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I[TPOAOI'OX

H nopodoa Sidaxtopnn Sttt exmtovninue oto epyaotneto eléyyouv TouQaoitwy
not acbevetwy vo My eniBiedn tov xabnynty X. Aodn. Xonpatodotmbnmre and Ebvixd
Ivotitovto AMepytov xoat Metadotinmy Aclevetwv twv Hvopévov ITolteiwv oto mhaioto

™¢ VectorBase.

Av 1 exnovnon plag StatElBNg eivat (o TEOCWTLKY] TOEELX GTOV YEOVO, XLTY] dev
elvar moté povaynn. ITanbog avbpwnwy cuppetéyovy apeon xat ERpecn cLIBIANOVTOG pe
Tov 100m0 10Lc. Hpovv Switepa TLYEEOS, YTl OTNV OWY] UOL TOEELL GLVAVTYCL
ey wpEtoTobg avbp®Toug TOL SLLUOPPWOAY TNV TEOCWTUOTNTA OV UXL (KOG ETLOTUOVA XANK

not wg avbpwmov.

O Xpnotog Aobrg Ntay TOME TeptocoTepa TEAYRaTa and emtBrénwy xabnyntg
nov OAa awtd T yeovia. Me otnptée TOAD 0TI SUOKOAES GTIYUES OV PE TEOTIO GPECO ML
BLonELTInd, EYOVTag TNV coPla var e apnvet v xavw Adbn yio var pabaive amd autd. Ohw

vo eATLW TG BEV UETAVIWOE YL TNV EUTLGTOCGLVY] TOL oL edetée and TNV TEWTY| OTLYUY).

2tov Nivo Mooyovd yowotw T TE®OTH KoL BNUXTX CTOV YWEO T1G KOELIUYG
Boloyiog oe eeLVNTING eTiNESO, XALX 1oL XOYOTEQX OTAY TAEOV ElYX TEQROEL GTOV TOHUEN
™ BlomAnpopopnng, 1 LTOoTNEIEY TOL G ALTO TOL exava NTay TOAD ueyedy. Hrav pa
neplodog mov 10 MEEBAAAOY TwV TUNUATWY ™C Broloyiag maveAhadwms Sev natadaPotve
1Staitepo xLTONG TTOL SOLAELAY UTEOOTA o€ i 00OVY] LTOAOYIOTN uXL KAT& CLVETELL DV

Ntov draitepa o pall Toug.

BEva 1duaitepo evyaptoten acbivopor mwg ogeilw xat oty Acomova Alefavdpdun
Yl Tig oLLNTNOELS HAL TOV YEOVO TOL OV aPLEEWaoe OAx avtd Ta yeovix. Eniong Oa nbeka

voe euyaELoTow toug Iwavwn Bovia, Iwdvwn Hhonovdo, Nixo ITovAiaxdun xour Aptepn



Xatlnyeweyiov, heln g eNTaPeAODS EeTUOTINNG OV ETUTQOTG YL TNV XQLTHY], TO GYOALL

N TIG TUQATYENOELS TOUG.

O Moavolng Awdoveg eivat 0 povog mépa and v entapery] e€etaotiny enttpony)
nov SdPBoce OAOUANEY TOLTY ed® TNV EEYAOLX AL TOV ELYXELOT® TOAL YU avtd. Ma
TEQLOGOTEQO YTl UOLEALOUAGTE TTEQA ATO TO YOXUPELO, TNV HAONUEQVOTNTA LUG HAL UE TO

YLODPOQ, TOV YAQAATHOX %ol TVY TEOCWTHOTNTA TOL TNV UAVEL TILO ELYXOLOTY).

Mukwvtag yroo ouvepyateg, Ha Nbeha voo evyapLloTow Ol Tar PEAY TOL EQYAGTYELOL
Loy oVIUR, AAAG eTIELDT] lval UEYHAO TO YEOVIXO SLXoTNpa ot TEx ToAlol avBpwmot Ho
apueotw otoug Aevtépn Xnavo, I'weyo TTanaytavvann ot Inga Siden-Kiamos mov eipaote
nall and 101 mOL TEWTOREEONHX 6TO cEYUOTNELO Tav TEOTTLYLAXOG portnTNe. Eniong Ha
N0eha vo avapepbn oty Kodhonn TCaPraxn xow v EAPlpa Mntpaxa mov g
TEOTTLYLANES QOLTNTELES avePnuay pall pov 6To TAOLO Twv ovioloylwy xat acyoinBnxay pe

QXVTEG OTO MAXIGLO TG TTVYLAANG TOLG EQYXTLAG.

Téhog, B Nbeha var avapepbo otoug yovelg pov, Aléno o Mapla. Toug opeliw
TOAAG TEQLOGOTEQX ATO TO «{Ny» TOL BEV UTOEOLY VX XAELGTOLY UECH GE HLX THQAYQXPO,
ovte va mepypxpovy pe Ae€elc. Xwplg adho oyoio Oa 7beha va toug aglepwow TNV

TEODOX EQYACLA.
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Mepiinym

Aéna yooviow petd ™y olnlodyton touv avbpOTvou YOVSIOUATOS, TOQXMUEVEL
Intovpevo o axEtBng aEtbpog nat 1 AettovEyn avedlvon twv avlowmvwy yovidiwy. H
XVIALOY] TOL OlOEVa ot PeyaALTEQOL Oyxou JSabéotpwy dedopévwv pe v Ponbeta
NAEATOOVIM®OV LTONOYLOTWY EMLTAYLVE TNV SladMaolar 1ot LTOYQRUMULOE TNV AVOYXULOTN T
™G BromAnpoyopwy] oty abyypovy Broloymny épevva. Tavtdypova avédstée v avaynn
VEWY eQYaAELwY %ot TEOTWY 0PYAvwoNS Twv Broloywmwy dedopevwv. H yonon ovioloywy

elvat xop o onpeto oty mpoomdbeta avTy).

210 mhaicto G maovoag OtaTElNg  dMutoveyNOnrav  ovtoloyleg yr: TNV
TEQLYQUPT] TNG AVATOMUING TOL XOLVOLTILOL, T1V TEQLYQXPY] UAL TOV EAEYYO TYG avbentindtnTag
oe evToponTova mov eppavilovy mAnBuopol xovvovTeY XAl TEAOG, Yyl TNV elovooia. Me
Bdom avtéc Tic ovtoroyieg avantoyOnray epyadela mov Sivovy ™V SuvatoTr e TEOGHNUNS
EMONPELWOEWY OTIC LNIAEYOLOEG BAoelg dedOopEVwY Yo TOV LGTO GTOV OTolo exgpealovTat
ovyuenptphéva  yovidix, eumhovtiloviag  tec.  IMapadhnia, nxbiotovy  Svvatn v
noepouokovnon xal TNV TRLTOTONOY, NG euPavione  avOexTndT™THG  améEVaVTL OTX
EVTOMONTOVX GTOLG TANOLEROLS HoLVOLTILGY KATOLXG TIeptoyYe. Tékog amotehoby v Baon
YEVIUOTEQWY TIAYQOYORLOINMY GLOTNUATWY ToL TEooTaboby Vo GLVSLAGOLY ETEQOYEVEIQ
TANEOYOEIEC HeTa€D TOLG ML EIVAL YVWOTOTEQX CXV GLGTYUATX LTOCTNEENG amopdoewy. H
ovtohoyiax g ehovooiag mov dnutoveyntnxe oto IMBB %87 amoteket v Baorn tov
XVTIGTOLYOL GLGTYUATOG, EVW 7] OVTOAOYix %ot 7] Bdon dedouevwy yix v avbexntindt)ta oe

evtopoutova éyet viobetn el cay TEOTLTO XAt Ao Stebvn) TEOYEAUUXTA KXl OPYAVIGUOVG.
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Summary

Ten years after the publication of the human genome, the functional analysis of
human genes is still at an embryonic stage. The use of computers to analyze the
increasing volume of the available data accelerated the process and underlined the
necessity of bioinformatics into the modern research in the field of molecular biology. At
the same time the need for new tools and new ways to semantically organize the available
data it became obvious. The use of ontologies is a major step forward towards this

direction.

Within the frame of this work new ontologies have been created to describe the
gross anatomy of mosquitoes, to facilitate detection and monitoring of insecticide
resistance often observed in mosquito populations especially in the areas where spraying
is the main measure for vector control and finally to describe malaria. Based on these
ontologies new tools have been developed to facilitate gene annotation with anatomical
terms. Moreover a new database to detect and monitor resistance in an area has been
established based on our ontology and it has been adopted as a standard from various
international efforts. Finally the malaria ontology created at IMBB resides at the heart of

the malaria decision support system created by the innovative vector control consortium.
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I'ENIKH EIZAT'QI'H

Tevika

Eivat oyedov otepedtuno, Okeg ol epyaaieg mov avapepovial oTie Paoetg Blohoyitmy
dedopévwy nat 11 BLOTANEOYOEWNT] Vo EENVODY UE ML AVOLPOQEK GTOV TEQAGTIO OYXO TWV
Brokoymwv Sedopévwy mov eivar Sxbéotpar ot pépeg pog. To epyahelar de, mov
ToEoLGLALOLY ElVOL OAOEVA UL TILO ATOBOTING, TILO LOYVEG HAL LTOGYOVTAL VO XTOXAALYPOLY
NUADTEQX 1Ol TAYDTEQX ATO OTOLOdNTOTE GARO TNV avalrTovpevy xabe opd TAnopopin.
H mopodon epyasia dev B propovoe va anotekéoet e€aipeor, Bu nbele opwe va npocbéoet
L0 oaUOp SLUCTAOELS TOL QYXIVOREVOL TOL ouveyilel vo e€ellooetal e EVIELVOREVOLG
ovbpode. H mpot €yet va ndver pe 10 yeyovog mwg autdg 0 Oy%0g Twv OedOUEVWY TOL
Botoxetar amobnuevpevog 0TOLG LTOAOYIOTES oG, BEV elval XEXETOG Yo Vo Teptypadet e
AETTOPEQELX L VO aVOXADOEL O Wwavonontine Babud 1ig oyéoelc mouv SEmovy Tig
puotoroyneg xat taboloyweés Sradiaoieg g Lwng Twy pPlwy oviwv. H dedtepn oyetileta
UE TNV VYUY TEQULTEQW OQYAVWGYS TwV SeSOpEVLY pia Stadnacio Tov TeEABaver TNV
EMONMUElWOT] TOLG Me TEOCDETH  YXEAATNELOTIXG XXl TANQOYOELES, TOL  CLVOTTIXG

yorpantEiloviat wg HeTa-0edOUEVA.

H »haoown avtipetwnion mephapPaver v avamtuén Bdoewv dedopévewyv mou
TIEQLEYOLY OAEG aLTES TG TANowopies. Ta tedevtaior yoovix o aEbuog twv dtxbéotpwy
Baoewv avfavetor pe EuOud avahoyo excivov twv Sedopévewv (Galperin and Cochrane
2011) pe amoteréopato vo vmapyovv moivapbpes Baoelg dedopévwy pe g idteg M
TuEeppepels mAnpoyoples. I'a mapddetypo vTdEYOLY TEELOCOTEPES ATO 5 SlxPOEETINEG
Baoetg mov apopoLy potia uat TEOTLTIX TOL TAEOVLGLALOVTAL GTIC TEWTEIVES UXL PALVETAL VO
oyetilovtat pe v Aettovpyla toug (Hunter, Apweiler et al. 2009), (Sigrist, Cerutti et al.
2010), (Pettifer, Ison et al. 2010), (Gaudet, Bairoch et al. 2011). I'onyopa, éytve avtlnmto

TWG AVTOG O NATAUEQUATIOROG TN TANEOYOELAG O EMUEQOLS TUNPATA TO OTola Bplonoviat
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oe SLopoEeTinég Baoelg SedOUEVLY, GUYVE O SLUPOQETIUA EQT] TOL HOGPOD, DTTOVOUEVE TNV
ATOTEAEOUATIHOTNTA TV (Owy Twv PBdoswv alda xot twv Swbéotpwy epyaulelwy Tov
Y OY|OLLOTIOLOLE YLt VO AVAUTOVUE TIG TANQOYOPLEG TTOL pag eVOtopeEovy. Me v avdmtuén
0L SLSILTLOL KAl TOL TAYXOGULOL LGTOD OL YEWYQEXPIXOl TEQLOELoUOL Emafay var tayLOLY
aAkd& ot volotmor napepevay. H mowtn anomelpa va vrepnepaabel to mpdBinpoa ntav n
oMo e€wTepMmV CLYSECEWY Kot SLLGTAVQODUEVRY AVAPOELY ATIO TNV Mt Bdar) dedopévev
oV AN, Auto eiye oav mapevépyela TO v SnpLoveynody xurlinés SloTaVEOLIEVES
owvdéoelg amod ™V W Baor Sedopévwv oty GAAY ywelc mavtote vo etvan Eexdbopn 7
TEWTOYEVYG TNYT] TS TANeoYopiag. Emmiéov, enetd ouyvd ot EMGTNIOVES Y OY|CLULOTOLOLY
CLVWYLPA OPWV YLK VO TTEQLYEAPOLY TA ATOTEAEGUXTR TOLG Ol DTOAOYLOTEG OV TOQOVLY Vo
OLYOEOOLY ATOTEASOPATIHG HETHED TOLG TA SLAPOEA GLYOAX TANEOYOELWY TOL BEloxovTat

SLLONOQTILOPEVX.

H aveynrn yroe xadd1epn 0pydvwon twv peta-0edougvey 6ev Ntay &t véo. ATo v
XOYALOTYTH GLVAVTNOAUE GLTO TO TEORBANUX XL Y] TEWTY XTAVTNGY O ALTO NTAV 7
dnutoveyla ®XTaAAOYwY and OPOLE oL TEPEYPXPay avtod mov Bélape. To mpwta Aelina
omv avbpwnivy otopia ypovoroyovvial and to 2300 m.X. nat dev eivar timote GAAO ATO
MOTEG e OQOLG TUPKS OPLoUEvOLS. TEétolol xaTaAoyol yEMNoLROTONONURY HXL GE AVTY] TNV
nepintwon yio vo dtevrolvvboly ot avalntoeg xar mephapBovay Aééelc — uAetda  pe
YAEOATNELOTING TaEaderypa Toug tatEoLs Oepatinovg tithovg (Medical Subject Headings
— MESH)(Aronson, Mork et al. 2004) mov 7ndn and 10 1960 yonorpwonoet 1 Ebviny
BiBhobnun g Iotpwne (NLM) twv Hvwpévwy TToltetwv (Mary, Marquet et al. 2004).
Opwg ot opot mov mepthapufBavovtar otovg Bepatinovg Tithovg Sev elvat OpLopEvOL e
CopNVELX, OV TEQIEYOLY TNV OLVATOTNTA YEVONS CLVWVOUWY OPwWV ot cuvNbwg elvar
TEVONUEVOL XAPXPBNTING YIS Var TEQLYEAPOLY CLYUEXELEVTY] DepaTinr Teploy ] 7] Topex

™G EMOTNUNG. Zynpata taévopnone mineoyoptwyv  xout «Onoavpoi» (thesauri) (Rector
2



1998; Serban and ten Teije 2009) xabwg xor eheyyopeva Ae€ddyra Neboy vo xokdpouy 10
%ev0, ohha 7] TLo e€eMypévy] LOEYY] 0EYAVLWOTNC TwY UeTa-OeSopévey elvat 1 S1pLtovEYio 1ot

7 yonon ovioroywwy (Bard 2003).

T eiva ) ovroAoyia
Me tov 0po oviohoyia meptypggetat po TANOWEX  SLUPOEETIURY TEUYUATWY

avahoyo pe 1o medlo avapoEAS. Xav ETOTNUY Yoo Toeadetypa, 1 «Ovrolopiar eivar xh&Sog
C PIAOCOPLNG, TAEANAAOL TWV UETXPLCLU®OY, TOL ACYOAEITAL PE O,Tt LraEyet. Ot anaEyEg
™c Boloxoviar ota épyo apyxiwv EAMveov @hocogwv xat tor evSlapéeovid g
TEQUAUBAVOLY HVEIWG TNV UATVYOELOTONGY] OCWY  LTIAEYOLY ot Baotno uxt BewEn T
eninedo (Griswold 2002). Ot emotpoves T0v TOpEX TNG TANEOYOEIUNG SAVELGTNHUXY TOV
0po0 Sivovtag Tov pa Stxpopetny] onpacia. H ovtoloyla elvo yu awtodg 1 avamapdotaoy
UG TEQLOYNG TNG YVWONG e OESOUEVA TOL GLVOEOVTAL LETHED TOLG E AOYIUES OYETELS NATA
TETOLO TPOTO WOTE Va eivat SuVATO Vo avaAbbody amd MAentEovinoLs voloytotés. Baon ya
QLT TNV AAAXYY ELVAL TG YL TOLG LTTOAOYLOTEG KUTIXEYOLY» LOVO EXELVAL TO TEUYUXT TOL
umopoby v avanapaotadodyv (Baclawski and Niu 2006). O otoyog stvar #dle ouynexptpévn
YOOVINY] OTIYUY 7] TEAYUXTIHOTYTH VO TEQLYQXYETXL GTNV OVIOAOYIX HUE TOV TLOTOTEQO
duvato teomo. Kabog o yvwoeg pag av€avoviar, ot ovioloyleg eéelocovtar yix vo
ovpmephdBouy T véo dedopévor /%ot Voo TEOTOTOLGOLY TOV TEOTO Pe TOV OTNOoLo
ovoyetilovtat ot éwoteg petalh Toug. Avtod noOLloT& TV UATAGUELT] %AL TNV GLVTHENOY] TOUG

o Staut], Suvapiny Stadinaoia ywelc TEAoG.

210 YWEO ™G PBlOTANEOYoEIMNG Ol TEWTEC AVXYPOEES O OVIOMOYIEG HE TNV
oLYYEOVY éwolx NG TANeoyopwg euypaviloviar ota 1996 oty eynvrionaideta Twv
yovidiwv uow tov petaBolopod tov E. ok, Omov Slxpoppwmvouy uat TO GYNUR NG
avtiotoyng Baong dedopévwy (Karp, Riley et al. 1996). Opwg ot ovioloyleg prnuay oty

Con twv Broemompdvey 1o 2000 Oty emotpoveg mov SobAsvay oTig Bdoelg dedouévwy
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™G OQOGOYIAXG, TOL CUXYXQOULMNTA %Al TOL TOVTIXOL ONpLovEYNoay o véa Bdon
3eS0pEVWV OV TIEQLELYE TAL YOVISLY TWV OQYUVIGUKV XLTMY KATYYOQLOTOLHUEVR XVIAOYX UE
TNV AELTOLEYIX TWY TEOLOVIWY TOLG GE QOO eTinedo, TV Bloloywy Swdwmacia otV
omoix ovppetéyovy xaflwg nar oe molo péEog Tov nuTTdEoL evtomilovtat. I tov oromd
awto avéntuéay ™V ovtoroyia yovdiny (Gene Ontology, GO) mov oty mpaypatindT T
elvar 3 ovtoloyleg ndtw amd ™V (St opumEeAa not Bact{OUEVOL TGVW GE ALTY] SNULODEYTCNY
™y Baon Sedopévewv (Ashburner, Ball et al. 2000). Etvar onpoviinog o Swrywplopos
oVapeca aTNV ovioloyia, Ty Bdon Sedouevwy, 1ot TIC EMGNUELOOELS ToL TEooTibevTal oTa
dedopéva. H ovtohoyia, 6mwg 107 eyet avapepbel atoyever 611y TeQLyQayr] TS YVOONG Kog
oe namoto nedto. Mix Bdon Sedopévwy eivat évar TANEOYOELAKO GLGTYUA TO OTOLO TEPLEYEL
dedopéva nat oL emonuelwoelg eivar  peta-oedopeva. ‘Etor n ovtoloyia  yowidiwy
nephapBaver avtd mov YvwEIlovPE Yl TIC HOQELAUEG AELTOLEYIEG TWV TEOOVIWY TwY
Yovidiwy, Yl TIG QUOLOAOYIMES AELTOLEYIEG OTIC OTOIEG ALTX GUUMUETEYOLY UAL YLK TO TOL
evtonilovtat oe xuttaEno eninedo. H Bdon dedopevov GO mephdpuBave apyind tor yovidix
¢ SPOCOPIAAG, TOL CUNYAXQOULMYTX XAl TOL TOVTIUOL XATNYOELOTOMUEva pe BAor avtodg
TOUG TEELG G€OVEQ Mol aLTY] axEBWS 7] XATYYOQLOTONGY] ATOTEAOVCE ETULONPUELWOY] TOL
CLUTEQAULBAVOTAY TAEOV UL GLUVOBELE TO AVTIGTOLYO YOVISLO.
ITolela pag ovroloyiag

Abo elva T oTOUYEl T OTIOLL GLYAVTE HAVELS GE i ovTohoyia. Ot ovtdT)Teg na
ot oyéoetg (Smith and Rosse 2004). Ot ovto)teg elvat exeiveg TOL TEQLYERPOLY TNV YVOGCT
HaG YL TO TESLO TOL UAADTITEL 1] OVTOAOYLX, EVM Ol GYECELS VL EXEIVEG TTOL SLAPLORPWYOLY

™V Sopn g (Smith, Ceusters et al. 2005).

Ot ovtoT)TeC TOL TEPAAUPBAVOVTAL OE (LK OVTIOAOYLX GLYVE AVXPEQOVTAL MUl WG
«Evvoreey M «raéerey nabwg emiong oNAVIOTEQU OOV «E/OnY, (TVTOW, «HATHYOPIESH, OVOPATX TX

OTolX TEOEPYOVTAL HVELWG ATO Ta LTOAOLTI GUOTYUATA OQYAVWOYG TWV KETX-OESOUEVWV.
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AVTITEOCOTELOLY HVEIWS AAAY OYL ATOXAELOTING YEVIHOTNTES, OTWG Yot TUEADELYUX O OQOG
avbpwrog avapépetat oe xabe dvbpwno xut Oyt 68 *ATOLOV CLYHEXELEVO. TNy cuvéyeta Do
AVOPEQL WG KTAEEISH EXEIVES TIG OVTOTYTEG TOL AVOLPEQOVTAL GE YEVIUOTYTEG EVR WG KATOUA» 1|
CTEQITTOOEIS)  EUEIVEG TIOL  GVOUPEQOVTAL OF  OLYUEUQLUEVEG TEeQITTwoelS. 'Bvag dArog
Sy WELOUOG TV OVTOTNTWY UeTadd TOLG elvat exelvog Baoet )¢ OYEGYG TOLG E TOV YQOVO:
o) 2uveyelg elvat exeiveg OL OVIOTNTEG TOL EYOLY GULVEYY] TXEOLGLX HECK GTOV YEOVO,
SxTEoLY TNV OVIOTNTA TOLG TMXEX TO YEYOVOG TWG WTOEOLY Vo PeTaBaAAovial o
vraEyovy xabd’ ohorinpla 660 nxEo vrdEyovy. I'a Tepaderypuo vag OEYUVIGROG elvat [t
OLVEYYG OVTOTNTA, YIATL EYEL GLVEYY] TAEOVLGLX GTOV YEOVO, SLXTYEEL TNV OVTOTNTH TOL TR
T0 Yeyovog mwe petafailetar nabng avanthooetal wat TEEVWVTAG ATO TO éva OTASl0 GTO
GALO UL OTO YQOVIMO SLACTNUA AVIUECK OTNY YewNon xat tov Oavatod touv vmapyet xad’
ohoyAnpta. B) Aovveyelc ovtotnieg 7 Stadinactieg eival EXEVEC TTOL €YOLV YQOVIUA UEQEN,
e€eliooovian oe oTadLx TOL SLAOEYETAL TO EVX TO GALO UL LTIEEYOLY LOVO PECK OTA GTASLX
avt. Oheg ot guotohoyweg Stadinaateg eivar aovveyeic ovtotteg (Grenon, Smith et al.

2004). Kabe pro ovtomta Oo mpenet vao ouvdéetaon ToudaytoTov pe pioe aAAY pEow UATOLXG

OYE0MG.

Ot oyéoelg Tov GLYGEOLY TOLG OPOLE WLKG OVTOAOYIAG EIVAL GTYV TEAYRATIXOTNTA 1)
el30ToLOG BLUPOEA AVAILECK OTIC OVTOAOYIEG KL T DTOAOLTIOL GLOTNPATX TAEVOUYONG UETA-
dedopévev ut autd mov g xabiote 1Oc0 yenopes oty PBomineoyopny. e va To
TETOYOLY OUWG ALTO, Oo TEETEL e TNV CELEPX TOLG VX EIVXL OQLOPEVEG PE TUTIXO TEOTO.
Mmnogobpe vor StaxEIVOLUE TIG GYECELS AVTES WG OYECELS AVAUECH OE TREELS, OYECELC AVRUETN
oe dtopo. H oyéon mov cuvdéer woa mepintwon pe pioe 1l elvaw 1 nstance_of. Apobd
AVAPEQOUXTTE OE OVTOLOYIEC 7] TEWTY PaOInY| OYEGY TOL TMEETEL VAL LTXEYEL VL 7] OYEDY

I5_a TOL OTNY TEXYIATIHOTNTH UETPEALETOL OE «&var vIOTITTOE Tovy. AMNE AHOMUA HAL QLT 1]

oyéon Oev eivar afiwpotiny] aAkd opiletar pe TumHO TEOTO. Mo Swdmactia A eiva
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LTOTOTOS S A av xabe & mov eivor mepintwon e A, eivar mepintwon ™me A, ‘Otav
avapepoOuaoTe o ovveyelg ovtomteg Oo mpénel va mpoobécovpe uat Y TAEAPETOO TOL
yoovov. 'Etot pia ouveyng oviotnta 2 eivot DTOTOHTOC TNG X, TNV YEOVINY] OTLYUN Y, oV xabe
0 TOL ElVaL TEPITTWGY] TNG X, GTNV GTLYUT] ), TXVTOYEOVX vt TERITTWOY Tov 2, (Smith and
Rosse 2004; Smith, Ceusters et al. 2005). H npocOnun touv ypdvov pag emttpémet vo
amophYoLPE Aoynd AaOn OTwg Yoo TeEadelypo 0 evNAnog eivat moudt pag xo xabe evijuo
atopo vNEke oe namotx yEovxy oty moudt. Ot oyeoelg €Yoy StdpoEeg LBLOTNTEG OTWG
TEAOEYUATOC YOV UTOQEEl VX ElVal CLUMETOIXEG, VO LOYDOLY TEOG OQLOUEVY] HOVO
notevbuvon, va eivar avtonabeic N petaBoatinég (Smith and Rosse 2004; Smith, Ceusters et
al. 2005). I mapdderypo o avbpwnog eivar vrotuTOG TOL ONhacTiNod Sev oNuaivel TwG TO
Onhaotind elvon votdTOG TOL AVBPWTOL ATOSEMVLOVTAG TWG Y OYEoN #_a (slvar vrXoTmoC
zov) 1oyLEL TPOG OPLOPEVY] Movo xatebbuvor. Oa diamiotwoovpe Twg 7 Ot oyeor elvar
MeTXBUTINY AV EMEUTELVOLPE TO TEOYYOLUEVO TaEASEYpa TEOGHETOVTAG Twg TO BNAdoTING
elval LTOTOTOG TOL GTOVOLAWTOY, aoL elvat aAnbeta Twg o avbpwnog eivar vToTOTOG TOL
onov3LAWTOL. Me avdhoyo 1p0mo 0pilovial xal Ol LTOAOLTEG GYECELS TOL YOY|CLLOTOLOLYTAL
OTLG OVTOAOYIEG e TLO LYV YOYOLLOTOLOLUEYY TNV part of (amotekel héog Tov). AvTég ot
dLo aygoelg eivar ot BepelMmdelg oYETELS TOL LTIAEYOLY GTLG OVTOAOYIEG TIOL TEQLYQAPOLY TO
nedlo g Brolxtowg.
Ei81 ovtoAoywwv

Ot ovtohoyieg yonotponoOnmray yix v 0pydvwey Twv KeTa-0eS0UEVKY, WOTE VX
notooTel SuVaT| 7 SloLYOEDY] UECW ALTOV, OESOUEVWY TTOL BEICHOVTOL UNTAUEQUATIOUEVY
oe Stapopeg Baoetg dedopevav. Opng antd npobmobétel v yonomn g idtag oviokoyiag xot
ovyva Oev eivar apnetd. To emopevo Brpo eivar 1 Staohvdeon twv dedopevewy and Baoetg
TOL YQY|OLUOTOLOLY SLAPOPETINEG OVTOAOYIEG 4Tt mov mEolmobéter v dtxohvdeoy Twv

iOtwv Twv ovioloywy peta€d toug. Eve 01Oy0og¢ Twv ovioloyuwy eival 1) uatayoopn not 1



XUTNYOQLOTOLNGY] T1G YVWONG KOG, OEV LTIXOYEL X OVTOAOYLX TWY OVIOAOYL®V 7] X COUPHG
Ta€vOUNGY] TOLG OE %ATNYOELEC OTNV OTola vor cuppwvobdy orot. 'Evag Booindg opwg
StoywEtopog toug TepthapBdvet Tig ovtoloyieg avwtépou emmédouv (Burek, Hoehndorf et al.
2006; Raghupathi and Umar 2011), 1c ovtohoyieg ovyxexptpévon yvwotxod nediov, Tig
ovtoloyieg avagopsg (Burgun 2000) nat g ovtoloyieg epappoyov (de Clercq, Hasman et

al. 2001).

