2 3 MAR 2005 WO 02/ 25564 PCT/ SGX0/ 00155 1 5 A SYSTEM METHOD AND, | REACE
FOR BUI LDI NG Bl OLOGI CAL DATABASES US| NG TEMPLATES Fi el d of the KndeNdRodlizo
This invention relates to a system nethod and interface for building

bi ol ogi cal databases using tenplates and particularly, but not

excl usi welegpstso such systens, nmethods and interfacesPEDBGIMMIMOI ogi cal

dat abases or databases for AMC nol ecul es. 15 Background to the invention A
consi der abl e anount of bi ol ogi cal dati\ is available from public and ot her
dat abases. Bi ol ogi cal databases are Characterised by various degrees of
het er ogenej i VA ORf erent views of the biol ogical
domai n;gf'e %%@nggﬁt%wgmﬁ?oﬁti | i se various database
nmanagenent BEJSDENG BIOLQGIGAle DATARASES USENG TRMPBAIES on | anguages; 25
encode data of various |evels of conplexity; are constantly evolving, and
are geographically scattered; Genbank, SW SS-PROTI, and ot her

gener al - purierses thehsati@as, are the main source of biological information,
but they have data entries fromvarious species. 30 There is an increasing
need for specialist databases that store nore detail ed subject- oriented
data, fPNPALIS IndeRribe RaLRS 104 PRk, datibhibass intdifiwe efor Duilding Wologinalr easi ng

need to enabl e dat abase users (for, ﬁg&gﬁl}e resecgrch rs%] to, have the ability
to create daigheses WBwg %Pm_s%@. PR “bd‘_rof)8§ UYL siq cFHoR séfmlﬁ’ase is to
conbi ne O%éﬁo&%ﬁnﬁegﬁ@es\ﬂﬂfw iRuRhbebitaiaakbal @rdajtababar fer @@HCNg

speci al - purpose and subj ect-oriented databases suitable for data m ning
and know emiglecwléscovery. .2 3 MAR 2005

15 Background te the invention

A 'considcrable amount of biological data is available from public and other databases.
Biological databases are characterised by various degrees of heterogeneity in that

they:
20
. encode different views of the biological domain;
. utilise different data formats;
e  utilise various database management systemns;
. utilise different data manipulation languages;
25 e  encode data of various levels of complexity;
. are constanily evolving, and are geographically scattered;
Genbank, SWISS-PROT, and other general-purpose databases, are the main source of
biological infbnnaﬁon, but they have data entties from various specics.
30

There is an increasing need for specialist databases that store more detailed subject-
oriented data; compared to general-purpose databases. There is also an increasing
need to enable database users (for example researchers) to have the ability to create
their oﬁn databases. A commeon purpose for such a database is to combine one's own

35  data with publicly available data for creating special-purpose and subject-oriented
databases suitable for data mining and knowledge discovery.



WD 02/ 25564 PCTI SGOO 00155 2 5 Bioinformatics is a field dealing E'i$hM|ﬁ\R 2005
bi onol ecul ar, related structural, related functional, related clinlcal,

and rel ated bi ochem cal data. A standard practice for reusing databases is
creation of a subset of an existing bioinformatics database (for exanple,
creati ngvaozgsket of Genbank that contains only sw nePSBHGEAEES). 10

Dat abases that encode different views to biological data exist, but they
are heterogeneous and standards for ta integration into an unified

dat abase are lacking (Markow tz and tter, 1995; Brusic and Zel ezni kow,
1999). tenpts to build a wunified bioinformatics database for storing

bi ol ogi cal data have failed to date. 15 Finally, there is a need to create
speci al i st Rieinfirmmtss foorn filld deating swith ddemeleruds relafed fueiyral.s selalpds

Consi deratipon of th ior. art i ol hf or i dat S, lyn et
al., US Pat%‘ﬁ“o a15§§§g‘iifgnﬂgét g?‘ggel Sgéﬂgrcgfa %fogag ' %i%&gﬁr%@%gﬁ §dat abase
sui tabl e f eyt @dtalasdsig craorsefa sitisatgpfsmouxisting bicafomaticndatelmse §osoci at i on
with one or nore projects. The prasent invention provides a system 25 for

1 TGOS

bui | di ng arffaPRice GFeRiPRF FEOFaHEHHETERH A08 BB MBPhisHE SBFAFY nodul es
using gl t i[ﬂt&aﬁsnﬁﬁﬂéﬂ.@éﬂe QAfffeydre Waewsd GodBiblbgival deapis] dmt fhey alat abase
tools. b) Eilbeck K et al., |1SMB199,87-105 is %@i@%&% ori ented dat abase

creat ed t o hefsrespnenss aed siandagdssionfaty mfegration jrfodm; %ep lacking

protein-pr Mlg)vh%ﬁfdaﬁﬂeﬂnf:?%?ﬁnﬁﬂ%ddniﬁéﬁﬁ%@v, n9es). Bltempit @ BGtd #ns from
the data stored. e present 1nvention is a systemfor building databases
usi ng terrplm:im.bitﬁofmn@iwﬂhféb&sbfmﬁmablﬂlq&qabéﬁahﬂﬁlﬁlﬁé@ dffgit are not
restricted to, an object-oriented data design. c) Nowacki et al., Nucleic
Acids Res 1998 Janl; 26(1): 2205 describes a database of nucleotide

vari at iln Ehdlly, thekeksat inoethlo dwbta spodalist dilabasps &wethe samey enbipdrackess 35 a
system f or il di ng.of dat abases using tenplates. 2 3 MAR 201 WO 02/ 25564
PCT/ SG00/ 0¢gent species.

Consideration of the prior art
20  Bioinformatics databases:

a) Maslyn et al., US Patent 5,5953,727 relates to a relational bioinformatics
database suitable for cataloguing and searching sequences according to
association with one or more projects. The present invention provides a system

25 for building and integrating of databases based on combining template
modules using multiple dimensions, or views, to data and templates for
database tools. |

b) Eilbeck K. et al., ISM8199,87-105 is an object oriented database created to
provide scientists with a resource for examining protein-protein interactions

30 and inferring possible interactions from the data stored. The present invention
is a system for building databases using templates. Some of the dimensions
. (views) can use, but are not restricted to, an object-oriented data design.

¢) Nowacki et al., Nucleic Acids Res 1998 Janl; 26(1): 2205 describes a database

of nucleotide variation using a relational data model. The present invention is

35 a system for building of databases using templates.



3 5 Use of tenplates d) Ctuz I F. and Lucas W.T., 1998. Autonati@ 3 MAR 200
generation of user-defined virtual 10 docunents using query and | ayout
tenpl ates. Theory and Practice of Object Systems 4(4), 245-260. An

aut horing, querying, and visualisation framework for nultinedia

i nf or mawicon/2emtri eved from distributed repositories. RSESGOEBApose virt ual
docunents by specifying visually tenplates that contain both |ayout
information and query specification. The present invention is used for 15
bui | di ng bi oi nformati cs dat abases. e) “Thal hanmer - Reyero, July 27, 1999 US
patent 3930154. Conputer-based system and nethods for information storage,
nodel I i ng and sinmul ation of conplex systens organised in discrete
conpartnments in tinme and space. US 20 patent 5930154. An integrated

conput er - bas Syst er t hods, and graphical interfaces, providing an
envi ronment f ?"ﬁ%“@ﬂ%%ﬂgnt of visual nodels of conplex systens organised
in discrete tinme and space conpartnents, used for graphic information
storage and r i e ., Visual | i d i i i f said
conpl ox syt cAbCRRTT BPELEHE W5 PRy ATBAL esitash pr ik Haich difad

bi oi nf qpmati cs deuakasasing ueRedndbygont Templdte Thedny odjReactich af Object

architecture for bionedjcal pert _database.systens. .. hods and
Prograns in Bi ofBERRS %)sﬁﬁﬁgé'sﬁﬁ*pﬁ.mﬁw&cgw %%Cagﬁgl#ag%j ect - ori ent ed
system for dat aRasgufiiddfet bmRmHaR rafidvedn kopl distritmred mpositopies. t Usyst ens. The
present invention can use, but is not _restricted t j

usj ng_an.

obj ect - ori ent edcmsgﬁimﬂfh@cﬂmé%*ém’spmivbﬁ? %teﬂ[g’g"éesf t%ow|%g and use
of bi oi nformati Eﬂ-&%ﬁ R Eciflahidh aBIRSpradet Mv&iRRES ued fg)  Koj i ma
T., Nakata H., @%‘g‘g@ I 1%2@?}:?1 1998. A framework for constructing
dat abadés for sbyibkling Bomformetigsidetabaspst ens. El ectrical Engineering 2 3 MAR
20 WO 02/ 25564 PCT/ S@&0/ 00155 4

¢) Thalhammer-Reyero, July 27, 1999 US patent 5930154. Computer-based
sysiem and methods for information storage, modelling and simulation of
complex systems organised in discrete compartments in time and space. US
20 patent 5930154. An integrated computer-based system, methods, and
graphical interfaces, providing an environment for development of visual
models of complex systems organised in discrete time and space
compartments, used for graphic information storage and retrieval, visual
modelling and dypamic simulations of said complex systems. The present
25 invention is used for building bioinformatics databases.

