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invention relates to nmethods of drug discovery and, in particular,
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pur poses of understanding phenotypic traits. BACKGROUND OF THE | NVENTI ON
The last 5 years or so has seen an explosion in the availability of data
relating to genomcs, i.e., information related to genes, their nucleic
aci d sequences, the proteins these genes encode for, the biological effect
of the proteins, and other related information. The availability of this
data has opened up unprecedented opportunities for understanding disease
pat hways and for identifying new therapies and prophyl axes based on these
under st andi ngs. There are multiple routes to nodern drug discovery. In
general, these require identification of a gene or gene product (i.e., an
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There are multiple routes to modern drug discovery. In general, these require
identification of a gene or gene product (i.e., an RNA, polypeptide or protein) that is
associated with a given disease. After this association has been made, researchers can
design drugs that antagonize or inhibit, or agonize or enhance, the expression of or

activity (i.e., function) of the gene or gene product in order to treat or prevent the disease.

Preferably, researchers will have not only knowledge of the association of a given
gene or gene product with a disease but a fuller understanding of the entire disease
pathway, i.e., the series of biochemical processes within the body that result in disease.
Researchers also desire to have a fuller understanding of other pathways that may
comprise the given gene or gene product, as well as other pathways, i.e., pathways that do
not comprise the gene or gene product, that lead to the same disease. Even more
preferably, researchers would wish to have a fuller understanding of additional indicators

of safety and efficacy, such as genotypic or phenotypic “markers” or biochemical or



Ais likely to have a positive effect on Protein A-related inflammtion.
Researchers woul d prefer to have a fuller understanding of the association
of  Prot ewo 0406104 nf | ammation. For illustrative purposes, pcadsas/cives s woul d
want to know, hypothetically: Up regulation of Gene Aresults in
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of Gene Cresults in expression of Protein C Protein C activates T cells
Activation of T cells causes inflammtion. Mre preferably, the researchers
woul d al so gaxienraertyl| fetprsihelcrre pAGiRtey Vot resReRses; tBﬁB‘FCIffb‘éﬁhh‘\&éy&hl?}hat may

conpri se Pr8§%§?§6a“?§2égfﬁhkagBFgE%éﬂp %ﬁm?gnhelp resear chers predict

side effects ers 0 have a fuller understanding

nt or et on would Rk R s /<dsr Dt dFPRBRAH) PERAS. BRIV,

Protein A if&stf€ilePurpdtR\es ProteimeRic Bebsiaa With mﬂa@mmah sﬁggesﬂgd@f@éaam@brmr e
fully additjonal factors that woul d hel p then1pred|ct safety or efficacy

in given pdhatdietgin ftsémhwyéaraﬁrfme@@gﬂwveam ccaipp drug thas anbifsProtein -
pol ymor phi sgig, y; 3}51% ¥ h %LéFff?é}JPﬁ,Prb@ﬁPAtraQ&a iffiadflghsd ons;  phenotypic

mar kers can i nc e a nu ctors such as race gender, ethnicity,

age, W.e' ght, egﬁsﬁ%gﬂe\éls rgﬁ%ﬁ@p f%r &X a(%/te or llegraurr]]tdgrs 1ng ({f ?heqasﬁowﬁr?%\rﬁfg ;ls such

as snoki ng or posu

mar ker s carprbfefl Nde infRnfnationt [Tk Ais@EOYc ﬂlﬂy@es,,reﬁafohe& W18 34066 FDEw,
PCT/ US03/ 03006 A great deal of such information is available frompublic

sour ces, e.hypothgé¢adlytific publications. However, the sheer vol ume of such
data is overmhelnlng such that the data cannot be accessed and correl ated
in an efficienmt Gnrkgelation bl Generdmasilts iCoxpessimh ofd’roteen Apr obl em i s that the
data are in disparate sources nmaking it extrenely hard to piece together

in order to deripsetetn AphbsghopylefesPeoteill Bedegtalipoet! thpan several attenpts to
address this problemby creating search tools, such as MedLine, Chem ca

Abstracts, Bi @SitgoREE! & phRbshorylbfid, upeEdiidtecabputer searching of large
nunber s of scientific journals or” abstracts, such as Science, Nature,

o Up regulation of Gene C results in expression of Protein C
e Protein C activates T cells
e Activation of T cells causes inflammation.

More preferably, the researchers would also have a fuller understanding of
additional pathways that may comprise Protein A, as such information would help
researchers predict side effects. Also, researchers would wish to have a fuller
understanding of alternative pathways that result in the same disease because such
information would help them better predict the efficacy of inhibiting Protein A. As noted
above, researchers would also want to understand more fully additional factors that would
help them predict safety or efficacy in given patients. Genotypic markers typically
comprise specific polymorphisms, such as repeats, SNPs, insertions or deletions;
phenotypic markers can include a number of factors such as race, gender, ethnicity, age,
weight, etc.; environmental factors can include, e.g., behaviors such as smoking or
drinking alcohol, exposure to toxins, etc.; biochemical markers can include, e.g.,

cholesterol levels, etc.



Proceedi ngs of the National Acadeny of Sciences, etc. Searching these
journals is still a problembecause there are hundreds of such journals
and many wen3oeisy4s be searched by key words (and sear chi ngcirassoobé mes
restricted to key word fields or abstracts) or by reading full abstracts,
which in either case is very tinme-consumng and inefficient such that
inportant articles are easily m ssed. Another partial solution is databases
of genomics data. One exanple is GenBank, which is maintained by NCBI.
Gene sequences ent ered in_such databases are usuall i annotated with
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sequence is expressed, the probable function of the sequence, etc.

While these databases are enormously helpful, they miss some data that appear in
scientific publications and, more problematically, they cannot readily be used to
determine disease pathways because the data are not structured in a way that allows

computer analysis of complex relations between different genes and gene products.

SUMMARY OF THE INVENTION
The present invention relates to methods for identifying pathways for particular

phenotypic traits. In a particular representative embodiment, the invention relates to
methods of identifying drug discovery targets by defining disease pathways by computer
analysis of direct as well as complex relations among different genes, gene products, or
processes. In other embodiments, the invention provides methods for identifying new
uses for known drugs, methods for predicting likely side effects of treatment with a given

drug, and methods of predicting efficacy of a given drug in a given individual.



A structured database representation of information will be able to define
bi ol ogi cal relationships that are at | east one step renoved. For exanpl e,
i nf or mat iwD oBloetso4 may be acquired from one data source, ergT/USas/@®dentific
journal article, mght conclude that Protein A phosphorylates Protein B.
Information froma second data source, e.g., a second scientific journal
article, mght conclude that Protein B, upon phosphorylation, up regqgulates
Gene C. The rel ationship between Protein A and Gene C is one step renoved.
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body. Preferably, the system will be able to define biological relationships that are 2, 3,
4,5,6,7,8,9, or 10 or more steps removed. The biological relationships that can be
defined will often times be complex, or multi-directional, relationships in the sense that
one or more genes or gene products in a given pathway may also appear to be parts of
multiple other pathways so that many of the genes or gene products in the database will
be related to others in a complex, “spiderweb-like” relationship. A biological relationship
exists when a component (i.e., concept) of a pathway has a biological effect upon, or is
biologically affected by, another component of the pathway. So, with reference to the
simple illustration provided above, a biological relationship exists between any two of,
and among all of, Protein A, the gene that expresses protein A, Protein B, the gene that
expresses Protein B, Gene C, and the gene product of Gene C. Thus, a preferred database
for use in the invention may be referred to as a “biological relationships database,” i.e.,

one that identifies related biological concepts and that specifies what the functional



used to select, de-select, or prioritize certain "steps" as drug discovery
targets. The candi date drug di scovery targets in the disease related
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because they sit on the cell surface), through structural analysis, or other experiences.
Results of querying the database may be combined with the results of additional data
obtained from one or more additional methods for identifying candidate drug discovery
targets (e.g., differential gene expression studies).

The database may include the use of an “ontology” as this particular form of
structured information may be used to infer classifications based upon the biological
interactions of interest. This classifying one or more findings using an ontology may
further include determining a likelihood that the one or more findings residing in a
particular biological classification in the ontology is statistically significant (e.g., by
testing a null hypothesis).

In another aspect, there is a method for identifying a new use for a known therapy
including the steps of providing a means for querying the database to identify a disease-
related pathway comprising a known therapy target; selecting at least one of such disease-

related pathways wherein the known therapy target is also comprised within a second



di sease is a side effect of drug therapy is provided. In this enbodi nent,
the method includes the steps of identifying the disease-rel ated pat hway
af fect ed wp oa/oésg or drug di scovery target and provi di ngca/useao®od or
guerying the database to identify alternative pathways that are al so
affected by the drug or the drug discovery target and that result in the
undesi rabl e phenotype. I n another aspect of the invention, a nethod for
identifying or validating a genotypic marker for a disease state includes
providing a nmeans for querying. the_database to identif) enot ypi ¢ _mar ker
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enbodi nents of 'the invention, which will beconme apparent fromthe follow ng
detai |l ed toidentify a genotypic marker that is associated with a disease state.

In another aspect of the invention, a method for evaluating user-supplied
genomics data is provided. In this embodiment, the steps include (a) defining a profile
model based on one or more profile definition criterion; (b) building a collection of
profiles according to the profile model; (c) identifying one or more profiles that overlap at
least a portion of the user-supplied genomics data and determining, for each such
overlapped profile, whether the overlap is statistically significant; and (d) analyzing one
or more statistically significant profiles together with the user-supplied genomics data
including inspecting database-asserted biological interactions embodied in the one or
more statistically significant profiles. The building step may further include building
profile libraries containing a plurality of profiles, each one of which being based upon a
unique profile model. The profiles may correspond to static profile models, i.e., pre-
generated, or dynamic, i.e., created on an as-needed basis by direct queries of the

database. In the former case, a separately stored, structured representation of profiles is



description, follows. It is to be understood that both the foregoing
general description and the follow ng detail ed description are exenplary
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understanding of the invention, are incorporated in and constitute a part of this
specification, illustrate preferred embodiments of the invention and together with the
description serve to explain the principles of the invention. In the drawings:

Figure 1 illustrates the positioning within an ontology of the finding, “Human Bax.
protein accelerated the death by apoptosis of rat DRG neurons after infection with Sindbis

Virus.”

Figure 2 illustrates a graphical example of the complex relationships among

concepts involved in disease-related pathways.

Figure 3 is a schematic illustrating a method for analyzing gene microarray

expression data according to a method of the invention.

Figure 4 is Venn Diagram illustrating a conceptual framework for determining
whether a set or subset of user supplied gene expression data that is also present in a
profile found in a Knowledge Base is statistical significant and therefore potentially

related to an underlying biological process of interest.



inefficacy of drug therapy, alcoholism addiction, etc. A "disease-related
pat hway" is a series of biochem cal reactions in the body that result in
di sease, wWO@®3/067504 i s a series, linear or branched, of bi olpagiusat/03006
interactions in the body that collectively have an effect on a disease
state, e.g., initiation, progression, remssion, or exacerbation. Such

bi ol ogical interactions, i.e., biological effects or functional

rel ati onshi ps, are the biol ogical processes that occur within the body,
e.g., binding, agonizing, antagonizjng, .inhibiting, activating,

nodul ating, nodiFiguragd is agraphicghidlpsipajion of the'statished signiftcancg@s measwedpriy| axi s
and prophylacti | i i of
syt one. 2o Gp R FAEF SRR BunhT bl R, B0 Mo, e BN RePhiR

pr ogr essi orvedlappin} Spadite fomtthe KndwledgaBagns acindontdocmasacest ate. " Prot ei n”
or "gene product” means a peptide, oligopeptide, polypeptide or protein,
as translated or as may be nodified subsequent to translation. A gene
product can also be an RNA nolBEVARLED DESCRIRTIONe the data that is used
to build an information database. This data may cone from public sources,
such as dat ﬁgngnd scientific publications, but it may also include
proprietary data or a mx of proprietary and public data. In preferred
embodi ment's, fi At usgd imthe dgesriptien that oMt ur al | anguage (e.g., English

oreater detarl boisa gTvp o BRIER sEFOI R nB e RUREE uRALLE wap.
i ncl udes t lo€ exavhele al diseass dretitensadtate, apredispdsitodnogy susdeptibihicetota discaseyelr bnas

the effects, of such concept at the leyel of .a cell, tissye or organjsm
Unl ess ot hebipe! dpisdermosse. Musicaiigand Saerimifies Geastplos QLAISCARLeay M5 Bt not

limted topaffchofestdiBIaBvelREnGstiW0hdrt Aikere IR REBSS0, RidbefRE SJI€d0s€d
enbodi nent, information is stored in, and accessed using two databases.

The first detokebase, depressioncanixeadyanfiseisans (disemse) taxfc states, seugtheiapy sideietlgrisgs
structured.acgordi t o.predet.ernm.ned usal relationships that generally
t ake the fd?‘iiﬁfﬁcy ompg;apﬁeﬂ%oh&mi %drd‘fcplrogd%tg‘t) -> obj ect gene ( and/or
product) type rel agis@Rshélped Eﬁﬂh@fa?’f RRaf defies btiocHentiekl R@tilE h.thd b&dyothed er r ed

dat abase structure for this Findings KB is a_frame-based know edge
r epr esent atttH#f il dtsgaseptie) it igd sqEgadmeat crfé%rarwa%mi@@lgglﬁalelﬁteraégonswaghe

al ternat i vl Be USIEEa( QY nabd MELHL B a WRaRGH ALY ! fidlhiBH! HOSressIfE Second

dat abase
remission, or exacerbation. Such biological interactions, i.e., biological effects or

functional relationships, are the biological processes that occur within the body, e.g.,
binding, agonizing, antagonizing, inhibiting, activating, modulating, modifying, etc.
“Therapy” and “therapeutic” include prophylaxis and prophylactic and encompass
prevention as well as amelioration of symptoms associated with a disease state, inhibition
or delay of progression of a disease state and treatment of a disease state.
“Protein” or “gene product” means a peptide, oligopeptide, polypeptide or protein,
as translated or as may be modified subsequent to translation. A gene product can also be

an RNA molecule.

“Findings” are the data that is used to build an information database. This data
may come from public sources, such as databases and scientific publications, but it may
also include proprietary data or a mix of proprietary and public data. In preferred
embodiments, findings are derived from natural language (e.g., English language)

formalized textual content according to methods outlined in greater detail below.



type is an ontology. An ontology is a multiple-hierarchical representation
of the taxonony and formal concepts and rel ationships relevant to the
domai n ofwonsmeémei, preferably organized in a franme-baseacrarsnzo3oodhe

Fi ndings KB and ontol ogy are herein collectively referred to as a

know edge representati on system ("KRS"). O her database structures,
conprising one or nore know edge bases conprising a KRS, may be enpl oyed
for representing a body of know edge when practicing the invention.

However, when an ontol o i s used toge her th o her KBs . to form a KRS,

or solely as a KBi®! Oglﬁ@e%é “Aegdudesithe me qu%\#[f giverbiological FoREEPLASHNoNy
and for mal &‘e@ﬂ&‘?ﬂ% éffé'?:'fkdofs{lg% %de@@é%‘tl&sled&fdf?%gn'tiksﬁ‘é'oxo& idy for purposes

of inferring conclusions about s ntific i ndi ngs may not ot herw se
be readily appar ) | | X9 Q[ar onpl ex, or
mul ti-directiona nqéssgroﬁléag‘gg 3 eé)Y%e\g] é‘\(‘f}%‘r‘%% S'M;ggcg?&’ ng Y, ll%:rhgé/lfl%g%t rHﬁel oW is
a further destditpahdra aheamsphebemoss] ontol ogy that may be used to practice
the invention. Wth respect to the preferred enbodi nents, the principal
domain of interest is genomc information, which conprises at a mninum

i nf or mat i oryHeebatabuset O genes thei r DNA sequences, nRNA, the proteins
that result whe the en [ cal
effects of the g& pro ellmﬁrs1 ne\?s q’ioghgggl%aﬁ?fcﬁng ”Pé’sg JD&S?Agrtg% “at ed

i nfornati oraiatabhsew 1rhe fiﬁ;t ghteBdse iva kitewleégdiedse (B tdTehgaeiatifie Sindifeer mat i on
can al so be 9 WD 03/067504 PCT/ USQ3/ 03006 i nforpmation rel atlﬁr%]% to ot her
genoni cs, psFra@terqd@ﬁWfémgﬁepmésnerremaﬁcpaeéa%afe}afeﬁrﬁhlpsﬂaﬂt sengaklotake the faan pf ¢ o
ot her bi ol

pr ot ei ns a%gﬂeg@héa{,eqsucﬁle%g% O@é&gﬁ f%{éi/&gﬂgmmké gélgi%al? Eal effects
of cells. AherpineftarthetdFiadings K@/’).sifhupltefmmdsiambas sttustuco furelnit §mdnn@ KB is

frame-based fornnat, ic all ows searching of the ontol in

el ati onoh i fETEbiE ARV e HakSerRRaT e B dbalcuehie: biE s
ont ol ogy. |rﬁ‘a}1 Aueﬁldu'v&l%%ne&d }8 se00liRGhe stRARE HAMLYs. OT KRR dARRke
grouping is‘'called a’class. A class Tepresents a group of things that
share si m Itgpe ipropatotdgys AIFQntoloeXaﬁ"@mltlplﬂhterﬁeclumlotmgyntw@o|0if ded herein,
one class i,s human Iud ells,

brains cel I8 mé’(fmg ﬁomﬁgg?lmg?gtaﬁlg a%@%gﬁg’s & eva“?: F nt%g %oglaé{wtsm{eﬁegf ance"

that cl ass profbiably drg&hi’é&ﬁ% fFRRd-BaRA fordlah g TRe Findiips B ehEsmblogy A mghng
within the SPeCI fied class. Thus, an individual blood cell is an instance
of the cl asellegtivelygaferred & pssa knowledge representation system ("KRS"). Other database

structures, comprising one or more knowledge bases comprising a KRS, may be

employed for representing a body of knowledge when practicing the invention. However,
when an ontology is used together with other KBs to form a KRS, or solely as a KRS, the
methods of the invention can leverage the taxonomy and formal concepts and
relationships defined in an ontology for purposes of inferring conclusions about scientific
findings which may not otherwise be readily apparent, especially where findings form
part of a complex, or multi-directional series of causal events. Accordingly, provided
below is a further description of a preferred ontology that may be used to practice the

invention.

With respect to the preferred embodiments, the principal domain of interest is
genomic information, which comprises at a minimum information relating to genes, their
DNA sequences, mRNA, the proteins that result when the genes are expressed, and one or
more biological effects of the expressed proteins but which can include other, related

information. It will be clear to the reader that the genomics information can also be
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The rel ati onshi ps between different instances in the ontol ogy are defined
by "slots." Slots can be thought of as the verbs that relate two cl asses.
For exanpwve,03ogmncreati c Beta cells have a slot, "producep¢Thisnkozgs t hem t o
insulin. A"facet" represents nore detailed information about a "slot" and
can in sonme cases restrict the values that a slot can have when related to
specific instances of a class. The slots and facets define and structure
the taxononmi c rel ationshi ps and partonom c rel ati onshi ps bet ween cl asses.
When scientific findjngs are entered intq the onto ﬁh gi d| ng is
separ at ed iRogmAEA reli’l“%F%P%‘%%‘i?ﬁ&ﬁ%?&melﬂ?mw&dﬁﬁté% e and%?? a‘f18§a exanpl e, in

the findi ngnforﬂi‘b'tﬁ@ﬁa?@éll% & BolARGPhSLakathddS ABLaI L BBARIO5ME: Mhn' At

dorsal root ganglion (" neur I nfecti Si nd Virus,
each of t herétoinkand ggneb,rm:kas ecllsphnchelew, £ 3., thecknlogpal eff<§d%miﬁaquIBaA pr ot ei n]

accelerated].th dea t 0S of at ' neur ons fter

infecti onPreriRt pepfas ot SRt i toribudi bbb delnet Shghplbbs)

bi ol ogi cal seEx@HiB@ BeMHeonMlog PR ML RMAYNIHIR bebReHEorab nhake InfeRndekUbBSY items

reaction in the pat hwaéI In the instant exanple, the actor concepts are
2y

Human Bax mqsc@mhanuto dibn shlsnlhu@atwmnmlogm élmerpngry agahzagiongltgreuping a
putative dr ugalgd ac a\égé cl%sggeépnr sedls% a r|01l§el %th%ngél?ﬁatgﬁé}esgﬁmiarg)e %me%r %gyct S

(1 ncl udi ng, enz an - a

sequences (éxa@blédinte ofitolbgy d@MlHehaﬁerdns onetlaby @Illﬁﬁfahl@eﬂs WhléHﬁhssllﬁclﬁlst
transcri bed and _transl ated,) é}l ncl udi ng, MRNA t r anscri pts,)
cel I's, and Ipageddisi kin %llrsu%réglsmellatl & on.pkadhey éh%mememf@ﬂmw

PCT/ US03/ 03‘?@@ Gk’ gwtg%tlcléswﬁfcm gag, &ﬁefﬁﬁg@&gaxgggg@g%% eﬁésrﬁgﬁ.&,s E%&}%iﬁgd ina

preferred ontol ogy lustrat

protein; apmﬂtmﬂieﬂspeeﬁed slakxc [Thss aafindledudl, bloahetlIDREN irstance obihe akss of
neur on i.,s figure also illustrates how the concepts in this sinple,
|IIustrat|\}¥ém?ainr?8(§1g are related to each other, making it easier to

vi sual i ze how each of these concepts can be further Ilnked to other
concepts in ot héthefrFlﬁH?fﬁQéPS tweeneliffergpianstances immihg oato %Bgﬁéfie@#‘dl Mower

Lovel s, L1 -RLEISRE Efh BIHBITRRLS e oS HYOME! R claskds HoP e

structured to represent causalit hus permtting t di scover
uni directi qmad:rea;t&iBeta)i:ells lrbe ngdots haddwe £ linklogl therh oo rsalin. Ad1feioetihiepmlse;ms to a

GERTES IR ES AW AR AT W

vel | - recogniedn RARIBNER detidded tspb@iié BltanedsTal ddss. ThekIdes and facets define and
structure the taxonomic relationships and partonomic relationships between classes.
When scientific findings are entered into the ontology, each finding is separated into its
discrete components, or “concepts.” So, for example, in the finding: “Human Bax protein
accelerated the death by apoptosis of rat dorsal root ganglion (“DRG”) neurons after
infection with Sindbis Virus,” each of the following bracketed phrases is a concept:
[Human Bax protein] [accelerated] the [death] by [apoptosis] of [rat] [DRG neurons] after
[infection] with [Sindbis Virus]. The actor concepts are the physical biological
components of the pathway that cause or lead to another reaction in the pathway. In the
instant example, the actor concepts are Human Bax protein and Sindbis Virus. Actor
concepts, each of which is a putative drug discovery target, are likely to be genes or gene
products (including, e.g., receptors and enzymes) but can also be, e.g., other DNA
sequences (including, e.g., DNA that is not transcribed or that is not transcribed and
translated,) RNA (including, e.g., mRNA transcripts,) cells, and bacteria, viruses or other

pathogens.
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| i ke genomcs, for different terns to be applied by different |aboratories
to the sane genes, proteins or other biological materials, and for

t er m nol oyo@s/oEBoLhange over tinme as conventions devel opPCThisss3/0dnbe
storing and accessing of genomics information will preferably be organi zed
to ensure semantic consistency. For exanple, data entry could be limted
to a pre-set, or glossary of terns, inclusion of a scientific thesaurus
that automatically converts inputted terns into accepted terns, and hunman

review to update_ the thesaurus or gl ossary. Reaardl_ess of the subject

. y
matt er capt ur ed fagie dd4estiatss o thessCOBFRRSE Fgyiry iR R Prefemigshpntglogy. As
t oxi col 0gy ,:i1hdsrak [ - ] I 1 . Qf t hat
compr 1 ses. T El B B e o R 2 su b T
t he proper andDRG ésa subdlass ofvetrdy THiefigweraigorillasteates/howsthadndeatseh shiand

finally stored in a formthat will —allow the contents.and the.

rel ati ons hisﬁglgl@o’ﬂlf‘%ltfaﬁ’é@rgnﬁmlgﬁée shated Bgpe Bthﬁé’.nﬂ Baft egsier g yysualize hoy
searched, 260£sFHesARAR Bindlefher Thiked € SGE! QhcOits APSth&SIdiYs, hie
information or "facts" that will be included in the ontology and the

met hods usedmedevgl grabat highss endslowver ésyelso In harefeined erabcn@mcatrpfbge Bwpptidned t o
the ontol o in proper. fo are descriped.in _connonly-assi gned. pat ent
appl i cati o%dlrtgf)are fué'f’J {é]&.eprﬁwngﬁ?,sﬁ 5> thps PS‘&“‘* & XPD@E% L5000 and

entitled, 'uheffeotionesett of ﬁEcﬁﬁ%sl thh©dre Mielyb MadBEIIRELIVAEH Ub &igiveAnbidiBgicat or age;
" and (2) Serial No. 10/038,197, filed on 9 Novenber 2001, entitled

"Met hod andff8gst em for Perforning Information Extraction 11 WD 03/ 067504
PCT/ US03/ 03006 aélgar %x’ thy ?éﬁgﬁgg% bE gffe&ixjénf?\f\é eﬁrgg?a @‘&)edeVF:l%g 2R &Agf
e yr herein

all of which are I'ncdrpora ererencé or al ur poses.

descri bed rofternisufbd ykd thirighORds & efetirrecupmized prloti e divfass mioeinigi ssieatifib fickiead t he
articles that conprise a data source for,_ the gptolo may, abstract the
facts cont dlkﬁeg&n‘i’lﬁlcs’tfﬁbé’é%éﬁnt‘ femgdo B@awl}qdirha@fh&wewa!g%lor ORES 10188 S

abstracted egfﬁa‘?e pfg&éiﬁ%& &ﬁe@oi&agitcalrxﬁ%t@ha\g,e&dffapf&mmaldgms% RRAHRBvEPHEGs t hat

is rewitt y using a“tenplate) in the conputational” information
| anguage ofcothentions dtvetpp. Thusahpketied ahdetcesangbdHgamoimgcsanfarmdtiemwill

instantiated .t | ate. .The contents of the jnstanptiated, t | at es ar,

ol aced i n (RECBRDOTOUEHEOEIIC SRR teneY « husaamgle, e sprtedidr o
di ct at ed byinkif&l 6 Q@PreRét, andosshryisttbings, ffclisith ofHcRinAAY thedf\gud thapr Mat i on
contained in these facts are also stored in the Findings KB, which, as

ment i oned abtaRatichly eensgrts ipytted roe it pedepteditprme, Arshuman resigyhtoaindate
| nformat i ONhe thesaurus or glossary.

