2nuactoloyikog Ietog
ueta Ty XML ... ti;

RDF (Resource Description Framework)

RDF Schema



XML: document = OEVTQO UE ETLLETEG

* xOUPOg = ETRETA + YVOO./TINES + TEQLELONEVA

»”»

<course date="...">
<title>...</title>

<teacher>...</teacher> A
<name>...</name> ‘ @@@

<http>...</http>

<students>...</students>
</course> @ @

e XML Schema: yoouuatizég yio neEQLyQapr) eyxvomv
0£VIQOV 2oL TUTTOV dedouévmv

* Egotnuna: yuati va unv yonowmonotjcovue XML yia vo. avataQooTi|Govie oRuactoloyio;



H oUvta&n oe avtiBeon pe T onuocloloyio

o 20VTOEN: 1 OouUr] TWV OEQOUEVOV.
o >NUOOLOAOYIOL: | ONUAOIO TV OEOOUEVDV.

o AVO ovvONreC amoQAlTNTES YL 6LO(7\.8L‘IZOI)Q‘YL%6‘CT]‘CO(

— Y100€étnon »owvig va:a%ng ETUTOETEL OTLS OLAPOQES EGAQUOYES
Vo avaAvovy ovvtaxtixd (parse) TO. OEOOUEVAL.

— Y100€tN0mn £vOg NEGOV XATAVON GG TNG OTUOCLOAOYIOG: ETUTQETEL
OTLS OLAPOQES EPAUQUOYES VO YONOLUOTIOLOVY TO. OEOOUEVL.

 H XML 0ev mo.péyel Ta amagaitnTa LECO YLOL TNV
TEQLYQOAPT TNS ONUALCLOAOYLOG.



T etvan n RDF ;

B H RDF (Resource Description Framework) etvon éva povtéio
ogoouEveV

* aveEdPTNTO 0O TO TEOLO EQPUPROYIGS, KOL AVEEAPTNTO 0O CUYKEKPILUEYT
ggappoyn,

* umopel va 1000&l oav Evag KaTevBovouevos ypapos NE ETIKETES.

B To povtéro ocoousvov T RDF sivar éva apnpnuévo,
EVVOL0AOYIKO emimedo aveEdaptnto amoé v XML

» gmouévmc, N1 XML pmopet va wapéyel tn ovvracn ywo v RDF, aAAld v
gival ovotaTiké g RDF

* 1o RDF ogoopéva sivon mBavov va unyv gneoaviCovror 1oté o€ popeny XML



To povtérho s RDF

B Amoteleital 0l £vo 6VVOLO ONAMGEMYV (statements).

B Muw 0nioon RDF (RDF statement) cuviotatol amo

= uTrokeipevo (subject)

= Katnyopnua (predicate)
= avTikeipevo (object)

IIopovg (resources) (= koupor)
01 0700l £YovV 10T TES (properties)

o1 omwoieg £xovv TInéEG (values) (=koufour,strings)

»| value
]
i »| object
@ predicate J



“http://www.w3.org/TR/REC-rdf -syntax/ was created at 1999-02-22, its
creator is Ora Lassila and its publisher is W3C”

\\W3 CII

Publisher

@ /www.w3.org/TR/REC-rdf -syntax/

Date

Creator

“Ora Lassila”

"1999-02-22"




B [Ipwv, o1 TIHEC TOV 1OL0TNTOV NTOV 0KOAOVOLES YO paKTPOV (Strings).

B ‘Evog xoppog tov ypd@ov (mov avTietorysl 6€ £va mOPo) pmopel emicnc va sivar
1 T HLOS OLOTNTOS

“"The individual whose name is Ora Lassila and whose email is

ora.lassila@nokia.com is the creator of http://www.w3.org/TR/REC-rdf-
syntax/"

< http://www.w3.0org/TR/REC-rdf-syntax/ >

Creator

* "Ora Lassila”
_/ Name
EMail

“ora.lassila@nokia.com”




O Tpuhéteg eivar {Subject, Predicate, Object}:
{ [http:// www.w3.0org/TR/REC-rdf-syntax/], Creator, [X]}
{[X], Name, “Ora Lassila” }
{ [X], EMalil, “ora.lassila@nokia.com” }

@/www.w3 .org/TR/REC -rdf-syn’raD

Creator

C_\ ! “"Ora Lassila”
_/ Name

EMail

“ora.lassila@nokia.com”




IHegipinuorto
B To neoipiuora (Containers) otyv RDF yonocwpnomotovvrot yio TV avoragdotoon
GUVALOYOV OO TOQOVG

EMTOETOVY OUAOOTTON 6] TOV TOQMV (1] TOV TLUOV).

B 'Evou duvetd vo duetvmdmoovus dnhaocig mov avadigovion o€ £vo nepifinua (cav
0A0TNTQ) 1] OTA EEYMOLOTA MEA TOV.

B H RDF mogéyel ToeLs OLPOQETIXOVS TUTOVS TEQLPANUATOYV:
bag — ovALoyN WIS OLATOEN
seq — draTeTayuévi) surhoyi (= “sequence”)
alt — avoura@Lotd evaihaxnTinég TINES.

B Emrtoémovral emavalouPavopneves Tipneg

OEV VITAQYEL UNYAVIGUOS TTOV VO eMPAAEL TTEQLOPLONOVS HOVAOLXOTTAS TMV
TIUOV.

B Eivou ovvatov va dnuovgynocovue oviroyés faoiiopevor oe URI mpotuma

Yo TLQAOELY O, OAO TO 0QYELN OE VO oVYrEXOLUEVO Web site.



IHegipinuorto

“http://www.w3.org/TR/REC-rdf-syntax/ has as creator(s) Ora Lassila
and Ralph Swick”

http://www.w3 .Org/TM{EC-rdf-syntD

Creator

\ rdf:Type

" rdf:Seq

rdf:_1 rdf: 2

“Ora Lassila” “Ralph Swick”




Iegpinata

“The students in course 6.001 are John, Tim and Mary”~

Courses/6.001

rdf:Type

rdf:Bag

Students/John

rdf: 2

students




dtaver n Ocopio....

sy Sy NS T e veTs T, S,
AT Y iy s e SEs, TR, TESE.
R SRy S ST U s e S

"Eva Tpoypotiko mapaoerypo EmTEAovg. ..