f) Barsalon T., 1989. An object-based architecture for biomedical expert
database systems. Computer Methods and Programs in Biomedicine 30(2-
3):157-168. This discloses an object-oriented system for database structuring
30 and manipulation for expert systems. The present invention can use, but is not
restricted to using an object-oriented design. The present invention is used for
building and use of bicinformatics databases,

Reusable databases and systems:

35 g) Kojima T., Nakata H., Kawagishi M., Uchara T, 1998. A framework for
constructing databases for supervisoty control systems. Elecirical Engineering



5 in Japan 123(1), 32-42. The proposed framework utilises a 23 MAR 20
gener ati on-based approach and object-oriented franework libraries. The
present invention is wused for building bioinformatics databases. h) Nguyen
3311, Shahar Y., Tu S.W5 Das A K and Musen MA, 1999. 10 Integration of

t enpor alwo essedai ng and t enpor al - data mai nt enance i nt o PETISE0¥RF5e dat abase
medi ator to answer abstract, tinme-oriented queries: The Tzolkin system
Journal of Intelligent Information Sys‘f ens 13(1-2), 121-145. Tzolkin
systemfacilitates the expression of clinical queries to reduce the nanual
data prgcessing; n YSRIR 30U THRARsjoREERhewiekiuilisss 4 frpenmtiowbissdt 0 15
their queries. IS approach is general, facilitates software reuse, and

thus decreases appreachoand effiedsarienipch famewodkohbrapse 186 JresfRt F¥IMOBL uire this
functionality. Tz L0 MyP : Qt%:ﬂﬂ e reuse for generating clinical
queries, whil euf%efgﬁggfsdgl%tdlé%gﬁﬁ%ng amé'lgi tates software reuse for

buil ding bioinformatics-rel ated databases. 20 i) Gennari Cheng H. N.,

J.H,
Altman R B. and Misen M A, .1998. Re Soﬁ@ ; M eqbaped
systens. |nt eﬁhé\tl\é%%ﬁal‘!%bdq‘?‘l g gt’ ﬁbrgﬁl 'rrp%lkér Q:%f%\lﬁes 49(°4), 523-546.

They - dayel oped GEBAidIASE demporah rdaemting end oemporal-fataryainttnance into a

pl at f orm i ndependent, sharabl e, probl em sol yi 25 met.h k edge
bases. The ai m &fusgtle sdafag?ﬁ" a‘P?dlthr woka: iNA a@%& g‘ﬁ‘g}"? el%?d; qrﬂgrgess e r’I?lﬁliese
conponent s acr 035, el orrAd ot HaigelR ToRBaticAIBysRARIO(1L2), 1L On

systemcan, but is not limted to, use CORBA fqr .extraction of data. The
present inventi diolkimpysteam ferditaten dhe prawession of| §linig I‘i“‘?ées(%auc st*Sndar ds.

30 | [ [ s 4 ' o deei t0C. ,
ntegrati %ngﬁmﬁﬁtfﬁ%@%%ﬁ% ke s inbstRBMERARR0 dSeifhar K/ RsWeR to

Tannen, V., ) Kleisli: a digital 35 I|brar¥%c{or
bi omediisal r esedhaithguesies.| Fhie approadhnial ceoera’ fagiliges SPEVARE reyseprat ts 1( 1),
36-53. Kleisli ste I AUET doBSvafC PSSméNthdt| Ryirslahbases 2 3
VAR 20 V10 03/ o5 e of iRl © s§Stems it .h _

functionality. Tzolkin facilitates software reuse for generating clinical queries,

while the present invention facilitates software reuse for building

bioinformatics-related databases.

20 ,
i) Gennari JH., Cheng HN., Altman R.B. and Musen M.A., 1998. Reuse,

CORBA, and knowledge-based systems. intemational Journal of Human-
Computer Studies 49(4), 523-546.  They developed CORBA-based
architecture for a library of platform-independent, sharable problem-solving

25 methods and knowledge bases. The aim of this library is fo allow developers
to reuse these components across different tasks and domains. The present
invention system can, but is not limited to, nse CORBA for extraction of data.
The present invention approach does not necessatily utilize CORBA
standards.

30

Integration of heterogeneous data:
i) Davidson, S.B., Overton, C., Tannen, V., Wong, L., 1997. BioKleisli: a digital

35 Iibrary for biomedical researchers. International Journal of Digital Libraries

1(1), 36-53. Kleisli system enables complex queries across multiple databases



2 3 MAR 201

5 5 and data integration. Kleisli does not specify the systemfor the
user-end data integration using tenplates. The present invention can, but
is not limted to, use Kleisli for accessing heterogeneous data sources
and data extraction. 10 k) Macauley J., Wang H and Goodnan N., 1998. A
nodel swed @mst@ar studying the integration of nol ecul TSGUVWEHF dat abases.
Bi oi nformatics 14(7):575-582. They tried to build a gene data warehouse by
automatic extraction of entries from public databases and di scovered
nunerous errors (up to 20% of entries *were determ ned erroneous by a

single iterion h N1 d: QY [ ,-%p‘% s for
expert gmot atio d%%a??‘géfﬁ%{%' F{llér%‘la} g%ts![n g{‘,«gﬁ{, mat isg:éeclllg'?% ﬁa%%%?% ta(iatgn. 1)
Chen |. M, Koskyntégrtion héimckemiptatesVTM preSméinyeltionagad, Mg gabelglimitedrio, 1998.

Advanced query nechanis for. biol ogi cal t abases, 43-51. This 20
describes a syst“éﬁﬁg’bﬁhfgg‘fcéwzhﬁtﬁr 8‘63025‘? arsoggc%f%%‘ir?g%%fl%o&e

het er ogeneous dat abases usi ng (bj ect-Protocol -Mdel. The present invention
allows integration of tools based on tenpl ates defined for each tool. 25
Data warehousing m Wi O P., Scow K. T., Wng L., Chung S.Y. and Subbiah S

1998. FHgom SEAYRRGRC) 9, Wy ol Cdddhabd B, 20998.6A. niddie] §sRinopekmappgoach to

bi oi nf ormati on. Paci |.(’: Syiposi um of Bi oconputing, 747-758. They have
described a systminggration ofioleonlar kiglogy fatabasesd Biwipematiss 4755 R ®houses by

extracting infor ' f icle o trle@venti on
describes a syst@%ﬂ'géra tob%@?&!%gggagﬁﬁn gsre ti%&%%htca%ggdg grsﬁghdatga

war ehouse by usifrogn publiet datdbases en disceveredrminieraus grratsi (up ta20% of egiiesof t ool s
for use of this datahase. 35 n) Egk . . : : ki J. A,
Bal 1oy W J. . BT MEGE Gfsige ofiyous b FElbelt rionBTRD pGenknenidigiiate

Bi oi nf opsnat i cs. ud08Bickdfldns for k3pat AnididiodGhd WOnoRliRisbto REPNSROBIA0155 6 5
descri be a dat abase .for storage and use of the expressed sequence tag (EST)

data. The presedfdWHU&htion is a system for building databases using
t enpl at es.

1) Chen I.M., Kosky A.S., Markowitz V.M., Szeto E. and Topaloglou T., 1998. .-
Advanced query mechanisms for biological databases. ISMB, 6, 43-51. This
20 describes a system for infegrating tools for exploring multiple heterogeneous -
databases using Object-Protocol-Model. The present invention allows
integration of tools based on templates defined for each tool.

25 Data warchousing

m) Wu O.P., Seow K.T., Wong L., Chumg S.Y. and Subbish S. 1998. From
sequence to structure to literature: the protocol approach to bioinformation.
Pacific Symposium of Biocomputing, 747-758. They have described a system
30 for data integration and building data warchouses by extracling information
from heterogenecous sources. The present invention describes a system for

. building a bioinformatic -database or a data warchouse by using a set of -

templates and integration with a set of tools for use of this databasp.