Enedn 7 avanapaotaon g yvwong hog oTlG OVIOAOYIES TEOYWEN XTO TO YEVIXO
070 ELOWO, To TEWTK ENIMEON TEQLYQAPOLY TLG YEVIXOTEQES OVIOTNTEG UAL OCO TEOYWOEXUE
CLYAVTODPE TLG TePLoo0TeEO e€etdinevpeves. Ot OVTOAOYIES AVOTEQOD EMTESOL XVTAVAXAOLY
SroupopeTinég Yrhocopinég Dewenoelg ™ OVTOAOYIMNG %ATNYOELOTIOLONG YWELS Vo EYOLV
OVOUPOEES O  OLYUEUQLUEVOLG ETULOTNUOVIHOLG TOUEIS 7 eQappoyes.  Anptovpyovviat
oTNEYpHEVES 0TV LTODECT] WG OAEG OL EMLPUEQOLS OVTOAOYIEG TTOL APOQOLY GLYUEUQLUEVOLG
TOpELG xat epapoyes o Eentvodyv vor avapepovtat amd o yeviny oviotta xot npoonaovy
voo Ty nxtnyoplonotoovy. o maxpadetypa, pioe amd TG ovtokoyieg mov meQLAxpBaver 1)
GO Eewvd amd T0 O TMOLO GLVIGTOV PEEOS TOL XLTTAEOL eVTOTILETAL TO TEOLOV EVOS
yovidiov. Kdmotog B pmogovoe va ouveyioet va yevinevet v taéivopnon, opiloviag mwg to
OLVLOTOY UEQOG TOL ULTTAQEOY part of #VTTHEOL TO OTOLO Z5_a AVTIXELPLEVO TOL E TNV GELRX
TOVL £5_a ovvey g oviomta. Ovioloyieg avwtépon emmedou eivar 7 Baotnr| TuTNY] OVTOAOYiX
(BFO) (Grenon, Smith et al. 2004), n yeviun tonnn ovtokoyia (GFO)(Simon, Dos Santos
et al. 2000) »ot 1 mpotevopevy evomomueévy twmwy ovtoroyix (SUMO) (Soldatova and
King 2006). O yoanElopog «Tumum»y 610 OVOUK TOLG GNUAIVEL TWG Y EY|CLULOTOLOLY
XVOTYEA OPLOUEVEG AOYMES OYECELS YLX VX GLYSEGOLY TOLG OPOLG TOLG WetaL Touvg. To
UeyaAdTEQO TEORANPA 01Ny Stachvdeon Twv Sedopévwy mov &youvv natnyoplonowdel pe
Baon Sxpopetinég ovVTOAOYieg avwTeQOL emMESOL elvat axEBwg 1 Bt 7 LTaEEN TOAAWY

OVTOAOYL®OV AVWTEQOL EMTESOL, UATL TOL Oev Yaivetat Twg O Eemepaotel cbvVTOpA, APOL N
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prhocoyio petpa neptocotepn and 2000 yoovia OTaEENg xat Sev YL NATUPEQEL AUOUN VoL

oLpPMmoEt Tt SLapoEeTnég amoetc.

Ot oVTOAOYIEG GLYXEXQLUEVOD YVWOTIXOL TESLOL, OTWS SNAWYEL UXL TO OVOPY TOLG
OVALPEQOVTAL XL GTOYELOLY GTO VL TEQLYQXPOLY VX GUYHEUPLULEVO ETUGTYUOVIXO YWEO OIS
Vloe ToEASELYo TG BLOlUTOMES ETUOTNIES, TV YLOKY], TN YUl xTA. AvTi ) OTLYUN
LTIXEYOLY AYEC TETOLEC OVTOAOYIEG OTOV YwEO Twv Brotatomev emtotypev. H minoeng
nahodn tov mediov mapapéver {nrodpevo xat amotekel tov otoyo e OBO Foundry
(Smith, Ashburner et al. 2007), pag xowompaéiag emoTUOvLY %ot EQYXOTNELOY GTNV
omoix B ovapepbw mopondTw. XNV TEAYUATIHOTNTA Ol OVTOAOYIEG TOL  LNAQEYOLY
TEQLYQAPOLY TN LOVO %ATOLOL YVWOTIXOL TESlov OTWG Yl TUEAUELYUA 7] AVXTOMIN TWV
OQYAVIOPR®Y, 7] Ol UOACHaTEG aobéveleg ua elvar 0TeEVR GUVOEOEUEVES e OVTOAOYIEQ
QVWTEQOL ETUTESOL Ol OTOLEG TAPEYOLY TNV PLhOCOYPUY] Bdon Tdvw 6TV ool otneilovial.
Anprovpyodvtat yor var TeQLyedpouy amd Lo GUYAEXQLUEVY] OTTIXT] YwVia TO TEdlo 6TO OTOoLO
aV1oLY YwELs TEOBAEYN Yior TNV aVATTLEY UATOLUG EPUOUOYNG UXL CLY VX AVAPEQOUXCTE GE
AVTEC WG OVTOAOYiES avapopag. Aev €youy TOAOLE OEOLS, ahla dooug Stabétovy mEénet va
elval OQLOPEVOL PE TETOLO TEOTO WGOTE VX UXADTITOLY TLG OLUPOQETINEG TIEQITTWOELS E TOLG
omoiovg Tapovatalovtal avTol o EmpEEoug epappoyés. o mapdderypa ot 6ot
CUOADOPATINOG TLOAYOVTUGY ML KTXQACLTO» OVYUOLV G MK OVIOAOYI XVXPOQEAUC, €V
CLYUENQLEVOL LOAVGUATINOL TXQAYOVTES OTWG 1O Plasmodium faleiparum mov evbdvetor yio

TNV EAOVOGLX AVNHOLY GT1V ETLUEQOVG OVTOAOYLX TOL TEQLYEAYEL T1Y acbévela.

Télog, Ol OVTOAOYIEC CLYHEUQLUEVY EQUOULOYROV GTOYEDOLY VX XUADPOLY TNV AVEYHY]
VLU OQYAVWOY| GLYXEXQLUEVWY HETA-OESOUEVOV OTWG YO TUEXABELYUA TNG AVATOUING TOL
novvoumtob (Topalis, Tzavlaki et al. 2008) yio v emonpeiwbody metpdpotar yovidtani|g

enpoaong pe ™V yenon pwpoovotorytwy DNA (Whetzel, Parkinson et al. 20006), % ¢



avBextinotrag oe evtopontove (Dialynas, Topalis et al. 2009), nov eppavilovv mAnbucpot
eviopwy duoyepaivovtag Tig mpoonabeeg mapéuBaong nat ekéyyov twv acbevetwv mou
petadidovtar  otov  avbpwmo amnd  toug mAnbuvopodg avtove. Ot oviohoyleg Tov
SN ULOLEYOLYTAL Yot CLYHEXQLUEVES eappOYeS BaotlovTat e pia 1] TEELOCOTEQPES OVTOAOYIES
aVaPoEAS. XENOLUOTOLODY OPOVLG ATO AVTEC UL TEOYWEOLY CE TLO AETTOUEQT] TEQLYQXPY|

YL VOU LXOVOTIOLGOLY TLG OVAYUES TG EQUOUOYTC.

Erot yu noxpadetypa, 1 ovioloyia ywx v chovoota mepthapfavel otoryeion TG0
and v ChEBI (Degtyarenko, de Matos et al. 2008) mov meptéyet TAnEoYoQEIeg ylar YMUInES
ovoleg mov  maEovatalovy  BloAoyMd  eVSPEQOY MG  HAL T EVIOMOXTOVH TIOL
Y OY|OLLOTIOLOLYTAL Ylar TOV EAEYYO TwV TANOLOU®Y TwY xoLVOLTILWY ToL peTadidovy ehovooia,
oA not T oavTiBloTing mov  yEYOLHOToLYTAL Y TNV TEOAMYN ot Bepamela g,
epminTovy oe auTY v nxtryopla. Enlong yonoiponotet dedopéva 1000 and v ENVO
™V ovtoAoyla ToL TepLBdAlovtog yr va mepryoddet tovg Bwxuovg otouvg omoiovg
avantbooovTat T xovvoLumie aAkd nat amd ™y GOy va meprypddel TG PUGLOAOYIXEG
dtxdinacieg twv xovvovmewy. Enedn de, 1 GO mpoomabel va mapapeiver yeviny ywolg
Stuitepeg  avopopés oe  ovyrexpipéva  eidn oty IDOMAL  Snpovpyndnuav  no
yenolponooLyTaL OEOL Y var Teptyeddovy ™y Stadimacta avalNTnong xatdAiniouv eviot)

XTO TAELEAS TWV XOLVOLTILRV.

Baowkn) Tumik) OvtoAoyia (BFO)
Hon éyovpe avapepet mwg Ol OVIOAOYIEG AVOTEQOL ETUTESOL  XVTAVAXAOLY

SLopoEeTinég YIAocOoYInEg DewENoelg 1 OVTONOYIMYG UXTIYOQLOTIOINGNG YWEIS VO EYOLY
XVOPOEEG OE CLYUEXQLUEVOLG ETILOTYUOVIXODG TOMELS 7] EPUOMUOYEG. XOYOLUEDOLY YL TNV
SLxobVOEGY TV OvTohoytwY Tov Tig vtobetodv xat otnpiloviar 61O yeyovog TG 7]
TEXYUXTIMOTNTX elvat Mioe %ol aLTH] TEQLYEapetar St pECOL Twv ovioloywwv. Etot yix

TUEABELYUA EVIG OQYAVIOPOG, EVOG GULYXEXQLUEVOS QUUVOTLTIOC TOL  elpavilel, *ATOLO

9



oV TLELUO TOL GTABLO KA 7] PLGLOAOYLHY SLadUAGLX TOL KETXBOALGIOD TOL AVTOG EMLTENEL
Yoo vor emBLOCEL UTOEOVY OAX Vo YXEUUTYNELOTOLY gav oviotTes. O TPOTOC 0EYIVKWGTS
TOLG 6TO AVWTEQO (SNAd? 010 Mo Yevind) eninedo Oo amoTEAETEL (Uit OVTOAOYIX AVWTEQOL
emnédov. H Baowr tomnn ovtokoyie (BFO) (Guarino 1998) eivar pio ovtoloyla avemtepou
emmedou (Oev elvat 7] OV TOL LTIAEYEL) AL HXTYYOQLOTIOLEL TIG SLAPOPES OVTOTNTEG Pe Bdom
TNV OYECY] TOUG e TOV EOVO, SLaxEIvovTag Teg o8 cuveyelc xat aovveyels (Stadimaaoteg). To
TUTPO TTOL apoEd LG auveyelg ovtotnteg ovoualetar SNAP (Grenon and Smith 2004) xau
umopel voo BewpEnoet xavelg Twg ATOTEAEL LY XVATXQAOTACY| TVG TEAYUATIMOTNTAG OE Lol
CLYUENQLEVT] YOOVINY| OTIYY], OTWG axEIBWE  Mio PwToyEapio %ot axELBWE 68 aLTY TNV
3tomta ogetket xat 10 ovopd g (SNAPshot). To Sedtepo tunpa meprhapPaver Tig
aovveyelg ovtotteg mov petaarloviat ato yeovo xat ovoualetar SPAN axptBog yott ot
OVTOTNTEC TOL TEELEYEL StaTEEYOLY TO YEOvo. Av xavelg Oo 1feke va yonotponomoet to
AVIAOYO TOL TEONYOLUEVOL TEASELYUXTOS TG pwToyoapiag, 1 SPAN eivar éva Bivieo

ut Tovior mov eéediooetan atov xeovo (Rosse, Kumar et al. 2005).

Ot ovtotnreg mov mepthapBavoviar oty SNAP xat oty SPAN (Ewova 1) propet
vae Stanptboby oe aveldptntec mou eivar avBdTaENTEC HAL OTIC EEXOTYUEVEG TOL UTOQEOLY Vo
vap€ouy povo Otav anodobovy ce uamolx avbdmapnty ovtota. e maEdderypa éva
EVIOPO 7] YEVIMOTEQX OTOLOGONTOTE OQYAVIOROG elvat o avbdmopnty oviotnta, adda 1
oavBenTOTN T OE EVTIOUONTOVA TOL eUPavileL, 7] YEVIMOTEQX VIS OTOLOGONTOTE YALVOTUTIOG
dev umopel va vonbel ywolic ™y vrapérn avtob mov eppavilel Tov Sdedopévo YavoTuTO.
Anorovbwviag auty v TEOcEYYon Olec ot Stadmaoieg avinovy otig e€aTNpéveg

OVTOTYNTEG ULXG UXL TOXAYUXTOTOLODVTAL GTX TAXLGLL [tag ove€rQTNTNG OVIOTNTAG.

Eniong ot SNAP wxat SPAN (Grenon and Smith 2004) pnogodv vo

GLULOTIOL OV € OVTONOYIEC aveéaOTNTWS TOL ETUTEDOL AETTOUEQELNC OTO OTOLO EnElve
omotmbot
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avagepovtat. ' mopdderypo o popland emimedo T SLdPoER KOELXL UTOQEOLY Vo
Oewpnboby avtireipeva now 10 nOTTEO 01O OTOLO BEloMOVTAL 1] CLVEVWGY] ALTWY TWY
XVTIMELUEVWY. 2€ ETUTESO OQYAVIGIOD T UDTTAUEA KTOEOLY var BewpnBovy avtineipeva xat ot

A ' ! ! 1 ) ' '
TOAMUDTTAQOL OQYOVIOPOL WG 7] GLVEVWOT] Toue. Télog oe TAnOvowand eninedo ot TAnbuopot
umopoLy va Bewpenbody cav cuvevwoels aTOpwy Tov amotehoby avteipeva. ‘Oco ot
OVTOTNTEG TEQLYQAPOVTAL AL GUVOEOVTAL UE AOYIMES OYECELC E TLG LTTOAOLTIEG OVTOTNTES TNG

nd&be ovtoloyiag 1 Slacbvdeor] Twv peta-6edopévwy eivat c€acQUMGUEVT.

findependentcnntinuan{}

.-'-FF'___ -
is — e ———— |
'_‘_,_f’ar L ’ Lo
- -;HSpatlaIHEgmn?)
e T S _—

P . y il
i CEHtlnuan-tf&j__i}__‘i
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¥ []Ependentl:nntinuantj

is
Fall _ T, . :{_,-—.-._ - e ———
(Jhin g/kc:]—'&a—i\f MY Ly s . (_SpatiotemparalRegion b

e
(Dnnurrentﬁ__izi_ e
o __-mhhj\_s-a _fTempnraIHEginn}
2 —
~—

e

o —~
'\__E' 1 EEEUH|EI‘ItIt\_|-I':E'

Ewkova 1: AlaypOopLOTIKE OUTELKOVLON TWV AVWTEPWV EMMESWV TNG BACLKNAG TUTILKAG OVTOAoyiag

M avaduTiny] Toepovctlac?) ¢ Baoung TUTKYG OVTOAOYIG KL 7] GLYXQLOY] TNG HE
TIG LTOAOLTIEG OVTOAOYIEG AVOTEQOL ETUTMESOL EEMeEVa %aTd TMOAD Tar TAXICLX XLTNG TNG
ELOOYWYYG 7] OTOlX OXOTO EYEL TNV CLVOTTINY] TaEOLGiaoY] ™G Yttt 7 Boony] Tumny
ovtohoyix oamoterel v Baon mavw oty omoia Ox omnpiloviar ot oviokoyieg Tov

dnpovpyovvtan ota mAaiotx g OBO Foundry.

OBO Foundry
H OBO Foundry (Smith, Ashburner et al. 2007) (OBO = Open Biological and

Biomedical Ontologies - Biohoyiég ot Broiotpinég ovtoloyieg avorytod nwdixa) eivort o

oLVeEYXTNY] TEooTabEL ETLOTUOVWY %Al EQYXOTYOLWY TOL AVATTOGGOLY OVTOAOYIEG GTOV
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YWEO TwY BlolXTEMMY EMOTNUOV WOTE Vo LTXEEEL WL OELd OLGLVOEdEUEVWY U1

OANAETUNAADTITOUEVY  OVTIOAOYL®Y  OVLPOQAS TOL Vo  TMEQLYOXPOLY TG BLotatoinég

emonuec. Lo va emtevybel o onomodg awtdg xatd TOV HXALTEQRO TEOTO uLoBeTnONKay

0pLoWEVES PUOIHES OYES, TOL BEGUEDOLY OGOLE BYIULOVEYOLY OVIOAOYIEG LECH OTa TAXICLY

¢ OBO Foundry, ot xuptotepeg and ¢ onoteg eivon ot e€ng:

1)

2)

3)

4)

5)

6)

Ot ovtoloyieg eivar avorytég non Stabéotpeg oe OAOLE Vo TIC YO|OLLOTIONOOLY e
TOV OQO VoL AVXPEQOLY TNV TNYY %Al &Y TIG TEOTOTOLGoLy ot idtot xxb’ otovdnnote
TPOTO vor v TG Stabécouvy pe to idto ovoua oe navevay. O TEOTEWVOUEVOG TOOTOG
oadoyov eivar voo {nnbel and autoLg Tov SNULOLEYNCAY TNV OVIOAOYiX Vo TNV
TOOTOTIOGOLY AVHUAOYX.

Ot ovtohoyieg meemet v €yovv avamtuybel yonoponotwvtag évae €ovod GLYTAKTINO
npotwmo. Exciva ™mg OBO xat g OWL (Ontology Web Language) eivot
AMOBENTA.

Yt miatote g OBO  Foundry ot ovtoloyieg Swxbétovv éva  povadnd
AVAYVOELOTINO GTOLYELO TO OTolo ¥Aneovoueltat oe xdbe dpo g ovtoloyiag ot
ovvnbwg amotedeitar and éva mEobepo nt évay aptbpo. To avayvwpelotind otoryeio
nd&be OOV, aPoEd TOV OPLGPO KAl OYL TO OVOUX TOL OEOV.

Ynapyet copig TOOTOG BIUQELONG AVAUECH 0TI DLLPORETIHEG EXBOOELS/ EVIUEQMOELS
¢ iStag ovtoloylag.

To mepleyOUevo MG OVIOAOYING elvat SLXTUTWUEVO PE CUPYVELL XAl PE TETOLO
LEQXOYMO TEOTIO WOTE VX ATOPEVYOVTAL Ol UUUAES CLUVOECELS AVAUECA GTOLG OQOLG
™.

H ovioloyio Sev mpeémet vo aAANAETIMOXALTITETAL e GAAEC OVTOAOYieG mouv %O
vrapyovwy oty OBO Foundry. Av avtd ovpBaiver, tOte mpémet vo vmdpéet

OLVEVWOT] TWV EMLPLEQOLS GE (AL OVTOAOYLO XVAPOQAG.
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7) H ovtoloylo mEemet vou ToEYEL OQLOUOLS YL OAOLG TOLG OQOLG TIOL TEQLEYEL OL
OTOLOL NUTA TEEQITTWGY] UTOEEL VO GLYVOSELOVTAL UL ATO TUTLXOVG OPLGUOVG.

8) H ovtoloyla mEemeL va Y OY|OLLOTIOLEL GYECELS TIOL EIVAL LOVOCT|OVTY OQLOUEVEG UAT
ovadoylar VTGV TOL LTAEYOLY GTNV Ovioloyla oyéoewv mov cuvineel 1 OBO
Foundry (Smith, Ceusters et al. 2005).

9) 'Olot ot ot npenet va StabéTovy évar LOVO yovind OO pe TOV OTOLO Vo GLVSEOVTAL
Ue TNV OYEoN iS_a.

10) Ohot ot 6pol pag ovtoloylag TMEETEL Vo Elval OVIOTYTEG TOL GLVAVIWVTNL GTNV
TEXYUXTIXOTNTO.

11) 'Omnov eivar Suvatodv, oL VEOoL OPOL TEETEL Vor TEOULTTOLY ATO 187 LTAEYOVIES OQEOLG
not oYEoelg mov NdY LTdEYoLY oe arAeg ovtoroyieg ¢ OBO Foundry. I vo
npootefoby véor Opol oe namowx dAAY] ovtoloyiw mEotelvetar pior Stadractio
XVAAOYY] UE ALTY] TWY XAAXYWV TIOL TEQLYQUPETAL GTNY TOWTY XOYY).

12) Ot ovtohoyieg o avamtbocovtal pe ™V yeNo1 TS Baoung TUTUYG OVIOAOYING Gy

OVTOAOYLX AVOTEQOL EMUTESOVL.
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X)E0ELG TIOV ETUTQETOVTUL ATLO

v OBO Foundry

is_a has_agent
part_of instance_of
integral_part_of realizes
proper_part_of inheres_in
located_in bearer_of
contained_in has_quality
adjacent_to has_function
transformation_of has_role
derives_from has_disposition
preceded_by has_participant

Nivakag 1: Zxéoelg mou eivat anapaitnteg yia tig OBO ovtoAoyieg
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TpoTkég aoO€veLEG

Me 1tov 6po 7tpommég acbévelec meplypdypovpe éva cLvolo acbevetwv  Tov
TEATYQOLYTAL UVELWG 7] ATOXAELOTING OTLG TOOTUXES TEQLOYES TOL TAXVY|TY] Xl OPEIAOVTOL
oe pa TANOwEa polvopatinwy ToeEayovTey (TEwtdlwwy, Buxtnelwy, twv) Tov petadidovtat
otoug avlpwmoug pEcw YOEEWY TOL TIC TEQLOGOTEQES YOEES AVIXOLY OGNV Ta&Y TwY
ap0ponddwy. AxpBeg avt 1 WO Toug EotEede TO EVOLXPEQOY OTY HEAETY] TV
PLCLOAOYILWY BLASIUACLWY TWY POPEWY TOL EUTAEXOVTIAL GUECK 1] EUUECK OTYV PETAOOOY
™ acbévelng wg mbava onpeio ehéyyov, meELOEOROD xxt TeEMxd avTipueTomoNg e H
olovAowon ™G XAANAOLYLGNG TOL YOVOLOPUATOS aEynd Tov Angpheles gambiae (Holt,
Subramanian et al. 2002) »vELOTEEOL YOEEX TNC EAOVOGLAG KoL GTNY GUVEYELL UIXG GELQAS
AWV opewy, Onwg ot Aedes aegypti (Nene, Wortman et al. 2007), Culex quinquefaciatus
(Arensburger, Megy et al. 2010), Ixodes scapularis (Hill and Wikel 2005), Pediculus humanus
(Pittendrigh, Clark et al. 2006), Rbodnius prolisxus (Huebner 2007), Glossina morsitans
morsitans ¢dwoe Peyahn wbnon oty oyetnn épevva (Topalis, Lawson et al. 2008) (ITivorag
2). To yowdtwpata mov avoalbbnray xabwg xat ol oyetnés pe ovTd TANEOYOEIES
(emonpelwoelg ¥Am)  ywx TOLG 5 TEWTOLG oEYaVioUoLS amobnnebbnuay oty VectorBase
(Lawson, Arensburger et al. 2007; Lawson, Arensburger et al. 2009)(Megy, Emrich et al.
2011), wa evomompévy Baor deSopevwy TOL YOYNOLUOTOLEL TV AVTOUATOTOLIEVY] GOLLTA
avadvong yowdiwpdtwy g ENSEMBL (Flicek, Amode et al. 2011) yix v ebpeon
aVOLYTWY  TALGLWY  avdyvwons, mbovey  yowdiov xat Ty emonuelwoy] o aLTWY
YAQANTNOLOTINDY OLAUECOD XVAADGYG UECW LTOAOYIOTWY, EVW TAQUAANAX [E TOAD TLO
apyolg pLOKOLE emtpeleital UaL TNV ETLONUEIWGY] XXQAATNOIOTIUWY LE UY] AVTORATO TEOTO
MO EMPUEANTEG-AVAALTEG Twy Otabéotumwy adldnlovytwy. Xe avty evowpatwdnxay xar ot
YEVETIXEG TANQOYOPIEG TOL LTNEY XY cLyxevTPwuheves otV AnoBase (Topalis, Koutsos et

al. 2005) mov mpobnnEye.
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Eidog ITpoaceyyion Katdotaon

(Adyovotog 2011)

Aedes aegypti AMnhodyton yowdtwpatog , EST Oloyinpwbnue

Anopheles gambiae s.s. PEST | AMnhodyton yovdiwpatog , EST OAorknowbnne

Anopheles gambiae s.s. M str | AAANA0DYLGY YOVISLOUATOS Oloyinpwbnue
Anopheles gambiae s.5. S str AMNAoLYLoT YOVLSLOUATOS Olorknowbnne
Culex quincefaciatus AMnrodyton yowdtwpatog , EST Oloxinpwbnue

Glossina morsitans morsitans AMnhodyton yowdtwpatog , EST Oloxinpwbnue

Glossina palpalis palpalis Y76 oyedopd
Ixodes scapularis AMnhodyton yowdtwpatog , EST Oloyinpwbnue
Lutzomyia longipalpis Y76 oyedopd
Musca domestica Y76 oyedopd
Pediculus humanus AMrodyton yowditwpatog , EST Oloyinpwbnue
Phlebotomus papatasi Y76 oyedopd
Rhodnins proliscus AMrodyton yowdtwpatog , EST OlorinpwbOnue

Nivakag 2: Katdotaon npoypappdatwyv aAAnAovyxiong twv apBponddwv popéwv acbevelwv

AvTikeipevo ™G Slatp g
Aot axBog 1 ovyyowvevor e AnoBase oty VectorBase xat v dnprovpyio prag

mo obvletng PBdone Sedopévwy amonshvde xor ™V avdyxn avantuéng mo oLvbetwy
EQYOAEIWY VI TNV HATUYWENOY] AL TNV XvExTN oY SeSopévwy and avtny. ATO Ty &AAN
mhevpa, mépx and v VectorBase (Lawson, Arensburger et al. 2007; Lawson,
Arensburger et al. 2009) mov awt) ™V otypn eéarolovbel v eivar xvpiwg o Baon
Se0OUEVWV TIOL TEQLEYEL YEVWMUIXEG XAANAOLYIEG, LTAEYOLY GAAEC Bacel dedopevewy ot
EOELVNTINE  TEOYQAUMUATH TOL e0TdlOLY  OTNV  UXTAYQXPY] UXL TNV XVIALGY  TNG

TomAOpoEYlag Twv TANOLoUOY TwY PoEEWY, TNG avBeXTIMOTNTAC TOLG OE EVTOPROUTOV Kot
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™G MavOTNTAG Toug var petadwoouvy acbévetes.  Ilaporeg avtéc T mpoomdbeeg o
UEYAADTEQOG OYXOG TwY OeSOPEVWY B8V LTIROYEL KAV AATAYWEYUEVOS G LTOAOYLOTES XANA
TUQAUEVEL GE EVTLTY] HOQYY| 7] XMOUX XL OTIG TEQLATWOELS TOL EVUL UXTAYWOYUEVOS
Niextoovind, uxbe epeuVn TNy OpAdA, TEOYOXAUMUA 7] EUTAEUXOUEVOS PORENS YOOLLOTIOLYGE
dna tov mEOTLTA. ATOTEAECPA aLTOL eivat x&be GOVOAO SeBOUEVWY VoL EVOL ATOXOUMUEVO
and T LTOAOTA TOL axOAOLHOLY €var SlPOEETIO TEOTLTO AL VO KNV UTOQEL Vo
ovvdvacbel evnora pe avta. TTpopavig eivar 1 avayny S1ULoLEYING UOYWY TEOTOHTWY TOL
O amotedéoovy ) Baon wote Oheg ot TAMEoyopieg va nataotoby Swabéoipeg 0@ Omolov
embopel Vo TIC YOYOLUOTOOEL KL YLK TOV GUOTO aLTO Elvl AToEaiTnT) 7] S7pLoveyic
ovtoloylwv mov Ha uxhbmToLY TO TMEdio Twv TEOTWMKY acbevelwy, 1 SlacLYSEsY] TOLG Ye TIC
LTOAOLTIEG  OVTOAOYIEG TOL BlolXTEWMOL YWEOL AL 1] EMCNUEIWSY] TV LTAEYOVTIWY

dedopévev oTig avtiotoryeg BAoelg e Toug *ATIAANAOLS OEOUG.