# AvayvaoTonouhog Inavvng | T... x |*§ Google Image Result for http://...

€ & dib.ucg.gr/?q=node/345

|2 Mo ouyva avayvwopt... @ ZeavavTag & Tirholadrioswv (77 in.gr - EAMMAAA — KOZM... *§ Google
i = MANEMIZTHMIO ZTEPEAZ EAAAAOZ
TMHMA MAHPO®ORIKHE ME EDAPMOIEE ZTH BIOIATRPIKH

Kevtpiko pevou
» To Tunpa

Avayvwotomoulog lwavvng

» Opyavwmon kai , ,
Sioiknon Emikoupog Kabnyntng
» Znoudig
» DoITnTEC . . . . .
» Npocwnikd MVWOTIKO avTikeipevo @ TexvoAoyia kal epapuoyeg d1adikTuou

» Ynnpeoisg

> s AiebBuvon e-mail :janag[at]ucg.gr TnAépwvo : + 30 22310 66937

NMpoownikn iIoTooeAida : http:/ /www.anagnostopoulos.name/

R Ma6nuata : Alaouvdedepéva JuoTnpaTta YnoAoyioTev , Aiktua YnolAoyiotav , Eicaywyn oTtnv NMAnpo@opiki , TexvoAoyicg Epappoyav AladikTuou ,

= S5
English site

171 r »
- Avayvaetormoviog 1.

MaAiod site

£ Resource = “http://dib.ucg.gr/?q=node/345”

Subject Object

“ Avayvootomovrog 1.7 name Iodvvng Avayvootdmovlog

“ Avayvootomovrog 1.7 position_held Enikovpog Kabnyntig

“ Avayvootomovrog 1.” research_field Teyvoloyio kot Qoappoyéc S1081KTOOL
“ Avoyvootorovrog 1.” e-mail janag@ucg.gr
“ Avoyvootorovrog 1.” homepage http://www.anagnostopoulos.name/



O K®OOKAIS pog... subject

<rdf:RDF

predicate
xmlins:rdf=""http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlins:ucg="http://www.dib.ucg.gr/faculty members#'">
<rdf:Description rdf:about=""http://dib.ucg.gr/?q=node/345"> object

<ucg:name>Ilwavvys Avayvwoetorovios<ucg:name>

<ucg:position_held>Enikovpos KaOnyntisc</ucg:position_held>

<ucg:research_field>Teyvoloyia kai epapuoyss oradiktvov<sucg:research_field>

<ucg:e-mail>janag@ucg.gr</ucg:e-mail>

<ucg:homepage=>http://www.anagnostopoulos.name/</ucg:homepage>

</rdf:Description>

</rdf:RDF> valid and well formed

http://www.w3.org/RDF/Validator/



RDF tputhétec kon ypagog

Triples of the Data Model

Number| Subject Predicate Object

1 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#name "Iwdvvng AvoyveoTtoémoudog™

2 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#position held | "Emikoupo¢ Ra®nyntng"

3 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#research field| "Texvoloyla kKol gpapuoyé¢ dradikiGou"
4 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#e-mail "janag@ucg.gr"

5 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#homepage "http://www.anagnostopoulos.name/"

Graph of the data model

http:/fwww.dibaucg.gr/faculty_members#name

http:/jfwww.dib.ucg.gr/faculty_members#position_held

http:jfwww.dibaucg.gr/faculty members#research_field

Teadnvvng Avoryveooto tovhog

Entxowog Kabnymmg

I

http://dib.ucg.gr/7q =node 345

http:jfwww.dibaucg.gr/faculty_membe rs#e-mail

http:/fwww.dibucg.gr/faculty_members#home page

Teyvoloyia xoLepoguoyeg dduetiov

janag@ueg gr

http:/fwww.anagnostopoulosname/

f

Edw Oa umopovee va sivar Resource — Oa. to dovue mopordtw




Kol Alyoc k@owkoc... @w3schools

Baoixog Tpomog 2vvraéng kata RDF: Properties as Elements

<?xml version="1.0"7>
<RDF>

subject

predicate

<Description about="http://www.w3schools.com/RDF">
<author>Jan Egil Refsnes</author>
<homepage>http:// www.w3schools.com</homepage>

</Description>

</RDF> object

1o éyypapo oev eivou valid — well formed,
aila mapovaoidlel v ovvialn kotd, RDF

http://www.w3.org/RDF/Validator/



Edit View Favorites Tools Help

=

ack v = - @ 7at | @Search (3] Favorites @Media ®| [%' =) E K E o

355 @ http: ffwww, w3, org/RDFValidator/ARPServiet

El ?Go

Lir

gle|G~

W3C|RDF

Home Documentation Feedhack

alidation Setr

Error: Your document does not contain any RDF statement.

;lGo +M v B | ©y Bookmarksv 5 9 blocked | "% Check v §Autolink v | AutoFi| e Sendtow

@ Settings v

Validation Results

error

—

Triples of the Data Model

|Number"Subject"Predicate"Object"

Back to
Validator Input

SNOUTRWN -

The original RDF/XML document

<?xmlL version="1.0"7=

<RDF=

<Description about="http://www.w3schools.com/RDF" =
<author=Jan Egil

<homepage=http: / /www.w3schools.com=/homepage=

</Description=
</RDF=

Refsnes=</author=

Ti igimer ...;;55

Graph of the data model

[N

_

I_ I_ I_ I‘ Trkavmak



Boowkoc Tpomoc Xovraénc kotd RDF: Properties as Elements

<?xml version="1.0"?>
<rdf:RDF
xmins:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmins:si="http://www.recshop.fake/siteinfo#">
<rdf:Description rdf:about="http://www.w3schools.com/RDF ">

<si:author>Jan Egil Refsnes</si:author> subject
<si:homepage> http.//www.w3schools.com</si:homepage> -
</rdf:Description>
</rdf:RDF>
predicate

object
valid — well formed &yypogo

http://www.w3.org/RDF/Validator/



=

Edit View Favorites Tools Help
ack + = - D A} | Qoearch [GgFavorites Fhvedia 4| N S B - H 4
55 @http:,f,fwww.w3.org,fRDFNalidator,fARPServlet 3 @Go Lir
4

)g[e|v ;lGo +M v B | ©y Bookmarksv 5 9 blocked | "% Check v §Autolink v | AutoFi| e Sendtow () Settings v