35 n) Eckman B.A., Aaronson I.S., Borkowski J.A., Bailey W.J.,, Elliston X.O,,
Williamson A.R., Blevins R.A., 1998. Bioinformatics. 1998;14(1):2-13



0) Sorace J.M and Canfield K. 1998 Col | aborative bi oi nformatics: 2dat AR 20(
war ehouses for targeted experinental results. Journal of interferon and 10
Cyt ol dne Research 18(9), 799-802. They descri be a data warehouse that
stores heterogeneous data on neasurenents of in vitro cellular functions
using avoeingk@ data nodel. The present invention is RCEEGEV®WISShpdel for
bui l ding bioinformatics databases using tenplates. 15 D nensional data
nodel p) Bunardzic A, 1995. Dinensional nodelling: beyond data processing
constraints. Medinfo, 8 Pt 1, 520. Thi'S describes the dinensional: nodel 20
focusi ng on the Jknal Gdagyak th @) GYARE J 64 SxprathidRqhes BEI(EST) i ng the
busi ness operations and are the real basis for the decision support and
busi ness anal ydata. Theeresenbiwerttion isagysicorfor buildinggdatshasss vying $cs donai n.
25 Know edge di scovery from databases q) Kol chanov N. A., Ponomarenko MP.,
Frolov A.S., Ananko E. A, Kol pakov F.A., Ignatieva E. V., Podkol odnaya

O A, Goryachkpgsieeyar.fi. Nnd Saefidiekkol998. Collatumtive | biviaformatics: Bd#enko V. V.,
Ponomar enko Y.V., Kochetgv A V., 30 Podkgl od L... Vorohiev D. Vi,
Lavryushev S.V. W@“’P‘g’ﬁo’%‘féﬁrgﬁei\. ?Xpe%?é?g‘aﬁﬂ"%' &"Vﬂa“ I@?I%’ﬂ'e'selrmﬁ_??(dw ngender
E., Soljvyev V. cqftfkide” RedeRich GS0), 790882, Mg glesdridd additabasesusnthatonput er
systens for studying eukaryotic gene expressj.on, Bi ﬁi nfﬁ}rl%ﬁati cs 1999 Jul;
15(7) : 669- 686. mas%amen%%ﬁ“?me%’r%{?@éﬁ 4B Xite Lallylan TupgHORE BIPE o of

| nf or mat i onal agdsh?%?é A Hode€ S HERnORvaRich 1§ of @BkthPinoddl fof bgitdiag

expressi on, navigation through them and di scovery of related know edge.
The present i nvéntaformatiss ditebagessingieneplateem f or bui | ding 2 3 MAR 200! WO
02/ 25564 PCT/ SGOQ 00155 7 5 and using bioinformatics databases based on
tenpl ate use, suitable for know edge di scovery. Brusic V. and Zel ezni kow
J., 199%. Know edge Discovery and Data Mning in

Dimensional data model

p) Bunmardzic A., 1995. Dimensional modelling: beyond data proqessing
constraints. Medinfo, 8 Pt 1, 520. This describes the dimensional:model

20 . focusing on the knowledge of the relevant facts, which are reﬂécting the’
business opetations and are the real basis for the decision support and business

analysis. The present invention focuses on bioinformatics domain.

25 Knowledge discovery from databases

q) Kolchanov N.A., Ponomarenko M.P., Frolov A.S., Ananko E.A., Kolpakov

F.A,, Ignatieva E.V., Podkolodnaya O.A., Goryachkovskaya T.N., Stepanenko

LL., Metkulova T.I, Babenko V.V., Ponomarenko Y.V., Kochetov. A V.,

30 Podkolodny N.L., Vorebiev D.V., Lavryushev S.V., Grigorovich D.A,,
Kondrakhin Y.V., Milanesi L., Wingender E., Solovyev V. and Overion G.C.

1999. Integrated databases and computer systems-for studying eukaryotic gene

expression. Bioinformatios 1999 Jul;15(7):669-686. They describe an

integrated database for integration of informational and software resources on

35 the regulation of gene expression, navigation through them and discovery of
related knowledge. The present invention is the general system for building



Bi ol ogi cal Databases. Know edge Engineering Review 1413) 10 Mar kovm tng Ié{]ﬂI
and Ritter 0., 1995. Characterising heterogeneous nol ecul ar bi ol ogy

dat abase systens. Journal of Conputational Biology 2(4), 547-556. 15 r)
Further references Altschul S.F. and Gsh W (1996). Methods Enzynol. 266:
460- 480 wdaixsah, A, Apweiler, R, 1999. The SW SS- PREFGEU6IEI n sequence
data bank and its supplenment TrEMBL in 1999. Nucleic Acids Res. 27, 49-54,
20 Ballard C., Herreman D., Schau D., Bell R, Kim E. and Val encic A
1998. Data Moddel i ng Techni ques for a \Warehousi ng. | BM Cor porati on,

I nt er nati onal T Oyga s, oaBmyle®CuseCahitiidé NloRt. Benson,
D A, Btgguskl %ﬂ;%&% b1§iﬂ?&ﬂ‘aﬁc” ngtsé?l J.?ﬁme Igtgtte B. F., Rapp,

B. A., Weel er, kndwledgedB@oveBnBank. Nucl eic Acids Res. 27, 12-17. 25 Brusic
V. and Zel ezni kow J., 1999. Know edge Di scovery and Data M ni ng in

Bi ol ogi cal " Dat abases. Know edge Engi neering Review 14(3). Bunardzic A,
1995. Di mensi oanuSWeAﬂdrmezhﬁwad 1699 Xnowddes Disagverc ansDataiMinivg idvedi nfo 8

Pt 1, 520. Davidson, aeONg, L., 1997.
BioKleisli: a dﬁgﬂ*%t?m bﬁeﬁqéff“ffq?% “Bglé"ﬁ?ﬁ’i”%mg?ﬁels'e%?cher s. International
Journaljgof Digital Libraries 1(1), 36-53. Fayyad U, Piatet sky Shapiro G
and Snyth P., 1996. From data_m ning 9% ﬁ H’%% %{scover Magazi ne
17(3), 37-54. FMarkawiz V.M.qug Ritigr Shgl PReCharptgispg he ‘fgﬁP“é’¢f§ ss, Third

Quarter, 1996. st6hs. Jouradllof Cofputhficnal Bidl 4/)'\/\547553661'[ egy-
busi ness. conitec%%ﬁg%ia})%sg% 2 3 MAR 208% WD 02/ 2 5?5251 PCT/ SO0/ 00155 8 5

hjects of the invention It is therefore the principal object of the
present invention to provide a system which

| 15 1) Further references

Altschul S.F, and Gish-W. (1996). _Methods Enzymol. 266: 460-480. Bairoch,
A., Apweiler, R., 1999. The SWISS-PROT protein sequence data bank and its
supplement TrEMBL in 1999. Nucleic Acids Res. 27, 49-54.

.20 . Ballard C., Herreraan D., Schau D., Beil R., Kim, E. and Valencic Af 1998.
Data Modeling Techniques for Data Warchousing. IBM Corporation,
International Technical Support Organization, San Jose, California.

Benson, D.A., Boguski, M.S., Lipman, D.J., Ostell, J., Ouellette, B.F., Rapp,
B.A., Wheeler, D.L., 1999. GenBank. Nucleic Acids Res. 27, 12-17.
25 Brusic V. and Zeleznikow J ., 1999_ Knowledge Discovery and Data Mining in
Biological Databases. Knowledge Engineering Review 14(3).
Bunardzic A., 1995. Dimensional Modeling: beyond datz processing
constraints. Medinfo 8 Pt 1, 520.
Davidson, S.B., Overton, C., Tannen, V., Wong, L., 1997. BioKleisli: a digital
30 library for biomedical researchers. International Jowrnal of Digital Libraries
1(1), 36-53.
. Fayyad U., Piatetsky-Shapiro G. and Smyth P., 1996. From data mining to
knowledge discovery. Al Magazine 17(3), 37-54.
Fisher L., 1996. Along the infobahn. Strategy&Business, Third Quarter, 1996.
35 Booz - Alln &  Hamilton, Inc. <htip//www.strategy-
business.com/technology/96308>.



10 has a framework for relatively fast and relatively effici ent:2a3 MAR 2005
bui I ding of specialist bioinformatics databases for different species using
the same, or a simlar, database structure; and/or b) building specialist
bi oi nformati cs databases for different nolecular fornms using the sanme or a
si m | arwodabsdease structure; and/or 15 c) building f aPETHEEBESr el at ed

bi oi nformati cs databases allowing an arbitrary level of conplexity; and/or
d) selective conbination of private d%ta with public data into new

bi oi nformati cs databases; and/or e) building of data warehouses for data
m ni ng ]z;md know edge di scovery in life 20 sciences; and/or f) enabling of
the building of data warehouses that integrate data with database search
and analysis tools, without a requirenent for a significant bioinformatics
backgr ound 4,2 L. . the Invention Wth the above and ot her objects in
m nd, the ;?Pégcégﬁ |n\]/ﬂevr$t9f18é1 provi des a general system nethod, and
interfaces for building and integrating databases based on 30 conbi ni ng

tenpl ate mpdul.es Usi mul ti ol i ' b BMRide hQyéah atddd

tenpl at es n?‘o‘? %#%&%’Ii"dﬁ%&i“%gf%?%g%@?rlggﬁﬁg\(%ppI i gab?e to domai ns

char actigr i aesh Bymewsiklferrebifively fsbandrelatinely gfficienfl f f erent vi ews to data need

to be combjned for extragtigon. of ipfonnati ; i ion is

from bioi @ &Mﬁlémgc%f? SREEE ﬁﬁ’r“?‘?‘ﬁ’lﬂg“sd%%q%oa%‘%g’é’r@‘éﬁlﬁfeﬁé‘?‘{%‘?i&g{“gﬁmﬁ%nd met hod

may be 35 buidalpe dh8 sitdilaf)/daRbaseBirtxirs;amtiloon and data nmanagenent is based on

2005-viD 02p SsainaCTeSER oIS Shabess frhrey RaseLrshl BiRE, L "
SO provide a

system and neghogdnd a S adthnasd seubfubtd; @bt  creation of bioinformatics

dat abases that concentrate on a particul ar EUbézﬁft .vvithig.
15 ) building families of related bioinformatics databases allowing an arbitrary level of

complexity; and/or
d) selective combination of private data with public data into new bioinformatics

databases; and/or
¢) building of data warchouses for data mining and knowledge discovery in lLife

20 sciences; and/or
f) enabling of the building of data warehouses that integrate data with database

search and analysis tools, without a requirement for a significant bioinformatics

background.

