1 0 4 MAY 2006 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 generally to the field of

bi oi nformatics, and nore specifically to a system and net hod for
constructing pathway networks of two dr nore pathways for B43HY 2606 genes
or proteins. Background of the Invention [0002] CGene expressions and

protein funct GYSTEYFIAVDPNETAGDEOR CONS i;q%qgﬂfmwat the

cell or organismorchestrates to correlate 1tse trinsic

stat es i NNEHWORIES P AW &R NEIEE P A TN 2OV SFOR APSETOPIGENES

condi tions and genetic backgrounds, and/or to cope wth ever changi ng
envi ronnment condi tions. Measuri nQRIPROTEFING expressions of genes from
organi snms subjected to different stresses, from cells or organi sns at
varyi ng devel opnental stages, or fromdifferent tissues, provides
information instrunental in understanding the relationships between genes
and their functions. [0003] Retéeitd dfethleramivegtionl advancenent has nmade it
possible to profile gene expressions on a genom c scale. Gene expression
profiling can be <carried out by one of a nunber of different technol ogies,
such as microarray__or GeneChip technol ogies, which typically neasure the
expr essi 00 Hvel offhet Hugsantisinfentéons relatast gaoowally tei theafieddr &f of
cDNA cl opes, .PCR ,products, or aoligonucleotides bound to a solid support,
such as BlQnfayaaties, andunop speeilicebydope sestemeand methodder Sensiwetingi nce

t housands (ﬂ‘ hybr j di atifon .
pathway networks of two or more pathways for a set of genes or proteins.

Background of the Invention

[0002] Gene expressions and protein function regulations in a cell or
organism are events that the cell or-organism 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



reactions may occur in a single array, gene expression profiling assays
generate huge data sets that are not anenable to sinple analysis. Mreover
unlimted gene expression profiles can be procured through gene expression
profiling. For exanple, the gene expression profiles could ﬁg@ﬂ¢§®“t t he
differential expressions in many paire@ situations such as nornal-di sease,
di sease 1-di sease 2, devel opnental stage 1-devel opnental stage 2, type 1

t . -t . . . ~ . 2, . . H
| ssue 583%(%1:?:@ %Iqhdéagtgic'ts?lg%én ;ﬁﬁ%@é .Slﬁeé'e&igﬁls?f@agf;%rédﬁ%ﬁ% |

backgr oun roteonomcs Is enerate even
nor e dat ; tRl b gsSy t : ' : )

Dat abaceccar SAOTRLD, GLOH 10 STAEICARY, RFnOSENSsDN priRliRe B paEY
const r ucigeflefdte Hie damt sFRHAL aff ndahmdia®R € REhbIeahslydIeMbretiier,

| aboratories. To maxim ze the use of such data, efforts are underway to
devel op ahfionitéd menieosxpressiopr ptdfiles aah batRbeeRidetironghr & E8plession

different genes under different conditions. [0004] Organizing one or nore

genes or ppofilizigns Fort exampde) Ollil@|germa‘eh¥)mim5prbfﬂés Roué nveprosemir fhd  t ool
in studying the relationships anong different ‘genes or proteins. Pathways

have beediffssghtialt expressions n manyipsred simatgesesucindsononmal-disease,
function in various organisns including bacteria, yeast, fungi, insects,
ani mal s dmeaseahidisease 2helevielepmenta, staigef brdeviel opmentdlostagei 2.5 tymprloaches
have been applied to construct pathways and pathway databases (Nakao et

al ., 19991,88@116995Batlésgenépégmeéssmmaaﬂygenetméapkgmmdrbcgnmgtmm i on
I n KEGG | Genone | formatics,ééio,' 94-103; Hiroyuki et al., 2000, A heuristic
gr aph cobﬁﬁﬁg%ﬁl(gpgém-t iR agditions PrafRInaIatasos am itgevay to raeneraterryeny

of ol B dahatcbiatein papies thahgayaos banbaidiedhbyzammple Tisthgdgenc.

expr essj ﬂ]atggggés %%Bmzétag{giig,s b%cflielrh’ica , %igﬂrﬁg{ll%}gognd the like have been
constructed through vast amount of data from experiments done in wet
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.,



2002, A database system for the analysis of biochem cal pathways, In Silico
Biol. 2: 75-86; Schreiber, 2002, H gh quality visualization of biochem cal
pat hways in BioPath, In Silico Biology (2); Krishnanurthy et al., 2003,

Pat hways dat abase system an integrated systemfor biological pat hvvaa/s,

Bi oi nformatics, 19: 930-7; Schreiber, 3003, Conparison of net dBYAYA006

pat hways using constraint graph drawing, In Proc. First Asia-Pacific

Bi oi nf or bC K 1vsik GO is j ieven in
a singl egggl'zf Asgg assga@?g%@?% (i):r% He?iﬁr?rlr%?llgan cgfﬁ?mlgélﬁéﬁmg?w ic®

conpl i capig].spt79i 864 SERFLIbBY m@,wﬂxgha'@\t@%v&igg?lt‘%ﬁaﬁqr%mwheﬂnwt s,

protein interactions,” gene regul ations; nproved know edge

concer ni pathiwegs ipaBivRYth WRYISiRS Hiol r(??; Kripidmisdy 8t BN2003,
scientific and technol ogi cal fields. For"but one exanple, ™ the pathway

dat abasePadiways eldthbase ReLRIMY ansirtegratddr sfsaesh For I’b@@ld@i@@la?a&lwayg

devel oped when a group of genes or proteins ’in one or nore palt hways are
def ecti vBioiitferafaiies, 19eM30H-At Sohreibeth 0853f eCoatharasdmayts metabotieases
woul d have hel ped the scientist to identify potential drug targets and
gene t hepaflyways dsmgpsemstrdat cgraydr sdravdinge ubal PrbeoFdests A giodusiific
Construction of pathways and pathway dat abases is the subject matter of a
feW/pubIfhhﬂﬂbhmaEnSKlﬂnﬁﬂGHﬂeGﬁiﬁhﬁﬁﬂo3mys. Pat ent Application

2002/ 0168664 di scl oses a nethod using clustering algorithns of analysing a
group of genes identified through analysis of gene expression profiling
experime wher ei n_the groups of genes have been grouped together by a
comonal fé‘fﬁﬂn t heiy bielegieab systeman eyantisr AssinglesceHasueh asppl| Yeast igdn
2003/ 0100996 di,scl oses .of nmet hods of constructjon and search of rotein
bat hvay BT, gells in g HamensslaomRlicald st obibtrasimacPathoiasdd. And

U S. Patent Aﬁ{)' i cation 2003/0023388 di scloses. a nethod fo
mvolv g environmental inputs, protein interactions, gene regu

fati%ns, and so
forth. Improved knowledge concerning these pathways 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



0 4 MAY 2a06 reconstructing pathways in | arge genetic networks from genetic
perturbations by applying a recursive algorithm However, while the

di scl osed inventions satisfy to certain extent the need of constructing

i ndi vi dual pat hways and pathway dat abase containing the iqﬂLMMdggg
pat hways, they fail to go beyond the donstruction and search of individual
pat hways. [0007] Therefore, there is a need for systens and net hods that

ar e Cap?@é(ﬁlls‘?fu@r{g? gﬁﬂﬁﬁ?ﬁ }rin \[ﬁgﬁ?%&ﬁe%n&%&%@%o r%él{é%fcebé'ﬁuf’éat{di%i hg a

pat hway | evel . rese satisfies suc need 1 n provi

system abg aFBIES a mcmwaﬂﬁsﬁkm. aHzﬁf«éwfg WK dPdclseP inRintBiRes or

proteins. "Sunmary of the Invention [0008] The present 1 nvention provides

systenms gatisfietdasgtdiar exte@dhe usddd & fRESAMAYCtRS WRAKSdGA] pUEthway S
pat hways for a set of genes or proteins, wherein a single pathway contains

one or mpathwayeaktabage cowiaisingt thet indieiduad padsvhas ethegnfadng 86 beyiond

comonal ity of all the genes or proteins within the pathway, and wherein
the set dlie genstsuctiopanteiearctrofindivihtal fadlwhys.di f ferential gene
expression profiling. Mdire particularly the invention uses
conput er -i npl enent ed net hods and systens to anal yse gene expression
profiling dataset by identifying a set of genes or proteins that are

r esponsi 3@00%] coora?/hﬁﬁfm,t eohds oa mamde fef fsystams , amxbmsethoddsi thataare
secondary pat hway dat abase by m ning primary databases, identifying the
pat hways Cepable ebanalysingat llﬁﬁf&ﬁit@sg@gggn@ﬁ oppoeteins abthe pathyeay lavedenes
or proteins, and  constructing a pathway network of the identified pathways
by usi ngﬁxer@qeéen%wre@élq%at FHChR)ECh Iy BrO YIRS 9 aystﬁnwndmgﬁq%oog]

Accordi ng.t o one enbodi nent, the esent invention provides a
of constructing a pgcﬁway né]twdari( ol a set of genes or proteins.