WSCS’ RDF alidation Service
Powered

Home Documentation Feedback

Jump To
"""" Source
ValidationResults |77 Triples
""" Messages
Your RDF document validated successfully. Graph
""" Feedback
""" Backto
Triples of the Data IModel e
| Humber| Subject || Predicate || obect |
| 1 || http://mm.w3schools.com/RDF" http://www.recshop.fake/siteinfofauthor || "Jan Egil Refsnes" |
| 2 || ht,t,p:Nwww.rJSSchools.comz’RDF" http:Nwww.recshop.fake.e’siteinfo#homepage" "htt,p:Nwww.wBschools.com"|

The original RDF/XML document

<7xml_version="1.0"7>
<rdf:
xmlns: rdf="http://waw.w3. orgf 1999/ 02/ 22- rdf - syntax-nst"
xmlns: si="http:/fwww. recshop. fake/ siteinfog">
=rdf:Description rdf:about="http://www.w3schools. com’RDF">
<s1:author=Jan Eqil Refsnes<si:authors
<51 : homepageshttp: / v . wi3schools. com< si: homepage>
</ rdf: Description>
< rdf : RDF=

A A oo

Graph of the data model

I_ I_ I_ I‘ Trkavmak



)

Edit ‘iew Favorites Tools Help |I
ack » = - D A} | Qoearch [EFavortes @veda B N S B - H 4L
;@ http: ffwww, w3, org/RDFValidator/ARPServiet 3 ?Go Lir
)gle|v ;IGD +M v B | ©y Bookmarksv 5 9 blocked | "% Check v §Autolink v | AutoFi| e Sendtow () Settings v ‘
| Bumber| Subject [| Predicate [[ Object |
| 1 || ht,t,p:Nwww.wSSChools.com/RDF" http://www.recshop.fake/siteinfofauthor || "Jan Egil Refsnes" |
| 2 " ht,t,p:Nwww.w33chools.comx"RDF" http:Nwww.recshop.fakez"siteinfo#homepage" "htt:p:Nwww.stchools.com"l

The original RDF/XIML document

1: «<7xml version="1.0"7=
2: =rdf:RDF
3: xmlns: rdf="http: /v w3. orgs 1999/ 02¢ 22- rdf - syntax-ns¢”

4: xmlns:si="http://www. recshop. fake/siteinfog">

S:  «rdf;Description rdf:about="http:/ ww.w3schools. com’RDF">
6: =s1:author=Jan Equl Refsnes< si:authors

7 =51: homepageshttp: / fwaw. w3schools. com« si: homepage>

8: < rdf:Description>

9: < rdf:ROF>

Graph of the data model
http:/fwwwrecshop fake siteinfo#author Jan Egil Refsnes

http://wwwrecshop fake siteinfo#homepage

http:/fwww.w3schools.com/RDF

http:j/www.w3schools.com

|graph representation of RDF data|
Feedback

Ifyou suspectthe parseris in error, please enter an explanation below and then press the Submit problem report hutton, to mail the report (and listing) to
wwwsrdtvalidator@ws.org

=

I_ I_ I_ I‘ Trkavmak



2% Tpomoc Xvovroéinc kotd RDF: Properties as Attributes

<?xml version="1.0"?>

<RDF>

<Description about="http://www.w3schools.com/RDF"

author="Jan Egil Refsnes” subject
homepage="http://www.w3schools.com” > ]
</RDF>

predicate

object

1o éyypapo oev eivou valid — well formed,
aila mapovaoidlel v ovvialn kotd, RDF

http://www.w3.org/RDF/Validator/



2% Tpomoc Xvovroéinc kotd RDF: Properties as Attributes

<?xml version="1.0"?>
<rdf:RDF
xmins:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmlins:si="http://www.recshop.fake/siteinfo#">
<rdf:Description rdf:about="http://www.w3schools.com/RDF"

si:author="Jan Egil Refsnes" .
si:homepage="http.//www.w3schools.com " > subject
</rdf-RDF> ]
predicate

object
valid — well formed &yypogo

http://www.w3.org/RDF/Validator/



Mao 4d ELYLLOL http://www.w3 .org/TR/REC-rdf-sy@

UE avapoEg

Creator

A 4

@//WWW.W3.0I‘g/StaffId/85740 >
Email w’me

“ora.lassila@nokia.com” “Ora Lassila”

”»

<rdf:RDF xmlns:rdf="...” xmlns:s="...”>
<rdf:Description rdf:about = “http://www.w3.org/TR/REC-rdf-syntax/’>
<s:Creator rdf:resource="http://www.w3.org/staffld/85740” [>

</rdf:Description> l

<rdf:Description Fdf:about=“http://www.w3 .org/staffld/85740” >
<s:Name>Ora Lassila</s:name>
<s:Email>ora.lassila@nokia.com</s:Email>
</rdf:Description>
</rdf:RDF> 4




O K®OOKAIS pog... subject

<rdf:RDF

predicate
xmlins:rdf=""http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlins:ucg="http://www.dib.ucg.gr/faculty members#'">
<rdf:Description rdf:about=""http://dib.ucg.gr/?q=node/345"> object

<ucg:name>Ilwavvys Avayvwoetorovios<ucg:name>

<ucg:position_held>Enikovpos KaOnyntisc</ucg:position_held>

<ucg:research_field>Teyvoloyia kai epapuoyss oradiktvov<sucg:research_field>

<ucg:e-mail>janag@ucg.gr</ucg:e-mail>

<ucg:homepage rdf:resource="http://www.anagnostopoulos.name/""/>

</rdf:Description>

</rdf:RDF> valid and well formed

http://www.w3.org/RDF/Validator/



Triples of the Data Model

Number| Subject Predicate Object

1 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#name "Iwdvvng Avoyveootdémoudog”

2 http://dib.ucg.gr/2?g=node/345| http://www.dib.ucg.gr/faculty members#position held | "Emikoupo¢ Ra®nynthig"

3 http://dib.ucg.gr/2?g=node/345| http://www.dib.ucg.gr/faculty members#research field| "Texvoloyla Kal epapuoyéc dradiktiou"”
4 http://dib.ucg.gr/2g=node/345| http://www.dib.ucg.gr/faculty members#e-mail "janag@ucg.gr"