Regardless of the subject matter captured and described by the ontology, whether
genomics or toxicology, it is necessary to examine closely the body of knowledge that
comprises the subject matter so that the knowledge can be organized into the proper
classes and linked by the appropriate slots and facets and finally stored in a form that will
allow the contents and the relationships contained in the ontology to be properly
represented, searched, accessed and maintained.

The selection of sources for the information or “facts” that will be included in the
ontology and the methods used to digest those sources so that the facts can be supplied to
the ontology in proper form are described in commonly-assigned patent applications: (1)
Serial No. 09/733,495, filed on 8 December 2000 and entitled, “Techniques for
Facilitating Information Acquisition and Storage;” and (2) Serial No. 10/038,197, filed on

9 November 2001, entitled “Method and System for Performing Information Extraction
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in the Findings KB is also contained in the ontology, it is preferred to
use the Findings KB when specific findings are later retrieved as this can
facilitatwoosnpsoati onal efficiency for searches of nultipplrarshs/esdbags
where information about the classification of, e.g., the effector and/or
object in the finding within the ontology is not needed. Each type of
permtted fact of the ontology can also be associated with a fact tenplate
that is created to facilitate the proper entry of the information or data
conprising that particular type of fact into the_aontol ogy. These fact
tenpl ates apé Quabydranirel fo5 a Kpowdgegshase.dhe P%?‘ltéﬁg%lpﬁfgwhicﬁ@@r%‘?ﬁp@ﬁtqdr om
the source - . Lthiin the tenplate present the scientist
with the a?ﬁ’ﬁrrg%ﬁ“é g%“&@@%@}’%ﬁ’g%&s and facets for the particular fact
type. The process debcritiedtnare tfulhgin thoésermferénoes arsl idw exdientisty sthorreartythe

know edge, as it  places kgow{ edr%e iniﬂo the structure aﬂ\d architecture of
the ont ol odificlesthatfompsige p gata sepich {onihe ABLOMISY MAYARSEAGANG Eciscongingfl in

formal i zed yndeli1QfbyerRRE iR RnpRRs!. Uh Metactll PA_c@géf&«a:to & NG efitisved RSB

nodel s provide the framework for capturing a considerable portion of the
| oosel y ar tandnfoarhatibrf Sonttietlgas is sepirgteni (9.2f, bymsinga teropldtyie theicompatational The

specific level of experineptal sults that is.of qgreatest.,value to.

i ndustri al lgﬁgngboiﬁgﬁgtgge 8& ﬁ)tnfogg%y ‘c‘gﬁoﬁg}ebeéff?ftéﬁggﬁfvstcgp kqnigstpnyated
capture. Seemplafe. PhREBh@ntsiof tHd@sthhteltel Rinpld&NR8hRsed HNBvbAEAEY! Tk tircuses
on the effects that both perturbation to ﬂenes, gene products (RNA and

Er O][ ei ns) I and famat pf theseclec templatas ayadic s icentpntand strneturpaeidhei pon
. . Bigtpes] C s ) el "
backbone. o MG Bt RrRH e e PR AR, Heali Ry Al T KBPLD 1

necessary fwhiéhwe ienfiomedddved,apuded ta stobd ignificifidinpal adthougipileidniaitioan of

conpl ex biglogical informtion. Exanples of the types of facts an
bi ol ogi cal 1 BiledtindgRshKBds alsa cortamed i the gniglegyedf is prefesradie ushiths I TaRdngy e: a)

an increas Q(%glfhg{i' g%%Fﬁs’&’f?ﬁdif? s dr@ PeiERfcStdad ﬂﬂ%;&%?%%l_iﬁ%;bgﬁgﬁﬁﬁfon@ a

decrease in ncreases activation o : the allele
del t a32 of efftiREcy foosgehesof multipée findidgs where aifbmhationdbontsthe eksdifidation of,

transm ssion. |n referred. enbodi.ment, .hi.ol.ogi cal systenms are defined in
terns of  pedsdut el obicetTone arge wigf betetdbe” SR RERAL b ngs such
as specific gengschBffRldipBsmited fdct 0PI cBIdeEY Gialso HArRERIAESwWRNQ fagt | ons
that act on those objects. Exanples of processes include phosphorylation,

whi ch act s templdiestbatds ereatisfl @ fasilgatg thepropersmnty v thednfbragbpn esdaia coinpsing
that particular type of fact into the ontology. These fact templates are presented to

scientists as they abstract information from the sources. Pull-down menus within the
template present the scientist with the appropriate classes, slots and facets for the
particular fact type.

The process of abstracting information is called structuring knowledge, as it
places knowledge into the structure and architecture of the ontology. The method for
structuring the knowledge is based on formalized models of experimental design and
biological concepts. These models provide the framework for capturing a considerable
portion of the loosely articulated findings typically found in academic literature. The
specific level of experimental results that is of greatest value to industrial and academic
scientists can be particularly targeted for capture. So, for example, in the field of
genomics, knowledge that focuses on the effects that both perturbation to genes, gene
products (RNA and proteins) and small molecules and various physical stimuli have upon

biological systems is singled out. These perturbations and stimuli form the backbone of
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acts on cells. Perturbation of an object can have an effect on a process or
on an object. Using these concepts of objects and processes, the

i nf or mat iwo o3f6tshe ont ol ogy may be represented by a vari ecy/ushzbmed types.
As nentioned above, tenplates are associated with each fact type. In a
preferred enbodinent, there are five tenplate types used for fact entry
into the ontol ogy. The corresponding fact types nay be described as
observational facts, conparison facts, case control facts, case control
nodi fier facts, or case-control corrparlsonf acts. O course, the . structure
and vari et ;Vhed?m?l&é?t’ apd, peyidedhe peresiary Famever ObfieY@rmP%élﬁ@rW"Pﬂ‘Fﬁé‘cﬁﬁ@ol ogy,

all of @}mygplalnoggftrs imi(tb?es 0 ‘?ni%l‘rhét#cﬁld in the art. Exanples of each

of the afor one a preferred enbodi nent follow
Gbser vat i onal fii){hmp(@ﬁf)heanypesatfsfmts/md mnk)gmbnﬂlatmsmphthagcarm tesnalapide of

an OF is " Tyrosi hosporyl ation of | NRS- observed. " arj son
facts (CFs }ntoé%?r?}&?’é’gg Bb@%/ ngregse IBﬁﬁe HPMY qu‘agd BROGR ficgeases %ﬁgﬁﬁﬁr
thing. An %%Eﬁhé‘e AR 1&4%1§ 1ﬁcreas-g§'§ct§daﬁ§n of Rib2, ¥RPEPHY hifell QelRi3e SFCUERS,SM i S
greater than the size of 'ynmphocyte in another organism" Case control

facts (CCFspmpesdito e waid- @meeullalel davréanesslde transngissibi.c lin a peaferessl changes to a
property aspect. of something. An ex le.of a is "Mwuse- derived Brca-1
P or eased ERDOpiR IO REER! Ysiemsare S8Rl f echs SeausPupt bl RIFE,

facts (Cc%ﬁec%%@ﬁﬁﬁsldah‘ﬁn@ésfs@% ad §pRtifR YRR bifeind Tellard drpdrii§mé.act to the
effect that ~ sonet has 1n a second fact. An exanple of a CCCF is "Fas

i ncreases th@sseapmc@@nsthabﬁct293hcz§e|0b1§cw Frxamplps of Pmcﬁﬁﬁdﬂ@ébldsy vect or

t ransf or mat t c
it nout - Br a0 PhelRFr Ak derd PG EFAERLI L e AR BRIAE, T ancbiblis Shigh
03/067504 REib/dd%RAs. 0BG ATbAtI dnesTahiobfect fhnﬁmbhleﬁ‘gcttdnaiprcmsesmmmea to a

property of a nodifier of a process. exanp é of a CCPI\/F{
" Mbuse- der iU BREACTCFRiE PERIYEAS eweprpaqSéeS@fhetlﬁ IR B ogplogy gray: BE |

apopt osi s. %ﬂieﬁnﬁ‘z{‘@m{e‘?ﬂafﬁb },g%sl nposed by a tenplate pull-down nenu
I sono

systemandt late’ s Ic relationship with the ontol ogy
structure for eachmeiftidnee abdwey enfpdates are yswsiatedheitie cadyfastitypd. les mefeamd
enor nous nu

AT MR TRV T I TN O
erroneous epirkéRading fhiy RNy doRited 28 @685 PdtiohhEfadts AdbRhaki¥ors fidts! Odse
process to address "the incorrectly entered fact. This process can be
expensi ve &notrol; fﬁgtsg@ﬁ@gcmtm modifier facts, or case- ~control comparison facts. Of course, the
structure and variety of fact types depend on the field of knowledge of the ontology, all of
which will be known to those skilled in the art.
Examples of each of the aforementioned fact types of a preferred embodiment
follow. Observational facts (OFs) are observations about something. An example of an
OF is “ Tyrosine phosporylation of INRS-1 was observed.” Comparison facts (CFs)
compare a property of one thing to a property of another thing. An example of a CF is
“The size of a lymphocyte in one organism is greater than the size of a lymphocyte in
another organism.” Case control facts (CCFs) describe an alteration in something which
causes changes to a property aspect of something. An example of a CCF is “Mouse-
derived Brca-1 increased the rate of apoptosis of 293 cells.” Case control comparison
facts (CCCFs) compare the effect that something has in a first fact to the effect that
something has in a second fact. An example of a CCCF is “Fas increases total apoptosis

of 293 cells with Brd4 (introduced by vector transformation) more than it increases total

apoptosis of 293 cells without Brd4.” Case control modifier facts (CCPMFs) express an
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Moreover, for those who are relatively inexperienced in the field of

know edge engineering, it is not always an easy task to recogni ze subtle
di fferencwe lbpsm8ENn a correct and incorrect fact abstractricarusesresnos act s
are represented in the structured |anguage of the ontology. This is
especially true when an instantiated tenplate represents a conplex fact.
To neet this need, natural |anguage fact verification by a scientist my
be included as part of know edge acquisition. In a preferred enbodi nent, a

fact verification schenme includes a natural |anguage di_spl of the fact
derived fr @lfiRHen it mathing thag caysas chinges loRtRTeperbdf i gt offﬂ/prp‘éezﬁﬁeﬁnng the
natural |an t.at f he
Fompl at e, R O R L e R A R A R L SN B PRttt

i nt ended. ADBeelrhapopmmy or add| tionally, information is extracted

automatically by use ut er ead"” a d anal ers, and to
extract data thé?eéplrt% efr?frtralnﬁﬁ xggqsgql]%yﬁtq ate ‘i‘%S}{g% d fhe

enbodi ment §em@ad ﬂé&ﬁbrﬂh?é‘&%@ﬁs}ﬁﬁw&h thé&gblogp)strﬁaufe%r tRnlorie a‘uoeé Fact
i nterpreted using conputational |inguistics determ ne, to the extent
possi bl e, tyyes, t}hmcmssestﬂbamtmg eobrmavs nufidber of promutitinesiof valuds dorrach txpe.

| Af t ‘fact! . . d i ned,. it b i ened
and thon atderanwales B T ngode iy ind AR PR A e rtel Rl 55, ocedur o
(i.e., humggohésiRlenaism ihlent(ﬂo%DWBhlG&fetésﬂltzﬁé aly@hlity comi@fpRécbs %, address

conbi nati on manual and aut omat ocedure is used to verify that the fact
extract ed fthq)m@mctlycﬁm@d faés(tThlgpmm can ba €XPBIRI Ve Bne Hgerconsyamng; t

accurately t t d that it
s appr opy Mt foriikBe il OB AL M e (MG Bk AIaBT " 101, ces
are not r e&hgineémq; fitds hotaways @rdasg task to (Scbgtizelatbdle zlcﬁermS hetwdéh B3/ 067504
PCT/ US03/ 03006 i ncl ude, e ubl i ¢ dat abases i vat.e databases, and
propri et ar FOF&¢tAnd drgorrget @Sﬁhsg%‘ﬁppﬂ ené@ﬁ%ﬁf&éﬁ@]ﬁ%ﬁﬁé@ ipitheRctied confi ned
to a parti ipl d
tored i n thEas SE B s S U o R BB AcpRRerRS
det er m ne ragloatplonfhi. pio meartbisgeed siatnd lgeuegpfaotivarifiatiomby a prietisouslyy

woul d have  bee ceedingly difficult or even i tify

because, e.b§.Inc qB‘ﬁﬁt%é’aﬁLﬂ%@?wwggﬁiﬂ”&%@ r Brﬁ% 385‘?8&3}% Péddi red and

the use of yelifiefbn sth@ht idcAgy adgute Ithguagh dlglﬁa}eafthemaeﬁﬂard ﬁd}ﬁ tigame

protein are used sinultaneously or over ti ne@l?aﬂ while it may be
RAtErg

possi bl e f d¢mD]ﬁt§ sorthat asyeisintistragniverifyo by revd¢wing | lagguage senresgatatioh of] |
or nost p“%e gt thr 3 fac? rﬁgreagntg%eate}{l%iéfe %{eEIQ%}Ye tqgtf énlf'eergd {nlto hg ’terhf)la{e

was the fact as intended.

Alternatively, or additionally, information is extracted automatically by use of a
computer to “read” and analyze papers and to extract data therefrom for inclusion in the
ontology. In these embodiments, a natural language (e.g., English) source text is first
interpreted using computational linguistics to determine, to the extent possible, the
precise meaning of the “fact” contained in the natural language source. After this “fact”
has been determined, it may be reviewed and then abstracted according to an automated
procedure, manual procedure (i.e., human involvement) or a combination of both.
Preferably, a combination manual and automated procedure is used to verify that the fact
extracted from the source text is both a fact of interest, that it accurately reflects the

intended meaning of the source text, and that it is appropriately structured for storage in

the ontology. The data sources are not restricted to journal articles. Other data sources
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inpractical to think of scouring public data sources to identify disease
pat hways that conprise drug discovery targets without the aid of a
struct ur edodametsase, such as is described above. Even w thTrsspemis t o
particul ar di seases, genes or gene products, this task can be enornously
difficult and tinme-consum ng without the aid of a structured database.

Fi ndings informati on nmay cone frominformal sources, as well as the nore
formal i zed docunents and publication sources di scussed above. For exanpl e,

findings may be extracted using a network search tool that searches a
networ k andnélvudane g Puiii¢ databpses private datahasss AR iPEePricty datasych #s qoagdentidhat
seemto be 0 i i.cal Q&QP cul MBS e.g., a web-craw er

t hat searcﬁ%gug%g?p?Lghﬁﬁv%@ﬁgﬁﬁ. A %é%ﬁg?é?yﬁﬁbrggéditionalIy, a search
engi ne may be uskEilh tlatasowmn mudtipie satreesearguited ahidstared inothe databgss, suebwaeisPoi nt
presentations,. etc,, to.try to identify and then extract information
Pelati ng. t CEBTEFOEPE 1 if PRfetiointeim R g AuanhORRe g ete SRS EeTe Ao

quality of _tﬁ%&%ﬁoﬁmf}r%mhhﬁ%bé&wxe@emn 1Pt HcESRHRR ihPSssid @ iea{tﬁyng woul d
be automatic, ‘there would likely be higher error rates” than manually

ent ered corbeemise, espgdofithe ngmheranftsoswes frem whith date are requdieddyandahd nfearfmal  or

i nval i dat ed discuss%gns, rathﬁrfthan eef-ﬁeviemed éournal% andtthe Hike.
Fi ndi ngs ndBP RSERHEngaee (&g Aters apmer ol HEame HpieuLers Uged gl tpneously
i nfor mat i oy obeHtim@)X IFPWile bl sl BISosSBW fdr bACO el Rghhaof detivideds to om

e.g., a conpany's mcroarray chip experinments. In this case, the array
dat a coul d sk¥ abespbteafeedi aranast publicatigrsrelatipg wha veryderewly defmep diekdy it is

- / - | at: ' A< y ' | d
e dbaucedrende e i FRLCBLEF puiicaiahit b Rm Rl MU ARING, 007

graph st r ucbtpsisslidfugdidcyveryhargeidtwithsaythalaiioofl axthutheed darabasg Sutthatis
scientists enter directly, ar could be data 15 WO 03/ 067504 PCT/ USQ3/ 03006
straight frdsprdedapeyeefien withurespgebig PARUAT shisspses; et & PRustssihis The

findings agaul Shblk eﬂoﬂﬁggiﬁ%ﬁuﬁa?ﬁ%&wﬁ Yitttuf thebifd U8£EtHlcnieq @ t ool

for publication, in a ata extraction or entry process. Mich
in the way datebtse. aut hors need to include abstracts and i ndexi ng keywords

when proposing g.publication for subrssiqn hey m ght alsqg be required
Lo vl te down t RERTEHREBREPRERY (O from iR JeP oy fatvell o ey

cont enpl at egriiRed HHGINRH NI RiblidatBntoRRes HisER¥edPfohe! Fot d@mpld, FARgs
extraction (e.g., as in the way the National Library of Medicine is

currently mashrondgiapled using agspretisagych fdol Het seardgs p ngtwark end dgneterpts to

assocl at ed e%%cg ilg)t%Pnelarltioa}qbcs(}nEaé}getds i}fpages that seem to be about a biological concept of
interest (e.g., a web-crawler that searches over the internet). Alternately, or additionally,
a search engine may be used to scan corporate email, discussion groups, PowerPoint
presentations, etc., to try to identify and then extract information relating to biological
functions. Of course, one should expect a lower quality of results from these sources,
both because the data parsing would be automatic, there would likely be higher error rates
than manually entered content, and the content sources will more likely be informal or
invalidated discussions, rather than peer-reviewed journals and the like.

Findings need not be limited to literature-based private or public information. For
example, findings could include findings derived from, e.g., a company’s microarray chip
experiments. In this case, the array data could be reviewed to try to identify which genes
are being co-expressed and/or co-regulated, from which a “A<-->B” relationship could be
deduced. These findings could then go into the KB directly or into a graph structure

directly. The data may also include findings that scientists enter directly, or could be data
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KRS technology is not required for creating a structured database. Wile
KRS technology may be preferred as it can sinplify certain tasks in the
dat a acquweiBioeTsoand data structuring process, it is al secpases/idosst o
create a KB using existing relational, object or XM database technol ogy.
Wth an ontol ogy such as described above, it is practical to query the
know edge representation systemfor actor concepts, e.g., genes and gene
products, related to a disease and thereby to construct a di sease-rel ated
pat hway that extends back several steps, and that branches out to identify
over | appi n§traigheHem cXprameRts fizh: MRy dnterpeetalachy faentisithove. Each gene or

gene product in ’l;}ﬂé%n%ﬂ{ég‘g?%fuigiﬁoﬁ gfc%?&id?&hg‘sed%b'ﬁ{gbgﬁﬁx Bt Yxséf@lrzg%ttgg)/lbl%?ause

it is at least theoretiTC Yy posS e to treat I sease state
i nt errupt i pgbliteiondinsddimnrte hahwdxpatttonay eatry processoi Mich intthewvay thae cl ear to

persons of skill in the art that further validation of such targets may be
propr i at @UBPFbReeEn Ml gbr e LI ek eioEss WHPrapen oty BRULBVEH v
program  Syghsdbifilsil, (3! rhidat A18be feluRd¥io WwidR RSndRBEKEPARIRIGES of ways
including by correlating the targets with other relevant data, such as

di f f er ent i dfindiggn éoreapr ds shis nomtemplated udeghe ausber drel wpady niay pegfermftheani nal

nodel s, in din ut.not limted to tr,ans 1L,C kn out.s. . So it h
respect to(ijl‘ﬁglglsi%ﬁg?%ﬁ)éﬁﬁlgt’ﬁ e @Fé@yi%ﬁe é%éﬁ%gﬂiqraryfﬁ%%&{gﬁﬁ lspctugteé\ﬁl% is a
candi date Qéipﬁnﬁbﬁw;ﬂfﬁ{m?iﬁ%,gﬁhott&@a@iﬂF,Gthé REWWAbHE BGotinR SN ipet Atra&th). OF
activity of the protein will potentially avoid accel erati on of apg&gm s of
DRG neurons af theRS tasheelpgnis nat reqused ficsealing gstrugtugpdrdatabase. | While

RS | W UE s cseane st
genoral” 1 RETGECAR R bR RRRIAE BT kbR FORRTTAE BRE AL

trait, e.g.data srudiusiagpeockbgitds also pogpitdetocgrest hikih using axdiiseritiondlabgear
ot her phenotypic trait of interest, by constructing a query designed to
produce a r&SPdhsetabass teeiioEYcomput ati onal anal ysis of 16 WO 03/ 067504

PCT/ US03/ 03006 t : | hat
Weh ‘Aﬁioggﬁ?%v s{uﬁ% a® ge%;sglllﬁ’&ye)hové,h@fs_ﬁigc\fﬁél 5 qAkly thRORERPESed !

are biologically rela enotypic trai't state or "to a bi ol ogical
conponent aépreseatdiod systhatfor actal coaedpys, kizovgenesoandezenb poldogiscizlaked toal at ed to

t he phenotypic traif. The query can also fix the n er of .steps enoved
from t ne_pibws bl o ki e sl b sy R el SFBY ence
to the singlehdtbkdhehésAsut @Nideh@Ry Feflappinddifeabe-rélait Phthwiyghk dBRribed , 9.
"lIdentify all concepts that are related to apoptosis of DRG neurons."” The

means for gbovs. nigachragne et gensipiegduge inghe pathivay by areandilatediag diseovasn trsgdtor

because it is at least theoretically possible to treat the disease state by interrupting the
disease-related pathway at any point. It will be clear to persons of skill in the art that
further validation of such targets may be appropriate prior to incorporating such targets
into a drug discovery program. Such further validation, if any, can be done in an number
of ways including by correlating the targets with other relevant data, such as differential
gene expression data as described below, or by use of animal models, including but not
limited to transgenic knockouts. So, with respect to the findings illustrated in Figure 1,
human Bax protein is a candidate drug discovery target because inhibiting the expression
of or activity of the protein will potentially avoid acceleration of apoptosis of DRG
neurons after infection with Sindbis Virus. Figure 2 illustrates slightly more complex
relationships in disease-related pathways.

