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EXTRACTI ON' SYSTEM TECHNI CAL FI ELD OF THE | NVENTI ON The prqzs,gn‘tzoousnvent I on
felates to the field of research, particularly the 5 seg gﬂr@ 7scannl ng
and / or an¥fQ%EE%f a vol umi nous anount of information?’ %817 i n

dat abases where the | atest scientific discoveries are often | odged and
first reported online and are accessiible by scientists worldw de. Mre
particularly, the present invention relates to the research undertaken and

reported related to t et oﬂrgixmﬂcmmgystpgm i ndustries. 10
BACKGROUND COF THE | NV on required for
bi ol ogy research can only be found in free-text form as in MEDLINE

abstracts, or in comment F RL#&@WWHEWN?ION as in GenBank feature
tabl e annotations. Such in orrra lon 1s Inportant for many 15 types of

anal ysi s, such dbecprassitf invantiam relatepr ot dendieldhod fegeareh.oparticgpdy phe
di scoverg aréﬁ o‘?ﬁégﬁr‘i hﬁnﬁr‘d r/ed,a;,ﬁ‘ﬂgﬁshbpsa vHﬁhMO%gnb"ﬂgUmnéfOW@fHa%" of

mat eri al creasing t reci sion and rel evance of hits
ret ur ned byﬂwaﬂahﬁ imdatebasest where dhe '%%ﬁétsé'ﬁﬁ"f"‘aﬁac%’é”% arespften lofdged pedts are

i ncreasi nglfbfstaf\é%r'tébb&ﬁ.ln f%NdWEre Jd&éss%félsp|s%.enu%wruhlﬁ.d%bsm@%aﬁmm been

accessi ble via ny years 20 now. However,
very chal | hgipreseaiiaventien r@'@%@d%"l’ﬁgfeﬁéﬁrc%uﬁ ’E’%‘FPPS"Pdt'%"@ePtre'aWrtSd% the

accunul at ed,i@Bsfinofiyl andPHaffadRiiéd duéthés newl y publ i shed ones for the
speC|f|c |nformat|on he ‘wants. An inportant exanple of the specific

i nformaffPon is "what newly discovered proteins interact with a specif i C

protein directly or indi re(EMGK@ﬁOWN@@FSMHNwmmN of internediaries"
Imaginethefrugtratlons of a_sci to . rLea thrﬁ% hu dreds

d
(i f not thousan é?'QSfpa‘a‘l?ét"?ea@f%m?%O"freﬂ'ﬂre P' 'ﬁ@?y "epsffrl FAMSPYSS YRS
Prior art rinfleedsxtforeh, appaMERLINE rabsttess; or [recbmmettfeeldsodf| releiang repdds, Fukuda,

et al., " Toyal dobdl Mk ekl il LATARRs. 'SIRRLAGIHABARE HhBotart 3B Rany
15 types of analysis, such as classification of proteins into functional groups, discovery
of new functional relationships, maintaining information of material and methods,
increasing the precision and relevance of hits returned by information retrieval
systems, and so on. Such free-texts are increasingly available online; for example,
MEDLINE abstracts have been accessible via the World Wide Web for many years
20 now.

However, it is very challenging and time consuming for a scientist to sift
through the accumulated abstracts and to monitor the newly published ones for the
specific information he wants. An important example of the specific information is
"what newly discovered proteins interact with a specific protein directly or indirectly

25 via a small number of intermediafies". Imagine the frustrations of a scientist who has
to read through hundreds (if not thousands) of abstracts to find out that "p21 inhibits
Cdk2."

Prior art methods and apparatus are described in the following:
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Paci fic Syfrposi umon Bioconputing, 707-718, 1998. S. Gp} n|256%

"Organi zing and conputing metabolic pathway data in terns of |nar

rel ations. " WBE3%Paci fi ¢ Synposi um on Bi oconputing, 17FI§6§Y%eG7 = 5 B,
Jacq, at al., "G F-DB, a WWVdatabase on gene interactions involved in
Drosophi | a rrel anogast er devel opnent." Nucl ei ¢ Aci ds Research, 25:67-71,
1997. M Kanehisa, "A database for post-genone analysis." Trends Genet.
13:375- 376. 19%4m BiQIognEal gSRER." BlocdlPacific BYPPYSumBreBibEp RingNEYCT tEpedi a of
E. coli Genes and Metabolism" Nucleic Aclids Research, 26:50, 1998. Y.
Chta, et at, "AdPBBmatic construction of know edge base from bi ol ogi cal
papers.” Injell g%&o %ygfe anfin A\ﬁ Fﬁn‘im&hﬁ'{%c B&qh&wuafé&n tehfi86r D

Proux, at at, tect'i ng’ge e Sy nanes_in Dbi ol ogl cal texts: First
15 step toward ;bmary reiations. n#’mmﬁ@p@ﬂsamp@a@muoawﬁlﬂc%m@ﬁé Tiont86 4897 s,

9:72-80, o 1998. me A%E% reation,
vi sual i zat i on and n‘g?ﬁt%u’l anﬁl g% %at% pat %fey@%?écti;ogg u‘i\J?og/glﬁ "?c
Synposi um on  BDoesowpia m@noe@aem@/elopgw Aduclefe ASidsi Resggrehe 25&7-71,
“ldentifying thgggnteracti on between genes and gene products based on
frequently seen verbs in Medline abstracts.” Genone _informatics, 9:62-71,

1998. T. Takai M.df@nakisa, “ATatakane fanmast-gsnometanalist'i Henay Gapet et ¥8r t he
Cel |
376. 1997.

10 o P. Karp, et al, "EcoCyc: Electronic Encyclopedia of E. coli Genes and
Metabolism.” Nucleic Acids Research, 26:50, 1998.
. Y. Ohta, et al., “Automatic construction of knowledge base from biological

papers.” Intelligent Systems for Molecular Biology, 5:218-225, 1997.

) D. Proux, et al., “Detecting gene symbols and names in biological texts: First
15 step toward pertinent information extraction.” Genome, Informatics, 9:72-80,
1998.

. W. Salamonsen, et al., “BioJAKE: A tool for the creation, visualization and
manipulation of metabolic pathways."  Proc. Pacific Symposium on
Biocomputing, 392-400, 1999.

20 o T. Sekimizu, et al, “Identifying the interaction between genes and gene

products based on frequently seen verbs in Medline abstracts.” Genome
Informatics, 9:62-71, 1998.

. T. Takai-lgarashi, T. Kaminuma, “A Pathway finding System for the Cell
Signalling Networks Database.” In Silico Biology, 1:0012, 1998.

25 o M. Tomita, et al., “A virtual cell with 127 genes.” Proc. Ist Int'l Conference on

Bioinformatics of Genome Regulation and Structure, 97-103, 1998.

) M. Tomita, et al,, “E-CELL Project overview: Towards integrative simulation of
cellular process.” Genome Bioinformatics, 242-243, 1998.

. L. Wong. “Some Medline queries powdered by Kleisli.” ACCESS, 25:8-9,



Signal l'ing Networks Database.” In Silico Biology, 1:0012, 1998. 25 M

Tom ta, et at, "A virtual cell with 127 genes." Proc. |sf Intl Conference
on Bioinformtics of Genone Regul ation and Structure, 972401%%%1998. M
Tonita, et MOOYMEOCEI | Project overview Towards integr RGNEUIHMT ation of
cellular process." CGenone Bioinformatics, 242-243, 1998. L. Wng. "Sone
Medl i ne queries powdered by Kleisli." ACCESS, 25:8-9, 12 April 2005 WO

02/ 33590 PCT/ SGO /00217 3 1998. The main problens in existing prior art

i nclude their if@gy lity to performautonmatic extraction, their inability to
| et a user (biologist) specify the specific type of protein

i nt eracti on/ pat igayRait cerellemadn , existieg rprion aast I"IC ugdet ﬁ‘eife'ﬂa@"ﬁys@r PETrel ogi st)

mdify 5 ) ué%%aa{?ﬁsmefr%bmp Blet AR Mictog b Shécity MG kpddrE ik bE'

user (biologist) attac ueries e Vi sua sentation ways, an
/ or their prqiebumtpltaytuprdpalbwaw tosextract( Biedy ioghility fto dgd e vgef (alomw@dm@fw or

moni t or '5‘9tﬁéeWs€é13!rEéé?ﬁ§ﬁo%ht?fncgﬁﬁ\~£eﬂ Meir F?f’é%ﬂ Slet a59§é%'(ialo‘l‘c?d ét)’atté%)ﬁ way  of

exanpl e: Existing systens
Kanehi sa, 99€res trdhe visugl enesqltat'onlcggmhwagar aedw{ or R!ﬂ'ﬁ 'ﬁaﬁwﬁty tgé@aa UM\/A

Boehri nger B\@H@E&?%H@c@'%@%l&?&r n%}ﬁtggﬁq/ﬁe@éa&ﬁlons-f&%b@s & higlpathwh98) | ack

arelat|vel aut onat ed means of extracting protein interaction information
from publ i éparafﬂ%!ihéwvaywxgmplﬁg systens (Goto, et al., 1997; Kanehisa,

1997; Karp &t 3émstm§9$9§tems (emot& Gias eb-f Ja%%%f)a/ PiIJIE KBALHiYa, @R RAHAt € on

speC|f|c topi cs, sucCh pat or on non- human' or gani sns

(Karp at0al., 9@ Jﬁ% Eﬂaf%ﬁh' Kﬁ@@?maPUﬁQ? @N%N@Bebi'WaMﬁF““%m nuna,

1998) that conaasdHeriies ptarhwd»}sldhuhaforﬁwaﬁél tibogsideich irastively SueMated Thus
far, it is not possible for an i ndi vi dual bi ol ogi st t . soféé?%ﬁ%/%v\hat ki nd

of protein int PSRNSA SXtraRlingPEqiRIQ interactioninfoRmaion T Pigic ting
systems (Colo axiskhg, sybB¥s (&6 eflal 21997; 119&7ems&anebv saarpleszl., 1bgmr ashi ,
Kam numa , 199 PUMA 2 E{qbg%eir il\/la}\nn ei r(r;? ocC nem ca' . a#thvv(ga/é1 gslart;
Tomita et al., P9¥8)ehA FRginglly, epnFeairale; en (iREFe 9B
vi sual i ®ati on. nistebolichpstisy aqs| artanomeh-iaunearc oandasgBatpoepal/o IIPOB; dHcgtaetc
I ooki ng al., 1997; PUMA) or CSNDB (Igarashi, Kaminuma, 1998) that concentrates on
cellular signal transduction of human. Thus far, it is not possible for an
individual biologist to specify what kind of protein interactions he wishes to
curate or monitor.
20 o Existing systems (Goto et al., 1997; Jacq et al, 1997; Kanehisa, 1997;
Igarashi, Kaminuma , 1998; PUMA; Boehringer Mannheim Biochemical
Pathways Chart; Tomita et al., 1998) present a relatively static unalterable
visualisation. Even the simulations are considered to produce static looking
graphs which may not be suitable for visualising simultaneous activities of
25 various genes involved in a pathway. Furthermore, the graphical presentation
of pathways cannot be altered easily and queries cannot be easily attached to
the graphical presentation.
. Existing systems (Goto et al., 1997; Jacq et al., 1997, Kanehisa, 1997; Karp
et al., 1998; lgarashi, Kaminuma, 1998; PUMA; Boehringer Mannheim



graphs which may not be suitable for visualising sinmultaneous activities of
25 various’ genes involved in a pathway. Furthernore, the grapfscal
presentation at hways cannot be altered easily and queries cannot be
easily attaé‘ﬁ’e‘Hﬂ%O the graphical presentation. Existin§&PVEAE (Goto et
al ., 1997; Jacq el al., 1997, Kanehisa, 1997; Karp at al., 1998; I|garashi,
Kam numa, 1998; PUMA; Boehringer Mannhai m 12 April 2005 WO 02/ 33590
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annotate the protein i i n ath

research articl ggocnﬁrawa{,]\é@tgwayst ﬁgarL 'tétféé \t\@grsélﬁ e{%ogﬁgilé%éot% tionis
an inportant st gerabfidn IMR¥MirY thefH paBWEST REDsRIE tw(ﬁelseﬁﬁchmﬂidWUpdmwblchAs t he
pathway maps in these 5 systens are not %?@pn inked to t e W)r{d W.de Wb,

it is difficultteoknowiedoeswasrispavergdy Ve ST IPRRENt AEP Y IRN)Y maps
with the i nforWaisbmr@a/eatht@ookoaath»b@y hmpernﬁts theEﬁatEWawgnmesmemse