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.



met hod for constructing a pathway network of two or nore pathways for a set
of genes or proteins by creating a secondary pathway database by extracting
information from primary pat hways database(s) and protein database(s);

i dentifying the pathways that contain one or nore genes or Py t@gg@ f the
set of genes or proteins by searching % he secondary pat hway da e; and
constructing the pathway network of the identified pathways related to the

set of gepg9] or pm&hﬂ%@o% &ﬁﬂrgﬁd%n%h@%% dﬁgﬁg@f%@&gmp@&im@@%

(SSMP) algorithm In one Aspect, the extracte omthe

primary rpefhodeisr cdmsaRRERgl d‘ﬁbﬂﬁ@%r hREVHNP BT Plvol GlepRRé PaltyFayd f6t a set
description of the pathways, the EC nunbers (EC NO of "nenbers of the

pat hways oft genespat pmmssg% Cre@tifg RAsdvWMdary gathikas dﬁabé‘é&jb? lexthectipat hways

which links to the one hway, While the extractéd information fromthe

protei n dafaipastion froeh usiémadgcpativoay Ndmebas ,adae?)%ie@ﬁi@a”tab@@(,s)ﬁene
Name (GQY), Comments ( , Reterence Comment ( Ref erence Position (RP),

Dat abas e identstrifg fthe patewaPRithateynain oK\ mode bdass ot iprataing of kY sel n
other aspects, the constructed pathway networks w |l be visualized and
conpar ed afogenge aropneteinpatiegandiingr fee sp00adiry mpahutdyedataliasd; et , t he
present inventiqgn provides a secondary pathway database with two or nore
pat hway s contsneting$he pathwaymetworkafitheyiddatified athvrayairekatedéo ithé setat i on
i ncluding the type of , the pathways, the description of the pathways, the
EC nunbercf genesia) prsteingehbepplyongiehsingde Bomses, mapempa patdysayh(H

pathway is |li,nked to, the pathways which [ipks to one pathway, and the
descri pt 680G NRe Oong aspect,p it axfracteddinissmation OHé\slfvgﬁi YNGR Yof

rerber s of b0 RS |l sden, secessi on Nimber (49 Deseripiipp (08
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
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 deséription of members of the
pathways; and wherein the description of members of the pathways includes

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



(CO, Reference Conmment (RC), Reference Position (RP), Database Cross=
Reference (DR), Keyword (KW and Identification (ID). [0011] In yet another
enbodi ment, the present invention provides an algorithmfor constructing
an adjacent matrix for constructing a pathway network, and amzﬁgﬁ Lthm
for constructing a pathway network wi thg single source maxinu é ys
(SSMP). [0012] In further enbodi nents, the present invention provides a

conput er { ?{Ef%%f?cf]é éo’?ﬂm%n@(r:(m%éfe?@ﬂc@ POsiro 6%?3?;%&#8563 @.rggﬁ-i ng

processor, ereln e nenory i'ns"one or nore or ena

e Pr oC ReTBFeric® (ISR S BYhREd RO dndA0ntiiRERRA (1BF. Memory, stores the

secondary pat hway dat’abases a e construc way networks. Brief
Description of the Drawi ngs [0013] Preferred enbodi ments according to the
invention will be described with reference to the Figures, in which |ike

ref erencgQ@ulpr al s I%gfaoaﬁoﬂﬁeh?eerﬁb@ﬂﬁmﬁt, ﬂﬁo%ﬂéseﬂt Gn¥énfibaveraides el ary
pat hway rmap from KE Pat hways Dat abase.” [0015] FI G 1B shows part of the

Sterol, MYigerithimKforVebasiracting &aradjaoentdm ks fox beabgubHhBv@pdthomyKEGG
Pat hways Dat abase wherein |egends are added to describe the information

extract edietwonk,t ond atnbbb@sthm forecdregandingaepathoiyc actworlawithasingle of
one pathway that the current pathway is linked to; indicating an exanple
of one pavhreymaximanVputiredys (SSMR). nks to the current pathway; and 1
i ndi cating the EC nunber for the enzyne involved in the current pathway.
[0016] FI G 1C shows an exenplary SWSS-PROT file record of a
[0012] In further embodiments, the present invention provides 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, 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.

indicating an example of one pathway that the

The legends are: ===

current pathway is linked to; ™=  indicating an example of one pathway



human protein from SWSS-PROT. [0017] FIG 1D illustrates one configuration
of the secondary pathway database. [0018] FIG2A is a sinplified flowhart
showi ng the search process into the secondary pat hway database perfornmed
by one enbodi nent of the present invention for obtaining thih L@%%ﬁed

pat hways. [0019] FI G 2B depicts a pathway network with five affect

pat hways w th edges indicating the integfconnections between two pat hways
~and a c e j i [ OW20]; : t
pat hway 2%%ﬁm ks V\llt'nta:hé\glhlrIé‘ﬁtglts)%‘%1 ?ﬁ}ré a’ﬁgi tarti néngioci%}llt%g @%q?ﬁeﬁlgg%ﬁgy 1Fr%%?wor k

depi ct ed enyieGn2B1yd RetHOEHBELt gmwa%SNP search algorithmfor identifying
all possible pathway network. [0021] FI'G 3 shows the | ayout of one pat hway

network after the SSMP al gorithm shows the di stance between pat hways.
[0022] FIG 4A illustrates one pathway network generated fromAl on's Col on

Cancer Dgb@sel by G d@isipwhearpregeamtlarpvVSWISSLPROT 4i1bécdp@60f G023]

FI G 4B shows the adjacent matrix for the atfected pathways generated from
Al on' s ChiunmarCpratein DanaSSVISS-PROMar mi ng the present invention. [0024]
FIG 4C illustrates one pathway network generated from Febbo's Prostate
Cancer Dataset by perform ng the present invention. [0025] FIG 4D shows
part of the adjacent matrix for the affected pathways generated from
Febbo' s PPOLTht e Chleed Dbatlustsatelsyone configumgtioheof theesecundany gpathwray

[ 0026] FI G 4E shows one conmon pat hway network shared between
database.

[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.



t he col on cancer pathway network of FIG 4A and the prostate cancer pathway
network of FIG 4B. Detail ed Description of the Invention [0027] Unl ess
defined otherwi se, all technical and scientific ternms used herein have the
sanme meani ng as commonly understood by one of ordinary skill in the art to
whi ch this invention belongs. [0028] Aggene refers to a segmentliofAYa2008
genone, wherein the segnent has a physical location in the genone, and is

composed g Fons, FIEABhove: (Y MTAEES: mafi i HRNNELEA SRS O Y

regi ons presses a uncti onal protein: some’Situations,

the gene oeRYrAGY HARLRIOR’ § CIdIBATandt AVRLELR b PhelIBHANS kAL Bkdepgul at or y

regions. A protein as used herein I'nc any pol ypepti de
that is enwsqdRsh. by a gene, and any bi ochem cal conpounds that may be
produced by one or nore proteins. [0029] By gene expression profiling is
meant a process by which nolecular techniques are used to neasure and
conpare expression levels of certain nucleic acid sequences (e.g., nRNAs,

genes, eX@d4jsed sEfGeCdllusgates(drRTpathwaf nétvdrksgdersRidt b BeBBo’s
products, such as ami no acid sequences (protein or fragnents of proteins),

in a cel Progatev€dnsanblataset byepeatormningothichsresé@vigventibnt he same nucl eic
aci d sequences or gene products froma different sanple, or fromthe sane

sanpl e nmeasured at a different time point. As discussed above, the gene

expression profiles could represent the differential expressions in many
pai red s{@@)i ons FlcMRshownpartdifshe sejacting eaateixi fordhs edfeted

devel opnental stage 1-deyel o%ment al stage 2, type 1 tissue-type 2 tissue,
speci es Patipeeysgencratpchione Fehbrys Bromdate GanesriRatasekby pentormingithe  An

ef fecter means.any chem cal, conmposition, physical stinulus,
: present mvention.

[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



mani pul ati on 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 nore genes or proteins in which individual genes or proteins can
affect the activity of other genes or proteins directly or inbli M&Elly. The
activity of genes or proteins as useddherein includes many different

thi ngs, such as DNA nethyl ation, gene expression-on the nmRNA or protein

post -t T SEFORal ROATRRAUF ShaP i rcGRREEY T GBS, SRR Epeical
activiti ggmoundsitBat fth Osgy@d’u(g&f@%nte%lg@}l)r%ig%ﬂ%@%et hat contains one or

nore genes Or protelns expressi on pr en affected by any
effecter. 0 4 MAY 2006 10 [0031] A pathway may be represented by a
plurality of nodes connected by edges, and each pat hway must contain at

| east twm(zzmrgs anByatodrRASKpPEssiofd ?oﬁﬁriﬁn??%ehﬁt_aa pbess By aviphhway,

wher ei n nber could be a proteln or ffon-protein ﬁl ecul e”i ncl udi ng,

but not hidletelhrttechhiiplegamiccasali6h méssuat Ul coMipare eXpasdstos lenslgdthet i c
groups and side chains; organic nolecules such as carbohydrates, |ipids,

fats, steedaiibnucheit iacidsedeaidede®.g.aniRNASPEsHES expedssad sehpenss tigdi ns,

gl ycol i pids, NADH and small drug nolecules and the |ike that may have
repetiti GBSTs)pear lewdls ofacertaar ggneytroducpsrduichubararhine acivh sequexasdsi cul ar
cellular location. A "edge" is any interaction that connects two nodes. It
may i ndi (prodeiumor fragrhentsi o proteind), impecelbidesived smrpleeimealativheto thei ng
words such as activate, associate, carboxylate, coactivate, deactivate,
decar bodlgvele ofdbgl samae yiupleic aridysaqiepicas @r gersphoeduaisframea different
downr egul at e enerate, glycosylate, hydroxylate, inhibit, hosphoryl at e,
pr onot g, S%mm%»?af rombﬁb%@ém%gamﬂetméasmn@é at a different tlmeppom%- As

discussed above, the gene expression profiles could represent the differential
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.



[0032] A pathway network contains two or nore pathways for a set of genes
or proteins, wherein a single pathway contains one or nore genes or
proteins that are grouped together based on one or nore connoﬁglh Z gf al
the genes or proteins within the pathway, and wherein the set P‘ﬁ W s or
proteins are identified by differential(gene expression profiling. The

pat hway network can be represented in a simlar way as a pathway is

ot vy 1003 b ndRPEHEPRE AhEE NS TeReeERlied BT bEunlly of IR SPERBERIC C
pat hways %%é;kgs, aBAt Ny 8&&%\%’55 lfnuétoélllgftlégpgmff%% 3 GI & ! 'ag fléa%‘f: el ogy

to neasu expression 1s - assoc great amoun

experi me nRi ¢ h iHk-1 S KAy | ' hip ted
to quali {é ggiéﬂ/eﬂi n odr%r,rafsi %ﬁﬁgﬁibt%ﬁeﬁg? ? f??t“ﬁ?b%%@ %’gg 11%‘19%%12@ bt
Qual i t at in¢6teif iop MBH-p Gt ndsReuliRila8iH but iRitdmifedab! ihsteahics sueha
graph representati on of pathway networks.” A directed graph i s a

mat hemat iagahtdrhk £Gbne QNS0 Rick &8s, Oprévtfesicaddodhs eah @ dsidghaing) drgadieh
representation of a pathway network, the nodes of the graph correSpond to

pat hway s meledulescsupdt ivexcholsairated) hpids, fatw)dtgraidsiay clic midecideseingd by
a directed edge if gene/genes or protein/proteins in pathway 1 influences
the act iconmpyowidyenwlyaseglypcoproithis)/ ghyaiodipids] NADHpeand® sdialéadrug,
[0034] CGenom c_technol ogy has nmade feasible [arge-scale experinments that
af fect t meolgculasi and the g'fkeyt}gﬁ magyihave wipegitimuselihear unitgamidsearry out fae
meanti me, many techniques enable scientists to do genone, scal e gene,

expr essi Parpewar fupgtiordn partieplas, celldamlanation: ad Tedge Wssanje ideraséi@n n
1995 is capable of neasurjng thousands of genes in one single chip. Its
si gni fi cAhdlecornemdstwa ansesi nltr maxt inslicats umie orabirditectionabinieraciansar

and be described using words such as activate, associate, carboxylate,
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



genetics, which uses genetic perturbations to reconstruct biochem cal

pat hways i nvol vi ng pai nst aki ng gene-by-gene anal ysis. [0035] The expl osion
of gene expression profiling data undoubtedly enhances our understandi ng
of gene regulation and interactions of genes. Gene regul atiorigagef ul
for both assaying drugs and as a sourcgjof new nolecular targets,.
assum ng the regulatory network controlling a given gene is

