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M Coaep:kanue JeKIUA

e IIpobiieMbl HHTErpALIMM U OCHOBHbIE MOAXO0AbI

 CpeacrBa HHTErpaliii U TEXHOJIOTHHA

* Iloaxoasbl K CO3JaHHMIO €IMHOTO OMMCAHUA
npeaMeTHou 00aactu. OHTOJIOTHS.

* GRID cucremsl

e IIpuMepbl HHTErPUPOBAHHBIX CHCTEM B

OuonHdopmMaTuke
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M KoMnoneHTsI 17106abH0l CHCTEMbI HAYYHOI0 B3aNMOAeliCTRHA

High-performance computing
for modeling, simulation, data
processing/mining

Humans Instruments for
observation and
characterization.

Individual & Global

Group Interfaces
& Visualization

Connectivity Physical World

Facilities for activation,
manipulation and
construction

Collaboration
Services

Knowledge management
institutions for collection building
and curation of data, information,

digital libraries

Source: Dan Atkins
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Tunsl pecypcos

— HTML nokymeHThI — KOJUICKIINH

— Iudponrie images

ba3bl naHHBIX
KHUTH
CTaThU

MCTAalaHHBIC

— CnyxObI (cepBepa)
— MPOTPAMMBI

— JIFOJIU

— TMOHSATHUS

— CcOOBITHUY




Y710 HAZO0 MOJAL30BATEJIIO?

— THoap3oBareiap XOUeT

e HaWTH, UICHTUPUIUPOBATH, OTOOpATh, MOJTYUYUTh U
VICTI0JIb30BaTh

— CoOOCTBEHHHK / aIMUHUCTPATOP
e Onucatb, 00ECEUUTH JTOCTYM
e YIpaBisATh JOCTYIIOM

e AAMUHUCTPUPOBATH

— Ilone3Hble cBOMCTBA CIYKObI METaJaHHbBIX
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3 I[Ipumep B3anMoAEHCTBUA JAHHLIX K MPOrpPpaMM NpPH PelICHUN
CJIOKHOM 3aJa9U

Ecological Processes j
and Populations [ [ C U
Tissue and Organismal
Physiology /

Cellular & Developmental Morphogenesis and Development
Processes
./ g Simulation of Metabolic and
Signal Transduction Pathways
Biochemical Pathways Predicting

& Catalysis, Molecular
Processes Dynam / 4/ i

Structures of Multi- _
molecular Pred|ct|ng Eﬁects of
Variation
complexes
Genes, Proteins, . . .
RNAs, and other Predicting Three-Dimensional Predicting Functions
Biomolecules Structures of Proteins and RNAs
Predicting Protein Simulating and Understanding Gene
Sequence Expression Networks
Reconstructing Phylogeny,
Genes and Gene Structures Homology, and Comparitive
Genome Large-scale Approaches
Sequences Genome
Sequencing Assembled Genomes Sequence Variation of
7 Populations
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Tunbl HICTOYHUKOB MHGMOPMALIUU

© HlIal' CO PAH

Pe3ynbTaThl SKCIEpUMEHTa, 1abOpaTOPHBIC KYPHAJIBI.

HayuHbie myOivKanuu, B KOTOPbIX ONKUCAHbI PE3YJIbTAThI
HKCIIEPUMEHTA U UX UHTEPIIPETAIHS.

Hayunbie nmyOnukanuu (0030pbl), B KOTOPHIX 0000IICHBI

pe3yJIbTaThl MHOTHX HUCCJIEIOBAHUM B KOHKPETHOM MPEAMETHOM 00J1acTh
ba3bl TaHHBIX, B KOTOPBIX NPEJCTaBICHbI (PAKTHI MU
AKCIIEPUMEHTAIbHbBIC JAHHBIC MO OT/ICJILHBIM ACIIEKTaM HUCCIIEIOBAHUS

pPETryJISILINU SKCIIPECCUN T'€HOB.

O0600111eHUS PEe3YIbTATOB SKCIEPUMEHTOB, UCITOJIb3YsI METO/IbI IIPE/ICKa3aHus,

pacrno3HaBaHUs U T.JI.

data mining, text mining u T.1.

PC3YJ'II)TaTBI MOACINPOBAHUSA U BOBMOKHBIC HHTCPIIPCTAITUH.




ﬁ TpyanocT HHTErpauuu 3HAHUI

» PacrpeieIeHHOCTh 3HaHUM.

e ['eTepOreHHOCTh UCTOUYHUKOB JIAHHBIX.

» PazHopoaHoCTh (pOpMATOB MPEACTABICHUS JAHHBIX U CPEJICTB JIOCTYIIA.

* MHOroypoBHEBast HEPAPXUUECKAS CTPYKTYPa TAHHBIX.

o CrnoxxHas ceTeBas OpraHu3allys B3auMOCBI3e 00bEKTOB.

e CyIIECTBEHHOE Pa3INYMe B JETATBHOCTH U MOJTHOTE OMUCAHMUS.

» Paznuune no TOYHOCTH ONMMUCAHUS YU TPOTUBOPEUUBOCTDH 3HAHUM.

e Pa3HOPOAHOCTH NMOHATUI MPEAMETHON 00J1aCTH.

« Pa3HooOpa3zue B3rJs10B HA JAHHBIE B 3ABUCUMOCTH OT 33/1a4H.

« Pa3HooOpa3ue 3KCEpUMEHTOB U JIOTUKHU WX aHanu3a s popmupoBanus moaeneit T10.

° PaSHOpOJIHOCTB MCTOAOB aHAJIN3a NAHHbIX U MOACINPOBAHMUAI.

© HlIal' CO PAH 10



a DynaaMeHTaJbHbIEe MPo0aeMbl B HHTErpaluy 3HAHU I

. ['eTeporenHsbie MpOrpaMMHbIE CUCTEMBI
- hardware platforms
— OnepannoHHBIE CUCTEMBI
— CeTeBbl€ MPOTOKOJIBI
—  S$I3bIku mporpammupoBaHus & GopmaThl JaHHBIX

. ['eTeporenHas CTpyKTypa U CEMaHTHKA JAHHBIX
— KoH(pukT nmeH
- KonpiukT nzmepenuit
—  KoHdnaukT npeacrapieHus
—  KondaukT BerYncieHui
- KoH(pukT ypoBHEH OnKrcaHus

© HlIal' CO PAH 11



M HAHTerpamus pacnpenejeHHbIX FreTePOreHHbIX JaAHHBIX

2.  HcTOYHMKH MOTYT UCHOJIb30BAaTh PA3IMYHBIE MOJEIU TAHHBIX U
MPEIOCTABIATh pa3IuyHble HHTEP(EUCHI AJIs1 10CTyNa K HUM (pEJISIIUOHHBIE,
OOBEKTHBIC) UJIU JAHHBIE MOTYT ObITh HECTPYKTYPUPOBAHHBIC WU
cinaboctpykTypupoBanubsie (HTML, XML, TekcToBbIC, OUHAPHBIC U T.1I.)