(Sal anonsen et al 99) do not allow ?c{ﬁ@g 6\8) eg 0 g)t Lon to be
edited i% sophi §Y§t%’3§@d‘3m&§‘yp?ﬂbﬁke€x‘8n‘mé’\’°r Befiepoit ! &Iﬁ@'l‘(g 0® nodes
and their associgbmittoVediy@id Sipahd tieyEhvwayshaiSwith e ineenatimsavaitattar ry out
the follow ng tedi ous steps: create a new node, copy information fromthe

two nodes to be®hEEB¥™MElt o this new node, copy all the links to the two

nodes to this newstifegstemel GSaﬂhrﬁchsehhﬁ hi,nkg0g) 0dd heott spwn tdke graphioatl
finally delete the two node

se systens_a [ V|de no 15
aut omat ed rreans'%‘?seé?taﬁ'%rmtsb& ?f’é‘?ﬁé" Faﬁ‘g}“ﬁtﬁal‘%@ﬁ é’ﬁreégrgﬁteat"} grﬁ% & for a
user toiextend pegferfNv mesrae,ﬁrtaéieais'mhiawd ibfp rraatiooniet suchislyytemst thaatseng
addi tional infornation usi a ti.on search t T e e nber of
probl ens associ 38240 iR ?Lﬂglhﬁ 'gt‘?w’%%%\%f 5Wp5bjg s HS\& n&fel’ eg“gir;#J
i nvention is toinuromatioe framrthe &éas obdesyte thbermexpeld inda kmsine\m\pdh. m:aéémas 20

P s b Pl oo %8 1g i MSoeE 1 s AR BB IRRE TS to'thY B hetespeeks o

address at |eas
and finally delete the two nodes. For example, these systems also provide no

15 automated means for a user to merge two graphical representations or for a
user to extend a graphical representation by automatically extracting
additional information using additional search terms.

There are a number of problems associated with the prior arl, and an object of
the present invention is to provide a research system and method, which addresses

20 prior art problems.

. SUMMARY OF THE INVENTION

The present invention seeks to address at least one of the problems

mentioned above. One aspect of the present invention may be referred to as 'PIES’,

25 meaning Protein Interaction Extraction System, and is directed to providing a means
for automatic discovery and presentation of biological pathway from on-line text
abstracts. The present invention is also adapted to (a) perform automatic extraction

of protein interaction and other information from online scientific literature, (b) let a
user/biologist specify the specific type of protein interaction/pathways to extract, (c)
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pat hnay froM®H3#he text abstracts. The present inventf@FG¥3'so adapt ed
to (a) performautomatic extraction of protein interaction and other
information fromonline scientific literature, (b) Iet a user/biologist
specify the specific type of protein Interaction/pathways to extract, (c)
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graphi cal | y andrdpid ickbines 386hnBRgieetRat W) (réltiede |revedrioabstoagts from
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information, n e. alerting a user to the presence of new
extract ed edamedtd:i on based on the new information.

15 a. scanning information related to a selected topic,
b. extracting information based on predetermined criteria,
c. generating an initial graphical representation of the extracted information, the
improvement comprising
d. Providing an updated graphical representation by reiterating a, b and c on
20 new information, not yet scanned, and
e. alerting a user to the presence of new extracted information based on the new
information.

Preferably, the extracted information is obtained using natural language
processing as published in SK Ng, M. Wong, "Toward routine automatic pathway
25 discovery from on-line scientific text abstracts”, Genome Informatics, 10:104—112,
December 1999.
Preferably, the extracted information is obtained using a keyword based
search.
Preferably, updated representation is represented in a visually distinctive



Preferably, the extracted information is obtained using natural |anguage
proceSS| ng as published in SK Ng, M Wng, "Toward routine Ag#go%gtlc
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il 2005 PCT/SGOL/ 00217 manner conpared to the initial graphical
f\g{olresent ation. The nman in which the visual distinctiveness is rendered
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k ) f 0 eywor ds
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abstracts, pathwagibyadditional protein 10 interaction information fromthese
abstracts, and e>it end the current pathways wth these additional protein

i nteracti onti nf GPAYNE Jhe uger Biofagisthiy speel lﬁ@ﬁ'o(\ﬁil kelywgidst 3nd thes paoyihy two

sets of extractedt phé hmwmgntéské k&ﬁbrﬁé&kﬁq@t sl Xh&ol'ﬂeﬁt ﬁé&%kﬂg 1§1e§ee t of

d
new pat hways by e two sets of extracte
al | owi ng the usggg[%”agg&fﬁ’@'ﬁ? for grase seieptific tpxt abstragisy eXtcﬁOEBﬁannahpm (whi ch
correspddd to prrmerecm)lnfdﬂ'natucﬁﬂ'&orﬁihdéétabw& Q?ﬁggtgﬁ?\}\rgéj%o esbgﬁhlaﬁ‘leir
constructing a ai hg
associ ated i nt eglg}évt“?e%%s ng,' tpﬁvgg'" "%@F'I‘Pé‘t'f‘@ﬂ“attﬂ’” al | owi ng the user Y then
(bi ol ogi st)p-to eing yheneerofbiatyis) modgwfy & sagelf @Iéra}e@tbha%mts%esZQnsdggm cren
automatically c t et o t hwa eletin
nodes and t hei rﬁ‘gés%l(% 'e}:gufcé}'gsr ggt{ngo%getagggewtq%ﬁ}w YAy Rafginenthese two

sets of extracted pathways.

15 ¢ allowing the user (biologist) to specify one or more distinct nodes (which
correspond to proteins) in a set of pathways and then automatically
constructing a new set of pathways by merging these two nodes and their
associated interactions and other information.

d. allowing the user (biologist) to specify one or more nodes in a set of pathways

20 and then automatically constructing a new set of pathways by deleting the
specified nodes and their associated interactions and other information.

e. allowing the user (biologist) to specify one or more nodes and a radius (in

terms of number of intermediary nodes) and then automatically constructing a
'new set of pathways consisting of just the followings: the specified nodes,
25 other nodes within the specified radius of any of the specified nodes, the
interactions of these nodes, and their other associated information.
f. allowing the user (biologist) to specify two sets of pathways and automatically
determining their differences and constructing a new set of pathways
containing exactly their differences.



e. allowing the user (biologist) to specify one or nore nodes and a radius
(in ternms of nunber of internediary nodes) and then automatically
constructi ng,a new set of pathways consisting of just thE*8FI%wi ngs: the
speci fied n8F¥9% other nodes within the specified radi &84y of the
specified nodes, the interactions of these nodes, and their other

associ ated information. f. allow ng t e user (biologist) to specify two
sets of pathways and automatically determning their differences and
constructi a sRWiRethefuseat (disogist) trspacifyi Ay nesiecaridy themeiaptamaticaliences.
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(bi ol ogist) to %@@P‘Ftﬂf‘gaa HSﬂéeﬁép%?‘ysa troeﬁg?alt'@ I“?é;/\%ﬁ%gfﬁsgﬁ\ rdg%ﬁnr?gnsa new
set of pat hwaysadapciatiliheaictions amtinomeatiohi ed node and its associ at ed
interactions and information. h allow ng.th [ ' [ ecify
an edge ancﬁ‘-theﬂ'omgor%qi‘@&fI(9'°'°§'sboﬁsf‘ﬁ’%éf?'i%'b%gﬁﬁeévrpdsgﬂt‘quf E%)&gt'ehf\%/g@g by

del etingsthis eglifitruétingdl hewkatdf bbtawapety dditolgdbis stije.t o speci fy an edge and
then automatically., constructjng a,new set. 0 I i t he
direction 6f th?'?&’&ﬂgéhej”.seéld’ﬁ&ﬁﬁa 'tohgp(?.?é%r;rt %%@%’@t"}péf\ 88}363’%3#3 an edge
and then aut ome¢drglidting d mawesétion gathiveystat reversing thédisectidgy ef thisredgeher wor ds,

make an inhibition. . edge into, .10 a ctlvati e i K.
al | owi ng t e us8PPWNg %I‘%gﬂsgf )(b'f)g’ggge@i %é/eca?{g née}gvee gea@gh%gﬁtoﬁt%%i cally
constructi ng a inearisetheaiatpratdfwedy sdge; imdienyordsi ake an dnfifationsgggepnto

DESCRI PJ1 ON OF THE . ,N@ odi ment of the present invention wll
now be scri bed Bﬁ%o e%%rrﬁ%e‘ﬁer;%'t h reference to the acconpanying

dr awi ngs, ikn whalbwing=thguuser (bioldgistk \oasresifia akresvsdae apgdhe aRtamaliselly f or
scanning. Figu Lo neBsd By2sddinf thdewpédgad i nformation.
Figure 3 iIIustécglségétg‘ggbrsi%)vﬁlg%afa%eprZéseflféat"i‘%n of the extracted
information, in 20 which the edge (fromp2l1 to Cdk2) is highlighted in red

to indicate that it is agR@H BESBRFEIIIRICKITRETBRAWINGS €r act i on.
15 An embodiment of the present invention will now be described by way of example
with reference to the accompanying drawings, in which:
Figure 1 illustrates a keyword type search used for scanning.
Figure 2 illustrates an abstract of extracted information.
Figure 3 illustrates a graphical representation of the extracted information, in
20 which the edge (from p21 to Cdk?2) is highlighted in red to indicate that it is a newly

discovered protein interaction.

DETAILED DESCRIPTION OF THE INVENTION
The basic idea of the PIES is outlined in the following steps:

25 The user describes the kind of online text abstracts he is interested in by filling
up a form such as that shown in Figure 1. This specification (e.g. “universal kinase
inhibitor”) is recorded in a folder kept for that user.

The PIES then retrieves text abstracts satisfying his specification. This
retrieval can be repeated automatically by the PIES at regular intervals, to monitor
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10 p2t - i CORBIR ) 772 BRI, b gock i Sésachipin CalMiydly L [
creates a @gndpkiracds fromgbemtpaediserproteintintesastipnosushi@si nt er acti ons. The arcs
in the present aﬂ;i'.lo_n_ ifRRitPe pyRer | i nked to Medline articles fromwhich that
particular protein interactron information was extracted. The user can then
be 15 notified Rl dnbibit-or Cdkher neans) and access the presentation stored
in his jgl der. An axmBRl.e> garpentation is shown in Figure 3. If an old

presentation already exists in the user's folder, the newy discovered
protein inter ackdlorrs"biBl - EHBghl i ghted for the user, as shown in red in

Figure 3. It isTid PEEP RN hefleé agripmtaliprRieftatierof théstdprotin #rdrastiondni pul at e
{he 07 AP0 SRl oRECRIRS Shasehiason e 5o R miab o E B RS AR R hAE S,
i nfor mat i opattioulbe pidepe thterattivmainfoemblion wat éxdraales0 e aiskt eahothemiba t o
g'; égggt if irrgwﬂt_ifnset’gﬁggaerngailoér &ngt r%cra%nss?gng %gcr:e!sg%hé Bretsgr?ta%nc gto?e%dinqwqg?o?dér.n the
An example presentation is shown in Figure 3. If an old presentation already exists
in the user's folder, the newly discovered protein interactions can be highlighted for
the user, as shown in red in Figure 3. It is also possible for the user to edit and
directly manipulate the graphical presentation. For example, the user points and
20 clicks on two nodes and causes the two nodes and their associated interactions and
information to be merged automatically. It is also possible for him to attach some
standard or customised queries to the arcs and nodes in the presentation. An
example standard queries is “retrieve the amino acid sequence corresponding to this
protein.”
25 Implementation details are now described.
ARCHITECTURE
The PIES is composed of five modules and an underlying logical
representation of the extracted pathways. We first provide an overview of the
purpose of each of these modules, depicted below.

