¥id FR' &6 l@évéibgh&qﬁ Ml areas of

nol ecul ar genetics, and na ues such as mcroarrys and

hi ' 88N [ Ll
Yo one SErTTEG Thoin M e RReIIAT RO PESP il AR AT RED

on descr iif We%ﬁn@n%@?dé@ﬂb?hﬁﬁ?orée@%@he@dra"rﬂr@\}dlutibﬁ.er e are
avai |l abl e of many pathways dat abases "and™ vast anount of genes and

proteins experinental data. It is predictable that there will be
nore pat hways dat abases and nore conprehensive pat hways dat abases
wi th nor ¢063Pr i nedtmlindaalaconstrbetionnofg pathsvaySeletwioek dRitwo ofiRore
exenpl ary pathways databases. [0039] BRENDA is the main collection of
enzyme f pathweysaifodatset afvgénesoe proteime irs the présant appliationydepéndssin
avail able free of charge for academc, non-profit users via the
i nt er net largavpat apoa. the availdbilite pf gede gxpoassionprofiénofthabet of genes
Pat hways for Interne MVPl ), by Pieter .
or proteins and of primary pathway databases and protein databases. Gene
expression profiles can be obtained from conventional techniques in
biochemistry, molecular biology and molecular genetics, and mass techniques
such as microarrys and genechips. All the techniques of gene expression
profiling are known to one skilled in the art. This application will not spend

more time on describing any of the techniques.

[0038] Currently, there are available of many pathways databases and
vast amount of genes and proteins experimental data. It is predictable that
there will be more pathways databases and more comprehensive pathways
databases with more experimental data in the coming days. Selected below

are exemplary pathways databases.

[0039] BRENDA is the main collection of enzyme functional data
available to the scientific community. It is available free of charge for

academic, non-profit users via the internet (www.brenda.uni-koeln.de).



van Santen, is available at

http:// hone. pl anet. nl/-pvsanten/ mp/ mai n. ht m However, there are no
| ibraries for searching on nanmes of pathways, nolecules or enzynes.
[ 0041] The KEGG (Kyoto Encycl opedi a of nes and Genones) pat hways

[ th ful t toring. pat i nf ti T )
. anos SERHIELCL S Nl BB B BT, gt
L or TR LA S AP B SR SR b i
t ducti | ] le. FIG.1A sh t.ypi cal th
2SS9, Sl LB T, B R B RN ilyers,
f I j ] . .ad.jp/k .1t d id
LoeL) S oy o senor o g/ keog, L doss pravide

is a sinple database retrieval systemfor a diverse range of
nol ecul ar bi ol ogy dat abases avail able at the KEGG [0042] O her

pat hways ases ; i@Ra ' - R i s
bat hways [gesa aees B 5%@%&“ ggambﬁ'éyﬂcggg@ala BroenaidsShih¥ &enomes)

http: // wpatheeyseR aabeiarsisyful UpMabbke f“sﬁf)ﬁﬁg Eafﬂxﬁﬁ?b inforthBfioh. The

(2002) oche plied Science: Biochem cal pathways Thart. Boehri nger

Mannhei mpathiays/ /dutabasen saehcomaencted to store higher order functional
mannhei m coni prodi nfo_fst. htn?/techserv/nmetmap. htm M ller, K J.

(1998) lkfernudtion Pattichycomihins gedphical represehmtionvef. @siluled wroopdses,

and BioCarta - Charting Pathways of Life at ww. biocarta.co [ 0043]

Wi | e appuchast metakolasmy enembrangetransportesigmal toaridderotioresndaell decle.

quantitative and/or qualitative, for the sake of sinplicity of

i |1 ustratilén bA shows a typical pathway map available from the KEGG web
interface, which 1is daily updated and freely available at
http://www.genome.ad.jp/kegg. It does provide search capabilities through its
bioinformatics solution DBGET. DBGET is a simple database retrieval
system for a diverse range of molecular biology databases available at the

KEGG.

[0042] Other pathways databases are: International Union of
Biochemistry & Molecular Biology (2001) Nicholson minimaps.
http://www.tcd.ie/Biochemistry/[IUBMB-Nicholson/; Michal, G. (Ed.) (2002)
Roche Applied Science: Biochemical pathways chart. Boehringer Mannheim,
http://biochem.boehringer-
mannheim.com/prodinfo_fst.htm?/techserv/metmap.htm; Miller, K. J. (1998)
Metabolic Pathways of Biochemistry. http://www.gwu.edu/~mpb/; and
BioCarta - Charting Pathways of Life at www.biocarta.com/

[0043] While applicants are aware that gene expression differences may

be quantitative and/or qualitative, for the sake of simplicity of illustration of



the present invention, the description of the present invention wll
be limted to qualitative information on pathways and genes or
proteins. Al the principles applied ﬁ qualitative features of

pat hways and genes or proteins are apg icable to quantitative
freatures, [0044] Now, .the creation_ of a secondary, pathway database

f r om one the PIRsETF iBYERtANs thRadsserption efdhe presert inveatiorawallhe [imjsed

described. It j.s .evi.dent that the secondary pathway database cap, be
const rucggdq\‘l?fdfﬂtl% 1gfoTTRaHEN, gL RALV A¥S aadﬁgeg@n&ﬁdobrﬁpé‘iﬂﬁls- All the

dat ab di th d and, affordahility. Here, KEGG | .
(Ryot o ERJEREREAEPIEE do EIAG Yeiamds otraethvayL apdcenigyeor broteins
dat abase i i . the construction of a secondary

pat hway é%?%ﬁggg?mhﬂé’ 4&%%},&%@?3 esaéu:(ﬁés chosen because it provides

t he needed information online that facilitates the collection of
necessary data and the construction of the secondary pathway

e oL oy e O R g
dat abase prif gg’;ﬂwa&w aatdlfd%é{%%loﬁﬁe 'p?oﬁzhr@ﬁéﬁcﬁ]ef W8 ﬂeéﬁgéd. It is

Pat hways Dat aba type of ne I ¢ “pat hways, e enzynes

nunber s eb{deWDd than vleé ¥eCondaryBathRaiy Watabasé RanPsE B¥AYGuMECH o ¢wo or

current pathways are |linked fo, and“the pathways which link to the
current ;m@mm?amwa?’sedmba@édmﬂ' noeindatabases depeaditt ipohtBe need and
secondary pat hway dat abase. Now ?ef er to FIG 1D Por ?%e 1adesi gn of

t he seconffordabditywvaHetat OBGG #sydte Ehbﬁsld}ﬁdéd dfyGelnes Siret @henomes)
Vitamin K, Vitamn E, Carotenoids Biosynthesis Pathway that is one

i nvol ved metabdicL ppthiwhys adbatabase uisdesed o KEGSrvie dbel cenfanttiagsof a
dat abase. The table titled "nmetabolisn wll store the information
"Lipid secondary pathway database. The KEGG database was chosen because it

provides the needed information online that facilitates the collection of
necessary data and the construction of the secondary pathway database. An
exemplary pathway map from the KEGG Pathway Database is shown in FIG
1A.

[0045] In order to construct the secondary pathway database, the
following information is extracted from the KEGG Pathways Database: type
of metabolic pathways, the enzymes’ EC numbers (EC_NO) involved in the
pathways, the pathways which the current pathways are linked to, and the
pathways which link to the current pathways. The extracted information is
stored in the secondary pathway database. Now refer to FIG 1D for the
design of the secondary pathway database. As is illustrated by the Sterol,
Vitamin K, Vitamin E, Carotenoids Biosynthesis Pathway that is one
involved in the Lipid Metabolism under the KEGG Metabolic Pathways
database. The table titled “metabolism” will store the information “Lipid

Metabolism” in the field “Type”. Similarly, the table entitled “pathway” will



Met abolisni in the field "Type". Simlarly, the table entitled

"pat hway" will 15 store in the field "Type" the "Lipid Metabolisni,
inthe field "Nane" the "Sterol, Vitaptn K, Vitam n E, Carotenoids
Bi osynthesis", in the field "Link" the http://ww. genone. ad. | p/ ke

e RS A BB o T e S
F r om KeESER g et K A Ehi Fo GtP Biyics HpsnBats, 1o thes Geld Hotnk”
thg i nf Or&ﬂ@' ) céedrm s_da bgls T”e I q%@gﬁﬁmﬁ\;yﬁlgﬁﬁ the
i ndi cati g~ am-exanpr €6 OHe—{38 et e \::. et wa

current  SSPlU L 118 20 GEAPAR, By Eﬂée‘?eﬁh‘%ﬁ_@%‘rb?ﬁi{ctfeﬂ?iz&ﬁw100”.
ent 1 1] ed oo parpS paRoT e Stkfol, VELERIL Y, Nithkiin B, C3folpPids
Vitam n !Bios%ﬁh%@ig;Pﬁth FSROKISGE Pﬁﬂﬁ’vtﬂﬁ§ PataBAsk WhdBth flégérﬁls are

"con_db" the map_i of the pat hways t hat e current pathway Ts

l'i nked t addédeotddyceibenthe! iIf8rmatiBA datdttbd frovnl thisdatsbdse. tTRe flégéﬂ’ds
"Nane" the "Sterol, Vitamn K, Vitamn E, Carotenoids BiosynthesTs”
and the brel dggegnindicatiagtdiee l@oﬁbnégﬁthwathévmé O@treht Pathw4y is
the current p ay. The table entitled "EC Pro”™ will store in thé
field " Nimkedttbp €S8 olindidating antkexampheriof dne Gait thést links to the
Bi osynthesis" and in the field "EC NO' the EC nunber of the enzyne

i nvol vedcurrenhpathwagmandgat hfpy. Théicatimigishe | EC, nuntbdr' fandhtl BAZye
the tables "EC Pro", "Con P&t h_out"” and "Con_Path in" respectively,
ar e j ust involygddnethersursenigpathway .e &l eeflersinggorilini 119, thentahie temtitled
entries. “Con_Path_out” will store in the field “Name” the “Sterol, Vitamin K,

Vitamin E, Carotenoids Biosynthesis” and in the field “con_db” the map id
of the pathways that the current pathway is linked to. The table entitled
“Con_Path_in” will store in the field “Name” the “Sterol, Vitamin K, Vitamin
E, Carotenoids Biosynthesis” and the field “con_db” as the map_id of the
pathways that links to the current pathway. The table entitled “EC_Pro” will
store in the field “Name” the “Sterol, Vitamin K, Vitamin E, Carotenoids
Biosynthesis” and in the field “EC_NO” the EC number of the enzyme
involved in the current pathway. The fields “ID”, “ID1” and “ID3” in the
tables “EC_Pro”, “Con_Path_out” and “Con_Path_in” respectively, are just a

unique ID assigned to each entry as running number to the entries.