?ﬁ' nssny BiTbS Qi inGRRANEh bﬂﬁ%&ﬁ%ﬁéﬁ%"?@zﬁ@“@?ﬁ@g@?d‘f%@sg‘f e d
B T
hooc at DpERRlalGlcoblith Capstiflg OF oW ddd (ReAPAP RSP TR € graph,
MAY 2006 rdgresefttidit of ' BatWay I ddtiorka e LF 1150 RorRispBAHR K

construction. !:OI’ I nst ance, gyagnost | CS. ang. tﬁe_ di ag%g%@? C. I nd St ry cfan
use t hespatiaphni, dtrbtwo ey, i paRiigatimliphhvilsoaar: boidibd byt | on.
|

O her po al ‘applications “incl'ude tré€atnent selection and outcome
predi cti endirécteddstigd ifihgeridigenes by gotdinfrotains ¢n prahway [ unflencapiie ed to

aid in drug devel opnent and areas of feature selection for classification.
Mor eover actihﬁymgaw%ﬂﬁwprmiﬂ/ fatbins inpathdeys? dirdetly. of devel opnent,
or ganogenesi s and evol ution. [00375) An initial construction of a pathway
network of two or nore pathways for a set of genes or proteins in the

pr esent aagl i cation depends in large part upon the availability of gene
expressi 680p4bf i | eﬁenomhetmaibgggmssmadle thde dargerdcale gxperemgntsat hway
dat abases, and protei n databases. CGene expression profiles can be obtained
from conblait aﬁgﬁt the @ehiviiye T imanyi genesnins arsingho cebuprorganissyy lanthe

nol ecul ar genetics, and ss techniques . .
meantime, many techniques enable scientists to do genome scale gene

expression 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



such as mcroarrys and genechips. Al the techniques of gene expression
profiling are known to one skilled in the art. This application wll not
spend nore tine on describing any of the techniques. [0038] Currently,
there are available of many pathways databases and vast anpufit W@@nes
and proteins experinmental data. It is ppedictable that there will be nore
pat hways dat abases and nore conprehensi ve pat hways databases with nore

exper ! eRpabEtag AdRauinl AR ionRE SRR el B Aton

 oct e ordaieceyaldatbfict nll he PLENOAAL ARTRYBA Yol hol YRR AN ©
. breg a-tgn'sﬂs% 1i€8)iondn ‘i -F;%Qi%ﬁ itatibf0A8thet o tMhtial ldrfs

éﬂv\ays ﬁor I'nter ngp ‘?ﬁj\‘ﬁ?) “A“l}é@%l et ertl vaaFl1 géf@ene, | st avlal %@%ﬁ%ﬁat

htt p: / / hongtudkaR@itniddt- SISEHSE RhATGANVBTE gésaictibfﬁmnﬁ?ddﬁnﬁf, §ha'RriRd

| ibraries for searching on nanes of path mol ecul'es or enzynes. [0041]

The KEGGifferaiqidmens! o9 edithepapptiedstor ARl ﬁ@@%?ev&@ Mg idS aiast T

useful database storing pathways information pathways database are
const r uctfestut® seleetionhfaaheasgifidatiohueloreadér, the pakkiwaly aretweik atilchelpai ns

graphi cal representation of cellular processes, “such as netabolism
nenbr ane in uadsystanding @ﬁ'ldévélbpﬂfﬁﬂlﬂ,&bﬂgiﬂﬂo%eﬂeﬁe|a|ndC@\QﬂﬁtionF| G | A shows a

typi cal pathway map available fromthe KEGG web interface, which is daily
updated and freely available at http://ww. genone. ad. j p/ kegg. It does
provi de search capabilities through its_ bioinformatics sol ution DBGET.
DBGET i s[8037hpl e 4 dbitial censtraction of) et pathiveay ametiwoek sef tanger afiore
mol ecul ar hi ol og;é dat abases avail abl e _at  the L )
pathways Tor a set of genes or proteins in the present application depends in
large part upon the availability of gene expression profiles of the set of genes
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).



KEGG [0042] O her pathways dat abases are: International Union of

Bi ochem stry & Ml ecul ar Bi ol ogy (2001) Ni chol son m ni nmaps.
http://ww.tcd.ie/Bi ochem stry/I UBMB-N chol son/; Mchal, G (Ed.) (2002)
Roche Applied Science: Biochem cal pathways chart. Boehringer Mammhejim
htt p: // bi ochem boehri nger 13 ‘

mannhei m com prodi nfo_fst. htn?/techserv/metmap. htm Mller, K J. (1998)

" chart: AP 2l MOARLSIE A ol ik Mo OB, B

o o ek S i IR RSN P RPN

lt he pr eSEbWIKEN ther ér@epgeﬁirh{)fe'so?onse%P&liB’ge%glnhahﬂé!? ot ?Atmvhgs,be
imted to qualitative information on pathways©and genes or proteins. All

the pri riﬁb}é'cﬁﬁes@(ﬂpéd@qnéﬁ qualitative features of pathways and genes or
proteins are applicable to quantitative freatures. [0044] Now, the

creation of a secondary pathway database fromone prinmary pathways
dat abase and one protein database will be described. It is evident that

the secorf084y] pat hvielye dAELR@s ¢Kopstob Emgridpediacdff Gundswandr Genvraes)

pat hways dat abases and protei n dat abases dependi ng upon the need and

af f or dabipathwayserseansti(ds (kyfitlodatabast ogteding phtlGengs iafdriGationes)The
nmet abol i ¢ pat hways database is used to illustrate the construction of a
secondar ypathwwaysy didabbses eard heokEEGetat afoastoreshigivererorder afisrctional
provi des the needed information online that facilitates the collection of

necessar yntenmaataen, widchotentains goaphical mepresentadioty ofacelhapr gaoadses, An

exenpl ary pathway map_ fromthe KEGG Pat hway_ Dat abase is shown in FIG
such as metabolism, membrane transport, signal transduction and cell cycle.
FIG 1A shows a typical pathway map available from the KEGG web
interface, which is 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



1A. [0045] In order to construct the secondary pathway database, the
followng information is extracted fromthe KEGG Pat hways Dat abase: type
of netabolic pathways, the enzymes' EC nunbers (EC NO involved in the
pat hways, the pathways which the current pathways are |inkeg, ugy 2680d the
pat hways which link to the current pathyays. The extracted information is
stored in the secondary pat hway database. Now refer to FIG 1D for the

UFe oo hod e B R B AR eSS b BhP b o
i Sbacs 10 RBAFAND o HBEARGL GBI 4RSS FRE it A e o
wi o 4 TEmviBlssainlied fo qatRaiyS EhlAEsYof A AY Sndlidpicpift pRALIIEY", |
the fiel ‘éré h@ﬁﬁéaﬁl@% ‘}‘}%téﬁﬁ%‘(? \rf]{Le‘ta%ge@ K, Vitamn E, Carotenoids

Bi osynt hesi s™ 1 n the the http://ww. genone. ad. j p/ kegg
/ pat hway/ map/ map00100. htmi which is the actual URL Iink to the MAP, and in
the field "map_id" the "map00100". FIG 1B shows part of the Sterol,

Vi tani n §00¥4} ani nNowCahelateatidh oBla0suUltRRy SpARIMAYIal A0 EER Rtidvays

Dat abase wherein | egends are added to descri the I"'nformation extracted

from thi prifaapbpathwdyie dbedridundebfe proteini dhbald Rallae d¥aribeal.oft rne

pat hway that the current pathway is [Iinked to; indicating an exanpl e of

one pat heayddrtahat thkse¢onddry pathwantapdabsenn v dohstrodiedafrong tibeorEC
nunber for the enzyme involved in the current pathway. Still referring to

FI G 1D, uheret pathsvayst databalses' dnh pPatielin alatdbases idepshdirgs iipon ke fieetl caridNane”

the "Steral, Vitamn K  Vitamn E Carotenoids Biosynthesis" and in the

field "cehfardability. mifered KEGG (Kyoto Encyclopedia of Genes and Genomes)
metabolic pathways database is used to illustrate the construction of a
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



of the pathways that the current pathway is linked to. The table entitled
"Con-Path-in" will store in the field "Nane" the "Sterol, Vitamn K
Vitamn E, Carotenoids Biosynthesis" and the field "con_dbl vy 2008e map_id
of the pathways that links to the current pathway. The table entitled "BC
Pro' will store in the field "Nane" thgs"Sterol, Vitamn K, Vitamn E,
Carotenoids Biosynthesis" and in the field "EC NO' the EC nunber of the

' The (ST Toe ol PYRET el MR B thE ield AT hs
ancrt oo, pBttly HEna 87 A B K AR RS R AR SRS I R b o

rel at ed {ifeirith: oAl o SIRIRIARL B/ AT BaBAL BYAYab ud S0 PRO0. AEALLATIER is 2

sources for obtai Nt Ny SucH T 1f-or matr o cd Hy protert gat abase and/ or

exper | MenichhaldBRE, 146 Qo {HIEMAROTAHRE 19he SHAUCTD 7 XAES “hripR0YRE~1 1 al

the pathways is extracted fromthe dat abase as an exanple. 0 4

MAY 2006 HI§G; TBesRWSSpRROLS ithe Sferblle Veamisaki eVstdiRil Tedyngafinopd Pt eone

set is available fromhttp://ww.ebi.ac. uk/proteome/ ITJVAI\I/’_dO\AnI oad. htm .
An  examBsohtlidsts Pathwayafidni BGEG iPathWays fIDh@bage ShR¥feih Nefékelsl fre | N

this file, each |ine begins with a two-character |ine code, i ch

i ndi cat esadded toygesoribe tied nfoentatioredxiractedefrbinhis dwabayd, eThellegendy pes
and line codes and the order in which they appear in an entry, are shown
in Tabl e ate: [ ] ifididagink afriexhopleodidrebpsthivayt fhet B & atiway D -

I dentificatio - Reference comments. AC - Accession nunber(s).RX -

Ref er encdinkessts; r #¥Pendndicabing apaeramble ¢fodneepathveay fthak links to the

current pathway; and t indicating the EC number for the enzyme
involved in the current pathway. Still referring to FIG 1D, the table entitled
“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.