30 user inputs domain selection keywords
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30 1. The BioKleisli-Abstracts module is a software module constructed using the

Kleisli query system (SY Chung, L Wong, "Kleisli, a new tool for data
integration in biology", Trends in Biotechnology, 17(9):351--355, 1999). It is
our query engine for retrieving scientific abstracts from online bibliographic
resources on the Internet.

35 2. The BioNLP module is a software module constructed to process the free
texts in scientific abstracts retrieved by the BioKleisli-Abstracts module. It
identifies protein names mentioned in the free texts and performs function
word pattern matching to discover protein-protein interactions expressed in
these abstracts (SK Ng, M Wong, "Toward routine automatic pathway

40 discovery from on-line scientific text abstracts", Genome Informatics, 10:104--
112, 1999).

3. The BioKleisli-Graphs module is a software module also constructed using the
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constructed using the Kleisli query system (SY Chung, L WAL Kl eisli, a
new t ool foWO4BE integration in biology", Trends in Bif6TESAHYEYgy,
17(9):351--355, 1999). It is our query engine for retrieving scientific
abstracts fromonline bibliographic resources on the Internet. 35 2. The
Bi oNLP nodul e is a software nodul e constructed to process the free texts
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and t hen car r yiintgraction infofrBationl frammithieg e tabstkacts) whd etend ahé yurrene pathivayde

I nternet using t e itional. keywords. for re scientific text
abstracts, ext wggﬁﬁea?&cﬁ%gﬁl'%ﬂlpr ?'Bt"gth;WCEQ%TéFrB%t{%BOn i nf ormation fromthese
abstrad0s, andatowieqdhd lnsercbiolayidt) o spaulfy Iwo wietshot besxteidpathwaysabngr ot ei n

i nteraction in;o

ets of extract il kRl s Bliohe st PRt PR B keldnd Ao L of

new pat hways byetserf gktrptddyesievayso  sets of extracted pathways. allow ng
the user (biol ggbihd the LZBE i) Go YpelR) End'oP ThIE aillALE Roddd (\iich

correspond to proteins) in a set of pathways and then automatically

15 constructing a new set of pathways by merging these two nodes and their
associated interactions and other information.

* allowing the user (biologist) to specify one or more nodes in a set of pathways
and then automatically constructing a new set of pathways by deleting the
specified node and its associated interactions and other information.

20 e allowing the user (biologist) to specify one or more nodes and a radius (in
terms of number of intermediary nodes) and then automatically constructing a
new set of pathways cdnsisting of just the followings: the specified nodes,
other nodes within the specified radius of any of the specified nodes, the
interactions of these nodes, and their other associated information.

25 ¢ allowing the user (biologist) to specify two sets of pathways and automatically
determining their differences and constructing a new set of pathways
containing exactly their differences.

» allowing the user (biologist) to specify a node and then automatically

constructing a new set of pathways by replicating the specified node and its



correspond to proteins) in a set of pathways and then automatically 15
constructing a new set of pathways by nerging these two nodes and their
associ at ed iq}eyactions and other information. allown ! r
(biologist)“fdngﬁ%%ify one or nore nodes in a set of pat gl(gﬁd t hen
automatically constructing a new set of pathways by deleting the specified
node and its associated interactions andlother information. 20 all ow ng
the user (biologist) to specify one or nore nodes and a radius (in terns

of nunber of i ntResEseAinteraeitRs anditiortiagsn.aut omati cally constructing a new
set of pathways consisting of just the foll ow ngs: the specified nodes,

ot her nodes wrt [dllewingethepussrs (biglogisttite ssperifa@p e¢dge rands then putamaliedl¥és, t he

interactions of cLhaaRLAPLFew RNEF JliRldys Bl Meletirg #HRSE@Jeed | nformation. 25
al l owi ng the user (biologist) to specify two sets of” pat hways and

automatical | y* @Bewingi thengsearh@ialogisty terspeeiés aanedas randr theni aytomatieallyset  of
pat hways g cont ai.p} i | | 4. QW r
(bi ol ogi gt) to sc?)gégﬁ]fcg@&hg%g‘agﬁl a{’ﬂJeJng ng%l%gsﬁ?gcglﬁld;@\ﬂé%%ﬁtﬁﬁce??ﬁg a new
set of pat hways aligwing pthe caser n@pididgists e specifyd anoedgearaaddi thenlautapalitallig005 WO
02/ 33590 PCT/ S j . i j i Qr
| owing t he usare(t e howfeaifl 2ae: b ik WHASRR"h bRbAIR B, ||
constructing a AB@cHwationedgnamdwi¢esvesga.del eting this edge. allowi ng the

user (biol ogigt [ : - t t] ucting
a new set of pat)a%&\/\vgrﬁqﬁe; U%éérvg#bsk?gﬂg’a%ﬁg& é:lﬁfpg%tn ﬁ\gn %ﬁgﬂ%daéé&ggﬁ%w ng
t he usefO(bi ol o§PRAtrHCERY & pewisthof pathuayebyadding s Bew edeei cal |y inverting

the nature of thhé GRAPR-LaldutOhb&iie W9 dSoftWHRE nédulé T BbmpQthE d0Rsdaly ©  an
activation edge and vice versa, allowng the user (biologist) to specify a
new edge and t hBI§aSAR Ja¥RUt dar Pigplaying dbe degicht teRrgSeNtatQR- Jat PHTICYa: Milys by
addi ng thi s newredgle. adsignkhgrefiniaiiy xay eblordRates @hats are 3®fHenaked nwdré e for

Fepr esentati on. SARNaBpERaRton GHE SHERRPRRE Ens pr ol i m nary x- v
co-ordi mat & t hfihe BieJAKE wodutee s anvisdidisation engine to graphically display the
information in the logical representation ‘and to manage the constructed
pathway maps in an intuitive manner to the user (Salamonsen et al.,
"BioJAKE: A tool for the creation, visualisation, and manipulation of metabolic
pathways", Proc. Pacific Symposium on Biocomputing, 392--400, 1899).
20 NOTATIONS
Before we proceed to the embodiment of each of the modules mentioned
above, we have to introduce some notations that we will be using. These notations
correspond to the scripting language supported and directly executed by the Kleisli
query system (P. Buneman et al., "Comprehension syntax”, ACM SIGMOD Record,
25 23(1).87-96, 1994; SY. Chung, L. Wong, “Kleisli, a new tool for data integration in
biology”, Trends in Biotechnology, 17(9):351--355, 1999). We use these notations
because they are high-level and thus easy to understand, because they are
ungmbiguous. and because they are directly executable by the Kleisli query system
and can thus be considered an effective implementation.
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an intuiti v&MBAPE? to the user (Sal anpnsen et al., "BiTTTRGRVAT o0l for

the creation, visualisation, and mani pul ation of netabolic pathways",
Proc. Pacific Synposium on Bioconputing, 392--400, 1999). 20 NOTATI ONS
Bef ore we proceed to the enbodi nent df each of the nodul es nentioned
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and because they are di't ect y executabl e Ry tthe Kl eiﬂ{s,‘!‘_)itoguery system and

can thus be consi deredtin ®ffectitve Thpl EnrentHt i or. 2/ 33590 12 12 Apri |
2005 PCT/ SGO /00217 Therletarle twe ki nds of things we need to descri be:
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accordifig 1Qyd JBedt aMMBs rBeiRWvely.t The fypaifit} id alsedblvhbsaalemientsthavadyde (#1 , :
t], . . ., #L . t~2 101 ey, 1 (tl ] (rl]atml?)tl |L) ERG JeyPES ilike - - - »
string ar et Abe dwrgal | bldsts BPagmhiese eefsats eYP§ pe (QFi).( ti, - #ln:
t,,) is a w@eesdehmerd Mavithse £ BldMaih differences bifweamsktt begs @ndliliet tiees 10 have
types t, -- -, tn respectively. The type ' bredhase Rt s have
type t. Th@rgJpbinas -the)Ofﬁ?%yaé‘db'au"'Wﬁg%&‘ 8fegqr$€h{§%1§‘ertype t. .gT,h_e type [
t 1 is a |igsderis ignored but multiplicity is important; and in a list, both order and multiplicity

15 are important (V. Tannen et al., "Logical and computational aspects of programming.
with sets/bagslists”, LNCS 510: Proc. 18th ICALP, pages 60--75, 1991). The type
<#1,: t,, ..., #1,: t,>isa"variant’ type, the value of the variant type can be
either of type t,, ..., or t,, but the value is explicitly tagged with the corresponding
field label 1,, ..., or 1. A variant type is similar to the concept of tagged union (R.

20 Hull et. al, "The Format model: A theory of database organisation®, J. ACM,
31(3):518--537, 1984) or the union type of the C programming language with explicit
user-created tags.

The main programming constructs are the followings:

\x 2 E
25 (e | \x € E,, \y == E;, E}
E.#1
f(E)
(#1,: E,, ..., #l,: E,)
<#l: E>
30 case E of <#l,: \x,> & E, or .. or <#l.: \x.> 2 E,

primitive f == E



whose el enents have type t. The main differences between set, bag, and |ist
types’ are that in a set, the order and multiplicity of el errents are
ignored; in_a bag the order is ignored but multiplicity2& 8hortant: and
inalist, BE1%3¥8er and multiplicity 15 are inportant (SFSCPUMAEN et al .
“Logi cal and conputational aspects of programming wth sets/ bags/lists",
LNCS 510: Proc. 18th | CALP, pages 60--45, 1991). The type <411: t"
#1,,: t,,>1is a "variant" type; the value of the variant type can be
either of type tetus usem@"’meta“ rotstioh hetwmémtﬁesvaiwamdbbgndsagg(@dwhhth t he
correspondin field | abe i,an e. s 5| l,ar to
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of dat abas &aRéIRPitShAPProducks e‘b@ME Fhebnshitt - @37, \k9&4)e or\yhe- ug)i on type
of the C progranm ng | anguage with explicit use r- created tags. The nmain
progr anm nges cﬂesfmematsgt aych hALE? o o iiifraRg: only K xaisgn s, yis B\ RIEEE IS \y =
E. B & :#Je 4 d §1The Eonbtructtl.; 1lf~r?§{}.tﬁé%lu60@ihef‘ﬁéldlo\fx > 4
E, or ... <fB[ ? rﬁéularfgm #prlem&) ti \5uec e /33590 12 April
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Comparison operations such as equality test, logical connectives such as

negative, string operations such as substring test, and speciality bioinformatics
15 operations such as sequence alignment, hidden Markov models, and access to
MEDLINE, are provided in the Kleisli query system.
THE BIOKLEISLI-ABSTRACTS MODULE
Given a set, sPEC, of domain selection keywords provided by the user
(biologist), the BioKleisli-Abstracts module retrieves relevant abstracts from
20 MEDLINE and organises them for subsequent analysis by the BioNLP module. It can
be implemented on top of the Kleisli query system using the following program script.

writefile
{ x
| \s €« sPEC,
25 \u ¢ ml-get-uid-general (s),
\x € ml-get-abstract-by-uid (u} }
to "articles" using machineout;