3. HcTtouyHMKM aTOMapHbIC (B3aUMOJICHCTBUE TOJIBKO Y€PE3 MPEA0CTABISIEMbIN
uHTEP(PEIC U HEBO3MOXKHOCTh BIIUSTh HA BHYTPEHHUE MPOIIECCHI)

[Toaxonpr:
6. XpaHWwIMIIa TaHHBIX
7. BuptyalibHble XpaHWIUIA JTAHHBIX

© HlIal' CO PAH 12



ﬂ Viewpoints for Distributed Data

Object
4
o Semantic Web

Knowledge D.l g1ta1. Kgoyvle dge

Libraries Mining
Attributes/ Web-based  Data Webs Data Grids
Columns databases

Persistent Distributed Grids

Files Archives Data Mining
Action
>
View Mine/Discover Compute
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ﬁ Integrated View of Heterogeneous Data

Integration System

@ O

Digital Libraries Scientific Databases Databases

World
Wide
Web

e (Collects and combines information
e Provides integrated view, uniform user interface
e Supports sharing
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M ApXHTEKTYpa CHCTEMbI HHTErPaluN

Ypoeenv unmepdgheiicoe nonvzoeamenceii

Integrated
OHTOJIOTUYECKOE

View
OIIMCAaHUCEC
Integrated MerananHble
View Definition Mediator
N w
Wrapper Wrapper Wrapper Wrapper

protein localization morphometry neurotransmission CaBP, Expasy

UcTouyHuKM MHopmauum
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M Kax HaM NpeacTaBIAThL JaHHbIC B HHTETPUPOBAHHOMN CHCTEMe

e Relational Data Model

— MHOXeCTBO CTOJIOIIOB U CTPOK

— ®DuKcHUpOBaHHOE MHOKECTBO MPOCTHIX TUIIOB JTAHHBIX
e« Data cube

— Crhenuanu3upoBaHHBIE CUCTEMbI YIPaBICHUS XpaHUIUIIAMHU JaHHBIX
(warchouse)

— HMcnoap30BaHHE B KaUeCTBE MOACIN CAUHOI'O MHOT'OMCPHOI'O OTHOIIICHUA

o CneyuanvHvie n00X00bl 015l NPEOCMABIEHUS 2eMePO2EeHHbIX OAHHDIX.

© HlIal' CO PAH 16



Kakoe npeacrasiaenue ?

© HlIal' CO PAH

Ham HeoOX0o1uMo UMETh CBS3h MEXY PEIO3UTAPHUIMH, B KOTOPBIX
xpaHsTcsa naHsbie (data warehouse, transactional databases) u rae
ouu ucnoanr3ytorcsa (Web interface, business application)

Moaenps TaHHBIX JOJKHA MTO3BOJISIT OOMEHUBATHCS TaHHBIMHU CO
CTPYKTYPOM.

YMeHbIIUTh TPeOOBAHUS K CTPYKTYpPaM B CYIIECTBYIOIIUX
BBICOKOCTPYKTYpPUPOBaHHBIM 0a3aM JaHHBIX.

17



HoBan Moaeabh JaHHBIX:

CaabocTpyKkTypHpOBaHHLIE JaHHbIE

e [louemy HaM HEOOXOAUMBI CIAOOCTPYKTYPUPOBAHHBIE JIAHHBIC ?
e Uto Takoe cIaboCTPyKTypHUpPOBaHHbBIC JaHHBIC ?

e ['pacdoBas MOAENb CIIA0OCTPYKTYPUPOBAHHBIX JAHHBIX

© HlIal' CO PAH
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ﬂ CunabocTpykTypHpOBaHHBIE JaHHbIE

AnpHOpHAasA CXEMa M anoCTEPUOPHOE ONMMUCAHUE CTPYKTYPhI JAHHBIX
e Database: hbukcupyeTcs cxema, 3aTeM 3a0JHICTCS
e Web: co3znaercs mHOro Web pages, 3aTeM onpeaesieTcs: cxema JoCTyIa

e CxeMma JAaHHBIX OYCHb OoJIbIIas U CIIOKHAS

e (Cxema 4acTO MTHOPHUPYETCS B 3aIpocax (3ampockl U browsing)

e (Cxema JaHHBIX OBICTPO MEHSETCS

© HlIal' CO PAH
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ﬁ CunabocTpyKkTypHpOBaHHLIE JaHHbIE

CTpyKTypa HelpaBWIbHAS — JaHHBIC TETECPOTCHHBIC
e YacTh aHHBIX OTCYTCTBYET
e Bxeminsas nanpopmaiys (aHHOTALS)
e Paznuuusg B Tumnax

e CTpyKTypa MOKET OBITh 3a/laHa HEABHO. T.€. text + grammar (e.g,.,
SGML)

o CTpyKTypa MOXKET OBITh OIIpeeiicHa YaCTUIHO
e YacTh JaHHBIX HE UMEIOT CTPYKTYPHI (1mages)
e YacTh JaHHBIX UMEIOT IIABAIOIIYIO CTPYKTYPY (text)

® I/ICHOHB?»YIOTCSI TOJBKO MHAWKATOPHBIC THUIIbI

© HlIal' CO PAH
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a CaabocTpyKkTypHpOBaHHLIE JaHHbIE

e DJIEMEHTHI TaHHBIX MOTYT HOBTOPSATHCS.

o CTpyKTypa 4acTu MHMOPMAIIUH MOXKET 3aBUCETh
OT TOYKH 3PEHUS TOJIb30BATEIS.

Hanpumep, nuapopmanus o Person conepxur:
name, address, phone and photo (gif file).

© HlIal' CO PAH 21



Example

{name: “Alan”, tel: 2157786, email: “agb@abc.com”}

{name: {first: “Alan”, last: “Black”}, tel: 2157786, email: “agb@abc.com”
§

« Different from usual tuples in that we allow duplicates:

{name: “Alan”, tel: 2157786, tel: 2159989, email: “agb@abc.com”}

© HlIal' CO PAH 22



Graph Representation

«—— hode

il

tel emai
emai
name 2157786 “agb@abc.com”
tel
last
“Alan” 2157786 “agb@abc.com” “Alan” “Black”

© HlIal' CO PAH 23



e 3 CospeMenHbie HHGOPMANHOHHBIE TEXHOJIOTHH

e TeXHOJIOruM aHaJiM3a U OMHUCAHUS CIIOKHBIX CUCTEM

 UML — yHUuBEpCaAJIBHBIN A3BIK KOHUENTYAIbHOIO MOJIEIUPOBAHUSA U
VHCTPYMEHTAJIbHBIE CPEACTBA, NOAACPKUBAOLIME ITOT A3bIK.

o XML TexHonoruu ajs cuenu@puKauu a3blKka MpecTaBICHUS
CIa00CTPYKTYPUPOBAHHBIX JAHHBIX U 3HAHHUU B MPEIMETHON 00JIaCTH

© HlIal' CO PAH 24



Y10 Takoe XML?

© HlIal' CO PAH

XML o3znauaer EXtensible Markup Language u
ABjsieTcsl NoAMHOkecTBOM SGML.

XML — 310 MeTas3bIK, T.€. HA00P MPaBWJI A5
CO31aHMS HOBBIX AI3bIKOB Pa3METKH.

« XML 13ru He npenonpenenensl B XML. Bbl 10JDKHBI caMu
OTIPEJICTUTh CBOM COOCTBEHHBIE TATH.

* XML ucnonsiyer Document Type Definition (DTD)
v XML Schema i onvcanusi CTpyKTYpbl JaHHBIX

e XML ¢ DTD mmu XML Schema camo1ocTaTO4HBI 1JIS
OIIMCAHUS TAHHBIX.

e XML Huuero He «aemaer». XML co3aaH 11 OnrcaHus
JTaHHBIX.

Cpaenenue c HTML:

XML coznan aiag onucadus naHHbix, a HIML co3nan
JJIs1 OTOOpayKeHUSI TaHHBIX.

Takum oOpazom, XML He 3amensiet, a qonoanser HTML.

25



o

Ceoiictea XML

Crnioco6 cranaapTU3ai TEPMUHOJIOTHH 1 OOMEHA 3HAHUSIMHU.
XML noMoraer OTAEIUTh CHHTAKCUC U CTPYKTYPY JaHHBIX OT CIOCO0a UX OTOOpaKEHUS U

HCIIOJIb30BAaHUs.

OAWH UCTOYHMK JIAaHHBIX — HECKOJIBKO MPEICTABICHUM.

Croco0 B3aMMOIECTBYS T€TEPOTCHHBIX CETEBBIX ar€HTOB B PACIIPECIICHHBIX CpE/lax.
PaboTa co cnaboCcTpyKTypupOBaHHBIMU JAHHBIMHU.