DE - Description.RL - Reference location. GN - Cene nane(s).CC - Comments
or notes. OS - Organi sm speci es. DR - Dat abase cross-references. OG -
Organel |l e. KW - Keywords. OC - Organismclassification. FT - Feature table
data. RN - Reference nunber.SQ - Sequence header. RP - Refergpggypgsition. -
(bl anks) sequence data. // - Terminatigg |ine [0048] The information
extracted from the SW SS- PROT dat abase includes the Accession Nunber (AC),

Bgféi'egie oS .on%%4%3§0§§§B%&s2%%gsﬁﬁé%npas%%%%%’s‘% hana
I I i

B TS ot h@;xyv@%ﬁ%g?agm&twgmw;fwv 8 1o
il LS“ES&‘%H‘J’;?y°f§“§“ﬁNeA$%5%%P%¢ﬂH B {0 MG i Yok # FRORLCOPae fe |

bet ween bﬁ@h'lﬁi@bﬁ%éisoﬁnﬂf aR@@&Wﬁ&%&Bﬁ}m@%dﬁ‘R@ﬁ% irﬁﬁc estet%%ftgp‘g yer  of

pat hways I's not | di ately avail rom-t fagram In sent

| nvent i ogatd bentdihdvay shéligel MHeesuR¥nt fife tﬁﬁesﬂ Pk f 6&é@ Qﬁg thé ofdlg DE

fields and the one fromthe pathways. This y established during
t he sear ¢h witichehey Epeiu* lisan @he, iafe Elh&v%ﬁnTéblells noted that a secondary
pat hway networ k can be updated accordl ngly wwth the update of primry

dat abases. [0049] Upon the conpletion of constructing a secondary pat hway

dat abase, at hway network of a set of genes or proteins can be
constr uct[@@lé}% The dablof: feclds available Bi the SWISISePROT &itdbi nati ons of genes
or prote 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



Preferably, the set of genes or proteins is identified by their
comonalities. For exanple, the set of genes or proteins may be from an
organismthat is at a certain devel opnental stage, a type of tissue, a

di seased tissue or organismor tissues or organisns that undeggpgtifigsses
or other environmental stinmuli. Theirigxpression profiles can be procured
by any techni que known to one skilled in the art. [0050] The chosen set of

2T owendPHRY B, Wabadel T TERRSAD Bruldlf i I Gih GBI W NS EC, oo
pat hways {h@ (}hﬂ?rn%@ﬁ@ﬂd&f’ ?%déﬁ‘?ﬂ?‘@%)feg %@Bg‘gﬁv@ﬁ él% &]18% igj_;mggf%tgléiz 19af1961eSy St em

recei ves and queues the ns 1 n order

bossr bl o TomabeRiaghat e ATRE RS InPa MRl AB 193G TRHE Bk BRHST

possible IDs to be“used for t sear he queued

sear ched BOenhiberepidviles iRRhbi BEIfieldd B8d 186 @gﬁggxsgg ;’%ggglwlﬂ?é aPRRe to

verify whether an inputed ID exists in the sear . t he

i nput ed 1K & owly éstablshed Hhﬁngeﬂfecé”t%@cﬁ%%@s%eas jingtexed sMEGPA, for ward

search and records the un-matched I D and ves to the next ID If 0 4 MAY
2006 18 i$ hetédrphdteal seCondarfyopathway nleewbhk icaal sk uEHQteiEQé@d“rd@@gityi Witgs to
bl ock 230. At block 230, the system searches the EC nunber for each ID in
t he DE fitk¢ dpdafe ofprireayclmabatesabase. 1f the EC nunber for any IDis not
available in the DE field of the searched database, the system stops
forward search and records the un-matched ID and noves to the next ID. If
the EC nunber for an inputed IDis found in the searched database, the
search cdf04Pbes t dJpowrcthe zompletian axfk ceastruchings ps secosdary psghway EC
nunber to verify whether this EC nunber for an inputed IDis available in
the EC Ndatahasg; amathwayastwaaked a set of igenpspupeatains cenrhs censiructpde i n

t he EC field, .the system . .. .
he set 0f genes or proteins may be any combinations of genes or proteins.

Preferably, 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



stops forward search and records the un-matched I D and noves to the next
ID. If the EC nunber for the inputed IDis available in the EC NO field,
the systemrecords the ID and its correspondi ng pathway that is designated
as affected pathway. If nore than one pathways are affected By MAfgiiBane
ID, they are all recorded for furtherjgonstruction of the pathway networKk.
If the systemfinishes all the queued IDs, the search ends and all the

at 1 cct e hEREPAEAT IELS Bl o ORGER1d e PR R DT 2 e i
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affect cahencacatfsifabaY e PE° 2@&?2@3 PR O T,
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AARHUS) GHENT SEPAE DR O o ABR. B ABRC Bt S Sy B efsefpand

DD01047; 15385 BRe GBinal RO ARy eBRo ENBlioxXP7 O th YNCRR AR fBRQB! TE:

PS00021; KRINGLE. 0 4 MAY 2006 19 DR ECO2DBASE; (052.0; 6TH DR REBASE;

BSURI ; Riaolpb$id ED 6 {vufth i) thORebféNdd\Batab@tO 0t sAifth- ddntHdes te0BRRROS;
AAR2. DR FLYBASE; FBGNO000055; ADH. DR STYGENE, SGL0312; PROV. DR GCRDB;

S\C/:nggOgEi’%iOGEDRgl:‘olédgﬁgﬁgﬁﬂ, tHRCEystén: s€Rbhes Bk BOVhuti®ed 18; verHySBRELHAR this
EC number for an imputed ID is available in the EC_NO field. If the EC
number for the imputed ID is not available in the EC_NO field, the system
stops forward search and records the un-matched ID and moves to the next
ID. If the EC number for the imputed ID is available in the EC_NO field, the
‘system records the ID and its corresponding pathway that is designated as
affected pathway. If more than one pathways are affected by the same 1D,
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; RSECT.

DR EMBL; X01704; GMNOD?23. DR PROSITE; PS00021; KRINGLE.




HUVAN. DR HSSP; P00438; 1DOB. DR TRANSFAC, T00141,;
ACTT. DR WORMWPEP; ZK637.7; CE00437. DR MAl ZEDB; 25342;
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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.



tabl es of the secondary pathway database. Wth these information, a sanple
possi bl e graph for this result is shown in FIG 2B. [0055] The adj acent
matrix is created using the followi ng procedure: N = Tot al nunber of

af fected pathways; For i=doN-1 Forj=0oN1 Wi][j] = 0; Fori-= %@
Will[j] =1 if P, links to P3 wWj][i]log1if P I|nked fromP@lr} 6]
The adj acent matrlx created inplies that the graph is directed wth the

ot hoays [PEH the AP ROERGHR S Hebe b rohl hEuP&s, A Hlaesl on
h h Kk

e ot e ﬁh@rth?%?%‘[@@%%&%%8‘8@8‘%’%@‘%’6% @%ﬁﬁ?ﬂsﬁa@@%& nodes
et woen it STFacroun,anhoke SpEERIGETN FIE s E@ﬁ%ﬁﬁa@ﬁ%ﬁe‘b‘% The

at hwa i r d [ an
gf fect gdﬁgéafgﬁfvivgg %mrq%gﬁhﬁgr??tﬁ?(ﬂei% fﬁél&gng%grgdg?\f gg%éegaﬁﬁgw S tor%d in

the Con Ryhbnahe detfdsearbl r tppay's
(Con_Pat h_i nnt ablge fISe| d) ﬁibi%lot%ég 1ﬂ§ngl?gse§ggl??£aS ortesﬁaIB Pa%e%% %%rlﬁit\eﬁm

[0059] Thétree SapathWQOMb%eﬁFﬁﬁdd g alﬁ’ééte'dn ﬁgﬂﬁﬂﬁxﬁ heppy the Affeetddne

singl e source shortest path solution, nanely the D jkstra' s Al gorithm and
pathways, their links are extracted from the Con_Path_out and Con_Path_in
tables of the secondary pathway database. With these information, a sample

possible graph for this result is shown in FIG 2B.

[0055] The adjacent matrix 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.



Bel | man- Ford Al gorithm For a better understanding of the present

I nvention, the Djikstra's Algorithmw ||l be briefly described as an
exanple of simlar algorithms that can be used or nodified to apply to the
present invention. [0060] Djikstra's algorithm (named after it disggver.,
E.W Dijkstra) solves the problemof 2jnding the shortest path froma
point in a graph (the source) to a destination. One can find the shortest

P 0 o1 ool verncaabhcthediied s Hotes Wid?edEBR 1Bl 'Abph Thediy"Ro No0Ce

this problem’is some c t he single-sotrce s robl em

[ 0061] F%ﬁ_e_géﬁdoéff,e@teq gXthﬁh%WcF 1i\€1€ssbé‘tvfé§énofﬁe ‘é?féét@&ﬁa@ﬁ?vﬁgsj and Set

of edges. 'Dijkstra's algorit keeps two se vertices: set of
verti ceshuhes Rop Eﬁggf #ﬁﬁﬁ

det er mi ned, aggﬁ%%sé?ﬁlg 1?%%12\?&3{ % vertEi ggisé_.rﬁgt 4%@0%8% e (l)et &f data
struct ur direbRedgfphl & edblrhbdy reprdrent aﬁ%fféﬁ%&@?aﬁflwﬁ oLfifsh iPfihkel @oeach

vertex pi array oOf predecessors for each vertex The basi c npbde of

oper at i oanother affedted é}idth@dPIaMmfdd in fe¢ Cort PARPOYL tabletficlddr b hiakegur ce
node, Wile there are still vertices in V-S, o Sort the vertices in V-S

accor di nfrono ahbtheraffented pattwags (GehePath _ih heble ﬁkﬂd?.ance fromthe source,
0o Add u, the closest vertex in V-S, to S, o0 Relax all the vertices still in

V-S connected to u

[0058] Single Source Shortest Path Algorithm

[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.