It works as follows. For each keyword s provided in the set SPEC, the Kileisli

operation ml-get -uid-general is used to obtain unique identifiers of MEDLINE




explicitly tagged by the label 1. The construct case E of <#l,: \x,> 4 E,
or 10. . . or <#1,,: \x"> 4 E'" checks to see if Eisal,, ..., or 1"
variant; if it is a variant <#i; : E >, then it assigns 'E*t¥8%x and
return the WIO¥P E x'. The notation prinitive f == EPIHPHYIG function
Qr macro f whose value is E. Conparison operations such as equality test,

| ogi cal connectives such as negativé4 string operations such as substring
test, and speciality bioinformatics 15 operations such as sequence

al i gnnment, hidden rkov, r | s A O ; Qyvided in
the Kl eisl ia%c?ﬂé% ‘@laasf{‘%ﬁli‘ “?iﬁe’hf‘tﬁ%@gﬁ‘ @ﬁ'ﬁ.ﬁiﬁ’é-ﬁ%ﬁmﬂﬁ%@%’%ﬂ%@et ,
SPEC, of d%’@d-@bgeks@aikﬁnuliawwm tpoblaindthe doyreshendisg MEDRIINE algsteac)., t he
Bi oKl ei sli-Abstracts rm@k}l e retrjieves relevant, abstracts from 20 MEDLI NE
and or gani seRalyneaier &ach Bg%ﬁa‘éﬂtf’aa{ﬁ%ﬁy%‘i’ 8rh}ci4t Bi oNLP nodule. It can be
i mpl enented on trAg fiRfatd1e1 KL #ias e fantNing schemardrpeng the fol I owi ng program
script. 5W“§ef||‘ed~{ X \#s <- S'PEgJ,, 25 \dl.d <-s_ns1t-rgnet-ui d-general (s), \X (-
m -get 2abstrHEpP it TEFST €67 % FICFES UETY machi neout:; It works as
fol | ows. F(r)nr cdbiek esprbrad kebpripgt detripg tiRurradt SPEEY) the Kl ei sl i
operation - 98tis 1illsda kS dedrd HARLA L L1 fEK® whitdndtbidsans of
NEDLI NE W0 02/ 33588542 fgﬁﬁﬁ';eielbrdgo%%&epml S%%lj 00217 abstracts that match
it. Then fomiguedtentifiecolthe dsinle. fancutiors fieldwylichs storesasmes ghawhors. gt

Labstract -Dysilld bl wigstbisQdloftlsed diufigfs, BSAQNGIMAY WHEK bisFesbistinact

Finally, store eac tract x into a file called articles. ,‘(I;jg file
articl e$0 had therarialg.| Bwiahgt sadte figldorhiehy pleres they absicast @f th, AIICE AP s

string, #ad,[%ru‘%%éi fidld Wiieh stoi%f%itﬁé Rurrsl &4 20n whithShé BRicle wad pulgishéd.our nal :
string) } It I's thus a set of records. Each record has_a nuid field which
stores the Other information can also be captured and stored in this file.

THE BIONLP MODULE
The details of the BioNLP module is given in the paper SK Ng, M. Wong,

15 "Toward routine automatic pathway discovery from on-line scientific text abstracts”,

Genome Informatics, 10:104--112, December 1999. We provide an outline here.

The BioNLP module is a rule-based system that performs simple natural
language processing on the extracted scientific abstracts using pattern matching.
There are two major tasks in extracting protein-protein interaction information from

20 scientific abstracts: '

. Protein name identification. Straightforward use of a dictionary of protein
names is inadequate in this domain because new names are continuously
being invented and quoted in medical and biological papers. The names of
the new proteins must therefore be identified by linguistic means.

25 o Information extraction. Co-occurrence of protein names in an article abstract,
a sentence, or a phrase generally implies that the proteins are related in some
way. Such co-occurrence is a useful heuristic for extracting specific protein-
protein interaction from free texts.

There are two corresponding sets of rules in BioNLP specifying the patterns
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strategies:
(i) Exclusion by standard dictionaries. BioNLP filters out most of the non-proper
nouns in the abstracts by looking up the words in a classical dictionary.
(i) Inclusion with semantic clues. Proper nouns that are not recognised, but are
20 linked together by protein-protein interaction function words (e.g., "activate” or
"inhibit"), are classified as potential new protein names.

" (i) Inclusion with protéin dictionaries. BioNLP has a protein dictionary for the
rapid identification of common protein names. This dictionary also allows the
re-inclusion of protein names that are made up of the nouns excluded by (j).

25 The dictiona'ry may be manually edited by a user, or automatically learned
from the protein-protein interactions subsequently extracted from the
~abstracts.

In addition, it is also possible to generalise BioNLP further to recognise names
of small molecules and drugs. Then it would be possible to use BioNLP to extract



bi ol ogi cal papers", Proc. Pacific Synposium on Bi oconputing, 707-718,

1998) . Even under the standard nomenclature, protein nanes can still be
difficult to identify, 10 as sone of the protein nanes are™ 3ﬂ§¥conpound
words or haV® Bd#¥? pl e variants. To tackle this task, RHIFFRVARI,|
("Toward information extraction: ldentifying protein names from biol ogical
papers”, Proc. Pacific Synposiumon Bjoconmputing, 707--718, 1998) devised
a set of rules to identify protein nanmes based on | exical considerations

such as thenRrREENCE &Bte'rH%pgfnaFF?r%‘?e%ul%@dan‘afdrg@seﬁérﬁlsc%hﬁfcaﬁsﬁééls ﬂ‘\ﬁéﬂ 15

| exi cal rules are |ncorporated in Bi oNLP and are augmented with t
following a Ipateegmgm Aroteineseiastians. byhet aaroes d:fdsrnall oPRIEGUESs, CBF otw_P

filters out, Eigﬁs'egfgft g?rﬁeﬂmﬂ %Qﬁ&mn&?%%ﬁaﬁ rﬁ&@cu?e@sér{dal%&nﬁal%leg%?lm g up

the words in di ctTonary I'nclusion wth semantic cl ues.
Proper nourkopulaaBMikES notatipes ogad fgedendbug names oDemal| mh@duieagthw@amey
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"inhibit’ SSIer (||| ncIu5|on
with prot euhe Qmamcbfm|vesousai>tmktpndiarsgoaerpmédrngdewsm@ﬁary for the rapid

I dentification ph,GOWNREN RS Brte%r‘il é‘élﬁ‘éresﬁ%‘o?teﬁ'cSﬁt'af?ﬂﬁfoné‘do?ncbr\aJbeé the

re-inclusion of prote|n nanmes th a are nm of the nouns exclu by
(i). 25 Thevhisharesasendanpalp the maimigaic] Sut é’blché@Pngﬁ W'l@s‘@ﬁfu'&”%ﬁ?ﬁtﬁ'?ﬁ'tsl cally

| ear ned f IkiAd Bn PRt b 8s WhekeSh BorhPibRIPdtlde Q8 SnSHHIS 618 4RB ithere B¥é B@ﬁtyed from
t he ?tracts In addition, it is also _possible to generalise Bi oNLP

furt her 14 o o &PiggAg é@kﬁéﬁe’%e ijed. sWaPI”%f%'Eu?‘é%‘ an Prefeingroteit, ieraetiofoul d be
possi bl e t diseseerpi ioblitkrbRre rigoraht th2xthébt b n%?@rotm&&éﬁﬁréﬁﬁomsm/ 00217

16 |nteract|ons of rotelns mal | nol ecul es s fromscientific
abst r act o PRSSIer inckiaiiap 155 Pt aren 5B Joei e tariae HGRLIe The RURDY o

sn'fal | Im)l emuddrmler ctanblid a rregagizbiyechbniplete nmefrel@feat hét@ofk ebrcthecp”ratémsodf smal |
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by i nco‘rfporraaﬁmghas (ﬂptrtthemtaarqlucef agjpasgibleawbethendrirohthegrare the rodit &opieid fr om

vari ous puméﬁ p% %hlcg.l QF?HEnfongg registries. Papers witten to present
specific resutis often con aln rnformation on subjects

BioNLP maintains a set of function words for each interaction type. These
function words can be edited by the user. Their roles are as keys into the literature
for seeking out sentences that may contain protein-protein interaction information.

20 For example, some of the key function words for the inhibit-activate relationship are
inhibitor: {inhibit, suppress, negatively regulate, .. }

activator: {activate, induce, upregulate, positively regulate, ..}
BioNLP seeks out sentences containing any of the function words and then
searches for any protein names mentioned. These protein names are then
25 associated with the function words using a suite of pattern matching rules to
determine theif actor-patient roles. Some examples of the pattern matching rules are
shown below. In these examples, both <A> and <B> can denote individual or a

conjuhction of protein names, while <fn> dehotes a matched function word:
(i) <A>...<fn>...<B>: This rule models the basic sentence pattern such as

30 "A inhibits B, C, and D".



whi ch are secondary to the main topic, but which may be quite useful for
researchers working on new areas where a conplete picture is unavail abl e
and there are plenty 10 of nmissing links to be filled. In'd*Hé®field such
as protein-YOREN i nteraction discovery, it is theref @ S6HHY*ant to
extract as many protein-protein relationships as possible, including those
that are only nentioned in the literature in a cursory nmanner, to build a
reasonably conplete interrel ated netwbfk for the proteins of interest. The

Bi ONLP rules are therefore designed to capture as many protein-protein 15
rel ati onshi(s frdm t i 1@f at urd>asTHbSLeHMOIClHh BRHBRACESy Bt 2% By 2Bre the
main topic in BBﬁraRﬁBfB?is'féhﬁ&hb‘B@ IAdRfRY iRIH@ PEBSHtRPARtoM, ONLP mai ntains a
set of function words for each interacftion type. These function words can
be edited H§)theAuser<Enphdir - r oiBes Hiiemadelr §§rtencasdn PASSIVE YeiESUERAS f or
seeki ng out senteRcaSH: tHBYcfiRidsals A» protei n-protein interaction

i nformati on. 20 @%ﬁﬁz?(%%ye, sgme of the key function words for the

i nhi bi t -act(vvat eAr el at ivdrishi p .axén>i nhBbi t or: Thisnmpeels sestpppessuch as
negatively regubatgnich inniditsPhl! JAMEs of BCti YD td BEUSSkind! B FRUbAIRL
positively regulate, .. P‘S Bi ONLP seeks out sentences contalning any of the
function words BeRvIatiean searches for any protein nanes nentioned. These
protein nagps argethelr 25 associ ated whihehpritd WisdelOBeMtBRES skhngs @ suite
of pattern matching rules to determne their actor-patient roles. Sonme
exanpl es of the'lfshictien Af At @ypeibyY Bl-es are shown below. In these exanpl es,
both <Aypand <Bwne&dawfsnRhguddedprocEshg Qbsdibed WUbioVACS | ifipleMhertddLireitke Nanes,
whil e <fn> denotes a matched function word: (i) <A> . . <f n> ... <B>:
This rul e RN ModulepaspPregRMHigd PRREEBSASHIN Lﬂfﬁl§§993r_d‘_3 relrieyad By the B, C,
and D'. 12 pigKiéibli-AB&tRactsNhdtble3 3 OfroBGdes SEORE Ofhal Awd 7ddridte by the -nand N> of
... <B>. This rules nodel s sintences such gs "A, jin_ activator of B, is
found to baNtEERFHPTsNY RGNS ERteRsydPas NFhine foliqwing sotiema ortyge,s py
<B>: Thi s nolekmisentendes termrepassinge dmetaded: sudhsas "A is inhibited by

the act1yiti esyofceBetion:( i<\4)nh§€\?t_-: (#a_ctorw&thg-, -#-pagen!@?_s-t_ringf,8> b Thi s
nodel s sentences such as " i ch i nhi bi tts. th% aé:.tl Vi t%e.s pf ,3 is found
: (#actor: string, fipatient: string)>)

to be lacking in the pati efpetivare

Hence the file is a set of records. Each record has the foliowing fields. The
field muid stores the unique identifier of the article in which a protein-protein
interaction is extracted. The field sentence stores the sentence in the aricle in

20 which the protein-protein interaction is extracted. The matched field stores the
particular rule used to recognise that protein-protein interaction. The interaction
field stores the protein-protein interaction extracted. The protein-protein interaction is
stored either as an inhibit variant or as an activate variant. In either variant,
the name of the protein in the actor role and the name of the protein in the

25 patient role are stored.