25
Summary of the Invention

With the above and other objects in mind, the present invention provides a general
system, method, and interfaces for building and integrating databases based on
30 combining template modules using multiple dimensions, or views, to data and
templates for database tools. The method may be applicable to domains
characterised by complex data where multiple different views to data need to be
combined for extraction of information. An example application is from
bioinformatics, where multiple databases using this system and method may be
35 built. The information extraction and data management is based on using

templates, each of which is designed for a specific purpose.



and may reuse tenplates related to various views of the wutc uiui ‘Vﬁhﬁaﬁﬁ
Uu..,.y y tenplates subject-related data. The breadth and the deptshvo héllh
coverage of the resulting database nay depend on user specifications.
Description of the drawings 15 In order that the invention may be readily
under st q@rh2@ssdaput into practical effect, there shal PCHSGHEESri bed by way
of non-limtative exanple only a preferred enbodi nent of the present

i nvention, the description being with reference to the acconpanying
illustrative drawi ngs in which: 20 Fi&%re 1is an illustration of the
general c.arrangenent of the present invention; Figure 2 is a representation
of an exanple of the main page of an interface; 25 Figure 3 is a
representation of a second exanple of the main page of an interface;

Figure 4 is a_.representation of ft.he. vi ' f ek Y

dat abase; BSnggﬁpggglpgygﬁpgggﬁgﬁg;#Q%%fﬁ?%gh%@??a?ﬁg§g$§g gg%abase;
Figure 6 i s ageitionésbichifbrmmtiof datimsaiabit goncsutrateconz parfiodarsibjeetarithin t i on and
inplementation of .a tenplate: 35 Figure 7 | A bui | di ng
of a tenpl at e@eﬁiwr@?%% 6?? %%g&%&ﬁ%‘éﬁ%ﬁ %%?&Q%gﬁsgi 1%539%1{&%8 is a
represqgt at i OfpRlt-RIASCENLCRlle Bi6Alth il thiefdept dfahe tevepigatod the sisaiting on;
Figure 9 is an illustration of a graphical user interface for tenplate

bui | di ng; andptat@seangy dependon useg FPECHICHAEat | on of a graphi cal user

interface for the input of paraneters for the main tenplate. 15
Description of preferred enbodi nent.

Description of the drawings

15 .
In order that the invention may be readily understood and put into practical effect,

there shall now described by way of non-limitative example only a preferred
embodiment of the present invention, the description being with reference to the
accompanying illustrative drawings in which:

20 '

Figure 1 is an illustration of the general arrangement of the present invention;

~ Figure 2 is a representation of an example of the main page of an interface;

25 Figure 3 is a representation of a second example of the main page of an

interface;
Figure 4 is a representation. of the views and links of an exemplary database;
30 Figure 5 is a flow chart for the building of a database;

Figure 6 is an illustration of the design structure for the definition and

implementation of a template;

35 Figure 7 is a flow-chart for the building of a template;



The present invention systemuses tenplates for building a databas@ ByMAR 2
| oading data into a structure defined by the tenplates. 20 The general
operation of the present invention is given in Figurel. Data sources can
be external (e.g. "GCGenbank"”, or other databases) or local. Data can be
acqui redvobyzssssvari ety of nmeans: manual ly or by aut on#Or&GAE0assext raction -
for exanple wusing the techniques disclosed in (Davidson et at, referred to
above). Tenplates given in Figure 1 include: 25 a main tenplate that
defines data di nensions and rel evant | s for the target . database;
t enpl at for vani LIRS . : &0 fors ki c tools to be
used foﬁssearchi rﬁﬁ%ﬁ%@?‘% S g?gﬁ%ra%‘?gg%& S%fdafoabéaiglg; and tenpl ates
for search and amakgtiing reports. Tenplates for additional functions are to
be defined and created as required. 35 2 3 MAR 201 WD 02/ 25564
PCT/ SO0/ 00155 11 5 Database buil ding using present invention has two
essenti al el ementguréaisddiestdas ofy graphical er intaficeiyr Empide bibiinghase desi gn
can be fitter divided into nore specific steps: a) decision on the
dat abase content %) selection of the main tenplate and define the main
interfagge page outlay; 10 c) selection of the view, tool, and report
tenpl ates; d) design new tenplates if requjred, d_e) tenplate |inking
Dat a | oadi ng st efFisuse &0 isfan ipstrationof iz ?Se’éﬁ‘}&%gﬁobgheb‘ﬁgg‘ﬂiaoadi ng into
files. These stegﬁmmk$$sﬁﬁﬂﬁ4ﬂﬁ@&ﬂﬁmﬂasing an exanpl e that involves

ry

dat abases exenpl

i5 Description of preferred embodiment.

The present invention system uses templates for bmldmg a database by loading
data into a structure defined by the templates.

20 The géneral operation of the present invention is given in Figurel. Data sources
can be extemnal (e.g. "Genbank", or other databases) or local. Data can be acquired
by a variety of means: manually or by automatic data extraction - for example
nsing the techniques disclosed in (Davidson et al., referred to above). Templates
given in Figure 1 include:

25
¢ a2 main template that defines data dimensions and relevant tocls for the target
database;
« templates for various data dimensions;
e templates for specific tools to be used for searching and analysis of the target
30 database; and

» templates for search and analysis reports.

Templates for additional functions are to be defined and created as required.

35



swi ne | eukocyte antigen (SLA) (Figure 2), and which was used as t?ﬁ3 MAR 701
tenplate for a database of functional imunology (Figure 3). 20 e
contents of the two databases differ, but several tenplates nmay be used in
them both. The tenplate for the main page (Figure 2 and Fig 3) for each
was reusasloz2fbd SLAD nodul es 'Retrieve Allele Info', PRESGIEESEDi t ope
Info', and ' Search References' and the FIMM nodul es 'Di seases',

"Antigens', 'Search F11", and 25 'References' all use the sane famly of
tenpl ates that enabl e keyword searchiyygg. The variations of these tenplates
i nclude optional selection of data di mensions, selectjion of_ the nunber of
out put sent r i Patabase boildieg yngsirkdeat Swentiom haspiwoi epgendinl eleppas: dafabagg AST

search (Altschul and.G.sh, 1996 lﬁﬁge | iR EShore30 ' BLAST
MHC Dat abase¥®! the Jogiing Stg‘%s) ﬁﬁ?a%%egée?@#?flggns AN Bl ast HLA (FI M) .
Q her modul eg,ekiggdepn SLAD and FI MM incl ude nodul es providing physical

maps of genes, sequence alignoents for proteins and DNA, phyl ogenetic
anal ysis, fi ndiﬁh&%ﬁ@%’ﬁé\ﬁﬁ%‘&iﬁ“ﬁ@%i de binding sites, display of 3-D

structure of 'EZ'sﬁ&@ﬁ&?@fﬁ@bﬁﬁ%&mﬂ)lh@%ﬁdd@iﬂm&ﬁixﬂﬁﬁcebhgmgmﬂaierrpl ates for
ot her anal ysis and 35 search queries related to bioinformatics problens can

be add@d and i m} eghestiestiofithe view; inel, archrspost EOPIASary. 2 3 MAR 200' WO
02/ 25564 PCT/ S Oéeg%%ig,g}%%‘ﬁat@k& ad-endpr ef erably consists of an interface
S 1-or da

page, file forrmat storing, and a set of programs that allow data
storing and dath templatedinding The i nterface page. nmay take a standard form

such as, for_e le, . the BLAST interface, widely used for the Internet
BLAST servi cggé??%qm?ehovel such as "|'hyl ogenetic analysis of 10
SLAD, used for fj ndat4 acgpiitiogsandequence conparison. The format of files for

data storing is flexihle,- LI depends on the bioinformatics problem
relatdd to the%éﬁ%ﬁ%ﬂgmé % For SLAD and FOAM some of the files may be
flat files, containing record fields, |labels and delimters, or bin-hexed

files suitable for BLAST searches., 15 The |i.st, .of Sgl es is
gi ven in Tabieess stephwilppe E’Qﬁ‘?“%\lﬁé‘?ﬁ %Wien%?t Vo el HladsEs bRIRAY
swine leukocyte antigen (SLA) (Figure 2), and which was used as the template for a
database of functional immunology (Figure 3).