- current best estimate o

[ 0062] Rel axation [0063] The rel axation process updates the costs of al
the vertices, v, connected to a vertex, u, if we could inprove the best
estimate of the shortest path to v by including (u, v) in the path to v.
The rel axation procedure proceeds as follows: Initialize ( Gaph g, Node s

) for each vertex v in Vertices( g ) 2® d[v] = infinity o pi{yMAEI0E o©
d[s] = 0; 0 4 MAY 2006 23 This sets up the graph so that each node has no
predecessor (pi[v] = nil) and the estimtes of the cost (distance) of each

node fromthe source (d[v]) are infinite, except for the source node

itsel f (qHedther Qhta itﬂ?&?llrc%s;.lrxgé‘edr']e?f geeation procedure checks whether the

shortest distance to v (d[v]) can be inproved
b [ th h k- &F i ; I Nod :
Node s Cdoubl Sy 1) CF DY fRtes HF shoneiaRaTs Rttt "2 Ay e
wu, vl o pi[pi = dnh%reﬂ@_@eﬁ%@%@@ré@&ﬁvgﬁekhe entire Dijkstra’s

algorithmis shown below Dijkstra( Gap , Node s ) Initialize( g, s )
S= {0} /* initialize Sto enpty set

The basic mode of operation is:
e Initialize d and pi,
e Set S to empty,
e Set starting/source node,
o 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 wu, 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;



Q= Vertices( g) /* Put the vertices in a Queue */ while not Empty(Q /*
while Qis not an enpty set o u = ExtractCl osest( Q); /* Choose node u in
Qwith mininmm distance */ o AddNode( S, u ); /* Add u to %]:9 N)m ach
vertex v in Adjacent( u) /* for each adjacent node relax( u, U w§3, /*
cal cul ate the shortest distance to v *2324 [0066] Single Source Maxi num
Pat hways Al gorithm O 4 MAY 2006 [0067] However, the problemto be solved in
the present invention differs fromthe single source shortest path
problem What is needed is to identify the single source that lead to the

maxi mum riddeseteip ahe praphtertliat ea@hdesdd Rad ﬂbmd@@é%’%@gggﬂﬁ H) o eAn

algorithmterned as Single Source Maxinmum Pat ysS |

present ithy @stingates Bfethd bhsit (dstancd) edrdddhmhose &‘P‘orhh&lecﬁlﬁc@f(d[b@ gearch
as it helps to link all connected pathways by | ooking at the "shortest™

pat hway dnfiniecexdeptrfor bige sougleenodwitsel€ (dfs] =onti oned earlier, the

pat hways di stance is always equal to 1 for a neighboring pathway. [0068]
The Dijkstra algorithmis selected as it travels through all possible
nodes froma single source and find the shortest path fromthe single
source. TH@64Hea hdrhe irelaxatiengpnecedunsatcherlts dixdtedher "theo cuerergs bast t he
"physical " .distance or cost that is used in the original form It is chosen
by ~ heur iestimate pitthe sparteshdistanag tonv €d[¥])l cankbaimprovdd by tgedng dbtonah i f
there is ope _or te than one genes/proteins differentially over expressed
in that Medfwdy ma H&@ﬁ?@ nredecessaeed Wo know the total of nodes visited
after the conpletion of the search; this requirenent is inportant as

| ooki ng for a single source that

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 pifvl=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 */



could lead to a maxi num nunber of nodes being visited. The new al gorithm
wll performa search through all the nodes to identify a set of potenti al
single source that could produce a naxi mum connected nodes in the entire
graph generated fromthe affected pathways. Wen the algorithmis applied
to the current context, it is used to2#ind the single sourceng?%pgﬁm t hat
could lead to rmaxi mum nunber of pathways and that forns the p way

net vor k. [8666] 4 VASiAGRGSGRENakieuh Fetbiags MIgofitigRl | ng the singl e
W.

sour ce maxi mum pat hways (SSMP) is shown bel e inner |loop of this
algorithmdeploys Dijkstra's algorithmwth nodifications nentioned
earlier, to identify maximumvisited pathways. Get SSMP (pat hway network P)

{ Visited006Z}; Hboweaet fiad praplem ito boesdbaedviay thetpreséntPinvention pi /*
initialize starting/source pathways */ Initialize( g, §) /* initialize
graph */ déffer{ forh the singglé aburee Shortestrptith ?ﬁ@bl@n“f WiHait de sfeedled/ 15 fout the
vertices in a Queue */ while not Enpty(Q /* while Qis not an enpty set {
u = Extr adetilystha gingly sourceahat deadtal theimaxifum trfodesibuing wotinstted in
AddNode( S, u ), /* Add uto S */ for each vertex v in Adjacent(u) /* for
each adj f&dekt théeran a network of pathways. An algorithm termed as Single Source
Maximum Pathways is developed in the present invention. The Dijkstra’s
Algorithm is as the core of the search as it helps to link all connected
pathways by looking at the “shortest” pathway distance from the single
source. As mentioned earlier, the pathways distance is always equal to 1 for a

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.



If (total genes/proteins >1 ) { relax( u, v, w), /* calculate the
shortest distance to v */ update pathway visit status /* record visited
pathway */ } } 26 0 4 RAY 7006 Visited[i] = total of visited pathways in S
/* keep total pathways visited */ } return Max(Visited[N]) /* return
source that links to maxi mum nodes */ 2% P - connected pat hway$ NAX 22006t or m a
network, presented as a directed weighted graph in graph theory p; - is

e nted . . S
the sour ¢goeg] hvay THepfR%Rlte ffcRIATd fitk S80% LGukARMIMER! Yadvayd S the

set of all ected pat hways 1 n di seas t1sstte sanples

pat hways (§8MP) B shéwh 910, SThRGRRek 04 d&’ﬂlii%‘i’fthfﬂ a&%ggg?ﬁgﬂg%%t ?]/e-

visited pathways with a different starting pat pol nt

si ngl e salgedthpatwithymbdificaitng hditiderl ealiwao idé?fti‘[’grrhakﬁnﬁfr?%ﬁife%d for
visual i zation and analysis. FIG 2C shows the results f this procedure

appl i ed patlgvapfi shown in FI G 2B. The network which starts from P3 has the
nost nodes included, hence will be selected and returned by the algorithm

GetSSMP (pathway network P)
{
Visited[N]={};
For each pathway p; in the pathway network P
{
S=7p; /* 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 = ExfractClosest( 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 */



[0071] In the case where nore than one solution is possible, further

anal ysis on each case is required. The further anal ysis includes checking
the genes or proteins submtted, elimnating |links between affected

pat hways that are not inportant, and reconstructing the net MrMdYUling t he
above algorithm 0 4 MAY 2006 27 The 3bgorithm can be repeated several
times until a stable and conplete pathways network is generated. [0072]

Vi sual i zation & Lawpuditedfi09 ickdy + | ' ?'ng) i zes
the affected pat hways Q{egen I ng&%ggt?%g %%&gzﬁﬁ/atgmdt%%th g t he
sour ce pat hwayyisifidd 3/ 1 dea shows how t he ot her pathways are being affected,
for exanple, when the genes or proteins in the source pathway are

expressed higherthan in normal ones. The | ayout algorithmtakes into
consideration of the "pathway distance" that the SSMP al gorithm has

generated from tietupeMwaisked. /* Hétush 86tcewhbhlinke 6 nistigngaur ce node
that has been identified fromthe SSMP algorithm It will then |ayout the

pat hways nodes *Aas one "pathway di stance” fromthe first node. Once all the
pat hways with one "pathway di stance"” is displayed, the algorithmwl|
proceed to thg next increment of "pathway distance, i.e. two; the process
wll continue till all the affected pathways are displayed. FI G 3A shows
the output layout after the layout algorithm From FIG 3A it is noticed
that P1, P4 & P5 forma cyclic graph within the ensenble of affected

pat hways. P3 could be the triggering pathway on the entire system P2,
ternms as the sink of th is the |ast affected pathway in the

di seased tisstie %%‘P’Hﬁcé%& pv%ﬁ%%}%ﬂl?&i@ﬂ@ﬂ netwerkapresented apa diseciedi ng
point, or t hev&ecfgﬁfeed gxIa%Wi%] grg%hh[ﬂzggryNet wor k Conpari son

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 p,

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.



[ 0075] Two pat hway networ ks can be conpared to generate a comon pat hway
network, and at the sanme tine to identify the not comon, or unique,

pat hways fromthe two pat hway networks. This conparison has m@é&@ﬁ MAY
2006 28 applications. For exanple, in the case of the sane di e2 Uﬁit
all ows conparison at the pathway | eveR70f genes or proteins expression
profile from different stages of the disease. It is therefore helping in

under t aTianalgdethid e QRTRBpedtd' fevalapaites Wikif HowBRE ol EuMlbld or ent

di seases, the "~ conparison all'ows extraction of a conmon pa

bet ween phthwaysaasesrk i@f@&{ergwdl.d show that the onset of the di seases
could come fromthe sane pathway group. Therefore, proteins or genes

i nvolved in the diseases can be identified through this nethod. At the
sane tinme, the pathways not comon to the two di seases can be used as
possi bl e[0@YXEr s t /idualieatéor 8alayoubd Ipopithinseases. [0076] The conparison
of the pathway network has been nade easier wth the formation of the
first graph using the layout algorithm It conpares the existence of each
pathway that is found in the networks provided, then a new |ayout is being
present et00BE { pdievapresensmineention 1visuatizes{ that affactetr grathstaysr k 2 }
R={} For each _node p; in P { Conpare with each node q; in QIf elenent in
p; equal §eBeRding Onﬁth number pf pathways[092y [francthet source patiwazt hhiss ar e
i dentifi ?géa t .he s%rre '

sj ngl e
shows how the other pathways are being affected, for example, when the

genes or proteins in the source pathway are expressed higher than in normal
ones. The layout algorithm takes into consideration of the “pathway
distance” that the SSMP algorithm has generated from the pathway network.
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 oh 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