In general, the database is queried to identify pathways to a phenotypic trait, e.g.,
a disease state or a predisposition to a disease state or other phenotypic trait of interest, by

constructing a query designed to produce a response, following computational analysis of
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conput ati onal anal ysis of conplex relationshi ps anong the stored concepts
will typically conprise a conputer system i.e., any type of systemthat
conpri seswetonedp4 e. g., digitized, data and a nmeans to qwemysbiesosd or ed
data. Such conputer system can be a stand al one conputer, a mnulticonponent
conputer, e.g., one in which the stored data are physically renote from
the user interface, networked conputers, etc. Any known neans for querying

t he database will also be useful, e.g., software and hardware for
el ectroni cal | searchigﬁ fields, categories or whole databases. Thus, in
one aspect ,thg friahasg Eroniogonibat reucalsalheangsrfs thst aredigloepiinplated ile dat e

drug disc O;f%?%?tmfz %}t stale &at)) a%i@%%féhl%n@oﬁ@xﬁ'&f tlflé)lgooﬁ';)tﬂﬁti i5 er@ala? l%ﬁgrﬁsté b@g

genomi cs tion wherein sald neans permts corputationa ysi s of
conpl ex r eltidloginalhy eiatedatocthe phdmetypiotrad Tonqepy san 41b) figuler yintger bhistepsat abase

to identify a disease-related. path . .and (c) identifying.the. biochem cal
Feact | ons. TR GTE e RISl bR OB S TRREH: S0, Tl TeERBre 1
concepts i nYOLMBE iiQseRPR proElRed ﬁmg 100 qhety igRYd da) e 1868y allicSEQRPR’ Y

target. In a preferred enbodi nent, The candi date drug di scovery targets are
pri oriti zedhathaswethteghtotapeptosis wh OR @newoans.’conpl exi ty. For exanpl e, gene

products that phosphoryl.ate .or activate a secon ene product may. be of
special int eres?ﬁ’e{;@e for gq{glgparug(fﬁge[sgmg FEROMST gl%lg?agiﬂ"e?‘ngi%he Ipﬁgls?s/fglhse t hat
they are i nggipudiohdl ah&Msidlof8smpRk RMBNSGHSRIPE aindaf EediGreaonceh@SHillltifieally t o
produce undesirabl e physiol ogical effects. On the other hand, "two-hybrid

data" ni ghtcobwrisomsomBvietisYstEThave 28 PR SYStsthat sompusessised sentdigigzed
actual f unccfalaoe{?ﬁlal m&ns Q&éﬁé& ltl?e%t?t%h difal RGEN p@ﬁ@ﬁ%@@%ﬁ B PesaPabhdrent s
e protérn: pro I'ons an e

measure only sinp rotern interac refore provide a
rel atively domipaiegrd miRidompphan eaiphien . g0fonelin odhixdi thabtotednditd &g papdcalyat e.
In addition, two-hybrid experinents haye a relatively high false positive
rate, resul'tPAL fFom Hs usgr Hlé‘trgi‘cf:ﬁ%ﬂw?ﬁkﬁ‘%‘fomﬂ‘ftf’ﬁe‘?tc-r EFY CBOVRLGAR KT} hood of

17 WO 03/ o%‘gﬁ,.gnsgptﬁydy@%/e%ﬁ?ag%o[ t;??%ss nflet | NSl R eh&%r deaedniQiy

Simlarly, that have edundant links, 1.e., are involved in
mul ti pl e otshachipgfielkysategoaies bewtlelerdambates.zed because as targets their

di srupti on may expected to disrupt a nunmber of path s..Simlarl

et hiys o i SuSaRgor mcbifs RiiiontaTRIRE eBe e Bits RepBlakie,
general , | ef§g Bc&REY Bfket MO(® MbAlREANYNs Eanibiiat shddicU&singg@Rbmicar e al so
prioritized based on invol venent in other pathways that are unlikely to

result in unfeamateh whefeinefajdomeans pegniteseppitational analysis of complex relationships

among the stored concepts; (b) querying the database to identify a disease-related
pathway; and (c) identifying the biochemical reactions in the disease-related pathway
whereby each of the actor concepts involved in each such reaction is a candidate drug
discovery target.

In a preferred embodiment, the candidate drug discovery targets are prioritized
based on their function and complexity. For example, gene products that phosphorylate
or activate a second gene product may be of special interest, as may gene products that
are "simple” in the sense that they are involved in few other pathways and therefore are
less likely to produce undesirable physiological effects. On the other hand, "two-hybrid
data" might be considered to have a lower likelihood of representing an actual functional
or physiological effect because two-hybrid experiments measure only simple protein-
protein interactions and therefore provide a relatively impoverished representation of
biological function and state. In addition, two-hybrid experiments have a relatively high

false positive rate, resulting in noisy data that might further reduce the likelihood of
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i nhibiting a gene product such that a desirable biochem cal pathway is
unintentionally inhibited is likely to result in unwanted side effects and
shoul d, iwomsntBIH cases, be avoided. Thus, in an aspect pafi/ushgoioneent i on,
the neans for storing and accessing the genomcs information may be used
to predict side effects or non-responsiveness by queries that identify al
known pat hways |inked to a candi date drug di scovery target, which would

i ncl ude pat hways of genes and gene products that woul d be undesirably

affected by affecting the candidate drug discovery target. In cases in

whi ch t her &epiesening g biolqgagah enction. oo 1milgrlycgeses thabave gy redundany ligkso  pe
used to identify i : i r I of
o ad uncttoai S RIS B Ry e aMIhE hal BPher FRELT Gkl IR RSB
wher eby nuldisrpptivpn mayt benenpected td disrupamputbseafyattavaysi Similarlyp patiwayntosone

cases, there may. be an existing . kno drug for .one or re of the
al ternati v@lsﬁéﬁf’rﬁ%y’é’}mltherg WE%‘?E&“ ‘faxs§gq1@§°’¢P §§‘i‘erﬂo{g%lpr&&6§dun§jer goi ng
pre-clinical or \glje EXREPROBAE thige@hfEALd ¥oritkel baMd Rnfoldimaase

StaplyS
because the associ a?%ron ab@?ween t he gr ug target and the disease is not
wel | - under st other pathweysethatspre oliladly torresulnimemwanted sidesaffectss Fopexampled a

met hod for .deferm ning or, validating th chani.sm of action of .a drug

Whi oh' - conpiinbiEoe ot priuc ugh Bl & etpBl g HamicA eabydy iy HeRarifdy

i nfor mat i oRnHigitdlEkilielytth fesuRdh IM@NNtEd siBEITVAY Snd@lovRE h EdiRiFiEades, bar get and
t he di sease. The invention can be used to aid target validation by

el uci dat i n@veidaér Thus, bwaryaspeetiod therayertionathe eecags fasstaipgrand eresssiagthegoni sm

of a candidate drug. discovery, t | ' ) [ at hways

t hat m ght g&%‘?ﬁﬂcér‘r@ﬂfm%%onr%%?/%ec‘gsregﬁ&ep%g t\?\@é egéfg&émg?g%ﬂet@&%%é&l%n ervention
at the poi rjueds Batdineify apkebaapethdayglitksioo weaydidae geig dibtovanahhet, aspect,
this invention conprises a nethod for identifying diagnostic

. markers for a
gi ven di seaduch wauldipdudepathwaysif genenandigens Proghpls that outdle ‘H}dﬁwath?%g a
means for ' j 1 £SAl i on wherein said nmeans
permts 18%%%@%%%6%@%?%%%%? %g{r/r% ?a ional analysis of conplex
rel ati onshi ps arinrgses e whichrtibge acnoeltpk mtidvysto adisease thg inveatidatmyate t o
identify rkers that. are assqciated with the dj.sease. The kers t hat
are associ éﬁe‘ilotlﬂelitlé mpluplg B EGH t&‘@le@ead*é‘?‘?e{ol ‘E‘:Vﬁl&PWEPQ‘?frain. e.,
pol ynor phi sgRineHedihafp R #la ind &SI dnSini sHING irh S8 $hanIWE Bug, SHerebVHBNLHRN

al so be protein nmarkers, i.é., proteins that are exgressed or not.
expressed, pathveys tethg samddiseasepremsatiptad. In some cases, there may be an existing

known drug for one or more of the alternative pathways.

In some cases, it is not clear how a drug undergoing pre-clinical or clinical
development is effective in treating a disease because the association between the drug
target and the disease is not well-understood. In one aspect of the invention, there is
provided a method for determining or validating the mechanism of action of a drug which
comprises using the means for storing and accessing genomics information to define the
pathway or pathways between the drug target and the disease.

The invention can be used to aid target validation by elucidating other pathways
that may be affected by agonism or antagonism of a candidate drug discovery target and
by showing alternative pathways that might complement or replace the pathway affected
by drug intervention at the point of a given candidate drug discovery target.

In another aspect, this invention comprises a method for identifying diagnostic
markers for a given disease. In this aspect, the invention comprises: (a) providing a

means for storing and accessing genomics information wherein said means permits
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over expressed, post-translationally processed differently or nutated.

O her markers are also useful, e.g., antibodies, nmRNA biochem cal markers
such as ewpywamep4 net abolite |evels, etc. The present i nPemusos0ioss al so
useful in the growing field of pharmacogenom cs. For exanple, in another
aspect, the invention provides a nmethod for identifying diagnostic nmarkers
specifically for drug response, i.e., unwanted side effects or

non-r esponsi veness. By identifying markers for side-effects or

non-responsi veness, .a popul ati on of patients havin? a_given di sease can be
stratifi ed cPrpatadonal gaalysis of eeraples sdd@ships pEeng BsFised consgpisgnd (Rer i ous

adverse_evellly holalRlseiSRRANG AGKER BuGky RARRH Ay ind BlscRU RASES Of

enr ol | ment inical tria or treatnent. e ITnvention I n yet
anot her asmekers drpaiesssociatekvith thd diseasclasityfigalhypgenetic maders, f.o, known

drugs. In this aspect, the invention conpris usin he neans for storin
and° acces PN GRHSHS e REPHE SRS GEPHEHY PR S pHERSAY 8% e RS ¢ he-
target of therkagwn ﬁ)r&gm@ that afereé%keég‘éa ordfdéd bi;g@{&ﬁdi, ragu%w uR@drhpsfa@rort he

di sease for which the drug is indicated, an en determning which if any
of the addiovesxprespat, hostytsansiatonallyi processiididifersntly di motatesl. Other mpykersveag, i t

i ible,to i tify diff dj i.e. f .
rug. - The HEPHSHUDE & HETPHUETITNA BRCpyBar g et E P e et
targets fonewlsgtc, di scovery may be enhanced by |everaging the information

obt ai ned by queé§an a database wth data obtained from other nethods for
i denti fying di sdhs®resantinggniionys alsq pspdelgn thyy srgwing teld obpearnaceggnomGinpl e,

t he net hod i j h NG i ti 3 . fooo,

it or ent i dr AL JSGAbER BB, Bt Ron pRlel n MG tor ARHARe Blognossic |
t he dat abasearkerhepdcifatiyifondral sespomse] eaphaiasedisée effectly argrotlirsspovigivynesar get s
for drug discovery. How to use drug discovery targets identified.through
the use of &wéemﬁ%@ﬁtm%r cipdpt Tgmadtee Orfr&“rrGW"r’i’@WFﬁ?sﬁ’r?_ePom‘gﬁt‘ioaé’tf PBMS n drug
di scovery Wal/ilnig le RASRNE cdrPo PGB ARF i sﬁ-?é;gﬁ’é't%ns $idellon'1keliRGodet - A

typi cal neans Incl udes screening a diverse li'brary of conpounds 19 WO

03/ 067504 MaVing/8G8YiOBR cmgavers or fdraot mspatdimnt aigivergthkrapy fod gerpgsdsrdd

thereby to iteratively.design d scree new conpounds havi ng greater
pot ency. ArfEf eéltB‘fc%‘%?iréag?%&%E}{B?tH?E{?on Data The fol | owi ng provides

exanmpl es of how e {iRRnBY i Petiniblict ApEQRbIPEILEMBILA for identifying new uses

for known drugs. In this aspect, the invention comprises using the means for storing and
accessing genomics information to identify all pathways in which the target of the known
drug is involved, additional to the pathway for the disease for which the drug is indicated,
and then determining which if any of the additional pathways result in a different disease.
In this way, it is possible to identify different diseases, i.e., new uses, for the known drug.

The method of the invention for predicting disease pathways and targets for drug
discovery may be enhanced by leveraging the information obtained by querying a
database with data obtained from other methods for identifying disease pathways or
targets for drug discovery. For example, the method of the invention may include,
additionally, the use of differential expression data in conjunction with relationships
asserted in the database.

The invention also contemplates use of drug discovery targets for drug discovery.
How to use drug discovery targets identified through the use of the invention (optionally
following further validation) in drug discovery will be apparent to persons of ordinary

skill in the art. A typical means includes screening a diverse library of compounds
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user-provided differential gene expression data to anal yze, understand or
val i date candi date drug di scovery pathways according to the principles of
i nvent i orvoDBioe7sdet ai | ed description of preferred, exenplpamysesimods ment s
of the invention, like the preceding description, is intended for
illustrative purposes only and is not limting on the invention. Rather,
the limtations of the invention are set forth in the appended clains. An
exanpl e of a process flow for analysis of mcroarray data in accordance
with the invention is illustrated in Fig, 3. A know edge hase (KB) (3)

i ncl udi ng 2ERieYthe et apd apipg knewiedggeigaiped thateby t9 Herativelk deugmandereen

literature ) @ﬂk%; (22), as discussed earlier, is
stored in P%&‘E?ﬁ%?%gs zgﬁgmgfghgﬁabctured according to the ontol ogy
(enmbedded in 3). The ontol ogy and Fi nding KB, which formthe KB, are stored
in a KRS, Anhlysis obEMietoareeycBxpressianiDathat ed usi ng an KRS Application
Program Interface (API) and/or querying |anguage, as di scussed above. Fig.
3 shows the concldstiodewingmsoviden axamplas hawallglﬁgsnamﬁeasgévacmm@@pmm@,

I i thms, f ' f
ctond  al onstanptfes SRR eRRTRANE RO Rabi BEIEY MAdFRIE MR, O

pl at f or m ardndidste dsug diecoikry priphviaycaktatdimgtt die giipleast ihventiof.eThis detailed
information stored in the KRS. The analysis may .include_two steps. A first
step i nvol Wsscription of peefereds gxsynplaty cprodynents gf e pyvestion.dikedes prgcedingent i f v
profiles, Secqr | LRg;t o I Last
ser  pr ovidabyRas eRd ol MU IhlRReSGa) BRI IS AARERT, |
3, an exanRatherf tht hienitasioad yisthe invessoruae setsfophlin 8 aprgrded slaims.array. A
library (7) of profilesg i referably pre- .geperated, but.in other .

embodi frent & pr ot EErRRly Obe PigGhes v for 2aalyeS GEmIcTe e AR B erdaRgs Wity oup
of profil eshdRyeMdnyis IPRELRanARPlg/ 3b@§%vﬁ@dée"&s@H@Ef&ﬁﬁn&ﬁlﬁné‘ﬁﬁlc)ﬁ%@3 as is
explained in greater detail below. A pre-generated “"library" of profiles,

mappi ng an scigntifie EndiBgs rakyn Frempthe fesearel lifepaturet(@) srtkizomfothpsspure b as
pre-generatg all .of .1t hese pS hat et ri evi them | ater w.l| be
Pacter. ThaliCerd Saish Saoaua oo miingr kit fy buba oG s 0a

PCT/ US03/ 03@fio@y @witdaded ih®) Tht Bhiotbgyant WinliNeMEY, whechForm atie KBf MeBtdréK -
GeneChi p(C), .online service or proprietary database. Profile Definition A
"profile" nagKkvlandsan ke sineitedand arairulatedpsippan &R S AprHeation dirpgyamo

concepts S, A2 A ileding MHRLAR hORsAlss@fMlB9: 0 gene products that

appear to act In
Fig. 3 shows the conceptual components of the analysis. The data structures,

algorithms, and software components used to perform the analysis may form a stand
alone software tool or they may be integrated with an existing platform and / or suite of
applications that are used to access information stored in the KRS. The analysis may
include two steps. A first step involves a series of computations over a copy of the KB to
identify profiles, and a second step that involves scoring these profiles against user
provided data. In the following description and in reference to Fig. 3, an example of the
analysis uses user-supplied expression array. A library (7) of profiles is preferably pre-
generated, but in other embodiments profiles may be generated as needed. The nature of
this group of profiles may vary considerably based on the goals of the analysis, as is
explained in greater detail below. A pre-generated “library” of profiles, mapping an
entire KB, may be preferred for the sake of performance — pre-generate all of these maps

so that retrieving them later will be faster. The user-supplied data may include array data
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bi ol ogi cally coordi nated manner, e.g., formall or part of a disease

rel ated pathway, cells and/or cellular conponents, anatom cal parts,

nol ecul arwomshbbésbar or di sease processes, and the rel ati enghispsodoed ween
them An overview of a preferred profile generation and profile-to-data
scoring algorithmis presented bel ow. However, before turning to this
exanple, it is inportant to enphasize that a "profile" as used in this

di scussion refers to a subset of the data contained in the database that
is defined accqQrding to. ¢criterion(s) suit to the researcher's goals. As
such, cri té%rp\&gf@ﬁm@ actﬁ}rﬁ@mﬁyo %ﬁ§-’a%X§FWF %“e&%‘ég’ﬁ?”émf’ PEVICERAL i s
det erm ned,péél%rjét ShtabikePart, by the researcher's needs. This may include
criterion efined in terms of one or nore biological concepts, the size of
the profile (e.g., graph size), or the findings connectivity in the
profile. It should therefore be renenbered that the exanples of profile
criteria enuner RmefilbBefintiane i nt ended only as exenplary enbodi nents of
profile defini ngs epiierifay influde Rbahationlapbit, H6s dimRd B0fdingdeechepRrect ed
that profile defin r(l)gl crlﬁ?yernl a V\nﬂffl{) v%lry abeor’n one appli gg{tlﬁloggof ?ﬁeﬁ

i nventi on tsaclaaod paticulsi copebiaatpmodfigeressirrgent products ¢ttt dppegr tooact ea i nvent i on
is driven research goal§. Thus, the effectivepess of gne.or nore

brof 1| os. i tDICIORRANY SO AGR LA R EibotormuEb B AR SHORSERE rRed BPtB A s
criteria) usafbrc@nslel donfponbits Pirafonlied Hhyts, WIECUIAEMrlo¥ disdRRGAGkEs4BON t he
particular scientific goal for which information is being sought. For
exanpl e, i fandtthg eldsienshapsbetwien themt gkmexeroawradlagréfaged prodilpgeneratighand

cel lul ar proc ld_.be_highly.infar Lve a targete at t hen
Fndings & anaieag i SrrlfaBpiints' sl -8hER beitfy ool R RaRRES B der
when sel ectdxagpi, Rfi9nhpetat ioldiiphasize tHat arprokity” a8 iubéthini thid, didchSiorsers & Of
the findings (e.g., tissue type) or the size of the profile %e:g., t he si ze
of a graph subsst gk thgdats qontpinddanithedatahesethat is|dedinghgccprding foggtisrinn () sured e
sel ection [ ' 03/, i e j

Ref erring ggﬁeﬁ&% %pﬁeg.}gggs's tiggﬁ%ﬁgﬁtegr éﬁsgeﬁlggn Bg%a:?%%f& %@éﬁggg\ﬂj #??fge

pr e- cal cul ahatasdettinained s battlie pasley the revoarehdri dneads. €Fhiomayrindlideesitériam t he
KB. Each i rarac/. contains all thg. rofiles found. i nfthe K lthat fithoa
certain setdeHNCCH EBRY of OnpRE TP PHYRICAHSYPrBISpIRE SEEOTE RRBIC € sigEtRbor
defined by $Rh§ 438 iANAIEMNBRIVIFHIR tHeQrafil. TAIBHURN Heretbrt BE rdAdrARI&PthaE- J-
genes or gené products, processés, sources for findings, organismtype,
etc.., or chhexanples efrprafile caitegia enuingratechbritie araintandeidenlyas epemplaiye. _
ﬁgtn S\gfigalolcéfﬁbo%%rclgntg 5P f;rlo ife cie?in?ngrceagr?ar.lshel é[egergl, LN SE8LY grtld 1In eeed@?(pte&eél nd

that profile defining criteria will vary from one application of the invention to another

since a profile structure according to the invention is driven by research goals.

Thus, the effectiveness of one or more profiles in communicating information
depends upon the criterion (or criteria) used to define the profile(s), which naturally
depends upon the particular scientific goal for which information is being sought. For
example, if it is believed that information relating to a particular cellular process would
be highly informative of a targeted pathway, then findings relating to this cellular process
would be a factor to consider when selecting a profile criterion. In another situation, the
source of the findings (e.g., tissue type) or the size of the profile (e.g., the size of a graph

structure illustrating the profile) may be effective profile selection criterion.
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findings that nmeet the criteria. The libraries may be pre-built to optim ze
performance, or the libraries nmay be built directly against the KRS, so as
to all ow wWDlmBasises to i ncorporate recently discovered fi mdirnigss/em®od hey are
stored in the KB. Profiles could also be built using sonmething of a
"bootstrap approach”: an initial set of profiles could be built, then
tested for sensitivity in detecting expression changes, and the best
profiles could be enlarged (by addi ng nore gene nenbers, by merging

profiles, or by otherw se changin the criteria that define the profile
nodel ), and t he sensﬂ—fﬂﬂﬁ_@_&@@ﬂggepeat ed. Eventually profiles that are
optimal in defe ene essi on ch e .
sensitivity n%ﬁé Fﬁ%p{);ﬁepr‘}’ﬁfe)prﬂﬁgg&‘m?&{ quﬂlnégv @‘cﬁﬁ?ra céﬁﬁ%fgnf rom

thi's procesgat assléhﬂ;mr&;telolr%ﬁ)r@hsraﬁe@@f@bﬁ@stﬁmﬁ the{(B %tch%}argagoﬁaﬁlgaﬁ ghe Of
the KB findings (4) and hen converting findings (4) into | arge graph

data st ructpuefeleg ®)nd Tinthe KE, thag §is @ gerntain st of C§teifrlpl e @utemrr@am peE-sety ke

h bI f
o 2 2T A DA P PRS2 s P

literature d?%%@éjprbﬂﬁﬁt@%ﬁéﬁe@éds%urdﬂ@ﬁfﬁhﬂﬂ@@ (Bﬂgﬂlﬁilsrlﬁgyﬁef;chﬁ§@fﬁtﬁer&rltd’rﬁ$U| t
froma performed experinent, to a biol ogy-based representation, where each

finding reﬁr%s‘éﬁttslualbéb?fd}(lﬁiﬁbﬁpé‘b@lﬁt bi ol ogy. The profile generati on
al gorithmthe

gene-centric gr g‘lf' ?ﬁﬁ% CB? h&lggrsga?{:&# ?%e{ol angﬁe%ig ??%rﬂ:léaﬁﬁgxéind%gtswoé S(l)fnp
criteria Efrrfehrtgsehaﬁlni'eetﬁlfe cl‘iltﬂiiapl‘l?h‘eﬂibmr(eﬂlmmd‘fe oé- bnﬂdmamitimiwpﬂnfqnmaﬂoel, e),

t he processes. . invol veg g , "activation + cl eavaﬂ "or . .

" phosphor y It l1BFAngs maK i Biliditseuy apsinstghe KRSy 9 thghipw Ibraries iy {ncprppeaic

cells). Nbfecyenayancbwé@ﬁhﬁﬁgé:@ﬁh@}earrarseorg@ﬂl%@k@ l@l’oﬁfe@ cBullafoiUe®uilt
generation algorithmand a Set of” paraneters. |If the libraries are built

upon a copyusofg somethi®; off -1éyoorstrap apgozczn’\/\@nomlalaszsoﬂpmﬁﬂmuso@/b@mts then bui | t

when th h find f th i t
be- Up- t o- adPLet tohcensiplim BE R scts ign SHnelyantfbe st pRAIRIBU B85 o R
changes. Enld&dd ®9 raﬁdhgg n@Sré @Bnd He@BErs Y g@qgl #0d]es Oé}ﬂiydﬂh&dflw cthbmging he

n

scope of invention. rofile generatio gorithns could be used. For
exanpl e, a thesrétede it fi@:ﬁrzﬂ tS@ prqfﬂ%mqadyl),t?@d&l@%wnsmwty Fﬁsbreéﬁfﬁ@(éh Featuallyhe

o 011 hm hEREeR, PR LA LAUARS BRI BFIBDnilGs e pEOG 96003 P11
genes that seaditivityamessuteawouldrbetoptiimal) bRy notrteatdaye cauld emerge drim t}hmp;ec@enes

o The profiles are generated by first extracting a subset of the KB findings (4) and
then converting findings (4) into a large graph data structure (5). This is
essentially a simplified version of the KB that is amenable to high-performance
graph data structure operations. Part of this simplification may include converting
findings from a literature-based representation, where each finding represents a
result from a performed experiment, to a biology-based representation, where each
finding represents a conclusion about biology.

e The profile generation algorithm then processes this graph (6) to produce a library
of gene-centric profiles (7) that match the input criteria. Examples of input criteria
are the size of the profile (number of nodes in each profile), the processes
involved (e.g., “activation + cleavage” or “phosphorylation”), and/or the source of
a finding (e.g., only human cells).