[0046] To complete the secondary pathway database, information
related to individual members of each pathway is to be integrated. The
sources for obtaining such information can be any protein database and/or
experimental data. Here, the information related to enzymes involved in all

the pathways is extracted from the SWISS-PROT database as an example.



[ 0046] To conplete the secondary pat hway dat abase, information
related to individual nmenbers of each pathway is to be integrated.
The sources for obtaining such informggion can be any protein

dat abase and/or experinmental data. Here, the information related to

oA LANECEISATPALIT SIS R IR oS SRS Moo set i
o o A TR B R b o R A apg gl An
cach || ne page SHeCfiERis G pecdr8, infuriy B8 it BuOWR, In 16, B ak b e
Lype of SABRTISORCARCU Do 06 BTN BRI b i RRAE tcor

Tabl e 1. da@PeShtalAdd ¢n the Hirfd. Fhe¥drbaPlifie tPpbd and\WmScb: g.frﬂg !S?e :%Ezdc:er

I dentification. RC - Reference comments. AC =" Accessi on nu

Ref er encén evlgigh-they eppesein aPEntryDate shidwn inef sslence aut hors. DE -
Description.RL - Reference location. GN - Gene nane(s).CC - Comrents
or notes. OS - Organi sm speci es. DR - Database cross-references. OG -
Organel l e. KW- Keywords. OC - Organismclassification. FT - Feature
tabl e daf@04TN - Rdfabledcieldstanilahle irSdp WIS HKERET .FiRP -

Ref erence—position. - (hlanks) sequence data  H - Termination line
ID - Identification. ’ ' RC - Reference comments.
AC - Accession number(s). RX - Reference cross-references.
DT - Date. RA - Reference authors.
DE - Description. RL - Reference location.
GN - Gene name(s). CC - Comments or notes.
OS - Organism species. DR - Database cross-references.
OG - Organelle. ' KW - Keywords.
OC - Organism classification. FT - Feature table data.
RN - Reference number. SQ - Sequence header.
RP - Reference position. - (blanks) sequence data.
// - Termination line

[0048] The information extracted from the SWISS-PROT database
includes the Accession Number (AC), Description (DE), Gene Name (GN),
Comments (CC), Reference Comment (RC) , Reference Position (RP),
Database Cross-Reference (DR), Keywords (KW) and Identification (ID).
The information is stored into the secondary pathway database that has
already contained the information of pathways. FIG 1D as mentioned above

shows one configuration of the relational database built in the secondary



[ 0048] The information extracted fromthe SW SS-PROT dat abase

i ncl udes the Accession Nunber (AC), Description (DE), CGene Nanme (QGN),
Comrents (CC), Reference Comment (RC) j~Reference- Position (RP),

Dat abase Cross-Reference (DR), Keywords (KW and ldentification (I1D).
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I s only ehflah baRedstdBlished H*ﬂ@in?iﬁ{ec&d%fzﬁ%%éeﬁsﬁé ilhﬁﬁt&etégggalgrgj A 1t

2A. It is noted“that a seconda pat hway "net wor K can

accor di ngé oted hhat heeupadasy pétlﬁﬁ%ﬁﬁfe!w@@k FASKs upgﬁ%&hcé&%n%%yith

conpl etion of constructing a secondary pathway database, a pat
net wor k ¢he aipdate of poiemas databasisei ns can be constructed. The set of

genes or proteins may be any conbi nati ons of genes or proteins.
Preferably, the set of genes or proteins is identified by their
commonal i ties. For exanple, the set of genes or proteins nay be from
an or ganil8849hat i dJponathe eompletitay edfooastaictsigage seaohdpey giathway
tissue, a diseased tissue or organismor tissues or organisns that
under go statabases aqratbwagr netonkoeinasetbf genasior profins canxye eesstoncted.
profil es_gan be E_rocured by any techni que known to one_ skilled in
the art. '@15’05@]0 BENEH % i odis gnay hre gngreqinbinations ef geaas @saeroteins.
obtain t C e . . .\
li’elreferably, the set of genes or proteins is identified by their commonalities.
For example, the set of genes or proteins may be from an organism that is at a
certain developmental stage, a type of tissue, a diseased tissue or organism or
tissues or organisms-that undergo stresses or other environmental stimuli.
Their expression profiles can be procured by any technique known to one

skilled in the art.

[0050] The chosen set of genes or proteins is then used to obtain the
affected pathways. FIG 2A is a flowchart according to the present invention
for searching the affected pathways in the secondary pathway database. First,
at block 210 the system receives and queues the IDs (n) of the set of genes or
proteins in order to search the IDs in the secondary pathway database. Table 2
shows the possible IDs to be used for the search. At block 220, the queued
IDs are searched one by one in the DR field of the secondary pathway
database to verify whether an imputed ID exists in the searched database. If
the imputed ID is not found in the searched database, the system stops

forward search and records the un-matched ID and moves to the next ID. If



affected pathways. FIG 2A is a flowhart according to the present
invention for searching the affected pathways in the secondary

pat hway database. First, at bl ock 2104 he systemreceives and queues
the IDs (n) of the set of genes or proteins in order to search the

& 1l i .
dat abase AL0I98K P30 M8 yafertiephiist e L UREBET To ¢l O4Rhe DE field
Che- oyet Sfihe seAfePE §a§€ar€a%°ﬁ§ RlRhes ok B IS SR ey RlIBBENfi the
fﬁéeieéfﬂpiﬁﬁﬁ?fe@e seqichad DEHBIE e Ristud iy Rriifd Rakbifidhd
the EC nuadsidsftRe ueRatatéiRd MDA Heves quBF Hext 1B, SEG B@m Iﬁ@ﬁ@%}aﬁﬁ an

If the EC nunber for any ID1s not avai e in the
sear ched igiguedbd 3P is Reurky $h ghe %baﬁﬁaefcpaa@wsé efeCleAH cIftfificdstd Bock

un-mat ched I D and noves to the next ID. If the EC nunber for an

i mput ed RBOL sAt bloek 240} tie Wéﬁh@éﬁréﬁéﬁﬂ@EC higbeeaboferfynivhetRy thes
bl ock 240. At block 240, the system searches the EC nunbei to verify

whet her HC sumbtendoben fmoputed IDpist #vhildblesinattes E4bINQ fielde EGhHNEC
field. If the EC nunber for the inputed IDis not available in the
EC NO fi samthberhforsthst anputadpld fsanvtaavaidatdecin tredEBCeOdSieldiethe system
un-mat ched I D_and noves to the next ID. If the EC nunber for the

i mput ed PEpssfaveardasgasch andheeqeedsitheiun-tatched 1Y sndnmoaesrtesthehrext
| D and |ts cor es ondl ng pathway that is designated as affected

pat hway. Ganmpher fon thedyrputed 1) ivavadally intbe FeNDficldhthe
are all recorded for further c¢anstruction of the pathway network. If
the sysPEHem ﬁ?%@s the &Bhén deuearnesponding patiway dhat isdesignatedeas

affect edaffected pathway. If more than one pathways are affected by the same ID,
they are all recorded for further construction of the pathway network. If the
system finishes all the queued IDs, the search ends and all the affected
pathways are stored. If one or more genes of a pathway are affected, the
pathway will be regarded as one affected pathway. In certain cases, if too
many pathways are identified as affected ones by requiring only one gene
affected in one pathway, the number of the affected pathways can be reduced

by requiring that one affected pathway have two or more affected genes.

[0051] Table 2 lists exemplary IDs useable for search in the Database
Cross-Reference field provided by SWISS-PROT file.

DR AARHUS/GHENT-2DPAGE; DR PDB; 3ADK; 16-APR-88.
8006; IEF.

DR DICTYDB; DD01047; MYOA. DR PIR; A02768; RSECT7.

DR EMBL; X01704; GMNOD23. DR PROSITE; PS00021; KRINGLE.




pathways are stored. If one or nore genes of a pathway are affected,
the pathway will be regarded as one affected pathway. In certain
cases, if too many pathways are identhbied as affected ones by
requiring only one gene affected in one pat hvvay the nunber of t he

SLI ﬁﬁéﬁdhmmﬁ?ﬁéﬁﬁ QWZZf%F%%n'e;” S{c ifg ¢

e or ‘)mazws;ma; e ”&“&Eﬁé@f&&%ﬁiﬁf DR PoB:
SoECy.  DRUIEC OGNE:: G APhsRBA bros TEDRPSGudoh O0RIRE SARS.
EOGGENE. | E&?&ﬁﬁ%% GRS soaTT (ST SENEeT6392; BRov.
SUBT! SET] PBoA D7 E Deot /v, k02013, NERSSRE DRkt S0 S RGO ED:
5000015: *%ﬁnmggmﬁ@% ?‘BCE”B‘OA??WW SBAGE RIS R

YEPD, 42y -. DRMM 249900; 11TH ED T QfUMA
DR HSSP; P00438; 1DOB. DR TRANSFAC; T00141; -.
DR SETA; SC00018; ACT1. DR WORMPEP; ZK637.7; CE00437.
DR MAIZEDB; 25342; -. DR YEPD; 4270; -. |

DR MIM; 249900; 11TH EDITION.