VY ydieHre BO3MOKHOCTH IOUCKA CIIa00CTPYKTYPUPOBAHHBIX TaHHBIX.

VYBennueHue T0CTYNHOCTH TaHHbIX. CTaHaapTu3anus ()OpMaToB U METOJIOB MTPEICTABIICHUSI.
He3zaBucumblii 0T npusioskeHust hopmar JaHHbIX.

B03MOXHOCTh 0TOOpaXeHUS JJaHHBIX Ha JIFOOBIX YCTPOMCTBAX.

Bbonee npocras pazpaboTka IpUIIOKESHUN.

Opranuzaiiys COBMECTHOU 0OPa0OTKH JTaHHBIX.

B03M0HOCTh CO3/1aHHSI HOBBIX SI3bIKOB.

XML MOXeT 4yuTaTh Kak 4€JOBEK, TaK U Mporpamma.

B03MOKHOCTh HCIIOIb30BaHUSI COCTABHBI3 IOKYMEHTOB.

© HlIal' CO PAH 26



Cranpaptel B XML

© HlInl' CO PAH

XML Document Type Definition (DTD) onpeaensier cTpykTypy JOKYMEHTA.

XML Schema ornpeniensieT CTpyKTypy Y TUIbI JaHHBIX.

XML Namespaces. O0ecrieunBaroT pa3jiesieHUE CIOBAPEN FJIEMEHTOB U aTpUOYTOB.
Oo0bekTHast Moaeb JokyMeHTa (DOM) opreHTHpOBaHHBIN Ha PabOTY C JEpPEBOM
JIOKYMEHTA, HE 3aBUCSIIUHI OT TJIaT(MOPMBI U SI3bIKa IPOTrPaMMHUPOBaHUS UHTEPQEHC,
MO3BOJISIOIIMHI MpoTrpaMMaM JUHAMHYECKH Pa30upaTh U U3MEHIThH COIEPKUMOE,
CTPYKTYpPY Y CTWJIb JIOKYMEHTOB

YnpomeHuslii nporpamMmmubii uHTep@eiic aias XML (Simple API for XML, SAX)
(MOTOKOBO-OPUEHTUPOBAHHBIM HE3aBUCUMBIN OT IJIATGOPMBI U si3bIKa UHTEPPEIIC,
MO3BOJISTIOIMHI MpoTrpamMmaM 00pabaThiBaTh JaHHbIe B opmare XML)

YnpoumeHHbIH MPOTOK0J A0cTyna kK 00bekTam XML (SOAP) onpenensier MexaHU3M
yaaieHHbIX Bb130BOB npoueayp (RPC) ¢ ucnonb3oBanueM cunrakcuca XML,
pEAN3YET KIMEHT-CEPBEPHOE B3AUMOJEHUCTBHE 10 CETH.

A3bik onucanus myreid XML (XPath) cucrema aapecanuu, uaeHTADUITUPYIOIIAS
OJHY WJIA HECKOJIBKO TTO3UIIMI B UEPAPXHUH IOKYMEHTA

XSL (Extensible Style Language) - pacumpsieMbIi I3bIK CTIJIECH

S3biku XML nis cebuiok v eBsized (XPointer n XLink) - onipeensitfoT CChUIKK Ha
yactu XML-10KyMeHTa WM MEXITY IOKYMEHTAMU.

Resource Description Framework (RDF) npocras Mojiesib METaJaHHBIX.

27



ﬂ Hepapxun nacnenosanusa unrepdeiicoe DOM » !I!

Node
Data Attribute Element Comment Processing Document
[nstruction Fragment
\
Text ¢
Document

© HlIal' CO PAH 28



<?xml version="1.0"?>
<IDOCTYPE weather SYSTEM=“weather.dtd”’>

<weather>
<current>
<temp scale="F">72</temp>
<pressure>1005</pressure>
<humidity>43</humidity>
</current>
<min>
<temp scale="F">65</temp>
<pressure>998</pressure>
<humidity>38</humidity>
</min>
<max>
<temp scale="F">78</temp>
<pressure>1010</pressure>
<humidity>43</humidity>
</max>
</weather>

URI - UpeHTncpukatop pecypcos
SYSTEM - ncnonb3yetcsa ccbinika B ¢popmaTte URI
PUBLIC — ucnonb3yeTtca yHukanbHbin naeHtucpukatop DTD

© HlIal' CO PAH 29



<?xml version="1.0"7>

<IDOCTYPE weather |

<IELEMENT weather ( current, ( min, max )? )>
<I[ELEMENT current ( temp, pressure, humidity )>
<I[ELEMENT min ( temp, pressure, humidity )>
<IELEMENT max ( temp, pressure, humidity )>
<I[ELEMENT temp ( #PCDATA )>

<IATTLIST temp scale ( C | F ) #REQUIRED>
<IELEMENT pressure ( #PCDATA )>

<IELEMENT humidity ( #PCDATA )>
]>

© HlIal' CO PAH 30



IIpuMepnl ABLIKOB ONMUCAHUSA MOJIEKYJIAPHO-TeHETHYECKNX
AaHHbLIX, OCHOBaHHBLIX Ha XML.

BSML - Bioinformatic Sequence Markup Language
BIOML - Biopolymer Markup Language.

GAME - Genome Annotation Markup Elements

ProML - Protein Markup Language.

CML - Chemical Markup Language.

GEML — ¢opMaTt onrcaHus JaHHBIX 10 SKCIPECCUU T€HOB.
SBML - Systems Biology Markup Language s MoaenpoBaHUsi MOJICKYJISIPHO-
IF€HETUYECKUX CUCTEM U MPOLIECCOB.

CellIML — s13bIK OnHCaHus MOJICJIN KJICTKU

AnatML - Anatomical Markup Language

MODL - Molecular Dynamics Markup Language

MSAML - An XML for Multiple Sequence Alignments
phyloML — ¢unorenetndyeckue 1aHHbIC

RiboML - Ribonucleic Acid Markup Language

TML - Taxonomic Markup Language

XSIL - Extensible Scientific Interchange Language

© HlInl' CO PAH 31



ﬁ Ontolingua
(http://www-ksLsvc.stanford.edu)

o IIpeanasHaveHa 1 MOAAEPKKHA (POPMAIBHOIO crieMPUIUPOBAHUSA 32124
10JIb30BATEJIs1 HA OCHOBE 0M0MOTeKH GOPMATBHBIX OMMUCAHUNA (PpParMeHTOB

3aJ1a4, MojeJieil 1 noHsaTuu. Ilouck, pelakTUpoBaHue, NPOBEPKA U T.JI. B

ounobauorexke Ontolingua Teopuii U onpeaeIeHUN.
e B ocHOBe A3bIKa GOPMATBHBIX ONMUCAHUH U MEKMAIIUHHOTO 00MEHA 3HAHUSIMH

JekuT a13bIk Knowledge Interchange Format (KIF

o O0ecneynBaer MHTEPHET J0CTYN MOJb30BATENCH-PA3PA0OTYHMKOB OHTOJIOTHMH

o PesyabTatr - JIncn nporpaMmmMa onucbiBamouias

e buodymorexa oHToJIOrHM

Teopus
Kiaaccsl
OTHOIIEHNS
@D yHKIMHA
AKCHOMBI

D parMeHThbl

MoOJeJeH ...
IlonsTus ...
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ﬁ CoctaB 0n0JanoTEe KN OHTOJIOr MM

Onmonozus 6a306biX 3HAHUI BKIIIOYACT OITMCAHNUE MOHATHHN: OOBEKT,
CHUCTEMA, COCTOSIHHUE, ITIOBEJCHHE, COOBITHE, MPOLIECC, NEUCTBUE, PYHKIIHS
Onmonozusa IKcnepumMeHmanbHbIX UCC/1e008AHUIL U 0OKA3AMEIbCME.
Tepmunonozuueckan u UHGOPMAUUOHHAA OHMOIOZUA BKIIOYACT
TE3aypyChl 1 METAOMMCAHUE CYIISCTBYIOMUX 0a3 JaHHBIX, HAIIPUMED,
cxeMy 0a3 JaHHBIX, OMMCAHUE MOJIEH, UX UHTEPIPETAIUI B TEPMUHAX
OHTOJIOTUM TIPEIMETHON 00JIaCTH U T.1I.