¢ Many such libraries can be pre-generated given a profile generation algorithm and

a set of parameters. If the libraries are built upon a copy of the KB, they must be
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that are nost directly related to the anchor (or "seed") gene through sone
process, in terns of the nunber findings linking the gene to the anchor
gene. Thiwoappsmach is terned "nodel -driven" because thepprafSs/emoar e
based on a pre-defined algorithmc nodel. Alternatively, a "data-driven"
nodel may be used, where the profile is not pre- generated but instead is
assuned to be the set of differentially regul ated user genes together with
their know interactions as revealed by the KB. This essentially takes al

the user genes and, connects them usjng findi n fromthe p two,
Profile Scoring "ePilt when thekIpelrnges car WshpaYi nsgsmr\»\aq)efgﬁ@ﬁ Alf RS a

profile (9) aga'&i@pe% E‘ﬁ% 126 nf ta?so(b’ccliérnaﬂb%n baiid {.&Sadthe K Bl %@sbl Y

pre-gener at ed expr SSIOI’] ta an aré stored in a profile
library. In a pailthecubrefrguraam)phs cait¢roplatetihed eomm@erhiawrthm;ﬁhq:)sqmbe béirvebtiar.i es

gener ated, each f whi cont ai ns rof|Ie t he ser or system
specified criter %WPﬁrqge@e‘gEB?Pﬁaﬁ B Sﬂrewxme%cfgef Mgny of

these |ibrafd®shm Inﬁhmeus%mth%%odﬁﬁ&t ahegggbﬁdnm &@A&@ssoﬂevys}oﬁﬁ:lfepéachyl ng
assunptions. 1. The "expressi on array dat'a i s converted into a |ist

dysr egul at exnganbs K(H_ 1kadhi geae’s prefiaoomsadts of the gone totifanclegsi] the edﬁ)ﬁlb;md a

I | v..L hose,, h h f
" eoul at | on 19 BRESEragt e b oioy e tafeiorid, ot Rl S Haeal g R o 1

si mplifi catth@mrd ﬁbsﬁi&bﬂ? silaBd BNak YBdhor ($10WEMEY gerieth@uPR kome plReisBNt S a
nore sophisticated continuous distribution approach that uses the full

di stribut i dermsfofdhgppenberdmdings liaking\fg gege(to tth\?eanghweg,enp nThisappsegel isment

rather th G f
Ceoring, - prapRctideLafi et e Wb iL hasht of Rbre ABUERRRAR S
fromthe KBnocte.l gAlteinagvel} 0n Edmaidrioaetnbdel dhayds déedB whefie mrptrmﬁ:lahsaniot prbe 23

WO 03/ 067504 PCT/ US03/ 03006 rel a |ons ps hese es are not used
for scori ngcperRisddwsinstsad {s gsghmedyie be g‘f%é’gs{#\e i3ty 538 W@r BfFi 1 e and

subsequent 'ta; dtldr Vflmmexn@mn@&eﬁ&&tas@gveated hé R®. MeRWsthiafi £ BikkORI (Ree

bel ow) . Scor ¥ ng algorithms may al so take gené connections into account as
wel |, | everwaegi gepeslamdeainnestathietnyusing fildingrememslbnkB8ct i ons  and/ or the

TN N TR N R O RN N W
are cont enyrafiR49) 4gaiNfe expression data (10). The profiles are preferably pre-generated
independently of expression data and are stored in a profile library. In a particular
application, there may be many profile libraries generated, each of which contains
profiles matching the user or system specified criteria. Profile Scoring described herein
will work for any of these libraries. In one embodiment, the algorithm makes two

simplifying assumptions.

1. The expression array data is converted into a list of dysregulated genes (11) (i.e.,
abnormally up or down regulated) by selecting only those genes that show an N-
fold or greater difference in regulation (in one embodiment, N =2 or greater).
This is a common initial simplification for expression analysis. However, in other
embodiments a more sophisticated continuous distribution approach that uses the
full distribution of expression values over all the genes in the experiment rather
than a cutoff threshold may be used.

2. For the purposes of scoring, profiles are considered to simply be a particular set of

genes from the KB, e.g., the aforementioned Findings KB. In particular, the
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enbodi nent, a continuous neasure of dysregulation is used, rather than an
expression level cutoff when conparing mcroarray data to profiles. In
anot her ewbaediémmt , one may devel op an aggregate scoring mermises/oioed

i ncl udes graph-theoretic netrics, either as a conpound score or a coarser
ranking for profiles that match based on the existing score. For exanple,
for N profiles that score equally well using a first netric, rank them
further based on, e.g., graph connectivity nmetrics under the assunption

that the nore connected the genes, nore likely égey are working together.
In anot her embodFigtprshinshstveseathsse EFSRraNPIWEd 8 SCUHRRWPISH Y [t at e

(hypot hesi zed) i i, L I . Lhbkcally, if
Users have o priie phufile iy BroCul R ESRLAY FEHRREY HERElALEA
t hei r experi mentduriaglrewlts bicatidro(sedbelbwd.| Sededg Algogthnesmadaleo takngemd | ons,
addi tions of new edges, or renoval of edges. whpse. eYiden e i s hypothesized
to be weak) in (MEGEPIGItAGEUNtas R, IryErgingdiestionalinbin i eene Reaons

preferred, woul dippefWd Roleliathr $B6cs8 RRLYSHSHhE BHMSHIS tH3MRe BROFirdpaWeagS (i f
it is desirable to display this information in graph form which use the

same senantics dhe poifileatdexpsessiontdh@sset. under | yi ng the profile edges, i.e.,
a data-driven profile can be constructed from user-supplied informtion.
Alternatively, fornms nay be provided to input edges and tabl es provided

for visual outpevtRI othBeerBblaRMentsd the ihventidfiatd dntentplattd.NHH s@gs from the
literature, users can add their own findings, or nodify existing ones by,

e.g., specidmhodgnentcoermitiguonseneasuenialysrepelgionisased, iratbieilan aperpiesson

nodi ficati i . irndi ngs to the KB, which are

t hen conveﬁ%ieétcﬁtg élﬁ%eng%r%g{%taﬁﬁébl&gg&%g??ggd:}){ogﬁghe graph itself (convert KB
3 graph as usualln ahothet disbodiment! yngmapdeed)p an agddpedatestoiing ifeaiddBatray use
tenpl ates to enter these new findings, as discussed above. If 24 WO

03/ 067504 PestrdssesaizBoeretin Bt iss; flfichgsa awép%’g*éaowr@rf@aaﬁrar <ing fof,

tenpl ates ?rx:§ﬁf35'}l}zalif’gla£cﬂrba95 ggkfslﬁ?gt&ﬁ)ré?or le,%tgl rﬁr@ﬁfég tHabecdat a or

nodel driv pro or profi , ere Is ret one hypot hesi zed
dependency dqoallyawgk neing etfirstmpgtric,rank themusiettiert mséduon, leeg., grapik canistivityg
profiles by, e.g.,,dqing an isoporphismco rison with nodel -hased

D of 1 es. g uder oo st ek e gy SomBteh el Mol BB E ar e
ranked agaiwskifabgethdte prior know edge asserted in the KRS and the user's

personal know edge assunptions about the data. ) o
In another embodiment, the system could allow user annotation to indicate

(hypothesized) dependencies within the expression dataset. Specifically, if users have a
priori knowledge about dependencies between the genes in their experiment, allow this to
be included (e.g. as edge annotations, additions of new edges, or removal of edges whose
evidence is hypothesized to be weak) in the set of genes to be analyzed. This feature,
which is preferred, would require that the analysis gene sets have edge drawings (if it is
desirable to display this information in graph form) which use the same semantics of
directness as those underlying the profile edges, i.e., a data-driven profile can be
constructed from user-supplied information. Alternatively, forms may be provided to
input edges and tables provided for visual output for the edges. Thus, in addition to
findings from the literature, users can add their own findings, or modify existing ones by,
e.g., specifying a confidence measure. These user findings could be modifications to the
KB itself (add custom findings to the KB, which are then converted to the graph (5)
format) or to the graph itself (convert KB - graph as usual, but then modify graph (5)).

Updates to the KB may use templates to enter these new findings, as discussed above. If
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I n anot her enbodi nent, profiles could be generated based on the KB and the
expression data itself, w thout necessarily converting the expression data
to KB fi nslongee7s04Thi s woul d be a hybrid data-driven and medeltsds/iodnen
approach. Both of the above approaches (or any other graph theoretic)
could be refined by increasing the semantics of nodes, edges, etc and
refining the corresponding isonorphismalgorithmto reflect the particul ar
semantics of nodes. For exanple, an edge "type" conparison in the

i sonor phi sm cal cul ati on..  Expand the, ranki notion to _explain, all
dysregul at deFsgEndngs ﬁretqqlgecé;ppthgggqunthelag‘pﬁgﬁs ?‘é?fq{%‘lze‘? foargr Ie;altﬁ AB¥degenes

that are nppapl T%is Fég?lltﬁg?gﬁlcﬁ’m&fel Menpb 18 profaR i]le:{«?}l]‘Qfs Able tASSROUl at ed

genes, score all pro ower under the assunhption at none of them
will do a papothesizegrdepemytendy faria geov eat) mgy thea beiuwkd tyfudther fagk exibting set  of

dysregul ated genes. A simlar profile weight could cal cul at ed by .
conparing t P%‘?Y’S%’ff%%ﬁp’glom C(?Iﬂngﬁgn gﬂﬁ!’i m@geg?ﬁ?eéis%rf’@ﬁs'g&%s‘&
agai nst  t hepjs 3/bo@imcAE Maki- 6P HRUEIdI RN PR&FIIKS e irtnlkR@H GG hinktDb ol the PRbE t he
rel ati ve coverage of the KRS against a given expression dataset. G ven

nmodel s of dhawhslgoassededin thaKRShard thewysensdersonal knoavledgs assupptigamabout the
expr essi on,, one can determ ne which nodels best fit the data. One nethod to
conput e thi 8% s to pernmute the user-supplied dysregul ated gene expression

val ues t housaigstifet einbbBisncafl Gr&fsibs collEbd fenePrtvdbated basidkKBrnd fte: proporti on
of random zed data trials that score as wel| or better than the observed

data (ie. -expigssorcdatp gsadf.ithout assysarityrossertag thengxpressiopsigtste KbhEndingss)
ith i fi66, by : tomatically b
Cearchi ng. g PR VERIRHY S HASS R UERR BB 07T Y Y b e

pat hs bet weene cBitiabf the abveipprodches (obhmdbther grhplatHebmpainycdudd bé fefihed dpt or )
and biologically relevant effects (eg. 25 WO 03/067504 PCT/ US03/ 03006
transcriptional lwﬁawﬁhéﬁera@nt&sgéﬁ@?eﬁa efges, stcyHdsetinipg theeprisspiidtgar e t he

ones nost |ikel; |.aL 0 [ : ' | by avaidiabl e
i nformati on and 1%&(&3{?@% aggdg?tfsl&\?\nog @%&?ﬁ%ﬁgﬁ]?ﬁ%%%g}ég&@Tg el ntﬂcl)@’
account the contaaxtgeftype'usaipasisexinghe isonmiorglosmdalaslatio®l evant content in

the conputation (eg. what type of cell |ine, did they use, et her .t hey know
that certai n'gé@gn%ﬂ@ rRatiekBerton coplain Al bresanlaied %ﬁneétfbt\.ﬁ? SXPFRISOTwoul d

al l'ow one to dataset rather than only those genes that are mapable. For example, if one only can
map 10% of all dysregulated genes, score all profiles lower under the assumption
that none of them will do a particularly good job covering the biology of the full
set of dysregulated genes. A similar profile weight could be calculated by
comparing the ratio of mappable genes in the entire expression dataset against the
set of genes covered by the KRS in order to estimate the relative coverage of the
KRS against a given expression dataset.

e Given models of chains of reactions that may underlie the observed gene
expression, one can determine which models best fit the data. One method to
compute this is to permute the user-supplied dysregulated gene expression values
thousands of times and estimate the P-value based on the proportion of
randomized data trials that score as well or better than the observed data (ie.
Monte Carlo simulations). These mechanistic models (pathways) can either be
pre-specified by users or generated automatically by searching over the
knowledge in the KB to find biologically plausible paths between causative events

(eg. binding of a ligand to its receptor) and biologically relevant effects (eg.
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score profiles based on how well they matched up against this background
know edge about the experinent. Take into account nedi umthroughput data
to refi newexpeetsad i ons of what is 'normal’' for different pceluissszoinhat
proteins potentially can interact, etc. This would provide a normalized
basel i ne across various biological contexts and refine the sensitivity
with which one can distinguish statistically significant results. Results
fromthe analysis may be presented to the user in various forns. In one
enbodi ment, three types are presented: 1, The first is a list of profiles
ranked accor di ndf aPWQX’“ﬁP@f@P@‘@@&? a g649) They B%@?%F%‘H‘WO%? UG the ‘?‘%@ 45t

P-val ue for each lele bl ofVes thd BrRbM @(ﬁﬁll QA nfSinlaisHhhd N9
list. Each prof ?ﬁkgfyﬁpgt@aﬁgéggtﬁg central oat e groflﬁﬁe,1 and aany genes
fromthe expresyroviddateaseith aétamabledypathpsear in the profile. Users can view
this list and pick . profiles_ that a(ﬁear to be . ntereatin to | ook at them

in greater de? ailiakeiHp acouphihe confext @ Wrehppeirpylo 2t Elryapontsst Byr am
2. The second i 35@%;%&&1 @k AR e oflcefl Pne aﬁpdngﬂl%et, DgeErfhel Riow ThASE

di agranms show e genes fromthe profile an e key relationships
bet ween t hem i n cehainfgenen aroknarked bnidramnsfedted im,eivws). THisagouldall@vohe tent

synbol s, colors, |abels, and,positio are _used to .e d ddi ti.onal

i nf or mati on abolfforleﬁ’éo@%%s%89\%?‘&?“?@18&fl}aécg]legﬁp@%@?aqﬁf g’ﬁ?qigﬁ%%. An
exanmpl e of such ynpldFBLbAR theSexpBBmenCel | ul ar | ocalization of the gene
product (information that can be stored in the KB but is not used for

profile gener atliabnigoe aprowht inedismethroughput detplogtbng expeetationt ofevhiat is The

di itsel f t i / .
froaly- avai | abl Pl SR P Came s o 5P e b et gie. Thisayou
G aphVi z (see Wy @& A¥inalRE@baseltheadbisRiakiodSbidBgikal Bsnf&E ¢ altiGEALSHY 03006

may be a printout of a diagramor a web-accessible graphic (image file or
Scal abl e  Vect orsexgityity wish whphione can disfingwish stagsticpily signidicantgesilShni c

associ ation of biological processes with pathway profiles (18). This step
i nvol ves generating a description or summary of the biology nmanifested by
a gi ven profil e Regupefrbmrthe aglyioany bé pieseediotieasedfin varousiforthisnda one
relating the genes in the profile. Conceptually this is anal ogous to

aut omat i calempodyasidy hrseiypes aprewntqdapel s or captions (18) that describe

t he nol ecul ar, cellul ar,

1. The first is a list of profiles ranked according to a profile score (14), generated by
calculating the P-value for each profile (13) in the library and sorting the resulting
list. Each profile lists the gene central to the profile, and any genes from the
expression dataset that also appear in the profile. Users can view this list and pick
profiles that appear to be interesting to look at them in greater detail. This output
may be viewed using a spreadsheet program.

2. The second is a profile diagram (17) for each of the profiles. These diagrams show
all the genes from the profile and the key relationships between them in the form
of a “circles and arrows” diagram. Different symbols, colors, labels, and positions
are used to encode additional information about the profile which is extracted (16)
from the KB. An example of such information is the subcellular localization of the
gene product (information that can be stored in the KB but is not used for profile
generation or profile scoring in a preferred embodiment). The diagram itself may
be generated (15) using an open source / freely-available 3" party diagramming

tool from AT&T Research called GraphViz (see www.graphviz.org). The output
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organi smal and/ or di sease processes that best represent the function(s) of
the genes in this profile. For exanple, while many cellul ar processes nay
be i nvol vwo o3ioe7sbhe various genes in the profile, "apopto®CI/Usemy3os¢ and out
as statistically significant anong them This aspect of results creation
is particularly powerful since it |everages the unique structure of an
ontol ogy. These process annotations-e.g., the nost representative or

hi ghest scoring ones- nay appear on the diagramitself, or may be

supported by a nore conplete |ist on a separate or Vi spl ay
that supports i t/B#¥%RS ARt qf@fﬁ%&vﬁm ¥ W@\/%FSS&Hgggqpbwérmagfz‘ftlspmg %H

out put nmay be a\*’&%&r(ﬂﬁhﬁlE?USV@uﬁ y al so be presented to the user

QU interactive form results output nay be delivered to the user

online as par 8. dfheahird istadgprathmit asso@atianheftbistagiesl paocristeabyith pdthwayeprafitd KB

applications. Thi advant ageous because ev i ece of mat i on

generated in al It lgﬂ‘lr?"r‘?éte(?df‘ ‘39%9 $c§e‘3’§§%8 dsseri gﬂ%@b? ﬁth‘a{”ﬁ Y stored

in the KB, whichygafas@l$9 atg“i‘véi'%i@ﬁ&\’?‘ peafb @izl ritﬁmcsada%fsag Sh®findinpet wor k
0

(e.g., the internet) for purposes i nterroga B for nore
det ai | ed i nf or natiating ﬂ@l%n@dnttbe proffide. ﬁroomntvealls’uhwaar ansdogomh tsautempiaedilrent s

of the invention can.be ti |nte rt| ont for
exanpl e by all owW° Harau%g?gqg%?ﬁ'arbéls Oe{ﬁ:a Odlrs fzf)t G Jgscrih%ﬁn%moge%g@r’tcﬁﬁ@g ’t ake
users from the hjrgdhidres @hd/ef Bistdse pBoURBRE tRS bésd rdprescaethaiflition@yoPdEt | Ng

evi dence. One exanple of such a network adapted for this use 1s Ingenuity's
Li f eSci ences wetgeagsia this erafiledor sxpmplecwhidamany selhbererrpegssesdean bedgvelvebne

to take the us B f
esults my be P gt ORE, hrb R maE A B HBERNG

Annot ati on of prsidnifiest smbig thenrg Tlds mtectidffreuultabieaﬁoﬂnjs partsauddrlyypowerful

hi ghl i ghti ng those .genes thﬁlt are known drg'_égj [Oet,f (i.e. for which a
targeting nol ec ¥¥CHHS HRRAT 1% Brifte Jruchye st aupig heRRPEYther e i s

evi dence that sugggsfisndNab., tHGHofHRprBEnta8908r K Hgstrs@drﬁl%:[oﬁlep—asrﬁﬁiy efr 9-
gene fam |y nmenbership. Drtig target I nformation  nmay be integrated Into the
results by sinplonthé ghgraghttmhl‘gor m@y@ersem)omhdézyprmmelcempdhtagstma sspardieug
target information could account cor i, files.

S ar ot ot 198 i A REp HRG R st PaE R R i RE R A ER agRiShLg

si de details. The output may be a text printout, but may also be presented to the user in

a GUI interactive form.

The results output may be delivered to the user online as part of an integrated site
that makes available all related KB applications. This is advantageous because every
piece of information generated in all of the outputs is based on concepts and findings
stored in the KB, which can also be made available to clients located on a network (e.g.,
the internet) for purposes of interrogating the KB for more detailed information related to
the profile summaries. Thus, embodiments of the invention can be tightly integrated
with supporting content, for example by allowing “click-thru” and “drill-down”
functionality to take users from the high-level profile summaries to the detailed
supporting evidence. One example of such a network adapted for this use is Ingenuity’s
LifeSciences web site where users may click on a node representing a gene to take the

user to a “GeneView” page for that gene.

Other types of results may be provided to the user:
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effects for the drug, tissue specificity (e.g. increasing the score of
profiles where nost of the genes are known to be overexpressed in the

ti ssue i rwolwobrsvhe experinment was perforned), or |P (e.gprcyamsos/opoprofil es
based on the nunber of patented genes in the profile). A nore detailed
description of the profile generation and scoring steps according to a
preferred enbodi nent follows. Pathway Profiles As nentioned above, a first
step of the anal ysis generates conputational nodels for biological

pat hways. These nodels, referred to as "profiles", becone tools for

i nt er r ogat i ng® artnmotationNf erofres with drectargst mfarmagion by visyplly bighlightingdpesessi on

data. ey o1 SRIAUEL B4 ALDUREE GRS B ARG flset S O

gene (product) rw macr onol ecul ar

i nteractions, arfdunbsr @emed)wr ddroghiclatheps Beceddare thue sidgests sieit theytney igenes to
play roles in. The gene abstractions consist of official LocusLink gene
synbol s to whi ctogd Srugiarstshagethome-gnggng drauy W“&@%‘%W%&ﬁ%ﬁtbﬁﬁgﬂﬁ@t%l in
the KB, potenti i < gﬁfﬁ'

i nt er nol ecul ar ?}ﬁ%%?é;lgﬁ%ﬁg& féll(t)on{sh:érs}tgéillcl)t Bgswypgﬁﬁg}r}stangggnﬁphg‘?rgg%eor gene
(product) -> objdiagramgeore diugrtegtatinformation could be tdken mmp pcoognowhegsoeing the
(product) instances, to the nore abstract gene synbols thus allows inferred
general i zed ef f &¢%9F5gene symbol --> object gene synbol relationships (as

di scussed eagl ighliar BROEAONE %&%gﬁ?hﬁdiﬁé&ﬂbﬂsr QR BOBREY on hﬂf‘va@tﬁ%ki‘d@m e

genes and gene interactions can epresent ed conput at1 onal
col l ecti ons of ‘'dffedsdbr tht drugyésesspeifviteteas invyea2Bg\e 8Bt O& 1508 es where

PCT/ US03/ 03006 directed "edges’| (for jnteractions),,W.th various. properties
bei ng assoot at edhuAtohEeRe fio o VR e GBS AR e kiste SHhEIG .
properties assoGkpt@te Wi ReonEHIS I@’E(e%_-. scoffk @eatilad bRED SR Bie RS of
direction of process changes, nunber of findings/publications asserting

t he interacti on,patentgd genps mdbe piodile). vari ous properties can be associated
with the entire profile, including for exanple, biological processes, the
nunber of genes in the profile, the nethod of construction, etc. The
ability to assoc aioge dethil@hdesetiptivh ofakeprofittggeneiion ghidpdoring GfeeE ht@sdingt h
profiles provides opportunities to apply a variety of selection criterions
on the proftp p@ssterredempedimgAsiodppsi ed during sel ection of nodes and/ or
edges can provide

Pathway Profiles

As mentioned above, a first step of the analysis generates computational models
for biological pathways. These models, referred to as “profiles”, become tools for
interrogating and interpreting genomic data sets like microarray expression data. They
are constructed from findings in the KB, and consist of sets of gene (product)
abstractions, together with their known macromolecular interactions, and various
biological processes the KB asserts the genes to play roles in.