[0052] While the pathway databases are currently used in helping the
understanding of genes and their interactions, their uses have been confined to
study the interactions between the members of individual pathways within the
pathways. Applicants of the present invention recognized that many
pathways might be affected by one effecter. It cannot be more true in
situations when organisms go through different developmental stages or
suffer from different diseases such as cancers. Applicants discovered that

pathway networks are valuable tools with many applications and for many

purposes.

[0053] The affected pathways obtained from the search of the secondary
pathway database can be used to construct an adjacent matrix and/or pathway
network. The order is not important even though the construction of an

adjacent matrix will be described first.



[ 0052] While the pathway databases are currently used in hel ping the
under standi ng of genes and their interactions, their uses have been
confined to study the interactions be en the nenbers of i ndividual
pat hways within the pathways. Applicants of the present invention

Fecoon ety "uisys o be st feet g0 by cre tecter
SLTCLG%;ntcrsﬂgelgs?@%%@fe?%fﬁ%@g?%ﬁ%w?E@Iﬁfdf d :rr BEkS oS afEFRE B Bways.
. i i i. ] 0053
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pat hway dataRERe $¢bdYi ?Qnﬁgllg?g‘?%%grﬁ el eﬁdiﬂ'i%ﬁﬁéoa(@t Eihéugns%ﬂﬁles.

pat hway network. @he order 1sn even

i . . . ! ; fd .
[0054] A oo pen b AmTed it otie sl TRRELASE, o BRfivudi are hit

repr esentTing 3 patlafvhgst agerdéivautednd sffetted bﬁ'ﬁﬁwhggot Por e sffegﬁed

pat hways. For "illustration, i one experinent ‘to study a di Sease

10 genes patlewaiydethidif igtkst arebextdadtbarReon ted oY Pat*onesse Cod Path in
di seased tissue sanples. When the genes are submtt®ed into the -

sear ch prtalled wicthebsquatndazy pathwaki databddee Whhtthesy $nfvrh ARsH, I sdmple

as affected pathways. For the affected pathways, their |inks are
ext r act e@possibie ghaplChor: tas hesult isssibvaom PAG2Bn tabl es of the
secondary pat hway dat abase. Wth these information, a sanple

possi bl e graph for this result is shown in FIG 2B. [0055] The

adj acent trix is _created using the follow ng procedure: N = Total
nunber 01{865 ?bct ed Tha adiagent mairix is created using the following procedure:

N = Total number of affected pathways;
- Fori=0toN-1 |
Forj=0toN-1
wli][j] = 0;

Fori=0toN-1 {
w[i][j] = 1 if P; links to P;
w[j][i] = 1 if P; linked from P,

[0056] The adjacent matrix created implies that the graph is directed
with the “weight” equals 1. The “weight” indicates distant in term of number
of pathways from the original pathways. This “weight” can be scored based
on the other characteristics between the pathways by means and methods

known to one skilled in the art.



Fori=toN-1 Forj=doN1 wWi][J] = 0; Fori=OoN1{ Wi][j] =121 if
Pi links to PP wj][i] =1 if Pi linked fromPj } [0056] The

adj acent matrix created inplies that the graph is directed wth the
"wei ght" equals 1. The "weight" indicates distant in term of nunber

pased onb0ndl o el ShE8HeSTh Mo dind wifBed Frns EraPhebRoT e
ise noded B Rnl RG] Rash i s RAd RS, befleen IR AriE neriivheand
ot huey BSrsr O RECUT ERtEEy AR TR SpaPaE g By Mifdsld
21T oot od e ERh 85 At HIdCrepRt diftn MR otk 2P yhiSh iSRG o
f rom anouhethéf dffeted pahwBy sstofad ifahB_(én tPRhe ofit 2hbik: ﬁéfé@? linked

Si ngl e Source Shortest Path “A'gorithm [ 0059]~There are two pul ar

al gor i t hifromemothergafpttetineehwaye (Cond Patte inghbl fieklQur ce short est
path solution, nanely the Dijkstra's A gorithm and el | man- Ford

Al gorithm For a better understanding of the present invention, the
Djikstra's Algorithmw |l be briefly described as an exanple of
simlar [@0%B) it hmSinglet Sowrcetfhartest Rath giotitkoh t o apply to the
present invention.
[0059] There are two popular algorithm used in graph theory to find the
single source shortest path solution, namely the Dijkstra’s Algorithm and
Bellman-Ford Algorithm. For a better understanding of the present invention,
the Djikstra’s Algorithm will be briefly described as an example of similar

algorithms that can be used or modified to apply to the present invention.

[0060] Djikstra's algorithm (named after its discover, E.W. Dijkstra)
solves the problem of finding the shortest path from a point in a graph (the
source) to a destination. One can find the shortest paths from a given source
to all points in a graph at the same time, hence this problem is sometimes

called the single-source shortest paths problem.

[0061] For a graph,
G = (V, E) where V is a set of vertices and E is a set of edges.

Dijkstra's algorithm keeps two sets of vertices:
S the set of vertices whose shortest paths from the source have
already been determined, and

V-S the remaining vertices.



[0060] Djikstra's algorithm (naned after its discover, EW Dijkstra)
solves the problemof finding the shortest path froma point in a
graph (the source) to a destination. Ahe can find the shortest paths
froma given source to all points in a graph at the sane tinme, hence
this problemis sonetinmes called the single-source shortest paths
problem [0061] Fora graph, G = (V, E) where Vis a set of vertices

d Ei f i ' I ithmk t t f
verti ces RS he” daff Bt BEGL T drorteet paths from the source
h I d i . - i-ni i . 22 Th
other data st ot urbeorelhad benditae of shifchRRbioRChGEES; = T
shortest pathg;o e@gﬁy’(?f}gfe)ﬂeceéso?éT@%’eé’éﬁgéﬁgfcessors for each

node”o ni

vertex The basic peration is: lalized and pi, Set S
to enpty, Set starting/source node, Wiile there are still vertices
in V-S, o Sort the vertices in V-S according to the current best

est i mat e Tole bddieniodk of apemtigmoiy t he source, o Add u, the closest
vertex in V-S, to S, o Relax all the vertices still in V-S connected
to u [ 0062]e RE¢haidizead and pi,
e Set S to empty,
e Set starting/source node,
e While there are still vertices in V-S,
o Sort the vertices in V-S according to the current best estimate of
their distance from the source,

o Add u, the closest vertex in V-S, to S,

o Relax all the vertices still in V-S connected to u
[0062] Relaxation

[0063] The relaxation process updates the costs of all the vertices, v,
connected to a vertex, u, if we could improve the best estimate of the shortest

path to v by including (u, v) in the path to v.
The relaxation procedure proceeds as follows:

Initialize ( Graph g, Node s )

e for each vertex v in Vertices( g )
o d[v] = infinity
o pi[v] =nil

o d[s]=0;



[ 0063] The rel axation process updates the costs of all the vertices,
v, connected to a vertex, u, if we could inprove the best estinmate
of the shortest path to v by including3(u, v) in the path to v. The
rel axati on procedure proceeds as follows: Initialize ( Gaph g, Node
s ) for each vertex v in Vertices( g) o d[v] =infinity o pi[v] =
nil o d[s] = 0; 23 This sets up the graph so that each node has no

d . i £.Nni d i es _of the cost (djistanc
oy e o s I b e bbbl DRSPS o mihSc 880 bR 2R anc
ks =.<0) 1 Theqr [ r r
checks whne ssimiptes IR oy ldistalSBf of QRB AR HOBNRLISHY QD s
d i ; | i hye. by making u the
b b0 e P () it ] >
dfu] + Wu,v] then o d[v] =d[u] + Wu,v] o pi[v] = u [0065] below
The pseudo-code of the entire Dijkstra' s algorithmis shown D jkstra(
Graph g, [0064]s ) Theifelaxatien prosedure checks whether the current best
estimate of the shortest distance to v (d[v]) can be improved by going through

u (i.e. by making u the predecessor of v):

relax( Node u, Node v, double w[][] )
e ifd[v] > d[u] + w[u,v] then
o d[v]=d[u] +w[u,v]

o pi[v]=u

[0065] The pseudo-code of the entire Dijkstra’s algorithm is shown

below:
Dijkstra( Graph g, Node s )

e Initialize( g, s )

e S={0} /* initialize S to empty set */
e Q= Vertices(g) /* Put the vertices in a Queue */
e while not Empty(Q) /* while Q is not an empty set */
o u= ExtractClosest( Q ); /* Choose node u in Q with minimum
distance */
o AddNode(S,u); /* AddutoS */
o for each vertex v in Adjacent( u ) /* for each adjacent node
*/

e relax(u, v, w), /* calculate the shortest distance to v */



S= {0} /* initialize Sto enpty set Q= Vertices( g) /* Put the

vertices in a Queue */ while not Enmpty(Q /* while Qis not an enpty

set o u ExtractCl osest( Q); /* Choosejppode u in Qwth m ni num

di stance */ o AddNode( S, u ); /* Add uto S */ o for each vertex v
n

in Adjac [* f ' ; (G Moev, W), [

cal cul at Zo?ﬁg? shortsgglgfegllgg a c%ﬁ%&ﬁggéé]ggg% e Source

Maxi mum Pat hways Al gorithm [0067] However, the problemto be sol ved
in the present invention differs fromthe single source shortest