sour ce maxi mum pat hways algorithmis applied onto the pathways set R
Subsequent |y pathway | ayout algorithmis applied onto the result obtained.
29 0 4 MAY 2006 [0078] Exanples [0079] The foll owi ng exanpl es drieMiyr88ent ed
by way of illustration of the previously described invention and is not
limting to that description. [0080] 128Construction of a secondary pathway
dat abase [0081] The secondary pat hway dat abase was constructed as descri bed

above by dp'ﬁlf&ti&%.KEﬁﬁr &rg%%gﬁg’cg?%@m%g egﬂt @SEAIIIRNLSS- ?th-lov@sr otein

dat abase. "[0082] 2. Sele erentl y expressed gernes fromcol on

cancer anbmp@iidd ot #apathwag ILVELbNEeREE bE PRORANSSXBRIIIEY ArdfRte £

sel ected genes [0083] Two sets of gen prostate

cancer valifferestestagesi gbiirdiyeasad Ft%%h’é?@fo%%fe@ﬁisxg'ﬁl %ﬂ@?&gﬁgir the

present invention as above discussed. [0084] The of gene m col on

cancer wakevebdpineed 6f ahcadiseadbel sfiadttearase dPAtRod diffetent d8Asedr tag

patterns of gene expression revealed by clustering analysis of tunmor and

nor mal  cadoompariscnedlpwe edragtiorlofoe wephein BattarspetwirkRcbMatdenAtasd Sci
USA, 96: 6745-50) The paper reported that the gene expressions in 40 tunor

and 22 ndlisedsesowhich couldshearthhe theensetasfathy zdigeases lcomid Abmeriom the
ol i gonucl eotide array conplenentary to nore than 6,500 hunan genes. The
expr essi ¢amgapathiway groopnalheeeforedpritamiseor genss ngvoheddnithe diseades
TreeVi ew sof tware, hoth were 30 0 4 MAY 2006
- can be identified through this method. At the same time, the pathways not
common to the two diseases can be used as possible markers to differentiate

the two diseases.

[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 g;, add p; to R

[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.



an integrated pair of programs for analyzing and visualizing the results of
conplex mcroarray experinents, witten by M chael Eisen
(http://rana.lbl.gov/Ei senSoftware. ht ) (Ei sen et al., 1998, Custer

Anal ysis and Display of Genone-Wde Expression Patterns, Proc Natl Acad
Sci US A 95: 14863-8) [0085] After cR@stering, 1168 genes/ESTs were
extracted that were differentially over-expressed in colon tunor tissues.
142 genes were identified with their IDs fromthe secondary pat

dat abase. Then the IDs were used to extract the affected pathways fromthe
above- coj§078¢t ed fﬁ@ﬁﬁpﬁgry pat hway database by follow ng the steps of the
flowchart in FIG 2A as discussed above. Wth 142 genes with correspondi ng
accession nunbers, a total of 32 pathways were identified fromthe
secondary pat hway database, as shown in Table 3. [0086] : Table 3 shows

the pat hf@9%9} hat éiuh followiiegn exant ples saretpiesehted by WeaPofe | Nistiation of
over-expression in colon cancer tissues. 1 = Pyrimnmdin€e netabolisnl7=

Al ani ne &hd pssyiausht desoritettbinventidn=arfbisan et lhindgng td eisatsdederipyivhel ne

met aboli sm 3 = One carbon pool by folatel9= N-dycans biosynthesis 4 =

Pent ose phosphat e pat hway20= Fructose and mannose netabolism 5 = Purine

met abol i spR1= But anoate netabolism 6 = Pyruvate netabolisn2= G utanate

met abol i 4A0G0E Ni t rlodeonstaiciion ofaseeomanypathwayrdetpbasey| ati on 8 =

G ycine, serine and threonine 24 = Inositol phosphate netabolism netabolism
9 = Citrate cycle (TCA cycl e) 25= Propanoate netabolism 31

[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



0 4 MAY 2006 10= Lysi ne degradation26 = Arginine and proline nmetabolism 11=
Am nosugars netabolisnR27 = Fatty acid netabolism 12= Sterol biosynthesis28
= Trypt ophan net abol i sm 13= Met hi oni ne net abol i smR29 =

gama- Hexachl or ocycl ohexane degradati on 14= Sel enoam no acid netabolisnB0 =
Val i ne, |eucine and isol eucine biosynti@gsis 15= G ycol ysis 4 MAY 2006

A uconeogenesi s31 = d utat hione netabolism 16 = Porphyrin and chl orophyl |

cancer vell MRCEFARADATREBH G0N Mot WALk ihI R ] i e HARE s B RscSE ™ ©
. I M : : .
TP o5 o) RRIER ShfiRIOarfAl " e Ot PuiTRER , BY S KRl E bty
prost at e (haphlienallbe kot RRehSoRfvAOMIRL (EBhCeL 85! $d08S Clasty ARAKGIEO! ! de
b ar to in e ‘above

m croarrays containing probes sim . the ~one use col on

cancer cam@l Dfdgﬂ%}r?m‘r@éﬁbﬁié-%ﬂé E%&sﬁ&PPa@%gkégﬁlﬁpgcah%ﬁq@ usi ng

the Custer an eeVi ew software ntioned ere were 1dentified
850 gened)EIAYGB8Eh were differentially over- expressed in the prostate
tunors. 153 of the 850 genes were identified with their IDs follow ng the
sanme procedures as in the colon cancer case. Then the affected pathways
were identified by follow ng the sane procedures as in the colon cancer
case. W R085B genehfiartdlusterimgpdididngencsBSTonverarestscted that avesd 50
pat hways were identified fromthe secondary pathway database, as shown in
Tabl e 4. ddfferentially over-expressed in colon tumor tissues. 142 genes were

identified with their IDs from the secondary pathway database. Then the IDs
~were used to extract the affected pathways from the above-constructed
secondary pathway database by following the steps of the flowchart in FIG
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




0 4 MAY 2006 [0088] Table 4 shows the pathways that each of them contains

nmore than one gene with over-expression in colon cancer tissues. 1 =
Purine netabolisn6 = Sphingoglycolipid nmetabolism2 = Pyrinidine

net abol i snR7 = Gangl i osi de bi osynthesis 3 = Sterol biosynthesi M AT %”Pﬁ

N- G ycans biosynthesis 4 = Arginine andiproline netabolisn29 = Pantothenate
and CoA biosynthesis 5 = Urea cycle andl et ab9[| smﬂo]c amno 30 = I\I/Et hi oni ne
nmet abol ) = a- Alani ne met abo 8% =-Sefenganm wo_aci o —

met abol zm 712@%%)/%’?%%5&‘3%@% ne and threon ?1§ §§rglr}59?ﬁ§lélgoh\5’f’@8 a!bQHfm“
met abol B AT & pat "Way 33,5~ _Fat ack g hrpsynttests (path
2) 9 = :??ctég%ﬁgﬁggangsnﬁ%g@%ﬂgbol I snB4 :ZZa:t ?9%%@106& H%%Eﬁﬁ%]ﬁ?@m 10 =

G ycero s fﬁﬁﬁ iz Bl e acid biopypUn =P gl pird

degr adat an3§@6$}§ﬁé e, ?Selﬁci ne and i sol e.%?neméﬁoi’bg{l!rﬁﬁ&%&@m

gamma- Hexgeh 3f = Benzoate ar ] :

degradaf i %nh%@%ﬁa gte P@g&%@léﬁ@l dative p1ggphg%€%%h@rﬂﬁy ﬁlé&?égpg

met abol |sm 14 = Citrate cycle (TCA cycle) 386:@{:@8% and aspartate _

met abol | sm 15 = Reductive carboxyl ate cyc|e %r = Lysi ne biosynthesis
fixation]4 = Selenoamino acid metabolism

30 = Valine, leucine and isoleucine

biosynthesis

15 = Glycolysis / Gluconeogenesis

31 = Glutathione metabolism

16 = Porphyrin and chlorophyll

metabolism

32 = Tyrosine metabolism

[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

shown in Table 4.

the secondary pathway database, as



16 = dutathione nmetabolisml = Prostagl andin and | eukotriene netabolism 17

Pent

ose and gl ucuronate 42 d ycol ysi

s / d uconeogenesi s

i nterconversions 18 = Starch and sucrose netabolism3 = Lysi ne degradation
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Nucl eoti de sugars netabol i sm4= | nositol asphat e
0,308

met abol i sm 20 = Tyrosi ne net abol i smi5=3%r opanoat e nmet abolism

Phenyl al ani ne net abol i smi6= N-d ycan degradati on 22

oyst o ndORERLoo! Tk SRS, s Dy RYSBAE IR IR 0T

=But anoaigaABha

and degradati on

mat ri X 10& plgn@i@sbsHsmpPat hways [0090]

above,
was cr

generdted from Al on's

i nvent

pat hways gener ate

48
e
olisnmb0 = Synthesis

' %%b%mtgﬁ’ﬂ%‘gg’?%g@%@& @ﬁgﬁr@?gn of the adjacent

Fol at e bi osynt hesi s47

an adjacent matrix that shows th
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net wor
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| groups

5 = Urea cycle and metabolism of amino

30 = Methionine metabolism

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

41 = Prostaglandin and leukotriene

metabolism

17 = Pentose and glucuronate

interconversions

42 = Glycolysis / Gluconeogenesis

18 = Starch and sucrose metabolism

43 = Lysine degradation




[0092] Wth the ensenbl e of pathways and the adjacent matrix, a pathway
network was then formed using SSMP al gorithm descri bed above. The pat hway
network for colon cancer genes/ESTs is shown in FIG 4A. And the pathnajis
network for prostate cancer genes/ESTs is shown in FIG 4B. 34 0 4 MAY 2006
The visualization is done by visualizagBon & | ayout al gorithm descri bed
earlier. [0093] 5. ldentification of comon pathways between the col on

3?2%?23293%1‘8%@%5%?? ST BEme o | Rt hUCC oL BEPSRI: RS TEB R
BZE hﬁ metm{éﬁl ese Il%/\lligl egl sggge:ngrmq ﬁ@@apﬂatﬁéﬁpaat:?lconggg] d'TQETé'

%Q?’S’Zt.ve e POl e and %?‘*2@@’% e “erine

. Purine
met abal e (TCA cycle) T
St erol] B sy ol By BUREES ¥, Le sarine dotd TATEBAFHG TV geE Jeaan)
mannos tp&% el Pyrimdi anoat e

met abolez|3;$n 6. P??luvat(ge?rec%régh?usrrM AI‘CIQIEISI ﬁéﬁ wg Igljlé?anbgr abolism 7.
A ycol wak@bolishp/coneogenesi s15. Lysi ne cegradat I on 8 Por phyrin and

chl or gphyl |

24 = C21-Steroid hormone metabolism 49 = Butanoate metabolism

o

=

\

¢

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.