Onmonozus memoooe peuteHus 3a0ay BKIIOYACT ONIMCAHUS METOJIOB
U CPEJCTB peleHus 3aaad. K aToMy paszaeny OTHOCUTCS U MeTabasa,
OMUCHIBAIONIASL CLIOCOOBI IOCTYIIA K TEM WJIM UHBIM MPOrpaMMam,
MPOTOKOJIBI 00OpalieHusi, GOpMaThl U COCTAB BXOJAHBIX U

BBIXOJIHBIX JIAHHBIX U T.J.

Oumonozus npuIodceHull COICPKUT MOHITHS HEOOXOIUMBIC I
MOJICTIMPOBAHUS 3HAHUM TIPU PEIICHUU KOHKPETHBIX 3a/1a4,

BKJIIOYAET B CE0S1 OHTOJIOTHUIO MIPEIMETHOM 00JIACTH, OHTOJIOTHIO
0a30BbIX 3HAHWI, UHPOPMAIITMOHHYIO OHTOJOTHIO U OHTOJIOTHIO
METOJIOB PEILICHUS 3a]1ad.
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o 3 I[IpuMepbl OHTONOTHYECKHX OTHOIICHM i

OO0mee-yacTHOE

Cocran

Knaccudukarus
[Ipoucxoxaenue

DOyHKIMA

[IpyuuunHa-cieacTBue

Perymarop pynkiuun
IIpocTpaHCTBEHHBIC OTHOIICHUS

TeMnopalibHbIE OTHOIIIEHUSA

ooooo
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Bio-Semantics

e @Genes, Proteins, Interactions
e Functions and Roles
e Context-sensitive:
— Tissue: Neural vs. epithelial
— Developmental stages: fetal vs. adult

— Environmental responses: Immune system

— Compartments: Nucleus, cytoplasm, membrane
e Intercompartmental signal-transduction

e Complexity and Heterogeneity demands Formalism!

© LI CO PAH 35



ﬁ Relations Between Genes and Proteins
Part of an Ontology

Relations

1- gene homologs

2- gene encodes a protein

3- protein can regulate the expression of a gene
4- protein phosphorylates another protein

5- protein binds to another protein

6- protein lyses another protein

7- Proteins can sometimes be receptors

8- Receptors bind a ligand

9- Receptors (if bound) activate other proteins

© HlIal' CO PAH 36



3 O0BexTHO-OPHEHTHPOBAHHbIE TEXHOJIOTHH 1 !

AOcTpakmus

Nukancynsauus
e MoayJIbHOCTb

» Hepapxus

Tunuzaus

© HlIal' CO PAH 37



“&* Rational Rose - GEShort.mdl - [Class Diagram: Logical ¥iew / Gene expression]
File Edit Wiew Format Browse Report Query Tools Add-Ins  ‘Window Help
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Sequence DNA sequence transposable element Cytosine

+dra_seqences Q\Hir
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+chromosol n Nucleotide thymine
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\

& 1 adenine
telomere 2
DNA structure tertiary structure
GeneCluster n

nan-coding DNA CpG Island e
Gene
Centromere /L/
A-DNA
Z-DNA
SNP R
Heterochromatin
LOiion H-DNA supercoiled DNA
AN S
Chromatin Transcription start site n Q B-DNA Repeats
acceptor site donor site
Terminator sequence
Euchromatin Gene Regulatoryregion . :
chromosomal proteins EsT 1 direct repeats satellite DNA
(from Experimert & exidance) CDS Codon
nucleosome
r
non-histone CATOMosoOMal protern
R_ Regulatory unit MAR LCR
\v{lstone octomer histone Transcription factor binding site
Histone H4 Promoter
Histone H1 Histone H3
Enhancer R o ]
(from DNA level func epressor ilencer nsulator
Nucleosomal DNA Histone H2A Histone H2B I
‘} CorePromoter TATA box
Linker Nucleosomal DNA core Nucleosomal DNA ?
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Bio-Ontologies

 Gene Ontology — http://www.geneontology.org

e TAMBIS - http://img.cs.man.ac.uk/tambis

o« MBO - http://igd.rz-berlin.mpg.de/www/oe/mbo.html

« Riboweb — http://smi-web.stanford.edu/projects/helix/riboweb.html

e PharmaGKB - http://pharmgkb.stanford.edu/

 Interaction Ontology - http://www.ai.sri.edu/pkarp/interactions.html
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ﬁ Directed Acyclic Graphs (DAGsS)

The ontologies are structured vocabularies in the form of directed acyclic graphs (DAGs) that
represent a network in which each term may be a “child” of one or more than one “parent.”

EGO:0003673 : Gene_Ontology (59650) &
£ @ GO:0008150 : biological process (41074) &

EH @ GO:0007610 : behavior (344)

- @ GO:0000004 : biological process unknown (7292}

@ GO:0007154 : cell communication (7458) &

E @ GO:0007155 : cell adhesion (526) &
E@ GO:0016337 : cell-cell adhesion (163) @&
« " . E @ GO:0016339 : calcium-dependent cell-cell adhesion (30) &
part-of . Ch||d - @ G0:0000501 : flocculation (sensu Saccharomyces) (0)

. @ GO:0046586 : regulation of calcium-dependent cell-cell adhesion (1) &
IS a El@ GO:0046588 : negative regulation of calcium-dependent cell-cell adhesion (1) &

- @ GO:0046587 : positive regulation of calcium-dependent cell-cell adhesion (0)
Component Of - @ GO:0016338 : calcium-independent cell-cell adhesion (1)
[ @ GO:0007157 : heterophilic cell adhesion (66)
the parent . @ G0:0007156 : homaphilic cell adhesion (37)
F @ GO:0007160 : cell-matrix adhesion (64)
F @ GO:0000128 : flocculation (6)
[ @ GO:0030155 : regulation of cell adhesion (28)
@ GO:0007162 : negative requlation of cell adhesion (18)
@ GO:0046588 : negative regulation of calcium-dependent cell-cell adhesion (1) &
@ GO:0046586 : regulation of calcium-dependent cell-cell adhesion (1) &
@ GO:0046588 : negative regulation of calcium-dependent cell-cell adhesion (1) &
- @ GO:0046587 : positive regulation of calcium-dependent cell-cell adhesion (0)
- @ GO:0030260 : cell invasion (15)
H @ GO:0008037 : cell recognition (122)
[# @ GO:0007267 : cell-cell signaling (751
[ @ GO:0030383 : host-pathogen interaction (53)
“ ”, H H @ GO:0009875 : pollen-pistil interaction (4)
IS-a . Chlld IS @ GO:0009719 : response to endogenous stimulus (106)
. [ @ GO:0009605 : response to external stimulus (3294)
an InStance F @ GO:0007165 : signal transduction (3876)
F@ GO:0008151 : cell growth and/or maintenance (2Z6878)
of the parent F® G0:0016265 - death (754)
@ GO:0007275 : development (4300}
FH @ GO:0008371 : obsolete (1580)
E @ GO:0007582 : physiological processes (1397)
F @ GO:0016032 : viral life cycle (113)
[ @ GO:0005575 : cellular_component (27979)
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Biological Process Ontology