path proljpesy] Vhat HsweeeeCths agﬂo%lefnd%@gbé XolPed S e FeEeitVidttion
| ead to the maxi mum nodes beindg connected in order to forma networ

of pat hwalifferdMfrazhodie $inslé ebRsk §Eoﬁé§9?§t@%l§l@m.NmHﬂﬂ%Wﬁ to

is developed in the preséent invention. T jkstra's Algorithmis

as the codentify theesinghs sbure that eddoeo tiee hiadimalnh ModeRasding cop@lebnalyi
by | ooking at the "shortest"” pathway di stance fromthe single

sour ce. Asdertn famed retworkr of phthwayhways atiiorithne eerinsedaweliaghaSatirce
to 1 for a neighboring pathway. [0068] The Dijkstra algorithmis

sel ect ed Meximum Raghwaykrisudgveddped gosthiebpresentiésvémtoiona FhedDgkstra’s
source and find the shortest path fromthe single source. The idea
here i s YHgordnndsaas thererrg of shensearchoas ap?lwpmtq himk ‘aphgonoatted
di stance or cost that is used in the original form It is chosen hy
heuri sti PaNaRYS lﬁ)‘éflmliyng SAtgthent éEOHest ﬁpaﬂswaﬁ distereadrom: thaysingle

th [ .th / tei diff tiall

exS; g slsz ag}rllﬁzet ﬁétsntﬁéﬁg%%& egﬂ%r?t nee 1saa rvga}?sl gisstaﬂce i%ra \rJ]valyg1 eq%/laﬂloe rl fora
neighboring pathway.
[0068] The Dijkstra algorithm is selected as it travels through all

possible nodes from a single source and find the shortest path from the single
source. The idea here is to imagine a “pathway distance” to represent the
“physical” distance or cost that is used in the original form. It is chosen by
heuristic that a pathway is granted a link as an affected pathway if there is one
or more than one genes/proteins differentially over expressed in that pathway.
There is also a need to know the total of nodes visited after the completion of
the search; this requirement is important as looking for a single source that
could lead to a maximum number of nodes being visited. The new algorithm
will perform a search through all the nodes to identify a set of potential single
source that could produce a maximum connected nodes in the entire graph
generated from the affected pathways. When the algorithm is applied to the
current context, it is used to find the single source pathway that could lead to

maximum number of pathways and that forms the pathway network.



There is also a need to know the total of nodes visited after the
conpletion of the search; this requirenent is inportant as | ooking
for a single source that could |lead tep5a maxi mum nunber of nodes
being visited. The new algorithm wll performa search through all

t he node dent i i al ;singl urce_that could
produce 100851 ram ciff Brsiufs 4BCCRR LR Ikl oFSR BakitBhat Bthrans
the affe t i i | i 0 : s
cont oxt . EMET S YIBY-, TheASt 1608 qranRERaeRinhT dkpoys G
to maxi pRrihFRaYitR g f the: ﬁsiy% o
[ 0069] The pr1 oce%lrﬂé\l IPgrai cr egﬁsﬁg%n%@gidngiﬁg’oﬁ%&ﬁ&m i n&%ﬁ%ﬁﬁ%&gﬁ%ﬁ
(SSMP) i pag{wwS_bel ow. The inner |loop of this algorithm depl oys
Djkstra"s algorithmw th nodifications nmentioned earlier, to
identify maxi numvisited pathways. CGet SSMP (pat hway network P) {
Visited[N]={}; For each pathway pi in the pathway network P { s =
pi /* initial GatSSMPt(pathiwaynesvpek Ryvays */ Initialize( g, s) /*
initialize graph */ S={ 0} /* initialize Sto enpty set Q =
Vertices( g) A* Put the vertices in a Queue */ while not Enpty(Q /*
while Qis not an enpty set { u = ExtractCl osest( Q); /* Choose node
uin Qwth VlSlted[K]]={}'

For each pathway p; in the pathway network P

{
S =7Di /* initialize starting/source pathways */
Initialize( g, s)  /* initialize graph */
S={0} /* initialize S to empty set */
Q = Vertices( g ) /* Put the vertices in a Queue */
while not Empty(Q) /* while Q is not an empty set */
{
u = ExtractClosest( Q ); /* Choose node u in Q with
minimum dist.*/
AddNode( S, u); /* Adduto S */
for each vertex v in Adjacent(u) /* for each adjacent node
*/
If (total genes/proteins > 1)
{
relax(u, v,w), /* calculate the shortest distance to v */

update pathway visit status /* record visited pathway */



mnimmdist. */ AddNode( S, u); /* Add uto S */ for each vertex v
in Adjacent( u) /* for each adjacent node */ If (total genes/proteins
>1) { relax( u, v, w), /* calcul atggthe shortest distance to v
update pathway visit status /* record visited pathway */ } } 26

Visited[i] = | e@f - Miyshte t [ [* k t al h
visited * 3 retarn msON SRR YRR Blvis SECe Radk R Ry
maxi mum nodes V’i%ite}d R/- connected pathways that forma network,

ire

presented as a cted weighted graph in graph theory p; - is the
sour ce pat hway, ¥epresent the starting node in graph theory S - is
the set of all arfected pathways in diseased tissue sanples N -

nunber of pat hwaysgys 19 f /i ;
| i nks/ edges in P Vu@%&%(&gltggwﬁaglstﬁhtﬁﬂgg&rﬁ 19 P gflelm{s ggxtrlap%l%%um
pat hway podes */

}

P - connected pathways that form a network, presented as a directed
weighted graph in graph theory

pi - is the source pathway, represent the starting node in graph theory
S - is the set of all affected pathways in diseased tissue samples

N - number of pathways in P

D - set of distances to py

w - set of links/edges in P

V — visited pathways with a different starting pathway point

[0070] Once the single source pathway is identified, the pathway
network is presented for visualization and analysis. FIG 2C shows the results
of this procedure applied on graph shown in FIG 2B. The network which
starts from P3 has the most nodes included, hence will be selected and

returned by the algorithm.

[0071] In the case where more than one solution is possible, further
analysis on each case is required. The further analysis includes checking the
genes or proteins submitted, eliminating links between affected pathways that

are not important, and reconstructing the network using the above algorithm.



[ 0070] Once the single source pathway is identified, the pathway
network is presented for visualization and analysis. FIG 2C shows the
results of this procedure applied on graph shown in FIG 2B. The
network which starts from P3 has the npbst nodes included, hence wll

mor o t et SREorRORAFCO febPfiel SRl dimed AL oS GhTe SRRE i Bre

required .S+dq1cl udes checking the genes or
pr ot ei nspgulg\%la?%lélg&éﬂ?fn?%%@r%éq]i nks between affected pat hways that

are not inportant, and reconstructing the network using the above
algorithm 27 The algorithmcan be repeated several tines until a
stabl e afgog2[p! et evispalipu@os S ELYRUK Algoemar at ed. [0072]

Vi sualization & Layout Al gorithm[0073] “The present invention

vi sual i zes the affected pat hways depending on the nunber of pathways
away fromthe source pathway. This idea shows how t he other pathways
are bei n§0873pct ed Ther peosenpt! énveheion heisugéizes ahepradfeited ipnthveays
source pathway are expressed higher than in nornmal ones. The | ayout

al gor i t hdepakding ondheomsinder atfi pathufayshevipdtdmethe sthatanthwayat This

the SSMP al gorithm has generated fromthe pathway network. It starts
wi th t he id¢mghewshoedhe otken pathweays aredreingaffédteddfcrraxample, g the
algorithm It will then layout the pathways that has one "pat hway

di st ance'8enes o pIeEeins et theowurcepsshwey areeexnrensed bigharithanein normal
noxt | meRORint he - 3iomieg B G nakes, B0 caBsIqaratioRo ddgdiay pathway
continue hibhcel bt L sl pattuens e doplavel G20 20t
It starts with the single source node that has been identified from the SSMP
algorithm. It will then layout the pathways that has one “pathway distance”
from the first node. Once all the pathways with one “pathway distance” is
displayed, the algorithm will proceed to the next increment of “pathway
distance, i.e. two; the process will continue till all the affected pathways are
displayed. FIG 3A shows the output layout after the layout algorithm. From
FIG 3A, it is noticed that P1, P4 & P5 form a cyclic graph within the
ensemble of affected pathways. P3 could be the triggering pathway on the
entire system. P2, terms as the sink of the network, is the last affected
pathway in the diseased tissue samples, with the assumption that P3 is the

starting point, or the source.
[0074] Pathway Network Comparison
[0075] Two pathway networks can be compared to generate a common

pathway network, and at the same time to identify the not common, or unique,

pathways from the two pathway networks. This comparison has many



FIG 3A, it is noticed that P1, P4 & P5 forma cyclic graph within the
ensenbl e of affected pathways. P3 could be the triggering pathway on
the entire system P2, terns as the spgk of the network, is the |ast
affected pathway in the diseased tissue sanples, with the assunption

Corpar =P BGSHO8 b B CB 5 e IO IERIRLS
Comon  REMMRLAPLYB paa eddi% AT LB ERA S et from
conpar i smfﬂaﬁemr@tageg%f HePhiseatd ONs is '%@gre%?{%going“i& pﬁdgﬁs%&n&ﬁqgto{}f*e
sane disease, It aFlows conparison a e pa y Pevel 0T genes <or

prot ei ns dexRIGSHeAP Of Phe! Gisbagen pi frher ede %tfafi?fé foféfoé?lt?ﬂ%%%@s, tHe

is therefore hel ping in understanding the devel opnment

di sease. compdigseasglows tesradiiorebe cohfifishcgath! nePWRek  fdveen the
al l ows extraction of a conmon pat hway network betwéen the diseases,

whi ch couistasbsywhivlt cotikl stisetthaf tHehensdt ofahe dissasks coaie cbimefrbfitthe

sanme pat hway group. Therefore, proteins or genes involved in the

di seases sanenphthwale grotipedThéreforg) privitsinsesihgenesintdiecdanetta diseases
the pathways not comon to the two di seases can be used as possible
mar ker s cendvé idemsnfiedttbrougle thisomsitbeds eAt thoeaaie i, theppathsary sofiot
t he pat hway network has been made easier wth the formation of the
first gr&pmmenie thestweydiseasgs gani bawsed asqeonsblesmarkersewi diffarentiate
each pat hhvva\é that is found in the networks provided, then a new

| ayout i $NHEVASIBFASEENt ed. P = { pathways from network 1 }

[0076] The comparison of the pathway network has been made easier
with the formation of the first graph using the layout algorithm. It compares
the existence of each pathway that is found in the networks provided, then a

new layout is being presented.