20
The contents of the two databases differ, but several templates may be used in them

both. The template for the main page (Figure 2 and Fig 3) for each was reused. The
SLAD modules 'Retrieve Allele Info', Retrieve Epitope Info', and 'Search
References' and the FIMM modules 'Diseases’, 'Antigens', 'Search FIMM!, and
25 'References’ all use the same family of templates that enable keyword searching.
The variations of these temi)lates include optional selection of data dimensions,

selection of the number of output entries, or other possible search limiting critexia.

The BLAST search (Altschul and Gish, 1996) templates were used in modules

30 'BLAST MHEC Databases' (SLA) as well as in "Blast Antigens' and Blast HLA
(FIMM). Other modules used in SLAD and FIMM include modules providing

physical maps of genes, sequence alignments for proteins and DNA, phylogenetic

analysis, finding and analysis of peptide binding sites, display of 3-D struchure of
molecules, internet links, and motif searching. Templates for other analysis and

35 search queries related to bioinformatics problems can be added and integrated into

the template library.



limted to these tenplates and other tenplates for other purpose52 r%)M%% 200
devel oped. The present invention allows users to build their own databases
by selecting the appropriate tenplates, maintain the databases, and
annotate new entries. It also allows users to conbi ne sequence search and
anal ysi wa@eks4wi t hin the database. It 20 al so al | owsPEHPGIHASESaccess and
tools to be packaged in a single interface, and brings together the
capacity for a user to build the databases and integrate sequence.

anal ysis tools. Integrated sequence gmalysis tools were previously

avai l abl e. through packages |ike GCG (Cenetics Conputer G oup, Wsconsin,
USA) bat these packages do not enable a user to build databases; they only
enabl e user to,cre 25. 1 ndi vi | sik@ef i | €s and
access t hem t hf'dGGR a%’l%%gmg& %#ﬁéei‘g&fnaglrres. ﬁ’gggiﬁé%ﬁ?ﬁ?ﬁigﬁ?i on 511 ows the
bui | di ng of Xidei sf of grograms dat allovadath siesieg and\data setdevab Tbp bieréace page dat abase

structured to facilitate. anal ytjcal. tasks at lpnal

pur poses. Th‘éalb?ggéﬁ'{an‘iam g‘mq %‘ﬁh B d%x D], éh cfﬁlgér%rf\;\%?%ﬁ?% r‘ﬂgﬂ? ﬁ%‘%&rzg

bi oi nf or nat i e HAMIERUSESSD Yer¢ios bihagba ndvel sichgs Shiylogenetic mmlisitia a vi ews
Knowl dfige.  (FlskiBuii or BRI SaEToKEBTPRRED Tie et st n @™ "0
Know dfge :

non-trivial s'%r&%q§ﬁeﬁﬁle-ii%ﬁ:géﬂdfs)bh'ﬁib Biglomati\Rbbler Qdla8d toahd questi@ ul , and

under st andabl e patterns i ata. 35 Data warehousi ng has ,not gg%i ously
been descri basked. FobSbARfasd FEMMsomy gbthe files mapba/fat fHlesp sonigiips ro8K64 5 13

Tabl e 1 PCT/ [ - - O nerand 1ok
av’ € SN0 3R il §oRHACkdN BB RGBS TIEAGANd |1 nki ng

dat abase con nks to other sites Information a
eDi spl ayi ng dat abase i nfornmati on ReportTenpl ates for various reports

prod u%g dasr ei‘H‘la. Elgt (3'f possible templates is given in Table 1. The present invention is not

Jimited to these templates and other templates for other purposes may be developed.
The present invention allows users to build their own databases by selecting the
appropriate templates, maintain the databases, and annotate new entries. It also
allows users to combine sequence search and analysis tools within the database. It
20 also allows database access and tools to be packaged in a single interface, and
brings together the capacity for a user to build the databases and integrate sequence.
analysis tools. Integrated sequence analysis tools were previously availablc through
packages like GCG (Genetics Computer Group, Wisconsin, USA) but these
packages do not enable a user to build databases; they only enable user to create

25 individual sequence entries as separate files and access them through lists of file

names.

The present invention allows the building of bioinformatic data warchouses. A
data warchouse is a database structured to facilitate analytical tasks, rather than
30 operational purposes. The present invention provides the framework for building
bioinformatics warehouses by combining and integrating various data views and
analysis tools. Data warehouses are commonly used for performing Knowledge
Discovery from Databases (KDD). KDD is defined as the non-trivial process of
identifying valid, novel, potentially useful, and understandable patterns in data.

35 Data warehousing has not previously been described in bioinformatics.

Table 1.



dat abase queries ListsTenplates for various lists produced as rezuﬂtﬁm@f?ﬂ[g]ﬁ
dat abase queries Keyword searching | Search the database content by keywor
Keyword searching 11Search the database content by keyword with predefined
search limting criteria Sequence notif Search sequences for presence of
noti fs syolzgesfyence sear chi ngpatterns BLAST sear chi ngB€asei/@Eiice dat abases
usi ng BLAST Multiple sequence Alignnment of nultiple sequences fromthe

dat abase

al i gnment |

Mul ti pl e sequence Alignnment of nultiple sequences from

t he database with a alignnent |l queryjgequence - Analysis of inter-allelic

or

I nt er-speci es sequence Phyl ogenetic analysissimlarity using hyl ogenetic

anal ysiss Active site analysis | ConpdFapdeJof active sites fromnultiple
sequences fromthe database and displaying of nultiple active sites
Conparison of. active sites fromrepresentative sequences Active site

analysis Ilfromthe database and froma query sequ yi ng of
mul ti pl e [acti v&emiplates Physilcal nmapDi spl ay pRYRetionl genetic nap andl al | ow
extract i oMaih phger t her i nf or idefinimg abg linking dat tesh o
nmodel sDi §pligkgs 3- di mensi ondlinteteidotks teeothwrddéss of nol ecul es Mit ati ¢nDi spl ays
al i ed sequeRaRationa@apent s of| Digplayiny datbasednfoasatidar i us dat abase Al l dws
sear chi ng ENces Trom V3riemiphissefyevaiont asrat podated bas esulle.of |
non-redundant am no aci ds ¢ mqwies 7
Lists Templates for various lists produced as results of database
queries
Keyword searching | Search the database content by keyword
Keyword searching I Search the database content by keyword with predefined
search limiting criteria
Sequence motif | Search sequiences for presence of motifs and sequence
searching patterns '
BLAST searching Search sequence databases using BLAST
Muliiple sequence | Alignment of multiple sequences from the database
| alignment I _
Multiple sequence | Alignment of multiple sequences from the database with a
alignment II query sequence :
Phylogenetic analysis Analysis of inter-allelic or inter-species sequence
similarity using phylogenetic analysis
Active site analysis I Comparison of active sites from multiple sequences from
the database and displaying of multiple active siies
Active site analysis I Comparison of active sites from representative sequences
from the database and from a query sequence and
displaying of multiple active sites
Physical map Display physical genetic map and allow extraction of
further information by clicking the objects
Structure models Displays 3-dimensional structure models of molecules
Mutistion Displays aligned sequence fragments of variant sequences
Varius database Allows searching sequences from various sequence
templates databases (e.g. non-redundant amino acids database,
Swiss-Prot/TREMBL, MHC databases eic.)
Formatted file download | Downloads sequence files in various formats (e.g. Fasta,
zip, tar)
Genomic sequence Searching, analysis and display of genomic sequences
Automatic update Automatic updating of databases
Expert update Updating of database by human expert _
Ammotation 1 New data annotation by automatic data extraction
Anmotation I1 New data annotation by inspection by human expert
Prediction [ Prediction of sequence structure, function, regions,
domains ete. of database entries
Prediction 1T Prediction of sequence structure, function, regions,
domains ete. of database entries and query sequences




Swi ss- Prot/ TREMBL, MHC dat abases etc.) Formatted file downl oadDownhogd®aAR 200!
sequence files in various formats (e.g. Fasta, zip, tar) Genomc
sequenceSear ching, anal sis and display of genom c sequences Autonatic

l'j pdat eAut omati ¢ updating of databases Expert updateUpdating of database by
human expeninzsééanot ati on | New data annotati on by aut on®CIEGHH0ESSext racti on
Annot ati on Il New data annotation by inspection by human expert Prediction

| Predi ction of sequence structure, function, regions, donmains etc. of

dat abase entries Prediction IIPredictijg#n of sequence structure, function,
regi ons, donmins etc. of database entries and query sequences-2 3, MAR 290!
WO 02/ 255@kqiehePhiBEno 00 1 Tsnplapsdordeols SorserueneesmppIse®es for tadls for
sequence [conpamemghies’ enpl 4t esFuncti on Ml t Fphetionequence Tenpl ateg for

tool s for[ yasipleRbfica@AUENCE Tehiphtdsifoosls formpaiiple ssqudeea canpargFanpl qtes for

dat abase scg%&l;goﬁg usi ng various sequence conparison, pattern, notif,
profile, g BhETTar Sear ChegnplilsUbt afidiae sarhit wibpakishescquéeat ed to
anal ysi s |of "evoFuti onary re!c@hb%mpa&cﬁ,%ﬂﬁﬁpmwﬁmgﬁﬁm@t eg for
conversi g9 ey Byad! TR nif e aelated th [ydis Bf IOl aMYy 38lakiismipE Unct i onal

si t esTenmiat €S-0t Searchi Mo Al (A @l Yodversin R WaQols foHit asioetated |t €S
Motifs anﬁ&&ﬂtd?tﬁ?}f%‘}ﬁgl at es ﬁ blg}ggiglmr g.,and analysis of various|notif
Si t es and-seguense—dorains ay— OB i ' ] of
resul ts dffaehgnalsitssq Si::;pias or scarcliing anc
Motifs and domains Templates for searching and analysis of various mofif
sites and sequence domains