Avtd axpiBog emystpndnue pe avtv ™ STE pe ™Y avanTLEY OVTONOYLGY
XVXTOUING UOLVOLTILWY AL TOLUTOLELWY TOL XTOTEAOLY TOUG (POQEEIG XOUETOV TOOTIUMV
vOowy, pe ™V avamtugy ovtokoyiag mov agopd Ty avbextxdmta Tov  eppavilovy
oplopevol TANOLGUOL TV WY XVLTWY GTA EVIOLOUTOVA UXL TEAOG Wl ELEDTEQ?Y] OVTOAOYiX
Tov apoEa v ehovoata. Bactopévn oty ovtoloyia g avbextinottag oe eviopoxtova,
dnpovpyninre wa Baon Sedopévev wg amodetdr] Twv SLVXTOTNTWY TOL TAEEYOLY Ol

OVTOAOYiES oty dnutovpyio oLYYEOVWY Baoewv Sedopevv.
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KE®AAAIO ITPQTO: ONTOAOTIEX ANATOMIAX

Elwcaywyn)
H oloxhpwon g aAAniodytong Tov YOVISIWUATOG EVOG OQYAVIGUOL, Oy

onpotodotel 1o TeAog aAkd TV aEy N ptag tpootdbetag. H Aettovpyu) yoviStwpotinn pe ™
Bonbetor melpapatinemy mEooeyyioewy Omwg ot pxpoovotoryiec DNA, mpoonabel vo
XVOXADOEL TNV OQGOY] TOL GULVOAOL TWV PETAYOAPWY, TWV TEWTEVWY, xuxbwg ot Tig
oaAMNAeTISEA0ELS TV YoWSiwy Tov LTtd ueréty opyoviopob (Rastan and Beeley 1997). O
TEYVIXEG TTOL Y OY|OLLOTOLOLVTAL TXOXAYOLY KEYAAOLS OYXOLG BECOUEVWY YL TNV AVAALGY] TWV
onolwy emotpatedoviat spyahkeia Brominpopopnng. Bdoeg dedopévwy (Ashburner and
Drysdale 1994; Christie, Weng et al. 2004; Blake, Bult et al. 2011) anofnxebovv ta
XTOTEAEOUATA 7] OLoryElELoT], 1] AVAALGY] OGO AL 7] TAEOLGLAGY| TwY OTolwY TEOLTOOETEL TNV
0QYAVWGY] TOLG UE TNV YO0V TWV UXTIAANAWY EMICYUELWOEWY ¥al TV mEocHnny peta-

dedopevav.

Ot ovtohoyleg elvar amd T mo yENotpa epyaAeio to omoix Stabétovue yroo ™V
opyavwoy peta-0edopévey. ‘Opwg, evw 7 ahdniovyton tov Angpheles gambiae eiye
ohouinpwbel dev vnEye Stabéoiun naud ovtoroyia mépx amod ™y GO (Gene Ontology
Consortium 2006; Gene Ontology Consortium 2010) (v onola Sev avapépetar oe #dmoLo
ovyuenptpévo eldog) mov B umopodoe va yonopmonombel yi ™y emoNPElwCT] CYETUWY
dedopévav. Tavtoypova etyav Eextvnoet ot Tpoondbeteg anoxwdmonoinong ¢ AettovEylag
TV YOVISI®Y TOL XOLYOLTILOL pe TNV Peléty) Tov TEoYid Tov RNA xdfe totob nat 1 avaluon
TOL GULVOAOL TV TEWTEVWY TOL CXV TEWTX BNPUXTA  ASLTOLEYNG  YOVISLWUXTINNG,
axorovbovtag 10 mapadetypo not aAdwv opyaviopwy (Aitken 2005). Ov ddo mpwteg
OVTOAOYIEG TOL  UATAOXELAOApME OTa TAxlow G VectorBase mepeypadoy v

aAvoTO i/ LOEPOLOYIX TWV XOLYOLTILMY BTNV KEYT] AL GTVV CUVEYELX TWV TOLUTOVOLOV XPOD
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1060 0 Anopheles gambiae, 550 o o Ixodes scapularis copmephapBavoviat GTOVG OEYIVIGUOVS
mou evdtapépouvy v VectorBase xat petadidovy peta€d arlwy, acbéveteg Onwe 1 ehovoota,
7 @UAapiooy, o ddyuetog muEeTog xabwg nat Stdpopa eidn eynepaiitdag. H ovtoloyio tov
XOLVOLTILOD UXTUOUEVAOTIUE TIOLY VO LTIAEEEL UATOLX OVTOAOYLX XVAPOQAS VLot TNV OVALTOMIL
TV opyovtopwy. Avtr 7 ovtoloyin avapopas Snpovpyndnxe otV ouvéysta  xau
ovopaotiue CARO (Common Anatomy Reference Ontology) (Burger, Davidson et al.
2008). H dmopln plag uotvng ovioloylag avopopds — EmMTEENEL TNV avaTTLEY] %OWVKY
epYohelwy avalNTong Sedouevwy cuVOESEUEVLY P avaTOUIMES OOpES o8 ONeg TIC Paoetg
oL  TEEEYoLY avdAoya Oedomeva  ave€apNTwg opyaviouov. Emiong ovvtedel ot
SlobVOECT] OVIOMOYLOV VATOWING UVXUECK OE OLXPOEETUX ELOY XUl PECW GLTWY GTNV
CLYUQLTINY] XVAADGY] TV GeBOUEVWY ALTOV PE EVAY TEOTO TOL EYEL VOTPX %Xl UTOQEL VX
natadetéel v oporoyla avapeox otig Sopeg avtes. [lpotmdbeon yla o mapamave eivat ot
EMPEQOLG AVATOUIXEG OVTOAOYIEG TTOL APOPOLY GLYUEXPLUEVOLG OPYIVIGOLG Vo Bacilovtat
oty ovioloyia avapopds. I't autdv Tov Adyo, 1 ovtohoyia Tov xovvovTolh tpomonoinue
wote vo axolovBioet toug uavoveg xan to mpotvma mov eméBake 1 CARO. Avdhoyeg
TEOUTIUES axoAoLONON Moy %ot amd GAREG OVTOAOYiEC TTOL KPOEOLOAY AVATOUIES OQYAVIGULKV
onwg 1 Drosophila melanogaster, evey ddheg mov dnutoveynnray apyotepa vrobétmoay v
CARO o6nwg 1 ovtoroyio avatopiag twv vpevontépwy HAO (Yoder, Miko et al. 2010) 7
ovtoloyia g avartopiag twv teredotewy (TAO) (Dahdul, Lundberg et al. 2010). Télog,
noepopot Soun Sebete xar 7 ovioloyila avatopiog tov avbpwmov, FMA (Foundation
Model of Anatomy) (Rosse and Mejino 2003) mov eiye avantuybel vwpitepa aveédotnta
and v CARO. 'Eyovtag omptybel oty St avatopns] ovioloyia oavapopdg yr Tig
OVTOAOYIEC TOL XOLVOLTLOL, TOL TOLUTOLVELOL xat Tov avbpwmov T Sedopévar mov o
XPOEOLOAY VOOT|HATH UETAOLOOpMEVH antd avTOLG TOLG Yopeis Do propodoay pe euroiio vo
emonpetwbody xat va suoyetioboly pe omotadnmote Ty Bdon dedopévv.
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YAwka ko pg@odot
[Moe ™ dnpovpyla Twv ovtodoywy yenotponombnue éva TEOYQUUUR avanTuéng

ovtoroywy, 1o OBO-Edit (Day-Richter, Harris et al. 2007) mou eivat yooppévo oe yAwooo
TEOYQUUUXTIOUOL Java nat SYULOLEYEL TNV OVTOAOYlA CaY Vo XOYELO ATAOL UELUEVOL TO
omolo Opwg axolovbel 1o mpoTLTTO Obo ToL avanTLYONKe KL vToaTElYbNxe and Ty OBO
Foundry axpiBac yur tov oxond avtd (http://betkeleybop.org/~cjm/obo2owl/obo-
syntax.html). H emhoyn ot dnutodpynoe mpoinpata cupfatdtrag pe oviokoyieg extog
Tou Broixtpod ywEov ot omoieg expEalotay o Wl &MY YAwoox yvwoty wg OWL

(Ontology Web Language).

H Suvatomta emondmnong Twv OVIOAOYL®Y ovaTOplag péca oamd To OtadinTtuo,
noBwg 1ot 1 THEOLGINGY TWV AVTICTOLY WV PWTOYEXPLLY KA CYNUATIUOV THOXCTAGEWY, OTTOL
awtd Nty Suvato, mEoypatomondnre  pe T Onptovpyla  Véwv  c€eldIMELUEVWY
UIXQOEPUOUOYWY  YOXUMUEVWY — ATTOXAELOTING Yl TOV  OXOTO  aLTO O  YAWOOX
npoyoappatiopod PERL  (Siever, Spainhour et al. 2004). Omnov ypewcbnue va
dnutovpynbet pia Baon dedopévwv awt Ntav Baotopevy oty MySQL (Vaswani 2010) eve
eniong yonotpomonue xor 1 yrwooa mpoyoappatiopod PHP (Welling and Thomson
2008) yroe ™ Sravyeipton nvpiwg ¢ Baong dedopevey. O edunnEe™ g ToL SladnTOOL OV
yonotponomnbnue Ntav o Apache (Aulds 2002). Oka to To@amave TEOYQHPLUXTA LTOQOVY
v yonotpomnotmbovy ehedBepa nat 10 1510 toybEL noL Yo TIG EPUOOYES TTOL SNpLoLEYN MUY
oTo TAXIOLX ALTAG TNG SLXTELBNG YLX TOV YEQLOPO XL TNV EMOXOTNGY Twv ovioloywwy. H
yonon ekevbepov Aoyouwod ovuBatod pe Ol T GLYYQEOVX AELTOLEYIXX GULOTYUOTO
(Windows, MacOSX, Linux) ovvtedel oty avepnodiot) oSddoor xat yENon Twv

OVTOAOYL®OV %Ol TV EQYXAELWY TOL avanThYONuay oe awTy 17 StatELB7.
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Amotedéopata kat cvintnon
2Ty TEWTN TG KOEYY] 7] OVIOAOYIX TNG XVXTOMLNG TOL XOLVOLTILOL TEQLAAMBove

1362 dpoug nvpling c€wtepuns LOPYOAOYIAS YWELOLEVOLS G 4 %aTNYOPELEC AVEAOYa e TO
v TuELand oTddlo 6To Omolo avuay (EUBEVLO, TEOYLYY, VOUYY], EVIIMUO KTOMO) UAL TNV
OLVEYELX YWELOUEVOLG oV TUNUX OQYaViopRoL (xepdAt, Bwpoxag, xotMd Yyl 10 evilxo
atopo, xeparofmponag, xotkd yro v vougn). Ot 6got avtol poEoLEAY UVELWS TNV
e€wTenY] LOPYOAOYIXL TOL XOLVOLTILOD, 7] OTOLX UXL TEQLYQUPETAL TANOWS EVER Ol AVAPOQES
O SOWTEQUES AVATOUIUEG DOUES UXL OQYAVX EIVAL TEQLOQLOPKEVES UXL XPOQEOLY ALEIWG TO
TETTINO GLOTYUA UAL TOLG GLEAOYOVOLG atdEVEG TOL eVIAXOL aTOpoL xabng eyouy 8laitepo
EOAO 011V PETAO00Y TaEAGITWY 1t TG Stadooy Teomnwy xcbevetwy. XtV mopein Tov
YOOVOL %Al AVIAOYX PE TIG AVUYUES ETULCTHUEIWONG OEBOUEVWY Kol e RAAOLG VATOUIXOLG
opoug, avtol Ba mpootibevtar otV ovtoroyia. 'Ocov agopd TG OYEoElS TOL Elyov
yonotponownbel yioo vae cuvSEGOLY TOLG OQEOLG GTNV AEYIUY] WOEYN TNG OVIOAOYING,
noplapyovae 1 oxéon part_of (Ewmdva 2A). H emdvor awty) éyet aldalet otV onpepvi] g
nopy (Topalis, Tzavlaki et al. 2008). IlepthapBaver 1861 dpovg mov Swbétovy 5178
ocuvwwope. Ot 6pol mov éyovy mootebel avapepovTal UVEIWG O EOWTEQIUES AVXTOUIUES
dopeg mov mpooTtelnray Yo var elvar SuvaTy 1 ®AADTEEY] ETLONUELWSY] TV YoLdiwy. Xwplg
vo éyouvy apopeblel ot Stacuvdecelg ueow g oyéong part of €yovv mpootebel dtacuvdoetg
UEOW TNG OYEONG £5_a OTwg anattel 1 yonon ™e CARO, mov neptéyet nat Toug Mo yevinong

OQOLG TG OVTOAOYLAG, OTIWG ELVOLL AVXUEVOUEVO Yot ptat OVTOAOYix avarpopds (Exova 2B).
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B [ anatomical entity ]

[ material anatomical entity J

[ anatomical structure ]

a8

organism subdivision [ multi-tissue structure ]

x|

[ adult thorax
KF)
[ adult leg ]
[ adult mesothoracic leg ] trochanter ]

e/o/’

[ midtrochanter

Ewkova 2: A. ZTtnVv op)LKr OvTtoAoyia TG avVaTOpiag TOU KOUVOUTILoU Sev uTtipXe OAOKANPWHEVN is_a Lepapyia
yla KaBe 6po. B. Metd tnv utoBétnon tng CARO n is_a Lepapyia katéotn MARPNG

M anopo adAayy elvat TG T0 GUVOLO Twv OPwY Stabétovy TAEoY 0pLoUo O omolog
ovvnbwe mpogpyetar and 1o Bifiio twv Harbach xow Knight “Taxonomist’s Glosary of
Mosquito Anatomy” (Harbach and Knight 1980). Afilet va towiotel mwg 1 ovioloyia
OVOUPEQETOL GE XOLVOLTILA ELEDTEQX %ol OYL UOVO oTO eidog Anopheles gambiae. Zvvenwg
XATOlEG MO TG OVXTOUIMEG OOMEC TOL  TEQLYQXPOVTAL AL  OPOQOLY  ULELWG  TO
QVATIHEAYWYIXO CLUGTYA TOL EVNAMOL aTOMOL %afmg %ol UATOL ATO T CTOUXTING UEET
dev vmapyovv otov Angpheles gambiae. H ovtoloyla g ovaTOpiag TwV TOLUTOLELGY
yoovohoymd émetoar e CARO wt étor amd v apyn Baociotnre oe excivn yo vo
dnpovpynbet. Amotedeiton and 628 dpoug, 46 ex Twv onolwy npogpyovtat and v CARO,
nat 89 ovvovopa. ‘Olot ot dpot Guvodebovtar and OPLGPO O OTOLOG TEOEPYETAL ATO TO
BiBAio tov nab. Daniel Sonenshine “Biology of Ticks” (Sonenshine 1991) oe ouvepyasio

ue Tov onoto dnptoveynbnxe 1 ovrokoyia.
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Xp1161) TV OVTOAOYL®WV AVATONLNG
H xdpwx yonon autwv twv Oviohoyl@wv ceivol 7] EMONUEIWCY] TELQUUATWY TOL

nepthapBavovtar oty VectorBase. H ovtoloyio tov xovvountod ypnotponoteltal yla auto
TOV OXOTO, 1] EAAEU)Y] OUWG TWY OYETUMOV SESOUEVWY Yo T TatuTovELx xabiota 11 yeNom
TS OVTIOAOYIAG TWV TOLLTOLEL®Y TOAL Teploptopevy. Kot ot dbo avtég ovtoloyieg Oo
UTOEOLGAY Vo YENGLULOTOMBOLY Yot TNV TAEOLGLAGY] UAL TNV TEQLYQXPY| TWV XVATOUIUDV
dopwv oe NAERTEOVINY poEwy pe Vv mpobmobeon mwg Oa pmopoLoe vo vmdpéet éva
oLOTNUA VO GUVSETEL TNV TEEQLYQAPY] TOLG UE EXOVEC. AAMAWOTE O Sl WELIGUOG O AVATOUINES
Sopég elvat peor TeY VN TN Stadnacior TOL UG SLEDMOADVEL OTYV TEEQLYQUPT] AL TNV XATAVOYOY)
TG SOUNG ML XATX GUVETIELX TY|G AELTOLEYLNG TOL OQYXVIGOL, SYULOVOYEL OUKG LK AOXPELX
0 TEOG T AETTOPEQEY] 0Pl Twv dopav peta€d tove. H yonon me CARO wg ovtohoyiog
AVAPOEAG elYE WG ATOTEAEOP TNV YENoN %abapd Sopmmy 1EITNELWY Xal Oyl AELTOLEYIXWY
Yl TV OldMELoY] MUl TOV OQLOUO TWV GVATOUIM®V OGOUWY TOL %OLYOLTLOL oL TOU
TothmovELoL. o v yivel autd MEELOCOTEQO CaYe, MEEX and TOLG OPLEUOLS ot n&be OEO
TpocbEoupe aVaPOPES Yl ATMEUOVIOELS TV SOUMY ALTOV OV GYOAL0 GTOLG OEOoLG ndbe

ovtoloylog.

To yeviung }0707g TEOYOXUUATA UXL EQYXAAELX TOL LTGEYOLY YL TNV TAEOLGLACY
N TNV ATEUOVLOY] TV OVTOAOYL®V 8ev eyouy mEoRAedet 11 duvatdtnTa TEOBOANG EMOVLY,
oLTe elval éva YxEaxTNELoTnO Touv evdlapepet var mpootebel (Noy, Shah et al. 2009;
Srivastava and Sahni 2011). H éuyoaorn Sivetar oty amemovion mg idag g Soung g
ovTohoylag oav tepayia mov SLEMeTal anmd evar GLYOLO oyéoewy. I vau pmopéoovpe va
TILOOVGLACOVIE TIG EIMOVEG AVTEG TOL TEOEPYOVTAL ATIO TIG Y YEG TOL YO CLOTONONUaY %ot
Yoo TV dMutovEyle ¢ ovTokoyiag (e TNV &OEld ALTWY TOL EYOLV TA TVELUATIXG TOLG
dumaopata) avantoybnne po ywplot epapuoyy o ydwoox mpoypappatiopod PERL 7
OTOLX ETLTEETEL GTOV YENOTN Vo Yakel GTIC CLYUEXQLUEVES OVTOMOYIES VLot AV TOIMES SOMES.
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["toe Tov onomd awtd ot dpot g ovioloyiag petapoptwinuay oe pa Bacr dedopévwy, e
TETOl0 TEOTO WOTE TEQX ATO TOLG OPLOPOLG MAL TUYOV QUWTOYQUPIES XL OYNUXTIHES
XVOTXQUOTAOELG VO ELVALL UXTAYWOYIEVESG Mot Ol oyEaelg petaéh toug. Etol uanotog unopet
voe uTTOBdAAEL epwTNpaTa 6TY Bdon Sedouevwy xat vo avalntnoet Opovg pe Baorn 1o dvous
TOUG, TG CLVWYLPG TOLG, N atolyela mov PBploxovial otov oplopd tov xdbe opov. To
anotéreopa G avalntong eivar pla Alota ovtottwy pall He TOLG OQLOROLS ML To
CLYWVLLE TOLG OTIOL TMEPLEYETAL XLTO TO OTOLO avalNnTnoe o yeNnote. EmAéyoviag uanowx
OVIOTNTO O YENOTNG MTOQEEL vor Bel OAES TG PWTOYEAPIES/ ATElKOVIOELS TTOL TEQLEYOLY TOV
ouyuenELpévo 0po. 'BEtot 0 cuvduaopog TOL OPLOROD 1AL TNG EMOVIG UTOQEEL pe AmOALTY|
oopnveto vo meptyeddet v uabe doun mov mepthapPavetar ot ovtoloyies. To epyakeio
OPWG XLTO, Oev ETUTEETEL TNV TAOMYYOY HECK GTNV OVTOAOYix axolovBavtag Tig oyéoelg Tov

™V meptypdpouvy (Ewova 3).
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AnoBase e
veCtorBaw the Anopheles database

Informations available for term "TGMA:0000142"

ITerm ID |Name |Deﬂnition

[TGMA-0000142 [midtrochanter |The trochanter of one of the midlegs. [[SBN:0-937548-00-6]

Pictures and/or drawings including term ""midtrochanter'. Click on a picture to magnify

Tkt e ok 4

Ewova 3: Ta amnoteAéopata Kot N SlaBfoiun OXNHUATIKY OVOAPACTACH TOU OWVATOMIKOU Opou
"midtrochanter".

H VectorBase avéntuée éva avihoyo epyadeio TOL eMTEENEL TNV EUPAVLGY] ELLOVOV
%L TNV TAOYYYOY GTOLG OEOLE TG AVATOMING. TO UEloVEXTNUA TOL elvat TwG SV EMTEENEL

™MV oavalNTNon HECW CLVWVLRWY %t Etol Dewpodupe Twg elval CLUTANEWUATIMG TEWTOL

(Ewova 4).
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VectorBase

Ixodes Pediculus Rhodnius

a
Get VectorBase Help

Sequence  Expression Population
Data Data Images Data IRbase  Documents  More... Tools GetData Forum |
Controfled Vocabulary Seacch KeywordSearchin ; =
Browsing TGMA:CARO
Mgt ki Browsing TGMA CARO Mosauito Anatomy nomation |
1) Select Ontology £ ) )
= < o
TGMA-CARO Mosquit + anatomical entity ID: TGM{A.0000142
='material anatomical entity Name:midtrochanter
2) Browse the tree . 5
directly or type in a term = anatomical structure Deﬁn{hon.The. trochanter of one of the midlegs.
to search within this ¥ egg Relationship:is_a trochanter
ontology e el .
midtrochanter MEECestnarDigansm
-
L mages ]
Found midtrochanter. '09“ component imageBean
# compound organ
=" organism subdivision
# adult head
=l adult thorax ey
‘adult prothorax =
“adult mesothorax u
#-adult metathorax ———— 1y
= adult leg } \f ‘C‘:
History: # adult mesothoracic leg i) o
midtachiaiitet - adult metathoracic leg Y
‘adult prothoracic leg

‘coxa
E trochanter

- hindtrochanter
- foretrochanter

Ewova 4: Ta amoteAéopata thg avalntnong ywa "midtrochanter" oto epyaleio mov avamtixdnke anod tnv
VectorBase.

To pétpo g emtuylog Kag ovtoAoyiag eivar 7 yonon e Kdatw and avtd to
TELOPOL 7] OVTOAOYLX TOL XOLVOULTILOL YOY|OLULOTOLELTAL YL TNV ETUOYNUELWCY] TWY TELOUUATWV
YOVIOLOUNG EXPOATNG, EVE TALTOYEOVA %ot OL SLO OVIOAOYIEG EYOULY Yivel SexTEC amd TNV
OBO Foundry ocav vmodngec ovtoloyieg uat €yovv yonotpomombel xot oamd dAla
EQELVYTING TEOYEAUUATA TOL TEOoTAdoLY Var PTIAEOLY Lot CLYOALXY] OVTOAOYLX AVXTOUING
netalmwy ywelc vo AapBavouy vTody Toug oYECELS OLOAOYIXG avdpeoa oTIC SOUES O [ia
TpooTdbela Vo THLTOTONGOLY TEPLEAOTEPOLS PALVOTOTIOLG AAAL 1ot var Bonbincouvy v GO
oty oavamTLEY] TOL TUNUXTOG TNG TOL TEELYEAYel PBrodoywmes Swxdwaotes. Mo TéTOLX
ovtohoyio eivar 11 UBERON oty omoia cvppetéyovy xat ot 3vo Ovtohoyieg mov

dnptoveynOnroy and EUOC (Haendel, Gkoutos et al. 2009).
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KE®AAAIO AEYTEPO: ONTOAOT'IA ANOEKTIKOTHTAX XE

ENTOMOKTONA

Elcaywyt)
ATO TNV GTLYIN TOL EYLVALY ATOAVOYNTE T CUTLX MXL O TEOTOG UETAOOGNG AOUETMV

TEOTUHWY VOOWY %Al O POAOG TOL ELYXV GE ALTOV TA EVTOUX-POQELC NTAY TOEOPAVEG TWG oLV
umopoveoe v ereyybel o mAnbuopog Twv eviopwv-popewy avtd Ba onpotve xat tov Ekeyyo
™ acbéveag. E€uttiag avtod tou gatvopévou otay avoxaldpbnue 7 eviopontovog dpaon
oplopévwy ouvbeTtmy Yoy ovotwy, omws 1o DDT otig apyéc g denaetioag tov 1940
(Davidson 1951; Wright, Fritz et al. 1972), avtég yonorponomnuay extevag oe Penacuoig
TOGO TWV AATAPLYLWY TWV XOLYOLTILWY OGO XAl Twv avlpwTVWY xaTotwY. AvTd GLVERY XA
otov eMadwO YwEo merpapatind o 1945 (Vine 1947) now ocvompating oty eéoetia 1946-
1952 mov 7 ehovoosia anoteloboe TEORANMA Kot peTadtdoTay uuplwg and mAnbuouods Twy
A. sacharovi v A. superpictus. H amodotndmta twv YPenacpwv Nray efutpetinn oy ooy
TOL TQOYOXUUATOC %ol UAAMOTA ElYE OOV XTOTEAECPA TNV SEXPAVION UXL GAAWY EVIOU®V
onwg 1 ooy poya (Musca domestica) and g negloyés 6mouv epapoloviay ot Penacuol.
Opwe 10 and 1o 1947 ov minbuopol g omonng poyag oyt povo Eavaeppovilovtat, aAlx
mAéov dev aivetanr vo emnpealovtat and Ttoug Yexaocpovs. H amotedecpatinomror Twv
DenaopwY 08 UATOLEG TEQLOYES PELOVETAL UXTX TOAD TOL TEAELTALX YOOI TOL TOOYQXUUATOS
%&Tt Tov amodidetat oV avantuén avbexntinomtag anévavtt 6o DDT oe mAnbuopoig tov

A. sacharovi (Livadas and Georgopoulos 1953).

Avaloya uvopeve TaatneNdnuay uat 0TI LTOAOITEG YWOEES, OTOLOSNTTOTE KoL AV
NTOY  TO EVIOMOXTOVO TO OTOLO YONOLLOTOLOLVTAY eite Yoo PEUNCUOLE AATXPUYLWY
XOLVOLTILOY XL OTLTIOV, EITE YX TOV EUTOTICUO LYACUATWV TOL GTNY  GLVEYELX
yonotponoovvtay wg xovvovmépeg (Curtis 1991; Dabire, Diabate et al. 2006). H

EPUOPLOYT] TWV UETOWY AVTWY GE GLVOLACUO WE TOL AVTL-TILQAUOLTING PROPOAUX HANK HXL KE TLG
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neptBadloviinég mapepPaoec (my. omofnedvoelg eiwv) odNynoe oty e€apavior g
eAOVOGLOG ATIO TIG Y] TEOTUMES TIEQLOYES, aAA& OXt nat and Tig Teomnég (de Zulueta 1973).
Mehéteg tov ITaynooptov Ogyoviouod Yyelag €detav Twg péoa o8 Eva SLAOTNHA TOL
nowidet and 2 — 20 ypovia yla OAX Ta YVWOTA 1oL EVEEWS YOT|OLLOTIOLOVUEVY EVTOLOUTOVY
eppoviletor avbextnotra (WHO Expert Committee on Vector Biology and Control.
1992). Xe awtég TIC MEQINTOOELS 1] CLVIGTOMUEVY] AVTIOEAGY] ElVAL 1] XEVOY] XATOLOL GAAOL
EVTOPOUTOVOL 7] GULVOLXGUOL EVIOUOXTOVWY PE SLXQOEETIHO pnyoviono dpaone (Brown
1958). Iapammondnre nwg petd amd 1ATOLO YEOVIUO SLXCTNUA ATO TNV XAAXYN YXONONS
evtopontovou 1 avbextindtta pnoget va efagaviotel and nanow nepoyn (Keiding 1963).
Kplvetaw dowmov avayxaio 7 meptodmy napanolovdnon twv mAnbuouwv 1wy eviopwy mov
uetadidouvy acbéveteg, wote va a€loloyeitat 1 amoSOTIHOTNTX TG XOVOY|G EVIOLOUTOV®Y KAl
voo evtomiletar 1 eppavion tyov avbextndmrag 6co 10 Suvatdy yonyopotepa (Curtis,
Maxwell et al. 2006; Kulkarni, Malima et al. 2007). Eniong anxpaitntog eivar xat o
OLVTOVIOPOG TWY AVTIOTOLY WY TOOYQXUUATWY THEEUBUCTG AVAUECK GE YELTOVIXEG YWOES OTLG
evOnunég  meptoyés g ot ot mAnbuopol Twv  xovvoumiwv  Eyovy  SuvaTOTNTX

UETAVAGTELGYG.