16. N-G ycans biosynthesis netabolism[0096] 6. Experinental data
substanti ated the value of the pathway network 35 .0 4 MAY 2006 [0097] As
shown in FIG 4A and 4B, the Oxidative phosphoryl ation pathway was
presented as the single source for the two pat hway networks of col on
cancer and prostate cancer. A further Baquiry into the nenbdrisMAYf200he

Oxi dati ve phosphoryl ati on pat hway reveal ed that COXJ HUVAN (P 14406 ) EC

colon tuntt SN 189S 17 ACHalERNRP b Bosfish YgtrtRes Trom

CX41_HUMRMNIRE3073) EC 1.9.3.1 and DHSA HUMAN( P31040 Q16395 QQUWS5 ) EC
1.3.5.1 were fromthe 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 Cytochrone c oxi dase pol ypeptide IV or the
COX |V-1[009%p8] Tise i midehdficatioh 6Pcmaich Fdthivdys betwesRtheeysloppment
is highlighted by the foll owi ng exenpl ary publi shed papers. Aznar et al.,
2003, ROcKnesdandipteasteragicer - { kappa} B- dependent Acti vati on of
Cycl ooxygenase-2 by Rho GIPases: Effects on Tunmor G owh and Therapeutic
Consequences, Mdl Biol Cell. 14:3041-3054; Davies et al., 2003, -
Correl ati on between Cycl ooxygenase-2 Expressi on and Angi ogenesis in Human
Breast CiPe®4] O i Whandbe deenparig@s plgorithmmasedisalosed2(8:e was applied
Cycl ooxygenase- 2 expression correlates with nuclear p53 accunulation in
gastric g@tﬂbﬁ Aviea patispay adwiorkenther obnynoaabeay2netamarkCiuas identilfied2003,
Curcum n i nhi bits,pﬁ]:(erbRI ester-induced expression of cyclooxygenase-2 in
and shown in C. The 16 common affected pathways found 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



nouse skin through suppression of extracellul ar signal-regul ated ki nase
activity and NF-{kappa}B activation, Carcinogenesis 2003 Jul 4 (ePub).

[ 0099] This exanple shows that the constructed pat hway networks have nany
applications and provide practical benefits. One exanple iS'to[fdgﬁxgm% 04
MAY 2006 36 a common pat hway network Bgtween two pat hway netmoﬁk :as shown
herein. The conmon pat hway network can al so be constructed for nore than
two pathway networks. The comon pat hway networ ks may provi de us insight
into the conmmon regulator(s)/initiator(s) for the occurrence and

progressifgoo7pl MulAL RRwANGCFTG ACLRE 415 hE ORRAMITY SRSRBLFHHA

singl e source pathway of the entire network, Whi

Ot ot L v paREpIGY Rtsdited Al ihE I RONRCRYTRE (AR Pifvay helioRRSSH P! ©

to subsequently tra back the potEgntial genes or pr at na

i ni tiat e dolomicadevebafoktatd kanckhi A FLAKES lncgj\'iﬁ‘?%qhﬂf EhPhRIADES 6 the

potential target to be used to detect, cure an revent a particular

di sease. (xidetiveqshesphorglnishpatiayepadyenlsdithat C@xﬂM!@uﬂ%)
different diseases by exploiting the different genes ©r proteins wuni‘que to
parti cul &Cdi.9ehdeand[ VABR WIUMAN¢PR 02 8014 s Qoir s8N PP IRG Or EPL i ons

of certain referred enbodi nments of the present invention, it is’to be
under st oc3d6t.§a14 t hgseededeoinpt | cndoar e fuesant esaimp leay ditavepl enchl y
and are not intended to limt the scope of the present invention. It is
expect ed YALI] JHRBVARKQ 168 n) BGe3 #r.3. 1, CXpét cHUMAN(PA80G8s )wBIkh,

e 5 PRI i B 3 B v
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



What is clainmed is: 0 4 MAY 2006 1. A nmethod for constructing a pat hway
network of a set of genes or proteins, wherein the pathway network
contains two or nore pathways with nodes representing the individual

pat hways and edges representing the connections between tiwApHIhways, said
nmet hod conprising: creating a secondaryggpat hway database by extracting
information from primary pat hways database(s) and proteln dat abase(s);

cear chi vt Bt BRITRY reFwOLE BobPebd Bud TafvedtBou e s A bRy
or ot 61 < i OB AR ek 5%1318%?!?%?%5 E&Cﬁ%t@a PRISIRER 9t r om
doscr | pt it B AR THE AR DAY o RB Rl eREHIES it

pat hways jnidiehe E@hﬁ%ﬁ%eﬁﬂ%ﬁé)?ﬁ%ﬁéﬁﬂé‘fﬁ% df or thb%rfé}l()fe Qxﬁi oé%%sﬁ)gf hways

which links to one path any one o

wher ei n tdmnammaq;‘taﬁ@ers nmrovméﬂ &hofi i q%lf}hgéé)ge@tﬁl g%ﬁg%égl?cé ﬁgﬂh%éé)

Accessi on Number ,  Description

Ref er encmf@hmmfe hB@)forlRGﬁ&ﬁGHQﬁl thes 'ch's@ris (tBE’)OxF&itﬁ%‘g) oSpRSS/1BEbAr ence
(DR), Keyword (KW and | dentification (ID. 1 4 MAY 2006 38 4. The met hod

of any orWithfthel lanownlsdircelptimay] teisi siesaiblei toaditzeqabntlparadeabiviedtse
conprises: subnitting of the set of genes or proteins by their IDs;

veri fyi npateetiekigermscer oprateens that they 1risiatd romydr tdevellbpiegitd (Thd he

initiator(s) therefore presents a potential target to be used to detect, cure and

prevent a particular disease. Other not common pathways enable scientists to

distinguish different diseases by exploiting the different genes or proteins

unique to particular diseases.

[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.



secondary pat hway dat abase; extracting the EC nunber of the submtted
genes or proteins primary in the secondary pathway database by their |Ds
through the DE field of the secondary pathway database; verifying the

exi stence of the extracted EC nunbers in the EC NO field; and r%p@QQ@wg t he
pat hways identified in the EC NO fiel d375. The nmethod of any o&e - ai s
1-4, wherein the construction of the pathway network conprises:
constructing an adjacent matrix of Kgf tgﬁytified pat hways related to the
set of genes or proteins by executi ‘% gorithm represented by the
foll owi ng pseudo-code: N = Total nunber of identified pathways;

Fori =t oN-1 Forj=0toN-1 WNW= 0; Fori=(doN1{ Wi] [j] =1if P; links to
PP W ] Whaf;clall 1:linked fromPj } wherein the i and j represent the
nodes of t %rgigh&%gaﬁ%tmork and P represents the edges of the pathway
network. 6. The nethod of any one of clains 1-5, wherein the construction
of the pathway network further conprises executing one or nore tinmes of a

ingle 014 MA ' '
single 014 MAA meHoBTor LONsERIC O%@%@w&%'@ a2dd105f WRAks or

represented by the follow ng pseu (pathway nétwork P) {
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);
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 Corﬁment
(RC), Reference Position (RP), Database Cross-Reference (DR), Keyword
(KW) and Identification (ID).



initialize arting/source pathways */ Initialize( g, s) /* initialize
graph */ S={ 0} /* initialize Sto enpty set Q = Verticeme{ﬁ)fgﬁ@ Put the
vertices in a Queue */ while not Empty(Q /* while Qis no ty set {
u = ExtractCl osest( Q); /* Choose nodggu in Qwth mninmmdist.*/
AddNode( S, u ); /* Add uto S for each vertex v in Adjacent( u) /* for

cal cur at 1 ne WoRathd silcfin BBeC Slafiysdade viarbimihe emiirigabionsol s ecor g

S B g SR I Sl s BT P

return SQUGiAgahe! LRl TPHTIIARYE34 DS through the DR field of the
secondary pathway database; extracting the EC number of the submitted

Visited[N]={}; For each pathway p; in the pathway network P { s =pi /*
st

genes or proteins primary in the secondary pathway database by their IDs
through the DE field of the secondary pathway database; verifying the
existence of the extracted EC numbers in the EC_NO field; and recording the
pathways identified in the EC_NO field.

5. The method of any one of claims 1-4, wherein the construction 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
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.

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



wherein P represents the connected pathways that formthe network; p; as
the source pathway represents the starting node; S is the set of al
identified pathways; N represents the nunber of the pathways.in P, D
represents set of distances to po; wrepresents set of |ink8kddgasliin P;
and V represents visited pathways withga different starting pathway point.
7. A nmethod for constructing a pathway network of a set of genes or

hodes 1 o5 HRE gt VS O SBD SEP Rh red st e bR el ing |
connect i ygég{?ﬁtc\%gp two pat hways, said nethod conprising: creating a

secondar way dat abase by extracting information from primary pathways

dat abase(sl)O a@etggg}g?i(pﬁgﬁk, El%%}kmherei n the extracted information

including the ty pat hways, e description of the pathways, the
EC nunbers (EC{ NO of nenbers of the pathways, the pathways which one
pathway is |linked to, the pathways which links to one pathway, and the
description of W[ﬁ;@mé{ghe pat hways; and wherein the description of
menbers of the pathways i ncf udes Accession Number (AC), Description (DE),

Gene Nane (GN), m?am)(pl?ﬁ{ﬁfee}%@ﬁ tk(C), Reference Position
(RP), Database Cross- Reference tDR), eyword (KW and Identification (I1D);

identifying the pathways related to the set of genes or proteins by
searching the secondary pat hway dat abase; wherein the identification

conprises: subnittismgppf the set ¢F igitimizeataningy/sonsepathivais */ Ds;
verifying the existence of the submtted IDs through the DR field of the
secondary pat hway Iotitadizet g, soxt r d& tinitiplizeezrighfinber of the submitted
genes or 0 4 MAY 2006 41 proteins primary in the secondary pathway
dat abase by their S5 {t®dough t he/* 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 */