Display forms Various graphical displays of results of search and
analysis

Data mining Termplates for various tools for data mining

KDD Templates for various tools for knowledge discovery from
' databases

FIMM and SLAD utilise dimensional modelling, which enables users to form
multidimensional views of the relevant facts which are stored in a ‘flat’ (non-
structured), easy—to—compréhend and easy-to-access database. Relational modelling

10 appears too rigid to provide efficient exiraction of data for analytical processing
needs. Another alternative approach, using the object-oriented modelling can deal
with complex data structure, but is difficult to build and has highly structured data.
At the core of the dimensional modelling are fact tables that contain the non-
discrete, additive data.

15

The multidimensional views of the FIMM database and their links are shown in
Table 2. Data from various views in FIMM are linked, providing the ability to
produce series related reports. The links of the FIMM database are given in Figure
4.

20



anal sis Data miningTenplate s for various tools for data m ning 2005
KDDTenpl ates for various tools for know edge di scovery fron1dataga§eyA§

Fi MM and SLAD utilise dinensional nodelling, which enables users to form
mul tidi nensional views of the relevant facts which are stored in a 'flat’
(non- swoeimgad), easy-to-conprehend and easy-t o- accBeESAKE@bASeE.

Rel ati onal nodelling 10 appears too rigid to provide efficient extraction
of data for analytical processing needs. Another alternative approach,
usi ng the object-oriented nodelling deal w th conplex data structure,
but is difficult to build and has highly structured data. At the core of

t he di gensional nodelling are fact tables that contain the non- discrete,

additive data. 15 The nul tidi nensi Jepews of the FI MM database and their
i nks are shown in Table 2. Data romvarious views in FlMare |inked,
provi di ng—the—abty—to—produce ries lcmeu reports—Thetinks of the
FI MM dat abase—-are—giver—fn—+-gt o Diprens) NS, 9 J‘%R—Z“B@E—Z@—@-ZH&S&A-'S 15
Table 2 H@FPS&)O’ Y oOLE *ﬂeﬁenm owot ei nP¢ 8!SF%F§§M-ICD| M€ sour cas
anti gens |ABHEETS DPM t eFit¢—NareSequen W-t hors
ID 1D D 1D
Date Date Date Date Title
Name Sequence Name Name Authors
Aliases MHC Aliases Aliases Journal
Features T-cell epitope | Sequence Etiology Links
Sequence Naturally Disease assoc. |Disease assoc. | -PubMed
Links processed Binding Links
-Peptides Peptide binding | pockets -Protein
-Diseases Links Binding  sites|antigens - |
-Sources -Prot. antigens | CD8 -MHC
-SwissProt -MHC . Binding  sites| -Sources
-Genbank ~Sources TcR -OMIM
-MHCPEP Alignments -GeneCards
-SYFPAETHY |Sources -Genatlas
- HIVdB Links
- SWISSPROT | -Peptides
-Diseases
-IMGT
database

Database building using the present invention may be a multi-step process. It preferably
10  consists of template selection, template storage, template building, refinement (if
necessary), and integration of the templates into the database.

The process of database building is given in Figure 5. The general template design
structure is given in Figure 6. The process of building individual templates is given in

15  Figure 7. Examples of various graphical user interfaces are given in Figures 8, 9 and
10.

Each database may have at least three dimensions selected from the list consisting of,
but not limited to, sequence steuctural data, sequence functional data, gene expression
20  data, protein expression data, relevant pathology associations, evolutionary data, data

on biologically active sites within biomolecular sequences, data on biochemically



Al i asesMHCAI i asesAl i asesJournal FeaturesT-cell epitopeSequenceEti ol ogyLi nks
SequenceNat ur al | yDi sease assoc. Di sease assoc. - PubMed 2 3 MAR 200
Li nkspr ocessedBi ndi ngLi nks - Pepti desPepti de bi ndi ngpockets-Protein

- Di seasesLi nksBi ndi ng sitesanti gens -Sources-Prot. anti gensCD8- VHC

- SWi ssPwmaj e2ikKé4 . Bi ndi ng si t es- Sour ces - Genbank- Sour c e $TT/RGWACMS

- MHCPEPAI i gnnent s- GeneCar ds - SYFPAETHYSour ces- Genatl as - HI VdBLi nks -

SW SSPROT- Pepti des - Di seases -1 MGTI dat abase Dat abase buil di ng using the
present invention may be a nulti-steggurocess. It preferably 10 consists
of tenplate selection, tenplate storage, tenplate building, refinenent (if
necessar y hetivan ditdsNivetina bicvleilar rrequeangs) phamnacologictlh dataa pad Ssguenth e process
of dat abase bUieLogi nqﬁi s given in Figure 5. The general tenplate design

st ruct ur e PRESIRS WAHS-F gure 6. The process of buil ding i ndivi dual
tenplates is given in 15 Figure 7. Exanpl es of various graphical user
interfaces are given in Figures 8 9 and 10. Each database may have at

| east t hr g ndinpefs toFigusd), éettegs fmbam t he |i st consisting of, but not
limted to, sequence structural data, sequence functional data, gene
expression 20 data, protein expression data, relevant pathol ogy

assocCigt i QNSgelcY Plbit dOBRDMted Tt adisr lisnofhienphtisdalbe \integhied dnteithes wi t hi n
bi onol ecul ar sequences, data on bigchemcally 2 3 MAR 200 WD 02/ 25564

PCT/ SG00/ 001dpabas. Refex tq FigweSitorte Ui n bi ool ecul ar sequences,

phar macol Qgi s%&L: ﬂgeaste’?‘of s@ﬁgtea REMRARESror the database;
complete the specifications for each template. Each template consists of a set of
sub-specifications (refer to the Figure 6). Further details of this step are given in
15 . Figure 7. Refer to the Figure 9 for the GUL;

e store the specifications and other required information;

. integration is then confirmed and specifications corrected if necessary; then

e conduct integration and building of the database based on the information collected

from the storing step described above

20
In Figure 6 there is shown the design structure for the definition and implementation a

template. Each of the templates may contain the full set of sub-specifications, ora
partial set (i.c: not all templates will have data input-output).

25  To refer now to Figure 7 the user interface for the template is usually a HTML page
which collects the input parameters from the users. An example is given in Figure 10

for the main template.

The source and the format of the input data for the template are then specified.

30
Since the input data will be in heterogencous formats, they may need to be reformatted

before storing into the database. The data output format refers to the format of the

stored data records.



patterns and notifs. To nowrefer to Figure 5 the steps are to: 1P 3 SéAR@p
a set of tenplates froma nmaster list of tenplates to be integrated into

t he database. Refer to Figure 8 for the GUI; store the set of selected
tenpl ates for the database; conplete the specifications for each tenplate.
Each t en @essgonsi sts of a set of sub-specificati onBCT/E€H@#P1350 t he Figure
6). Further details of this step are given in 15 Figure 7. Refer to the
Figure 9 for the GQU; store the specifications and other required
information; integration is then confjimed and specifications corrected if
necessary; then conduct integration and building of the database based on
t he i nkor mgb ifenA Wil e redrd fo dendispiayed by ithe tesipdgte dBer piobesgingidvier0 | n
Figure 6 there is show the desi structure for the definition and

i npl ement éPqCGﬁf’daTh‘t@fﬁﬁ%f}’@atﬁa@ﬁgcﬂ?n'%ﬁgﬁ?g%?%t es may contain the full set
of sub-specifications, or a partial set (i.e.- not all tenplates wll have

data input-output). 25 To refer nowto Figure 7 the user.interface for the
tenpl at e The tenludridythe praveduresde de uggd;te proces (tasdata ?Iﬁg‘ef‘ﬁﬁ?ﬂﬁ%a?ﬁﬁ‘fgf’grs from

t he users n_ex ' ' | | HatidnO4s 4 keupdhe syqemltaére. The
source an&oc\é\sh%e %%%%%#h@%gﬁggog?g&ﬁ#ﬁaﬁe tenpl ate ge t hen

speci flbed geatSi teeitidpeationplogicdeft the\ipmplatgewith ather demplaise e 87 Bt s, t hey
may need to éeformatted before storing into the database. The data

out put foPPFé’%‘ia ™%s to the format of the stored data records. 2 3 MAR 20
WO 02/ 25564 PCT/ SG00/ 00155 17 5 The format of the record to be displ ayed
by the tenplate_after prgltl: sing i§ then specified. The default format is
based on tihe serefficationsste | ﬂ?ﬁfé‘"{‘@‘&}e@- and the procedures to be used to
process the data are then specified. A set of tools serves as a naster

copY flgr tl“?g%ret: g gllmv\?spz? grla]];lllga? Eisl;e? nn:;tggacgJl forr%lse"{le&lj)lattegglea}/o?f S tgr%%ﬂical user

interface may have a first polygonal area and a plurality of contained polygonal areas
and/or textual links within the first polygonal area; the contained polygonal areas
including at least one second polygonal area to enable available templates to be listed,
and a third polygonal area to enable the selected templates to be listed. The second

20  polygonal area can display titles of selected templates, and the third polygonal area can
specify the data to be entered on the database.