To Sedopéva mov vmapyovy ot BifAtoypxpla xotl T GYETIMX TELQUUXTA TOL
ylvovtar onpepx oyetnd pe v avbextimdmTa ¢ eviopontOva TEQLYQAPOLY  TOLG
mAnBuopoLe Twv xovvoLTLWY xal TO av eppavilovy avhexTHOTNTH O XATOLO EVTOROUTOVO
otov yweo nat tov yeovo (Chareonviriyahpap, Aum-aung et al. 1999; Briet, Galappaththy
et al. 2005). Opuwe, ot oyetnég mAnpogopies Bploroviar cuyvd anobnuevueveg oe 1ATOLEg
BrBAtoOnuec ponptd and touvg avbpwnouvg mov Tig yeetalovtat. Kamnoteg alleg mAnpoypopieg
dev Bplorovtar obte otg dnuooteg Bilobnuec mopdk pOVO G LTYEECLAUES AVUPOQES
LTIYEECLOV ONPUOCLAG LYElHG TOL Oev elval ELXOAX TOOOTEAXGLUES ATO W1 ULBEEVNTIXOLS

TUEXYOVTEC. AMOMA %ol O TEQINTWOELS TOL LTAEYOLY OF NAEUTEOVIXNY] WOEYY Eelvau
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TIEQLOQLOPEVESG Ol BLUYATOTNTES avalNTNGaNG %L Ve TNoNG TOLG. ‘OAat aLTd v SetnVdOLY TNV
DTIXENTY] AVEYXY] YL EVALY EVIO TEOTO UXTAYQXUPNG, TAQOLGLAGNS XANE %ot SUVATOTNTAG
ovalNTNoNG TV OYETIMMY OESOUEVWY, VG TEQLOYY], OVa ETOC AL OVE EVTIOLOTOVO. ALTO
oanptBog t0 %evo emtyetpNinmne va nokvgbel apya ot Brokoymn Bdon dedopévewv tov
novvountobd (AnoBase) mov Swxtnpodoape oty Kontm xnow otn ovvéyeta péoa oamd v
VectorBase mov amoppoynoe v Anobase (Topalis, Koutsos et al. 2005) pe v avantuén

e€etdineLp vy LTOAOYLOTINGY EQYXAELWV.

Amotedéopata - TulnTnon

MMpo@opueg KaTaypa@ng Sedopévmv
IMtoe voo oudheyBoby nat var xataryoapoLy pe evialo TOTOo Tar SEGOUEVH TOL KPYOEOLY

avBentinoT T OE evtoponTOVa EMEETE Ot GLALOYELG Sedopévwy va StafiéTovy namotov 06mMyo
Yl TO TG YIVETXL GLTO AL VO LTXOYOLY UATOLOL YEVIXOL AVOVEG TOL Vo OLETOLY TNV
Sdaoio. Axorovbwvrag 1o mapadetypa g Flybase yu tov yetptopd twv Brfitoyoapney
dedopévwy mpoupidnre M Adon g SnuiovEyiag evOg GLYOAOL ATO TEOYOPHUES —
npoxafoplopévovg mivareg — TG omoieg ot ouAkoyeig mov Bu oTayvoloyoboov ot Bo
amodeATiwvay TIG dNPOCtevpEVES TANEOYOPIES o EMEETE VXU GUUTAEWGOLY. LTV GLVEYELX
T dedopéva ToL LTNEYaY Ot mEOoYoppes bOu emefepyaloviay MAenTEOVIME YL VXX
anofnrevbovy 610 oyetnd TuNpx e AnoBase mov elye avamtuybet yix Tov oromd ALTO.
[N v amopuyy g donomNg eloaywyNg oTolYElwY To elyay NOY nataywenbel npoxpifnxe
evae oLOTNPX e EeywELOTEG ATOTEAEIS TEOYOEMES OTOL xabepio apopodaE Kot SLaPOEETIHO
eldog dedopuevwv. Ot mpopdpues avtéc Hu cuvdéovtay petald TOLg pe T YENOY 1ATOLOL
nowob mediov yeyovog mov Ha emétpene v StaohVOEs] TOL GLYOAOL TWY GTOLYELWY TOL
neptetyav. To tehnd apyeio uatayoxypng dedopévwy Bo Nty 10 GLYOLO TWV TEOYOPULY
TIOL ATALTOOVTAY YLK TNV TEQLYQXPY] TOLG ML 7] GELRX (€ T7|V OTtola BELoOKOVTAY Ol TEOPOPUES

0e ALTO NTAY GNOVTLIY).
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Anpoveyninroay 2 Stpopetinég TEOYOEUES amd TNV aEX? Yo vor xaAdpovy T
dedopéva g avlextinottag oe evtopoxtova: H mpotn mepéypage Aemtopepns Tov
TAnOuopd Twv EVIOpWY O OTOLOG AVXALOTAY GTA CYETIXG TELQAUATX, EVe 7] OeLTeEY Oa
eBptone epappoyn oty auty nabeavty Tepypugy Twv dedoutvwy g avbextnotTag. Me
aLTOV TOV oYESoUO oty cuvnin TepinTway Omov évag TANOLorog elye eheyybel yio ™V
oavbextidTTe OV TLYOV TaEoLGiale G TOAATAL EVIOROXTOVA TX GTOUYELX TOL TOV
apopovoay enpene va etoayfodv povo pio Yopd. Xto TEMMO xQYElO ALTH 1] HOVASY
npoyoppx mov bu mepteéypaye tTov mANBuopo Bu anorovbodvtay and TOAAATAES TEOPOEUES
NATOYOAPNS TWV TELQAPATOV avbexTixdmtag xat 10 obompa Bu avayvwoetle mwg ot

TEAELTAUES AVUPEQOVTAL GTYV TEWTY] ATO TNV GELRX TOLG GTO XOYELO NATAYOAPTC.

Kabe medio g mpopoppag elye uot éva Lovadind avTTEOCWTELTING Kwdd. To
TEQLOCOTEQX TIESIX EMOETE VAL EYOLY LOVAOINEG TIUES (T). TO YEWYQXPIUO UNHOG KoL TAATOG
TOL TOTOL ATO OTOL TEOEEYETAL O TANOLOUOS TWV EVTOUWY), eV LTIYEYAY GAAX Tedia TOL
unopovoay vo deyboby moAAamAég TIpES (OTWE Yl TEAdELYa TO TOto NTay To €187 TTOL
ovpmepiapBavovtay oty perétn). H mpopopua mov meptéypape tovg minbuopovs twy
eviopwy (ITivanag 3) O umopovoe va ywplotel oe Siapopa tunpato: To apywnd medix
apopoLGAY To €187 TOL TEQLEAGUBAVE 1] EQELVA ML GTNY GUVEYELX LTNEYE Wl AETTOUEQNC
avopopd TG yewyoeapng Béong tov mAnbuopod nabog uor twv mepBailovioloyimwv
Srtepottwy e [Tpodobeteg mhnpoyopieg mov apopoboav Tov YEOvo delaywyng g
EQELVOG XAl TWY UALLXTOAOYIM®OY GLUVONUKV ETLONG GLAAEYOVTAY, EVE VXL ONUXVTINO TUNUX
TG TEOYORUAG XPOPOLGE T1] YEVETIXT| TeELYEaPY] Tov TANBuouoL xabng xat aAANAopoEPwy
Tov eivat Ywotod Twg oyetiloviat pe avbextndt)tar ot evtopoutovae. Téhog, vmieyav
medla yro va meprypadovv av vmreyxe DNA Swbéoipo and dtopa touv cvyrexpipévou
mAnbuopon, wote TUYOV EVOINPEQOUEVOL VO UTTOPEGOLY VX TO YQY|OLULOTOLY|COLY Yo Sud

TOLG TIELQAUATA.
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Kwduog

IeQryoupy

POO01 Kbt eidn nAnbuopol Twv 0Tolwy GUUUETEIYXY OTNV UEAETY

PO02 ITpoobeta eidn mAnbuopol 1wy OTolwY GLIUETELYXY BTNV UEAETY

PO03 Iewypagrol Nrepot 6mov 1 uerétn elafBe ywoa [Africa, Europe, etc.]
PO04 Koatog 6mov 7 perétn éhafe ywoa

POO05 Zovn 1 meproyn pekétng [Eastern, dry, savanna, forest, mangrove swamp]
PO06 [1oAn N ywEld pekétng

POO7 I'ewypagpuo pnrog

PO08 I"'ewypapind mhatog

PO09 Ydopetpo

PO10 ‘Brog pekétng

PO11 Xpovin) meplodog HeAETNC

PO12 Emoyn pekétng

PO13 Qoo NueEnNotag GLAAOYNG OELYUATWY

PO14 Ocppoxpacio

PO15 2yeTnt) vypaota

PO16 Méoo vdog Bpoyc

PO17 AatOT T LOATWY

PO18 Meéoo pH vdatwy

PO19 Meébodog tavtonoinong tov etdovg [morphological, cytological, etc.
PO20 Dolo evtopwy [male, female, both, unspecified]

PO21 Avantoéoand otadio [larvae, pupae, adults, preimarginal states]

PO22 Apaotpromta [resting adults, endo- & exophilic, endo- & exophagy]
PO23 Kataotaon wg mpog 1o waynto [teneral, post-teneral, unfed, blooded, gravid]
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PO24 Eyna0i5p00nxe epyanototond otéheyog ; [NAI, OXI]

PO25 ‘Ovopo epyaotnetanod GTeAeyoug

PO250 | Av eynabidpdbnxe epyaotnoond atéheyog, étog eynabdidpvong

PO25B | Av eynabidpbOnxe epyootnotond otéleyog, TOTOG TEOEAELOTC

PO26 Mefodog suioyng [indoor, outdoor, human, animal, pyrethrum, traps]

PO27 AptOpOS #oLYOLTL®Y TOL GLAAEY TNHOY

PO28 To xovvodmia Tov GLAREY TXaY amobNneLONKy;

PO29 AOEwv aptbpog 1 Ovopa aTeEAEY®V TOL GLAAEYTYHALY

PO30 Eidn demtwv mov yonotpomombnxay yio v neptyoupy tov minbuouod

PO31 Ovopata aAANAOUOEYPWY TV dettTwy 1oL YN otporombnuay

PO32 Tomog otatioTinng avdAvcng mov yonotponombnxe

PO33 2YETINY] TUXVOTYTO XOLVOLTILRV

PO34 Avopevopeyn ooy votTa e1epoluynTiag ytor Toug Seinteg mow avakbBnroy

PO35 [Mapatneoduevn ouyvomta etepoluywtiog yla Toug Selnteg TOv avaALONUY

PO36 2LOYETLON YOVISLANYG TOIMAOOOPLAG

PO37 Enineda onpuaviindmmTog 6ToTtoTinwy €6t Tou Yenotponombnxay

PO38 Ao Sedopéva TOL GLYSEOVTAL e TNV UEAETY

PO39 2yoMa oyetma e Tov TANBueud Twy xovvoLTLRY

PO40 2yoha cvyxploelg he aAoug TANBLGPOLG (AVTAYWILGUOC YL TOPOLG)

PO41 2yOMa OYETIUA PhE YOV|ON AL AVIALGT] KAV SEUTOY

PO42 2y OMat YeVIXOD TEQIEYOUEVOL

PO43 Eowtepwec onpelnoelg a0paTeg 6TOV TEMHKO YONOTY

Nivakag 3: H apxwkn npodoppa cuAAoyng mTANOUCHLOKWY SE60UEVWV.
H 6edtepn mpoyoppa (ITivarag 4) aygopovoe avty xabeavty v  cviloyn
SeS0pEVOV OO MELQAUATA Pe GHOTO TNV ToEaxoloLONGY nat TOV evIOToUO ¢ LTREENS
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oavOenTinOTNTUG 08 HATOLO EVTOUONTOVO OTOTE UL TGAL LTIYQYE UXTAYQXPY] TOL ELOOLE TOL

yonowponombnue oto melpapo  (mar  amotelovoe 1O onpelo  Staohvdeong pe TNV

TQOYODUEVY] TEOYOQUA) GE GLVOLACUO UE AETTOUEQELEG YLOL THV EVEQYY] EVIOUOXTOVO OLGLX

TOL SONLUACTNHUE, TNV CLYHEVIQWGY] TYG, TOV TEOTO YOENYNoNG s, xabng eniong xat T

XTMOTEAECUAT TOL TELQXAUATOC.

Kwdixog ITepryoopm

IRO1 Eidog novvountod mov yonotpomombnue oty perét (umoyeewtind Tedio)
IRO2 Evtopoxtovo mov yonoipomombnue (ynuwod ovopa) (vmoyeewtind nedio)
IR03 Epnopwd ovopa evtopoxtovou mov yonotpomnombnue

1IR04 ApBpog OMS

IR05 Miypo TG eveQYg EVTOROXTOVOD OLGLOG PE XATIOLO UECO, ETOLUO TROG YOO
IR06 2LYUEVTOWGCT] TOL EVIOUOXTOVOL TOL YEYothoTonxe

IRO7 H pelétn avagepetar oe mAnbuopd nediov

IR08a H pekétn avapepetar oe epyaotnoland maAnbuopd

IRO8b Hhnio minBoopon

IR09 Eidog emthentinyg micong

IR10 ITocooto Bynorpuotntag

IR11 LD50

IR12 Eidog yovidiov mov emupépet avlextindTiae 6T0 EVIORONTOVO

IR13 2uyvoTNTa AAANAOLOEYPOL avBenTHOTN TG

IR14 2yoho — I'evind oyoMo opata oe OAOLG

IR15 Eowtepuéc onpetwoetg a0QaTeg 6TOVS TeEM%ONS YOTOTES

IR16 Koatnyopia evtopontovou

IR17 KDT50 — Xpo6vog mov amatteitat ylo v avarabntonoiney tov 50%
IR18 KIDT95 — Xpovog mov amatteitat ylo v avarstntonoiney tov 95%
IR19 AptBuog CAS evtopontovon

Nivakag 4: H npodoppa yia tnv cuAloyn 6€60UEVWV AVOEKTIKOTNTOG OE EVIOUOKTOVAL.

Enetd o yapontnolopog evog mAnbuopod wg «avbentinody anévavtt e #dnolo eVIORorTOVOo

EUTIEQLEYEL OTOUYELX LTOMELUEVIMOTNTAC MXL O OOTOG Mg Paong Sedopevwyv elvar 7

TEOLGLAGY] TOLG ol Oyl 7] enefeEyaciar TOLG, 7] TEOYOQUN XXTEYQUPE T TOWTOYEVY
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XMOTEAECUAT EITE GE LOQEYY] TOCOGTOL Ovnotpdtntag, eite oe popyy Bavatrnpopov doong,
elte oe popyYn mocootob avatchntonoinone nat T TarEovciale WS TETOL, APYVOVTAS TX
omota ovpnepacpata nepl avbextxdTTAg 6TOV YENOTY TOL GLOTNPATOS. Téhog oTig
npoopues elye TEoPlepbel ywoeog y oydha mov Oa emeényovoay namotx medio xo Oo
Nty 0patd ooy eredflepo ueipevo GTovg TEAMOLG YENOTES, OGO 1AL YL ECWTEQUA TYOMX

TOL APOPOLOAY T1 OLAOUACLN ETLUEAELAC KOl ELOOGOL TWV GTOLYELWY GTO GLGTNUX.
PoQE Yl [ ¢ X N

Ot 8o mpoyodppes Tov avapepbnray civar TEOYAVES TG BeV XEHOLY YL TV TAYOY
NATUYQUPY] TwV OedOpEVLY. YTaEYEL avaryunn Yl Toeeddetyha va cuAieyboby TAnpoypopleg
Yloo TUYOV ONPOCLENTELG OTIC OTOIEG XVAPEQOVTAL T GTOLYEld TOL €youvv mEouLYet (oTnV
TOUYRATIMOTNTA GTNY AEYIUY] TOLAXYLOTOV TEPloG0 OAX T GEOOUEVH TOEQYOTAV ATO TNV
BiBhoypaypio) nabwg emiong uot TANEOYOELES Lo TOLG EPELYNTES TOL SLE€NYaYAV TLG EQEVVES
®©OTE O evOlaPePOpUevog var unopel va épbet oe emapy pall Toug av o to emtbupodoe. ‘Oia
VT Tot SESOUEVA NATAYQRPOVTIAY GE SLXPOPETINEG TEOPOPUES TTOL AVATTOYONUAY Ao TNV
Flybase xat vtoOetOnuav and epdg nar yt awtd 10V AOYo Sev mpouettan vo avapepbn otny

TEODOX EQYACLA.

O 100M0¢ pe TOV OMOIO YWOTAV 1] ELOAYWYY] TV OESOUEVWV ATALTOLCE TNV
dnutovpyla YWELCTOY xEYelwy UxTayexEns dedousvwy yix uxbe pelétn. Xy apyn Oo
énpene v LTAEYOLY T Oedopeva Y BBMOyEAPIMES AVXPOEES, TOLG EEELVYTEC TOUL
SLeényaryay TV EQELVA XA GTNV CLVEYELX 1] TOWTY] TEOPOQUA TOL TEQLEYQAPE AVXALTINK TOV
minbuopod axorovbovpevy and 1o melpapaTing dedopéva TG SEDTEENC TEOPOPUAG. TNV
TASLOYNPla TWY TEQITTWOEWY OTOL SelypaTa TOL aEY oL TANOuopoL eiyav yonothorotndet
ytoe var StoaxptBwbel 1 avBertind T 68 TOAMATAL EVIOROUTOVA, To amOTEAETHATA Yo u&Oe
EVTOPOUTOVO YwELoTd (Seb1epn mpoyopua) bu cuvddevav v apynn meEryoopy. TNy

ovvnbiopévn mepintwon Omov o dnpooctevon mepedapPove Sedopéva Yl TOAAOLG
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minbuopoig, ™ pia Brloyoapun npowdpus axorovbodooy TOAAEG TOL TEQLEYQEAPRY TOVG
Stapopetinodg TANOuopods n.ox. To Telud aEyelo xaTayEaPNg NToY Evar UeYIAO oQYELo
XELUEVOL OTOL WUE EVa GELOLMO TEOTO 1 Miot %ATw omod v &AAY cuvovaloTtay Oceg
TEOYOPUES Y OELALOVTOLOAY YL VO TEQLYQXPOLY T OeSOUEVA e COQY] LEQUQYINY] OELOA.
At Qo pmopodoe va yiver yetpoxivnto and 1oy GLAAOYER/ naToyEopEn TwV dedousvmy eve
LTIYEYE 7] SLVATOTNTA Vo YIVETAL Xl MULXVTOUXTOTOUEV UE TNV YONOY| MG EQUOUOYNG
mov avantoéape yl 1ov oxomo avtod. H mpooéyyion avtry eéacpdiioe v opoltopoppla xot
NV SLVATOTYTX XVTOUATOTON GG TNG ELOAYWYNS OEOOUEVWY, OUWG XLTO BEV NTAV XOAETO
nobwg emétpene TavToL ™V etoaywyy ekevbepouv uetpuevou. I dow media Ny Suvatd Ko
XPOEOLOUY Yot TXOXASELYUX OVOUXTA ELOWV  OQYAVIGUWY, EVIOROATOVWY, KUATNYOQLEQ
EVTIOPOUTOVWY AT OnploveynOnray MoTeg eMTEENTWY TIUOV ¥xl XLTOC TOL ELONYAYE TX
dedopéva 6TO GLOTNUA AVTL VoL TANUTQONOYNOEL, EMEETE ATAG Vo OtaAgEel TNV UXTAAANAN
TUUT], RELOVOVTOG TNV TOavOTNTa Vo LTREYOLY A&DN TANUTEOAOYN NG Mot eMBAANOVTAG TNV
eviala yovon xamotwy 6pwv (Y. «An. gambiae s.5.» oty Oéon tov «Anopheles gambiae sensu
strictoy ). To obLOTNpo OAOXANEWVOTAY Ue Ui OELRX OO TEOYQGUUXTH encéepyaoiog To
omola etonyoyoy tor dedopéva mov elyav culieybel otic mpopoppeg o pia oyectany Bdon
dedopévev. O 1elMuog YENOTNG AmorTOLOE TEOCRNCY] G ALTA PECW TYG LOTOCEASNS NG
AnoBase mov tov enétpeme v Set nat vo avalnTyoel TG TANEOYopies Yo Tor dedouéva
oavBenToOTTHG TOL TOV EVOLEPEQAY ava ElBOC OEYAVIGUOD, TEQLOYY], YOOV TePlodo 1at
evtopoxtovo. Me avtd tov 10070 1 TAnpoopix Tov Botoxdtay otig BtBhobnmneg Ou éptave
0TOLG LTOAOYIGTEG TV avbpwTwWy oL TG YEELXlOVTOLGAY AUOMA 1L OV ALTOL Oev elyav
npocBucn ot Btpiobnueg, nat moAd cuvnbicuévo otig yweeg Tov Telitov xocuoL Tou elvat

1oL XLTEC TOL UOTILOVTAL AT TLG TEOTIXEG VOGOUG.
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OvTtoAoyla QVOEKTIKOTNTAG GE EVTONOKTOVX
To odompa pe TiIg TEOYOPUES NTav évar BNux TEOS Ty cwoth] xatedbuvor adia

obvtopa amoxdive Tig aduvapieg tov. H Booindtepn aduvapio Ntoy nwg ot TEOPOEMES
TEOLO TIOL YOYOLULOTIOLOLOAY ALGTEG OQWYV YL OQLOPEVX TIedlar EAELTE 1] CLOYETION UeTakD
TOUG AL LTIYOYE XOLVOPING XENONG CLVWYLULWY OPwV. L' TaEASELyUX TO YEYOVOS TS To
eldn Anopheles arabiensis , Anopheles bwambe, Anopheles melas, Anopheles merus noar Anopheles
quadriannulatus Yoll pe 1o Anopheles gambiae sensu stricto avoyvwEIGTNUAY GXY GOUTAOKO
eldog pe 1o ovopa Anopheles gambiae sensu lato Ntav TNyY TEORANUATOV AUOPUX KoL UE TNV
yonomn g mpogoppac. Ot minbuopol Twv xovvovmiwy dev umoovoay vo cuayeTiabody ue
T0Lg LTTOAOLTOLG XabKg avTIpeTWTILOVTAY oy SLXPOEETINEG OVTOTNTEG KeTakL TOLG Xal Sev
LTYEYE OLVATOTNTX GLOYETIONG. EYOVTaG TNV EUTELQIN TV OVIOAOYLOV TNG XVXTOUING TTOL
TIEQLYQRPNUAY OTO TPOYYOLUEVO UEPAAXLO XAl TWV TASOVEXTNUATWY TOLG, YVWELLAHUE TKS N
Aon Nty 7 dnuoveyla plag oviohoylag mov Oa mepryodpet ™V avbextnotnta oe
evtopoxtova. H ovtoloyio avty Ba Ntav 1 Baor twy epappoywy mov Bo avantdccovtay o
™V peré g avbextindTag oe evtopontova. Me TLENVA TIC LTIGEYOLOES TEOYOPIES

TPOYWETOAPE GTY] SNULOLEYLX TNG.

Onwg xal 0T0 OLOTNUA PE TIC TEOPOPUES XEVIOWMO ONHELO TNG OVIOAOylag
XMOTEAOLY TO TELQAPATA TALTOTONONG at mapaxokovinong g avbextxdmrag mov
eppavile evag TANOLOROG ATEVOVTL OTAL EVIOUOXTOVA. ZLOVTIOUX OUWG EYIVE XVTIANTTO WS
uoe TAnbopa Stxpopetinwy oviotTwy mEETEL va yenotpomotmbovy i va meptypddouvy
NATEAAA T LTIREYOVTA OeBOpMEVA. 2LYVE O ALTEC Ol OVTIOTNTEG UAANAETUXAADTITOVTOY
netaéd toug. I mxpaderypo metpapating e€axptBwvetal xal 10 oe TOLO €lB0G AVYHEL EVaG
0QYAVIOROG A& ot TO av mapovotalet avbextinotta oe udmoto eviopoxtovo. To
TELQAUATA EYOLY SLXPOEETIUO GTOYO, ALK XTO OvToloyNG dmodrg e€axolovbovy va eivar

TELQAPLATA OX AVIMOLY GTO 18Lo ¥Ahadt g LTO avaTTLEY ovToloyiag. Avtd onpatodotoboe
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TNV LTOYQEEWGY] TYG OVIOAOYING VX OQYXVWOEL Tot ODOUEVH HE OLPOEETIMO TEOTO OE

oLYHELOY] UE TIC TEOPOPUES XVASLOQYAVHOVOVTAS TNV.