In addition, if BioNLP is generalised to recognise also small molecules and
drugs, it would also produce an additional file called molecules. The file
molecules is a set of records. Each record stores the name of a molecule and its
type (i.e., whether the molecule is a protein, a small molecule, or a drug).



popul ation". (v) <fn> of <A>is ... <i3> This tenplate nodels sentences
such as "I nductl on of Ais caused by B'. 10 The natural laz\nlg %ge

processi ng described above is inplenmented in the Bi oNLP 1o ‘

progr am t hat"pPet¥eses the articles file retrieved by th"eCT/SG‘”/OO217

Bi oKl ei sli-Abstracts nodule. It produces a file that we denote by the nanme
interactions here. The file interacti has the foll owi ng schema or type.
( (#muid: num #sentence: string, #matched: string, 15 #interaction;
<#inhibit: (#actor: string, THEAO®CAL REFRESENTAMRION vate: (#actor: string,
#patient: stri n é Hence the file is a set of records. Each_record has
the fol l owing fi éf-‘d les Taet i qliegl @A ACSTasTESNE hEENGnioRliNal e RPL 7 Ehesdf t he
article in Whishiheng QG Ree it of MeLEARLIEDAtRWAN N1aghasb inbhentior el d
sentence stores the s e inthe article in 20 which the protein-protein
i nteracti onAs 8 gsaqah wbownomaf@awérﬁé‘@ﬁ aed patients & the,dnteraglion exrageds y| e
used to Eecﬂ%bsﬁrefcw (g Rt &ritelr & N intdth&ngCadters - and Balidhte! A tHase fiel d
stores the protein- pro? n rnteraction extracted. The protein-protein

i nt eract i oredges asz metbted wite thedupesef ‘F%W?%ﬁ‘i"o()%t?"i‘%r"\?s%fa‘%'"@Pﬁmé M-vat e
variant. in eithgrmyi lrﬁéqkoncetph‘ﬁwd?@@ iR, E&%.dyr%@lfandmnng m.gpb@grarnol e and
t he nane of the protelnlnt e ?lent role are stored addi tion,

Bi ONLP i s gﬁé’ﬁé‘rth?‘i@ééﬁ@&qﬂéeﬁgﬂl%@'ﬁlf@ﬁ‘ thedrreratdcnsdi®and drugs, it

woul d al so wtieduce an additional file called nolecules. The file nolecules
Is a Seﬁ of (ST StaEélC fa2ea Oy b OLeRS8: hNBaARE, Qfedga fRleecyl e and its
type (i.e., whet mol ecul’'e’ iS a protein, a small nolecule, or a
drug). WO 02/ 3@5% yge1X April 2005 PCT/ SGOI /00217 THE LOG CAL
REPRESENTATI ON Thigufd:| esimaya, i #duelseranc - tntearacttr s : (rafeitdpti onal |y

nmol ecul es)  constystideged:Ne. dsogtieaad, #:ﬁpaeaem&ta'tmdc)f the extracted

pat hways. It can be t ho ht of , as a agh oseagtodes are the actors and

patients of the i hteracti o'n & PRETE gse directed- dges connect up
the intdbacti ng actmrs hndl patfreaﬁtsqle'a'nel-#tmh@se u.#maid })
| \a € set-unique { x.#interaction | \x € interactions },
(\t, \m) == case a
of <#inhibit: \m> =» (* inhibit” , m)
or <flactivate: \m> 9 (" activate” , m) }

20 to "conceptual-graph" using machineout;

This conceptual graph is a set of records or edges. Each redord or edge has
an edge-start field which stores the starting point or node of the edge, an edge-
end field which stores the ending point or node of the edge, an edge-type field
which stores whether the edge is "inhibit" oris "activate", and an edge-

25 anno field which stores associated information of that edge. The associated
information is the set of evidence from which the edge is derived. Each evidence
comprises the sentence that mentions the interaction, the unique identifier (muid)
of the article that contains that sentence, the authors and title of that article, and
the BioNLP rule used to match that sentence matched).

30 Given the derivation of this conceptual graph, it is clear that we can



edges are annotated with the type of the interactions and associ ated

i nformation. To nmake this concept mor e explicit, consider thqz[{ ﬁl | ow ng
Kleisli program script that builds a "conceptual graph Fr8

interacti ond¥@93E%witef ile 10 ( (#edge-start: miact orPCHAYY¥2End:

m #patient, #edge-type: t, 15 ) | #edge-anno: ( ( #nuid: u.#nuid, #authors:
p. #aut hors, #title: p.#title, #sentence: u.#sentence, #matched:

u. #rratched) I \u <- (il \i <- inter'&tions, i.#interaction - a), \p < {

i <- et - 1N { s #l i eraction
e < i e BE "(\a{“r‘]1J {rfy "l ERAcTed ) Fth\'%yﬁ'hlb&i idt{Hufltfio] i fodieF" m
or <#acti vaéﬁesérrmldh (@emewathe files, aiidleaCarndoi fiaraafiona). -Fapr agxamples itmg
machi neout ; conce graph. i 5..a set .of, record record
or edge hadl€ -ll;g B‘Qj% %’F‘gfﬁgeﬁ E‘I"&V\ﬂﬂiﬁa'ﬁ §8r'@§ %f%é) %'F |n'g%9ﬁa%t°%?ewnode of
the edge, avegdgRracttnlinfthelichtwhhebhisioflewhobe aebdi g paeteht & thisosleof t he
edge an_edge-type field which stor ther, the ed IS, "inhibit" or is
"activat®", %Hﬁé/ g‘l‘? 'féﬂd’éthﬁ)e'a?ﬁﬂy“?mé’lf g'e\m'ﬁ's@@d?&ls QQ%@%?’&P% i nf or mati on
of that edge Tfﬂ\%dﬂﬁﬁ)ﬂ%@ip%de AIES 06-BREJUBSS the stab&hsleiywofdsqvbviemeyftma)m whi ch
the edge is derldvgﬂ. evi dence ‘ses t etﬁentt"enceft a]E| gfntl ons
t he interadtFo?® ¢ %’"lﬂ‘?ﬂrﬁﬁg q?é}ﬁ‘fjlr?‘?rgr”ﬂ%ﬁﬁ SF W5 RURPYE ) UINERING. 5t ai ns
t hat sent eme,diddocerads} h@ﬂ@gl@mdeﬁreédn@tlﬁh |sté)aénd@tit\mthl tevo raove fildshed&LoNLP rul e
used to match that sentence matched). 3 riva f this
concept ual 3Jraphes |af‘g|%elc,tl éf’t?ﬁ%"t“\ﬁé‘s SHE‘T’Z% 5 ggﬁa‘s W&E?
PCT/ SCO1d QQZH&miQs M|wéﬁiﬁ:1lets, ar@inchtieldat 1 dres mspeawetyd They hespestivehy
mani pul at | r}gprtepe%t tos ea r%icles and interactions that are strictly new. The embodiment of
the BioKleisli-Graphs module provides a means for generating delta-articles
and delta-interactions.
To make this concept more explicit, we can derive a "delta graph” from the
15 conceptual graph described earlier and delta-articles and delta-
interactions. The delta graph is just a copy of the conceptual graph, but each
record is augmented with two additional fields: a is-new-interaction field which
is set to true if and only if the interaction corresponding to that record is an
interaction found in delta-interactions, and a has-new-evidence field which

20 is set to true if and only if the edge-anno field of that record contains an muiad of an

articlein delta-articles.



representation (nanely the files articles and interactions). For exanple,

to delete a node and edges involving this node in the graph, we can sinply
del ete every interaction in the interactions file whose 2APHI%r pati ent
is this nod®00833% yse this fact in the enbodi nent of t¥d/5G01/00217

Bi oKl ei sl i -G aphs nodul e below. In addition, suppose PIES re-executes the
search keywords provided by the wuser d obtain nore articles and nore
interactions. For the purpose of highlighting new discoveries, the |ogical
representation i s extended TWEBIOMLEIBDFGRAPHSMODELEa- articles and

delta-interacti wo, files have exactly.the sane sche as the

files articles gﬁ'ﬁ’ ?WRE?‘%‘QEMBH% magdulse ROVIIES )?Opk\*gtécg?pelﬁeg}?@a“k\(%ﬁ/ O"ﬁsﬁr esent

tEosg a:( Iti Cb?&cgmd pamt@ygqlty @bératuﬁ]ggtoname shdeérlytrigy logital rdpresentbtiani et ofI

t he Bi oKl ei sli -G aphs ul e provj des ans [ in ta-articles
and del ta-i ?%F'Q%F?‘ghgm 'BUI?LR”:? %@ﬂﬁé’b?mﬁﬁ‘?@eg&'ﬂﬁf‘%ﬁ“gﬂg é@‘?hfﬂerl ve a
“delta gﬁaphoduléonvé 0se S rﬁa%nsﬂpltc%ls chﬁﬂht@lmllola@dtoeaématerthanﬁbncal

delta-articles and delta- interactiagons. The ta g his a copy of
t he concept GAresgniafien obdhe exepnt ?%ﬁr%trﬁgtegﬁmﬂyédwme %ﬁﬁfdf‘?‘l’bnal

fields: a igpdieWelsNtfidacid@nntbldd (MakCho denstet tﬁéD fesuiEing f nand 1gyday i f the
interaction corresPondln to that record is a‘éﬁ& ﬁractlon found in

del t a- i nt er BPI&sSERIENON, Rf egch fanipyfation; Hate: thaf it mRRPEEM IvEN e B true i f
and only i fcHoBen &d@axuamﬁdb@tﬁdnfg rbhhat thiaf R HOrmeMak aasﬂ§ny@ﬁe guilled afthan

ticl del t ticl 02/335 / 7 20
THE 1 ORDE BT R OB E Hhpbls 5K PLYGEI P REh SPHIDIRG e (4 ol B 1
sophi st i cat wdiensiand) irhpliementations drive theepuirpase ef thepernbodiyentsys omdarstoodig on t he
andthet 1 “erboc Ve AEt PRETRE 6 Aok e EEREHEIEE RGP R BRABAY, "
articl es anahd inteeactions iorke cwraténettof pathwayogi cal representati on of the
current set of eyl ﬁ@ﬁl\aﬂfah NGRS t ud&?ﬁetzﬂ@ {g):dl&‘gﬁs[t%%pe@f‘fié%lr&éin%ﬂd

newinteractions to enote the resulting HEM/ representati on of

each mariPpuhatexsectedpetewaymand then @H@Otﬁ“ﬁ%h!t@'elj? h Piatgie aafd ds agpredated t o
mexi m se ungerRkisRdos th&Rficdd BanRE)d ArdTaIEE deRsteARY PRSeiR kspktifich by t he

the user. Then this manipulation corresponds to iterating through each

interaction stored in the interactions file and keeping only those whose

actor and patient is not the protein KILL, as implemented in the Kleisli program
20 script below.

writefile
(i
|] \i € interactions,
\x == case i.#interaction
25 of <#inhibit: \y> & y
or <#activate: \y> 2 vy,
not (x.#actor string-islike XILL),
not (x.#patient string-islike KILL) )

to "new-interactions" using machineout;

30 One of the manipulations to allow the user (biologists) to specify a previous



10 progranmi ng art would be able to produced nore optimsed (but harder to
under stand) inplenentations once the purpose of the enbodinents is
understood. W first describe the "large-scale" mani pul a71f%t hat af f ect
nul tiple pr &%‘fzﬁ%”%nd interactions in the current set of ' JARUEYY. one of
the mani pulations is to allow the user (biologist) to specify a protein in
15 the extracted pat hways and then autzmatically delete that protein and
its associated interactions fromthe extracted pathways. Let KILL denote
t he prot ei nseppetelf iobthined setlvé pathays ahe o bhtbmarrmiyprué@teiuownnohé eep@mds to

|terat|ngth eract.i nstore nteractjons fil

keepi ng onl §*¢ rgﬁtggé)%%asyé nl%'ést oaldl’\ 'Oﬁ’a"?'leéﬁf"c'fr’]lg' ‘fﬁ?tf“'t"ﬁ@ st H’hRWeL'Le as

i mpl ement edusien wolul Kkeeics integpatogr agn oQ@atswsysohe e some thle't e:idld;@sts{halve\ I F
I nteracti ons \ x case . #interac <#i nhi bit:

<#act i vat e: PEYLISHY §Pveﬂd'et°c'9@ quien Patg\e@xw 1S§m\f%9a<1n9L5et awattleie#.@a@. ent

string-isl Iek-&nKleL:h&tJ}onsl Qlendit@Whé rlb@éﬁcrfeb%%ntaﬁ&ll N NBCHIDRAY sepaFhtéfpe Of
ists) to specify a preV|ous 12

th I
ppr 11 2005 SRS oPRe8t Weriaton Mocuser Whendein sieigons arumiseed by

pat hways anskit@thaulmidreéfithéfiley afBl ik d dndMd-RrtRE1 EHT RNKe LRKBhIAMERes
pat hways. Thi s manipulation is especially useful in a situation where the

user woul d EREAEHIGH AFF ot dinkesatt smep AiAiRANS9 Rl Guplisatad &aeeds: bt d% ogi st s
have pr thmﬂlshién%ﬂ\m&hd K'I'ia@h bR s belB@ WNBNS NeEisithie EEMMRSA Sdrhigp. Let

a- artlci S aonvd h g(getg. I ons denote the | ogical representation of the
previ ou sépa dftdeFW € el sYsteMhays specified by the user. Then this
mani pul at i Gnlqeél@cwﬁmuqshedrtbylestaklar}grtt:hteesunl on of the files articles and
a-articl es tanded e ibony fngt.,lgghiﬁ,ggues | nt eractions and a-interactions,

el i m nating_alk;duplicated

ords. |
-unigue E‘Eer:ac ?ons ) a interactions)

to "new-interactions” using machineout;

15 One of the manipulations is to allow the user (biologist) to provide some
additional keywords, and then to automatically use these additional keywords to
search the Intemet for more scientific abstracts, and then to automatically extract
more protein interaction information from these abstracts, and then to integrate these
additional interaction information into the current set of pathways. This manipulation

20 is especially useful in a situation where upon viewing the current set of pathways, the
user makes some mental connections to some proteins he has hitherto ignored and
would now like to investigate how these proteins might be connected to the current
set of pathways he is studying. Let EXTRA-SPEC denote the set of additional
keywords provided by the user. Then this manipulation is accomplished in several

25 steps as described below:

. Retrieve the additional articles corresponding to EXTRA-SPEC using a
program script similar to that of the BioKleisli-Abstracts module.
) ‘Extract the interactions in these articles using BioNLP.