a DNA metabolism
DNA degradation— A L e »DNA recombination
CDCY mei-9 Ligl
Liz3
DNA packagin Y. .. DNA repair
P 58 DNA replication E[L’.':tpﬂadi Lig
RNH35 Rutl Reccl mei-9 Ligd
RENR1 Rwr5 Rrmnl WusI09
mitochondrial Rrin2 hay
genome maintenance Rads51
DNA-dependent
DNA replication
mitochondrial .._/«/ ¥' ¥
DNA-dependent DNA li%ation
DMNA [gp}ica‘f,iun CcDhCo [y '.-1—“g]' Ligl
DNA-lig II Lig3
pre-replicative complex
formation and maintenance
MCM2 Mem?2 Memd? DNA strand elongation
2 2 2 2 Syena i
MCM3 Mem3 Memd DNA ey I
CDC54/MCM4 Memd Memdd  unwinding =
CDC46/MCMS Mcoms MCM2 lagging strand
MCMe Mombé Momds MCM3 2 elongation
CDC47IMCM? Mem? cpcsemcms DNA . DNA CDC2
Or2  CDC4s/MCM5 Priming ’““"*'I“':“ DPBI1
___MCMé MCM?2 " leading strand ~ POL2
B 5\CCHAROMYCES chtaa ety MCM3 clongation  CDC
DROSOPHILA CECES MM o :‘::.Tf”qr & :]?J;I
= - COC46{MCMS Mcemds ige’ vk 5
. MLIS MCME -:::ﬂ_{fi_j PO L2
COC47{MCM7 _—
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o Molecular Function Ontology

b molecular function
nucleic acid binding Enzyme
Y heiu:nse adennsmc
DNA binding triphosphatase
T \
chromatin binding
':;E:; 'E“”:; ":I";"””::E DNA ATP-dependent DNA-dependent
TESCER M R K — helicase he]lcase adenosine
CDC54/MCM4 Memdd s Jraa triphosphatase
CDC46/MCM5 Mems rmi:sﬂu ,
MCME Memé Memdé - Rads1
COCA7IMCM7 Mem7 Memd7
ATP- dependcnt
DMNA helicase
MCM?2
_ _ MCM3
lamin/chromatin CDCS4/MCMY Momdd
binding CDCIaMOMS
MCME Memids
. SACCHAROMYCES CDC47/MCM7  Memd?
. PBROSOPHILA

. MILIS
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o Cellular Component Ontology

i cell
cytoplasm nucleus
n."h'.*'—”lﬂ' I REV3 DNA —IIH I
Mesnd s 309
MCM2 Iy
MCM3
CDC54/MCM4 Memdd nucleolus m':r"rféf,zze
CDC46/MCM3 Memds
MCMé nucleoplasm
Cl:":i ?}lhftrlw | ._/ \‘
pre-replicative rep];cat:un fork
complex MCM2
MCM2 Mcm2 Momid2 alpha DNA Pﬂl},m““e MCM3
MCM3 Mcem3 Mcmd primase complex CDCH4{MCM4
CDC54/MCME Memd Mewdd CDC46IMOMS
CDC4a/MCMS Mems MOCMé
MLMG, Foral. e delta DNA polymerase CDC47/MCMT
C["’.I‘;?,lr."!'f{_lﬁ’j? ﬂf':f'”f.'-'r I‘l'il.‘:“ I".IT Cj. 1‘_\2 f’f';r‘” {J‘I‘\'l pnI_a
Pald2? mus209
DNA replication factor A complex
origin
B SACCHAROMYCES DNA replication factor C complex recognition
; complex
. DROSOPHILA ORC2 Orc?2 Onc2
B vus
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ﬁ The GO Relational Database in MySQL

Examples of SQL Queries: http://www.fruitfly.org/cgi-bin/wiki/view.pl/GoWeb/GoExampleQueries

seq_property —— seq i Seq_ﬂh.xpe.f ;
A
\ 4 |
gen_product._seq dbxref term_dbxref
A
- term_ synonym
gene_product property Euidence
| v v Y |
gene_product_synonym gene_product | association term term2term
A
gene_product_connt graph_path
term_ definition
Species
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M Datamining & Knowledge Discovery » !

AHanm3 cxXoJcTBa

Knaccuduxanms

Perpeccus

AnpokcuMarys

O0001IEHNE

AHaJIN3 BPEMEHHBIX PSJI0B

OrieHnBanue
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ﬁ OcnoBHble cCOCOOLI MHTErpanuu 6a3 JaHHLIX

IIpegocraB/ieHHe JOCTYIIA K Pa3HBIM 0a3aM JaHHbBIX

Ncnosb30BaHue THNEPCCHIIIOK MEXKAY JOKYMEHTAMH
Pa3JIMYHBIX 043 JTaHHBIX

Ces3b Mexay 0a3aMM JaHHBIX

ABTOMaTHYECKAas resepanms 3arnmpocoB 110 aHAJOI'MH

HNcnoan3oBanue MeTa3HAHUH AJ1 ABTOMATHYECKOM
NPUBA3KHU JOKYMEHTOB

OT1olOpakeHue HHPOPMALNUHU B eIUHOE CEMAHTHYECKOE
NMPOCTPAHCTBO
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n l!

I[IpyuMepbl CUCTEM MHTErpaluu
MOJIEKYAAPHO-IreHeTHYECKUX JaHHbIX

© MIIuI" CO PAH 50



ﬁ SRS - Sequence Retrieval System

o CeteBoii Opay3ep AJI51 MOJIEKYJISIPHO-TeHETHYE€CKUX 0a3 JaHHBIX

e OcHOBOH sIBJIIeTCSH 00bEKTHO-OPUEHTUPOBAHHBIN A3bIK Icarus
HA KOTOPOH ONMUCHIBAIOTCH CTPYKTYPAa M CHHTAKCHUC TAHHbBIX.

e boJsiee 300 0CHOBHBIX MOJIEKYJIAPHO-T€eHETHYECKHUX 0a3 TaHHbBIX
y:Ke yCcTaHOBJIeHbI o SRS.

e Jloctyn k cucreme SRS ocymectsisiercs yepes WWW cepsep
¢ OMOIILIO CTAHAAPTHOI 0 Opay3epa.

e HcxoaHble 1aHHbIE NIPEeACTABJICHBI B BUJE TEKCTOBOTO (pydT-hauia.
e CpeacTBa CHHTAKCHYECKOI0 AHAJIM3a M HHACKCUPOBAHUS JTAHHbBIX
o I'mOKkue cpeacrTBa npeodpazoBaHUs JaAHHbBIX

e CranjaprHoe npeacTaBjieHHe MOJIEKYJISPHO-TeHETUYECKOM
uHpopmanun (Hanpumep fasta, pir u ap.).

e B03MOXKHOCTL MHTErpALIMH € APYTUMH 0a3aMH JAHHBIX U
KOMIIbIOTEPHBIMM CHCTEMAMM /115l IPOBE/IEHNsI PACYETOB.
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| I Address l@ http: #4501, sscc. madsrsBhbindogi-bindwgetz

Top Fage Cluery Form | Cuery Manager | Yiew bdanager | Databanks |IHE1E

search TRRDGENESS

Infa | | GeneMame =] [inflamm* | heat

Info |SpeciesName =] |human | rat

Infa |KeyW|:|rd5 li |inf|amm*| heat | acute

Info | [1dentifier =]

Tnclude felds {ldentifier 2] Entry List in chunks of [30 3]

GenesccessionHNumber

0 OUPUE  ITRRD_TRANSFAC AC
- - SpeciesMame
Dizplay in S
@ list Name Use view |*MNames only* =]
" table :

’ Do Query | Reset |Combine searches with | AND | W Append wildcard " to words.