The gene abstractions consist of official LocusLink gene symbols to which are
mapped known instances of gene and gene products in the KB, potentially from both
human and non-human species. The intermolecular interactions consist of specific
instances of effector gene (product) > object gene (product) relations; the mapping of
gene (product) instances to the more abstract gene symbols thus allows inferred
generalized effector gene symbol - object gene symbol relationships (as discussed
earlier). Borrowing concepts from graph theory, the available genes and gene interactions

can be represented computationally as collections of “nodes” (for genes) connected by
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diversity in the conposition and structure of the profiles produced. *
Criterions applied after profile construction but prior to scoring agai nst
expr essi onodanersean reduce unproductive false 'hits' or praviuses/asonor e
focused analysis. » Criterions applied after profile construction and after
expression scoring can provide additional ranking of profiles (by criteria
ot her than expression scoring) for review by researchers. Profiles may be
"gene centric" in nature: A pathway profile is constructed around each of
the gene synbols in the KB, usjing each as a "seed" gene, and including

ot her gendldregiet hedgss c Hor tntfir%‘:tl@ﬁ%mﬂlﬁiﬁ’ afipues MBPergies peing awpciafed with @chay, the
profiles c I i i ' . rSpher e of

i nfluence” q%? © H?l% %ggé%z)gﬁfgs)t g%% \(%rl ug %@%Ia{ggdrc%%\&gﬁg%e& 81@ Tuct ed

usi ng non- gesiecudamnretss typss, idivectieedsdcess-clrangess anmber, ofdinclkhdsigublicgions es s

| i ke Apopt osi S,COLI]I| d be selected as.a seed, and then all or . some sybset of
Lhe. gones. BRETHEE TBHPESRA cloh Ry URHGNS Saeoin HOBE SR e S LY R oo,
toget her wichiird figfile, ieRifhg BF BXaiBk S5iblodlcal PYbEdsa&! tHRMRudbRP o LGRS in thBUT
regardl ess of tthhe nature of the “seed""in the profile, the rtationale

behi nd pr ofprdfelecthr stathmst dfeonsthotion,et¢.seed” is that if a particular profile

be significantly. | at.ed with i ¢ dat t (e, q. '
Gata 10y °then rHi UBEHH SRuaFadiel vIREE e Meriiabrdns w5 Bghet °"
03/ 067504 Ry} peaRitieModppiv dvarfedy oPslidbnel chfedibhd 6n HRAR6fMES.0ON Beyond

t he "seed" node and edges connecting the seed to other nodes, profiles my
be constructell iGritariggsrapatiebdunpgsslecnpn obrodes asdonespcs sampvidet enpt to deal

with the follow.ng..co: ’ C r ul ar
i nteractions re\girlgegsel t@gﬁigosmap J;ﬂfgg #’mﬁ}%ﬁ%@ﬁ%ﬁﬂﬁ@é’ od)q {@lrcgg' and too

di verse to be=capgtariess dpplied sfte@profile tcynsthictio@butgeive o swritiglagaiastt . Hence, an
algorithmis needed to "carve up" this_larg “macronol ecul ar interaction
space" into nunEerXB[%SIB?é%‘@iC%%e-dé‘Fez%‘EPrPﬁiﬂcé‘l"éngFeohlts REPIPNKISA188s t o support
a finer-grai neddfg&gg?ggalg)gis_genom c data sets. This carving up should be
done with consi derabl e gene overlap anong the different profiles to

m ni m ze the®cHamegonswpiplied aftarerefdleisonsitucoon aid gftarespresgdn sdogingi ssed. On

t he one hand, profiles, should be nodest in size so that, the set. of

bi o 001 car  untPORS TR RBKTREL profifs B TR SRS ES Rt ¢ o0

di verse or het erggnoqysreviehBhy REeadttegs. Profiles also aid in hunman

Profiles may be "gene centric” in nature: A pathway profile is constructed around
each of the gene symbols in the KB, using each as a "seed" gene, and including other
genes with which it is known in the KB to interact. In this way, the profiles come to
represent the "interaction neighborhood" or "sphere of influence" of the seed gene.
Profiles may alternatively be constructed using non-gene concepts as the "seeds". For
example, a cellular process like Apoptosis could be selected as a seed, and then all or
some subset of the genes the KB implicates in Apoptosis could be added to the profile,
together with their known inter-molecular interactions (as edges). But regardless of the
nature of the "seed" in the profile, the rationale behind profile construction about a “seed”
is that if a particular profile can be significantly correlated with a genomic data set (e.g.

expression data 10), then the "seed" becomes the focus of interpretation.
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review and interpretation. On the other hand, profiles should be
sufficiently large (i.e., they should include, e.g., a sufficient nunber
of genes)wemsbémbs t here will be enough statistical power pelmarsoyaopat i ng
correlations with genom c data sets and/or with biological associations,
such as nol ecul ar, cellular, organismal, and/or disease processes defined
in the KB (as discussed below). Another concern is that a profile should be
relatively symretrical in the collection of genes connected to the central
"seed" gene. In other words, a highl ﬂte conn cted "1st tier" gene
(i.e., a gene connectilgodthmiqnRathway i 22NCIgH8l| d not swanp the profile
with 2nd-tier geéwsnd theé‘seedgemSSamhﬁlgst exmneetinyy thd sée’dlmmltdﬂaoéﬁeﬂl)oﬁlmcause

this can change the seed-gene-centricity of the profile. e f an
al gori t hm dwglrf‘o@@at%e oh wEad ﬁ%waﬁovéllg’é&}eéeﬁ rpaghss ?‘éﬂanﬁtdoé "‘é{ﬁ’ t

"spiral” alfgf%\!vﬁuggbnée?nst htike @@&b%&r& nparcmrhéleauarlﬁtega%ﬁ%ﬁ@;eﬁfés&{tﬁan()g?

ful | y-extended ster graph known | nteractions

const r uct eKRS ovitl asuatlybe so@lasgxt andabo 'dherspaa) be worsparad or mmxitarcuylvath a
interactions held .in th KB, an .na IIy differ ’ density (i.e.,
connectedné@gmaﬁﬁﬂ@%ﬂﬁj Sn%%ﬁ%ﬁg?% ghﬁmY?upﬁBP &&Eh gene or gene

product  congeplomBiubaShBRLBY sphcB R hﬁ}nérb dmsﬁ@n -sEdMieradtdonDesi gnat e t he
gene or its product as the "seed" node. i mmedi at e nei ghbor nodes

(genes knowsighborhapeds toi syppert ﬁﬁnﬁmg@rr@dtpmimg ofpganamitdatg eets dhigeprviang Yong as

nteract | ShopE LR pReRih BRAG:-a0 e olh s Trio e BT B AR o iR On0!
PCT/ US03/ 03RO 6hame thati a4l a&abln@flom@ﬂ@slemngw IﬂmﬁséaC kecthe dhehald, ﬁiolﬁil?ésl on of

interactions based on only a single finding is thought to weed qut
unconf i r mecsheyldheanadpst igsizstsa et élﬂee“&t of hnaioagél f“\"ﬁ%%fé; thi‘témtghbbel%sﬁn?qdetp nodes

and the CONEGiAe LHOMb i \esa bR e LS, b o SHI R For

each 1st tier npile a best des t he seed)
that are rrevghhndsmexfprétmoxﬂs(bn theemhemﬂﬁad, }ﬁﬁﬁllemsig)uai;be heficienthelarged (i.£1, ndi ngs

supportlng eractions is_4 or re. _This in ses e strlngency
for scientit P‘?%ﬁ’@&}ﬁﬂf‘@é‘aﬁé §r ?‘ff@c‘fsﬂtt‘@ﬁr;‘gﬁ Phecnes)if ﬁ“ gre il gleHQ% bove is
consi stent yifcal g@%@ﬁ%&@&bﬁnﬂhmgtcoﬁeﬁ%ﬁ@@ﬁﬁ hﬁbrﬁlla%a%esefs%dxbfr wiilf | uence of
one gene over her when there are intervening genes between them These

addi ti onal bioiogleal aantidgessuah es molsildsceldular odzaniseral, andfodidtbgassprocesses

defined in the KB (as discussed below). Another concern is that a profile should be
relatively symmetrical in the collection of genes connected to the central "seed” gene. In
other words, a highly interconnected "1st tier" gene (i.e., a gene connected directly to the
seed) should not swamp the profile with 2nd-tier genes (i.c., genes one step removed from
the seed) because this can change the seed-gene-centricity of the profile.

One example of an algorithm developed to address the above goals is referred to
as a "spiral” algorithm. In this algorithm, profiles are generated from a fully-extended
master graph (5) of all known interactions. Graph (5) is constructed from a complete set
of the pair-wise macromolecular interactions held in the KB, and will naturally differ in
density (i.e., connectedness among nodes) in different parts of it. For each gene or gene
product concept represented by a node in the master graph:

1) Designate the gene or its product as the "seed" node.
2) Add all immediate neighbor nodes (genes known to participate in interactions
with the seed gene) as long as the number of findings supporting the claim that

the seed and the neighbor interact is greater than 1, or stop adding if the
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4) Sort the 2nd tier candi date edges by decreasing findings counts. 5)
After all 2nd tier edge candi dates have been enunerated and sorted by the
findi ngs wouwate7sbegi n addi ng 2nd tier candi dates to the praffitsesninoa
round-robin fashion, picking one 2nd tier edge candi date for each of the
1st tier nodes by selecting the 2nd tier edge with the highest nunber of
findings. 6) Repeat the round-robin edge addition in step 5) until either

t he nunber of 2nd tier edge candidates is exhausted, or the nmaxi num nunber
of nodes for the profile has been reached. This results in a profile based
on edges wi t hmexigum aumber ofmededhas beenstsaghrds ne eimywhing of WRsadtions i ati ng t he
i nteractions. Shl - i al el first
search of avall)%ggffe}%ﬁ%aesslﬁg Egi?& %‘gﬁg%ﬁ%%é&? ﬁg%ﬁrl%fo Wgﬁ?cﬁ&a sy&mstri cal
fashi on. Secosubstangated figemgarithesciate thef Iso rerlsddes andthervohestions frormqual
opportunity (but é)({]ef rentially those with nore findings counts), reducing
the chance t Wt s&ehioghe Podes Arretst BEf S8ESti er node (with lots of 2nd tier

edges) Wi ll3) pyaRh Y i hodd, lcEmpild B ikt SF foaBOSRE dRRS (bedidbSthe b0 BRbEr € of
i nfluence sdarrounding the seed gene is optinmally represented.  Additi onal

profile asseneyeighborsiafms] sthtigr rids casdeng assthd nuitber efifondingslsyppartingn  when
applied to each.gene.or .product in the KB results in.a .profile |library
where a nodel ﬁ’(fj‘f‘ S%Hoﬁselﬁg'o\% pfie his ifycreases {?Sﬁﬁglglegcyc%ir chgqtﬁ%_ Profile
Li brari es maycQfideROSTMHE ingGacMdng, s asOgAihe CalRAE & dorligenf witk! ecul ar
process criterions 31 WO 03/067504 PCT/ US03/ 03006 [these critiera can be

more gener al : ashmpHenyboutia deerease inthadegres ot blueyeseaf ongigseaeer st ates, et c]
(e.g. bind ngax?o%éé’wl{e%gﬁ er'e g%gﬂelgeﬁl%lﬁ{gﬁgeﬂm:ﬁﬁ Sw2B YenP iRk addiRSil  When

selecting from ~aval en anal'yzing a genom ¢ data set
(e.g. expresshedesdad adgstare cornidoreddDAd duercgndidates. in the profile library
(or Iibrariesg may be used o interrogate the _data set, and the

14

cor r espondifg it thepgnd fiss sandigatergerss b_éi crpp@n@gp@ng&oqngs. conputed. This
approach i syr ﬁfﬂﬁf %lfgn& RefRige IRHRLA HalE Been ARntERAEY Qxﬁkﬁ%{@@%‘ﬁ%e a

fundanentalt'y erent, 8at a-driven” approach to profile construction
may al so be péndiogsresint,|begintddding@addier tirelideckas the profilkhinarourivergbirof i | es ar e

built consist_.of. only those nes ,(or products t hat ~are observed to be
S'tered (e o. FoRatkiIE 885 20 eRoHRiona T e o Gl FeRrdRRG with
data obt ai nedsélé&i_m(gahé DAL GRUEE Fith it BERSt hiSbesdTRAfdigQRg activation”
patterns of profile enlargenent can be seen.
6) Repeat the round-robin edge addition in step 5) until either the number of 2nd
tier edge candidates is exhausted, or the maximum number of nodes for the
profile has been reached. This results in a profile based on edges with the

largest number of scientific findings substantiating the interactions.

The above "spiral" approach (essentially a breadth-first search of available nodes)
aims to enlarge the profile in a symmetrical fashion. Second tier edges are added from 1st
tier nodes with equal opportunity (but préferentially those with more findings counts),
réducing the chance that a highly-connected 1st tier node (with lots of 2nd tier edges) will
swamp the profile with its connections. Thus, the sphere of influence surrounding the
seed gene is optimally represented. Additional profile assembly algorithms may also be
used.

The above algorithm, when applied to each gene or product in the KB, results in a
profile library where a model of each gene's sphere of influence is collected. Profile

Libraries may be constructed which use specific edge types / molecular process criterions
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Uses of the assenbled profiles have focused on interrogating and
interpreting |large scale genomc data sets where the profiles are treated
as stati cwomdeéso4 Addi ti onal wuses of the profiles are al oTpsssidbobe. For
exanpl e, the pathway profiles could be fed to sinulation software that
could allow the dynam c behavior of the interacting genes to be explored.
The process nature and directionalities (increases/decreases) of the inter-
nol ecul ar interactions can be used to track "what if' scenarios regarding

t he changes (abundance) in one or nore genes in the profile and the
consequencdthess critiesa cankegareenenalicap pp bascawnselelapprocess typess disease Haigh.ean
net wor ks a Pet ri. fter.. : i 1 in such
si mul at i ons%?c],&ﬁgté%ggﬁgégﬁpF@cgég O%e{aﬁfef&{}?g v(\)/gély)tcb%%ﬂ‘gh eellé&ggé’ I?@ﬂ} n the
gener at i on avhildbdsédyeb.eThatp other arslyzitg apuhahicalatd set &ys terpressdontata bet),dasti sed
to generate experinentally verifiabl redj cti ons about .the nolecul ar

i nteracti orfdd e¥ery whw@e eHe HBI3EY forglﬁerway@ﬁx © usrditp Aprsogake the daiduse
knockout's iggy. SANTeQorrkBnling i 1Eiviecl BERbAGH A Aldiatd QRN conlfuilaTaiiion fof
perform ng the experinents.” There could al so be conputational support for
t he revi si appfaadteistrafeimd twés 'trhedeldrivén"l eAsmeasloped abovef h fotdamemtalpow edge

obt ai ned fr t ho experi,nment al i Ljcati .. _Pat h Profil hi &
B orogi cal UHERaT FasHe" BRBRF Mo blrRr T A A b togaibolt Blon
connect i Vi ti4se, ARchod¥HBIINGShiCh thelRbING Hrefudlt bdRSst 0ROy MR teBRds (B froliacped
W th expression data patterns, a system according to the invention may be

const r uct edhatareohservgd iteb¢ aljeredh(reg. alyerepulaterl) s ganpmic dataseigiVekgn performe

associ ati ons.,and render, .t he profijl.es. LAt er Iy ¢ caphi ¢
057 avaos” R Bl BFASEA cofa REschifS ifterchile™sRRAKE (PR  Banaife o

processes tpiofilgRkhlat@nieat earebegReh. properties of the set of interacting
genes in the profile. These biological processes correspond to concepts
defined in the Rishrbtgasssatied pofileshaye fosusedipninigrogatingand intsyraetingof

pi ol 01 cal 1ahskEAC LLRRIOUAANLRNHeY: the pMHIECHE HeqBl AF BERE Rodbi0Y Al BGar
macr onol ecul € acti g on another macronol ecule * ul'ar processes,

i nvol vi ng. aisehefithe profildstaee sisapesstfle.cEdl exathplar, gemashvedy proflee sedd beifed/@l vi ng
a change in.the state of an o

rgapi sm o or. i smal .conponent ” Di sease
processes, SAYBHOR stare tishenl Al N b vemic fitha¥ion pg thgrihippcting gencs 1o be

explored. The process nature and directionalities (increases/decreases) of the inter-

molecular interactions can be used to track "what if" scenarios regarding the changes
(abundance) in one or more genes in the profile and the consequences of that change on
the other members of the profile. Boolean networks and Petri nets offer some
technologies that might be used in such simulations. Another example of how the
pathways could be used is in the generation of testable hypotheses. Computational
systems could be devised to generate experimentally verifiable predictions about the
molecular interactions, and perhaps even report on reagents available (e.g. mouse
knockouts in some of the profile's genes) and additional information for performing the
experiments. There could also be computational support for the revision/fine-tuning of the

profile models to reflect new knowledge obtained from those experimental verifications.

Pathway Profile Graphics & Biological Annotations
To facilitate understanding the gene composition, connectivity, and dynamics of

pathway profiles, and how they overlapped with expression data patterns, a system
according to the invention may be constructed to automatically annotate profiles with

biological associations and render the profiles as interactive graphics.
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organi smor organi smal conponent The |inked biol ogical processes are those
determ ned to be shared anong a statistically significant fraction of the
genes i n wopanénsey profile. A "P-value" significance nea®arasnag3obe
conputed for each profil e--biological process association to provide a
means to rank different associations, and to flag particul ar associ ati ons
as outstanding. The ranked |ist of biological associations can be
presented to a user, together with lists of specific genes |linked to those
bi ol ogi cal processes. In this way user .is provided w th biological
"readouts” of a Biplogicrbannggdtions %‘a}ﬁlsépﬁblp}?gﬁklé@ﬁ%ﬁff thRugltite be emergaat profil e

to the kno‘t’jﬂ? ué’ért?elﬁqg%eo{et §§ &Eeﬁrg%{ﬁg%%ﬁgé 1gl’rt]hé3%roﬁlet efiRal b%?dﬁ?al éﬁ‘o‘é@&ks i

i nsights a aracteri ze sue sanp In
one errbod|cnsaﬂ§pondmmodmhpt@ldsﬁﬁﬂfcblnlthefﬂ(hedleﬂge Bas (33 )c arhd q:unmpmsdlffemept s
however, other enbodj ne ts of n} st emcoul d | everage additional types

of concept deyels %fh@osksa'ga spagtio tyspeci fic organs, increases/decreases
in processes, -armofalflh%r% eé@ésnﬂ{vbanﬁg Qﬁac&wlaﬂa%klgg%gﬁa&éa to conpute

statistically significant associations for pathway | es Mor eover, the
system nmay be exvamadedlecde easily nodified to include additional kinds of

statistical apal referred. al gorithmfor ating and
statistically raér‘lf‘i ?i’épf?fgsseﬁ’dfl‘é(ﬁf”inﬁla edBlt]&eaTtatB ggglisses l'inked to a
genonmi c data setoyg §n1%§pﬁm9¢%§esbﬁiv@wln%BA eﬁadhe s aldredis@ br pat hway
profiles can occur either before or ter he scoring of profiles against

expression dat a.organisnpd cpmpaentcase, the biol ogi cal annotations can be used

acter case, ¢ nd et Bateur o8 e aBEEH BBt R8P B Mnot ac ons can
be used in rankldﬂ@xﬁmoyafghmgﬁlasmﬁmem ofil es according to biol ogical

wei ghtings. Graphical rendering of profiles ainms to convert the extensively
integrated information of a pathway profile into something that is quickly

interpretable bypa AH&E% bml@é%?%‘@c@ée? are%&k%%e{e%l&ﬁri@ bRSRAUFLRInd £ the

profile may be rendere and inter- ecular Interactions are
render ed astdrisnedhoogmigati figetidreofitbelganes ima pathivay asede. AdPetatue"acconpany

t he renderings.(nodes are | abel ed internall nbol s, and edges
are | Tavel Wlifernpreds aey seouaihrach ity o BEhe Bisct8iabtd gene

may be  gr apbiigdh ntafd &t laRIOHIrRRAGH absopmtiOiNaRd n)qqiﬁgspaﬁf@mﬂar,asma%h@gs an
octagon shape), and the protein structural class of each gene product may

be conveyed)ltggtaxdmgqiﬂwgankfddlsg hﬁblgloglcal associations can be presented to a user,

together with lists of specific genes linked to those biological processes. In this way, a
user is provided with biological "readouts" of a profile, which can aid in assessing the fit
of the profile to the known biology of a tissue sample, or alternatively, reveal new
insights about the biology underlying an uncharacterized tissue sample. In one
embodiment, annotations are limited to biological process concepts; however, other
embodiments of the system could leverage additional types of concepts in a KB (e.g. cell
types, specific organs, increases/decreases in processes, and other combinations of
biological concepts) to compute statistically significant associations for pathway profiles.
Moreover, the system may be extended, or easily modified to include additional kinds of
statistical analyses. A preferred algorithm for enumerating and statistically ranking the
potential biological processes linked to a genomic data set is described below. Biological
annotations of pathway profiles can occur either before or after the scoring of profiles
against expression data. In the former case, the biological annotations can be used in pre-

filtering the set of profiles based on biological criteria. In the latter case, the biological
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The overl ap detected between the expression data set and the genes in the
profile may also be conveyed in the graphic as follows: dysregul ated genes
are | abelwo mios1s04 heir fold change (a + or - floating poipatr/vsas/ed)e and
col ored such that down-regul ated genes are red, up-regulated genes are
green, and the intensity of color parallels the magnitude of the

dysregul ation. Interactions between dysregul ated genes may be highlighted
visually by color and/or line thickness and/or |ine density and/or

| abeling of the line. Al _internolecular interactjons are preferably

| abel ed wi BANQIatens @8 bgfused ingrrkingthegiarionnisrrsd pipiilsh acqording &g biglpeical
interacti O%é%lflﬁ%]s. such as activation, deactivation, binding,
transcription fects, nodifications, cleavage, etc. This use of

si ngl e-1 evel abhGmaphiailiremiringlof puilendims pd eonpyedckssaansivelomtepmatadir i zed

wi t hout creating.over-crowded beling. . .Lines, connectin ne, (or product)
nodes may t émgtllfél ‘Pfii’rl?ﬁﬂb‘?’ayaﬁ’rf)b%s‘,ntos%%?%{lg txs--%qu&%qrgrega%geeb)?gu nnect ed
at the ' taifyr ehfplef ge&l@.@(o«’fl{%%&éﬂpmaﬁas)"iﬁ%@ﬁ{;ﬁuﬂﬁ@fﬁe fhBere8 A9 NESsshdhiet-he

"head' end of the artows. en reciprocal interactions exist bet ween two
genes ( genengeadardhjactivmoararendeedal lineccqumectilg the nedstsi dm bothycakss, Wbelan

bet ween the gene des.. Subcel | ul ar calization.of the gene products may
be conveye&c_%}nmrc}ﬁ%benfiﬁéngsg’é% Sﬁf)edlébaf“ﬁ{n(serp%} e IVEh BRSOl raggﬁ di*g to
each of 5 miieled WRRHHONSIal PRIk &UbbreviationsOThe 6@1thal 34ebd'oge i8] Be Peri phery,

and unknown). The arrangenent of the subcellular |ocation boxes may or may

not f ol | owgrénhicediydisiingpishesk from othey sodgs (eige bydwingran astagon shane).wirdthe and
cell surfa ot@fn

t Lt 1: f
araphi o | AFRPER TR Ofeeb SEAPho R UL UG BBbC

gr aphi cal | yTheusiefigp dtotedibsi@ser thatlexpressibn ddth k@hahe thd geneolrothe prudilomaghape
and/ or | abeling. 34 WD.03/067504 PCT/US03/ 03006 Using a ranked |ist o[
bi ol ogi cal akodEcosryeddntie Laphisas follows: diempylated ey g dabeledhyisls theinfald o 3

or so nost i st cald s g t . i | Qs
render ed asf: ﬁ%@%%ye(gao%&é?ﬁ%g%%??@’ %JEHa%HFIN&%H gleéshptpéys. Fo ugﬁ I gfmg%d’
bi ol ogi cal uprregelssd ggnexzine gmbn, fapdtthe mtemayyy phodlomdearal ldbothe amagnéaidd efgghe he nane

of the biological .process,.th number of nes fromth rofjil.e that are
"ol i cat ed WA BB o BLTaction euess frtieeue Bl B g T etitig ety by
stati sti calcoRjr@Ri/ot AROARCKRAESsst NG/ 3O ARty AR IdbeliREofMARE. ABNES. | n
addition, the biological process box may be connected by dotted lines (to

di st i ngui shntermelecylan iatenstientiarapréferablydebdleshwith assriggfsngg-tetiepl i d) to

;[ ?rgfiecgfggsﬁbﬁfeﬁ%ihagitoh? gildgcgﬁtggzinit%?%[?oglstgs&?él%chgas \él&r:tii&artllo}l,hdaea@?va%i%g,elgikaing,r e
transcriptional effects, modifications, cleavage, etc. This use of single-level abbreviations
allows multiple processes to be summarized without creating over-crowded labeling.
Lines connecting gene (or product) nodes may take the form of arrows, so that an
"effector”" gene is connected at the 'tail' end of the arrow, and "object" genes are
connected at the 'head’ end of the arrows. When reciprocal interactions exist between two
genes (gene products), two arrows of reciprocal direction may be drawn between the gene
nodes. Subcellular localization of the gene products may be conveyed by placing the
gene nodes into labeled boxes corresponding to each of 5 main locations (nucleus,
cytosol, cell surface, cell periphery, and unknown). The arrangement of the subcellular
location boxes may or may not follow the convention of nucleus at the bottom, cell
periphery and cell surface at the top, and cytosol and unknown in the middle of the

graphic. Information about known or suspected drug targets are conveyed graphically

using gene nodes that are highlighted in color and/or shape and/or labeling.
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interactive GUI display of the profiles, the user may have an option to
dynam cally control the types and anmounts of information conveyed. In
addi ti on,weloenensos in the graphic profile display can beproypsnl/iebed to
detailed views into the KB for the concepts to which those el enents
correspond (e.g. a GUI sunmarizing all avail abl e knowl edge about a
particul ar gene). The conbi nati on of extensive know edge integration
(connectivity, directionality, interaction types) within profiles,

conput ed bi ol ogi.cal annotations, .canputer-generated graphical displays of
the profiles, a ‘%ﬁ@“ﬁ?@é%#?’%o%}%ﬁ%ﬁ?ﬁeﬁﬁ%‘?’ﬁ’éﬁ‘g?%‘gitgg?xwfﬁé%rggd? sul t
in a systemphhakhLRP 3HRP Y st SRR sighifRARHi @S ik A prifddtestadyalo el ection.
The know e?ge of coEnectlavi ty ané dli%FSelgtli onal iltyglof pirnterasct i}gagso anong
menber geneasndenedsas fpatatfes be thraprofievgaphic Hisplays. elr examipbe; aibidlogice tpravess | ow

t hrough the set enes. .The, integrat.ed know ed r r di rotein
struct ural %E?ijgieaga? Hﬁ'yt‘%‘{]‘é‘éetag%gﬁﬂﬂ%it%%ﬁm’é%gp%ﬁgﬁ C{(gf Sﬁ(ﬁ&m dr ug
targets (e.fmbelbr @hst BEMARE pfotile (AL BreliMplibReSR tBE bideBssOhind ABRHhHREL Bt € drug
target candi dates. The biol ogi cal process annotations and connections to
genes can helys refeqting dhiecstatisgicaltsignifiesineg PEidE assonvtiguanddbe glembstigdngs dg
specific ge . 1N h files., Taken t t i.cal ;:kno

hrget candianisy: ths bt oit<ESy bl FELE AEAE! by oBRR) SRR SR B
and eval uatihefnékcul@vaierqkian aeowhigh @ad solidntcthysiddes dggictaiga@nesin the gori t hm
for Conputing_Statistically Significant Biological Process_ _Associations

for Pat hwayrehlsryhigsthrd assarts fre imgligatediy the biglegacal Rrocste ldWHN fr om t he KB

that is as i.at: 1 i i -0f | i
St st conereligeop diplalfor bRy BB WS AENER L DGR Ealfedby o0,
PCT/ US03/ 030atolphe egpes andamowdts binformatean borvieked. yIntaddbmnaslsmentatirethewi t h

many bi ol ogi cal. pracesses, the  ones of st. interest ar osg that are
Shay eq by ARG rop et e S GEIER AR RIS i e A the FIRER oo
bi ol ogi cal 3$30&H RbictISmaNOEbELspEEHe.Ala GUT §1ﬁ%%ﬂ% hin&YailaBlelin@Mddget han
t hat expected by chance al one. t onfy do we want To find these

si gni f i cantaboaisspasiiatlargese).- we woul d |i ke a measure of the significance of
t he association.This,.statistical. asyre of siagnificance.is.called.a
“pova e, 1t oo prgaRh of el RN el SRR 4R Go8 G 1
1) that indheedctitn t;lpes)lwﬂﬂﬁhﬁhﬂn@k, tbaputel Bicdbg el vafbthiieispgimRlter- @msgddat i ons
are sinply due to chance. The | ower the P-val ue, especially when bel ow
graphical displays of the profiles, and superimposition of known pharmacological targets

result in a system that can support rational strategies for drug target selection. The
knowledge of connectivity and directionality of interactions among member genes in a
profile can reveal the potential for information flow through the set of genes. The
integrated knowledge regarding protein structural classes (drug target opportunities) as
well as prior known drug targets (e.g., [P obstacles) can help in the selection of
appropriate drug target candidates. The biological process annotations and connections to
genes can help in predicting the biological consequences of modulating specific genes in
the profiles. Taken together, topological knowledge, target candidacy, and biological
consequences can support the selection and evaluation of novel pharmacological

intervention strategies.