5 http://dib.ucg.gr/?g=node/345| http://www.dib.ucg.gr/faculty members#homepage ‘http://www.anagnostopoulos.name/;

Graph of the data model

http:jfwwwdibucg.gr/faculty members#name leodvng Averyvwots tovkog

. . Emt Kaf i
http:/fwww.dib.ucg.gr/faculty_members#position_held SRS T

https/dib.ucg.gr/% =node 345 http:jwww.dib.ucg.grifaculty_members#research_field »

' . Texvohoyio xo epopuoyeg dduetion
http:jfwww.dib.ucg.gr/faculty_members#e-mail

http:jfwww.dib.ucg.gr/faculty_members#home page janag@ucg gr

http://wwwanagnostopoulosname/



RDF Schema

e OpiCel mrgd AeEthoyia yio tv RDEF:
e Class, subClassOf, type
e Property, subPropertyOf
e domain, range
e To AeE1A0YLO NITOQEL VO YO GLUOTTOL 00UV YL VO 00LOTOVV
aAAoL AEELAOYLOL YLOL CUYHEXOLUEVO TTEOLA EQOOUOYDYV

subClassOf subClassOf

domain range —
#‘f hasSupervisor _’@aching_St:iff/
I Tivpe™
A.B. hasSuper Visor ﬁ;Qnagn ostopoulos




RDF Schema

e To RDF Schema, swou Lo oM uocmokoymn 83‘58%'50(07] ¢ RDF.
ITapéeyel wnxowwuovg YLaL TV nagwgocq)n GU}\.}\.OY(DV a0
ouoetéetg rc()@ovg 10OWS RO TWV OYECEWV AVAUECO OTOVG
TOQOVG CLUTOVG.

* Oumegrypadég tov Aegihoyiov g RDF Schema yoddovtar og
RDF. Avurtol ot J'EOQOL Xgnmuonowvwoct Yo vo. #a0opiocouv
XOQUXTNQLOTLRA GALDY TTOQWV, OTIMS VL0 TTOQUOELYUCL TO!

MEOLOL OQLOUOT KO TOL TTEOLOL TLUMV TWV LOLOTTTWV.

* H ylhoooa mov opiCetar e0m amoteAel o ouiroyi) oo RDF
TTOQOUG OL OTO{OL UITOQOVV VAL ¥ONOLHOTOBoUV YIaL vaL
mepLyopouv LoLotTNnTeS AAAwv RDF mtopmv
(OUUTTEQUAOLPAVOUEVMVY HOL LOLOTITWV), OF CUYREXQLUEVOL
AeELLOYLo. RDF epapuoymv.



KAdoelg

e O mogol elvor OuvaTO Vo YWELOTOUV 08 OUAOES TTOV OVOUALOVTOL
zAdoeis (classes). Ta péAN o ®Adong ovoud.Covtal oTLy Lo TuIN
(instances) Tng ®Adonc.

—  Ouxrhdoelg etval xal oL tOLeg TOQOL.

o 211V RDF vmdoyel 0tdnoLon Peta&n o ®Adong ®al TmV OTLYIMoTUTTWY
™G. Me #G00e nAdon ovvoéetal Eva o1VOLO TO 0TTOl0 OVOUALETOL
enéxtoon s »Adong (class extension), To omoio elval To oUVOAO TWV
OTLYWOTLVTIOV TN ®AGoNS. AVO ®Ad.oeLg umoel va €xouv to tOLo oVVOLO
OTLYILOTUTTWV AAAG VO elvor OLodpoQeTInES HAAOELS.

— Mo ®xhGom pmoget va etvor LEAOG TNG ETTERTOAONS TNG ROOMDC RO
OTLYMOTUITO TOV €QLUTOV TNC.

* H ovAhoyn Twv mdéowv ot ostotol etval xAaoels Ths RDF Schema eivau

erttong »Adomn row ovoudCetan rdfs:Class.

e Av wa zhdon C eivon viorddon wog xidong C', tote OAa TO
otryotuma g C etval emtiong now otrypotuma g C'.



KAdoelg

e H wowotnra rdfs:subClassOf pmopel va. xonoipomon0ei yia var Onimoel Ot
o xAdon etvor vrorAdon og AAing ®Adonc.

e O 0p0c¢ veprhadon (super-class) YONOLUOTTOLELTOL GOV O ALVAOTQOPOS TOV
000V VoxAQoN. AV o xAdon C’ etvar vregxidon wog rhdong C, 1oTe
ola ta. otrywotvma g C elvon emiong o otrywotvmo e C'.

e Ola to avixeipeva ta omoia mepryoddovtal ue RDF ovoudCovtaon
TOOOL, RO ELVOL OTLYLOTVTT TG ®AGoNG rdfs:Resource. Avti) 11 #Adom
repthaufdvel ta mhvta. Oleg oL dhheg #AAOELS ElVaL VTOXAGGELS TNG
rAAONG AVTTC.

— H rdfs:Resource etvar éva otrypuotumo g rdfs:Class



KAdoelc

o H rdfs:Literal eivaw 1 ®Adomn wov meQLAauPaver OAEC TIC TUUES
LLE Y OLQOUTTQES.

— H rdfs:Literal etvouw éva otrypuotumo g rdfs:Class. H rdfs:Literal elvai
vorAdon tng rdfs:Resource.

o H rdf:Property etvouw n zxAdon tov wOwottwv g RDF.
— H rdf:Property etval otryotumo g rdfs:Class.

e H rdfs:Datatype eivow 1 #AGoT OA®V TOV TUTTWV OEOOUEVOV.

— H rdfs:Datatype elvor TovtO)Q0vVa ROl OTLYIOTUITO KOl VITOXANON
¢ rdfs:Class.

— Kd&0Oe otvywotumo tne rdfs:Datatype etvor vtorAdon tne rdfs:Literal.



[oLotNnTEg

o H wouotnta rdfs:subPropertyOf pmogel va yonotpomotn et yio
val ONAMOEL OTL WAl LOLOTNTO. €Vl VTo-LoLoTNTO (Sub-
property) uwog GAANC.

— Av o wwotnTa P elvor vmo-1ototnta pag wwotntog P, tote Oha ta
Celryn moépwv tTa omoio. ovoyetiCovtal pe tnv P ovoyetiCovrol emiong
ue tnv P'.