P = { pathways from network 1 }
Q= { pathways from network 2 }
R={}

For each node p; in P {
Compare with each node g in Q

If element in p; equals element in q;, add p; toR

[0077] Once the common pathways are identified, the same single
source maximum pathways algorithm is applied onto the pathways set R.

Subsequently pathway layout algorithm is applied onto the result obtained.



Q= { pathways fromnetwork 2 } R ={} For each node pi in P {
Conpare wth each node qj in QIf elenent in pi equals elenent in qj,
add pi to R} [0077] Once the common paphways are identified, the
same single source maxi mum pat hways algorithmis applied onto the
pat hways set R Subsequently pathway | ayout algorithmis applied
onto the result obtained. 29 [0078] Exanples [0079] The foll ow ng
exanple5£90¢§greseq§ ghay of illustration of the previously
descri be nvention and 1s not limting to that description. [0080]
1. Construction of a secondary pat hway database [0081] The secondary
pat hway dat abase was constructed as descri bed above by using the

KEGG net #0079F pat MRy foldGivama ek
[0082] O D ng of di SHinE TR 3?@5%5?%55‘2?382‘?25 1 ofaligRtation of

cancer atie prosbasly destetbedingehiiodiang Baigtafand totatduserptivar the
sel ected genes [0083] Two sets of genes from col on cancer and
prostate cancer were used to inplenent and test the system and
met hod of the present invention as above discussed. [0084] The set
of genes[0080) col od. Corstuction albd secwttdry pathwap Whtalsdsed paper .
(Alon et al., 1999, Broad patterns of gene expression
[0081] The secondary pathway database was constructed as described
above by using the KEGG metabolic pathways database and SWISS-PROT

protein database.

[0082] 2. Selecting of differentially expressed genes from colon
cancer and prostate cancer and finding corresponding pathways for the

selected genes

[0083] Two sets of genes from colon cancer and prostate cancer were
used to implement and test the system and method of the present invention as

above discussed.

[0084] The set of genes from colon cancer was obtained from a
published paper. (Alon et al., 1999, Broad patterns of gene expression
revealed by clustering analysis of tumor and normal colon tissues probed by
oligonucleotide arrays, Proc Natl Acad Sci USA, 96: 6745-50) The paper
reported that the gene expressions in 40 tumor and 22 normal colon tissue
samples were analyzed with an Affymetrix oligonucleotide array
complementary to more than 6,500 human genes. The expression data were

normalized and clustered using the Cluster and TreeView software, both were



reveal ed by clustering analysis of tunor and normal colon tissues
probed by oligonucleotide arrays, Proc Natl Acad Sci USA, 96:
6745-50) The paper reported that the ggne expressions in 40 tunor
and 22 normal colon tissue sanples were analyzed with an Affynetrix

She oxpr AR EEREL Vair ST RIGIERE e BRalHife iyt S0P, of
for ana SottpRet itiEro gAY Mebbelimdils, "FPIRAT BY' | MicIH{1S) BTEen.
Chbrm /7 afip: b BN/ ICERSSHwar e Bin (Risen, et 41,998, Glustep, Auglysis
ncad Soi P e W TR Fef s O Tt s PN ACHE RS

wer e ext 9actld@oBh@y were differentially over-expressed in colon

tunor tissues. 142 genes were identified with their I1Ds fromthe
secondary pat hway dat abase. Then the IDs were used to extract the

af fect ed pat hways fromthe above-constructed secondary pathway

dat abase [8985b| | owiAufjet hdusteersz, o 16BegéhesiBlSars wereFe@tradfedithat were
di scussed _above. Wth 142 genes with correspondi ng accessi on

nunber s, diffesentialy evepaipraysedwdne cotiemtuer tissarest hel 42 cgewkes ywere
pat hway _élat atbgée,_ as. shown in Table 3-1'5{ 0086] Table 3 shows the

pat hways 1¢¢pfitied with themdhsc o the seeondary mpathwiay dasabasd.t Then the IDs
over-expression in colon cancer fissuyes. 1= Pyrimdine netabolisnl7
=Al ani ne V&8 HSpdrtoaeXtiact aihel pElacted mathieayts eyt theiaboye-cyustanated

met abol i sm 3=, One_car bon poql by f tel9 =N-d ycans. bi ogynt hesi
secondary pat?lway data aseyby %Joﬁowjing tll\{-e stgps of t?le Adwehart in F IG

2A as discussed above. With 142 genes with corresponding accession
numbers, a total of 32 pathways were identified from the secondary pathway

database, as shown in Table 3.

[0086] Table 3 shows the pathways that each of them contains more
than one gene with over-expression in colon cancer tissues.
1 = Pyrimidine metabolism 17 = Alanine and aspartate metabolism
2 = Folate biosynthesis 18 = Cysteine metabolism
3 = One carbon pool by folate 19 = N-Glycans biosynthesis
4 = Pentose phosphate pathway 20 = Fructose and mannose metabolism
5 = Purine metabolism 21 = Butanoate metabolism
6 = Pyruvate metabolism 22 = Glutamate metabolism
7 = Nitrogen metabolism 23 = Oxidative phosphorylation
8 = Glycine, serine and threonine 24 = Inositol phosphate metabolism
metabolism
9 = Citrate cycle (TCA cycle) 25 = Propanoate metabolism




4= Pent ose phosphate pathway20 =Fructose and nannose netabolism 5=
Purine netabolisn2l =Butanoate nmetabolism 6= Pyruvate netabolisnR2
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[0087] The set of genes from prostate cancer was obtained from a
published paper. (Singh et al., 2002, Gene expression correlates of clinical
prostate cancer behavior, Cancer Cell, 1: 203-9) The paper reported that 52
prostate tumors and 50 non-tumor prostate samples (referred to as normal)
were tested using oligonucleotide microarrays containing probes similar to the
one used in the above colon cancer case. The expression data were also
normalized and clustered using the Cluster and TreeView software mentioned
above. There were identified 850 genes/ESTs which were differentially over-
expressed in the prostate tumors. 153 of the 850 genes were identified with
their IDs following the same procedures as in the colon cancer case. Then the
affected pathways were identified by following the same procedures as in the
colon cancer case. With 153 genes with corresponding accession numbers, a

total of 50 pathways were identified from the secondary pathway database, as

shown in Table 4.
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phosphatreupat hway33= Fatty acid biosynthesis (path 2) 9 =Fructose and

manno

e net abol isnB4= Fatty acid netabol

ism

6 = beta-Alanine metabolism

31 = Selenoamino acid metabolism

7 = Glycine, serine and threonine

metabolism

32 = Pyruvate metabolism

8 = Pentose phosphate pathway

33 = Fatty acid biosynthesis (path 2)

9 = Fructose and mannose metabolism

34 = Fatty acid metabolism

10 = Glycerolipid metabolism

35 = Bile acid biosynthesis

11 = Phospholipid degradation

36 = Valine, leucine and isoleucine

degradation

12 = gamma-Hexachlorocyclohexane

degradation

37 = Benzoate degradation via

hydroxylation

13 = Oxidative phosphorylation

38 = Aminosugars metabolism

14 = Citrate .cycle (TCA cycle)

39 = Alanine and aspartate metabolism

15 = Reductive carboxylate cycle (CO2

fixation)

40 = Lysine biosynthesis

16 = Glutathione metabolism

4] = Prostaglandin and leukotriene

metabolism

17 = Pentose and glucuronate

interconversions

42 = Glycolysis / Gluconeogenesis

18 = Starch and sucrose metabolism

43 = Lysine degradation
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24 = C21-Steroid hormone metabolism 49 = Butanoate metabolism

25 = Androgen and estrogen metabolism | 50 = Synthesis and degradation of ketone

bodies
[0089] 3. Construction of the adjacent matrix of the affected
pathways
[0090] Based on the procedure described above, an adjacent matrix that

shows the links between affected pathways was created. FIG 4B shows the
adjacent matrix for the affected pathways generated from Alon’s Colon
Cancer Dataset by performing the present invention. FIG 4D shows part of
the adjacent matrix for the affected pathways generated from Febbo’s Prostate

Cancer Dataset by performing the present invention.

[0091] 4. Construction and visualization of the pathway networks

[0092] With the ensemble of pathways and the adjacent matrix, a
pathway network was then formed using SSMP algorithm described above.
The pathway network for colon cancer genes/ESTs is shown in FIG 4A. And
the pathway network for prostate cancer genes/ESTs is shown in FIG 4B.