Algorithm for Computing Statistically Significant Biological Process
Associations for Pathway Profiles

The goal is to reveal biological phenomena from the KB that is associated with the

collection of genes in profiles in a statistically significant fashion. Although the 20 or 40
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0.05 (i.e. nore than 95% confidence), the less likely the associations can
be explained as nere chance events. Let's assune that Profile X has 20
genes, amoaB/otisose 20 genes 12 are known (fromthe KB) teThsozem®osci at ed
with the cellular process "migration”. The question to be answered is:
could the 12 out of 20 genes linked to "mgration"” be explained as sinply
reflecting the frequency of "m gration"” cellular processes anong the set of
genes in the entire KB, or is this concentration of "m gration" genes
unusual . To answer this question, you need to know the probabili t%/ (p)
that any r &aeRsiny-psefilsareenchditelyitp b pesorpateg with many hipdegicad peagesses.rihe
"mgration", Th r. Lt ] ti the: ..

di st but i SRe! MARGRRY! ale o ¥t afc SBLEINY AEKY BHOERERY. Tobesiictally, |
t he KB. Thisinifibiaat, thdxhiaredrbistayicalasocimiomdieowdy acduaht #freqrenquilekisddgless by
the anal ysis software storing the informtion il%élg dat abase. In the

b
case of théharnrfhétrerﬁﬁfft%g)é&l?ﬁﬂ“lcé@loée-i ot ey e Weowant tg find these gigatisarfi nent, it

was found E%Eiagigﬁsrt%@g\ggtxlaﬁ&eIainmﬁglﬁe?o?tﬁerk@gxfliﬁl:e{n%%fth@ragﬁ)%ﬁl%on.()ffhi'sm gration”

out of a total genes 1 n this KB. I'sS means the probability that

any r andonistatistidat oteashirg efisigmifichncbés callediagiPavdlas?” Iysmeprosabddg meadipe 5@Ghor
0.0368. The _ probability .of out of 20 random y .se|.ected nes bej ng
linked to "AlYSH 5t} ﬁmmgﬁg%g%h‘ﬂ&fcéffsggq ﬂ&q‘?‘ﬂ%c\{@aﬁ&ﬁiohferﬁgt&?foﬁtﬁal on:
P(k) = (n) aRdpclations kb ;!ﬂ)?rdﬁlé}o dRn¥0 PR RGeptt RCAILLIRQLIRAPMIRIGV N i S
the nunmber of random y-selected itens, k is the nunber’ of observed events
of one ki )5 @Grdmpre than AEeooiiderice), the legsrldgliethe pysosfationss¢andieexplanedissi ng
of the particul ar everEt. The termis "n Choose k" which is equivalent to:
(n"1 = n! f“eﬁ?cs%ceeﬁe Y (n - k)! k! (n- k)! Fromthe exanpl e above, p

woul d be 0. 0368.1¢% @B3ulmie) thataofile X h&s DBfdhes vidddithose 20 guheatie drdiRnown
probability that 12 out of a random sel ection of 20 genes would be |inked

to "m grat(fremrthaKB)mp bopssecipted vothntbg geiulanprocess smystpan s Shhequsstipgdode 1 3
answered is: could the 12 out of 20 genes linked to “migration” be explained as simply
reflecting the frequency of “migration” cellular processes among the set of genes in the
entire KB, or is this concentration of “migration” genes unusual. To answer this question,
you need to know the probability (p) that any randomly-selected gene in the KB will be
associated with “migration”. This probability can be determined by computing the
distribution of KB genes across the various cell processes represented in the KB. This
distribution may then be made available for quick access by the analysis software by
storing the information in a database. In the case of the information available in the KB
of a preferred embodiment, it was found that 386 genes are linked to the cellular process
of “migration” out of a total of 10,500 genes in this KB. This means the probability that
any randomly selected gene will be a “migration” gene is 386 + 10,500 or 0.0368. The
probability of 12 out of 20 randomly selected genes being linked to “migration” may be

computed using the Binomial Distribution:

P(k)= (Zj pra-p™® (D),
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(3) It is inportant to note that this conputes the probability of exactly
12 genes out of 20 being linked to "mgration". In judging the

si gni fi camo@3mé7sbhi s, we are interested in the cunul ati vecprusbatsobd ty of
12 "or nore" genes out of 20. This is conputed from (1) by sumring the

bi nom al probabilities: Significance = n (n) k (n-k) k=kl k P (1- P) where

kIl = 12, n=20, p = 0.0368. For the "mgration" cellular process, this gives
the cunul ative probability that any observation of 12 or nore genes out of
a profile of 20 occuring by chance of: 1.9e-12. This is _the P-value, and

in this caddhes pisthg npmbar, @éw@ﬂaﬁé@cwﬁa@m%wﬁ%wmher&f ebsgreed gyenisoince.
37 VO 03/ O%Ké%e{gd Hg%g{e%%’%ﬁﬂg [(ﬁ?i‘r ; e@‘&aﬁg{g‘g@ﬂw béﬁg%ﬂﬁed Ao the

"Fi scher Sign ment automatical ly
performed on a profmje for ag%eof the cellular, organismal, and disease

1o}

associ at i osgenti Alked t|terarie “yEheese i whieh ksquselant iy Statistics for Profiles
An exanple of an e ession scoring statistical analysis based on profiles
generated fromthe KB is presented next. The follow ng, generalized
assunptions were mnade concerning this statistical analysis: 1. The

know edge base confalns ope or pnrgyfindings about each of zero or nore
(KB) di stinct geneE%l nerated profiles is a set of(2)

(BCP=Bi ol ogi cal |y Bt y) genes fromthe KB 3. The user
assays a set of genes (USR di stinct genes). 4. The genes that the user
assayed that map to the genes (MAP) is in the range [0,KB] 5. Genes that
the user assays mntb@eﬂmeg&ﬂvamdmm&o0i368tﬁmni @ngaend[ 5 0BBbS, We cathe
signi ficant ggnes are the ones that are dysreg uIa&Ed and nalﬂgge épg

genes ulate the probability that 12 out of a random selection of 20 genes wo
“migration” as:
20 12 (20-12)
P(12)= 1 0.0368™° (1-0.0368) =5.7567¢-13 3)

It is important to note that this computes the probability of exactly 12 genes out of
20 being linked to “migration”. In judging the significance of this, we are interested in
the cumulative probability of 12 “or more” genes out of 20. This is computed from (1) by

summing the binomial probabilities:

n

Significance = Z [Z) pta-p® 4),

k=k1
where k1 =12, n=20, p = 0.0368.
For the “migration” cellular process, this gives the cumulative probability that any
observation of 12 or more genes out of a profile of 20 occuring by chance of: 1.9e-12.

This is the P-value, and in this case gives 1 in 1.0e12 chance that the results are due to

chance.
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(SIG which is in the range [0, MAP] 7. Sone of the SIG genes may al so be
genes in a particular profile. For a particular BCP, this overlap (OWP) is
in the ranga3psm n(BCP, SIG] Fig. 4 illustrates the rel atconshs/mo@anong

t he above sets in the formof a Venn diagram The statistical approach
described herein is concerned with determ ning whether an overlap (OVP) of
sone subset of a BCP with the SIGis statistically significant based upon
the probability that OVP is a random event. Two possi ble approaches for
determ ning this probability of randommess are presented Approach 1. Exact
probabi | ity of dwstestds voramon|yreterred ppacihe hFiseher Nign Eestt, ipad axthe preferred
probabilit f i f i I I P,

Bep, and SPESoPRRIE IR ALY BCihR o SpreRicRFalt Sl Bl brebiiemil
gener at ed tahé deskiakegiatienstinked tpitlekgesmithe &B.BCP genes from the set of
KB total genes (i.e., ignored all information we have about how the genes
are related to 28 WO Ogl 967504 IBCTé US03/ 03006 each other, and blindly

pi cked every co CASH IB{C I genes) and if the dysregul ated genes
in the assay ar Amtxamplaofimnexpression sewramgystasstical @dalysinbasedongmofdgsial
probability of bein y ul ated). Th ose of this statistic is to
Pt cat e osrediph it R minral i HRPsp bereriid pRHmRIOTHRER | he
mat ched pr fidde@oAniAg SIRY stafiSiithl Snaly¥esie conpl etely random So the closer
the conputed value isto one (100%°, the nore |ikely the overlap occurred
by chance, ant tThe kobwiasige bhse opatains dns or smoze finding$habdyé eacdyofsiaie er moreandom
chance' as an eﬁgb r&aﬁtq.igotn of how the overlap occurred (the null hypothesis)
beconmes less |i 3.1 t'e®9PR4t whether there are 0 or 10,000s of USR genes

that are not pRHIEH of (HetRNESRARSHiIBYistanet b BUP=PBicleRicall g Eobriitaiel USR gene
box of Fig. 4) does not matter, since we have no know edge about them

they are not i nPafevaypigerasdeompthedBgenes from which the profiles are

pi cked. Likews Y, . r siders significantly
dysregul at ed 'ngeq{;%raﬁsg%gggsﬁggp C%Q%U%&gsgﬁ(ggfrir%?t er, since if they' re not
mapped, we h&vé&hegiehédfat the asyr asdaged thatvanp tdihegenss, (MAPR) isiofherangen of

mapped dysregul ated genes (SIG does matter since we're also conputing the
| i kel i hood t hat [Q’Ill%B]parti cul ar dysregul ated genes that overlap a

particular pr ﬁ.f idéneDARPAREHA AsB8 iy RtysRegulid (D¥ 9! Qﬂhg?ddéy [6,08R]i nat ed.
For the null hypothesis to be true, "every conbination of Sl
6. The significant genes are the ones that are dysregulated and mapped to the genes

(SIG) which is in the range [0,MAP]
7. Some of the SIG genes may also be genes in a particular profile. For a particular

BCP, this overlap (OVP) is in the range [0,min(BCP,SIG)]

Fig. 4 illustrates the relationships among the above sets in the form of a Venn
diagram. The statistical approach described herein is concerned with determining
whether an overlap (OVP) of some subset of a BCP with the SIG is statistically
significant based upon the probability that OVP is a random event. Two possible

approaches for determining this probability of randomness are presented

Approach 1: Exact probability of overlap
The initial approach calculates the exact probability of observing an overlap of

size OVP given a fixed KB, MAP, BCP, and SIG. It computes what would be expected if
the algorithm that generated the profiles randomly picked sets of BCP genes from the set

of KB total genes (i.e., ignored all information we have about how the genes are related to
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genes that could be picked fromthe total MAP genes is equally likely.
Treating the assay results as random nakes the probability nore robust
since it woas/emh4 assune the user's data is noisel ess (aPeTAg0NgEII@NY
repetitions of the experinent reduces noise, but often only a single

m croarray experinment is done for each condition/tinmepoint, resulting in
significant undetected noise in the results) or that the genes that the
user considers ~dysregulated' are actually biologically coordi nated. The

formula for conputing this exact overl rob |I|ty under the null
hypot hesi s e@ﬁhg?’ g?H’é‘”%PWF‘I‘ @%eréﬁamgfj% ggd"‘ﬁ]egf’é‘és E‘Qﬁdom is:

P(OVP) = K (

03/ 067504 E&?f%&%ﬁ%ﬁ\}ﬁ%ﬁw %r%ﬁﬁ%q?wﬁ& ?{s f’%%?aﬁ)%?or ﬁsterﬁ\%li vely,
" Choose ( N,pbapilitgf€bsing dyﬁrb@:latb’d)rrﬁfhhpumbse:@ﬂ thrsp;mtlatifc 'csrto (ridiédtd hgwillikep-i) ! )
for N, Kintegers. Teflrst ent ose uarebacketsin

Eo b compit Boohspive b araroR A oRIng: b fie aighestirp Ble Hed deay Rele e ot al

genes rand%%&el G h@iobd. @mtw@m&@m@é@h}g&&mm& @t&@ﬂ@@lob%atthame maa&ude
the overlap P genes. The Choose functi on conputes how man

di sti nct mab@o%rlaptoenm@bby @@ncﬁ;@B@ﬂlefql@m Netvaluglis tot zenes tigenlbatier sineg |t
evaluates to I, i f ,K=0 enent can

only be chofRfomghances a%‘ée%@%’%?ﬁ’%‘g ‘f%vegl QCC\F'E?S @gr?élﬁ gﬂt:.l,\]%%g?pears at

nost once igecRaceky 1@iely. e) To visualize this, |ook at the conceptual
framewor k di agr am of FIMg\ . I magi ne novi ng the BCP box (vertical Iines
representing onéVgie dfat Pthﬁfﬁ)GWcﬁri:QOFH@ OREs Q,H){S&g]e@@rthatmnotg@qugm yitis

th t t t ¢
that 101 o GoPRERel bl Bk G piten AR R USR'de % SBfer et Rof At hee 1O
di fferent preohdemo Hﬂtb&ﬂedg@labduthbem,athdybmﬂeyloplrcthedmva‘se@ﬁKB(@nB@ﬁ‘)nncwmpht es

how many possi bl e distjnct .conbinations of BCP genes are posslble.
However, t HBe p3pBlgsetepicked Likepase, only t Bﬁgvles&ﬁ%heotfsemnﬂdﬁ@ %gémﬂé r andom

profiles V‘Qﬁgxd-: @lai4 ( W%aﬂ ald\Ba 8 tgm neg_lf}?atttels statf thd P M%@g&@rwe

cal cul ate ow many erent pr S consi st ng of BCP total es that
have nothing to say about them. However the proportion of mapped dysregulated genes

(SIG) does matter since we’re also computing the likelihood that the particular
dysregulated genes that overlap a particular profile happened to be blips—ie. not
biologically coordinated. For the null hypothesis to be true, every combination of SIG
genes that could be picked from the total MAP genes is equally likely. Treating the assay
results as random makes the probability more robust since it does not assume the user’s
data is noiseless (averaging many repetitions of the experiment reduces noise, but often
only a single microarray expertment is done for each condition/timepoint, resulting in
significant undetected noise in the results) or that the genes that the user considers
‘dysregulated’ are actually biologically coordinated.

The formula for computing this exact overlap probability under the null

hypothesis that both the profiles and dysregulated genes are random is:

KB-OVP \OVP SIG
BCP - OVP \ OVP ovP

(5o

P(OVP) = ( ),
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i ncl ude the specific OVP genes could be picked randomy fromall KB total
genes. The second quotient enclosed within square brackets in Eg. 5

conput es woasgrsebabi | ity that the overl appi ng gene(s) arecuyusnsegobat ed but
occurred by chance in the wuser's data. Suppose that only one mapped
dysregul ated gene (SIG existed in a particular experinment, out of 1000
mapped user genes (MAP). The probability of P(OvP=1) would be 1/1000,
since for an overlap of one, the overlap gene woul d have to be the single
mapped dysregul ated gene (ie. Choose (SI G=l, OvP=1 ver, there are
1000 ways a di fWBereragayy, e notaion g efeEmatiyely, Q%‘%%%) )Téferﬁ)ﬁ’é fay for
each of the 1000 MAP genes). So tVtere is a 1/1000 chance in this case that

I ARds
(o) Not R O AR IR R ARy PR B R
OVP, SI G OVRyitHin @mxosbracl@mmﬂf’ﬁ conmpu@sdlosadtivaRf Si@)lfﬁerenEgroﬁﬂi:s cbhiirfing mer
Squar 6. br adhal Bt Gubisris ke grrsbihedcl TRy SBUE LR AgRelude the'
equi val ent |d(/erl§9€)k}'Ppg%hE§ o C‘hr&@séc @ RY bihclion cEpMEI h@s e distinboaRslsget of

overlap genes. Miltiplying t first and second bracketed quotients in Eq.
5 conput es iRaG\R be chéren yﬁlroarbhlbmal tt9m$ trete thatit geaiuates toolf if Qr@:P@bMébOuKDul d

fil h h h
over| ap genBaaBbH s B Baneahamty oy bt dbddne pelE Rty Sl 1
hypot hesi s.g eE@ﬁgegfs%me@ndehﬁem 1@ rrpl ifies to: P(OVW) = (SIE * BCP! *

(KB-OVP) | * (MAP- OVP) I) SIG QML < (BCP-O/P)L < KBl + MAPI) Some
i nplications to I@e‘éﬁuﬁhﬁe Hhis G>0k1at th@ﬁon&eﬁt}l&léﬁﬂmﬂ)’}’ﬁi ﬁl%fafKBfﬁwnésI%ﬂﬂlea fixed

nunber of Sl t he
mat ch occur%r]edg%gl%§3(:Cg1lglr)1(():)ge-a%.rt C%ng‘{s b g?&lth Ohggfﬂﬁegp% LB&‘B?t the E@L}% kel 'y
t he mat ch dospsctedlyhyis tl@ehmaneproﬁomoa of theeBICP o &1 the K BWEX Qﬁﬂﬂ&elaﬂﬂlt a

fi xed nunber of BCP

the MORE | o6 58 e R el BB g OB e ST box woul be a dificent profle
that could be randomly picked. Choose(KB,BCP) computes how many possible distinct
combinations of BCP genes are possible. However, the OVP genes are fixed, so only
some of all the possible random profiles would also contain the OVP genes. That’s what
the numerator calculates—how many different profiles consisting of BCP total genes that
include the specific OVP genes could be picked randomly from all KB total genes.

The second quotient enclosed within square brackets in Eq. 5 computes the
probability that the overlapping gene(s) are dysregulated but occurred by chance in the
user’s data. Suppose that only one mapped dysregulated gene (SIG) existed in a particular
experiment, out of 1000 mapped user genes (MAP). The probability of P(OVP=1) would
be 1/1000, since for an overlap of one, the overlap gene would have to be the single
mapped dysregulated gene (ie. Choose (SIG=1,0VP=1) = 1). However, there are 1000
ways a different single mapped gene could be chosen (ie. one way for each of the 1000
MAP genes). So there is a 1/1000 chance in this case that a single randomly chosen gene
is dysregulated (SIG) and in the overlap (OVP).

Note that ( Choose (SIG,0VP) / Choose (MAP,0VP) ) = ( (Choose (MAP-
OVP,SIG-OVP) * Choose (OVP,0VP) )/ Choose (MAP,SIG) ) in Eq. 5; the former was

used above for simplicity, and the quotient appearing in the first square brackets can be
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b. The nore genes we know about (>KB), the LESS likely the match occurred
by chance 3. If BCP = KB, then if OVP is non-zero, P(OVWP) =1 (ie. 100% 4.
If SIG =WB,03063 i f OVP i s non-zero, P(OVP) = 1, since tirc3/useao®od hat
every gene in the KB is a dysregul ated user gene, so OV/P=BCP for every
possible profile 5. If MAP < KB, then P(OVP) in general is greater (ie.
nore likely to be random) than if MAP = KB In order of effect, the

foll owi ng paraneters mnimze P(OVP) the nost (ie. reduce the chances the
observed out cones are rando > BCP (ie. Profiles O@giy contain a

1. KB >
smal | subsdgWhtengquivalensly. BQ&W@S»@E&G@W@@WW@SW@@ ¥80b6 2. OWP

>> 1 (ie. -m‘e:rl éeﬁ\ cdysregul ated user genes that overlap the profile, the
|l ess likely s to occur by chance) 3. MAP = KB (ie. Al user genes are
mapped to genes Multlpbeng@): firdt.anBGCEond @rﬂékéﬂeé quavcmtymgﬁpé qompatepP(ﬁ)WlPe, is a
dysregul at e = OVP

overl ap thé 3@3?@1@& tb?fga glgerf geta% greslan gﬁﬂ% i @ﬁ@ rt"hﬁa?@a%h@w 3?021?%8 (#2

above) - the(gacﬁ%ﬁ{alﬁl BC'P gaﬁﬁ uaya{e%@ehaﬁ 8ched B8ppeaeMeobd HAdorRyer | ap a
profile, the Iess probable thé overlap is to occur by random chance. Note

that the y- ‘dysr%ula;ectirgeaed—egmesmallwpotsl@slea"@m refeignee, orealEq. Sovmmplibgsgong gene
decreases the probability by several orders of magnitude. Note al so that
this effect is still dramatic even for larger profiles (ie. where the

per cent age of gqr(@sm)e:(sq@e*wl*e(gga@v@)f# ipoovVehyyotal genes in the BCP

is smaller). In th{SIRoIT! €BEPHVR! vasB! 7 KB genes, 1500 MAP genes,
and 70 SI G genes were used. Keep in 'mnd that a though a profile with a

| arge overlap may have a really | ow probabl lity of occurring by chance,
t he val ue cﬁomdimmilcaﬂddseokeepainusied depends not only on the low |likelihood

of being an artifact Iso t he exp t|o of t he genes in the
profile are ri'l a:foéﬁ FP‘GH e gengsen rB‘e Bﬁglaﬂl%eéle%xpl anation of

how the al gorithm Qetﬁfewgefithefis%ﬁlé kbesep} t}@M@ﬁ(@ﬁkélptﬁma@ﬁ eédurRdast in a
bi ol ogi cal 'y coor d| nated “manner, d thé nore plausible that explanation

is given the user's phendecul ar assay conditions, the nore valuable the
match, since it lngreﬂl qgrg%rh t%e%lif(e)r%) ld\}ly), Eh%%E§§ﬁkely the match occurred by

chance

2. For a fixed number of OVP genes and a fixed number of BCP genes:

a. The more dysregulated mapped genes (>SIG), the MORE likely the match
occurred by chance

b. The more genes we know about (>*KB), the LESS likely the match
occurred by chance

3. If BCP =KB, then if OVP is non-zero, P(OVP) =1 (ie. 100%)

4. If SIG = KB, then if OVP is non-zero, P(OVP) = 1, since this means that every
gene in the KB is a dysregulated user gene, so OVP=BCP for every possible
profile ’

5. If MAP < KB, then P(OVP) in general is greater (ie. more likely to be random)
than if MAP = KB

In order of effect, the following parameters minimize P(OVP) the most (ie. reduce the

chances the observed outcomes are random):

1. KB >> BCP (ie. Profiles only contain a small subset of all genes in the KB)
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deci sions the user nakes based on the insight provided by the profile
explanation will be biologically sound. Also note that this approach is
conput i ngwvohe/ewact probability, which permts all profilpes/usesmssoconpar ed
inrelative terns agai nst each other for a given KB and assay. However,
this exact probability is not as good as neasure for conparing best-scoring
profiles across nultiple assays, since the nunber of dysregul ated mapped
genes and maxi mum overl ap, which have a significant effect on the exact
probability value, can vary dranatlcallé across experinments. Approach 2:
8

Cunul ati ve prdbaWVP Pty G T@%mqragyirpg%qe §ef/&e{5"rséh§r°r"§dal%ﬂ’&tﬁr%ftniecthf: &ss
conparing overl é}ﬁél ﬁ{sqggc&f}@s Ihgi?& s, as well as getting a better
c

intuitive feel e Si ahee’ of an overl ap uses a cunul ative
probability 42 MAB%/IQBKEOAI]R@H L8 ARX30Medits pencb it therKB) nst ead of a

single value froma probability distribugjaqn function ., Wwhich is
Approach 1). %hiBCE carQ\Z% ORY5EY gEnSp @Hﬁﬂedﬁaqure@* atF‘iiuée’? di vi dual

probability val ugg = HelGAne ra@ﬁpg ¥s%%me@gerfegom@apem@§fom yobabi li ty

val ue, and determ ni ng v% he total sum of t'he possible
probabi | i ty values it represents; thi s measure is usually called the

" P-val ue'. P-val ue ver var I | Stri ions .is.usuall

conpl ex. The ;#bg gg? @ﬁﬁ) PROY! d?%nhgﬁv?&%r MF% hﬁsg TP e, g
determ ne %ﬁiﬁé%f&ﬁ%gﬁ?&k&iﬂs@% b&ORs R Bvaeip! HﬁI%dtHeQes@,'brétfh‘bﬁﬁh@bvedeg sthen
solve the integral for the free variabl es. te that CP <=

KB; and OVRo oect@bgsrandowp@aaee Ripte that the ymaieistom aslog sedle.sb #actoadditienad abl e,
let us miket\)vte H%eglér)ﬁﬁﬁ%\ém deg; %lfﬂge)%rgg%lhty]bgo\é\b G0 ?rﬁéﬁg%%h{é%f{gﬁq&ghg&fesa&c{%sS

experinents, S1Ss ead

| ar ge nunbekis eefées il ﬂﬂahﬁltla%&mﬁir Ilaig\erl;ﬁrof\l@S (ieSWlidre tHeypeheHn@ipe df kenesiim
general the difference will be m nimal en conparing P-val ues across

exper i nent $he oyralap @B dractien %@B‘éﬂe‘&ér\’ééhe l%mp)smaéle&)ohs%%ﬁmﬂﬁ ohe alpess 5
stringent t t he same genes for
each experliri?ggtli@g%“t rgfol[}gﬁt“g%iégﬁﬁ%b y t at %%eﬁaveégﬁ%eﬁe norm Users only
need to assay t Héeepammindhihpedtipagka prefilh V\éﬂxmla@mrlaﬂnmaylhbvdmmpllydmpare
gener al assaéba& sul}\s to.a targeted or dlf rent. assa a fraction

O s catoneel SeruBaRbn e b el of B SE Toa e dhmap i b

the low likelihood of being an artifact, but also on the explanation of how the genes in the
profile are related to each other. The more believable the explanation of how the
algorithm determined that the set of genes in the profile act in a biologically coordinated
manner, and the more plausible that explanation is given the user’s particular assay
conditions, the more valuable the match, since it increases the probability that the
decisions the user makes based on the insight provided by the profile explanation will be
biologically sound.