— O 000¢ VIEP-10LOTNTA (Super-property) Y O1NOLULOTOLETAL CUY VA OOV
0 avTioTEOdOC TOV OEOV VITO-LOLOTNTC.

— Av o wotnto P’ elvor vieg-1ototnta og wiotntog P, tote Ol
to. Celyn MOV Ta omoio. ovoyeTiCovtal pe tnv P ovoyetiCovtou
emiong pe tnv P



[oLotNTEg

o H 0w0tnra rdfs:range eival otrypotumo g rdf:Property o
Y OTOLULOTIOLELTAL YLOL VO, ONAMOEL OTL OL TLUES ULALS LOLOTNTOS ELVaLL
OTLY WO TUITO LG 1) TTEQLOCOTEQMWV RAGOEWV.
— H onAwon: P rdfs:range C

VITOONADVEL OTL TO P elvan éva otryodtumo g »Adong rdf:Property, n C elvou
Eva oTLYOTLTTO TNG rdfs:class ®ow oL TOEOL TOV AVTLOTOLYOUV OTA OLVTIXEIUEVOL
TWV TOLAOWV TWV OOV TO RATNYOENUA €lval TO P, elval oTtuyoTuma The
nhdong C.

e H 06tNta rdfs:domain etval otryodtumo g rdf:Property »ouw
Y ONOLUOTIOLELTAL YLOL VO, ONAMOEL OTL ®ABE TOQOG TTOV EYEL AL
OVYALEXQLUEVT LOLOTNTO ELVAL OTLYLOTUTO OGS 1) TTEQLOOOTEQWYV RAAOEWV.
— H onAwon: P rdfs:domain C

VIOONAMVEL OTL TO P elvou Eva otrywdTumo g #vAdong rdf:Property, 1 C elvou
Eva oTLYOTLITO TNG rdfs:class ®o oL T0QOL IOV AVTLOTOLYOUV 0T VITOXEIUEVQL
TV TOLAOWV TWV OTOLWV TO 1ATYOON U ElvaL TO P, elval oTryloTuITo, TNG
nhdong C.



[oLotNnTEg

« H 1010t t@ rdf:type givow OTUYMOTVTO TN rdf: Property »ou
X%)\nmuorcowwou YL voL ONAMOoEL OTL €vag TT0QOG (VoL OTLYLOTUITO ULOLS
1AOLOMG

— H onlwon: R rdf:type C

vrroonimvel 0t to C givou éva otryudtumo g rdfs:class xow to R elvau
otryotTumo g C.
e H 00t ta rdfs:subClassOf eivau cmymowﬂ:o TG rdf:Property »au
%QNOULOTIOLELTOL YLOL VO ONAMDOEL OTL TOL OTLYMOTUTIOL LOg ®AGONG elva
%O OTLYOTVTTOL TG AAANC.

— H 1016t ta rdfs:subClassOf eivan petafatint.
e H 00t ta rdfs:subPropertyOf eivail Ouymow:rco ™G rdf:Property »ouw

X QTOLUOTIOLELTOL YLOL VO ONADGEL OTL OAOL OL TTOQOL TTOV TYETICOVTOL LE
ol LOLOTNTOL OYETICOVTOL EMONG %Ol Ue pLoL GAAY.

— H omlwon: P1 rdfs:subPropertyOf P2

vnoﬁn}\oova otL ta P1 nou P2 elvow otrypotumo tng rdf:Property, ®xaBwg »ou
o1t 10 P1 elvon vmo-1ototyTa tneg P2.

— H 016t ta rdfs:subPropertyOf eival petafatiny).



[owotnTeg

o H wou0tnta rdfs:label mopéyel o e0rOA avayvaoLun ot
TOV AVOQ WO TAQAAAAYT) TOV OVOUATOC EVOC TTOQOV.
— H onAwon: R rdfs:label L
VITOONADVEL OTL TO L a ehxola avoyvaoiun amd tov dvOowto
ETHETA YLOL TOV TTOQO R.
e H w0u0tnTa rdfs:comment ¥ Q1 OLUOTTOLEITOL YLOL VO TTOLQEYEL
LLOL OLVOLY VO OLUT OLTT0 TOV VO To mteQLyoadt) evOg T10QO0V.
— "Eva o0Mo o€ poedn #elpuévou deurohiveL 0To EexabAQLoua TG
ONUOLoiaS TV vAACEWV %aL TV LOLOTNTWV TS RDF.



Class name

comment

rdfs:Resource

The class resource, everything.

The class of literal values, e.g. textual strings

rdfs:Literal and integers.

rdf:XMLLiteral The class of XML literals values.
rdfs:Class The class of classes.
rdf:Property The class of RDF properties.

rdfs:Datatype

The class of RDF datatypes.

rdf:Statement

The class of RDF statements.

rdf:Bag The class of unordered containers.
rdf:Seq The class of ordered containers.
rdf:Alt The class of containers of alternatives.

rdfs:Container

The class of RDF containers.

rdfs:ContainerMembershipProperty

The class of container membership properties,
rdf:_1, rdf:_2, ..., all of which are sub-
properties of 'member’.

rdf:List

The class of RDF Lists.




RDF XML http://Www.w3.0rg/TIUREC-rdf-@

oVVTOEN
VL0l TTEQLPATILOLTOL

dc:Creator

'\ rdf:Type

\ 4

rdf:_1 rdf: 2

“Ora Lassila” “Ralph Swick”

rdf:Seq

<rdf:RDF xmlns:rdf="...” xmlns:de="...">
<rdf:Description rdf:about = "http://www.w3.org/TR/REC-rdf-syntax/”’>
<dc:creator>
<rdf:Seq>
<rdf:li>Ora Lassila</rdf:li>
<rdf:li>Ralph Swick</rdf:li>
</rdf:Seq>
</dc:creator>
</rdf:Description>

</rdf:RDF> 1z




Courses/6.001
RDF XML rdf:Bag

0{) VTGEW students rdf:Type
Students/John

YLOL TTEQLPAT|LOLTOL
rdf:_2
<rdf:li resource="“Students/John” />

Students/Mary
<rdf:li resource="“Students/Tim” />

<rdf:li resource="Students/Mary” /> How n
</rdf:Bag> OlA0ODA LE
</s:students> popap
</rdf:Description>
</rdf:RDF>

”

<rdf:RDF xmlns:rdf="...” xmlns:s="...”">
<rdf:Description about = "Courses/6.001/”°>
<s:students>
<rdf:Bag>

rdf:Seq;




resource.