Alternative Query Farm Separate multiple values by & {and), | {or), ! fand nat)
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o

J Address l@ http:/ 2l gzoc i erebbindcgl-bindwgetz id+ull A 71BL 3 v+-e+[ TRRDGEME S 4-1dentifier: He GRH')

=]

@ link| o save| e [view| [TRRDGENESS]

ID H=:GRH (TRRD Viewer, Transcription factors, Gene expression regulation, Bibliography)
DT 30/09/95

AC 00070

GH (TransFac Link)

CR Merkulova T.I.

05 human, Homo sapiens

SH GH

HG growth hormone gens-1

S¥Y GH-N

131 0 e s LRyl

EM hormwone, ES-TRRD (Medline, GenBank)

CH 17

BG S'region

AP BEGULATORY UMIT: POO3SS

PR Promoter; 3T; -28%9 to +1; 213, 1035, 214, 215, Z16, 2183, 21854, 2066, 23530,

2067
PR Sice: | Z066) —-289 to -267: AP-1 h3: acrcivator protein-&£ bhinding sice
Site:( 2830) =289 to -267: NF-1 bkhs: nuclear factor-1 binding site

SR 213) —224 to -205; GRE (1); glucocorticoid responsive element
SR 2183) =187 to -153; dCRE: distal ciMP response element
CE HOHSCZH2_DDl: CO0038; -139 to -105; 1038, Z14:[Lemaigre F.P. et al., 1990]
HOMIHCOM 002; COO046; -130 to -65; 214, 215 ;[Lemaigre F.P. et al., 15950]
Site: [ 1038) -139 to -115; 5pl bs: Spl binding site
Site:( 214) —-130 to —-105: Pit-1 (1): Pit-1 binding element (1)
Site: | 2184) -99 to -95:; pCRE; proximal cAMP response elewment
I
I

[
i
Site:( 2067) —-266 to —-256; UIF/MLTF hs:; upstresm stimulatory factorf/major late transcription factor bs
I
I

s

SR 215) =92 to —-66; Pit-—-1 (21 ; Pit—-1 bhinding element (2]
Site: [ 216) =32 to —-26: TLTL bhox:
intron 1

REGULATORY UNIT: POOSSE

Enhancer: 53T; +387 to +115; 217

Site:{ 217) 487 to +114: GRE (2): glucocorticoid responsive element
Human genes for growth hormone and placental lactogen display 95%
homology [Elisrd P.H. et al., 19557

EISEIEE
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e! "Ensembl

~ The Wellcome Trust
= Sanger Institufe

Ensembl Genome Browser

Search Ensembl

Search all species for  [Anything =] with |

About Ensembl

Enzembl iz a joint project hetween
EMBL - EBI and the Sanger Institute to
develop a software system which
produces and maintains automatic
. annotation on eukaryotic genomes.
Enzembl i primarily funded by the
Wiellcome Trust. Access to all the data
produced by the project, and to the software used to analyze
and present it iz provided free and withowt constraints.

Enzembl presents up-to-date sequence data and the best
possible automatic annotstion for metazoan genomes.
Available now are human, mouse, rat, fugu, zebrafish,
mosguito, Drosaphila, €. elegans, and C. brigazae, Cthers will
he added zoon.

For an introduction to the Ensembl project, take the Enzemkl
bour, andthen gothrough a step-by-step worked example
wehich introduces Ensembl's main functions, For mare
information read these short papers (Jan 2002, Jan 20037, in
Mucleic Acids Research.

For all enquiries, please contact the Ensembl HeloDesk
(helpdeski@ensembl.org).

Ensembl provides ....

¥ Easy access to zequence data

¥ For knowen genes, predicted structure and location in
the genome sequence

» Prediction of novel genes, all with supporting
evidence

¥ Annotation of ather festures of the genome

¥ Targeted connections to other genome resources
wearlchwice

Easy access to the data via ....

F A yweb-based genome browser (which can be
customized as required)

kA weeb-based system for data export and data

Ensembl Species

Human J w. 12311 1 Apr 2003
Mouse J w123 3 Mar 2003
Rat J w. 12,24 1 Apr 2003
Zebrafish | v. 12081 3 hlar 2003
Fugu ] w. 1224 3 Mar 2003
Mosquito w. 1224 1 Apr 2003

Fruitfly ] w. 12,31 3 Mar 2003
C. elegans J ¥, 12931 3 Mar 2003

_C. briggsae | W 12251 3 Mar 2003
Fast datafzequence retrieval (multi-
shecies) -—EE-E—J
Access to whole genome shotgun data
= i : Trace Server |
(includes additional species)

Help and documentation

* Species-specific documentation iz available via the
species home pages above.

¥ Take the Enzembl tour, go through a step-hby-step woarked
example, of read this short paper in Mucleic Acids
Research.

* For context-zensitve help on any weh page click:

k There iz alzo an index of context-sensitive help pages, and
& st of guided Howe do [ 7 trails.

Recert Ensembl nesws Mews J
Dizplay your owen data in Ensembl DAS J
Apollo genome brovwser AEnIIn J
GQuestions or suggestions? Try the Hedf Desk |

Documentation (includes tutorial on direct Documentation)
data access & instructions for installing

Ensembl on your own site)

mining Have you tried ....?
¥ 'Dumps' of sequence and other data sets for vouto
downioad Maosguiio
® Direct access tothe databases Masauito {Atiopholks dambias)
* A Perl-bazed object layer e sk st S o
genome is Now i,
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Home P C.elegans & WhatsNew &

~ The Wellcome Trust

’ Ensembl
e. C EIeganS GeneView > Sanger Institute

BLAST & SSAHA & MadView & ExportData & Download & Da F

Find I Gene j F

Ensembl Gene Report

[e.g. M6.1, WDEF12.2]

Gene

F18C5.2 (wormbase_gene 100

Ensembl Gene ID

F18C5.2

Genomic Location

View gene in genomic location: 6554916 - 6559196 bp (5.6 Mb) on chromosome |l
This gene is located in sequence: U250597.1.1.29035

Description

HUMAN YWREN (WERNER'S 3YNDROME) RELATED PROTEIN 1. [Source: SPTREMBL (AAAGS410]

Prediction Method

This gene was annotated by Warrmbase through a process of automatic and manual curation.

Predicted Transcripts

1. F18C5.2 - [Wiew transcript info] [Wiew exon info] [Wiew protein info]
(F1805.2)

Transcript Neighbourhood

5. |
F1&05.9
)
F1aC5.3 F18C5.2 F1]
=it 24.25 Kb -
T e e T T T T
k. A IR
Flacs.10 F1aCs.4
.
F18C5.5

Homology Matches

These geneis) have been identified as putative homologues by reciprocal BLAST analysis:
Caenorhabditis briggsae ENSCBRGO000000E152 (CBGO2689)

Mo description

Export Data

Esxport gene data in EMBL, GenBank or FASTA

Transcripts/Translation Summary

F18C5.2

Stable ID: F18C5.2 Exons: 16 Transcript length: 3281 bp  Translation length: 1057 residues
[iew transcript information]  [Yiew exon information]  [Yiew protein information]
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ﬂ http://protege.stanford.edu

Welcome to the Protégé Project

Protégé-2000 is an ontology editor and a

knowledge-base editor. Protegé Community Statistics

.. . Registered Users 5554
Protégeé-2000 is also an open-source, o h 0
Java tool which provides an extensible et
architecture for the creation of discussion list members 1111
customized knowledae-based tools. discussion list messages 2053
Release 1.7 April 10, 2002 Plug-ins 35
Beta 1.8 Movember 12, 2002 Updated Movember 15, 2002
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What Protégé-2000 offers

1. Ontology editor for modeling of concepts, attributes, and relationships

Automated generation of tools that instantiate concepts defined in
ontologies to build knowledge bases

3. Systems to visualize both ontologies and knowledge bases

4. Ability to archive ontologies and knowledge bases in a variety of
formats, such as ODBC, XML, RDF, DAML+OIL

5. Lots of user-contributed “plug ins”

6. A world-wide community of active users
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a Digital Anatomist Foundational Model of Anatomy