Also note that this approach is computing the exact probability, which permits all
profiles to be compared in relative terms against each other for a given KB and assay.
However, this exact probability is not as good as measure for comparing best-scoring
profiles across multiple assays, since the number of dysregulated mapped genes and
maximum overlap, which have a significant effect on the exact probability value, can

vary dramatically across experiments.

Approach 2: Cumulative probability of overlap (P-value)
A preferred statistic for comparing overlaps across experiments, as well as getting

a better intuitive feel for the significance of an overlap uses a cumulative probability
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conparabl e. 3. The nunber of mapped, dysregul ated genes (SIG may vary
across experinments (ie. 0 <= SIG <= MAP). However, for any given

experi nerwoioB/ossoassunmed that the total nunber of SI G gemes/ises/omone r andom
al though the particular SIG genes are assuned to be random Note that,
unlike the familiar “normal', one-dinensional bell-shaped distributions,
this distribution is five-dinensional. Al so, the probability density
function (PDF) of this distribution decreases rapidly as OVP i ncreases and
is discrete (i.e,, each dimension has integer.ranges fromO0 to a fjxed
nunber , notdlfg"'i“gé)lna insfead af p aingle wue-frw?ﬂfﬁgﬁ gy 3}S%thﬁliomfunqtli<>¥eél-q-h\@ 1%Br mal

di stributi t I T=3ale)] : t hat
43°W0 03/ 0a75BH AT L8 B35 5Tty SUALLEEH DOy AT B TS o

t hree di nenkitareslefythaequequahy thakacKprobabilityWahueaad detastiantg Wisdt fisctidmuof t he
i ntegration, (conputatign of th r il for each of. KB*SI GNAP

pose ! bl e ouNCORSyma Py BeribieBroBi By alieeserpads Hisnieanse & Babeq-
form i nt egrgllenkSpSatugat can directly conpute the values). For this

reason, it may be preferable to, e.g., pre-conpute a table of probability
val ues once, andCanringdlrpalnes avee mupr-vivabld disyibutipnsels uswaklytdempleaxy dhe

approach tq t.he tabul.ar val ues for each BCP fi,l e when et gr nini a
P Val e, nOviFTRRPRet i HeiR TS e AR & eeoPR peSrilie RlR B TaRhieoR
variabl e, tdahse kaukeProtAhRofdUInd th@Hélveahaiedrallfdp tHeBreefvanabies. e that:

superconputer. But if the total nunber of SIG genes i s non-random this

cal cul ati o faPWe<eRER 5= §B1and @ <p8IG sxpdAPTenKB( So 4o makethihe same

| ookup coul . for j |l Ll Last it), which would
require a I%%E%Bg{?grgftg&\?\j {%EQ{(@Q‘E‘? %Ie Olgﬁ?l%gs %élg!nce BCP size range is
|..KB; SIGsince OVP size range is 1..SIG. This approach is preferred as

it limts the, demands on, caonputati onal resources. For e le, using this
approach in the WASRCIPRAHING PSV%E?@BE‘C&?FB CKRELINtH BleE NSy 02%%%?985 BSookup

table woul d be nggaded. ﬁfﬁ'@@K%i‘é%ﬁx‘é&'d)j §1aF%éWR&EB‘c@', ¥ SUATE QinRtlonRE RBADI 11ty

values that are less than or equal” to the probability val ue conputed by
the first approatictyradheicditaliingemsyaltithedifferancé wilhbe npowwlbl e probability

val ues. Note éhe\& since the utlcomas nost Ii%&l){ to occur. b hance

i nvol ve an ovér | SPCTbEOBRANgd¥alups,3oTesy EXRerifels, thg,aum e§é)ff\'7’e%p ¥ greater
than one, the Rvigbyig cwhsitént.tmglistlesstg&i@éhmaﬁf&]]mringsmamé ukeR atdag an@rmal

di stribution, where a P- value < 0.05 is general y “significant', a |ower

threshol d i s prehesams geneporsach exneriment although presumably that would be the norm.

Users only need to assay the same mapped genes with each assay; but if they
compare general assay results to a targeted or different assay with only a fraction
of the mapped genes in common, the P-value results would not be directly
comparable.

3. The number of mapped, dysregulated genes (SIG) may vary across experiments
(ie. 0 <= SIG <= MAP). However, for any given experiment it is assumed that the
total number of SIG genes is non-random, although the particular SIG genes are

assumed to be random.

Note that, unlike the familiar ‘normal’, one-dimensional bell-shaped distributions,
this distribution is five-dimensional. Also, the probability density function (PDF) of this
distribution decreases rapidly as OVP increases and is discrete (i.e., each dimension has
integer ranges from 0 to a fixed number, not a real-valued range of —infinity to +infinity

like the normal distribution). These features make it challenging to develop a formula that
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distribution. A netric that conputes the percentage of all possible
outcones that are less than or equal to the observed probability val ue may
be betterwbosoessessi ng profile scores for single experi FeEmH03/b306 by
using a straight probability value, but would not be suitable for
conparing across experinents since the weight (probability value) for each
outcone may vary significantly. Pathway Quality Attributes The
believability of a pathway expressed in a profile and its relevance to
user- provided genom cs_data depends, on (1)..the ab|I|t of the KB to
accuratel y dr‘réﬁ‘tlié%‘éﬁl?“tesc:]ﬁé(?lé‘é%aéﬁ ueingois 1hres; imeRies b ypraﬂwagéhaté%aqdz) t he

extent to 343 %@wﬁs h¥Rélp %Pm@xme%ag&bg t&@ufa%%%%@&tp%osmgr fHEeAh @k 0gi cal

pat hway un ylngt I'ie hese netrics ar erredto
as Pat hway KBESIGHv AR possﬁh]e eetc()ﬂaass)ﬂl ra'mereenéwtpjfé‘sl’lbtyqdem(ﬁmless ddlowo-

03/ 067504 PCT/ US03/03006. scori IS usse ear uld fall under a
Cat egory 2 fP%é’?@leéI‘ﬁﬁs Tthﬁbc%épg’ gé@?‘@@“%f ‘b“\ﬁf@d’ 1515380 2 IBX B9 cul ar

pat hway confangt the.&, Bf&fdrﬁ;ﬁxt@@%ie wblshbmwsﬁleyaﬂcet Sndthefrdb@ %Yhel type
PQA. Table 1 provides several exanples of PQAS. row refers

favorabl e paohabilsyveluefrom thatfhsteappraacka topthe tabukar vmupafdiwagh BﬁP@r@ﬁbf\ffhee t hat

'he KB's allrRy ts BaatieahBYy irdL kR 10000 indSiG Bt Sanitn, = "

(Category harighld/ s 1bslaipRablewaldSeqiitel dbbiit 100 @B l@lfmdmdr%aatsup@fcoﬂap@depgm al
pathway in the user data éCat egory 2). Referrl o Table 1, PQA nos. 1-10,
13- 15 and 18thedptak numabecaf 8o ggnes-is Pererandpm q%@htmsmanhe eapdy dome epf¢ 17

ref er to %g)%%:g‘l}/ne%t é%p%o ?l%a?amqugﬁ[ &%ﬁ&‘ﬁ@hé&ﬁgﬁ’ dﬂgrl é‘éﬁ @%(Pﬂt%sne;g’amtspﬁ),

attribute type Mari zed a
"Descri pti ostich Wbelrdeeqlsrmloekaprmlbm With K&«BB estrieo (KB Rwe BUPssizd tangdbist e may

appear in a profile, or_be inplenente rof e nodel criterio Tabl e
1 Pat hway duiﬁﬂ YO ARFIDNE sige (@@&gﬁlﬁﬁﬁsgﬂm ipPredTadasdt imps thei ght

sub- Assune { aﬁﬁse &fg@?%%t?dmfgséﬁcéso rEBr 3xARbIE Olﬁlslﬂg this a?ig}(méﬁ)/n thb4nte Whse

net wor k of profi a network of a

hi ghl y-i nt @IG&K&M@@B@M@@O roayog hﬁ)(ﬁ\dBlleolp@tthMay\foaid bémeededogni zabl e

pathway (the O e FI va uet:) %tc;[oef\r{ utedgby summing all probability values that are less than or
equal to the probability value computed by the first approach and dividing by the sum of
all possible probability values. Note that since the outcomes most likely to occur by
chance involve an overlap of one gene, for cases where the observed OVP is greater than
one, the P-value will tend to be quite small. So unlike the normal distribution, where a P-
value < 0.05 is generally ‘significant’, a lower threshold is preferably imposed for this
distribution. A metric that computes the percentage of all possible outcomes that are less
than or equal to the observed probability value may be better for assessing profile scores
for single experiments than by using a straight probability value, but would not be

suitable for comparing across experiments since the weight (probability value) for each

outcome may vary significantly.

Pathway Quality Attributes
The believability of a pathway expressed in a profile and its relevance to user-

provided genomics data depends on (1) the ability of the KB to accurately represent
characteristics of biological pathways, and (2) the extent to which any given pathway in
the KB represents the true biological pathway underlying the user supplied data. These
metrics are referred to as Pathway Quality Attributes (PQAs). The examples of profile
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2Dysregul at ed genesPrefer sub-networks that have a | arge nunber of

dysreqgul ated genes, and nutually highly-prefer even nore those networks
wher e sucmogsnesoare further highly- connected in theintercorusesoimos and
dysregul ated as a whole (profiles can contain both networkdysregul at ed
genes - those that were active in the experinment - and non- dysregul ated
genes. This is a nmgjor benefit since these additions can provide additional
i nsi ght not obvious fromjust the dysregul ated genes). In general, prefer
to see nore dysregul ated genes. Gven 2 profiles that each have 20 genes,

one may hawveorigaliscussediaagics wemldifpliruagen v alggorydtypan 8 Qs prd thailiB's Hegree ab out
of those 2 r I | r.ef Lnd]
connectivig?&%ggggg%ﬁg%ng%éﬁugg&%%%ﬁg@?gﬁﬁggéﬁgJ &l 5%@?9@?%°%?*8@%5%?
wher e connetiiepdnessypesPQrasured by # of findings supporting a given

rel ationship or edge (e.g., pick profile.size of 4 nodes thaf haye at | east
5 findings connér@%’?en]gpl}%t%§ sgerah Pé?‘éPlefp?ﬁﬁééé's Bﬁﬂb?oé" TRH9Ts fag %2%’ °@¥Fenodes
(genes) ar . fiandi ; £ )

Connect i vi fPLB R ey R e AR e S o olhene
wher e conndateeabie ssribigesmray temddo keflett @theethgdSB sabdity to dccutately represedt modes

i twork, .t ' i ni f d | h to oth
nodesy . 5IdueifloBsHeLPHSH e Diaglr T sTeT FaleSs B8 THet wor k. of
genes, merb%l_ﬁ%lsél%mw’dyti}i%@ﬁk%i; had (eodr§ 2YEREMRHGSE 1 DHbld PH MR ho$QUISES.

6Fi ndi ng qualityPrefer "high | evel of connectedness of sub-network of genes,
wher e bel i ddalsi dnidt \refenée Cedaerys! -iype 8 sraad BQA oanddi tall16gndHi7gefertnf | dence

profile ed iven. pr repce. This refers.to.a psrefere: I ndi.ngs
that come %‘reazﬁ%%ﬁ%s\}ﬁpeo@%%?glﬁgerﬁ@%%?fi H%O%% }ﬂutte? P Bi5t %gsigert%%{’ Pghuag% t ent
sour ces t ha§ sah@afiEddandrundéetle cHlamneDrREGHRIonD, therRds Agetaniple forfeRumplas)pdft i cl e
may be considered as trustworthy as 5 simlar findings fraomori qi nal .
research pdestibispsisbytsenphappeat narprafils, sroheeimnlaeried as pprodiomadgl sriksEiony ong
over time. 7Consistent cellularPrefer genes known to be involved in sane
cellular function (A -*

Table 1
Pathway Quality Attributes (PQAs)
Attribute Description
1 Contains tight sub- Assume three genes minimum to form a notion of a pathway. Want the
network of profile to include a network of at least three highly-interconnected genes
recognizable pathway |for the recognizable pathway (the more, the better).
genes
2 [Dysregulated genes  |Prefer sub-networks that have a large number of dysregulated genes, and
mutually highly- prefer even more those networks where such genes are further highly-
connected in the interconnected and dysregulated as a whole (profiles can contain both
network dysregulated genes — those that were active in the experiment — and non-

dysregulated genes. This is a major benefit since these additions can
provide additional insight not obvious from just the dysregulated genes). In
general, prefer to see more dysregulated genes. Given 2 profiles that each
have 20 genes, one may have 3 out of those 20 dysregulated, and the other
will have 10 out of those 20 dysregulated, the latter is preferable.

3 Findings connectivity |Prefer high level of connectedness of sub-network of genes, where
connectedness is measured by # of findings supporting a given relationship
or edge (e.g., pick profile size of 4 nodes that have at least 5 findings
connecting nodes or prefer profiles where all pairs of nodes (genes) are
related by 5 or more findings on average).

4  |Edge connectivity Prefer high level of connectedness of sub-network of genes, where
connectedness is measured by # of edges (e.g., if there are 4 nodes in a
network, then require minimum of 3 edges connecting each node to other

nodes).
5  |Journal source Prefer high level of connectedness of sub-network of genes, where
connectivity connectedness is measured by # journal sources.
6 |Finding quality Prefer high level of connectedness of sub-network of genes, where
believability connectedness is defined by canonical or high-confidence profile edges

given preference. This refers to a preference for findings that come from
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as well). So i ibits > B, and A 1s own- regulat en you thi
expect to see B up-regulated. If your expression data shows this (A down,
B up) then this finding is a potential explanation.

12 |[Consistency with Prefer high aggregate magnitude of expression change (four 3-fold
experimental dysregulated genes are more interesting than four 2-fold dysregulated
expression levels genes). Aggregation may be measured by, e.g., average, sum, absolute

values, etc.

13 |Intermediate genes Avoid genes in a profile that are not able to be linked to a process that is
that don't appear tied |central to the other profile genes (i.e., if statistics suggest that 3 out of 4
into pathway function [nodes relate to process A, but the remaining node does not, then avoid

including this node in profile).

14 |No findings or Avoid connectivity metrics that may be biased by coverage in the
literature bias literature, or the coverage of a particular group of biological concepts (e.g.,

a particular group of genes) in the literature during KB data acquisition.
This bias may be accounted for by, e.g. a normalization based on an
understanding of the scope of content coverage in the KB, or the scope of
content (e.g., genes types) studied in the literature.

15 |One or more seed A “seed” approach to associating a pathway to a profile (e.g., a seed gene)

concepts for profiles |is one of various ways in which a story or significance can be drawn out of
profiles for users. This allows profiles to have e.g. one or more seed genes
that are considered to be the most central to the profile function. Allow
users to specify these seeds OR allow the system to pick them e.g. by
iterating over all combinations of genes in the KB. While a seed approach
to profile creation may be computationally useful, other attributes of a
profile, which may not focus on the seed, may be equally insightful.

16 [Connectable to Good if a pathway function is related to something to do with the
experimental context |experimental context because it can validate that you are "in the right
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including this node in profile). 14No findings orAvoid connectivity metrics
that nay be biased by coverage in the literature biasliterature, or the
cover age whoa/opmns i cul ar group of bi ol ogi cal concepts (e.@CI/imopesodé cul ar
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scope of content coverage in the KB, or the scope of content (e. g., genes
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di sease being Studied may be of nore interest to a research than those that
are true buyrofilndefieition critepiatthas viBntlowlthe @S@tamdbf moklss best swtedrfameseargeene

sensitivity toD| scr findin connect i vi t hat u
i ah or || oHB RIBTUORRb FTigo e R msBE: shef ARt Bl R e
i nfluence %%bl@%le%nﬁ:@f@aﬁdtsh&ﬁd néicit AR 0dZE lingaitibas oﬁh@ﬁﬁz&hﬁi@iy hi gh
or low influence genes. As will be appreciated by those of ordinary skill

in the art, the exanples of PC
Svstg?l Confiqurat(l%)dﬁS

A system for practicing the methods of the invention need not be limited to a

single entity, e.g., a private company, which, for example, builds and interrogates a KB
for biological pathway information and provides the user interface for inspecting results.
Rather, a system may be created as a result of combined efforts from one or more entities,
which when combined (e.g., by a customer or through a systems integrator) provides a
system capable of being used to practice methods of the invention. In the following, an
example of how each of the tasks associated with developing components of this system
is provided. Reference is made to a “Company A”, “Company B”, etc. These entities
may correspond to public entities, private entities, public-private entities or a combination

thereof.

e Company A builds and sells a KB (possibly by acquiring content from 3rd parties
or creating the content themselves. This endeavor could itself be split, 1.e., one
company could build the KRS software system, another could build the ontology,
a third could build tools to enter data, and a fourth could use the preceding to

actually enter the data (findings).
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above, in addition to those discussed earlier, are informative of the
possi bl e scope of profile definition criteria that will allow the creation
of profilweobeetsosui ted for research goals. As nentionedpPeardsn®o300d he

| ists enunerated above are provided only as exanples of possible profile
criteria and should not be understood as |limtations of the invention.
System Configuration A system for practicing the nethods of the invention
need not be limted to a single entity, e.g., a private conpany, which,
for exanple, builds and interrogates a KB for biological pathway

i nformati on and Gomenany & adata qeseersiont drangation mnany peansfarms theslkBrigto a

Rat her, a system nmay be created as a result of conbined efforts fromone or
nore entities, gﬁﬁﬁgﬁgﬁﬂ%h conbined (e.g., by a custonmer or through a

systens i nt egs at@mpapi @/ af @falfst of ¥$HEHS MtdppitbecoHipdds] AgurdSest Witht profisd i ce
met hods of the invention. In the follow ng, an exanple of how each of the
t asks associ at edhaiaetaristios aroimpgtanolops netrd ssgs/cufip@esyst em is provi ded.

Ref erence is nade to a. Coppany, A", " n " et These entities may
correspond to° pS%WPW@R’iS?ﬁ‘B@{ey%P’ ?@B?Ig%g‘ﬁ@ia?éias%qnﬂ%ﬁgﬁté@ﬁsrﬁwgtpéo%lﬁfi ties or
a conbi nation thhgsdes crifepaRasNddl BUChEpard® sel s a KB (possibly by
acquiring content from3rd parties or creating the content thensel ves.

Thi s endeavor ® c disnapany $ebpuildgand/or salls visualization@nd besryrang/toelsup diepuCrmpanie KRS
sof tware system arrg)%tleher could build the ontology, a third could build
tools to enter daP2and a fourth could use the preceding to actually

enter the data (ddnshnRdS boftwdre 46 &1SpR Halld alPelboHBRSIORARGhe SrOfTRAAYaIRst A

data conversion / translation conpany, transforns the KB into a graph
network. Conpanyrigys expermghiph dategetss (Company Fheewd dodt for exgassion datgyur es out

what profile chg&ag%}gﬁ ?(;ri ggteg]r_lgro'&ellnip&rtérg&\tonf&afEtcget of users/custoners.
0 [

Conpany D, sof t war e deve ers, burtd an algorrthmthat constructs profiles

based on criteriGnaayiGiedstoms mé@msgﬁte&@éﬂmw&ﬁe Bbdvedtoaydbem thel | s
visual i zation and browsing tools to view Conpany D profiles. . Conpany F,
sof twar e devel ofes exprgrsien data andypreficksriupgionalipathwaysdrased orescopgaprpdtles

vari ous experi n%ﬂh?ﬁox%%@ﬁ@ﬁirou%ﬂ@@é%pﬁl could do it for expression data,

e Company H, an analyst or systems integrator company, possibly in conjunction
with company C, figures out what additional pathway information would be useful
to users for interpreting the pathway. This could include characteristics identified
by company C but that were not used by company D to create the profile. For
example, a particular profile generation algorithm may not try to build profiles
around a central biological process automatically, but users will still want to know
what process(es) are more or less central to the profile.

e Company I, software developers, build a second set of algorithms to calculate
and/or display additional attributes of these profiles (for example, our process
annotations).

e Company J, a content company, manually enters existing pathways, replacing
companies A - D, so that company G can now build/integrate a system that uses
the same profile scoring algorithm, visualization, GUI, and attribute calculations,
but uses them against manually created profiles rather than computer-generated
profiles.