24 =C21- Steroid hornmone mnet abol i smd9 =But anoate netabolism 25

=Andr ogen and estrogen netabolisnb0 = Synthesis and degradati on of

ket one bodies [0089] 3. Construction ogythe adjacent matrix of the

af fected pathways [0090] Based on the procedure described above, an
adj acent tri.x tihat,. sho t he |inks between affected, pat hways wa
creat ed. vighdiztion h‘é\,\g%ﬂ? 3&)@%%@%@&0@ ¥ iEWé’uatf quré@%a“i%ﬁ%ed
gener at e%ah'r-E&nAl on's Colon Cancer Dataset by perform ng the present
i nvention. G 4D shows part of the adjacent matrix for the affected
pat hways generated from Febbo's Prostate Cancer Dataset by

perform ng the present invention. [0091] 4. Construction and

vi sual i zapg of t pat r { f

pat hV\/aysTg(r)lgg]l he agi? ace%’E1 @ﬁn%ﬁﬁr% ?}(%a%?p%@ﬂ\;\%n ﬁ‘e#fmasgmggﬁ?ﬁ%ﬁp gr %%1 1
usi ng SS¥BEnetuaid bPRteRSEdridegd above. The pat hway network for col on
cancer genes/ESTs"is shown in FIG 4A. And the pathway network for
prostate cancer genes/ESTs is shown in FIG 4B. 34 The visualization
is done by visualization & | ayout al gorithm described earlier.

[0093] 5[009hti fi dhenrthefcompamsomal govatian ket digelbsedeatinledWas epptiid
and prostate cancer [0094] Wen the conparison algorithm as disclosed
above wa$o dhpltvarl patlowahendtworksy theayomehen rpathwayenetworkn weat fdeayified
network was identified and shown in FIG 4C The 16 common affected

pat hways ahdshewm in Fd€e4CnoThdildecarmman affectadepathwakabfoait in these two

diseases are listed in Table 5.

[0095] Table 5 shows the common pathways between the colon cancer

and prostate cancer

1. Oxidative phosphorylation 9. Alanine and aspartate metabolism
2. Purine metabolism 10. Citrate cycle (TCA cycle)
3. Pentose phosphate pathway 11. Sterol biosynthesis
4. Glycine, serine and threonine 12. Fructose and mannose
metabolism metabolism
5. Pyrimidine metabolism 13. Propanoate metabolism
6. Pyruvate metabolism 14. Arginine and proline
metabolism
7. Glycolysis / Gluconeogenesis 15. Lysine degradation
8. Porphyrin and chlorophyll 16. N-Glycans biosynthesis
metabolism
[0096] 6. Experimental data substantiated the value of the pathway

network



[ 0095] Table 5 shows the comron pat hways between the col on cancer
and prostate cancer 1. Oxidative phosphorylation9. Al anine and
aspartate nmetabolism 2. Purine netabol ggnl0. Citrate cycle (TCA
cycle) 3. Pentose phosphate pathwayll. Sterol biosynthesis 4.

G ycine, serine and threonine 12. Fructose and nannose
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[0097] Asoibewanter khé phosane caBeet.hA QitHat inGuiPy 9ARN e hdthBErs of the
pat hway was presented as the single source for the two pat hway

net wor ks kidativeophesphoeylaivh padsvay) eeveaed that°"COXY MAUNIDOINI (P 44060)
the nenbers of the Oxidative phosphoryl ation pathway reveal ed t hat

COXJ HUMBC (R9131406nil VAB2. BIIBMA Mh(PYABS | HQVAS44PQIIERE QQISEIR0 ) EC
QL5859 (V61 R0) EC 3.6.3.14 were fromcol on tunor sanpl e dataset, and
VAG _HUMENOO35B48 )WECe3. drom4, coloh HUMANORI3BnpiH€ dataset, and
VAG1_HUMAN(O75348 ) EC 3.6.3.14, CX41_HUMAN(P13073 ) EC
1.9.3.1 and DHSA_HUMAN(P31040 Q16395 Q9UMY35 ) EC 1.3.5.1 were
from the prostate tumor sample dataset. The common genes/proteins in tumor
tissues are two COX genes with E.C. 1.9.3.1: cyclooxygenase-2 or COX-2

and Cytochrome c oxidase polypeptide IV or the COX IV-1.

[0098] The importance of COX-2 and COX IV-1 in tumor development
is highlighted by the following exemplary published papers. Aznar et al.,
2003, ROCK and Nuclear Factor-{kappa}B-dependent Activation of
Cyclooxygenase-2 by Rho GTPases: Effects on Tumor Growth and
Therapeutic Consequences, Mol Biol Cell. 14:3041-3054; Davies et al., 2003,
Correlation between Cyclooxygenase-2 Expression and Angiogenesis in
Human Breast Cancer, Clin Cancer Res. :2651-6; Shun et al., 2003,
Cyclooxygenase-2 expression correlates with nuclear p53 accumulation in
gastric carcinoma, Hepatogastroenterology 50:988-92; and Chun et al, 2003,
Curcumin inhibits phorbol ester-induced expression of cyclooxygenase-2 in
mouse skin through suppression of extracellular signal-regulated kinase

activity and NF-{kappa}B activation, Carcinogenesis 2003 Jul 4 (¢Pub).

[0099] This example shows that the constructed pathway networks have

many applications and provide practical benefits. One example is to identify



1.9.3.1 and DHSA HUMAN( P31040 Q16395 QQUW5 ) EC 1.3.5.1 were from
the prostate tunor sanple dataset. The conmon genes/proteins in tunor
tissues are two COX genes with E.C. 1.9.3.1: cycl ooxygenase-2 or
COX-2 and Cytochrome c oxi dase pol ypeptide IV or the COX | V-
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appl i cat potentaal genesi de prodeirisc shatbensy i indtiath eum@mdeseispment. The
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i dentify dtltﬁéngwﬁérfghf reBt Kseases by @X@é@ﬁmg/ thefdiffeserhgenes st protrins

which in this case t he. Oxi dati ve phosphoryl ati on.
unique to partlcular 31seases P P Y

[0100] While the foregoing has presented descriptions of certain
preferred embodiments of the present invention, it is to be understood that
these descriptions are presented by way of example only and are not intended
to limit the scope of the present invention. It is expected that others skilled in
the art will perceive variations which, while differing from the foregoing, do
not depart from the spirit and scope of the invention as herein described and

claimed.



Wth the known source pathway, it is possible to subsequently trace
back the potential genes or proteins that may initiate tunor

devel opnent. The initiator(s) therefog £ presents a potential target
to be used to detect, cure and prevent a particul ar disease. O her
not comon pat hways enabl e scientis ﬁMgSIStIHQUISh di fferent

di seases by exploiting the differenkﬁg% proteins wunique to
particul ar di seases. [0100] Wile the foregoing has presented
descriptions of certain preferred enbodi mnents of the present
inventio hfmﬂﬁa Q?Sunderstood that these descriptions are
presente y Way o xdnpl e only and are not intended to limt the
scope of the present invention. It is expected that others skilled in
the art will perceive variations which, while differing fromthe

foregoi ng, doA RRbtHIRPEHE donQiful gﬁﬁga &%@W@@&?ggf hfkee& %%51%9%

as herein described and claine al me
met hod f erotedrstwHetdindhe Iﬁ’ﬁhW@ynéﬁéﬂi KoRfaifs $Rb &F nﬁﬁ*@?%g?va s w1th

proteins, wher éin t he pat hway nétwork contains two or

Wi th noei@slesem;ﬁegsﬁuﬁg thee ihditridudUapatbaidivaadasdg @@'Q%’presentlng the
representing the connections between two pathways, Said meth

conpri si sgnnectiens betwesetoo pathwagd, vadd neahad 2eenisiaxt r act i ng
information from primary pathways dat abase(s) and protein

dat abase(s); iueiing gisegonteryppathweyp datdttsedbyt extraetingtinfbraties foom
proteins by searching the secondary pathway database; and

const r uc PrifganyHeathsaysedatabaseds kand pmtem defabase(sd pat hways rel at ed

to
identifying the pathways related to the set of genes or proteins by

searching the secondary pathway database; and
constructing the pathway network of the identified pathways related to

the set of genes or proteins.

2. The method of claim 1, wherein the extracted information from the
primary pathways database includes the type of the pathways, the description
of the pathways, the EC numbers (EC_NO) of members of the pathways, the
pathways which one pathway is linked to, and/or the pathways which links to

one pathway.

3. The method of any one of claims 1 and 2, wherein the extracted
information from the protein databases includes Accession Number (AC),
Description (DE), Gene Name (GN), Comments (CC), Reference Comment
(RC), Reference Position (RP), Database Cross-Reference (DR), Keyword
(KW) and Identification (ID).



the set of genes or proteins. 2. The nethod of claiml , wherein the
extracted information fromthe primary pathways database incl udes
the type of the pathways, the descri pt'?ﬁn of the pathways, the EC
nunbers (EC - NO of nenbers of the pafhways, the pathways which one

pat ey 1 1Rt el Sy, b R A bl B of the
I e il R L S
R _ \ .,

et o enC R FATES the( BOhuo ! BEMRC RAMAL A Bt OSSR sk of e
The met NadoshdaRy ifwal BafitiBel eXuaiflei IHE AR oF he Withitted
the pathways c rises? submtting o set of genes or protelns

by their deles o Edétfei’ﬂés;%rﬁﬁﬁr}%ﬁ%h@”s‘“e%o%ﬁa.g)@j)a‘ﬂi@g;’t 489pa5e Hy]ﬂ?ggfms

the DR field of ondar’y pat hway dat se; tracting the
nunber ofthtdwegls ubei DEEdficlkievdsthy sBEohSh thiRkY dathBdye; SRGPRAAEY
pat hway datd;bl%ase by their IDs through t%zpl%E fi Z?/d of the secondgrlglhe
pat hway existbase pfthe iekyiacted BE nawitere i tho EC NNCefieidcaretirddording the
nunbers in the EC NO field; and recording the Tpathways identified in
t he EC NQathwhys identified iethoBCofN@nfjeldne of clainms 1-4, wherein the
construction of the pathway network conprises: constructing an

adj acent matrix of the identified pathways related to the set of
genes or proteins by executing an algorithm represented by the

fol | owi ng- pseudis: Bitithod piampoae ofy sof-4i, seerein she sansimagtion of the

pathway network comprises: constructing an adjacent matrix of the identified

(

pathways related to the set of genes or proteins by executing an algorithm
represented by the following pseudo-code:
N = Total number of identified pathways;
Fori=0toN-1
Forj=0to N-1
wlil[j] = 0;

Fori=0toN-1 {
w[i][j] = 1 if P; links to P;
w[j][i] = 1 if P; linked from P;
3
wherein the i and j represent the nodes of the pathway network and P

represents the edges of the pathway network.