Property name comment domain range
rdf:type The subject is an instance rdfs:Resource | rdfs:Class
of a class.
rdfs:subClassOf The subject is a subclass rdfs:Class rdfs:Class
of a class.
rdfs:subPropertyOf The subject is a rdf:Property rdf:Property
' subproperty of a property. ' '
rdfs:domain A domain of the subject rdf:Property rdfs:Class
property.
rdfs:range A range of the subject rdf:Property rdfs:Class
property.
_ A human-readable name _ .
rdfs:label for the subject. rdfs:Resource | rdfs:Literal
rdfs:comment A description of the subject rdfs:Resource | rdfs:Literal

rdfs:member

A member of the subject
resource.

rdfs:Resource

rdfs:Resource

rdf:first

The first item in the subject
RDF list.

rdf:List

rdfs:Resource




after the first item.

Property name | comment domain range

rdf:first The f'.rSt item in the subject rdf:List rdfs:Resource
RDF list.

cdf-rest The rest of the subject RDF list cdf-List cdf-List

rdfs:seeAlso

Further information about the
subject resource.

rdfs:Resource

rdfs:Resource

rdfs:isDefinedBy

The definition of the subject
resource.

rdfs:Resource

rdfs:Resource

rdf:value

|ldiomatic property used for
structured values

rdfs:Resource

rdfs:Resource

rdf:subject

The subject of the subject RDF
statement.

rdf:Statement

rdfs:Resource

rdf:predicate

The predicate of the subject
RDF statement.

rdf:Statement

rdf:Property

rdf.object

The object of the subject RDF
statement.

rdf:Statement

rdfs:Resource




RDEFS vs RDF instances: OL 010 OWYeLg

8

b

su

rdfs:Class rdf:Property E

rdf-type
/  rdftype
e

8§

rdfs:range 3

rdfs:subClassOf rdfs-subClassOf @2
<)

S

: ex: Faculty-
ex:Student
rdf-type rdf:type
ex:Name
__.__.__._._____,__.__.___________._+ “JOhn"

RDF Layer




20vtaEn tne RDF Schema oe XML

Hopdoerypo 0o To YVOOLEKO YDPO RO

Aobévrog kamoika ae RDF/S fpeite to Ovroioyiko Lynua.



<?xml version="1.0"?> Hapdaosrypa
<rdf:RDF

xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#”>

<rdfs:Resource rdf:about=""http://www.dib.uth.gr/staffMember''>
<rdfs:comment>The class of staff members </rdfs:comment>

</rdfs:Resource>

<rdfs:Resource rdf:about=""http://www.dib.uth.gr/academicStaffMember''>
<rdfs:comment>The class of academic staff members </rdfs:comment>
<rdfs:subClassOf rdf:resource="#staffMember' />

</rdfs:Resource>

<rdfs:Resource rdf:about="http://www.dib.uth.gr/lecturer'>
<rdfs:comment> The class of lecturers. All lecturers are academic staff members. </rdfs:comment>
<rdfs:subClassOf rdf:resource="#academicStaffMember' />

</rdfs:Resource>



Hoapdaostypa (cvvéysra)

<rdfs:Resource rdf:about="http://www.dib.uth.gr/course'>
<rdfs:comment>The class of courses</rdfs:comment>

</rdfs:Resource>

<rdf:Property rdf:about="http://www.dib.uth.gr/isTaughtBy'' >
<rdfs:comment>Assigns lecturers to courses. </rdfs:comment>
<rdfs:domain rdf:resource="#course'/>
<rdfs:range rdf:resource="#lecturer"/>

</rdf:Property>

<rdf:Property rdf:about=""http://www.dib.uth.gr/teaches'>
<rdfs:comment>Assigns courses to lecturers. </rdfs:comment>
<rdfs:domain rdf:resource="#lecturer"/>
<rdfs:range rdf:resource="#course'/>

</rdf:Property>

</rdf:RDF>



Aopnueva AgELhoyLo

SVNONVIMS  affixes hyponyms
y y adverbs verbs P ylex1con

collocations WOI’

Nnouns

phasebook dlCthﬂa adjectlves

etymology lex preposmons SUff 1XES
thesaurus prefixes ‘ 7 O C a ar
antonyms

phrases

Io1og civat o facikog polos twv Aounuévawv Aeéiioyimv (Controlled Vocabularies);

IHoiog ivar 0 6ToY0G TOVSS



Pvownd TEOCMTO KAl AVILKEINEV.

~
https:/www.wikidata.org/wiki/
Special:EntityData/Q12418

http://example.org/bob J
-

Alice Leonardo Da Vinci

>

is interested in

The Mona Lisa

Person 14 July 1990 . )
La Joconde a Washington



H AVomn ne oounuéva AeSLhoyLo.

Leonardo Da Vinci

Alice http://dbpedia.org/resource/
Leonardo_da Vinci

http://fexample.org/aliceime

dcterms:title

> » “Mona Lisa”

The Mona Lisa
http//www.wikidata.crg/entity/Q12418

La Joconde a Washington

http://data.europeana.eu/item/04802/243FA
Person "1990-07-04""r"xsd:date 8618938F4117025F17A8B813C5F2AA4D619
foaf:Person



Aounuevo AeELAOyLO

FOAF: Friend-Of-A-Friend

@Wikipedia: FOAF (an acronym of friend of a friend) is a machine-readable
ontology describing persons, their activities and their relations to other people
and objects.

http://xmlns.com/foaf/spec/



Enéktaon pe FOAF oto mponyovuevo mopaostypa

<?xml version="1.0"?>
<rdf:RDF
xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

xmlins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#" Ewo (I’Y(D’yf] FOAF
xmlns:foaf=""http://xmlns.com/foaf/0.1/"> <€
b NAMESPACE

<rdf:Property rdf:about="http://xmlns.com/foaf/0.1/name"'>

<rdfs:domain rdf:resource="#staffMember'"/>

<rdfs:range rdf:resource=""http://www.w3.0rg/1999/02/22-rdf-syntax-ns#Literal" />
</rdf:Property>