H mpowtm andoyaoyn agopovoe 10 av o yonoipwomombet pia ovtoloyio avwtepouv
emnédou wg Bdon o v dnutoveyla g oviokoyiag. Apywmd emtAcEapue Vo amOPLYOLUE
natt tétoro uobwg emlnrtodoope TN WEVLOTY] OLVATY] GLUUETOYY TNG EMLOTNUOVIXNG
1oWOTNTUG 0T SlapoEYwor g ovioloyiag. Avty Oo Ntav mo amodotnn pe por evbeio
TEOGEYYLOY] OTIOL OL YVwoTeg TOL ediov B avtpetwmloy Gpeox TOVG OWElOLE OPOLE TOL TO
TEQLYQAPOLY TIEG 7] YENOoY evog OewpntuxoL owodounpatog mov Oo xxbiotodoe v
ovtohoyix Svovontn yw 6coug dev Mtay céoretwpévor pe ovtoloyleq. Kata tor ahdha
vtoBetBnray Ohot ot navoveg mov ebece 1 OBO Foundry xat ot oyéoelg neplopiotnnay oe
is_a , part_of wow agent_in (Voo Pe TG OYETELS Xl TOLS OPLOPROLS Toug). Opot mov avyxay
oe GAAeg OVTOLOYIEC avapoEas amoaoiotnue va yonotwornotmbodv wg éyovv. H ovtoloyio
nov  dnpoveynnue ovopaotue MIRO (Mosquito Insecticide Resistance Ontology)
(Dialynas, Topalis et al. 2009) avtavaxkoviag ) cuoyETion xat ™V eotiac] ¢ oe Oépata

TEOTH®Y VOOWY oL petadidoviat and xovvovnia. Awtbete 4 apyinés ®aTnyopELeg :

o) «Bloloymd vAxO» moOL TeELEYaUPE TOLG OEYAVIGUOLS Xt Tovg TANBvopoLE Tov

eleyyOVTOLOY Yl TO av TaEovatalovy avbextindTTa 1 OyL.

B) «Evtopontoveg ovolegy mov mepthapBove OAa T EVIOROXTOVA TOL Y EY|OLLOTOLOLYTAY

OTIC XVTIOTOLYEG EQEVVEG.

y) «Méebodow mov mepthapBave cuyrevTpwUeves OAEG TIg TepapaTinég pebddoug.

3) «Avlextnom™ Ty ToL THEVOUOLVTAL OAOL Ol YVWOTOL UNYAVICUOL UECw TwY OTOLWY

emTLYYAVETAL 7] AvOEXTIUOTNTA GE UATOLO EVIOUOATOVO.
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M méumty xotnyopla TOL ®POEOLOE TG YewYEXPWwEG Tomobeoieg Sev TMEOMELTHL VX
ov{nmOel nxbwg amotedel po €eywELoTy OVTOAOYiX GAAWY EQELYNTOV %ot OV ATOTEAEL
UEQOG NG epYaoiag avTyc. Xpnotpomombnue Opws aVTOLOLX TXEEYOVTAG TOVG UXTHUAANAOLG
yewypapmodg  opovg mov  yeewlotav 1 MIRO. Eivar ovtovonto mwg OAeg ot

npoavaypepbeioeg natnyoplieg Sev eivar OTATIESG, AAAG XVAVEMYOVTHL OTAY TUQXOTEL XVAYHY).

A) BIOAOT'IKO YAIKO
H »atyopio mepthapufBaver dpovg oyetlopevoug pe v meplypay] twv TAnbuopmy

TOL GLUMUETEYOLY OTa metpapata avbentuomtag xow ™y taévopney tove. H mepryoapn
XPOPX TNV TPOEAELGY] TOLG (XV Elval XATOLO YVWOTO GTEAEYOG €QYXOTNELOL 7 QLGLUOG
TANOLOUOC TOL ALY UUAWTIOTNHE TEOCYRTA YL TOLG GHOTOLE TOL TMELRAUATOS) Habwg 1ot TO

oavaTLéland 6TadLo 0T OToLo AV Ay To &Topx Tov TANOvopol (Emova 5).

B — biological matersal
B +— H mosquito population
B +— M field population
8 «— B FO adults
+«— H FO adults collected
+— M FO adults emerged from field collected eggs
+— I FO adults emerged from field collected larvae
+— H FO adults emerged from field collected pupae
«— B FO larvae
+— H F1 adults trom field collected mosquitoes
+— W F1 larvae bred from field collected mosquitoes
B +— K laboratory population
+— H adult laboratory population
+— B larval laboratory population
B +— H taxon
8 +— B Culicidae
+— H Anophelinae
+«— B Culicinae

Ewova 5: Ta tpia npwta enineda 6pwv thg MIRO mou avadépovrat 6To BLOAOYLKO UALKO.
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Mo v taévopnon twv opyaviopwy meproplotiuape oty owoyevewn Culicidea
70O T0 TEWTHEYIUO EVOLUPEQOY PAG NTAV VO LTOPECOLPE Vo cLUTEQAGBOLUE dedopeva
anO  MEOYEAMMATH TapatnEenong avbextimomrag oe  mAnOuopolg  xouvvouvTwY  TOL
uetadidovy TEOTMG Voo paTy, avayvweiloviag mwg Ohx ta Culicidea Sev elvar popeic
NATOLUG VOGOV, AAAG %ol WG LTAEYOLY xot aAlx aEbpdmoda Tépa amd Tor novvoLma (1Y
andpex) mouv petageépovy acbévetes. H Sixbéotpn talvopuny) ovroroyio and 1o NCBI Sev
NEALTITE TLC AV YHES TG OvTOohOylag pag xabwg vineye meptoptopevy nahvdn twv Culicidea
UE ovapoEa %LELWG O aUTE Y To omoix LaNEYxV dedopéva otig Bdoelg Sedouévwy
adniovytwy  yowdiwy, onwg 1 Genbank. 'Etor yonotponombnre o ovompotindg
nxtdAoyog mov vineye ot Bioovotnpatiny povada Walter Reed (Gaffigan, Wilkerson et
al.) mov Oyt povo mopeiye TANEEOTEEY MAALYY TOL GLYMEXQIUEVOL TAEOL, XAAX ot To
OLUVWYLPOL TIOL TEQLELYE Yot TO CLYXEXQLUEVY Eld”] NTav xxTd TOAL meplocotepa. o
nopaderypa povo 312 eidn tov yévoug Anopheles vineyay oty TaVOUINY] OVTOAOYiX TOV
NCBI tov nx1pd dnptoveyiag ¢ OVIOAOYIXG, EVW 6TV AOTA TG BLOCLOTNUXTINYG KOVEDAG
Walter Reed gtdvouy 1o 470 ywpic vo ovumepthapBavovior T cuvevopd tous. To
UELOVEXTNUG TG TEAELTALAG NTAY WG ATO TNy PO TG Bdong dedopévwy tov Walter Reed
ot 6pot mov aviAnbnuav and exel Sev ovumeEAduBavay %ATOLO OQPLGRO, O OTOlOG
npooténue and epag oty MIRO. Ta mheovextipata g yenone e MIRO éyway
EPPAVY] OTO TNV TEWTY] OTLYUT], YIXTL TWEA LINEYE TEOTOG Vo cuayeTtooby pe v oyéon
I5_a, Ol OLUPOPES YOWIOOWIIXES UXL LOQLIMES KOQYES TOL evioTiotuay oto Anopheles
gambiae sensu stricto (della Torre, Costantini et al. 2002). 'Etot ot popraxég popyéc (M now
S) ala nabwg emiong xor ot ypwpoowpnés Bamako, Mopti, Bissau, Forest, Savanna
cuvdeovtar pe oo zs_a Pe 10 Anopheles gambiae sensu stricto mov enicng GLVOEETHL Ye TNV
18t oyéon pe 10 Anopheles gambiae sensu lato. Avéhoyr (xv xot Aiyo amAodotepr) etvat xat 1|
notaotoc pe 10 Anopheles funestus sensu lato (5ev LTAEYOLY YOWUOCWIIUES KAl LOQLONES
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nopyeg). Me avtov tov 1pomo epyaeia mov Ou Baototovv oty MIRO O propodv va
CLUTEQIAGBOLY AVTORATH OTA ATOTEAECPATA UATOLXG avalNTnong Yo Sedopeva Touv

xpopobLy Angpheles gambiae o Sdedopéva mov eyouvv xataywenbel yonoiponowwviag Ty

OVOLPOQGL OE GUYAEXQLIUEVY] LOQY).

B) ENTOMOKTONEYX OYXIEX
H notnyopla awty etvort oyetind TOOBANUATINY (LG KoL DTTGQYEL ot OVTOAOYI TOL

TIEQLYQRPEL YNIIUES EVOOELG TOL TxEOLGLALoLY evdlagepoy and Broloywy oxomd (ChEBI),
EVW TO UEYXADLTEQO PEQOGC TNG EMOTNILOVINYG HOLVOTNTAC YOY|OLLOTOLEL GOV GYUELO AVAPOOAS
™V emTEOTY Spdong Yo Ty avlextinomta oe eviopontova (IRAC) omov ta evdiapépovta
™¢ Sev mepLopilovtat HOvo 6TV aVTHETOTLOY TEORANUATwY and apbpomoda - popeig
acbevetwv avbentind oe eviopontova, ahld %ot and EVIopa TOL EMNEEALOLY TNV XYEOTINY
nopaywyn. To Silnppa va axolovbnoer xavelg v ChEBI (Degtyarenko, de Matos et al.
2008; Degtyarenko, Hastings et al. 2009; de Matos, Alcantara et al. 2010) # v
toévounon tov IRAC yivetar oxdpa mo mokdmloxo ywtt %ot ot 800 TEOCEYYICELS
npovataloy onpovting apvntnd otoryeio. H ChEBI avépepe moAd Aiya eviopoxntove oe
oyéon pe 10 IRAC. H taéivounon tov IRAC, eottaopévn otov 100m0 8pdong Twv
EVTIOPOUTOVWY, TEQLEYE OVIOMOYME TQEOBAUXTINEG UXTNYOQIEC OTWG EVIOUOXTOVH WE
XYVWOTO TEOTO SPAGY|G EVR EMTAEOV LTYOY Y UAL AVTIPROELS OOV OLGLEG AVXPEQOMUEVES WG

evtopontove nata 10 IRAC oty ChEBI napovoialoviay udvo wg anapeontove.

Xy MIRO ot eviopoxtoveg ovoieg ywploTuay e EVEQYES EVIOOUTOVEG OLGIEQ
N CLUVEQYOLTIMEG PE TIC TEAELTAIEG ATAR VO YQVOLLOTIOLODVTAL GE GUVSLAOUO UE TIG TEWTES
nat va Steuroddvovy v 8pdon toug (Ewova 6). YioOetnbnue oe yevixég yoopupués 7
npoceyyon tov IRAC pe xpunpto (axpifog Omwg nat otV neEinTwoy Twv Taéwv g
owoyeévetog Culicidea) ™n efowreiwon twv yonotwv pe ™y taévounon tov IRAC. H

NUTYYOQLX TWY EVIOROXTOVWY PE GYVWOTO TEOTO BRGNS OV TXQOLGIAOTNHE WG TETOLW,

40



XMAX T EVIOROMTOVAL TOL VMY G QUTY] GUUTEQAT@ONMaY yevind oTiG ovoleg pe
eviopoutovo 6pdon. ITapdhnia oe ouvepyaoia pe v ChEBI Aoope dheg tig vmdpyovoeg
avTUpdoelg nat mpoobéoape Oca eviopontova Sev avaépoviay wg tétote. Xty MIRO
NQUTYOUUE TA EVIOROUTOVA OLTE Ue TOV SO Toug %wdwmO TEocbETovtag we e€wtepnn
avapopd nat tov xwdwo ¢ ChEBI. 'Etot 6cot eiyav yonoiponomoet toug 0Qoug g
MIRO mpw ™ Stadiacio xavovionoinoyg g dev Oa ypetaotel v adkd€ouvy xatt ota Stnd
toug epyaheia. Tavtdoypova 1 MIRO eiye Swovvdebet pe v ChEBI %ot péow avtng pe
okeg g ovtoloyieg mov Oa yonotponowovy v ChEBI wg ovtoloyia avapopsg sar Oo

evOLopEQOVTAL Yior TUEOUOLX OeSOUEVAL.

Emed” o otoyog Ntav vo vmapger plo yeviny] TaQOLGLAGY] TWY EVIOLOUTOVWV UE
TaynOop  epPBEAela YOVOLLOTIOY|OUUE OXY ONUELX OVUPOEAS TIG EVEQYEG OULGIEC WE
EVIOPOXTOVO 8401 Mot Oyl To eUmoEMd ovopata pe To omola eivar Stabéotpec. To
televtaio aAAGLovY amO YWEX OE YWEX XAl AT ETHULOELX OE ETHULOELN XL EVE EIVOL XTUQAITY T
XTMO TEONTIUNG TAELEAS 1] YOY|OLLOTOINGY] Toug Tapamepbnue oto emimedo g avanTugng
Baong dedouévewv mov Bo otmpeiletar oty ovtokoyio Tov avantdéape. AMwote 10 obvnleg
elvat oV emtotnuoviny] Brloyoaplor var avapépetat 7 evepyog ovaia xal Oyt TO EUTOELO
™¢ ovopa. [Toxpoha awtd Opwg Sev amoxAeietar ot0 pEAMOV 7 TEOGHNMY aLTWY Twy

OVOPATOV WG CUVWVLILX.
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B — insecticidal substance
B +«— B active substance
+— W acetylcholine esterase mhibitor
+— B} aconitase inhibitor
+— I allosteric agomust of micotinic acetylcholine receptor

H B H

+— B chitin biosynthesis inhibitor

+— M chloride channel activator

+— W avermectin and milbemycin

+— i fumigant

+— B GABA-gated chlornde channel antagonist

+— W growth mhibitor

+— I insect midgut membranes disruptor

+— B lipid synthesis inhibitor

+— H mitochondnal complex I electron transport inhibitor
+— B mitochondnal complex IIT electron transport nhibitor
+— B mitochondrial complex IV electron transport mhibitor
+— B neuronal mnhibitor

]

HEHEEHEHEEBERH

+— B nicotinic acetylcholine receptor agontist/antagonist
P g g

&3]

+— H octopaminergic agonist

+— i oxidative phosphorylation inhibitor
+— H ryanodine receptor modulator

+— H selective feeding blocker

+— M sodium channel modulator

£ 3 R = R = I

+— I uncoupler of oxidative phosphorylation
+— i voltage-dependent sodium channel blocker

B +— H synergist

— @ CEF

+— M piperonyl butoxide

+— M piprotal

+— M propyl 1some

+— B sesamex

+— i sesamolin

+— B sulfoxide

+«— i SV1

+— W tribufos

+— i trphenyl phosphate

Ewkova 6: H ta§lvopnon twv evtopoKtovwy otnv MIRO.
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¥) ME@OAOI
Eivot ovepd mwg 1 ouyrexQLLEYY] Elvat Lo ETEQOYEVYIC XATYYORL TTOL TIEQLEYEL OAEQ

11 metpapotineg pebodoug nat Stadimacieg oL TEQAXULBAVOVTAL GTIG GYETIUEG AVOUPOQES AL
oyetilovtar Oyt LOVO pe TNV TaLTOTOLNGY TS avlenTinoOTTag, OAE %ol TNV AVEALGY] TOL
UYOVEPOD NG (av eivort YvwaTtodg), TG Stadnaaieg ToL yEYothomoOnmay yio Ty GLALOYY
tou0 TANOvopod amd Ty @hon xabog xor exeiveg o v e€onpiBwon tov oe moto eidog
oavipret o TAnBuopog (Ewmova 7). To ebpog autwy Twv Teyvixwmy eivat TOAD LEYIAO UIXG %o
EXTEIVETAL AXTO TNV YENOY] eEelOMEVUEVWY TTUYIOWY YLt TNV GUAAOYY] EVIOUWY UEYQL YEVIXEG
Broymunég, yevetnég pebodoug xabug nat pebddoug poplanng Broloylag mov amattodvTaL
VLot TNV TUUTOTIOLYGY] GUYUEXQLUEVWY UETUAAXYOV YL TUEADELYPO, TOL ATOOEDELYUEVA EYOLY

ooV anoTéAeopa Ty avbenTinOT™ T oE evTopONTOVA.

B — method
+— B field population catch
+— I resistance identification/monitoring
+— Bl species identification method

Ewkova 7: Ta Stadpopetika €idn peB6Swv nov ovtoAoyikd tag§ivopoivrat pali otnv MIRO.

H vnapyovoa ovtoloyla Broroywmwy epeuvev (OBI)  (Brinkman, Courtot et al.
2010) avamtoooetoar mapdrinia pe v MIRO, adlkd 10 ebpog g elvar tétolo mov Sev
UTOEOLGE VO avTaTOXELOEl AUECH UXL VO UAG TUEATYEL TOLG ATALTOLUEVOLS OP0VG. 't av1o
OTIWG MAVOUE AUl LE TO EVTOUOXTOVX GLUTEQIAABoe 0T Sy UOG OVTOAOYIX TOLG OQOLG
TOL ElYOUE AVEYNY] XPYVOVTAG Yo TO UEAAOV plar avTioToryy] Staduacior ©avovVIXOTON GG
avtiotory pe exeivy) mov éyve avapeoa oty MIRO xou mv ChEBI, wote voo uny vmdoyouvv

oadMniemnaddderc ota mhaiowr g OBO Foundry. Toetg sivar ov nbpteg natnyopleg twv
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uebodwv otig omoieg uatoadn€ape: Meébodor ya v ovAkoyn Brokoynod LAXOL amd TNV
puor, uebodol yar ™Y TALTOTONOY TWV OEYAVIGU®Y TIOL GLAAEYONKay xat Téhog pébodot

EVTOTLGPOD UL aVEALGTS TG TuY OV avBextindtnTag oe evtopoxtova. (Ewova 7).

Xug pebodovg ovAhoyng novvouvmiwyv cuyratadéyovtar pébodor cuiloyng uabe
avantuélonod  otadiov  (avyd, TEOVOUYES, VOUPES, EVIAIMX JTOMX) OTO OVTIOTOLYO
uwepomneptBarlov omov amaviatat xxbe otddio (vdatvo N yepowio). Edwmotepn ya ta
EVNALXO RTOP T XLELOTEQX €157 TAYISWY TOL LNIAEYOLY TEQLYPRPOVTAL KAl OTIWG GE O TX
TUPOTR LIS OVTOAOYLAG LTIXQEYEL TAVTX 7] SLVATOTNTA TEPOTOTOIN GG 1ot TEOGH NG nat
aAwv uebodwv av vrapet 1 oyetny aviyur. Telog, Eyovpe ovumeEAdBet xat TV GLAAOYT

VEXQWY GELYUATWY YLXTL XAl XVTA YOYOLULOTOLOLYTAL GLY VA YL TeEALTEQW avadvoy] (Ew 8).
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B +— H field population catch
B +— H catch of live specimens
B +— B aquatic environment catch
B +— H collection of eggs
+— [ collection of eggs via scraping
B +— M collection of naturally deposited eggs
+— M owitrap catch
B «— B collection of larvae
+— I collection of larvae from dippers
+— W collection of larvae from traps
+— M collection of larvae via scraping
B +— H collection of pupae
+— W collection of pupae from dippers
B +— B terrain environment catch
+— 1 collection of adults
B +— H collection of dead specimens
+— H dead on ground catch
+— B pyrethrum spray catch

Ewova 8: OL tpomoL cuAoyig kouvourtiwy riou iepthappdvovtat otnv MIRO

Ot pebodor tavtomoinong tov eldoug elvat OL TLO GUYVE YOY|OLULOTOLOVUEVEG VLo TOV
O%OTO ALTO ATO TNV LOEYOAOYINY| eEETOTY], TIC SLULOTAVEWOELS UeTaED TWV ATOUWY Xal TNV
XVTOY7] TOUG e BLXPOPETINEG AAXTOTNTEG EYOL UVTTUQOAOYINEG (SEETAOY] YOWIOCWUATMY),

Broymuuneg (avahoon tooevldpwy) xar poptaxés (bBptdomoinen DNA xat PCR) (Ewdva 9).
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B «— H resistance identification/monitoring
+— B antibody-based assay
+— M bioassay
+— B biochemical assay
+— B molecular assay
— penetration/excretion assay
B +— B species identification method
+— Bl cross mating experiment
+— ¥ cytological chromosome examination
+— B 1soenzyme electrophoresis
+— B morphological examination
+— H PCR-based species 1dentification
+— H¥ salinity tolerance tests

+— i species specific DINA hybndization

Ewova 9: OL péBodoL mapakoAouBnong emMUTESWV OVOEKTIKOTNTOG OE EVIOMOKTOVA £VOG TAnOuopol
KOUVOUTILWV KaOWG KL EKEIVEG TTOU XPNOLUOTIOLOUVTAL YL TV TAUTOTOINoN Tou £i60U¢ TWV ATOUWV TTOU TOV
anoteAouv.

Tékog, OTMwG civar YLOWO TO PEYXALTEQO HEQOG TOL TUNUATOG ALTOL KPYOEX
uebodovg nar Swxdwaoleg Y TV TRLTOTOINGCY] Twv emmedwv  avbextinoTTOG OE
EVTOPOXTOVY ToL TEOoLatdlet uamotog mAnbuopog. TTpduettar yro Brodontpée mov yivovton
elte ToEOLOLN, ELTE ATOLGLX UATOLAG GLVEQYATIXNG OLGLAG XAl OXOTO €)YOLY TNV AVIYVELOY|
oavBenTnoOTTHG 08 #ATOLO EVTOpONTOVO (Slayvwotinol éreyyor). Mix adln cerpd pebodwy
eonaletat oV amO%ELoY TOL eheyyopevov TAnOvopod oe  ouyrexppéveg  SOCELS
EVTOPOUTOVOL nxBWG ETLGNG HOL GTOV YEOVO O OTOLOG AUMALTELTAL YL VX EXEL ATOTENEOUA 7]
EPUOPLOYT] CLYXEUQLPEVYG DOGTG EVTIOULONTOVOL GTOV eleyyopevo TAnbuopo. Extog and tig
Brodonpés  we mANboEa  Broynpixmy, HOQLIXMY MUl TEYVIXWY  OVOGOEVTOMIGUOD,
Y OY|OLLOTIOLOLYTAL YL TOV EAEYYO TG THQOLGLAG GUYUENQLUEVWY OLXOYEVEL®Y eV{DUwY nabng

%L TNV TXLTOTIOLOY] TV YOVISIWY TTOL Ta *WOIXOTOLOLY XL TNV AELTOLEYIXY] TOLG AVEAVGY)
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TOGO0 o€ eNiNESO YOVISLnNG ExPEaaNG 0G0 xat Broynunng Aettovpylag. Owoyéveteg evlduwy
evfdvovtan i v adpavonoinon oy Y Tov 0EYaVtopd ovatwy. ‘Omota puetahhoyn
T0UG, aLEAVEL TNV ATOBOTIMOTNTA ALTWY TWY GLOTNHATWY eivar Thavd v emupépet nat
ovBentinoT T, ALTO OUWG PG OBNYEL GTNV ETOUEVY] EVOTNTA TVG OVTOROYLNG TNV
6) ANOEKTIKOTHTA

H evomta autn avtavaxkd v TOEXYOLOX YVOGY] YL TOUS UNYAVIOUODS UE TOLG
onolovg emTuyydveTar avleRTIHOTNTH ATEVOVTL GE UATOLO EVTIOMOXTOVO. AULTY] UTOQEEL va
emtevybel pe TV amoYLYY] AMO UEQLAC TWV XOLVOLTLKV TWY TEQLOYWV OTLG OTOlEG elval
TEOV TO eVTOROnTOVO (avBentinottar Adyw ovpmeppopac). Eniong petwpévn duvatdmta
TPOCEOYNONG TOL EVIOLOXTOVOL OO TO EVIOUO EITE AOYw OAAywv oT1] SOUY NG
emOeQpidug, elte AOYW ALENUEVNC ATEXUQLTIUNG AELTOVEYING UTOQEEL Vo 08YY|OEL G XVAAOYX
ATOTEAECUATA. AUOPA U YAVIGUOL YEVIMELUEVNC ATIOTOEIVWGTC TOL OQYAVIGOL TOQOLY VX
0dMyNooLY oe aVOEUTIUOTNTA ATEVAVTL GE UATOLX EVIORONTOVA av €Youy petadaybel nota
T¢t010 TPOT0 WoTte v avénbel 1 anodotnoTNTa Tove. I'vwoTol unyaviouol adpavomoinong
TOEWMWY OLOLWY TEQIAAUBAVOLY TNV GULUUETOYY YVWOTWY OWOYEVEL®Y EV{DUWY OTWS Ot
owmoyéveleg twv xapBolvisotepaony (CoE), twv yrovtabiovn S-tpavoypepacwv (GST) no
v P450 povoluyevaonv. Tékog éyet mapatnondel avbextinotra edartiag ¢ napovsiog
UETUAAXYUEVWY XAANAOUOQPWY O OCLYXEXQLUEVOLG YEVETIXOLG TOTOLG OTWG T MOVRALX
OVTWY vateiov, 0 vrodoyéag tov vevpodaPiBacty y-apvoBovtvomd ofh (GABA) wir.

(Ewova 10).
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B — resistance
B +— Bl resistance to single nsecticide
B +— B behavioural resistance
+— B stimulus dependent resistance
+— B stimulus independent resistance
B +— B cuticle permeability related resistance
+— Bl enhanced excretion
+— B reduced penetration
B +— Bl metabolic resistance
+— Bl carboxysterase resistance
+— B Glutathione S-transferase resistance
apent_in modified midgut protease activity
+— B P450 monoxygenases resistance
B +— K target-site resistance
+— B} AChE mediated resistance
B +— E GABA receptor mediated resistance
= agent_in modified GABA receptor
+— M Rdl A296G
«— H Rdl A296S
+— B midgut receptor mediated resistance
+— B nicotinic receptor mediated resistance
+— B sodium channel mediated resistance

Ewéva 10: To Tufpa tng MIRO mou meplypddeL TOUG UNXAVLIGHOUE TG AVOEKTIKOTNTOG OE EVIOUOKTOVA.

Mpocappoyn ™ MIRO oto tpdtuTo BFO
H emioyn va unv anorovbnbet y BFO Steundlvve natd mold v nogoveiacy, v

natovonen xar v amodoyn e MIRO and tovg pn céowreiwpévoue pe OVTOAOYyieg
emoTNUoves. Tavtdypova Opuwg dMuoLEYNoE 1ot TEOBANUATA TOL XPOEOLGAY TNV axElBeta
NG TEQLYQUYPNS TOL YVWOTXOL TEdiov. ATO To MO YUQUATYQLOTIUG TOQADELYUATH TOL
TEOBAUATOG elval WG Ol CLVEEYATIMES OLOleG HewEolvTal Twg €YOLY EVTOROUTOVO dPAOY
eV OTNV TEXYUATIXOTNTA XATL TETOLO eivat avaxEtBec. 2ovifwg 1 80407 Twv GLVEEYATIUWY

ouolwY OyYeTilETal PE TNV TAEEUTOSLOY] TWV PUOLOAOYILWY UNYOVICU®Y ATOTOEIVWOTNG e
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OULVETIELXL TYV ATTOTEAECUATIXOTERY] BEAGY ToL evtopoxtovou. Opwg oty MIRO vrdpyet n
OLOYETLON TIWG Ol GULVEQYXTIXEG OLOLEG elvat evtopontoveg ovatec. 'Btot 1 mepryooyn g
MIRO nwg «n DEF elvow wa ovvegyari) ovola not TG 0 OUVEQYATIHES OVTIES €V
evrouoxtoves ovaisy, odnyel oto Aavlaopévo ovumépoopa nwg 1 DEF éyet eviopoxtovo
dpdon. H owoty ovtoloywmd meprypayn Oa ntav nwg: «H DEF eivow wa ynuo évwor. Ot
Jnprés  evaoers elvan apotied  aviixeiueva. Ta afotied  aviixeiueva evon  avtxeiueva. Ta
avtnelueva eivon ave&dptnres ovrdtnres ovveyels orov ypovo. H DEF mailet tov poho ¢
ovvepyarixc ovatag evog svropoxtovov. H ovvepyaring ovoia evos evrouoxrtovov eivor poogy. (X1ig
TIEQLYQXPES PhE ALY YORPaTX Tapovatdlovtat ot 6pot ¢ ovtoroylag) (Ewova 11). Eivau
TEOYAVES TWG 7] OELTERY] MEQLYQXYY] AVTATOXQIVETAL TOAD AAADTEQX OTNY TOAYHUATIMOTY| T
nat Bewpndnre ondmpo va viobetnbel and v oTIYUY TOL N OVTOAOYIX ElYE ATOUTNOEL L
otabepr Soun anodexntn and ™y nowvoTTa oty omola anevbuvotav. O petaoyNURTIGUOS
empene vo Yivel pE TETOLO TEOTO GOTE Vo elval CLUPBATOC Pe To EQYXAEix TOL Elyov
avantoylel oto petald xar Baoiloviay oty MIRO ot O dovpe mapanatw. Emmpdoheta
vt 7 ardayn Sopng bu emétpene oty MIRO va eivar anodpe meptocotepo oupPaty pe g

vmoiotneg ovtoroyieg e OBO Foundry.
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entity

0

[ continuant ]

80—

[independent_continuant ] ( dependent_continuant ]

0 &

[ material_entity ] [speciﬁcalIy_dependent_continuant]

0 d

[ object ] [ realizable entity ]
[ chemical compound ] ( role ]

a"

[ synergist ]
has_role
I DEF ]

Ewéva 11: H ovtoloyikr} 0£on tng ouvepyatikr§ ouoiog DEF cUpdwva e TV BACIKNR TUTILKA ovtoAoyia.