. Merge these additional articles and interactions using the merge operation we
30 just described.



inpl emented in the Kleisli programscript below, where { +) is the set

uni on operator 10 provided by the Kleisli query system V\A'i,tzgfsi | e

N . . . " . w12 April 200 . .
Set-unique (articles {+} a-articles) to "newarticles" usi'ng nmachi neout,
witefile s®Q@RPEle (interactions {+} a-interactions) R/SG01/00217
"new-interactions" using machi neout; 15 One of the manipulations is to

all ow the user (biologist) to provide s addi ti onal keywords, and then
to automatically use these additional k rds to search the Internet for

nmore scientific apgtc_{p@pgt;@n i@gmagﬁmnq,%@g%ﬁgpggﬁ lslfﬁ@ﬁ’)éi ract nore protein

interaction information fromthese abs %"i nt egrate these
additional i"it®¥fattion information into the current set of pat hways. This
mani pul ation 2& is especially useful in a situation where upon view ng the
current set of \paghyays.sophe user makes some nmental connections to sone
pr ot ei ns Qe has hitherto i gnored and would now like to investigate how

t hese prot ei ns \#i §Ht -Bet -eshaewsred (¢)0 the current set of pathways he is
studying. Let EXTRAmDREE-gdrople dybgqselh pf additional keywords provided by
the user. Then, this_ mapipul ati on i s acconplished in several 25 steps as
described bel ow Retri eve't REF"aUdrti onal articles corresponding to

EXTRA- SPEC UEi*A&*'& program script simlar to that of the

Bi oKl ei sl i - Ablgtficet sc.amdu| @sentkXde: aGksdnbé&ckNt eractions in these articles

using BINLP. yNetA& . thessa additional articles and interactions using the
merge operation we 30 juUSt %gs%lrni?%% t.mV/\Dng/ 33590 22 12 April 2005

PCT/ SGO / 002117 17 $75&F at' Poatts PEnbEdimtdcias t.He IKheing| dysprlogeam scri pt
bel ow. writefht & %.#inSefact XdRA- SPEC, 5 \u <- nml -get -uid -general (s),
\ X ( - M - g&t "5-a.hgérraagitoné'bxéwgdmaghl:bneout,- )

writefile set-unique (articles {+} a-articles)
15 to "new-articles" using machineout;
writefile set-unique (interactions (+} a-interactions)

to "new-interactions" using machineout;
One of the manipulations is to allow the user (biologist) to specify several
proteins in the current set of pathways and then to automatically extract all
20 interactions up-stream or doWn-stream of these proteins invalving up to a specified
number of intermediary proteins. This manipulation is particularly useful in the

following two situations:

. the user wishes to export a specific portion of the current set of pathways that
he is working on to another biologists.

25 the user wishes to concentrate on a specific portion of the current set of
pathways that he is working on. This manipulation is useful in this situations
because as the set of pathways grows, it is likely that a set of proteins that
are logically close together (that is, they interact through a small number of
intermediary proteins) may be separated by a large distance in the graphical

30 layout.

Let NODES denote the subset of proteins specified by the user. Let RADIUS



to ,a-articles,, using machineout; witef ile (#mid: x.#nmuid, #sentence.
X. #sentence, 10 #matched: x.#matched, #i nteraction: vy) \1%<A<r_|--05process
P,extract. pl 11, L a-articles"] using syscall-co, \y <-°%° W%t er acti ons )
to "a -int eg‘é&‘lzf oM8" using machineout; witefile set-umJEEVYYicles (+)
a-articles) 15 to "newarticles" using machineout; witefile set-unique
(interactions (+l a-interactions) to"A@w ~nteractionsl!| using machineout;
One of the manipulations is to allow the user (biologist) to specify

several prdenetetheimexirmemaumbents istetmefiarp pidwiay sllanet by e User. aThebisi cal |y
extract all__2 teracti Or?ﬁ up: stream or .down- stream gf t hese Fr ot ei ns
Hip e

Q.ir .
i nvol vi ng up2?’ “'3{'1%%9{fef‘°‘?8 BB Prasess ot ¥eieQ phrgCh Pede imbe cprFeptual
mani pul at i ograpts tHaR Ebirédonts Yo b pedteths indDke arddordbiRg theVeoridebtial b%ﬁﬁi 0 the
user wi shes to export a specific eportlon of the current set of pathways
that he i s“%r%[%&so’ﬁ‘a% edgri 2 terms Of Higi legigal regraseptation of thepathways, o
concent r at ehigmaigukiohfdaf beQickbrAplishéd bjRIGMAG BltseSRépsdf  pat hways that he
is working on. This manipulation is useful in this situations because as

the set of pat hEEYRCt @ndwidirected gsanhi fkam (he patezaatdionst filgsotthatnbistgraph ar e
| ogi cal Iy cl oserdppgshiakhith hde is Toniddyd th %&fné&ﬁﬁd:‘iﬁd&qgh‘h@oml'%ﬁ&émef of
e

i nternmedi ary protei ns? my be separated by a large distanceln t
graphical 30 | @pssentatigh.” NODES denote the subset of proteins specified by

the user, Let REBingteV® WBhSHROQoddred 2f AR idndf 5’%‘5@9@" SRg 1 s, genote

ed
t he maxiémm nunber of intermediary proteins allowed the user. 'Then this
mani pul 3i on coRARYSOHERS-t 0 the process of starting at each node in the

concept ual o gr apdtatelRer €8EK S5PONAS 1 bR ofth! QFeh{Sn t D NI ahd RYE ST NI
t he conceptual graph
only those whose actor and patient are both in the "transitive closure"

computed in the previous step. ,
A suggested implemented is given in the Kleisli program script below. Here
15 fix is the fixpoint operator in Kleisli that satisfies the equation fix(F) =
F(£ix (F)) for any function F.

primitive undirected == set-unique
{w
| \i € interactions,
20 \a == case i.#interaction
of <#inhibit: \z> = 2
or <factivate: \z> P z,
\w € { (#x: a.#actor, #y: a.#Hpatient),
(#x: a.#patient, #y: a.dactor) }};
25 primitive close ==
let \F == fix {(\f => (\r, \A) =>
if r <1 ’
then A
else A {+} (f(r-1, { b.#y | \a € A, \b € undirected, b.#x = a })))
30 in set-unique (F(RADIUS, NODES));

writefile



up to RADIUS many edges. In terns of the |ogical representation of the

pat hways, 5 this nanipul ation can be acconplished by follow n% t hese .
steps: Extract an undirected graph fromthe |nfteract|onl§12fﬁp'l"§§’ §§) that this
graph repr &R ¥hhi ch node is connected to which ot herPnid P‘H"7t he
original logical representation. Conpute a "transitive closure" of the
undi rected graph, but only up to 10 RABRIUS steps. Iterate over each
interaction of the current interactions file and keep only those whose
actor and patieaent are both in the "transitive closure” conputed in the

revious step, A suggested inplemented is given in the Kleisli program
gcri pt bel owl.ol ﬁéré 1gh%grafcit%(‘mlsgpt he fixpoint operator in Kleisli that
satisfies the eyt Fang §itknyeRyctRoq fix (F) ) for any function F. primtive
undirected == set-ugi QuEnikieW i, & jnteractions, 20 \a == case

I . #i ntera§tion of <#inhibit: \z> 4 z or <#activate: \z> 4 z, \wF ( (#x:
a. #actor,” #y: a. #pati eftorivatesxy> @ #patient, #y: a.#actor) }); 25
primtive cl osdéx#actat X.Fpattedt)}xsetifubset (lase NA) if r < 1 then A else A

{+) (f(r-1, ¢ "Re#¥nderhétiBasAusinb ddgint&eted, b. #x =a }))) 30 in
set-uni que (F( R'Aig)rlxeugf th%r%&létic‘n’r\{sl ig ?r.]; Iallc?w \é\lasgrz {OBEpSegc(i)fy %vf/lo %iﬁ%a?enﬁg-rn;%eg 005
proteins and to indicate that they are actually the same protein and then to
10 automatically merge them and their associated interactions in the current set of
pathways. This manipulation is useful because it is often the case that the same
protein is named differently by different biologists. In terms of the conceptual graph,
this manipulation implies that edges connected to the two nodes should now be
connected to the merged node. Thus, it is equivalent to renaming the first of the two
15 nodes to the second node. Let FIRST and SECOND denote the two specified
proteins. Then, in terms of the logical representation of pathways, this manipulation
can be accomplished by iterating through the file interactions and renaming
each actor and patient that matches FIRST to SECOND. The Kleisli program
script that implements this operation is given below:
20 primitive rename ==
let \rl == \x => if x string-islike FIRST then S5&ZCOND else x in
let \r2 == \y => (#actor: y.#actor.rl, #patient: y.#patient.rl)
in \i =» case i
of <#inhibit: \j>  <#inhibit: j.r2>
25 or c<#activate: \j> P c<Hactivate: j.r2>;
writefile
{ (#muid: x.#muid, #sentence: X.#sentence,
#matched: x.#matched, #interaction: x.#interaction.rename)
] \x € interactions )}

30 to "new-interactions* using machineout;

One of the manipulations is to allow the user to specify a previously obtained




PCT/SGO /00217 ( i \i <- interactions, \x == case i.#interaction of
<#inhibit: \y> 4y or <#activate: \y> -* y, (x.#actor, x.#patient)
set-subset close to "newinteractions” using machi neout: 'GAE B t he

mani pul ati oNQ 928399 all ow a user to specify two differeGPSHEY  proteins
and to indicate that they are actually the sane protein and then to 10
automatically nerge themand their agsociated interactions in the current
set of pathways. This mani pulation is useful because it is often the case
that the saskof p@tliwa%ﬂsIbnd&héiﬁﬁdiﬁihtdhétfo@ﬂ)eéﬁtdayt 'wmﬁerbheesemdsmbme)bmgemtset I n

ternms of th nceptual  gra mani on i I|e that

connect ed ng?tﬁ%‘a)( eﬁ%'bg‘ét é' PQL]'ﬁaWeb@‘eg@‘ h@ '8":‘?&1 ngﬁode
Thus, it i9ghe§ul Usd RIAtthis Pnarilddtion ds vdaede‘nmwg \M’iattlhe\ewvib tﬂécmetasset of t he
second node. Let FIRST g SECOND denotog ;' ecifi ot e ”P Then,
oy e opaiReYs GeHeiRed et BJEIRRERTBR Bthe serreR) Biste, & ATl P Than
be ﬁCCO{Bﬂ bﬁﬁgﬂy@tYobtéuﬂédibém tHey m.mh Eml.ttlggTdfnh@ ;e:ﬁﬂcﬁl aceuhmesﬂwdlmn ng
each actor an atient t ches t The i sli ogram
script tha" ‘i’r?p‘oéﬁ?%ﬁpgs ”§t %599%'1 ?%reﬁqr@%qunbg sﬁﬁc'ﬁeﬂerﬁr?v' yrgnams
l et \rl \Xobthinedssetidigpdtisidyse Fh&SThis heampﬁmtaserrmeementm il ee \Klte?sli\y =>
(#actor: ydactor. <#i nhi bi t:

POl LR soript B8 ok 8! ek PlteFance. dfugdn e, ftpBelvelboica

witefil e tsprededitatisnsinui d, #sentence: X.#sentence, #matched: x.#matched,

#inter agf i o X # U €] at;élcm Lsr;@m)les \sg@ (nffl suaezpcquons ) 30 to "new
I nteractions” using_ nachi neout ; 01 BU} ations is to al |l ow t he

user to Spgléllmf.g/lva 'léilllgflfgflg):18ﬁ nlé&rractlons SEE f a-interactions

As mentioned earlier, the delta-articles and delta-interactions
- can be used to highlight the new interactions found in the current set of pathways.
When the pathways are displayed in a graphical visualisation, edges that correspond
15 to delta-interactions (and thus the is-new-interaction field of the
corresponding record in the delta graph is true) can be highlighted in red to indicate
that they are new discoveries. Similarly, edges whose annotations reference some
articles in delta-articles (and thus the has-new-evidence field of the
corresponding record in the delta graph is true) can be highlighted in green to

20 indicate that there are new evidence for these known interactions.

One of the manipulations is to allow the user to specify a protein and a new
name and then to automatically introduce tHat new name into the current set of
pathways as a new protein and to 'automatically replicate the interactions and other
information of the specified protein for this new protein. In other words, this

25 manipulation gives the newly named protein exactly the same interactions and
information as the specified protein. Occasionally, two different groups of biologists
may use the same name for two different proteins. Thus, if the abstracts of their
papers were processed by the BioNLP module, the interactions of these two different
proteins would be mapped to the same node. Let NODE-A denote this node. Then

30 this manipulation can be used to rectify this problem as follows. The user uses




12 April 2005 WD 02/33590 PCT/SGO /00217 25 set of pathways and then to
automatically extract its differences fromthe current set of pathways.
Recal | that PIES regularly re-executes the search specifi'd§ 05tlohe user.
Thus, a use™WFP3#Ms manipulation is for identifying whadliCTSEH¥H7i n t he
current set of pathways (obtained after a re-execution of the search)
relative to an ol der set of 5 pathways2éobtai ned before the re-execution of
the search). Let the files a-articles and a-interactions denote the

| ogi cal r ephieswmipatation tofeplihateNODE-Aiapd itprieiactinsisyandobthei intedmatian tof a

pat hways. n this ni pul at i LS, |.opl n Ln ram
scri pt bel o{%/\%brﬂ?dfaw ‘“Hg‘ie’?i? 8@?#?%%%‘(:2\[@&‘&&3? P%'Es?gg%go {ei {788‘50% cal
repr eselnt atbieoths . pr&l@lrpbfdﬂ‘iet firse getaipt of &bbb@lseSnﬁﬁanthQieemeSﬁbtéh foff the
a-articles; mtive de nt ctions --lnt ctions set

a-interacti 8&%"" GOURLf; P '8#‘?85%%59 i grusetghtgeda?'f'%“ 36 N &' ée'?}\tr'ﬂ? Molvidua

dﬁl t a- i ng elirdebENS to CidletBCapisophidte .hsegmmwwrohheaommg Bh@r Ree-@STReOUNd i N
the current set o s are

o apht cal TaERPReLE 58 T qyanPVRtan oid e e 18685 thesthiAloR 8 ons

((]I alnd t hus ﬁtbeuorsfmavgn tmbeﬂtl)@o?]eraﬁt;dmednd fof eédﬁ&gc@ﬂrthezmﬁﬁﬁbmgﬂdﬁﬁﬂr% in the
elta graphpis. tru n be hi ig ed t i cate at they are
now i Scoy e S5 e D S tayt e yCHl vt b B e M an cePBoseey
articles i Ropgelg.a-articles (and thus the has-new evidence field of the
correspapdi ng record in the del t his rue can,cbe highlighted in
oreen 1 50%; VP ShtreriRe phcr Bl e iR £ o e et
interactioasimeOne of the manipulations is to allow the user to speci fy a
protein and a W fR0E and't‘heglttg (ﬂ g E (;? Lﬁ(ec'gtrod ce {. 41ew name
into the current S8t of T PATHRAYS QL 2V NEW Pr ot i i Afde "6 e Gt Thald Cal 1y
replicate téleteiinfromatiei amenteet oft pehwaysnflost ratiotenate tHeeingpadiohitedepr ot ei n

for this n o} | i e newmy
nared pr ot el (' cph8toified B B lohh ofrs KRN, o Rl ol
speci fi¥d heofilei nnt@cazcasjicmusalahy,dqlwtmgdeﬂﬂewmd grhoses iotebactiogi died  may
use the sappidpad%fpr two different proteins. Thus, if the abstracts of
their papers were fprocessed by the Bi oNLP nodule, the interactions of
these two diff &Prmef themaniualiondis ia aew tigpeed ta 8paaify 09 rRteissinn andto NODE- A

denote thi gyBREeits Td¥ebtion. Let REVERSE denote the specified interaction. it can be

implementation in terms of the logical representation by an iteration through the file

20 interactions and modify each record whose interaction field matches
REVERSE by interchanging its actor and patient fields. The following Kleisli
program script is a possible implementation.
writefile

{(#muid: x.#muid, #sentence: x.#sentence, #matched: x.#matched,

25 #interaction: i)

| \x € interactions,
X.#interaction = REVERSE,
\1i == case REVERSE

of <#inhibit:\y> =» (#actor:y.#patient, #patient:y.#Hactor)



30 this mani pul ation can be used to rectify this problemas follows. The
user uses 12 April 2005 WO 02/33590 PCT/ SG0O1/ 00217 26 this manipul ation to
teplicate NODE-A and its interactions and other informati Bi*P6°a  new node,
whi ch we deMRtESMPHE-B here. Now the user can decide to 1ESHREE'A be the
protein of the first group of biologists and NODE-B be the protein of the
second group of biologists. So he uses2the mani pul ation for del eting
individual 5 interaction to delete appropriate interactions from NODE-A and

NODE- B. The i npl enesit afde01va0f:\LDi$ (¥aEiopUl. afdeOehd, Nada@L i y0fkadthe) § ogi cal
repr esent atti on is',atn iteration thgcg’ug]rgughe file interactions and for each
record that et oS RODEA 4€'"% RE"aE10F or the patient, a new copy of
that record is @meefttid hahpiDetiohsriepd alloedthbywseNOBReBifly ok iNeractiondmddoi be t he
"smal | - scal.e” nipul ations that .affec e inter [ [ e, . One of
t he mani pul'a\fef'{c;rﬁin e 85‘?’19\',090 goﬁ’s@? Ewhgbrl@ﬂégiaﬁygcghéﬁ%n? 'tetr))égp']%@nq%a'ﬁd to
del ete |6 firopwah etivation enan Beibitoh. pett INVERS beltbe spédifieddetecdation heécamber act i on

to be deleted. Then.it can realised on the |ogica entatjon by an
iteration t'WP%UbeWpefg'"t mg; ?fte)ﬁ\en ngcé’ilr ?Pdﬁ%e“gaﬁ'a” dtg)Pea[Chl kr%%'rag@{cﬁﬁ'rogg%rthe whose

i nteracti onrfdeehdtidmy aleesnd<hiodify @aeh oécordevhoseiipitleattoen ifisldt mattheéow t he
user to specgif ne interaction and to, verse. | irection. Let REVERSE
denot e the 2Pt ir%ye‘a‘ai"ﬁ'f’gﬁﬁittf%(%%oﬂ a'béﬂ;’glélt ?’?{fﬂntéﬁr%%f’aﬁtc}ﬁ’aitﬁ RUPHs of the
| ogi cal r eprhedelituwitg ieishprogram sen@tis aposditi@ingllerhéatiod.e 20 i nteracti ons and
modi fy ggch, tgged whose interaction field matches REVERSE by
interchanging its actor and patient fields. The foll ow ng I§I eisli program
script is a pds&Mife % PEendriatto6n. * - SFPEEFR 1 &m P Ul ™= 5 8 d,

#sent ence: Xx. #séitterrceionftnidt ched: x. #matched, 25 #interaction: i) \x E-
interactions, | X.# nhahackiben = REVERSE, \i == case REVERSE

x.#interaction = INVERT,
15 \i == case INVERT
of <#inhibit:\y> *» <H#activate: y>
or <#activate:\y> ¥ <#inhibit: y>}

to ™ new-interactions” using machineout;
One of the manipulations is to allow the user to specify a new interaction and
20 to insert it into the current set of pathways. In terms of the logical representation,
this manipulation is a straightforward addition of a new record into the
interactions file.
THE GRAPH LAYOUT MODULE
The "graph" corresponding to the logical representation is 2 conceptual one. It
25 has nodes and edges that connect these nodes. To make it a physical one that is
visible in a two dimensional screen, we need to assign to each node a x-y co-
ordinate that indicates its position on the screen, so that directed lines or arcs
connecting the nodes can be drawn to represent the edges. The Graph Layout
module is a program for computing suitable x-y co-ordinates to assign to the nodes
30 so that when displayed, the graph will be visually pleasant.



of <#inhibit:\y> 4 (#actor:y. #patient, #patient:y.#actor) 12 April 2005 WO
02/ 33590 PCT/SGO /00217 27 or <#activate:\y> 4 (#actor:y.#patient,
#patient:y. #act or%%} to " newinteractions" using machi ne8de™2%he of the
mani pul ati oNL 1283 all ow the user to specify one inter REHSAVYRY t o

.nvert its nature by changing it froman inhibition to an activation or by
changing it 5 froman activation to I nhibition. Let | NVERT be the
specified interaction. It can be inplenented in terns of the |ogical
representation Pye @raph ebRbtGRodlis asiplséden ambigbeiting dovsdiawlirg dinecteddi fy
each record whose interaction field natc | NVERT by ¢ ing that field
from an i nSf3RNS RFgYIPUslY disslosRd d’&tt}‘?/é’tageﬂr R SFAnSNeryet c'%//'ol Fg-PV\‘)rgcﬁE%QFefsgl i
progr am sciDrgWing DiRce@ Traphs2, IEFE Teams) Sativare. Erbthesting ef9(B 22 14¢230] 1893X. #nui d,
#sent ence: X. #senrj%)ence, #mat chgd: X, #mat ched #}_nt eraction: |%ﬁu\xh F-

i nt er act i of¥e describerihe hagicidea hetenyERfroonvegie(ipe ot desuiplipRy werfaygut the