, 
.{I§=i
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Classes of anatomical structures

Anatomical
Spatial Entity

Anatomical

Structure

/'

Organ
Organ Part
A
Body Anatomical Viscus Organ Organ
Space Feature Subdivision Component
Organ Internal Hollow Cardiac
Cavity Feature Viscus Chamber
Pdrts of the
heart
Organ Cavity
Subdivision

Cavity of

Is-a Right Atrium

\ Tossa // I Wa/liz/ / M oc%rdium /
Ovalis Right Afrium y
Part-of / V /
Sinus Myocardium * 4 / SA '
Venarum of Right Atrium Node
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o

@ (T Anatomical entity
o @' Fhysical anatomical entity
= @ Material physical anatomical entity

The Ontology in Protégé-2000

LhAL LT

i RERR Rk

Tempiate Slots

Marme

S| continuous with ©

Q@ @Anatnmical structure
&= (T Body
@ (C) Organ
&= (C) Solid argan
@ () Cavitated organ
P @ Cirgan with organ cawvity
@' Ezcophagus
@ Stomach
I:'__3:'Err1all intestine
':_'_3:' Large intestine
@Appendi:{
@' Anal canal (viewed ans
(C) Gallbladder
@Uagina
@' Iterus
@Urinar‘g.f bladder
&= (T Duct (organ)

&= (T} Hollow tree argan

© HlIal' CO PAH

BRI

S| contained in© I
@ member of

E arterial supply
Evennus drainage
E Ivimiphatic drainage
E herve supply

E has boundary

S| bounded by© I

E inherent 3-0 shape
E! Has inherent 3-0 shape
Eaﬁrihuted part

S| adjacency®

E arientation

E has mass

E physical state

S| dimension®
Ehas dimension

o - [
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F-scix Protégé-2000  (http://sciencexchange-sff.stanford.edu/protege/scix.pprj)
Window  Help

Froject

=10] xi

|| @) B %

(Cl} Classes | Protocol Generator |

Relationzhip Euperclass

E@ Macro molecule A

EI@:I Sequenceable biopolyomers A
=1-{C) Protein

i L

- () Cell surface marker M
----- @ Replication

----- @ Tranzscription

----- @ Translation

----- @ Reverse transcription

..... @ DIgES’[

&]@ R A M

E@ Dipgs, A M

P TN [ Py prpue g pa

HEEES
E—

B |

() Antibody Le][x]
Matne Docurmentation i
Artibody
Fole
Abstract b g
Tetmplate Slots

Matme Type Cardinality

5 | specified by © I Instance mttiple clazs
i master lizt - antibody i Inztance multtiple Classe
i specifies oI Inztance single classe
i Iot compensation reguirement Clazs zingle parerr
i shecies Class required single parer
i artibody-bound handle I Inzstance mttiple class:
i reagent compensation wolume Float zingle defau
i artibody-bound fluorochrome I Inztance multiple Clazse
i TeqUEnCe String zingle

|5 | name Stritig single

|5 | weeight Integer single

i key o String required single

| S | documentationfcommerts String zingle
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an Additional Protégé features that aid building ontologies ! >

« Metaclasses allow developers to define special-purpose base
classes that are “instances” of the metaclasses

« Protégé axiom language (PAL) allows developers to specify
complex semantic constraints using logic
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3 Metaclasses allow developers to define new template slots
(e.g., as in Gene Ontology)

(C]]) Classes [(8] 5
Relationship | Superclass v | ViCc| &% : €l molecular_function (Gene_Ontology. Metaclass) B
() THING A ‘| Name Secondary GOids | V| C| —| Definition 7
. L A i :
o @ SYSTEM-CLASS . % IIIIZIEISET4| The action characteristic of a gene ﬁ
® (C) Gene_Ontalogy_Entity ; nroduct ﬁ
IE'*'@Jru1DIEE:UIsur_F|.|r1c:ti|:|r1_LJnc:lsussiﬂed §§ Term ﬁ
E"@EIi|:|I|:|gicaI_F’rDcess_UncIassiﬂed :; srptelior Burebon — ﬁ
& (C) Cellular_Component_Unclassified : o= . EC Nurbers V| C| | Definition Reference EE
& (C) molecular_function | Synonyms VIC| =] GO:curators %
@ (C) hiological_process : : B e
@ (C) cellular_component : - Associated n""ma{l'MSH Cl+l = $
@ lﬂ,'nnn‘ta‘tmn __| T': HuthTS E C | - g
(Cl Gene ;| InterPRO ID | VIEC| -
(T Pratein ;
@ Transcript R
; SwissProt Keywordy | C| —| Part-0f VIC| +| -
44| ;| Documentation e
Superclasses +| - —
|.C} Gene_Ontology_Entity Bl e v |
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o

Evaluation of constraints can point out semantic errors

E:Estlic:t inheritance [(PAL-COMSTRAINT)

Mame

Description

|Strict_|nheritan|:e

This PAL constraint disallows redundant subclassing.
If&is adirect parent of C, and B is a direct parent of C,
then & cannot also be a direct parent of C, since the

| CIIkrk.

© HlIal' CO PAH

ol

Range
relationship bhetween A and C is inferahle fram the

| relationship between A and B and bebween B and .
Staternent SO & B &
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M 2. Automated generation of tools for building intelligent systems

« From the beginning, Protége was built as part of a comprehensive
methodology for developing intelligent systems

« Ontologies in Protégé guide the acquisition of content knowledge
from subject-matter experts

« Protégé generates automatically tools to acquire content knowledge
and to automate problem solving
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F-scix Protégé-2000  (http://sciencexchange-sff.stanford.edu/protege/scix.pprj) =10} x|
Project  ‘Window  Help

|| @) B %

(Cl} Classes | Protocol Generator |

Felationzhip iSupern::Iass :_ |ﬂ|ﬂ‘ﬂ|ﬁ W

-

@ Flowy cytometry test well @E

T THING A ] Hame Documentatior Ci
(T SYSTEM-CLASS A — -
61-(C) TableErtity |FI|:|W cytametry test well Feazibility is 3
=1-{C) Expetiment element & 'jEt‘_Ermll_lE'?l by the
: -'?,...@WE"A Role gtainability of the
|
: ! target antigens [(e.d.
(T DMA, microarray wel |C
ancrete o -
= I@lFlcﬂw Cytometery well A — IC04) on the samnle =l

- O Flowy cytometry contral wweell

@ Flowe cytometry sample cortral well TEmipite ot
@ Flovy cytometry izotype control swell Matme Type Cardinality
E - (E) Flow cytometry spectral overlap cortrol wel S |test well TO spectral overlap control - Instance required multiple clazs
£ M® Flow cvtometry test well S|l TO cocktsil @ T Instance recquired single class:
~L LI Flowy cytometry compensation well S |test well TO isotype contral wel @ T Instance mttiple clazs
- {C) sample A A 15 test well TO compenzsation well I Instance required multiple clazs
Et- O Protocol A 5wl TO sample @ T Instarce reguired single classe
e @ PALTest Lab instrument protocal E test well TO protocol @ 1 Instance required single clazs:
@ Dr& microatray protocol E weell TO consumed I Instance required multiple clazs:
@ Floew cytometry protocol G |test well TO sample control wel @ I Instance required single clazs:
- ) Lot compensation reguirement # E collEstion L@ String single
- @ Dt mocke] E collection time String single
T = 1@ Feading G| data model Instance single clazs:
- E-(C) Consumed =
LT Cocktail
- E(C) Interest
O = e e =
! of
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T scix Probégé-2000 {http:/ /sciencexchange-sff.stanford.edu/protege /scis.ppri) &1 il:l!i(j
Project Window Help