Koatd ovvéneta ohouinpa tpnpata e MIRO petanvnbnuav ywolc va oBnotovy
oot 1 vau aAA&EoLY Ot ®wSIXol TOVG. XNy TEPLYEPT] TOL BLOAOYIXOD LAOD 1] Takvouron
oe taéx Bolonetan ota avneipeva mou etva aveéaptteg ovtotteg (Emova 12), eve oAot ot
minbuopol Beebnuav ot cLVOAX AVTIHELUEVWY PG %ol elvot oaxELBWS GUVOAX OQYXVIGU®Y
mov natowoLy oe pa mepoy” (Ewova 12). H Oewpnon tov minbuvopod cav cdvoro
OMOEOWY  TEXYUATWY (OQYAVIOU®Y) OLEUXOADVEL XAl TNV  ELOXYWYY] EWWOLWY  OTWS
TLEATY|QOVIEVEG GUYVOTNTEG XAANAOUOQYPWY 7] peTaAdhaywy mou Ba ypetaotodv yroo v
TepLypapt] Touv TANOuopob.
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B — entity
B +«— B continuant
+— B dependent_continuant
B +— H independent_continuant
B +— B matenal_entity
+— K fiat_object_part
B «— H object
B +— E biological matenal
B +«— B Culicidae
+— B Anophelinae
+«— B Culicinae
+— I chemical compound
B +— K object_aggregate
B +— B mosquito population
+— M field population
+— B laboratory population

Ewova 12: ZUpdwva pe TNV Bactkn Tumkr ovtoloyia to BloAoyikd UALKO eival ave§dptntn ovoia pe GUVEXN
TAPOUCiA OTOV XPOVO, VW €vag MANBUOHOG ABpOLoULA ATOUWV.

To evtoportOva omOTEAOLOXY [ld TEQLOCOTEQO TOADTAONY] XATNYOELX, OTWG
OVALPLEVOTOY ML O TO YEYOVOS TG Ta TEQLOCOTEQX AOYIMA TEOBANUXTA We TN U1 XONoN
™c BFO epgavilovtav oe awt v xamyopia. To npofinua emttelvoviay xat and v
vtobétnon twv ratyoptwv tov IRAC dnov 6Ty TEAYUATIHOTNTX TEQLYEHPOLY TOV TEOTO
dpaong twv ovotwv autwy. Ola ta evtopontdve eivar yMuinég ovoleg, (Ewmova 13) eve o
TEOTOG BPAGYG TOLG AVUPEQETAL GTOV QOAO TOL TL{OLY G GUYUEXQLUEVEG PUGLOAOYIXEG
dadnaotec. T mapdderypo 1o mapabelo eivar 1 opyavopwopopwt évwor 7 onola mailet

TOV QOAO TOL AVAGTOAEX TNG EGTEQAONG TG aueTuAyoAivng (Ewova 13).
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[ continuant J

[ dependent_continuant | ( independent_continuant

b b

specifically_dependent continuant | | material_entity |

g
d

role ] | chemical compound |

d b

acetylcholine esterase inhibitor | [ insecticidal substance |

has role /nj

| organophosphate |

[ realizable_entity | [

parathion

Ewkoéva 13: H avamopdotoon TwV EVTOMOKTOVWY KOL TOU HNXOVIOUOU SpAcng Toug avadstkvieTal and thv
Baokn TUTtKA ovtoAoyia.

Oleg ot merpapatinég pébodor anoterodv Stadwmacieg uxbwg petaBdrloviar oto
TEQUOUX TOL YQOVOL AL EXTUALCCOVTIXL OE OTASLY UKL OXV TETOLEG €YOLV UATAYQXPEl. e
oVTIOLLOTONY] OUWG HE TIC QUOLOAOYIES OldIMAGIEG TOL  OQYAVIGUOL, GUTEC  Elvat
npooyedtaopéves and toug entotnpoves (Emova 14). Tékog petafBoléc otig tddotTeg Twv
OQYAVIOR®Y  ONWG TXEXSEIYUATOS YAOY WX TOCOTXY| GAAXy? OTo Emmeda  Twy
nB0EuAecTEQUOMY EYOVY GOV ATTOTEAECHA T1] UETABOAT] YUOLOAOYU®OY SLASIHACLLY OTWS
™¢ adpavonoinong Twv toémwy ovotwy. H anodotmodtepn adpavomoinen toéwmwy ovatwmy

dnptovpyel v mpoddbeor yioo eppdvion avbexTindTTHG 08 UATOLO EVTIOROXTOVO. 2TIG
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TEQLTTWOELG TOL TO TMEPLBAAAOY EIVAL TETOLO WOTE VO EXPOATTEL 7] GLYUEXQLUEVY] TEOOL e,
TOTe 1ot 0 0EYoVtopoOg o eppavicet Tov YavoTuTo TN avbenTindT™ TG, TOL Sev elvat TimoTe

Ao and po T1eochetn 3LOTNTA TOL OEYAVIGOD ALTOD.

[ occurrent )

0

( processual_entity |

( enhanced excretion | [ reduced cuticle penetration | [ planned process |

el

[ el ’ (species identification method | [ field population catch |

identification/monitoring /o}

[ bioassay ) [ biochemicalassay ] [ molecularassay ] [ catchof live specimens |

Ewkova 14: OL nelpapatikeég péBodol ival mpooyedLaopéVeG SLadKaoieC.

Ot adAharyec avTEC ONULOLEYNOXY EVA TLO GTEQED TAEYUX OYECEWY XVAUECK GTOLG
opovg ¢ MIRO, mov dpwg dev ennpéacay xabolov v yonotnn me aie. AMwote pa
ovtoloyla ouviwe nataonevaleTar Yl Vo TXEAOYEL TOLG ATAEALTYTOLG OEOLE Yot THV
TEQLYQOPT] UATOLWY OeBOUEVWY oL Oyt Yyl v Tpoceyyiletal dueoa xat amevbeiog and TOLG
teMnolg yoNotes. Avtol Ox weelnbodv amd v anodotdtepn yenon Twv Bdoewv
dedopévwv mov atpeilovtat otig ovtoroyies. H toéyovoa éxdoon e MIRO nepthopBavet
4317 opoug mov Swbétovy OAol oplopovg xxt 1768 cuvwvuupovg dpovs. H viobétnon g
BFO ota avitepa eminedo 081ynoe 6T0 var DTEEYEL Piot ot LOVY] XEYIXY] HXTH YOl
Xpnon t™¢ MIRO

H onpovpyie ™mc MIRO, Swxpoopwoe telelwg Soxpopetind dedoueva oTnv
AnoBase xot tov 100m0 Tpovciaong dedopévev avlextindTag oe oyéon pe doa loyvoy
™V mepiodo omov ta mavta Bactilovtav oTig mEowodepeg mov elyape avantdéet. IThéov Mtav

duvatyy 1 Onuoveyia poag eletdievpévng Baong dedopévwv omov Oa pmopovoe v
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anobfnuedoet dedopéva avbBenTindT™TUG Yior TEELOGOTEQOLG OPYAVIGLOLG, PE TLO EEeMYUEVOLS
100moVG avalNTNGYG SESOUEVOV AL YWELG TNV XVAYUY TG AVXeLOTAOYS BNue TEOg Brue
uag SNPOCLELsNG OTWG NTAY ATAEAULTNTO TXAULOTEQX COUUPWVX UE TO GLOTNUX HE TIG
TpoYoEUes. M TéTol TEOGEYYLOY OeV ATOUAELOTAY, ATAL OV ATOTEAODGE TNV HOVASIUY|
duvatomta. 'Etot vaneye 1 duvatotnia avantuéng evog epyaietov mov dev Hu Ntav amhd 1
NAEUTOOVINY] LOEYY| TWV O1UOCLEDGEWY TOL UIALTTAY TO TedL0, AAAG Evar SUVAIUO GOOTNUY
10 omoio fu Swtneodoe 17 SuvatoOTNTd TOL Vo emextabel ot oe AAAOLG TOPEIS TG
avlenTindT TG o8 EVTOPOUTOVA TEQX ATO TOV GVAPEQOMUEVO OTLG TOOTIUEG VOGOUG KL TNV

dnuoota vyeto.

H Baon dedopévwy, ovopdotue IRBase not oyedidomue and v apyi, wote va
xpfoby TepLOPLOPOL TOL TEONYOLUEVOL GULOTNUXTOG UXL YL VO XATXOTEL SLVATY] TLYOV
enéntaoy) ™ oto példov. Ohot ot 6ot g MIRO, adha xar excivor g GAZ (gazetteer),
T7)C OVTOAOYING TOL YENOLLOTOMONUE YLt TOLG YEWYEAPLMOLS OPOLG CLTEQLAXBUVOUEVWY
nat Twv petald Toug ouoyetioewy anobnrebtray ot Bdon dedopévwyv. Anotéleopa avTob
NTay 71 SLVATOTNTA AVTOUATNG EMEUTACNG EQWTYUATWY TTOL LTEBUAAAY OL YEVOTEC WOTE VX
nohovy ovtiotTeg mov mepthapBavoviay oty aEywi. Etot yio mapadetypo av *&moLtog
Nbeke vo PBpet Sedopéva yix TV avBerTHOTNTH  XMEVAVTL OTA  OQYXVOPWGPOOLUA
evtopontova Qo émpene vo uxtopdyet oe modamAeg avalntnoets, avalntwviag xxbe popd
OeOOpEVH YLt OLYXEXQLUEVO eviopoxtovo. Me v Omaeén g ovtoloylag ot
ENPETAUAAEVOPEVOL TNV OYECY| IS_a MATOLOG UE EVX UOVO EQMTNHA YLt TO GLVOAO TWV
0QYAVOPWOPOPIUWY UTOEEL Vo avarTnoel OAo T oyetnd dedopéva. Emiong n avalnton
TeQABAvEL Oyt LOVO TOLG OPOLG TYG OVTOAOYING ALK MUl CLUVWVLUE TOLG XLEXVOVTAG TO

TOGOGTO TV eMOLUNTOV ATOTEAEGPUATWV TOL AVANTWYTAL PE (io %ot KOV avalNTNo).
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To amoteléopator UTOQEOLY ELTE Vo ERPAVIGTOLY HE LOEYY Tivaux otny 0bovn tov
LTOAOYLOTY], Olvovtag mavta Ty Suvatotnta yro xaféva ywplotd va vrapfet TANENG
avapoEd OAwY Twv amobnxevpévwy ototyeiwv (Ewmova 15 mavw), eite va amootalodv otov
YONOTN Ye TNV HOoEYY aEYELOL, WaTe avTog vo T emeéepynotel Omwg Oélet. Téhog pe v
Bonbetx tov Google Earth 1o dedopéva pmopoy va anetxovioodv mavew oe YxQTeg e Ty
npobndbeon Twg T Sedopéva Tov LTEEYOLY 6TY BdoN TEEAXUPBAVOLY KL TIC YEWYEAUPLHES

OLVTETXYUEVES TG TEELOY NG 0Ty omolx avagpépovtat (Ewmdva 15 ndtw).

VeCtorBas’a;E Insecticide Resistance

Insecticide Resistance Assays

Location Year Species Assay type Insecticide Resistance mechanism gl:::on

O lAp:)eka'a Local Govemment 2003 Anopheles gambiae deltamethrin  modified sodium channel =
(I L’\);ka'a LocaliGovemment 2003 Anopheles gambiae permethrin maodified sodium channel =
O ‘)::Jeka'a koce):Gavemmaent 2003 Anopheles gambiae DDT modified sodium channel =
] Ivory Coast 2003 Anopheles gambiae Control m®
] Ivory Coast 2003 Anopheles gambiae carbosulfan =
] Wory Coast 2003 Anopheles gambiae carbosulfan m
] Ivory Coast 2003 Anopheles gambiae carbosulfan i ]
] Ivory Coast 2003 Anopheles gambiae carbosulfan =

=

) Ivory Coast 2003 Anopheles gambiae carbosulfan

Ewova 15: NAavw n anewkovion o€ popdn MIVaKa LEPOUG TWV AMOTEAECUATWY avalltnong ywa Sedopéva
OVOEKTIKOTNTOG OE €VIOMOKTOVA Tou adopolv mAnBuopols tou A. gambiae. Katw n amewkovion twv
TLEPLOXWV YLOL TLG OTIOLOL UTLAPXOUV OXETIKA SESopEva.

H MIRO ehoapong To@odllaypévy) pe v meochnmn twy eumopumy OVOURTWY TwV
EVTOROXTOVWV XL TNV APULOETY] TWV YPOEEWY TIOL eV HETASIBOLY EAOVOGLA, YOYOLULOTOELTAL
OTOV TILETVAL TOL EVIOROAOYHO TUNUATOG TOL GLOTHIATOC LTOGTYOLEYC ATOPAGEWY YLat TNV

ehovootae (MDSS = Malaria Decision Support System) onwg avtd ovamtbooetal oTa

55



mhatow tov IVCC (Innovative Vector Control Consortium) 1060 yla v aviyvevusr 6co

nat Yoo v teeoxodoLbnen g avlextinoTtac oe eviopnontOve oTIC APEIXAVINES YWOES.

ZUUTIEPAC AT
H MIRO ovvodevopevn ano v IRBase mouv v vlomotel yonotponomdnnay yo

TNV TEQLYQXYY] %ot TNV avdALoY] TNg avbexTiOTTag oe evtopontova mov  eppovilovy
mAnBucpotl xovvovmiwy e oAO¥ANEO Tov nOcpo. Eivar 1 oot anodeln oty mpdén twg o
OLYOLACPUOG LG EPUOULOTUEVNC OVTOAOYING pe piar Bdon Sedopévwy pmoel va anotehéost
™ Baon mavw oty omoia Oa owmodounbdel éva evpvtepo ohoua TaparoroLBneNg e
avlentindmTag oe  evtopoutova. Meéyor oNpepx T AVTIOTOLYX GLOTYUATH  YTOV
NATONEQPUATIOUEVE VX TIEQLOYEG 7] XQATY 7 avd epevvnTind mEoyoapupa. H yonon g
MIRO 1600 ano v VectorBase ota mhaiota ¢ onolag dnpovpyndnue, adlda uxt amd 10
LTOOTNEUTIHO GLOTNU ATOPXoewy Yo TV ehovooia tov IVCC, nabwg eniong xot 7
vtobénon e anod To aeavins Tunpa tov [ayrndoutov Opyaviopod Yyelag oto Thalowa
TOL PEWAVIHOL SUTOOL Yl TNV avleEXTIHOTNTA e evToponTOva Popéwy acbevetwy (ANVR)
axmOTeAEl €YYLNOY TwG OAx Tar SeSOUEVH TOL GLAAEYOVTAL aTtO XLTOLS TOLG YopEelg B Eyovv
7] SLVATOTNTA VoL LETAPEQOVTAL ATIO TO EVY GLGTYA GTO GALO YWELG LBLXiTEQX TEOBANMOTAL.
Morpaio avto O 0dnynoet uot oty TeEXLTEQW avanTLEY epyaAelwy Tov Ou yerpilovtar pe
%00 TPOTO T deSOPEVR aLTA EVOTOLWVTAG To. Me avtd Tov TPOTO Oyt Lovo Hu pmopovpe
Vor 007 YOLUXOTE OE ATOTEAECUXTINOTEQEG TUEEUPBATELG Yl TOV EAeyyO Twv TANOLGUGY TwY
popewy mov petadidovy acbéveteg ahhd xar v a€lOAOYOLPE T XTMOTEAECPATE TOULG,

TOOTOTOLWYTAG TIG OTIOL AVTO XPIVETAL ATXOALTNTO.

Me ™y enéxtaon g MIRO wote va nakbet v mxpaxolovbnon g avamtuéng

oavBenTOTNTHG 08 EVTOUOXTOVA Al EVIOUX TX OTOLX TaEOLGLRLOLY EVOLLPEQOY ATO TNV
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OXOTUA TNG «AUYQOTIUYG TTUQAYWYNO» Kot OYL EXELVY] TNG «ONUOGLAG LYELXG) GTNY OTOLX EYOLLE
emevtowlel péyot otiypng, o Ntay Suvatov va peretnBodv xat ot emtBaEuyTinég GuVETELES

™G XAOYLOTNG YOYNONG EVIOUOUTOVWV OTIG UXAMEQYELEG OTNV OLELMOALVGY] TNG KETASOOMG

TEOTMY VOOV antd avbentinovg Yopslc.
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KE®AAAIO TPITO: ONTOAOTI'TA THX EAONOXIAX

Eltcaywyt)
Metd ™V emtuoynuévy mpoonabeta pe v ovtoloyio xat 11 Bacr dedopevwy Touv

neptelyay otovyeior yio v avlextinodte oe evtopontova mov eppavilovy mAnbvopot
XOLVOUTILKY, TO ETOUEVO AOYIXO BYUa 7TV 7] ATOTELOX UXTAOUELNG HLAG OVTOAOYLaG Tov Ba
neprypdpet not Oo moxpéyet Opouvg Yl TNV EMONUELWOY] BEOOUEVWY TOL APOEOLY TNV
ehovooia, avTtpeTwnilovtdg Ty OMOTIHE uaL Oyl LOVO ATO TNV LXTEWY] 7] BLOAOYINY] TAELEX
NG UL CLUTEQLAXULBAVOVTAC OEOUS TIOL EYOLY VoL UAVOLY PE TIG TEooTdbeteg eAéyyoL g

ao0évelag oe Ol T emimed.

BéBowa mpoomdbleteg taévopnong unow meptypapne twv acbevetwv éyovv vrapfet
XOUETEG OTOV YWEO TNG ATOMNG XL HAALOTA TOAD TEWY LTXEEOLY Ol YAEUTEOVIXOL
LTOAOYLOTEG ot 7] Moy ToEoywyy OedOopévwy ToL OdNYNoXV GTNV  AVAYXY] TV
ovtohoytwv. o mopdderypo o idtog o Awvaiog mépa and v tadvounon twv edwy
envyeionoe NS and 1o 1768 va taéivounoet oe notnyopleg nat 1t acbéveteg (Egdahl 1907).
AMG nor dAR TEOYEAUUATH 0QYAVWONS Sedopévwy %xvEiwg BLBAMOYQXQPHM®Y avapoE®V
onwg ot oot MESH (Medical Subject Headings) g ebvinng Bihobnnng Iatowmng 1wy
HITA (NLM) ono to 1960 (Nelson, Schopen et al. 2004) xot 10 tpypo ¥Aviney 60wy ¢
SNOMED CT ( Systematic Nomenclature of MEDicine Clinical Terms) (Ruch, Gobeill
et al. 2008) emvyetpodv va meptypadouy 10 Tedio Twv acbievelwy xot Vo TXEEYOLY EVO GHVORO
nAviev 0pwv. Opwg nat ot dvo awtég mpoondabeteg dev emyYELEOLY Vo GLGYETIGOLY TOLG
0pouLg mov TePpPBavovy peTaéd TOLG Pe AOYIMEG OYEaEls. ALTO EYEl OOV XTOTEAECUX VO
nabiotaton TEOPANpaTIH 7] SLoLVOECT] HETUED TV OPWV TOL TEPLEYOLY UeTAED TOLG, AN

1oL e GAAEG LTIAEYOLGES OVTONOYLES, apoL Oev eivar Eendbapn ndbe popa 1 évvora g abe
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ovtomtag. EmmAéov 7 upaon divetar ©uplwg 68 AVIXG SLEYUATA YWEIS VO XUADTTOVTOL
EMAEUWG TOPELS OTWG 1 avocoftokoyio nat ot mafoyevetwol pnyaviopol mov odnyovy ce
MOMGUXTIXEG VOOOUG Mol OLTO ETUTEIVEL TV OLOKOALX Slxahvoeong pe 1O LRAQYOLOES

OVTOAOYLEC TOL HUADTITOLY TOMELS BLoAOYWOL eVOLaPEEOVTOG.

Tnv avdeyun awtn oto YwEo ¢ ehovootag 7ebe va v xadder 1 IDOMAL
(Topalis, Mitraka et al. 2010), i ovioloyia mov avamtoybnre oxpBog y’ avtov tov
onomo, abppwvae pe ta xprtiote s OBO Foundry mouv éyouv meprypaget napandve. Opwg
v voo amogevyfet to Aabog ™me SNOMED, n IDOMAL éngene vo evtaybel xon vo
axolovBnoel uATOl OVTOAOYIX GVWTEQOL ETUMESOL %Al UATOLX OVTIOAOYIX AVOPOQUC,
oaxBOC OTWG 7] OVIOAOYI TYNG AVATORING TOL XOLYOLTILOL axolovbel To mEOTLTO T7Ng
Baowng tomnng ovtoroyiag (BFO) xat mv nowvn avatopny) ovtoloyia avapopag (CARO)
OOTE UECW LTV VO ETLTLYYAVETAL 7] SLXGOVOEDY] e TIG LTTOAOLTEG OVTOAOYIEG TOL TESLOUL.
Xy mepintwon ™me IDOMAL xot ek 7 Baowny] tomny) ovtoloyia Oa napeiye toug 6oug
TOL AVMOTEQOD ETUTESOL, AAAG EAeLTE 7] ovToloyix avapopas. I'a To oxond awtd cupmed€ape
ue GALX EQYXOTHOW WOTE Vo GUUPBIALOLUE GTNV AVATTUEY] ULXG OVTOLOYLG XVXPOQAS YL TIG
noivopatinég acbéveteg (Infectious Disease Ontology — IDO) (Sintchenko 2010)
anodeyopevol vo avamthfovpe Ty ovioloyia ¢ ehovooiag ooy enéxtaon e And exel
npoénve xat 10 ovops IDOMAL (Infectious Disease Ontology — MALaria). H anogoon
owt claopalilet mwg OAeg oL ovioloyieg 610 medlo Twv poAvcopatineyv acbevetwv Oo
TIEQLYQXPOVTAL PE EVIXIO TOOTO SLELMOAMIVOVTAG To WEYIOTA Y TNV Stxobvdest Tovg. O
TEOTOG P TOV OTOlo TEAYPXTOTOElTaL aLTO elvat Twg 7 IDO mapeyet wovo évav muenva
Baowwy Opwv, ot omoiot eetdnebovVTal UXTH TEPLOTAGY] OTIC ETMLUEQOVS EMEUTAOELS TOL
apoEOLY cLYKENELEVEG acbéveteg. Aev emtAdEL OGS XLTOUXTA OAd Tar {NTNUXTO OYETING PLE
™) SOUY NG XAVOLEYLAG OVTIOAOYING MiaG %ot 7] TANEN ndhudr piag aobévelag amontel

dedopéva ual OPOLG eTePOYEVelS MeTaéDd Toug mov Bu apopoLY To xAvVHE Sedopéva, To
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Brohoywa Sedopéva, TOLG TEOTOLG AVTLHETWTLONG TG acbévetag, eite TEOxetTat Yo Oepameio

7 TEOANYY TC, TOL UTOEEL e TNV oetEa TG v TepthapBavet po TAnbwea naepBocewy.

Amotedéopata kat cvinTnon

Aoun TG ovToAoyiag Tng eAovooiag
H elovooio cav achévelr, amotelel TumXO TUQASELYUA MG LTOORAOAS TWY

pnolvopatinwy acbevelwv OToL T0 UAXGOWO UOVTEAO Twg xdmoto naboyovo mpoxaet Ty
acbéveln oTov €evioTy] TOL elval MO TOADTAOXO Wiag nat TEQUAUBAvEL xat TNy LTTEEN TOL
poEex 7] eVOLAPecOL €eVioTY] O OTOLOG ElVal ATTAEXITYTOG Yot TV CLUTAY|OWGCY] TOL XLXAOL
Long touv maboyovou xat cuvenwg xat yu ™V petddoon g acbévetag. H IDO ev moAroig
QVTLUETWTLLEL TO  OLYUEXQLUEVO QUIVOUEVO Oay [l LOLUULTEQOTNTX OQLOPEVRY  LOVO
HOADOUATINWY aGHEVELOY PNVOVTAG TOV YWEO OE exciveg ytor var Tov xaAdpouvv. H andpaon
Yoo 0 mwg Oo yiver awtd pe Tov MaALTEQO SLVATO TEOTO Elval ANO KLTEG TOL TEETEL VO
nEbobY Ao TNV XYY TG XVATTLENG WLAG OVTOAOYLXG %ol OTY] GLYUEUQLEVY] TEQITTWOY
OLVOLAOTNUE HE TNV ATAVTYOY] OTO EQWTNUX TOLL ELVAL 7] TOUYUXTINY] GVOyny Yoo
dnutoveyla ™G OVTOAOYiaG NG ehovoatag xat 10 Twg avty Hu yonotponowmbel. H mpoypavyg
XmAVTNOY elvar Twe 1 ovtoroyla Bu amoterécet ) Baor Yl Ty avaTTLEY TANEOYOELAU®WY
EQYXAELWY YLt TOV GLYUEQUOPO TNG TANOWOEAS TWV UXTAMEQUXTIGUEVDY OESOUEVY TOL
uTaEyoLy Stxbeotpa Yl TV EAoVOCia e GTOYO TNV ATOTEAECPUATINOTEQY] TXEEU 0O o8 O
T eMinMESU WOTE Vo *ATAaTEL BuVATOG O Eheyyoc g aobévetag. Katd ovvénetan amevbdveton
oe px TAnbopa avbpnnwy StapopeTiuny etdoTTwV (EAOVOGIOAOYOULG, EdIM0oLS NUOCLAG
vyetag, BLoAOYOLE, TeyVIXOLG LTOAOYIOT®Y) UXL TEEMEL VA PEYLOTOTOEL TNV SuVaTOTNTX
SLxobLVOEONG e GKAAEC OVTOAOYIEQ XL VO EMLTEEMEL TNV UEAAOVIINY] TVG EMEUTAOY] UKL OF

1 1 \J
Topelg mov dev Ha nakbmTeL Py Lnd.