}



DE field of the secondary pathway database; verifying the existence of the
extracted EC nunbers in the EC NO field; and recordi ng the pat hways
identified in the EC NO field; constructing the pathway network of the set
of genes or proteins; wherein the construction conprises: constructing an
adj acent matrix of the identified patipgays related to the setliofiAYgibles or
proteins by executing an algorithmrepresented by the follow ng

pseudo- code: N = d

Forj=OtoN-1 w[i] '9‘?“%38&%&% N1 f%t{‘&f??‘?%%qwﬁmi‘? F%’Hq}%%t o PP

W T[] podei®/P; linked fromPP } 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 naxi num
pat hways (SSMP) al gorithm represented by the foll ow ng pseudo-code:

Cet SSMP giairbip P ﬁéﬁiré‘&h'fs He Eo?{héétbﬁgi S thEPfo tHe B@E\K}Hﬂﬁ vg as t'Plet he

pat hway network P s = p; initialize starting ource pat

Initialige(re p@ih\hﬁy P Sdnitd eh@r sakting Rode; 'VB\YlszﬁQﬁ set of all 1dent1ﬁed
pathways; N represents the number of the pathways in P; D represents set of
distances to pg; 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),
vDescripti_on (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



42 { 0} /* initialize Sto enpty set Q= Vertices( g) /* Put the vertices
in a Queue */ while not Enpty(Q /* while Qis not an enpty set { u =
Extractd osest( Q); /* Choose node uin Qwith mninumdist.*/ AddNode(
S, u); /* Add uto S */ for each vertex v in Adjacent(u) /* toMieddh

adj acent node If (total genes/proteinsgp 1) { relax( u, v, w), [*

cal cul ate the shortest distance to v update pathway visit status /* record

{oral paPRaye Pl 1 feodndivh MG o @b pYhRIEHDs Hiopigh b e

that or T RITRER ARG Secondatty Rafl oy dERRERE Wity ifs SRERRISERRBRENRY T, |
S . e .

The. pat nee e gD Rl il the 19C NGO and [EREERRINAS PRADKER®. .7

of |inksigsdffed th the EOY WO g8lgesents visited pathways with a different
starting pathway point. 0 4 MAY 2006 43

constructing the pathway network of the set of genes or proteins;
wherein the construction 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

For j=0to N-1
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 =i /* initialize starting/source pathways */

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



8. The method of any one of clains 1-7, wherein the set of genes or
proteins are selected by their expression profiles. 9. The nethod of any
one of clainms 1-8, wherein the expression profiles represent the responses
of the set of genes or proteins to one effecter. 10. The net hobk MAY 206y one
of clainms 1-9, wherein the effecter ingpudes devel opnental stages,
physi ol ogi cal conditions, pathological conditions and genetic diversity.

dai abases. Lﬂﬁdp?f)g 8 {32?6182522""! Zﬁf%l&l@%?ﬁg‘%%t%ﬁ%y Lg‘é‘éifyapﬁﬁ h“G’Z‘%Zsf and
Ge KEGG

claime 111, tald %tho GRS CORSFPREY Rgretces BIERMBRRGY e Conscruct ed
et wor k and usi ng NBCEY %ﬁ@?ﬁ&gﬁﬁ@@gféﬁﬁ%ﬁ@ﬁ S ayour the

constructed pat hwa netvvork 13. The nethod of any one of clains 1-11, said
nmet hod further conprising: generating a comon pat hvvay net wor k fromtwo or

more constructed pat hY‘&YEﬂ&hmlb%stg’@ze' n ;hh wigt work from
two constructed pat hway networks c e foun executl ng conpari son

al gori thm repr esgivietudydish®/ f ol | owi ng pseudo- code. P ={ pat hways from
network 1} Q= { pathways fromnetwork 2 } R={} 44 For each node pi in P

{ Compare with each nAddNgide(1$,Q );f el ement /¥ Add uea ks el enent in gj, add
pi to RO 4 MAY 2006

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.



}; and wherein, optionally, the resultant common pat hway network can be
repeatedly conpared with another pathway network to obtain further comon
pat hway networks by repeatedly executing the conparison al gori@{nmw (mﬁ
wherein uni que pathways for each pathway network is also identified. 14. A
secondary pat hway database with two org4gore pathways, wherein said
secondary pat hway dat abase contains the information including the type of

menbors o thd IRaEg OF i, B 8 AR S o RGP R OBl Che

pat hways i i escription of nenbers of the
pat hvays P OSF plsT e RAGURA Bifess it bidiRst

e -descri rs of the pathways i ncludes
Accessi on Nunber (AC), Description (DE), Gene Nane (QY), Comments (CO),
Ref erence Comment (RC), Reference Position (RP), Database Cross-Reference

(DR), Keywor dTHEWN | sfeaiy G F SMiklsD) -
dat abasegclj\? claim f?,igemer ei}:]b!tnﬁz&ir ﬁ%é’&lﬁg igéﬁh?rﬁg;??%?@%?%ﬁg%ry

pat hways réigieantstiestespofisey 6f sl difpenss Q)i)pproﬂeﬁns 1henseFRiea y pat hway

dat abase of claim 15, wherein the primary at hways dat abases and protein
dat abases i nclude the Kyoto Encycl opedia of Genes and Genones (KEGG and
t he SW SS- PROT dat abase. 45 0 4 ' MAY 2006 .17: An article of manufacture,

conpri si Ag. aflHeeaséthodeof anpudre ofselalimsnbdl, wwhbpsinntheceffputesrinchadtabl e
program code means enbodi ed therein for constructing an adjacent matrix for

const r ucidenglapmentalestages, \pirysioldgcaloomud ttonse pativdle gicad wanditiode anglans
in said article of manufacture conprising: conputer readable program code
neans f ogepatisidiyersityonput er

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={}



to construct an adjacent matrix for constructing a pathway network, wherein
the conputer readabl e program code neans is represented by the follow ng
pseudo-code: N = Total nunber of identified pathways; For i=0toN1
Forj=toN-1 WNW= 0; Fori=OoN1{ Wi] [j] =1 if P, links to Pj Wij]l[i]
=1if P, linked fromPj } wherein thegg4i and j represent the nodes of the
pat hway network and P Trepresents the edges of the pathway netw8éRIAY 286 An

article of manfaGicnr MY bsd ng: at | east one conputer usable nmedi um
havi ng corrputggreag‘alg?%&i}g}r}{)gr m code neans enbodi ed therein for

constructing a pat ' ¥y sour ce maxi mum pat hways ( SSWVP),
the conputer readable p%?%g@gﬁqe%é%té‘%ﬁ%ﬁg‘!‘i said article of manufacture

comprising: | 46 comput g ERAARIR PieaAEATIRAIALTRAS alE, 18Y81 NY a

conputer to construct a pathway net W th sing sour maxi num pat hways
( SS\WP) , V\/nerei}n, dnlde conputer readabl e program code neans is represented by
the foll ow ng ‘pseudo-code: Get SSMP (pat hway network P) { Visited[N ={};

wherein, optionally, the resultant common pathway network can be repeatedly
compared with another pathway network to obtain further common pathway
networks by repeatedly executing the comparison algorithm; and wherein

unique pathways for each pathway network is also identified.

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.



For, each pathway pi in the pathway network P { s = pi /* initialize

" ‘starting/source pathways */ Initialize( g, s) /* initialize graph */ S ={

O} /* initialize Sto enpty set Q= Vertices( g) /* Put the vertices in a

-Queue while not Empty(Q /* while Qis not an enpty set { u =

Extractd osest( Q); /* Choose node u4\§n Qwith mnimmdist. */ AddNode(
i

S, u); /* Add uto S for each vertex n Adj acent(u) [* fﬂ Jﬁ?ﬁﬁ@adj acent
node If (total genes/proteins >1) { relax( u, v, w), /* te the
shortest distance to v update pathway visit status /* record visited

‘pathway */- } Visited[i] = total of visited pathways in S /* keep total
pat hways visited */ 47 0 4 MAY 2006 } return Max(Visited[N ) /* return

connect o pat ARy YCloL TRGURRLHE GAMBFRINgS: s (he | Sour ce pat hiay
represents i hae Tedst' brq Qgr%%utgr Ilfsatb e Isneetdﬁn lalv&lgegérlrfpluetgr readable
program code means embodied therein for constructing an adjacent matrix for
constructing a pathway network, the computer readable program code means
in said article of manufacture comprising:
computer readable program code means for causing a computer
to construct an adjacent matrix for constructing a pathway network, wherein
the computer readable program code means is represented by the following
pseudo-code:
N = Total number of identified pathways;
Fori=0toN-1 |
Forj=0to N-1

wli][j] =

Fori=0toN-1 {
wli][j] = 1 if P; links to P,
w(jl[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 article of manufacture, comprising:

at least one computer usable medium having computer readable
program code means embodied therein for constructing a pathway network
with single source maximum pathways (SSMP), the computer readable

- program code means in said article of manufacture comprising:



pat hways; N represents the nunber of the pathways in P, D represents set of
‘di stances to po; wrepresents set of links/edges in P, and V represents
visited pathways with a different starting pathway point. 19. A conputer
system conprising: a processor; and a nenory coupled to sai ohv,*ppﬂcmfor,
wherein the nenory contains one or rrté)lrée prograns for enabling the™
processor to performthe nethod discldsed in any one of clains 1-13, and
wherein the nenory stores the secondary pathway databases of any one of
clains 14-16 and t¢mpuistieadable progreay codetmeaks forcausingp tonmuter
performance of any one of clains 1-13., 20, The conputer system qf claim 19,
wher ei n &%@omwﬁﬁrﬁs patwage nehworlg dyvatde stnglet sowreg guriiniamopathways 17 and
t he SSI\/PSaé rithm of c¢laim18. .

( ), wherein the computer readable program code means is represented

by the following pseudo-code:

GetSSMP (pathway network P)

{
Visited[N]={};
For each pathway p; in the pathway network P
{
S=pi /* 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 */
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}
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 py; 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

~ in any one of claims 1-13, and wherein the memory stores the secondary
pathway databases of any one of claims 14-16 and the constructed pathway

networks resulting from the performance of any one of claims 1-13.

20.  The computer system of claim 19, wherein the programs include the

adjacent matrix algorithm of claim 17 and the SSMP algorithm of claim 18.