A fourth polygonal area may be provided for specifying additional data to be entered

on the database. The second polygzonal area may be in a plurality of segments, with
25  there being one segment for each template title. The first, second, third and fousth

polygonal areas are preferably rectangular, as are each of the plurality of segments.

The template shown in Figure 10 shows a preferred form of a graphical user interface
for the specification of the input parameters for the main template. It has a first
30 polygonal area which contains a second polygonal area for displaying a list of
selected templates, and a third polygonal area for specifying the data to be entered on
" the database. - o ‘

A contained fourth polygonal area for specifying additional data to be entered on the
35  database may also be provided. The second polygonal area is preferably in a plurality
of segments, there being one segment for each template title.



10 generates the integration logic of the tenplate with other ten&raeﬁmR |
based on the specifications. The specifications are finally conf 1g]
Figure 8 shows a graphical user interface for the tenplate selection. The
graphi cal user interface may have a first polygonal area and a plurality
of cont wiowedsseel ygonal areas and/or textual |inks wi PEI/BGHEISE| st

pol ygonal area; the contai ned polygonal areas including at |east one
second pol ygonal area to enable available tenplates to be listed, and a
third pol ygonal area to enable the seagcted tenplates to be listed. The
second 20 pol ygonal area can display titles of selected tenplates, and the
third pol ygonal area can specify the data to be entered on the database. A
fourth po e aedickiaafdhs, gat a to be
ent ered bﬁg gﬂﬁéﬁﬁ%a%e Segégégcondg%% ygoﬁaﬁgg¥g£&ﬁay be |%ﬂa plurality
of segnentfe th¥bdgherts. Hoererpeherghaes meydrused, fdesitedch tenpl ate title. The
first, second, third and fourth polygonal areas are preferably

rectangular, as are each of the plurality of segnments. The tenpl ate shown
in Fi gur e piRs8 ewsandGel o ieiblite buildihg amreapmﬁa—srof‘u?@resisr@érmai@e for the

specification of the input par ters for the main has a first

30 poIIQQOMﬂﬁﬂéﬁﬂmW%ﬁfeg‘? Y secamghlat APPSR ne Eg‘%{g‘ﬁ ormJg"S spl ayi ng a

list of  SRk&Ckedsd gr@i‘%lrzﬁﬂye&ctaﬁ@ﬂaxa 'Iﬂnhlﬁ&gicmémgmails aseddo ‘s&iectﬂpem fying the
d

data to be entere he dat abase. ont ai.ned four.t onal area for
speci fyi ngexadate,tandﬂimSed%ndaﬁﬂil@ns@a@ﬁﬂse‘iséétq}ﬁtf]ﬁé“ %C’ﬁﬁ'{‘}ﬁ‘% y al so be

provi ded. tThg teg@ ;id pol ygonal area is preferably in a pl uraI ity of
segnent s, # i Ng one segnent for each tenplate title. 2 3 MAR 201 5 WO

02/ 25564 PCT/ SGOO 00155 is It is preferred that the first, second, third

and fo rt onal , ar r ﬁ%nﬁgﬁﬁﬁﬁgﬁf However ,
ot her 1 M‘%@ B‘g’e&fﬁc é"[s*?’ge‘%g %‘?Jersgﬁon owsntet he GU for tenplate
bui | di ng thd.prk@ntxheeﬁdhstwﬂllﬁ@dm@o&baﬁhpsqsiﬂﬂqfimﬂmemgh&ymglﬁmbol ygonal

area, preferabl rec ul ar, ., and {0 mWhich are
al so pref ¥AHH} ‘é\'ﬁﬁ o5 i the, spepific g fa@gn |ne area |s Fised to sel ect the

the present mvenhon




tenpl ate, and the second contained area is used to list the
sub-specifications of the tenplate selected. 15 Wilst there has %:egerMAR 20
described in the foregoing description preferred enbodi nents of the
present invention, it will be understood by those skilled in the technol ogy
t hat magyo o2wdgssat i ons or nodi fications in the specifi ®@#86840855may be nade
W t hout departing from the present invention. 2 3 MAR 20 WO 02/ 25564

PCT/ SGOQ' 00155 19 5 The Cainms 1) A conputer systemfor creation of at

| east one bioinformatics database, otfigr than creating subsets of an

exi sting database, wherein: a) the bioinformatics database has records that
conpri ge SFeWERime: records using a 10 di mensi onal nodel identifying at

| east one viewto data, b) a user interface allow ng the extraction of
information and analysis of data in the bioinformatics database, and, c) a
library ofjyre- usahhsidrafRbties crkfionastat Mastsdrien yiohtfommetivy dntdbase, piter

bi oi nformatics database. 15 2) The conputer s¥st_em of claim1, wherein a
new structure thencrastngsubies of snaxisting dafahase, AT Win e produced by combi ni ng

tenpl ates.,3) gﬂm EYPhR Mo Fectidaithht bompfiRsBidtnfeedttl tsigsa ar e added

to the at eas;mené oneaﬁﬁrso! nf pr'rraatiegs dat a_basg‘iﬁt new entries being

| i nkediOby usi ngimgniimnel medshiskentifing aiileash opgigitedatayst em as claimed in claim

1, wherein.a new str | %‘E}Rﬁ’ i gatahashacas ob8aeigat ed by

conbi ni ng%enpﬁé?%rs’?yeg%ﬁg%%v&vgﬁ P?es ap&;{ agged to the gt Ioeast one

bi oi nf or mat.i cs tigkdicihfsmaticstdatabase; andf ri es being |inked by using update

tenpl ates. '5) The conputer stem of. cl ai i : LS used to
5901 P APFE PEE HabR B (o Gxfibying BT B b BichERe

produce SES.
database.

15
2) The computer system of claim 1, wherein a new structure for the bioinformatics

database can be produced by combining templates.

3) The computer system of claim 1, wherein new entries are added to the at least
20 " one bioinformatics database with new entries being linked by using update

templates.

4) A computer system as claimed in claim 1, wherein a new structure the
bioinformatics database can be created by combining templates; an new entries
25 are added to the at least one bioinformatics database with new entries being

linked by using update templates.

5) The computer system of claim 1, wherein the system is used to produce
bioinformatics data warehouses.

30
6) The computer system of claim 1, wherein the at least one bioinformatics

database is used for the purposes selected from the list comprising one or more

of knowledge discovery and data mining,



6) The conputer systemof claim1l1l, wherein the at |east one bioinf rmgzu
dat abase is used for the purposes selected fromthe |ist conprisi ng

nore of know edge di scovery and data mning. 2 3 MAR 20 WD 02/ 25564

PCT/ SGOO' 00155 20 5 7) A conputer systemas clainmed in of claim1, wherein
the bi o @emui cs database is selected fromthe |istBCHEGHNESNng

i mmunol ogi cal dat abases and WMHC- nol ecul es-rel ated dat abases. 8) A conputer
systemas claimed in claim1l, wherein there are at least three 10
different views to data. 9) A conputep systemas clainmed in claims8,
wherein there is a first viewto data which is a nucleotide or protein
s;aquenge mlt h Qaad,xﬁplaérn@jtsaﬁﬂ an.clafed G of fﬁfdﬂptbl &ﬁe@yls%nbla@f%maﬁ%dhi nf
claim?9, erein there are on subseque ' ach o

whi ch cont ai nsd§@$%é%tse£?ﬁ@3%%%?%ﬁ$%Fo'. "(‘)Sﬁnc'l-lt lg%‘tl%&eo%ys\%lqgée}%%e of the first
view, the secopfjenfhiculsesisedtiaviaens being sel ected fromthe list
conprising structural data, functional data, peptide data, references,

di sease associ ation, gene expression, relevant pathology 20 associ ati ons,
evol utionggy dat g, @@ﬁaﬁ 2L Efainied B £18i%n J2bRereRNNEITRROI20 Masaiireedat a, and
bi ol ogi cal™” pat hways. 11 conputer systemas clained in claiml, wherein
each kooi nf or miitfecent divwalbadata. has at | east three di nensions selected from
the list consisting of sequence 25 structural data, sequence functional
data, gene expression data, protein expression data, relevant pathol ogy
associ ati @ys, avaimputasastym dachimabineldn 8, whetebyther|is § fisg Vieyetostatdes wi t hi n
bi onol ecul ar sequences, .dat.a on bio 1 : L ites within

bi onol ecul ar s ﬁ%:%g‘,’clﬁﬁgf’ %Br(#%bngﬁ% gg%ﬂcggaitlg}ﬁasécg%gfég%ﬁ patterns and
notifs, and biol ogical pathways. 30 12) A nethod for creating nultiple

rel ated bioi nformati cs database

. her .t.h ' ot
dat abd§es, 10} ncAugpmputer §¥ﬂ%laéc'§élwgadg:ﬂma? ’ec??lp?%inle?gresggsgg&dogmﬁm sting

subsequent views to data each of which contains at least one view in relation to

the sequence of the first view, the second and subsequent views being selected
from the list comprising structural data, functional data, peptide data,
references, disease association, gene expression, relevant pathology

20 associations, evolutionary data, MHC data, active sites data, pharmacological
data, and biological pathways.