I'o tov onomd avtd meoxpibnxe 1 Aon n IDOMAL va cuprepiddBet Opovg and to

eninedO TOL LAXQOUOPIOL WG EXEIVO TOL OWOGLGTYUATOS ATO OLUPOPETINES OVTONOYIEC WOTE
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va mepypdel pe MOTOTEQO TEOMO T OYeTvd pe TNy ochévelr uow TOLG TEOTMOULG
OVTLHETWTULONG TG, ATO TO V& PYOEL TOLG OEOVS ALTOLG GTIG OWXEIES OVTOAOYIEG, Ol OTOLEG
Oo ovpmepthapBavovtay ota vnd avantuly epyxiein ywplotd. Me tov TEOMO ALTO
ETUTEEMETOUL UPEVOS 7] AELTOLEYNT] SLOLYOEDY] E AOYIUEG O ETELS AVAIECK GTOVS OQOLG TOL
TEOEEYOVTAL OO GALEG OVTOAOYIEG ot TOLG OEOLE oL LTEEYoLy oty IDOMAL xo
apetépou T onpela mov evovovy ™y IDOMAL pe 1i¢ vnolomeg ovtohoyieg g OBO
Foundry. H évtaén twv efwtepmmy autev 0pwy éywe pe 1] Sltienor] Tou Hovaditod
71wOIMOL TOLG ATO TNV OVIOAOYIX XTO TYV ONOLX TEOEEYOVTAL ol TNV TEOCHNUN evog
devtepov, povadwol xar yapaxtnootxod y v IDOMAL oe opiopéveg meptntwoetg.
AvTO %10Elwg GLVERY VPO e OEOVLS TIOL BEV LTNEYAY O JALEC OVTOAOYIEG OTLG QY IUES
endooeg g IDOMAL, odha eiyope ™V ovdynn vo TOLG YOYOULOTIOLY|GOLUE, OTOTE
npootenuay anontwviag éva povadwmo xwdmo e IDOMAL nops 10 yeyovog mwg
v yVOEILXpE TwG elvat OQOL ELELTEQOL EVOLXPEPOVTOG xt WG Tétotol Ba émpeme va
DTXEYOLY G %ATOLX OVTOAOyla avopopds. Otay mpooténuayv oe awtég T OvVTOoAOYyieg O
nWOWUOG aVTIUXTAOTAONUE Ye EXEIVOV TNG OVTOAOYING OVUPOQAS, MAAX TOUQEMELVE MXL O
apyog e IDOMAL wote av namotog tov eiye ndn yenotponotnoet vor un yabodv ot
LAY OVOEG EMONUELWOELS %ol TAVLTOYEOVX Vo UToEoLY v Stacuvdeboby pe alleg mov

XO7|OLLOTIOLOLY TOV OO TNG OVTOAOYIXG AVXPOQUG.

H emloyn va amoteréoet  IDOMAL enéxtaon e IDO, onpatve avtopata meg
B vioBetodoe o1 Bdon g Tovg OPOLG TG PACIMNG TLTUNG OVTOAOYIXG, YEYOVOG TTOL TNV
nabiote Svoxolovonm yix touvg pn ewdwovg eéooyariloviag v opbotmtd g amod
ovtohoymny oxomd. I mapdderypa xamoor oot tafvoundnuav otV naTnyopix
“vmobetnd tpNpa Swdaciog 7 (fiat process part) 7 omoix opiletar cov PEEOS HLXG
Srxdmaciag ywpls cupwg xaboptopévn apyn xat téhog (Smith and Grenon 2004). To

TEORAN P Eemepviétal av %atd 1] SnpLovEyin Twy epyaleiwy mov Baciloviat 6TV ovtooyia
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Mbel etdnn peptpva wote vo petwvetat 1 éxflesr tov teluod yENoTY GTNV Aoy TNG
ovtohoyiag. H tekevtata Oo axorovOnbel and touvg vmoloyiotéc yw va eéacyporioet v
avantnon Twv dedopévwy mov emtbuuetl o yonomg. Polog dindg touv eivar vo avaddoet ta

dedopéva mov Ho avonTioet pe auTov TOV TPOTO.

Av not 1 Baoinn KT OVTOAOYI TTLEEYEL TOLG OEOLG TWV NPYUOV EMTESWY TNG
IDOMAL 8ev yonotpomnoinon 1o tpla npwta emineda (Ewoveg 1 now 16). Avtd éyve yro v
uetwbel 10 Babog g ovtohoylag uxt v eival TO €LXOAY N EMOXOTNOYN NG ATO [N
OVTOAOYOAOYOLG OAAG ELIMODG PE YVWoN TG elovooiag. AMWOTE OTOLBNTOTE OTLYUY

uToEOoLY v TPoatebody oL VPOt Twv 3 TETWY ETTESWY.

B Classes
— condition
— disposition
— fiat process part
— object
— object aggregate
— process
— process_boundary
— quality
— role
— spatial region
— spatiotemporal region
— temporal region

Ewkova 16: Anto tnv IDOMAL anouotdfouv ta 3 mpwta enineda tng Bacikrg TUTIKNG ovtoAoyiag.

2y mo oamAn Toug poEyr ot acbéveleg apopolv pia Bloloyiny) ovtoTNTA, TOV
TAOYOVTA. 2TIC LOAOUATINES aobEVELES 1] HATAOTAGY] TEQLTAEXETOL YLATL TAEOV LTIRQYEL EVX
Cebyog Blokoyinwy OVIOTNTWV TOL GCUUHUETEYOLY, TO TXQACLTO 1ol O EEVIOTNG. TNV

TEQIMTWOY] TG €AOVOOLNG GAAG %ot yevixoTtepx Twv acbevetwv mov petadidoviar péow
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(POEEWV, LTIAEYEL 1oL Wl TELTY BLodoyny ovioTNia O YOEEXS 7] evilduecog EeVIoTNG ToL
elvot amaEalT)TOg Yo vor OhoANEwoet Tov Brodoywod tov uduAo to mapdaotto. To yeyovog
aVTO AAAG %L TO YEYOVOS TG LTTRXOYOLY TUEEUPBAGELS YL TOV TEELOELOKO NG acbévetag Tov
apopoLy elte TANOLopOLS aTOUWY, Elte TO TEQLRBAAAOV pog OBNYNOE GE €V EMTAEOV
Sraywetopo. 'Etot yio mapadetypa 10 Tunpo mow 1 Baotny] TumKy] OVIOAOYIo TTEQLYQXPEL TIG
Sadnaoteg (processes) Stoutpebnue oe natnyoplec mov meptehdpBovay g Staduacieg TOL
apopovoay Tov €evioTy] (e TNV EWOold XLTOL TOL VOGEL), TO TXEAGLTO %at Tov Yopeeéa. Me
xLTOV TOV StaywElopo bo PToEoLOUY Vo HEIVOLY GLYUEVTOWUEVES UXTW ATTO EVAV TXTOLLO
0po0 ot dwdtnacieg mov B AdpuBavay ywea atov idto opyaviouo. I'onyopa pavrxe mwg avtod
dev NTav aEXETO Yot LTINEYAY Stadinacieg Tov apoEoLoay TANOvouoLS EeviaTwy 7] YoEEwY,
eV LTIEEYOLY XL YUOLOAOYIMES SladInaGieC Ol OTOIEG APOEOLY TNV GLVLTIAEEY XL TNV
OLMMETOYY] TOLAGYLOTOV SLO SLAPOEETMWY EOWYV (TXEAGITOL UE POEEX, MXOAGITOL e
Eeviot) 1 popea pe Eevioty)). Télog 1 yonom yMuwmwy ovotwv xxbwg xat 1 Sayeiptor Tov

TeELBAANOVTOG amoTEAODY amd POveg Toug %aTNyopies Stadwmactwy (Ewdva 17).

B:— process
\ S ﬂ environmental management

&3]

— N multi-organism process

&3]

+— Bl process of malana

&3]

— N process of malaria host

&3]

«— 1 process of malaria host population

&3]

— process of malana pathogen

®

— N process of malaria vector

&3]

— B process of malaria vector population

&3]

+— B8 use of chemicals

Ewova 17: H katnyoptlomoinon twv Staditkaclwv otnv ovtoloyia thg eAovooiag.
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O idto0g StaywElopog oe TaEAGLTO, YoEex nat &eviat) yenotponombnue xout OToL
oAoL npibnue donipo wote va anocapnviobel TANEWS TO TEELEYOUEVO TNG OVTOAOYLNG 1ot
oe Tt aupLBng avapepetat uxbe ovtotta mov mepthapBavetat oe avty. 'Etot yio mopddetypo

%ot 7 xaTNyoplo ToL TEPLYEAYEL TG ttOTNTeg (quality) ywoichHnre avakoywe.

H tehevtaia emhoyn ocov agopa v Sopn g IDOMAL eiye vo aver pe 10 vou
unv oopmeptingbody oe avtn 6oL OEOL ¢ BACUNG TUTIMNG OVTONOYING OEV EMEOUELTO Vo
yonorponombody oe avty. Avtifeta, endioybnne dnov Ntav Svvatd 1 yenon evog dpouv
TEQLOCOTEQO ATO PIX POEEC PE TETOLO TEOTO WOTE VO ATOdLIdel OGO TO SLVATOV TO TLOTA
™V TEXYUXTIXOTNTX. DLOWUK OTIC TEQIMTOOELG XVTEG Ui HXL LOVO NTAV 7] i5_a OYECY| OV
OLVEDEE TOV OGULYUEXQLUEVO OQO [E UATOLOV TATOWMO, VW OTIC LTOAOLTEG TEQITTWOELS 1|
OLOYETLON YWVOTAY E OLUPOPETINEG OYECELS XPOL GOUPWVA UE TOV VORO TNG AVTLPAGNG TOL
Aptototéln xabe évvolxr Sev PTOQEEl Vo avTLpdonEL pe TOV EaLTO TNG, Vo elvat SNAdN
oLYYEOVWLG BLo xa Oyt B0 pe Tov eavtd g, (T0 A 8ev pmoQEel va eivat GLYYEOVLS A xat
oyt A) ytt dbo évvoteg Omov 7 pio BePatmver #ATL Yo Evar TEAY Hot 7] dAAY xveltot ot
TO %ATL, ELVOL AVTUPATINEG UL BV PTOQEEL Var elvart TauTOY OV %ot ot dLO aAnbivég. Xyéoetg
TOL, OTWG XL OTYY TEQITTWGY] TG OVIOAOYING 171G avOEUTIHOTNTAG OTA EVIOUOUTOVL
OVIMOLY O ALTEG TOL ElVUL AOYUK OQLOPEVES nat Eyouy eyxptbel yio yonorn oe Brolatoneg

ovtohloyieg and v OBO Foundry.

[Tepinnmnd n IDOMAL (éxdoon 1.22, OxtwBerog 2010) mephapPBaver 2394
novadnodg 6Eoug and Toug onotoug ot 2379 dwbétovy optopode. Avtol xatavépoviat oe 12
NUTYYOPIEG OAEG TOOERYOMUEVEG ATO TNV BACINY] TUTXT] OVTOAOYIX %ol OQLOPEVEG XTO XLTY).
[TolvmAnBéotepn OAwy elvar 1 xatnyopia «process» (1320 dpot) mov meprhapufBaver pall pe
g natnyopleg «fiat process part» (121 dpot) uar «process boundary» (2 6pot) 10 ahvoro

TV Sldinaotwy Tov apooLy v ehovoata. H éugaon éyet Sobet nvpling and v mAevpd
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TOL POEEN %Al PLE UAVEVA TEOTO BEV LTOVOELTAL TG xLTOL Ol LTIAEYOVTES 1443 meptypagpouy
7o’ ohoxhnota i Stadiasieg mov cupBaivouy nat oyetiloviat pe ™V ehovoaota. Mio dAAN
nolTANONG xatnyopla siva 1 notnyopio «object» mov mepthapBaver OAeg Tt ave€aQTNTES
oLVEYELG OVTOTNTEG OTWG aLTEG eyouy optabel ot Poony Tumny ovioloyla and 10 eninedo
TOL HAXQOMOPIOL MEYEL TO emimedo Tov opyaviopoL. ‘Oleg oL YMUEC OLGIEC TOL
yonotponotovvtar yo 1 Bepameio ot ™V TEOANYN ¢ ehovooiag cupmepthapBavoviar pe
Is_a oYgon oty xatnyopla autn xot avtd eényel to peyaro g péyebog. Amo v ddAn
pueptd ot mAnbvopol Twv ATOUWY OTOL  YEELHCTNME VX TEQLYQXPOLV G  TETOLOL
natnyopromoinuay wg «object aggregate». Opwg 1 (St xatnyopla negrhapBavet %ot T0ug
OLVOLAOPODG YUOUANWY TX OTOLX YEVOLUOTOLOLVTAL Xt TeplnTwoy. Ot xatnyopleg
«quality» not «rolex etvar emiong molvmAnbeic pe v tehevtala vo meQAapBaver nat T eldn
TWV THEACLTWY TOL TEOXAAOLY EAOVOGLX XAl TOLG POQEELG TOL TA UETAPEQOLY ALK KL TOULG
teluolg €eviotég Toug piag xot Sev elva povo o avbpwnog mov vooel amd ehovooia. H
YEVINY] TEATYENOY] elvart Twg oy navels abpoloel Toug 6EOLE ToL GLUETEYOLY o nabe pLx
anod TG aEynEg notnyoplieg B Eemepaoel uatd mOAL Tov aEtBpd Twv 2394 dpwv nat avTod
YLt OTwg eyet Nd7 avayepbel LTGEYOLY OEOL TOL AVAPEQOVTAL TEQLOCOTEQES ATO (LK POOES
omv IDOMAL. Eniong 10 27% twv 6pwv mc IDOMAL Swléter neptoodtepoug amod évay

yoveig (ITivoxag 5).

'‘Ogot pe x0po yovéwy ITAn00og 0pwv
0 12 (< 1%)
1 1759 (73%)
2 540 (22%)
3 48 (2%)
4 20 (< 1%)
>4 15 (< 1%)

Nivakag 5: Ztatiotikn availuon Tou aplOpol Twv NAaTpKWV 0pwv KA 0pou tn¢ ovtoloyiag tng eAovooiag.
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Movo évag Opwg amd Toug YOVElQ eival CUGYETIOUEVOS Ue oYeor #5_a nabiotavTtag
€T0L TANEWS YOUUUIKO XAl XTOCAPIVIGUEVO TO TEQLEXOUEVO TNG ovtoloyiag. Tékog, ot 12
opot Tou eppavilovian ywelc yovelg avtiototyoLy oto mewto eninedo e IDOMAL o
onwg NN avapepnre napanavew eivar 6oL TOL TETHETOL eMTESOL TS BAOUNG TUTILUYG
ovtoroylag. 2tov (ITivara 6) proget xnaveig vor Set TEQUANTTING UL TOLOTIMG To OLOUPOQETING
eld” TV oyeTeV pe v elovooio Sedopévwy Tov UmoEoLY va emtonpetwbovy pe yonon
v 6pwv ¢ IDOMAL ot mwg autd mowmidhovy and to xhving Sedopévar g aobévetag
(ovumephapBavovtag xat Ty emSNPLONOYIX TNG), %ol TOLG TEOTOLG AVTLUETOTLONG TNG

ueyot v BLoAoyia TOL TUEAGITOL, TWV POPEWY 1AL TWY EEVIGTMV.

Katnyopieg ‘Ogot ITepidndn megieyopévmy
condition 45 Kuvina dedopéva tov maoyovtog and ehovosoia
disposition 77 Opot oyetol pe v aobévero g ehovooiog
fiat process part 121 Duotoloyweég Stadinaoteg xvElwg TOL YOEE
object 1150 XNpinég eVwoELg, eVIopontova, avlehovootand paouana,

OQYAVLOPLOL %L AVATOUINES SOPUES

object aggregate 89 ITimBuopol opyaviopey %ot COUTAONX TEWTEVGY

process 1320 Duotohoyweg Stadinacteg Tov EeviaTy), TOL POEEX, TOL TAEAGITOL
aALG 1ot TOOYQUUUXTIOUEVES Sladinaoleg OTWS 7 TEOYLAEY 1| oL

npoondbeteg ehéyyov g elovooiog

process boundary 2
quality 253 Davotumot Tov €eviaTy], TOL POEEX XAt TOL TAEAGLTOL
role 577 PoAot twv ynpinev ovotey (Propane, EVIORoRTOVR) dARK Mat Twy
opyaviopwv (Eeviotg , Yopeas, TaEdotto)
spatial region 57 Xoapantnptotnd tov neptBailovtog (Aipveg, owmoloywot Hwxor)

Nivakag 6: ZUVOTTTIKI TTOLPOUCLOLOT TOU MPWTOU eMNESou 0pwv thg IDOMAL, To Héye00OG TOU Kal TwV
TLEPLEXOMEVWV TOU.

66




OvtoAoyia TG eAovoaoiag : OL dpoL Tov oxeTI{oVTAL HE TNV acOévela
Avamogeunta oty ovtoloyio ¢ elovooiag ToAlol Opot Oo avapepovian ot

CLUTTOPXTE NG, TG Okpopeg bBepamevtinég aviipetwnioels ™G, TC Otaduacieg TOL
oupBailovy 6TV TEOANYN ™G, xabwg 1ot oe 6EOLE ToL Do TUEATEUTOLY GTA TUEACLTA TOV
elvar ot auttohoyol g mapdyovieg (Ewdva 18).  ‘Opwg elvar  mépa and 10v 610omo g
OVTOAOYLOG T7)C EAOVOGLNG Vo TaEEYEL OEOLE Tov Do avapepovtan yevina oe aobéveteg. Avtot
O moémer va mpoérbovv amd v ovtoloyla twv acbevetwv (disease ontology — DO)
(Osborne, Flatow et al. 2009) ot v ovtooyia polvopatinwy acbevetwv (infectious
disease ontology — IDO). Xuvvenwg, povo ot oyetxol pe ™V ehovoaia 0ot mpoctebnuay,
EXTOG ATIO To GNPELX TIOL NTOY EVIEAMS ATUQALTYTOL XATOLOL YEVIXOTEQOL OQOL WOTE Vo Elvat

Suvaty) 1 emtonpelwor] Twv deSopévey Tov LTIEYoLY pe 6poug T IDOMAL.

Avdpeoa 6ToUg OPOLE ToL oyeTi{ovtar pe TNV ehovoata wg achévelar avnuovy ot
XLTOL TOL TEEQLYQRPOLY TG UMVIXEG EXPAVOELS UL TX CUUTTWUATA TOL TNV GLVOSELOLY XAt
XMOTEAEOOY EVal OYpelo TEOPRANUATIOUOL TOGO Yl Trv ovioAoywy toug Oéon uéoa oto
TAxLOLO TN BACIMNG TUTIUHG OVTOAOYIAG, OGO nat e€atTiog TOL YEYOVOTOG TG TeEIAX i BAvouLY
YEVIXOTEQES OVTOTYTEC OL OTIOIEG BEV GLVAVTWVTAL LOVO GTYV TEQITTWOY] TNG OVTOAOYLNG TNG
elovooiag, OmMwG yl MOXEASELYUX 7] OVapic, O TLEETOC, 7] NRATINY] SLOAELTOLEYIX, TO
TIVELHOVIMO OidNua nat dAAx. ‘OTewg xal TEONYOLUEVWE ETOL HAL OE ALTY| TNV TEPITTWOY 1)
el emAoyy NTtav va ouumeptingbody oty ovioloyio g ehovoatag, wote va Sobel 1
SLVATOTNTA ETLONUEIWOYG TWV AVTIOTOUY®WY XMVIUWY OeBOUEVWY TOL LTIEYOLY SxbEatpa.
Avtiotoryn avTpeTONLoY elyay %ot o Stdpopa avbelovootand GHELACUATA ElTE TEOUELTAL
yo ™) Bepamein eite yua ™V TEOANYYN g acbévelng. Xyedov 1 mAnene Alotx Toug €yEt
ovpnepAngbel not pdAioTor oe aEXETEC MEQIMTWOELS EYoLy mEOoTebel nat Tar epmoEd TOLG

OVOPXTX GAY GUVWYLAX.
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B +«— H quality of malaria
B +— H clinical manifestation of malaria
+— M clinical manifestation of specific type of malaria
B «— El genenic clinical manifestation of malaria
tealizes febnle parozvsm
tealizes prodromal stage
+— H contagiousness
B +— E epidemiological type of malaria
+— M autochthonous malania
B +— H endemic malana
+— B endemic malaria of high epidemic potential
+— H endemic malasia of low epidemic potential
B «— H imported malaria
+— H airport malagia
B +— H induced malasia
+— B deliberate malaria
+— I transfusion malania
+— B introduced malatia
+— Hl malaria of development wotkers
+— H sporadic malasia
+— [ stable malatia
+— H subtropical seasonal malaria
B +— E unstable malana
+— I hill malana
+— H utban malaria
+— B war and conflict malaria
B «— H pathogen specific form of malaria
B +— H falcipamun malasia
B +— H severe malana
+— H cerebral malania
+— H malaria-caused respiratory distress
+— B malaga-caused severe anaemia
+— H monkey malaria
+— B ovale malana
+— H quartan malaria
+— B vivax malania
+— H zoonotic

Ewkova 18: O 18LoTtNTEC TG AoO£VELAG TNG EAOVOCLAG KAL I KOLTNYOPLOTIOINOT) TOUG.
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OvtoAoyia TG eAovociag: Ot dpoL oV oXETI{OVTAL ILE TOV EEVLOTI) KAL TOVG
TANOVO OV TOV
Bva onpovino tunpe me IDOMAL nephapBaver 6povg mov ouoyetilovy tov

el Eevioty) xat toug TAnbuopovg tov pe v ehovoata. H mo npogavic opuade tétolwy
opwv nat 1 ToAuTAnOecTepn elvan exeivr) mouv meptypapet Tig Taboyguotoloyinég Stadinascieg
ToL CLPLBAIVOLY GE MATOLOV TACYOVTX aNO eAOvVOsia. ATy 1] Opada GLVOEETOL AUECH ME
eXElVY] TOL TIEQLYOXPAUE TEONYOLUEVWS AL APOQOVGE TIG UMVIXEG EXPAVOELS TNG EAOVOOLAG
mog not autes ouvbwg amoteloby 1O ATOTEAECHA TV eV AOYw TaboQuoLtOAOYLIXLY
SLaSIHACLOV. XTNV UATNYOEL AVLTH] AVIHLOLY XAl OL OQOL TOL TMEELYEAPOLY TNV BLoAoyia TG
EAOVOGLOG UL TULO GUYXEUQLUEVX TNV OVOCOAOYIX T7C, OXPOL OAEG OL ATOXQLOELS TOL
OYOGOTIOTIMOD GLOTYUATOS XTEVAVTL OTA TTUEAGLTA TOV Yevoug Plasmodium nov nporakody
TNV EAOVOOCLX ElVOLL GTYV TEAYUATIMOTYTA PUCLOAOYIHES Stadinaateg Tov Eevtot). ‘Opwg xot
OTNY TEPINTWOY AUTY] TO eVOLNPEQOV ElVAL EOTIXCUEVO GE OQOLG TOL TEQLYERPOLY TIG

OYETMEG BLXSINACIEC AVOCOATIOUQLONG O GYECY] TAVTX UE TNV EAOVOGCLX AL OYL YEVIUL.

B «— H process of malaria host
+— H biological regulation
+— H cellular process

+— H cold stage

+— H endocytosis

+— H febiile paroxysm

+— H host immune system process
+— H host metabolic process
+— H hot stage

+— B immunization

«— i IMMUNOSUPP LesSI0N
+— B malania host recovery
+— H prodromal stage

+— H receptor recognition
+— [ sweating stage

HEEEHEHEHEBEHF

BEH

Ewkova 19: OL KUPLEG KATNYOpPLEG OpwVv Tou TepLypadouv Tig Stadikaoieg Tou {eviotr) TG eEAovooiag.
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[Topoho owtd Opwe Yl AOYOUG TANEOTNTAG OTIC TEQLNTWOELS OTOL EVAL YVWOTEG Ol
TEWTEIVEG TOL GLUUETEYOLY OTIC OldUAGLEG AVTES, TEOOTEDNMAY %ol AVTEG e TNV OELRA
TOUG, €Tl WOTE Var elvat SLVATOV var YENotHoTomMBodY Yl TNV EMGYUEIWCT] TWV GYETIMOV
dedopévev. Mio dAAN oelpd OPWY GYETINY] HE TOLG TEONYOLUEVOLS TEOCTEDNUE WOoTE Vo
neptypddel telua av o €eviotyg eppavilel TEAMG ual GE TOLO TOGOGTO AVOGLXH TEOG TNV
' U | ' ' ' ) 1 1
ehovoota ooy GOVOLO 7] o8 ouyrexpLueves Stadinaoieg G. Avtol ot oot dedopévon OTt

AMOTELOLY PatvOTLTO TOL EeviaTy] Bplonovtal oty xatnyopia «quality of hosts.

e éva GALO ETITES0 TOATAOXOTNTAG TWEX LTHQEYEL 7] QXVAYXY] VO TEQLYQXUPOLY
Sadinaoleg OTWG Ol ATOTELPEG XVOCOTOINONG AAAG 1Al QAVOTLTIOL TOL Epavi{ovTal oe
minbuopole €eviotov Omwe y ToEddelypo 0 xELOROC TwV XEOLOUATWY Gt OeSOPEVO
minbuopo xar yoovind Swotnpa. Tétowov eldouvg meptypapes mAnbvopwy elvar uat ot
OLYVOTEQX ATIAVTOLPEVES GTO YWEO TNG OMUOCLAG LYELXC.