Aounuevo AeELAOyLO

DC: Dublin Core

MIETADATA

Dublin Core®Metadata Initiative

INNOVATION

@Wikipedia: The Dublin Core Schema is a small set of vocabulary terms that
can be used to describe web resources (video, images, web pages, etc.), as well as
physical resources such as books or CDs, and objects like artworks.

http://dublincore.org/

http://dublincore.org/documents/dcmi-terms/



Emnléov enéktaon pe DC oto mponyovuevo mapaoerypa,

<?xml version="'1.0"?>

<rdf:RDF
xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#”

xmlns:foaf="http://xmlns.com/foaf/0.1/"

Ewoayoyn DC

xmlns:dc=""http://purl.org/dc/terms/"> <€

NAMESPACE

<rdf:Property rdf:about="http://purl.org/dc/terms/title'>

<rdfs:domain rdf:resource="#course'/>

<rdfs:range rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#Literal" />
</rdf:Property>



Graph Modeling - Semantics

Comparing the features of the mainstream ways of modeling data versus the semantic web model

Identifier
- Tabl Pri K
= MS SQL, Table Cell ae ey ey
Oracle, MySQL | Values Column (Data Column) | SQL N/A
Relational e Definitions Value
- . e.g. Unique
' Tag/Attribut
= XML = Y% | xsp/pTD Attribute Key | XPath | N/A
Hierarchical Values Value
- RDE/XML Yes, using
E Grach | 1o RDF RDFS/OWL | URI SPARQL | RDFS and

OwL




Case studies

rdfs:subClassOf rdfs:subClassOf dfs:subClassOf
@ rdf:Property eg:Agent
rdfs:subClassOf rdf:type rdfs:subClassOf
|
rdfs:domain : rdfs:range
eg:Document eg:Person
rdf:type
rdf:type eg:name

»| Tim Berners-Lee

eg.author

http:/.../Proposal/ > detitle ol |nformation Management: A Proposal




Case studies

St-George 1234 rue des Chateaux

RDF " 5%

cb:JudeRaisin

Movo
instances

cb:ownedBy

(10
cb:theCellar

Raisin

4587 n{e des Futailles

wc:C00871996 wc:C00042101

wc:C00043125

rdf:Bag




Eom
AoV

TANPES
modeling

\

Case studies

RDF-S

cb:ownedBy

rdfs:range

rdf:Property

&%

S
A\

or,
© 6‘.'(70
Q/},

¢°‘°°

cb:loved

rdfs:range

cb:Person

cbh:Cellar

rdfs:Class

cb:Wine

e




Acxnon

rdfs:subClassOf

rdfs:domain
rdfs:domain

........... A
<. contains - “.. located -
""v-n-.[......-..--

lrdfs:range

- rdfs:range
rdfs:domain

rdfs:range

“o

rdfs:rangell_,,..
" paintedBy

rdfs:domain

earOfBlrth \ rdfs:rangi )‘
Ferrnn., y - o, rdfsirange - \\/

.......... I..-..---""""

rdfs:range\{ ——— e, a I’tlstName et S \LIE"é_“_ -
Date
— - — -

Av 1] eiIKOva pog divel TV povreromoinon yo £va domain KOToypaWYTE TOV GVTIGTOLYO YPAPO
Y10, KATTOL0, EVOEIKTIKA GTLYULOTLTTO




Case study — Wikipedia / DBpedia

http://dbpedia.org/ D
ontology/Place
rdfs:subClassOf

rdfs:subClassOf

C
http://dbpedia.org/
ontology/PopulatedPlace

=

http://dbpedia.org/
ontology/MountainRange

rdf:type
rdfs:subClassOf rdfs:subClassOf
F
. ; . ; http://dbpedia.org/
http://dbpedia.org/ http://dbpedia.org/ &S )
ontology/Settiement ontology/Country resource/Rocky_Mountains
/ L)

rdf:type

http://dbpedia.org/ &
resource/Germany
[ N

rdf:type rdf:type

http://dbpedia.org/ A
resource/Hamburg
*




Ao oyeooxo noviého oty Ovrohloyio

Relational 1 Lee 1 2 1 Michael Math
Schema
2 Juan 2 1 2 Eric Physics

ex:student_teacher

ex:Teacher_Classificatja ;
= xsd:string

Direct

: ! ex:Student_Name
(isomorphic) m ex:Student ex:Teacher
mapping

{usually alstomated)

ex:inverse_student_teacher 3
xsd:string

rdf:type

ex:student_teacher

Ontology

ex:Teacher_Classificatig “Physics”

ex:Studentl ex:Teacher2

wx:Student_Name

ex:inverse_student_teacher

Ontology
To
Ontology

Mapping uv:has_teacher

foaf:name
xsd:string uv:Student uv:Teacher

Domain

rdfs:subClass
Ontology

uv:Physics
Teacher Teacher



[ J
Instance mapping

1 Lee 1 2 1 Michael Math
2 Juan 2 1 2 Eric Physics

Ty TTTE——

Rélaﬁbnal
Schema

ex:student_teacher

ex:Teacher_Classificatja ;
= xsd:string
Direct

: ! ex:Student_Name
{isomorphic) m ex:Student

ex:Teacher

ex:inverse_student_teacher

xsd:string

ex:student_teacher

Ontology

ex:Teacher_Classificatigfie Physics”

ex:Studentl ex:Teacher2

m ex:Student_Name

ex:inverse_student_teacher

Ontology
To
Ontology

Mapping uv:has_teacher

foaf:name ' y
xsd:string uv:Student — xsd:string

Domain rdfs:subClass

Ontology

uv:Physics
Teacher Teacher



Ontology mapping (all instances)