6. The method of any one of claims 1-5, wherein the construction of the

pathway network further comprises executing one or more times of a single



Fori=0toN-1 Forj=0toN-1 Wi][j] =0; Fori=OoN1{ Wi][j] =21if Pi
links to P wWj][i] =212 if Pi linked fromP3 } wherein the i and |
represent the nodes of the pathway netwgrk and P represents the

edges of the pathway network. 6. The nethod of any one of clains 1-5,

et § nd Oare® BRHHTE; Py s SFl1oN Pl B ot hRRL b5 VR, Hifuine

(SSMP) al HEL epresented by the followi ng pseudo-code: GetS SWP
( pat hmyp%g?%wd{g)' { Visited[NN={}; For each pathway p; in the

pat hway net worcketSSIMP (pathwhy neivbiiaPhze starting/ source pathways */
Initialize( g, s) /* i@iativgﬁlzﬂg g?app*/ S={ 0} /*initialize Sto

enpty set Q ={Vertices( g) /* Put the vertices in a Queue */ while
not Empty(Q /* while Qis not an enpty set {
Visited[N]={};
For each pathway p; in the pathway network P
{
S =Dpi /* initialize starting/source pathways */
Initialize( g, s)  /* initialize graph */
S={0} /* initialize S to empty set */
Q = Vertices( g ) /* Put the vertices in a Queue */
while not Empty(Q) /* while Q is not an empty set */
{
u = ExtractClosest( Q ); /* Choose node u in Q with
minimum dist.*/
AddNode( S, u); /* Adduto S */
for each vertex v in Adjacent(u) /* for each adjacent node
*/
If (total genes/proteins > 1)
{

relax(u, v,w), /* calculate the shortest distance to v */

update pathway visit status /* record visited pathway */

}

Visited[i] = total of visited pathways in S /* keep total pathways
visited */

}



u = ExtractClosest( Q); /* Choose node uin Qwth mninmmdist.*/

AddNode( S, u); /* Add uto S */ for each vertex v in Adjacent(u) /*
for each adjacent node */ If (total ge&ss/protm ns >1) { relax( u,
v, w), /* calculate the shortest di stance to v */ update pathway

visit status /* r cor h = tatal of
visited pat hvvaysrqlﬁms axé)ééﬁe‘tlml y@é‘?’[ %g&rqc;i %ﬁgf(s}to}m@gmtgpurn
Max( Vi mbﬂ% /* return source that |l i nks to maxi mum nodes */ }
wherein %’Lkésents t he connected pathways that formthe network; pi

as the sourcg pathway represents the starting node; Sis the set of
all identifie pat hways; N represents the nunber of the pathways in

P, D rephasgels r@dentd ke RBGA ctreﬁlﬁﬁ y'éetﬁ P61 $he HetRbr as the
B,S‘%i’ N prady's b fetwork; peas.(

| i nks/ edges i n rep resen S Vi SI ways Wt

startinggsgat ﬁes&t@eﬂféogtafrﬂhg 6‘&6 ryctd fge %eﬁ%tfhéf‘ﬂyident{led

network of a set of S or protelins eréin the pathway netwo

cont ai ns phWQYs,”NH%;ﬁ’éééﬁt@)tﬁe Wulhber of the pathways in P; D represents set of
distances to po; w represents set of links/edges in P; and V represents visited

pathways with a different starting pathway point.

7. A method for constructing a pathway network of a set of genes or
proteins, wherein the pathway network contains two or more pathways with
nodes representing the individual pathways and edges representing the
connections between two pathways, said method comprising:

creating a secondary pathway database by extracting information from
primary pathways database(s) and protein database(s); wherein the extracted
information including the type of the pathways, the description of the
pathways, the EC numbers (EC_NO) of members of the pathways, the
pathways which one pathway is linked to, the pathways which links to one
pathway, and the description of members of the pathways; and wherein the
description of members of the pathways includes Accession Number (AC),
Description (DE), Gene Name (GN), Comments (CC), Reference Comment
(RC), Reference Position (RP), Database Cross-Reference (DR), Keyword
(KW) and Identification (ID);

identifying the pathways related to the set of genes or proteins by
searching the secondary pathway database; wherein the identification
comprises: submitting of the set of genes or proteins by their IDs; verifying
the existence of the submitted IDs through the DR field of the secondary

pathway database; extracting the EC number of the submitted genes or



nodes representing the individual pathways and edges representing the
connecti ons between two pat hways, said nethod conprising: creating a
secondary pat hway database by extractigg information from primary
pat hways dat abase(s) and protein database(s); wherein the extracted

e’ pat Rgirars prERR: 1o K86 ark Yoe g Bbal e By RRRL PR B ulth the
one pot ey oSt R SGERAdA, PRONERY (draboll: ARG (R G stehB Pt the

one | (he bers” o the's
Accoss on Rrmar A e arCEoy | ek AR The patpyways

(CO, Reiidemified GoteRC NB8QJiecldRef erence Position (RP), Database
Cross- Reference (DR), Keyword (KV\) and ldentification (I1D);

i denti fying t kenparubhimgs thelmithdayonehosletoOth@aresoPLizeRedt & PFotdins;
searching the secondary pat hway dat abase; wherein the identification
conpr i sesvherelmithe icopstfuction sempeisege neﬂstmctin%tai agljdoerit heatrik (5, the
verifying the existence of the submitted IDs through the DR field of
t he secondentyfiegd pathwpydatcdatedeto txe sat O rgereseoEProteme byoéxedeing an
submtted genes or 41 proteins primary in the secondary pathway
dat abasealgorithen representedduythe fadlowmg pssuglostodéie secondary pat hway
dat abase; ver] Xifg@ihe xi stence qf the extracted EC nunbers in the
EC NO field; ahg +é rtcrfeldﬁaﬂ%méwthwwﬁ;ifi ed in the EC NO
field; constructi.ng.the_pathway network of the set of genes or
proteins; wh Péilﬁ'pﬁgﬁﬁﬁstructi on conprises: constructing an
adj acent matrix of g')t??gzgggﬁl fied pathways related to the set of
xecut'i

genes or proteins g an

wli][j] = 0;

Fori=0to N-1 {
w[i][j] = 1 if P; links to P;
w[j][i] = 1 if P; linked from P;
}
wherein the i and j represent the nodes of the pathway network and P
represents the edges of the pathway network; and creating the pathway
network with executing a single source maximum pathways (SSMP)
algorithm represented by the following pseudo-code:
GetSSMP (pathway network P)
{
Visited[N]={};
For each pathway p; in the pathway network P
{
S =1p; /* initialize starting/source pathways */

Initialize( g,s )  /* initialize graph */



al gorithmrepresented by the follow ng pseudo-code: N = Total nunber
of identified pathways; Fori=QoN1 Forj=QtoN-1 Wi]J[j] =0;
Fori=QtoN-1 { Wi][j] =1 if P, links y9 PP Wj][i] =1 if P; linked
fromPP } wherein the i and | represen the nodes of t he pat hway
network and P represe t he edg thwa rk; and
creating the path {EQ wor k W|t é’%’é nﬁ e ISQ urce naxi mum

ot SV (pat hdy ntmol B VLS ZQF‘E#@ rerfes R BRebiE, i T
bt hays = i ti 1S PO E“ml?tyﬁ@. AL 8?%3%5@93%%*%%&{ 0 )

[* initialize StO{errpty set = Vertices( g) /* Put the vertices in
a Queue */ while not Errpty(Q) /* while Qis not an enpty set { u =

Extractdosest( Q); h*=ERAASIKER(Q )" Q W (Ghoose node u in Q with

minimum dist.*/

AddNode( S, u); /*Adduto S */
for each vertex v in Adjacent( u) /* for each adjacent node
*/
If (total genes/proteins > 1)
{
relax(u, v,w), /* calculate the shortest distance to v */
update pathway visit status /* record visited pathway */
\ |
}
Visited[i] = total of visited pathways in S /* keep total pathways
visited */
}
return Max(Visited[N]) /* return source that links to maximum
nodes */
}

wherein P represents the connected pathways that form the network; p; as the
source pathway represents the starting node; S is the set of all identified
pathways; N represents the number of the pathways in P; D represents set of
distances to po; w represents set of links/edges in P; and V represents visited

pathways with a different starting pathway point.



m ni mum dist.*/ AddNode( S, u ); /* Add uto S for each vertex v in
Adj acent( u) /* for each adjacent node If (total genes/proteins > 1)
{ relax( u, v, w), /* calculate the s}p rtest distance to v update
pat hway visit status /* record visited pathvvay *[} \fsrted[r] =

total of ovisited ys.in S /* k ot pathways Vi Si *[ '}
return I\/éx(\/ gﬁt E‘T%Fl @fraé]tyupﬁ‘es FE%‘ it'7 1 thexs 268€8 Or
*/ } whe sent,s t connect ed ways that formthe

net wor k; i)ﬁ){éalg %regsqu%tﬁfli@l ﬂ%&‘%%@r% €Sthe starting node; Sis
the set of all identified pathways; N represents t he nunber of the
pathways in P; D represents set of distances to po; w represents set

of i nks@‘adgesfﬂennﬁth@ﬂ%fvadag %?S(ﬁnél%nﬁﬂsslr?e@vh rg‘fﬁ%(%xﬁ}ésjsl& profiles

different starting pat one

clai ms lrdpreWbiet Bietel Snﬁto%e%'t‘%? gr%hgs Bﬁbﬁ‘&ie‘i‘ﬁs \is} 8 é% Fe%téid by

their expressron prof The e any one o airns 1-8,
wherei n the expression proflles represent the responses of the set
of genes or proteins to one effecter. 10. The method of any one of

clainms 110, wideehtethbd ¢f hagt@ie iofcdluiias 1-9, wherein the effecter includes
developmental stages, physiological conditions, pathological conditions and

genetic diversity.