¢ Company K, software developers, might help company J by creating a "pathway

editor" software package that lets users create their own profiles by drawing
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conpany F2 for protein-protein interaction data, etc. Conpany G systens
integrations, integrates all of the above into a systemthat takes
expr essi owodamersend predi cts functional pathways based onpszarsosigsops of i | es
built fromthe KB through the graph. Conpany H, an anal yst or systens
i nt egrator conpany, possibly in conjunction wth conpany C, figures out
what additional pathway information would be useful to users for
interpreting the pathway. This coul d i ncl ude characteristics identified by
conpany C but that were not used by nmpany D to create the profile, For
exanpl e, a part iPatway-lgedtia gr@nge?hé? ist r%ﬁr85|vg%lﬁh%qﬁlﬁpmlya‘ﬁéhe Rlﬁt}‘re@ andinferg
profiles  aroundnayigeiy Jaﬂexiﬂo?lmgg Bfé [eAGEeR UL IR o Ritfictsers Wil
still want to know rocess more or 1ess central to the
profile. Conpanyrols, &cf t ware devel opers, build a second set of algorithns
to calculate and/or display additional attributes of these profiles (for
exanpl e, our process annotations). Conpany J, a content conpany, manually
enters existing Aﬂ%héﬁme pre&Rt f?a%xﬁgm 9 BBA @ Bribhd inRetaBQuitNRterERERAMY G can
now build/integrate a systemthat uses the sanme profile scoring algorithm
vi sual i zat ipmfgnwmb@chdleatﬂnnstlmdersmﬂdhﬂtaflarlouﬂsmodlﬁgatlmesn bherdagathost
manual |y created profjles. rather. th ut er erated. profiles.
Company . <R Famis SPishBF 0% i <itn b ReBRASEY) S5 it S« pat iy
editor” sofchHanRdRGaicadR allkath babsdiHehi ans e§alAchthRlhatiown AN phtllcagolyy
dr aw ng 48 WO 03/ 067504 PCT/ US03/ 03006 pat hway-1i ke diagrans. This is
"reverse vipe§al apdichtaons:and paigntsieensioaednghissperifiegtion arg hesely vrergpraggd as
rel ati onshi, c t rrows, etc.
Al t hough th@esacgéédén? hﬁﬁ)\}len%:?c[%ﬁl ha(té’rlt%g,élﬁéa?gggfpgt&fge\%ss e)flygl Eﬁgwmt%h reference
toits pr Qlfl(ﬁw’dﬁﬁill}eimﬂﬂtdd&ﬂbs indofporstedibglesfeiened t hat various nodifications
can be nmade without departing fromthe spirit of the invention. The
appended clains are intended to be construed to include all such
enbodi nents and equi val ent variations. Al publications, patent
applications and patents nentioned in this specification are hereby
incorporated as if each individual publication, patent application or
pat ent was specifically and
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individually indicated to be incorporated by reference. 49 WO 03/ 067504
PCT/ US03/ 03006 WE CLAIM | A nethod for identifying a drug di scovery target
whi ch conppis®eiso{a) providing a neans for storing and ac®eIgqisnsomesnomni cs
information in a database wherein said neans permts conputationa

anal ysis of biological relationships anong the stored concepts; (b)
querying the database to identify a disease-rel ated pathway; and (c)
identifying the biological interactions and actor concepts in the disease-
rel ated pat hway whereby each of the actor concepts involved in each such
reaction is a drug di scovery target. 2. The nethod of claimI| wherein the
genom cs i )n conprises information relating to genes, their DNA
sequences, NMRNA, the proteins that result when the genes are expressed,
and the biological effects of the expressed protein 3. The met hod of

clai m 2 whérei n“\tﬁéthﬂﬁtf% identHyinga dug 4ise4ery %eawfv%mqmrtsrem e public

sources. 4. The et gf@@g%%%%ﬁftgﬁag&g% ERIMRIE HESmRRRNA §t ar Y

data. 5. The net ereln at a c rlses ata extracted
froma conbiabakivdrereih sgidoprane pemyitsaochpotational adalysis 96 brodezical elatidnshipet hod
of claim2 wherein th dauacmmnsesdauaemraMedfroma conbi nati on of
propri et ar P9R8 heeree coRieRSsour ces. 7. The nethod of claim 2 wherein the

means for storipg th%luagmg[meaaﬂaﬂis@&mehﬁfyaale@dsm&ea@amwawmy in which:

(a) each gene, gene pr biol ogical effect is given an identifier
which is relatéd tox@némgﬂlefhwlogwel intbeaetions @rrdaccqx)coeeﬁw igdhedisepspre
cate ori zed and 50 03/ 067504

pr oduct, i, ol ef.f ect b
T Usoss 03088 peven Bty reh ohitg 2P7 B PG Mo SR B A ceace
state is defrhd\@sco¥ry tatget.s and facets 8. The nethod of claim 2 wherein the
candi date drug discovery targets in the disease

2. The method of claim 1 wherein the genomics information comprises information

relating to genes, their DNA sequences, mRNA, the proteins that result when the genes

are expressed, and the biological effects of the expressed proteins.

3. The method of claim 2 wherein the data comprise data extracted from multiple

public sources.
4. The method of claim 2 wherein the data comprises proprietary data.

5. The method of claim 2 wherein the data comprises data extracted from a

combination of proprietary and public data sources.

6. The method of claim 2 wherein the data comprises data extracted from a

combination of proprietary and public data sources.

7. The method of claim 2 wherein the means for storing the genomics information
includes an ontology in which:

(a) each gene, gene product, and biological effect is given an identifier which
is related to synonyms for the identifier;

(b) each gene, gene product, and biological effect is categorized by class; and

50



rel ated pathway are prioritized based on factors that include function and
conplexity. 9. The nmethod of claim8 wherein the candi date drug di scovery
targets ave oBuoetsher prioritized based on nmarkers for sidecefiseso®oand
pati ent responsiveness. 10. The nethod of claim2, further conprising
conbining the results of querying the database with the results of

addi tional data obtained fromone or nore additional methods for

i dentifying candi date drug di scovery targets. 11. The nmethod of claim 10
wherein the additional data is obtained fromone of protein-protein
interaction studfles dheirgiationship opeashigenegeps pradyalsandglwase Bate iy defingd by The
met hod of | | cé/{@erei n the additional data is obtained from

di fferential ‘gene expression studies. 13. The nmethod of claim 1l wherein the
genomi cs information conprises information relating to genotype and the

di sease-rel ated pat hway conpri ses a.gene of..gene pr.oduct assqciated with a
particul ar 8genothsancthod Ofm@n}%f"‘iﬁ@‘ e&P‘&{‘ﬂ%igWQe(ilé‘ioﬂe’tyﬁérgﬁﬁﬁBﬁh sease

i nf or mat i Or}g?@g@,tl’a{sh?%i a&@?ﬂ&%ﬁ’%d%fasefd%qgctgpsﬁﬁat igagﬁe RIeG8EAnd @Hﬂ)l&)ﬁﬁ’ r

bi ol ogi cal nd e nmeans for storing an accessing the genom cs
information identifies relationships that are at | east one step renoved.

15. The net hod clajm1, whegein the identifying,.the biologica

i nteractiorfs st emﬁb&a@@%@@%ﬁ% _%fF!d ‘Bé‘ﬁ’é’ﬁﬁyctgrgagtaéemt he
dat abase tg;ri'dﬁﬁ%écfi&{sb&‘@ﬂ nfiglkds fo#SIde@fRctS bAd bafidnt AdspfMd@inessol WO 03/ 067504
PCT/ US03/ 03006 16. The nethod of claim 15, wherein the conparing step

i ncludes identifying an overlap between user-defined data and data from

t he dat aba and.t he ,statjst.i cal del js. .a stati.sti,cal sianifi nodel
maesurt o e s eBadbt bt 2, sulB Comlphisind BhRE Etho B BPulL RS

met hod of clagibAlelbith Meae&iln of Béditiseil datafobigtbddada ons opmereddddiiermal Rxiodssi on
data and a manually entered gene list. 18. The nethod of claim1, wherein

t he i dent i fi91 idgntifiiengsiapiidaiecime disevencerasts step includes classifying one
or nore relevant findings using an ontology. 19. The nethod of claim 18,
wherein the classifying one or nore findings using an ontol ogy includes
det er mi ni ndla | iKelméthod of ¢aim 1 hehewrm the additiendlidath ingbtained ifshinngne of a

protein-protein interaction studies and protein profiling from mass spectrometry.

12. The method of claim 11 wherein the additional data is obtained from differential

gene expression studies.

13. The method of claim 1 wherein the genomics information comprises information
relating to genotype and the disease-related pathway comprises a gene or gene product

associated with a particular genotype.

14.  The method of claim 1 wherein the genomics information comprises the name of
each gene, gene product, and their biological effects, and the means for storing and
accessing the genomics information identifies relationships that are at least one step

removed.

15.  The method of claim 1, wherein the identifying the biological interactions step
includes the step of comparing genomics data from the database to user-defined data

using a statistical model.
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particul ar biological classification in the ontology is statistically
significant. 20. The nethod of claim1l, wherein the querying the database
step i nclwodas/t1ses step of generating profiles accordi ng PQTAISE3/@006TOr €
criteria. 21. The method of claim20, wherein the profiles are
pre-generated fromthe database. 22. The nethod of claim 20, wherein the
profiles are generated by one of a data- driven and nodel -driven approach.
23. The nmethod of claim 20, wherein the profiles are gene-centric being
derived about a central gene for all genes in the database. 24. The net hod
of claim 20, wherein the profiles are at | east one of process, function

and di seaseg centd | I eri V. : E . € -RI: s for

al | proceszgs iE%E%ﬁ%ﬁ%gggﬁgééyfggégﬁyB?%Bgﬁgg@ggggpﬁé%%%8%%8@5 $§The

met hod of olaildp Owestheesdefiiddelapr 0l daesfran ehadatiteas aindthe stitistidat s1o0del isr gan
or structure centric, being derived about . entral physical object for al
obj ect's i naiskisticphsigpificancemodsl meagyingdge *‘E‘T’lﬁé\‘?élﬂﬂﬁtﬂ%} Ve{l‘é@l‘s-as{?lﬁ ed
genom cs datg,using a structured database that pernits the conputation of
conpl ex relationshi ps anong genes and/ or gene products contained in the
dat abase, conprising: (a) defining a profile nodel based on one or nore

profile definition criterion; b) buil din ol,l .ect.ion o rofiles
according td-th Slnéﬁd’?d:‘)flrfgﬂg 16(’ ("%qu“ﬁlgﬁﬂs%‘%ﬁc ed Jatads 0%?%% SERTFELCR hat
overlap at dhgash adndiRiall) efteRld deh€litSer - suppl ied genonics data and

determ ning, for each such overl apped profile, whether the overlap is
statistically significant; and (d) analyzing one or nore statistically

neludi ng Repedtt i HFShsdem bbb dalRgin AR bR EMBR i oa 1 1

the one or iﬁﬂ)ﬁ(ﬁ‘:s%la@iifﬁﬁ%6ﬁé bymb&iedBlelart dintings @fing @8 ondlogylhe met hod of claim
26, further including the step of pre-generating a profile [library

containing a profile for each one of a genomic information type in the

dat abase cor di ofd | . .y : i A

wherein t hggpr oﬁ:h{gg%étg?&eg%rﬁe{bgi;gﬁ gfh aef%g ﬂ#erccl)a%nglgyl;gqg gﬁﬂs‘t et ﬂdlﬁéﬂsmg%
ontology includes determining a likelihood that the one or more findings residing in a

particular biological classification in the ontology is statistically significant.

20.  The method of claim 1, wherein the querying the database step includes the step

of generating profiles according to one or more criteria.

21.  The method of claim 20, wherein the profiles are pre-generated from the database.

22.  The method of claim 20, wherein the profiles are generated by one of a data-

driven and model-driven approach.

23.  The method of claim 20, wherein the profiles are gene-centric being derived about

a central gene for all genes in the database.
24.  The method of claim 20, wherein the profiles are at least one of process, function

and disease centric being derived about a central biological process for all processes in

the database.
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structure. 29. The nethod of claim 26, further conprising the step of
generating profiles by querying the database for information matching the
one or nmowe opwafsnd e definition criterion. 30. The net hodrafi/ushaoznnes,
wherein the determning statistical significance step includes the step of
conputing a probability of overlap as a function of information contained
in the database. 53 WD 03/067504 PCT/ US03/ 03006 31. The nethod of claim 26,
wherein the genomc information type is one of a gene, gene product and

bi ol ogi cal process. 32. The nmethod of claim.26, wherein the user-supplied
genom cs daPa i Sheimethodet slaim 2¢avheran heguetilss ageat deaghenct i dissisaPigan R st ep
further in - of .. [ | i fiyd r a known
t her apy mceéﬁrggﬁ&t‘%gﬁbcﬁ%ﬁ %grﬁ;eegglﬁ%lﬁa gé%lal drh gﬁg%leibﬁcgﬁ)aradg&? v?/aéﬁé e:‘Ject ed by
t he known tdambagaey; (2) prioritizing candi date devel opnment conpounds for
further devel opnent wherein the gene expression data relates to the target

of one or nore candidate qLev_eI opment  conpounds and the anal yzing step
i ncl udes gii ng ALRBRIA fo éx%ix?a?/%gh?er%%ﬂié&%@?nics% QS stAR i@ agsdse of

whet her or not they are |1 0 resu in an undesirable effect based on

t hei r i nvolthapemits the sbmpntabiombbepinaplex pdatlonalyips amosgrpents end/onganeeredusts | e;
and (3) identjfyi n]? di e%?}e-rel ated pat hways wherein the disease is a side
effect of d&POGUEHd H}Ni,sat & EPPYHBE gene expression data relates to the

target affegfed R¥ninde HoHR médtebaRY oadie bRthodé pRTMAdd MBS that are
al so affected by the dru? or the drug discovery target and that result in

an undesirdbl e prddimgyarellaetioncofirsefilesiaceardingtotheprafde megel; The met hod of
claim 26, wher e'iﬁe&tﬁgngeﬂ H}&%red;g}églemagg&énr‘ﬁ{pﬁa{?ﬁéaﬁ GGn Si‘@rggé?ﬂas‘rh@ﬁlei?é‘t a

relating t articular=di sease, e analyzing s

i ncl udes t hgnémire dafandakictadinifng fwhatheichtdverlggped prafile cwhdther thiabeeripds
genotypic markers for the disease state according to whether a
dat abase- astaistiedlysigniligainsandassoci ation rel ated to the di sease state,

which is s ed I @ AVAY ) : ' j Lstically
signifi can{t.aj 34.@2&%? 855%? : %:t?{télﬂlr%al%,géh ggrg[ﬂ)ﬁgftigéetdéggl ﬂvgh gjﬁ%’?l;ti on
criterion isnpplicdezenomicsrdatannelading imspbetalgotitabake-prsenabsiplogicabmteradtiogenes,

organi smal, gene connectivity, edge _—
g emgoogled in the one or m(}/re statlglcally significant profiles.

27. The method of claim 26, further including the step of pre-generating a profile
library containing a profile for each one of a genomic information type in the database

according to the profile model.

28.  The method of claim 27, wherein the profiles are pre-generated from a graph

structure.

29.  The method of claim 26, further comprising the step of generating profiles by
querying the database for information matching the one or more profile definition

criterion.
30.  The method of claim 28, wherein the determining statistical significance step

includes the step of computing a probability of overlap as a function of information

contained in the database.
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connectivity, findings source type, experinment context, and tissue
consistency criterion. 35. The nethod of claim 26, wherein the profiles are
gener at edwbroomsmoseed node and the inspecting dat abase- apsernisestodoneol ogi cal
interactions step focuses on the biological interactions emanating from

t he seed node. 54 WD 03/067504 PCT/US03/ 03006 36. The nethod of clai m 35,
wherein the seed is one of a gene, gene product and biol ogical process
genomi ¢ data type. 37. The nethod of claim 26, further conprising conputing

a statistical significapce for a biqlqgical assqciation in the one or nore
statisticaldly si'[g‘ﬁlmfiﬂ&%ﬂﬂ? f glaigr 24, éf‘éher%%the'ﬁ‘?@o??é’tlﬁ HOR IR i 9% OhAASNEI n t he

generati ngfg@n fn%ﬁhét%nh'b%l@%%alfsp SR ncludes, for each profile generated,
se node

the step o ectin a profile based on the nunber of simlar
findings in the dat abase that link the node to a nei ghborl ng node. 39. The

met hod of ¢l t he st | ayi f ti
el ated to Fne ol o pEIERAD otEat ty SpaHEPHES anoppet sael At om cs
data using g[%n@é& predtfdn d-E'ﬂaearﬂ%@Qﬁalf{m £high Mrdlr ideWidey Bhe bGE wépwfthe step of

annotating the profiles with 0 |ca associ ati ons asserted rc?/ t he
dat abase i ()} udiidentibyisg e meworse farfa lam‘ewl thedapy wheredie the generexpaessioarday ocess,

or gani snal roc SS d di 1. The nmet hod of cl ai m 40, further
i ncl udi ng tgl te§ EHPY Wa}’éﬁe‘%‘fhghﬁﬁ%‘%’&t Y:associ ation using one of a GU
and a repor) 4%rmﬁh@m@%bﬂ&ldat@He@él&bd%&@om ®Rifor fubetdevelopinedtwhdérein
profiles includes using classification information found in an ontol ogy.

43. The netthogensfexpreasion d@a relptes k1 the {diget@dpae af morRcasfidgiedeveloppant

S|gn|f|canc rete

o Sbabi |10 ompEaMs e ARF RSP he Bt ivin RO BRLfL Aoy dobinaf ©

dat abase s chﬁl.po@ﬂidsfdd the Sasaeef whdtRerus @bt thup piel 16chgpneslcia adaindesiiable effeod

expreSS| on val ues, he met ho of claim 26, wherein tg@hgvgpr ti n% step
f

i ncl udes ge¥esdn tﬁ@” @V%queéut in Qtheyrbiglogical Rathyays 45 jegbodig
correspondi t fa egfe@e(gfa(;rh n
criterions. (@%5 3@)&16@ %g S%P%T%d%; I?V@(%g\gﬁk%ﬁ yhAe dr?r%:,\etaﬁe{:)i[g afsg)c% Identif yfgng a
new use f orthaapyowhertinghapsnecxppassion detatréletes teths tayget affected by the drug
therapy and the alternative pathways that are also affected by the drug or the drug

discovery target and that result in an undesirable phenotype are embodied in the profile.

33.  The method of claim 26, wherein the genomics data is differential gene expression
data relating to particular disease, and wherein the analyzing step further includes the step
of validating whether the gene expression data are genotypic markers for the disease state
according to whether a database-asserted biological association related to the disease

state, which is shared among a plurality of overlapped profiles, is statistically significant.

34.  The method of claim 26, wherein the profile generation criterion include one or
more of a biological process, number of genes, organismal, gene connectivity, edge

connectivity, findings source type, experiment context, and tissue consistency criterion.
35.  The method of claim 26, wherein the profiles are generated from a seed node and

the inspecting database-asserted biological interactions step focuses on the biological

interactions emanating from the seed node.
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providing a neans for storing and accessing genomcs information in a

dat abase wherein said neans permts conputational anal ysis of biological
rel ati onsWops/ersong t he stored concepts; querying the datraasesoiwosé dentify
a di sease-rel ated pathway conprising a known therapy target; selecting at

| east one of such disease-rel ated pat hways wherein the known therapy
target is also conprised wthin a second di sease-rel ated pat hway; and
identifying treatnment of the second di sease as a new use for the known
therapy. 46. A nethod for prioritizing candidate devel opnment conpounds for
further défel oghsiretheef daifp?), dSTaiRhesEeDs WE O R @I I2RRE RIOABHRRAT or

storing an%ti(gggigﬁgﬂa{; ss gﬁgﬁ{%ggﬁb}geornnti on in a database wherein said

means perm at'| s of biological relationships anong the
stored concepts; querying the database to identify all pathways associ ated

ot " 705, 6 0 GEun T S bEP Rk P RGHLS e F SRR
they are lghkehyideical §§sHl£iEtid:>r{‘inlatHe Hﬁ@ﬁﬁhéﬁ@keﬁisﬁ@%@% RASE pRTIdshel 1

i nvol venent i n other biologica pat hways. 47. met hod for i1dentifying
di sease-rel ated pat hways wherein the disease is a side effect of drug

therapy th conpri se he .st e f prqgviding.a nea .or _storin n
hoctan ng. 8o o HE ethod AECIREESE xerdh el dtoBuRe FERIe Bl R bifiitor
conput at i ORath prafi®d Yelefat@f, tHe MpeHiseRLtifiged AbdeOdS RipRsTila BRNRE ohlilke SIb&Gf
concepts; |ple_n¥| fying the disease- related pathway affected by a drug or

drug di scowvenijartfzmdias;in theedajabage thatdinkathe padetoraneighberng fgda| t er nat i ve

pat hways that are also affected by the drug or the drug discovery target
and that result in the undesirable phenotype. 48. A nethod for identifying
or validati3eg a Oeméued of dainkes, fiter 2otipsisiag ehesdtep ef dikmiying ifpriiaiea

provi ding a nmeans for storing and accessjng gepom cs information in a

dat abase wigaisrio ghe epefe mge pafsHcaly é@ﬁ{ﬁﬁatmraﬁlaﬁ a%&wg}l%sr%ﬁa Bieg 81 dal

rel ati onships anong the stored concepts; querying the database to identify
a genotypic marker that is associated with a disease state. 56 WO

03/ 067504 HROT/ USD/MHE066 ofdainA2 Greuittient ifiawdingl éretstdpyofragnetatingithe pirafdoy with

target which conprises guerying,a ,Cco ter. temto identify a

i sease- 1 elPAVBECHAMERIOIR P HERRY 1 HEPEdn e aE e & mor it SlBins and

act or concepb&ss, mdlb&iIA P6RSE of hdhRd pRREAWAY dkaiahycat. | east one of the
actor concepts involved 'in each such reaction is a drug discovery target

and wherein the
41.  The method of claim 40, further including the step of displaying biological

association using one of a GUI and a report.

- 42.  The method of claim 40, wherein the annotation of profiles includes using

classification information found in an ontology.

43.  The method of claim 26, wherein the determining of statistical significance test
includes testing a null hypothesis over a discrete probability distribution, the distribution
being a function of the database size, profile sizes, the user-supplied genomics data size

and expression values.

44.  The method of claim 26, wherein the generating step includes generating a
plurality of profile libraries, each of which corresponding to a different one of a plurality

of profile generation criterions.
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conput er system conprises a neans for storing and accessing genom cs
information in a database and a neans for conputational analysis of

bi ol ogi cavorebetsoonshi ps anong the stored concepts. 50. ARcwaShoaBood
conducti ng business that conprises receiving conpensation froma custoner
in return for identifying to the custoner a drug discovery target

di scovered by querying a conputer systemto identify a disease-related

pat hway and identifying the biological interactions and actor concepts in
t he di sease-rel ated pat hway whereby each of the actor concepts involved in
each such reaction is a drug discovery target and wherein the conputer

system conplki se for.. ri ' 1, CS: lon in
= Gat abase and o meRETor RSk B R0 RS KRS B SRR S LB 0
r el at i onshippsvidinp agneahh éorstaringthnd @oncomphg gelomicirdforngatidndn adetabase avlgpetin
identified by the process of claiml 52 A nethod of drug discovery that
conpri ses: SpS)MGEIE REFRE GoEPYtaiions ARl eE ngl?%\?%églaa?@gwgmg By ﬁ?%ﬁyi ng a
conmputer s i 3@@@&'f i d. ' Lfyyi ng the
biologicalxﬁﬁt f%8¥?%ns aﬁémgg?%f§%%§§§Q§?§&%nrgﬁghg?gggggP?%ﬁg? gypathmay
wher eby onénown timrapyothrgetiesedactiop atlsast ope of suchvdideassdrelatedpathwaysovhareiadhé on

I's a drug discovery target and wherein.the co er system conprises a
moans for SNPGRGB 4P RLERGHC TS QA BHSE and a
neans for GeREiak ieRdlenpbthy Sécon@disLiela0dined use ebredhi RASWA ﬂﬁ:ragﬁpng t he
stored concept’s; and (b) screening conpounds agai nst a drug di scovery

target to identify drug candidates. 53. A drug candidate identified by the

process of 4%' alng 1511%tho§7for prioritizing candidate development compounds for further

development that comprises the steps of providing a means for storing and accessing
genomics information in a database wherein said means permits computational analysis
of biological relationships among the stored concepts; querying the database to identify
all pathways associated with the target of each candidate development compound and
assigning higher priority to development compounds on the basis of whether or not they
are likely to result in an undesirable effect based on their involvement in other biological

pathways.

47. A method for identifying disease-related pathways wherein the disease is a side
effect of drug therapy that comprises the steps of providing a means for storing and
accessing genomics information in a database wherein said means permits computational
analysis of biological relationships among the stored concepts; identifying the disease-
related pathway éffected by a drug or drug discovery target; querying the database to
identify alternative pathways that are also affected by the drug or the drug discovery

target and that result in the undesirable phenotype.

48. A method for identifying or validating a genotypic marker for a disease state that
comprises providing a means for storing and accessing genomics information in a
database wherein said means permits computational analysis of biological relationships
among the stored concepts; querying the database to identify a genotypic marker that is

associated with a disease state.
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49. A method for identifying a drug discovery target which comprises querying a
computer system to identify a disease-related pathway and identifying the biological
interactions and actor concepts in the disease-related pathway whereby at least one of the
actor concepts involved in each such reaction is a drug discovery target and wherein the
computer system comprises a means for storing and accessing genomics information in a
database and a means for computational analysis of biological relationships among the

stored concepts.

50. A method of conducting business that comprises receiving compensation from a
customer in return for identifying to the customer a drug discovery target discovered by
querying a computer system to identify a disease-related pathway and identifying the
biological interactions and actor concepts in the disease-related pathway whereby each of
the actor concepts involved in each such reaction is a drug discovery target and wherein
the computer system comprises a means for storing and accessing genomics information
in a database and a means for computational analysis of biological relationships among

the stored concepts.
51. A drug discovery target identified by the process of claim 1.

52. A method of drug discovery that comprises:

(a) identifying a drug discovery target discovered by querying a computer system to
identify a disease-related pathway and identifying the biological interactions and actor
concepts in the disease-related pathway whereby one or more of the actor concepts
involved in each such reaction is a drug discovery target and wherein the computer
system comprises a means for storing and accessing genomics information in a database
and a means for computational analysis of biological relationships among the stored
concepts; and

(b) screening compounds against a drug discovery target to identify drug candidates.

53. A drug candidate identified by the process of claim 52.
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