<#i nhi big : \gyaphdn sMeplitd-bafteh mannePbn HEasdreésrntTae \nysthdd s4h bbidaisily agapted t0 "
new i nteractions" using nachi neout; One of the manipulations is to allow
the user t®'&J8E-GIN9¥OW i nteraction and 20 to insert it into the current

set of pat hwaysFirst thd grdph i®fdidide Int ic6mnectedpEaaiticnts and eatihiconmatgdpul at i on

is a strai ghtfor rd addition of aé‘lew record‘%#%to the i nterc@ecfhifonts file.
THE GRAPH FAVERSE ¥OUH BePaLtEl GG} A SRBTRATGTy GPOROREY i Gekfn-firs
repr esent atravdrsalds asadtocatpsival trexnfeomlitt Eath rivals imtite seaislassityesd 4 faak. connect

t hese ngde To,.ma I t hysi cal _one that, iS. Vig§l Ln,a
di nensi @aﬁ'hg(ppg%ﬁ?%roa@gﬁth?iregssg iagﬂs'?%dqgag‘ér??H%&éﬁ%rgb(%“;é'- arE)dr’\Ql R3t e t hat
i ndi cat es iThe spreentis divided intbehosicomelnstripso Nddas atirardck éxlasdigres torstrip ks

connecti ngeLle HRAS Uil Rfo S MGy VBrtANeERAD ks thGreeHE FRoded BSsiFhaPlh Layout
this trip. For each strip, the nodes assigned 1o it are sorted to minimise crossing of
connecting arcs. So a node of rank k and is in position j in the sorted ordering
15 among all nodes at that rank is assigned to region j of strip k. The initial co-ordinates
for that node is the centre of that region.
THE BIOJAKE MODULE
The BioJAKE module is based on the BioJAKE system previously disclosed in
Salamonsen et al., "BioJAKE: A tool for the creation, visualisation, and manipulation
20 of metabolic pathways", Proc. Pacific Symposium on Biocomputing, 392--400, 1999.
The original system is modified to suit the additional functionalities of PIES. We
describe these modifications below. |
It accepts as input a logical representation of a set of pathways (the files
articles, interactions, and optionally molecules, delta-articles, and
25 delta-interactions). It then constructs the conceptual (delta) graph
corresponding to this logical representation. Then it uses the Graph Layout module
to compute the preliminary x-y co-ordinates for the nodes in this graph. The nodes
are then displayed according to these preliminary x-y co-ordinates. Arrowed lines are

then drawn to represent edges connecting the nodes according to the graph. An



nmodul e is a program for conputing suitable x-y co-ordinates to assign to
the nodes 30 so that when displayed, the graph will be VI sual I5y pl easant .
12 April 2005 WO 02/33590 PCT/ SG01/00217 28 The G aph L3081 pdul e i s
based on an“¥6#¥ hm for dr awi ng_directed graphs previ RISTRPOHIRY| 0sed in
the paper, ER Gansner et al., "A Technique for Drawing D rected G aphs”,

| EEE Trans. Software Engi neeri ng, 19(3):214--230, 1993. W descri be the
basi c idea here. For conveni ence of deseription, we |layout the 5 graph in a
t op-to-bottom manner on the screen. The nethod can be easily adapted for a
| ef t - t o- ri gRFOWRH, ti is Iabhelied Witha Rjvspian i itthei afiee -trre fieldfesieseenditgisonent s

and each comeeagfeﬁ.s CHMPIE M tankiJs éal@zéfpet&wﬁ? %.ﬂh@lgggal &ﬁéhﬁse‘??l"t@@%tsed
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is divided field & fatser&ndyhvera‘snceaﬁ evegenasfield it tiee,graerecolodes uaeﬁfcgm&_d to
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f st K. i al - i ; . t hat
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t | P
Paci 11 0 'Sy mmost (iepuisgRyng e RBh BY Bbld e Rebls SMphaB1, el Tnbdfihe. | 7 o
nmodi fi ed t cJigRiay by the maans o &9 aﬂdndcqn MP(P'N'W ¢ick to @POW"‘ thestadebe t hese
nodi ficati ogw E&lrﬁ\%md Tarr@ﬁ@c?l%és As . ddiped. ﬁel.muéaahuam ?oségklhftdup%tr%i a set

of pat hways ét he f ticles, interactions, option y nol ecul es,

delta-arti cf éAK%rﬂPeraZ'?“ﬂeCF‘%céQﬁeﬁt'@rﬁé'ﬂ“@ﬂ%?" ef aly h@f?Jéﬁﬁstﬁr dee!sfor Hae
concept ual c(rdéiloha)vvﬂfaﬁé&hoﬁOrahﬁsrlagrﬁlgulﬁﬁbnt of tiiétabdleg pemvayeprasentratiien. Then

co- or di Gt cOTPER LA RRsREPPG: APS4Paliet the nodes 0 Y
A menu is also added to BioJAKE to allow the user to invoke the additional
("large-scale”) manipulation operations provided by the BioKleisli-Graphs module.
Note that the "small-scale” manipulations of the BioKleisli-Graphs module are
already available in the original implementation of BioJAKE disclosed in Salamonsen |
20 et al, "BioJAKE: A tool for the creation, visualisation, and manipulation of metabolic
pathways”, Proc. Pacific Symposium on Biocomputing, 392—400, 1999.



are then djsplayed according to these prelimnary x-y co-ordinates. Arrowed
lines are then drawn to represent edges connecting the ggg rI§20635cc0rd| ng to
the graph. An 12 AEHI 2005 WD 02/ 33590 PCT/ SGO1/ 00217 ArTowed line is
| abel | ed wi P %P3s sign (+) if the edge - type field S ¥EEYRHing to
that edge is "inh| bit" and is labelled with a mnus sign (- ) ot herwi se. |f
the is- newinteraction field of that edge is true, red colour is used for
that line, as a neans to indicate that®this line is a new interaction. |f
t he is-newypt@aragtion 5 field is false and the has-newevidence field is
true, greewls used for that Iline, as a nmeans to indicate that this
line is an existing interaction for which there is a new evidence.

Q herw se, ﬁl aclk Gt for @\eqﬁﬁ’kﬁefﬁftoﬁlm disetvery &nd ppestplation |t vidiodieal i s

provi ded, e nodes are di splayed using different graphical icons so that
nodes dendIaTWYﬁﬁ@!Tepmi@et%)f’fﬂbﬂfaﬁﬁ'@@!!ﬂg% and drugs can be differentiated
visual ly. 10 Af above, the user is allowed to
freely nmodify t ni)ﬁt '(qjl‘:eglp% n@%uﬁﬁgeﬁggﬁfge@a? dr ag- and- drop and

poi nt - and- cl i ckfitsy Pf@ceﬁﬁgﬂ tm‘%ﬂﬂstfhésﬁﬁﬂﬂw infarepaiesh 18 OANS SPYRRY " fes as

desired. Hg,i hghﬁgsgg,lcg\@ﬁ@ngo carry out other B| 0JAKE oper at| ons
di scl osed in Sal anonsen et a/., "BioJAKE: A tool for

vi sual i sation, AistiSterasiefieasifesiingAbsRRS logatgd MAIEYIRg QweFﬁeggs qﬂéﬁflafl c 15

Synposi um on Bi Qm%rbwlﬁ%ean‘é@f@r aﬂﬁ@&ng heTstibted absitasts avth extractingi 0J AKE
to allow the user i nvoke the addi ("large-scal e") mani pul ati on

oper at i ons RSFY%A Ef@ff"b&?“et'ﬁ‘é"’& rmaten ?m q@%’ﬁs module. Note that the
"smal | -scal e" Waéttdhws&irlawmeaiﬁs fohaoﬂhg)iﬁb@xsmteﬁmhaﬁmcande are already

ilable i he. ori
20 ot al -, " Bi oJAREY TREToIoT RPTEAL Lyashening 10y Eipeted FIABR dnefpcton amonsen

mani pul at i dnfoahatioat abol i ¢ pat hways", Proc. Pacific Synposium on

Bi oconputi ng, 392--400, 1999. WO 02/33590 30 WE CLAIM 12 April 2005
PCT/ SG01/ 00217 1. A systemfor the routine automatic discovery and
present ati ¢h of Asysteoyaselbimed in claim 1, further including:

editing means for editing the graphical representation and / or enabling
queries and/or links to the World Wide Web to be attached to elements of the

graphical representation.

3. A system as claimed in claim 1 or 2, further including:

updating means for updating the graphical representation at predetermined

intervals by performing the following tasks:

a. invoking means to retrieve and store new abstracts satisfying the given
specification;
b. invoking means to extract and store new protein interaction information

from them; and
c. invoking means to alert the user.

4, A system as claimed in claim 1, in which the display means includes:



pat hways fromonline text abstracts including: input neans for inputting
search criteria; first processing neans for scanning information from
online sources for a match of the search criteria; first storage nmeans for
storing abstracts |ocated matching the search criteria; secomARQO®SSi ng
means for analysing the stored abstracts and extracting precise protein
interaction information fromthem segond storage neans for storing the
extracted information; and di splay neans for graphically representing the
extracted protein interaction information, ystemas clained in claim

1, further inkiBDEEMIGY daeansh@dapiet Qoorh'%ligm nt@et r@a@fﬂla@ime&%ments that

repr esen to the Wrld Wde
Wb to b%%%%gﬁggtdeoﬁiwlgﬁ%&ogeofd FQE%FH ﬁ?eréﬁtﬂfnqrfdr@%bégem ation. 3. A
system as cl aéditiag meanissdapiedto @abﬂ@theh@naphwa n@sagtatlg@d@berﬁgiltﬁémgl for
updat | o\ Dt ARGHEAnd SPIASIOY Wy RUG6 bRl dtehod Y FiodhsniBy
performn FBans to rett Ieve ore new
abstract slesanitsf yi ng the gi ven speci f| catl on; b. invoki ng means to extract
and store new protein interaction information fromthem and c. invoking
means to alert the user. 4. A systemas clained in claiml1, in which the

di spl ay geansAigyetenties: cldidiefinidaiM0fSn vhith g1 exaficting n@fssis adiapteedtot 0

hi ghl i ght the phi cal el ements that . correspond to the ng\}/‘w?/ dj scovered
protein eﬁf@ta&qr@wlwwﬁrﬁfﬁmaﬁ@n BAAd{tey tﬁé%gr%amt@m'en amnaionhe
graphical presentation to be edited and to enable queries and/or links to
the World Wde Wb to be attached to the graphical elenents. 5. A system
as cl a| nBd i nAcimgthadiof providing ipialegicalxpathweys dore gndinestexti apsieacts.otheext r act
Iotmbg; ey me?r%oclﬁl:luhiwgor mation in addition to the protein interaction

a. scanning information related to a selected topic;
b. extracting information based on predetermined criteria;
C. generating an initial graphical representation of the extracted

information, wherein the improvement comprises:

d. providing an updated graphical representation by reiterating a, b and ¢
on new information, not yet scanned; and

e. alerting a user to the presence of new extracted information based on
the new information.

7. A method as claimed in claim 8, in which the extracted information is obtained

using natural language processing.

8. A method as claimed in claim 7, in which the processing comprises rule-
based word pattern matching and is further disclosed in SK Ng, M. Wong, “Toward
automatic pathway discovery from on-line scientific text abstracts”, Genome
Informatics, 10:104-112, December 1999.

9. A method as claimed in claim 6, in which the extracted information is obtained

using a keyword based search.




6. A nethod of providing biological pathways fromon-line text abstracts,
the nmet hod i ncluding a. scanning information related to 1%As%0<3§:t ed topic;
extracting i nformati on based on predetermned criteria, (%eneratl ng an
|n|t| al grab‘gﬂ?é P epresentation of the extracted infor rFért’siGBH herein the
i.mprovenent conprises: d. providing an updated graphical representation by
reiterating a, b and ¢ on new information, not yet scanned; and e.
alerting a user to the presence of newzextracted information based on the
new information. 7. A nmethod as clainmed in claim®6, in which the extracted
information is obtained wusing natural |anguage processing. 8. A nethod as
clained in t0.ai vk Tethad ahictdimehdn pny ees sif apicenpto skhsn rwhieh thewspdatedr d
pattern nat I
automatic p%p L@Qmﬂ{‘ steré}ésE&r om %Egl' ecq]sst'gpte\/?{('f' %Qner{\él 8)'{%% aF%s rtggr\@{é? Genone
| nformati csgraﬂiﬂcal@epresﬂnatlbecenber 1999. 9. A nethod as clained in claim®,
in which the extracted information is obtained using a keyword based
search. , 12 April 2005 WD 02/33590 PCT/ SGOL1/ 00217 32 10. A nethod as
clai med in #Hny &meetbbd ak alairBedintataird, 10i in witichcthe tvisealipdiatiretive maonesietd at i on
IS represe [ i ve manner conpared to the initial
gr aphi cal péehgg’eds&(;ﬁ g%{%%%ri%e%ﬁﬁ%ﬁ%d as clainmed in claim10, in which the
visually distinctive manner is to show a different colour for each update.