11.  The method of any one of claims 1-10, wherein the primary pathways
databases and protein databases include the Kyoto Encyclopedia of Genes and

Genomes (KEGG) and the SWISS-PROT database.

12. The method of any one of claims 1-11, said method further comprising:
visualizing the constructed pathway network by selecting one pathway
from the constructed pathway network and using the selected pathway as a

starting point to layout the constructed pathway network.

13.  The method of any one of claims 1-11, said method further comprising:

generating a common pathway network from two or more constructed
pathway networks; wherein the common pathway network from two
constructed pathway networks can be found by executing a comparison
algorithm represented by the following pseudo-code:

P = { pathways from network 1 }

Q= { pathways from network 2 }

R={}



devel opnment al stages, physiol ogical conditions, pathol ogical
conditions and genetic diversity. 11. The nethod of any one of
claims 1-10, wherein the primary pathwgys databases and protein

dat abases include the Kyoto Encycl opedia of Genes and Genones (KEGG

and the SW SSy ase. . The met hod of any one of clains
1-11, said rretFﬁoc?aFg C?fgar ising: visualizing the constructed

pat hway net wor k by one at hway. f rrom t he constructed pat hway
network and using t c§£§§fé ﬂ ?qaLnQ starti ng point to | ayout

t he constructed pat hway el ﬁ{ ne o cl ai s
1- 11, said nethod furthtygi %ég@’prté&ﬁge&%«%ﬁ‘%‘ﬁ?ﬂ% hway

network from t}wgn gr nore constructed pathway networ ks wher ein the
common pat hway’ network from two construct ed pat hway networ ks can be

found by vaxgeist 'd}ﬂl(f’haﬁBﬁﬁﬁé 'réﬁﬂtarﬁ'cﬂﬁ’ﬁ étﬁWﬁWk%ﬁ B? repeatedly

fol | owi ng pseudo-code: pat h vvays net

pat hways cf)hqmrodtwﬁhkar?othe ipbih\ﬂ'éy Efért\x@@k ho "6151911? ifuttheP cbnﬁ?ﬁﬂﬁ%eﬁhway

with each node g in QIf element”in pi equals elenent in qgj, add pi

to R }; andtwohles élynrepwwdgaleb&cutth g thes oot mmtgbrﬁ)ﬁﬁﬂ\/\@ndnﬁmé@éﬂﬁ

can be repeatedly conpared with another pathway network to obtain

further oniquepgtvaysyiorrechgdthway netpezk dslhisoeideatifiedg t he

conpari son al gorithm and wherein
14. A secondary pathway database with two or more pathways, wherein
said secondary pathway database contains the information including the type
of the pathways, the description of the pathways, the EC numbers (EC_NO)
of members of the pathways, the pathways which one pathway is linked to,
the pathways which links to one pathway, and the description of members of
the pathways; and wherein the description of members of the pathways
includes Accession Number (AC), Description (DE), Gene Name (GN),
Comments (CC), Reference Comment (RC), Reference Position (RP),
Database Cross-Reference (DR), Keyword (KW) and Identification (ID).

15.  The secondary pathway database of claim 14, wherein the information

is extracted from primary pathways database(s) and protein database(s).

16. The secondary pathway database of claim 15, wherein the primary
pathways databases and protein databases include the Kyoto Encyclopedia of
Genes and Genomes (KEGG) and the SWISS-PROT database.



uni que pat hways for each pathway network is also identified. 14. A
secondary pat hway database with two or nore pathways, wherein said
secondary pathway dat abase contains thgginformation including the
type of the pathways, the description of the pat hways, the EC

pat iy 1471 ek oL 5 Sonitchie i sl SR 5% hopgiruchite o

descr i pt PARSRY ErR R %ﬁ%%ﬁ?miéén%ﬁs %"ﬁé‘@mﬁ‘éﬁt@s {fvan%rfe@pwmg
(AQ, ?E%ldp(g Iggge( DE), CGene Nane (GQ\), Conmments (CC), Reference

Comment rence Position (RP), Database Cross-Reference

(DR), Kewﬂrﬁo&mm&ﬂ%@hhﬁe ?diﬂﬁl Os,gD) 15. The secondary pat hway

dat abase of claim 14 erein th mation is extracted from
primary pat hwgys jéapagage(s) and protein database(s). 16. The
secondary pat hway dat abase of claim 15, wherein the primary pathways
dat abases and pr ot §opj¢afabagds i ncl ude the Kyoto Encycl opedi a of
Genes and Genones (KE&%G) and the SW SS- PROT dat abase. 45 17. An
al gorithm for constructw[@][fr=&j acent matrix for constructing a
pat hway network, wherein the algorithmis represented by the
follow ng pseudo-code: N = Total nunber of identified pathways;
Fori=OtoN-1 Forj=0oN-1 WNW = 0; Fori=OoN1{ Wi][j] =21 1if Pi
links to Pj Fori=0toN-1 {

w[i][j] = 1 if P; links to P;

w(j][i] = 1 if P; linked from P;

}
wherein the i and j represent the nodes of the pathway network and P

represents the edges of the pathway network.

18.  An algorithm for constructing a pathway network with single source
maximum pathways (SSMP), wherein the SSMP algorithm is represented by
the following pseudo-code:

GetSSMP (pathway network P)

{

Visited[N]={};

For each pathway p; in the pathway network P

{
S =i /* initialize starting/source pathways */
Initialize( g, s )  /* initialize graph */
S={0} /* initialize S to empty set */
Q = Vertices( g ) /* Put the vertices in a Queue */
while not Empty(Q) /* while Q is not an empty set */



Wjl[i] =1if Pi linked fromPP } wherein the i and j represent the
nodes of the pathway network and P represents the edges of the

pat hway network. 18. An algorithmfor %ﬁnstructi ng a pat hway network
wi th single source nmaxi num pathways (SSMP), wherein the SSWP
algorithmis repr es{ent ed by the follow ng pseudo-code: Get SSMP

(pat hway network P { Visited[NJ={}; For each pathway pi in the

h k P =Dl [ F~dinitiali t i ng/ . h */
o tialize( o ) /v fim ERlERiClogpl R )7 ° s 1P A SRl AR SURE

t t = - | . % Put th ti i e */ while
ﬁg{) )Iérr;t6y(8) /*%ngﬁ‘é c?l)gt.ﬁ]“ét ;n errgt;egelt Céelfsi I{nua:QJE?(;JractCioslest(
Q); /* Choose node uA'dﬂl\%d'@(;[EﬂLh&m ni mum di{,s%&?u,%gcg\leﬁe( S, u); /*

Add u to S for each vertex v j acent ( u or each adj acent
node If (total genes/giQ@hRfertexlvin Adjacent(u) /* for each adjacent node

*/
If (total genes/proteins > 1)
{
relax(u, v, w), /* calculate the shortest distance to v */

update pathway visit status /* record visited pathway */

}
Visited[i] = total of visited pathways in S /* keep total pathways
visited */
}

return Max(Visited[N]) /* return source that links to maximum

nodes */

}
wherein P represents the connected pathways that form the network; p; as the
source pathway represents the starting node; S is the set of all identified
pathways; N represents the number of the pathways in P; D represents set of
distances to po; w represents set of links/edges in P; and V represents visited

pathways with a different starting pathway point.

19. A computer system comprising:
a processor; and
a memory coupled to said processor, wherein the memory contains one

or more programs for enabling the processor to perform the method disclosed



relax( u, v, w), /* calculate the shortest distance to v */ update
pat hway visit status /* record visited pathway */ } } Visited[i] =
total of visited pathways in S /* keepytotal pathways visited */ }
return th(V'sited[hﬂ) /* return source that |inks to maxi mum nodes

*/ '} wherein sent ha ct ed pat hways hat formthe

net wor k; 1B;28% 0f:“r‘?eo ?’E’%S rsjla Shtle oy r{PERS ﬂg@@ecgndgry
t he set f al | i i.fied athma N repre he nunber t

pat hways H \gay[sija?tgb?%esseﬂfg ¥e?n60¥% C&?@?%tﬁéleggta@dp ¢ ﬁPP%TﬁP%@ %tlﬂé"éqy
of I|nks/ S .Vis t

di fferent’ ?‘%Sﬁﬁ %&ﬁ%té ?ro\ﬁlﬁggﬁt%%ofé“a%ec rﬁﬂ}'t ?\AT%H?SW!) ri sing:

a processor; and a nenory coupled to said processor, wherein the
nmenory contains one or nore prograns for enabling t he processor to

perform blpe metHodoH] EP%? el of SlaBAY19"¢ g‘té@g&%es O?ﬂglude the

wherein the nmenory s e secondary ~pat vvay one
of cl ai madjdelt aadit B@g&@ﬂﬁﬁ fdtCélaﬁinT RYAYthe"SSHIP K3 ﬁﬂﬁhtd)f‘glaﬁﬁp
the performance of any one of clains 1-13. 20. The conputer system of
claim19, wherein the prograns include the adj acent matrix algorithm
of claim 17 and the SSMP al gorithm of claim 18.