=2
[(ciClasses | Protocol Generator |
| Protocol proposals | Acceptedprotocols | One step stain knowledge | Two step stain knowledge | Flow cytometry knowledge | Inventory knowledge |
Pick a protocol: 5 5 .
i ?
An important first test - scix_05169 What is the experiment name? How many cocktails do vou want?
n“mher tes't_ Sc.ix._l]ﬁ.g‘_?ﬂ ||:! call sty | | Q|
B cell study - scix_05660
scix_05887 What cell sample types are you going to investigate? [V 3| B
scix_05888 - -

ix 05880 species | fissue | cell | #ofcells | |
L Mouse Spleen B cell naive, Hematopaie1 000000 &
SEh_ 03830 Mouse Eone martow B cell naive, Hematopaie1 000000 [

Mouse Peritoneal cavity B cell naive, Hematopoiel 000000 >

ing? + 5

What flow cytometer are you using L ¥ T D oot it 2 sty iy

T MaFln

\What specificities are you targetting? VG X By

specificity | fluorochrame | titration | sort | durmp | cocktail |

CD43 APC oy falze false B

CD5 _ highest false false c

chz4. . _highest false false B

CDz3 | _highest false false <

cD21 _ |highest false false Al -

CcD4 _highest false false Al

Gr1 [CaskB _highest false frue Al

11-26 |Sask _highest false frue B, < =]

ik | PRl ik ot Faleo fale o | ik

What gene expression reporters are you targetting? VI[C|* Bz
fluorescent gene expression reporter | cockiail |

GFP Wl

Generate protocol Cancel
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ﬂ Five Emerging Models of Networked Computing From The
Grid

Distributed Computing

— || synchronous processing

GRID

Edited by lan Fostor

— || asynchronous processing " and can iexseiman

High-Throughput Computing

On-Demand Computing

— || dynamic resources

Data-Intensive Computing
— || databases

Collaborative Computing

— || scientists

lan Foster and Carl Kesselman, editors, “The Grid: Blueprint for a New
Computing Infrastructure,” Morgan Kaufmann, 1999, http://www.mkp.com/grids
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ﬂ myGrid as a collection of services

L

W
ln‘ Scientists n‘
ol 1

Applications

%

Client Semantic
Framework Services
= 1% =
Metadata Coordination
Services Services

Resources
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3 Grid - apxuTeKTypa ¢ TOYKH 3peHMA NPOrPaMMHOI0 obecmeveHHs

€«
BBICOKMX JHEPriit

Grid-pecypcsr
(Grid Fabric):
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Grids
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Supercomputer

Often monolithic, "vertical”, proprietary solutions

Through open, standard interfaces: flexible, adaptable, interchangeable,
multiple vendor/origin, "grid-enabled"solutions

B i i iﬂ)’ -

&
G
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o

HexoTopnie Grid IIpoexTni

Name URL/Sponsor Focus
European Union (EU) www.eu-datagrid.org Co3nanue peanbHou Grid aJis pa3jin4YHBIX
DataGrid European Union NpuiokeHud B 00J1actu @usnku Boicokux
Juepruii, buonnpopmamuku u OOC.
EU DataTAG Project www.datatag.org Interoperability between European and US Grids
CrossGrid European Union

EuroGrid, Grid

www.eurogrid.org

Co3nanre TEXHOJIOTUH ISl YIAIEHHOTO JIOCTYIA K

Interoperability (GRIP) European Union CYIEPKOMITBIOTEPAM U MX ITPIJIOKEHUAM

Globus Project™ globus.org UccaenoBanue B 001act Grid TexHoJ10rmii;
DARPA, DOE, NSF, co3aaHue U Tex. noaaep:xkka Globus Toolkit™;
NASA, Msoft NPUT0KEHUS.

GridPP gridpp.ac.uk Co3nanue peanbHoil Grid B AHIJIuM 1J1s1

© HlIal' CO PAH
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HCCJIeJ0BaAHNH B 001acTH DU3NKHN DJIeMEeHTAPHbBIX
Yactuu.
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HexoTopnie Grid IIpoexTni

Name URL/Sponsor Focus

Grid Physics Network griphyn.org Co3nanue TeXHOJIOT U JAJIS AaHAJIUA3A TAHHBIX B
NSF ¢pusuxe: ATLAS, CMS, LIGO, SDSS

International Virtual Data ivdgl.org Coznmanue peambHOM MexayHapoaHou Grid ais

Grid Laboratory NSF 3KcrepuMeHTOB Haj (Grid TEXHOJIOTUSAMU U

TPUIIOKEHUSIMU

TeraGrid teragrid.org Hayunas unppactpykrypa B CLA, cBsi3piBaromas
NSF 4 opranuszanuu 40 Gb/s

Particle Physics Data Grid | ppdg.net Co3nanue peasbHoii Grid nyst aHa/U3a JAHHBIX B
DOE Science ®usuke Boicokux Jnepruii u Anepuoii pusuxe
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DataGrid Architecture

Local Computing

Grid Grid Application Layer

Collective Services

Underlying Grid Services

Grid

I v1)

Fabric services

Fabric
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myGrid layered services

text extraction

) User Agent Portal Custom Presentation  Collaboration = Managem
Client Applications Services Support
Framewor
k
_ Semantic Data  Provenance Semantic Information Semantic Metadata and .
Semantic Integration  and Validation ~ Workflow Extraction Discovery Ontology Text extraction features
Aspect Desian Services allow the scientist to query
9 information from semi-
e . . structured and unstructured
Distributed Workflow Syntactic d
Coordinati Q Enactment Discove i sources
on P uery_ ry Event semantic description and
rocessin e -
Services g Notification 'I discoves. N
Personal Database \Device Access White/Yellow 10logy L
Networke Repository Services Pages Publication
d Services Discovery  Authentication
l and Scientists can search for
; Authorization workflows and services
Distribute epositories g semantically, using
d —— ontologies interpreted by
Resources description logics
personal distributed provenance resoyrces: data workflows

A

A personal repository
allows the scientist to
save, search and share
queries and data,
workflows and
outcomes, along with
provenance data and
notification needs

S

Distributed queries
allow the scientist to
access, query and
integrate heterogeneous,
autonomous, distributed information to give
data sources some indication of

value

Workflow and
query results can bd
annotated with
provenance

Workflows model in
silico experiments that
can evolve, be published
and replayed over the
evolving underlying
resources

Event notifications
inform scientists and
applications of database
updates and changes in
service status

Many algorithms

Many implementations

Many service providers

Many types and representations
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Repository
Client

Personal
Repository

Portal

Workflow
Client

-
Workflow

Repository

Ontology
Client

[ Workflow
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myGrid 0.0, 10.02

Service
Selection
Client
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(Metadata) )
Ontology
Server y
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Reasoner
(FaCT)

}

(Metadata)
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Directory

Service Instance
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m Visualization + Bioinformatics

Visualization Bioinformatic Microbiology &
Environment Analysis Tools Biochemistry
Genome Visualization Tools Whole Genome Analysis

Enzymatic Constants

Metabolic ***
Network Visualization Tools
Interactive Stoichiometric Proteomics
Graphical Tools
Whole Cell Visualizations
Image/Spectra Augmentations L
Laboratory Verification
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Data Grids, Data Mining & Data Webs

Data Grid Distributed Data | Data Web
Mining
Goal distributed distributed data data explor. &
computation mining mining
Services authorization, building models, | publishing,
security, resources | transforming data, | merging, &
etc. correlating
columns
Protocol TCP, GridFTP TCP DWTP, ...
Platform dist. clusters server dist. cluster
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Semantic Web vs. Data Web

Document Web | Semantic Web Data Web

Protocol HTTP HTTP, SOAP DWTP, SOAP
Languages HTML, XML XML, RDF XML,

PMML ...
Action keyword search | RDF inferences | correlate and

mine
Platform server server server,

cluster
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