11) A computer system as claimed in claim 1, wherein each bioinformatics database
has at least three dimensions selected from the list consisting of sequence
25 structaral data, sequence functional data, pene expression data, protein
expression data, relevant pathology associations, evolutionary data, data on
biologically active sites within biomolecular sequences, data on biochemically
active sites within biomolecular sequences, pharmacological data, sequence
patterns and motifs, and biological pathways.
30
12) A method for creating multiple related bioinformatics databases, other than
creating subsets of existing databases, including: '
a) selecting a main template;
b) defining a main interface page outlay;
35 ¢ establishing a library of re-usable templates to enable a structure for the
bioinformatics database to be established; and



b) defining a main interface page outlay; 35 c) establishing a Iipgarwpbﬁofzﬂg:
re-usabl e tenplates to enable a structure for the bioinformatics database™
to be established; and 2 3 MAR 200! WO 02/ 25564 PCT/ SGX0/ 00155 21 5 d)

i nking the tenplates. 13) The nethod of claim 12, wherein a new structure
for thewpe»isarmati cs database is produced by conbi RCHGGHEMBISat es. 10 14)
The nethod of claim 12, wherein new entries are added to the at |east one
bi oi nformati cs database with new entries being |inked by using updated
tenpl ates. 15) The nethod of claim 123 wherein a new structure the

bi oi nformatics database is 15 created by conbi ning tenpl ates; and new
entrie§ amdp adiieking thettémaplates.| east one bi oi nformatics dat abase with new
entries being |inked by using update tenplates. 16) The nmethod of claim
12, wherein the nethod is used to produce bioinformatics 20 data

war ehouseq3) 17¥hd hiseth®t bpdlarh 11, awierdifl, a wher giucturh domtthd bisinfompasics

bi oi nformati cs database js  used faqr fhe. purposes selected fromthe |ist
conpri si ng oned#rbasp} CG%WO%WGP’?&%‘?%W and data mining. 25 18) The
met hod of claim 12, wherein the bioinformatics database is selected from

the list conprising.inmunaol ogical_ databases and NMHC- ol ecul es-rel at ed
dat abd@es 1480 Tby mRtkodned ¢loign &2, Whetpim bW exfpes, ¥P r?dg‘ﬁg?%ﬁﬁraet ?S{ °8%st three

different views. epdiat etfrie§ | Winp 1BkedWeT iy tupdatedi s a
first view to@?@oﬁ%ﬁ@sﬁ% wggllgggfi de gr protein sequeﬂggcedp\?vi th basic
annot ati on. 35tediplatdhe net hod of claim 20, wherein there are second and
subsequent views to data each of which contains at | east one viewin
relation to the sequence of the first 2 3 MAR 20 . L

15)  The method of claim 12, wherein a new structure the bioinformatics database is

15 created by combining templates; and new entries are added to the at Jeast one
bioinformatics database with new entries being linked by using update
templates.

16)  The method of claim 12, wherein the method is used to produce bicinformatics
20 data warehouses.

17)  The method of claim 12, wherein the at least one bioinformatics database is
used for the purposes selected from the list comprising one or more of
knowledge discovery and data mining,

25
18)  The method of claim 12, wherein the bioinformatics database is selected from
the list comprising immunological databases and MHC-molecules-related

databases.
30 19)  The method of claim 12, wherein there ate at least three different views to data.

20) The method of claim 19, wherein there is a first view to data which is a

nucleotide or protein sequence with basic annotation.

35 21) The method of claim 20, wherein there are second and subsequent views to data

each of which contains at least one view in relation to the sequence of the first



WO 02/ 25564 PCT/ SG00/ 00155 22 5 view, the second and subsequent vge%/jb 2
being selected fromthe Iist conprising structural data, functiona ti%R J
pepti de data, references, disease association, gene expression, relevant
pat hol ogy associ ations, evolutionary data, MHC data, active sites data,
phar macstoo@izesk dat a, and bi ol ogi cal pat hways. 10 22) PAHeGH®156d of claim
12, wherein each bioinformatics database has at |east three dinensions
selected fromthe list consisting of sequence structural data, seguence
functional data, gene expression datagsp protein expression data, relevant
pat hol ogy associ ations, evolutionary data, data on biologically active
sites @i thin biiewpitecatand aad qubsenuest vicws heing sahscésdem tigllisy comppsing s t es

wi thin 15 bi onol ecul at seguences har e | t UshgfnPat terns
and rmotifs, atRPeBR) é@%o@?ghﬂgﬁh%sp%pg% 8%@’3#‘“‘3‘%‘%‘.“%‘2@%%?&. nterface for

use in creati Ngeddidpicbdion, rabwaheshitvleiydssucimibisg svolummatyaiatzs Ml dagy aphi cal
user interface having a first %ﬁ)fl,yq%ggal arga and, a ZOaXEl urality of

cont ai ned pol ya@ivasitesdeiss Pharmcolpeigaldatpaog biolaeIalpalwWasse o "t he  cont ai ned
pol ygonal areas including at | east one second pol ygonal area to enable

avail able tenplates to be listed, and a third p_olgag%gal are enabl e t he
sel ectied 228hpl Zhemethodighclaing 1% avheremn each boinfprmatics databgsehas a % for use

L Treati 9, mbidRbel LRLEY R AL Ui Roifing 13} AbRBRE sklifurlldal ac

i
having a first polygonal area an lurality of contained polygonal areas
within the fir sdquemey§oxtivnahrdats, gehe ewmssipnedita, ppIPighL FEPreE @ 2Rnc| uding a

second pol ygonal, area r displ.ayi it : | akes, a third
pol ygonal ar ea“?ll‘?YFmtsB‘g%‘ﬂ?% ?ég?%hg%él¢g§%%%étﬁt %ﬁiegﬁtb%gﬂ%q he dat abase.
25) A gr aphi caited Seithih bicidlankr asquehcas,ninth om bioklkeimiealls, actirresites withire
contained polygonal areas include a four o] eci fying
addi t ilénal dat Pop® ecﬂgf SPIEPES %{’ﬁm{‘?‘f’ i°&§ﬁaiag%t§’e?e¥%%‘q€5’§%%€ 02/ 25564
PCT/ SGOO' 00155and biological pathways. '

23) A graphical user interface for use in creating multiple related bioinformatics
databases, the graphical user interface having a first polygonal area and a
20 plurality of contained polygonal areas within the first polygonal area; the
contained polygonal areas including at least one second polygonal area to
enable available templates to be listed, and a third polygonal area to enable the

selected templates to be listed.

25 24) A graphical user interface for use in creating multiple related bioinformatics
databases, the interface having a first polygonal area and a plurality of
contained polygonal areas within the first polygonal area; the contained
polygonal areas including a second polygonal area for displaying fitter of
selected templates, a third polygonal area for specifying the data to be entered

30 on the database.

25) A graphical user interface as claimed in claim 25, wherein the contained
polygonal areas include a fourth polygonal area for specifying additional data to
be entered on the database.

35



23 5 26) A graphical user interface as clained in claim 25, V\/nere'zrgtmER 2
second polygonal area is in a plurality of segnents, there being one
segnent for each tenplate title. 27) A graphical user interface as clai nmed
in claim?24, wherein the first, second and 10 third pol ygonal areas are
rect angwae22538) A graphical user interface as clai me8CTRGRYMITh 26, wherein
the fourth polygonal area i.s rectangular. 15 29) A graphical user
interface as claimed in claim 27, wherein each of the plurality of
segnments i s rectangul ar. 23

5 26) A graphical user interface as claimed in claim 25, wherein the second polygonal
area is in a plurality of segments, there being one segment for each template

title.

27) A graphical user interface as claimed in claim 24, wherein the first, second and

10 third polygonal areas are rectangular.

28) A graphical user interface as claimed in claim 26, wherein the fourth polygonal
area is rectangular.

15 ‘29) A graphical user interface as claimed in claim 27, wherein each of the plorality
of segments is rectangular. '