Relational 1 Lee 1 2 1 Michael Math
Schema
2 Juan 2 1 2 Eric Physics

ex:student_teacher

ex:Teacher_Classificatja -
E xsd:string

Direct

. ! ex:Student_Name
{isomorphic) m ex:Student ex:Teacher
mapping ex:Teacher_Name

{usually alstomated)

ex:inverse_student_teacher

xsd:string
Local
Ontology

rdf:type

ex:student_teacher

ex:Teacher_Classificatig

"PhySiCS"

ex:Studentl ex:Teacher2

m ex:Student_Name

ex:inverse_student_teacher

Ontology
To

Cntology
Mapping uv:has_teacher

foaf:name ' :
xsd:string uv:Student uv:Teacher a— xsd:string

uv:teacher_of

Domain
Ontology

rdfs:subClass

uv:Math uv:Physics
Teacher Teacher



Real-life case studies (m€épaoua o€ bio modeling)
is-a Property

SRS

Qphyslologlcal process

sa

is

is-a -a
eats
Carnivore Herbivore

eats

A’_metabollsm

.]I

is-a
Antelope

To Property is-a £yl cuva@n poro pe: protein biosynthesis

primary metabolism

biosynthesis protein metabolism

owl:sameAs

rdfs:subClassOf



Real-life case studies
Iopaoeryna o€ LOTOLAA OEOOUEVA KOl
biosignals

T [ Sign il Blood Pressure |
subclassOf
Measurement Measurement
Process Process
\ 3 = y 4

lhas_specified_oulpu lhas_specified_outpu
[ vitalsign |  Blood Pressure | '
subclassOf
Measurement Measurement Systole
Datum Datum
: / o : / (¥ o/

lls_about lls_about Texnsls_dunng

| ISUbC'aSSOf vsubclassOf | SystolicBlood |subclassOf ~ SystolicLeft
Vital Sign < Blood Pressure <€ Y N
Pressure P
i/ \_ o/ - \

subclass llowards ltowards

PATO:Pressure

Blood Vessel Left Ventricle

J "

|\ FMA:Wall of e subclassOf FMA:Wall of J




DisGenET platform

Home About Search Browser Downloads Cytoscape RDF Help

One of the most challenging problems in biomedical research is to understand the underlying mechanisms of complex diseases. Great effort has been spent on finding the
genes associated to diseases (Botstein and Risch, 2003; Kann, 2009). However, more and more evidences indicate that most human diseases cannot be attributed to a
single gene but arise due to complex interactions among multiple genetic variants and environmental risk factors (Hirschhorn and Daly, 2005). Several databases have been
developed storing associations between genes and diseases such as CTD™ (Davis, et al.,, 2014), OMIM® (Hamosh et al., 2005) and the NHGRI-EBI GWAS catalog (Welter
et al., 2014). Each of these databases focuses on different aspects of the phenotype-genotype relationship, and due to the nature of the database curation process, they are
not complete. Hence, integration of different databases with information extracted from the literature is needed to allow a comprehensive view of the state of the art
knowledge within this research field. With this need in mind, we have created DisGeNET.

DisGeNET is a discovery platform integrating information on gene-disease associations (GDAs) from several public data sources and the literature (Pifiero et al., 2015; Pifiero
et al., 2016). The current version (DisGeNET v4.0) contains 429,036 associations, between 17,381 genes and 15,093 diseases, disorders and clinical or abnormal human
phenotypes, and 72,870 variant-disease associations (VDAs), between 46,589 SNPs and 6,356 diseases and phenotypes. Given the large number of GDAs compiled in
DisGeNET, we have also developed a score in order to rank the associations based on the supporting evidence. Importantly, useful tools have also been created to explore
and analyze the data contained in DisGeNET. DisGeNET can be queried through Search and Browse functionalities available from this web interface, or by a plugin created
for Cytoscape to query and analyze a network representation of the data. Moreover, DisGeNET data can be gueried by downloading the SQLite database to your local
repository. Furthermore, an RDF (Resource Description Framework) representation of DisGeNET database is also available. It can be queried using our SPARQL endpoint
and a Faceted Browser. Follow the link for more information.

DisGeNET database has been cited by several papers. Some of them can be reviewed here.

The DisGeNET database is made available under the Open Database License. Any rights in individual contents of the database are licensed under the Database Contents
License.

Tweets by @pisceneT

* DisGeNET m
" @DisGeNET
Systematic integration of
biomedical knowledge
prioritizes drugs for
repurposing
biorxiv.org/content/early/...

*® e 5
=\\£/:\\\.,; ;.,_

- DisGeNET
@DisGeNET

Heter-LP: A heterogeneous

http://www.disgenet.org/ds/DisGeNET/html/images/disgenet-rdf-schema-125.png



BFO:independent
continuant

subClass

DWC:ORGANISM
subClass subClass
PCO:collection
of organisms

subClass

BFO: Basic Formal Ontol.
I W A DWC: DarWin Core terms

- PCO: Population and Community
organism or virus or viroid J
subClags f

BFO:immaterial entity

\ GO: Gene Ontology
Gmmaterial anatomical entityJ/ subees subClass part_of subClass CL: Cell OntOlOgy
bl Ss’[material anatomical entityJ

CARO: Common Anatomy Reference
PO: Plant Ontology
subCIass/' subClass subClass subClass

disconnected
il anatomical group (oonnected anatomical structure)
/'/' \
subClass
subClass
(multi—oell—part structure subClass
subClass  subClass

subClass
J subClass

subClass

has_component

las

GOcellular
component

subClass

cell part

[mu Iticellular anatomical
(GO, CL, CARO)

structure

subClass

acellular anatomical extraembryonic
structure structure

has_component

cell
@L. GO, CARO, PO)

hasfcomponL_—_/

has_componen

[Go:extracellular matrix]




Observation + Data Analysis = Modeling
S. Aureus case

b S. aureus community network Pt )
i . athogenesis
Carotenoid biosynthesis T
508y Reaponse to ! SAV0825
__(SAV1049

,antibiotics ‘
Tetrac ycline repressor

rRNA processing / SAVI431@—__
o & / SAV2221Q—

Protein

»‘?

metabolism, *%= < SAV0718 SAV0714
TCA cycle m ‘ 2 SAV0849 SAV2001
Fibornectin- SAV.
Tryptophan binding protein 0717

'dmftamt"sm ol | SAV11590-__ " _(©SAvos14
oxiaative stress \ . i Py
Lactose 33 \\E"Omxm 11.0—/ teaR— @Exotoxin 7

metabolism ‘.\ SAV0749 SAV0220

Transmembrane . * + Exotoxin14 SAV0435
transport Nz L .' J Phosphonate _ Exotoxin 8 g x\5ppgSAV1105
Nucleotide  transport & Transcription factor
Glycerol metabolism, ~ Metabolism © Target gene

Glutamate biosynthesis © @ Annotated as pathogenic
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Bio/Med Linked Data Cloud

Enzyme GOZE“IYme'rdf
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Open Biological and Biomedical Ontologies (OBO)
Foundry (http://obofoundry.org) 6
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