OvtoAoyia TG eAovoasiag: OL dpoL Ttov oXETI{OVTAL LE TO TAPAGLTO

And v IDOMAL 8ev 0o pmopoboay va Aeimovy ot OpoL TovL TEPLYERPOLY 1|
Brohoyio no to oTa St Lwng twv mopasitwy Tov yevoug Plasmodinm . AxpiBog avtol ot dpot
UTOQOLY VO ATTOTEAECOLY AL TO GMPElO SLXGLVOEONC TG OVTIOAOYIXG 11 EAOVOOLNG HE
exelveg TIg ovtoloyieg mov Hu meELyEdpoLy LG YUOLOAOYINES SLadIXAGIES TOL THEAGLTOL Kot
notd ovvémelar Oo elvor Suvatd va Stxovvdéoovy v VectorBase pe v PlasmoDB
(Aurrecoechea, Brestelli et al. 2009) (tn Bdon dedopévwy mov neptéyet TANEOYOPLES Yo To
mhaopwdia) nat xat enéntooy v EuPathDB (Aurrecoechea, Brestelli et al. 2010) » onoix
ovinatéotoe v PlasmoDB.  To dilnppa oe avt v mepintwon Mtav ov Oo
OLUUTEQIAABOLUE AVUADTIUR AXOPX XL OE ETUMESO TEWTELVWY AVIAOYOLG OQEOLG GTNV

IDOMAL % av B toug aprjoovpe extdg OVTIoAoyiag.
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‘Eva nopdderypo mov Umoel var ToQOouGLaaeL vty axELB®S TV *XTHGTHGY Elvat 1|
oyetwmy upe v OpopPoomovdivy  avwwvoun mpwteivyy (TRAP) tov mhaopwdiov.
ToavtomomOnue yo mpwt popd npv and 21 yopovie oto Plasmodium faleiparnm (Robson,
Hall et al. 1988) wuou and 101 %ot oe Sdpopa arlo eidyn tou tdiov yévove. H Aettovpyio
aUTNG T7C SLXPERBEAVINNG TEWTEIVNG EVIOTOTNE GTO OTAdl0 TwV OToEOLWIT®WY, OTOL
oAMAeidpoboE pe TO LTOCTOWHUA GUUBIANOVTNG OTNV XAVOTNTA MUETOUIVIONG TOULG
(Spaccapelo, Naitza et al. 1997; Sultan, Thathy et al. 1997). Apyotepa Swumiotwbnue not o
eVeEYOS TG POAOG o1y Steiaduom Tov mapacitov ota Nratoudttape (Akhouri, Sharma et
al. 2008; Morahan, Wang et al. 2009). Oa énpene Lotnov 1 TRAP va anotedéoet pépog g
IDOMAL; Yrapyouvv apxeta eidn tov yévoug Plasmodinm ot omoio Sev éyovpe nopid
TANEOYOELX Yl TNV LTXEEY TG OROAOYS TEWTEIVNG 1ot Tov 0pBOAOYOL yovidiov. MaloTa
UEOH O QLT OCLYUXTXAEYOVTOL XXl XATOLX TOL TEOXXAOLY eAovocia otouvg avbpwroud.
Emniéov, ot minpoyopieg tov eidovg amobnmuevovtar oe etdinég Baoelg dedopévwv na
ATMOTELOLY AVTIMEIUEVO ETUCNUEIWOEWY E OQOLG TG ovTohoyiag yowdiwy (GO). Téhog dev
DTIXEYEL VLo TNV WOX AVEYXY] ETUTAEOV EMUONUELWOEWY YIX THV GLYXEXQLUEVY] TEWTEVY. [
OhoLG aLTOLG TOLG AOYOLG, pdAAov 1] TRAP Sev O énpene va ouumepiinygbet ooy avtdvoun
ovtomta oty IDOMAL.  And v &A1 peptd Opwe ATOTEAEL AVTIMEIUEVO EQELVMY G
mbavod ovotatnd evog pedhovtxod epBoriov (Dolo, Modiano et al. 1999; Epstein,
Giersing et al. 2007) not wg t€t0l0 evdeyouevwg vo vmapéel 1 avayur mEoctnung
emonpelwoewy oe Baoelg SeSOREVWV TIOL GLYXEVIPWYOLV GTolyelx Y Ti¢ TEoomabeteg
OVOGOTOINGNG UXTA TNG EAOVOGLAG. AVAAOYY elvat 7] XATAOTAHGY] %ot e GAAES TEWTEIVES TOL
TAXCU®OIOL TTOL elval SUYNTIHOL PUEUANOAOYIXOL GTOYOL o8 TEOoTabeleg AVELEEOTG VEWY
avbehovootoanwy oxsvaopdtwy (Artavanis-Tsakonas, Tongren et al. 2003; Hviid 2005).
AnptBog avt) 1 mbavy epnhoxn toug oe mpoonabeleg eléyyov TG eEAOVOGiag hag 0d1ynoe
oto v 1t¢ ovumepthdBoope tednd oty IDOMAL. H npocbnun avth wakota éyve pe
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TET0L0 TEOTO woTe va ovuoyeTioboby pe oviokhoyd opfd TEOTMO pe oyéom is_a pe g
TEWTEIVEG TOL TMAXCUWSIOL ML AVTEC WE TNV OELRX TOL HUE TIC TEWTEIVEG YEVIxd TOL eivou
TeMua avTineipeve, 6MAady aveldeTnTeg OVIOTNTEG te OLVEYY TEOLGLA GTOV YEOVO. ATO
NV GAAY PeEtd TEOOTEDNMAY %ot WG GUUUETEYOVTEC TXOAYOVTES OTLG AVTIOTOLYES BLOAOYINES
Sxdinaoieg, cLoYETI{OUEVEG UE RVTEC WE TIQ OXECELS participates_in | agent_in aVIAOYX UE TO
oAV N TEWTEVY] ATAX CUUMETEYEL 7] ElVaL O OLTLOAOYIMOG TXEAYOVTHG NG Otaduaciog
avtiotorya (Ewova 20). Avth ) ottypy] 36 npwteiveg o TAaopwdiov cuprepiiauBdvovtot
oy IDOMAL 1y avtiotoryoug Aoyoug nat 0 aptbuog toug avapévetar vor avgnbet pe tov

notp0 1afig peyoakwvouy ot yvwoelg pag yla ™y poptaxy Baon g ehovoatag.

B Claszes
B — object
B +— H abiotic
B +— H chemical compound
B +— H protein
B «— H Plasmodium patasite protein
+— H Trap
B — process
Bl +— H process of malaria pathogen
B +— H ookinete formation

S| preceded by invasion of mosquito midgut epithelium
S| part_of traversion of peritrophic membrane
S preceded by invasion of epithelum
= preceded_by attachment to basal lamina
= preceded_by cocvst formation
=] preceded_by cocvst maturation
=] preceded_by rupture of oocvst
S| preceded_by development of sporozoite

= patt_of migration to sahvary gland
= preceded by invasion of sakvary gland
patticipates_in Trap

Ewkova 20: H B€on tng mpwteivng TRAP otnv ovtoloyia tng eAovooiag.
BEvag dhog topcag otov omoto Oa mpémet va emextabel TO TPNUX OAWTO NG

ovtoloylag elvat 0 QavoTumog g avlentno™Tag oe avttBloTind mov eppavi{ovy TOAAG

noepdotta. XNV mepovon poeer e IDOMAL éyet amha Stapopypwdel 1 doun xar éxouvy
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npootelel ehaylotol oyeTHOl OPOL WOTE Vo UTOQEEL 1] EMENTAOY] Vo AGBEL YWEX YWELS Vo

SN ULovEYY el TEOBANUXTA OTA LTOAOLT TUYUXTA TG OVTOLOYLOC.

OvtoAoyla TG EAovoaoiag: OLOpoL IOV GXETI{OVTAL LE TOV POPEN KAL TOUG
TAN0vo oGS TOV

Av yoo ™y avbextndmTa Tov TAACUWOIOL 0T avTLBloTIHG BEV LTNEYE AATOLX
oyetny] oviohoyix, yroo v ovlextuxdmTar Twv QoEEwy NG EAOVOGCLAG ATEVAVTL OTA
evtopoxtova vrneye 1 MIRO mouv meptypdypnue 610 TEONYOLUEVO KePaAALO WG aveEROTNTY
ovtoloyia. Abo Ntav ot evadhaxtinol SpOpol Tov pmopovoope va axolovinoovue. No
TEATERPOLPE OOOLG OGXOTELAY Vo ONULOLEYNOOLY PBLOTANEOYOEING EQYXAELX Yot TNV
ehovoota 610 vo ypnotponomoovy avefaptta xat v MIRO xow v IDOMAL ooy
ovTohoyleg, 1] va ovpmeptAafouvpe v ueyaho wepog 1 xat xaf’ ohoxinpioa v MIRO oty
IDOMAL. Eywve 1o 8edtepo o ot 6got e MIRO mov yonotponombnuray Swxtnenooy
TOLG LOVASIUOLE XWOILOLE TTOL ElyYAY ATO TNV XY XWELS Vo Toug amodoboby véol pe uaveva
toomo. H OAn Swdmacta mpaypatomombnue axolovbovtag tovg xavoveg mou  eivou
anodextol and v OBO Foundry xot epopuodloviar xat amd &ileg ovtoloyleg Tov
BlolatpoL YmEOL YENOLLOTOLMVTAG EVaLY EAGYLOTOV XTOGEUTO OYXO TANEOYOELaG Yo xabe
0OPO TOL TPOEEYETAL ATO Wia c€WTEENY] OVTOAOYio ot TEQLAXUBAvEL TOLG LOVASIKODG
1WSHUOLE AAL OVOUATA TOGO TYG OVTIOLOYLAG ATO TYV OTOLX TEOEEYETAL O OPOS , OGO 1AL TOV
{5lO0L TOL OPOL TOL GNUXIVEL TWG UETUPEQETAL AVTOLALOG O NWOILOG, TO OVOUX, O OQLOUOG
not T LVOVLRGE Tov. 'Bva mapdderypa siva 0 dpog «MIRO:00000129» pe dvopa «midgut
receptor resistance» . Kat’ autov 10v 10010 0 OQOG LTRXEYEL LK XAl LOVT] POOX GTOV YWEO
TV BlolaTowmey ovIoAOYLY, dAA& TALTOYEOVA Elvat SLVATY] 1] GLOYETIOY TOL he KAAOULG

opoug ¢ IDOMAL av vmdyet avéynn yLoe u&Tt TeToto.
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B +— B process of malatia vector
+— B Anopheles developmental stage
+— [ mechanism of refractoniness
+— H oostasis
B «— H physiological process of malaria vector

HEEEHEHE

HEEEEHEHEE

&

B H®

&3]

BEEEHEE

+— H behavioural process

+— chogon formation

+— B circulation

+— H developmental process

+— | distention of midgut

+— B egg laying

+— HE endocrine system process

+— B excretion

+— B fertilization (sensu Anophelinae)
+— B formation of ovanan follicles

+— B formation of peritrophic matrix
+— B growth

+— H immune system process

+— B muscular system process

+— H nervous system process

+— E nutitional process

+— H previtellogenic development

+— B regulation of biological process
+— B release of 20-hydroxyecdysone
+— B reproduction

+— H respiration

+— H response to stimulus

+— B tRNA synthesis in oocyte and nusse cells
+— ¥ saliva secretion

+— B secretion of pentrophic matsix in larvae
+— I sensory perception

+— B stimulation of vitellogenin synthesis
+— B termination stage

+— B ultrastructural changes in the Trophocytes
+— B vector metabolic process

+— B vitellogenesis

+— B vitellogenic stage

+— [ vitellogenin synthesis

74



Ewkova 21: O Katnyopieg Twv Gpuolodoylkwy Stadtkactwv tou ¢popéa.

BEva adlho onpaviind pépog autod Tou TUNKRTOC T1G OVTOAOYING ATOTEAODY Ot OQOL
exelvol Tov TeELyEaYoLy Tor aTadta {wNg 1ot TIG YUOLOAOYIMES DLASIUAGIEG TWY XOLYOLTILWY
(Ewova 21). Xy mooypotimOt)ta TEOMeltar  yloo  ptoe  €eywEtoTy] ovioloyla  mov
avantOyOnne apéonwg pHetd TV OVIOAOYIX TG AVATOWIXG TOL XOLVOLTILOL YL Vo TEQLYEAEL
LG PUOLOAOYINES SLaBUAGIES TTOL Elyay GYEOY| e TNV elovooia xat 6ev cLpUTeRAPONuay 61O
oweio tpnua ™M GO, 1 onola SlxtrEel OLOETERY AVTLUETWTLOY ATEVAVTL G ELOOELSINES
puoLtoAOYIES Stadinaoies. ATotéleopa auToL eival 1 ALY TV SLAPOPWY PLGLOAOYIHWY
Sxdactwv va unv etvan toofapng. Lo mapadetypo moAd Alyeg avopépovial 6T OO
ovpBaivouy ot oTAStL TNG TEOVOUPNG TOL  XOLVOLTLOL, EVw OSldMACIE OTWS 1)
CLULTIEQUPOE TOL %AT& TNV avalNTN o EevioTy] uat Ooeg oyetilovtal pe To YELUATX XEUXTOG
napovctalovial TOAL o Aemtopepetand. Emiong opot mov agopovy 10 avocomontind
CLOTNP TOL POEEX AAL TNV AVOCOATIOXQELGT] TOL amévavTt 6o Tapaotto (Dimopoulos 2003;
Alphey 2009) éyouv yix v wpx napaingbel and v ovyxexnotuévn éxdoorn e IDOMAL.

2OvTopo Opwg 1 ovtoloyla B emextabel xat mpog avtny ™V natedBuvon.

Tékog, 670 TUNPX TOL KPOEE TOLG TANOVGUOLS TWV POEEWY TEQLYQAPETAL TO GHVORO
v mpoonabetwv yu Tov Bloloywmo eleyyo xat PEQOS TwY YEVIHOTEQWY TEooTabetwy yio
eleyyo twv TANOuopwy Twv xovvoumtwv. Méow avtwv pumopet va eheyybet oe xanoo Babuo

nat 7 1S 1 ehovooia.

H ovtoloyia tTn¢ eAovooiag Kot AAAEG OVTOAOYIEC
Amd toug 2394 povadumovg opouvg e IDOMAL, ot 885 (nepinov 35%)

Tpogpyovial and aileg ovioroyieg, omws 11 MIRO, n ChEBI (ovtoloyla ynunmy ovotwmy
nov Tepovatdlovy Broroyind evdlagépov), 1 GO (ovtoloyla yovidiwv) xat 1 CL (ovtohoyin
nttEemev oelpwv). H televtaia yonowponombnme baitepa 010 UM TOL TEQLEYQXPE
TNV AVOCOAOYi TNG €AOVOGLNG. X OAEG OLTEC TG TEQITTWOELS Ot e€wTeptol OOt
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oopmepngbnuay oty ovioloyia pe v Sadwmacio ™G XENONS NG EAAYLOTNG
TIAY|QOYOPLOG AVOPOQES TOL TEQLYQRPYUE TOEATAVEW ot elvat yvwoty wg MIREOT (the
Minimum Information to Reference an External Ontology Term) (Courtot, Gibson et al.
2009). 'Etot dev nrav avaynaio vo oopmepthdBoope oty IDOMAL 1i¢ e€wtepinég awtég
oVTOAOYieC 0NV OAOTNTR Toug (1 TEEYOoLox exdoor g GO meplapuBdver 33857 opoug)
nov Qo xabiotodoe ™y yENoN ™S TEOBANUXTINY xat TALTOYEOVX Vo SLXTYOY|COLUE T7]

SLYATOTNTAL VX GLGYETICOLILE TOLG OPOLG TWV EEWTEQLXWY OVTOAOYLOV UE TNV SLUY] LG

2Xto pédhov xor xabog or oviohoyleg avagopdc Oa c€elocovtar nar Ho
emextelvovtat, 0pot mov tepa PBpioxoviar oty IDOMAL Oax petagepbodv exel mov
npoypotind avirovy. H Stadwaoio awt eivor Stoepung noar Oa AapPdver vnodn g to
evdeyouevo namotx epyakeia mouv b éyovv avamtuybel 610 petald vo yeMoLLOTOLODY aVTODS

TOLG OPOLG PE TOLG HOVABIMOLE xwSKoLES Tavto™Tag ¢ IDOMAL, 6mwe 1d7 éyet ovpBet

pexet onpeQa.

Xp1)o1 TG ovToAoyiag TG eEAovooiag
H ovtohoyia g ehovooiag eivar Stbéotpn edo uat éva ypovo mepinov. Duoinog

xe"No™G G eiva 1 VectorBase 7 Bdon Sedopévwy twv popewy mov petadidovy aobeveteg
%ol OTNV OTOl GLUUETEYOLUE oav cpyaotnEto. Bploretar lowmdv vmd avdmtuén éva
epyxAeio 10 omoio O emexteiver v IRBase mov 7dn eivar tunpa g VectorBase o
Baotletar oty MIRO, npocbétoviag oty VectorBase v Svvatdmta va @prhofevnoet
dedopéva oL apoEoLY T SopN Twv TANOLOUKY TV *OLYOLTILWY. 2TO TUNUX TO OYETINO PE
T0LG YoEElg ¢ ehovooiag 1 IDOMAL eivan 1 ovtoAoyia mov Boloxetar 6to eninevtpo. To
oy xat 1 doun g Baong dedouevwy oty xxEdtd auToL TOL ePYXAELOL elvat 1O1 ETOLPO,
eve péoa oto 2012 B ohoninpwbel xat 1 Stecdvdect] Tov pe Tov TaYHOCULo Lot not Ho
elvar Stabeoto mpog yeviu xeNom, evomolwvtag deSOUEVa TOL aLTY TNV OTLYRY| Boloxovat

natoneppatiopeve oty Kont, 1o Hvwpévo Baoikero xat otig Hvwpéveg IToMteteg. Eniong
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O dwoet ™y Suvatomta var Steouvdebovy pe v VectorBase dedopéva yioo minbuopoig
noLvoLTLRY Ta onolor cLAAEyovtat and tov Tlayxoouto Opyaviopd Yyelag. oty Agowy).
Avotyng ota mhatote ¢ VectorBase 8ev vmdpyet ndmoto mhdvo ovlhoyng  uow
TEOLGLACNG UMVIHWY OESOUEVWY GTO KUECO WEAAOY, OTOTE 7] OYETXY] SLVXTOTNTA TOL

nopéyet 1 IDOMAL ot ™V oTtyp1] TUQoUEVEL AVEVEQYT).

Yrapyovv opwg dikeg npoondbeteg and 10 IVCC  yoe mv avantu€y cuotudtwy
ToL SLELMOALYOLY TNV AN amoPacewy Yl v elovooia T omolx 187 Bploxovtat oe
TUAOTINY P&on nat yenotpuonoovy peyiro pépog e IDOMAL. To yeyovog nwg ot idtot
oyedov opeic mov puetadidovy chovooia, peTadidovy umt Aheg acbéveleg OMwWG Yo
npdderypa Adyxeto mueetd odnynoe oto va yenotponombet peyho pépog e IDOMAL
%L OTO GLOTNUA LTOCTNEENG ATOPAOEWY YL OGYHELO TLEETO TOL EPXOUOLETAL TUAOTING
010 Me&wo. Avtd anodenvdel 6ty TEAEN 1 SOVAEYN TWV OVIOAOYIGY GTO VO SLXGUVOEGOLY
SLopopeTind oetT dedouevwy hetah Toug.
ZUUTIEPAOHAT

O otoyoc poag pe 1 OnplovEylx TG OvVIOAOylag NG EAOVOGLAG NTAV Vo
dnplovpynoovpe eva yenolpo cpyxkelo mouv oe Babog ypdvov va Bonbnoer oto va
AVTLRETWTLOTEL 1] ehovooia oe mayndopto eninedo. O xaboplotinodg Opwe mapdyovtag yu
aLTO elvat TO var Yivel amOdexTn and TNV EMOTNUOVIXT] uOWOTNTa ot 7 omola Ha v
YOYOLLOTIOOEL Yot VO EUTAOLTIOEL TIQ ETUOYMUELWOEL TOL LTXEYOLY NdN oTig Paoelg
dedopévwyv. Avto Ou petapoppnost Ti¢ Bacelg dedopévey amd amiodg amobnueuTinovg
YWEOLE OE CLOTHNUATX TOL HTOEOLY Vo LROGTNEIEOLY TOADTAOXA €QYXAElX ot Vo
xmoxaALPOLY SlacLYSETELS AVAUETK Oe BEBOUEVA TOL WG GNpueE dev MTay TEoavels. ITupd
70 yeyovog Twg 1] IDOMAL Swxbéter mepimov 2400 dpovg 1 adnbetar eivor mwg améyet TOAD
MO TO VX elval OAOXANQWMUEVY], GAAWOTE xapld ovioloyla Oev UmopEel mOTeé var eiva

OAOUANEWUEVY] HoOWG TEQLYOAYEL TNV TEAYUATIXOTNTO MAL 7] TQAUYUXTIMOTNTA ElVAL TWG
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OLVEYWG Ol YVWOELG HAG Yot T1V ETULGTNIY] HOL TOV OGP0 Staeung enexteivoviat. EAmilovpe

Twg 1 avamtuén xat 1 xabnpepvy yoNom twv IO aVATTLEY EQYUAEIWY TIOL YEYCLULOTOLOLY

myv IDOMAL 0o anoteréoet 10 évowopa yl TV EUTAOXYN %Xl TNV GLVELGYOEH TNG

EMUOTNLOVIUTC XOWOTYTAC TOL ACYOAEITAL PE TYV EAOVOGLN OTNY TMEQALTEQW UVATTLEN TNC.
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TENIKA XYMITEPAXMATA KAI ITIPOOIITIKEX

210 mAaioto auTyg ¢ Stdomtopng StatEtPrg dnptoveyninxay y Tewty YoEd
ovToAoyleg mov mepteypaday TNV XVATORLN HOLVOLTILMY XAl TOLUTOLELWY, TO PALVOUEVO TG
ovbentinoT TG 0pLopévwy TANOLOUMY XOLVOLTILLY G eVTOPOUTOVY, nabmg %ot TV elovooia
0TO GOVOAO NG BIVOVTAG T7] SLVATOTNTA ETULOYUELWONG UAVIMDY OeSOPEVWY, SedOpévwy TTOL
oyetilovtar pe 1 Broloyior Twv YoEEwy mov PETASIO0LY EAOVOGLX XAl TWV TUEAGITWV TOL
TNV TEOXUAOLY %ot TEAOG phe Ti¢ avBpwmiveg mapepPaoetg oe OAx T eminmeda yo 11 Bepanela,

™V TEOYLAXEN L TOV TeEtoptono g acbévetag (Iivanag 7).

Ovtoloyia ITeptyoopm ITAxicto
TGMA | Avatopio x0uvoUuTL®Y Yo mhaiotx g StatELBng
TADS Avatopio TOLUTOLELLY 2e ovvepyaotia pe xad. D.

Sonenshine
-- Duotoroyneg Stadinacieg XOLYOLTILWY 2ta Aot g Sttt ng
MIRO AvOentind™ T 08 EVTOROUTOVAL Yo mhadotx g StteLng

IDOMAL | E)ovooia 2t ot ™G SteteLNg

VBcv Koatahoyog 6pwv mov Sev vrdpyovv oe xapd | Axorovbwvtag T0
ovtohoyio oxopx, aAkd eivar amopaitnTot o | mopdderypo g FlyBase
™Y avaTTLE Y BLOTANEOPOLIUKY EQYAAELWY

Nivakag 7: OvtoAoyieg mov Snpoupyndnkav ota mAaicla avtrg tng StatptPic.

Me Bdon avtég t1c ovtoroyieg avamtvyOnmnay epyaieia mov amoxxAdTTOLY GTNY
TEREYN To TACOVEXTHUATX ALTYC TG TEOGEYYLOY|G LOLUUITEQA OTAV EYOVIE VO AVTLUETWTICOVLE
AATONEQPATIOUEVA ML ETEQOYEVY] OLVOAX Sedopevwy. Bplordpaote oe pa emoyy mov
TEAYOVUE UeYOADTEQO Oyx0 Prodoywmwy Sedopévwy onmd oLTOV TOL UTOQOLHE VX

avalvoovpe. Eivar dotnov onpavtind va Stebétovpe epyaieiar mov B avthovy mAnpoyopieg
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amO TOMATAES TMYES not avtamoxpvopeva ae obvleteg avalnmoelg Ha umopovy va pog

TROYOSOTNOOLY pe To SeSOPEVA TOV aG EVOLLPEQOLY BUEDL.

H emtoyio, n avayvoplon xat 1 yonon me GO (nov oe ndmoteg otiypés minotalet
%o o 0L TG HATAYEN07G) Selyvel Tov SPOpMO mEOG T0 wéALov. Try 1St oTryu) vraEyoLY
EQELVNTNE  TEOYEGUMATH TOL TEOooTaboLY Vo GLUYOLAGOLY TIC OMOLOTNTEG XAl TIG
ovoyetioelg mov éyouvv ot GO emonpetwoetg mov eyovy anodolel oe ouyrexpLuéva yovidua,
wote vo tavtomooovy  mbavég oyéoelg peta€d TOLg, Ol OTOIEG Elval AYVWOTEG UEYOL
onpepa. Opng Baocetg dedopévwy Tov mepLelyay aAAnAovyieg LTEEYOLY and To TEAN NG
dexactiag Tov 1970, ever 1 GO Eexivnoe 10 1998 petpwvtag onuepx 13 yoovix Lone.
Emmkéov 7n televtala vmootnplybnue evepyd amd TG UOWOTNTEG TOL  UEASTOLGAY
OQYAVIORODG — HOVTEAX Yiow TV abyyeovy Brokoymn épevva omwg 1 D. melanogaster, M.
musculus, S. cerevisiae he ATOTEAECUX ATO TO AEYNA 0TS TG TEOOTADEING Vo LTGEYEL Lo
vy palo eMONUELwoewY GLVOESEPEVY] Pe Ta yovidlx Twy opyoviopwy ovtwy. H
SuvaTOTTL MAEUTEOVINNG ATOS0CYG AVTIOTOLYWY ETLONUELWOEWY (v %ol [E  UELWOMUEVY]
oéromiotio) Baoet g OpoLOTNTAC O€ EMUTESO AANAOLYING e AAAOLG OQYAVIGUOLS LEYIAWGE
MO TEPLOCOTEQO TOV OYX0 Twy oyeTwwyv Swbéotpwy emonpeiwoswy. Ta aviiotorya
dedopéva GTOV YWEO TWV TEOTXMY VOOV Elvat TOAD SlopoeTing. Aev LTIEEYOLY AVTN TNV
OTIYUT] 0QYXVWPEVEG nevTEnég Baoelg dedopévwy mou va anobnuebovy ta oyetux Sedoueva.
Avtd Boloxoviar 68 GLETAELL EQELVYTINGOV EQYAOTNELLY KAl XOATIMGY LTIVQECLOV SNUOCLAG
vyelag, oe Pantlovg voooxopelwy xat oe Topoug mov Bolorovtar oe pdgia Btiobnxwy. Asv
LTIXEYOLY GAAEC OVTOAOYIEG TEQAYV QLTGV TOL dNutovEYNONray ot TAaicte ALTNG TG
epyaolag not Ocwy elval GLUVOESEUEVES e GUTEG VIO VO TEQLYQXPOLY T OYETING OESOUEVA.
Eivot Aotmov 6edopevo mwg ylo v LTOQEGEL HAVELS VL PTAOEL OTA ENIMEDA TG EMTLYING TNG
GO, Ou mpénet va meloet TV ©OVOTNTA VX YOYOLLOTOHOEL TIG VEEG OLVATOTYTEG TOL TNG

TLEEYOVTOL.
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H Swdinaoion dev etvat amhy, ylatt o 1eAndg yeNotng elval LOVo EUPUEGOS YONOTNG
¢ ovtoroyiag. Exeivo mov BAémer oty 0fovn touv vmohoyioty Tou elvar éva Yoo
neptBarlov epyactag xot npoomabdel var avautnoet OG0 TO SLVATOV TEQLOGOTEQX GE OYXO AL
OVTATOXQIVOPEVY GTO EVOLXPEEOVTA TOL dedopéva yivetat. Tny idix otiypn Otay xatabétet
dedopévar onig Bdoetg dedopévwy Oéhet auTO vor yivel pe Tov uuEOTEQO SLVATO %OTO,
APLEQOVOVTAG TOV AYyOTEQO SuVTO YEOvO. 'Etot eivar mbavo vo ayvoet eviehwg av o Baor
SeO0pEVWV  YONOLUOTOLEl OTOV TLENVX NG Y Ty SlaoLYSeoy] Twv SeSOpEVwY TOU
nepthaptBdver ovTOROYieg N Oyt TNV TEAYUXTIXOTNTO O BLOTAYQOPOELKOL TOL SY|ULOLEYOLY
epYXAel TPOG YENOM elvat exeivol ot omolot TEEnel va HewpoLyvtal cov AUECOL YONOTEG PLOG
OVTOAOYLOG Mol O OTOYOG elval vor avamTLEOLY UE TETOLO TPOTO TA EQYXAELX TOLG WOTE Vo
1AVOLY Y0107 OVTOAOYL®V. Tar TAcovenTuata Twv TEAELTAIWY ElVAL TOGO TEOYAVY] TOL GTIG
UEQEC MG MEYdAa yevixd oynpato Bdoewv SeSOUEVWY TOL TEOGYEQOVTAL ETOLUA TQOG
yonon ywolc vo yoealetor uovelg vo Eavoepedet Tov TEOYO Yoo var @Taéel o Bdom
dedopévwy, omwg 1o Chado (Zhou, Emmert et al. 2006; Mungall and Emmert 2007),
Baotlovtar oyedoV amOUAElOTING OE OVTOAOYIEG Yl V& StxcLVOEcoLY Tor dedopévar UeTaéd

TOUC.

[Mapoda avta, ot ovtoloyleg ¢ avatopiag mov dnpoveyNbnxay oto TAAicLo aLTNG
™G SltELBNG 08 cLVBLACPO pe TG LoTOoGEABES TOL Bilvovy TNy duvatoTN T AvalNTNONG YLow
OLYUENPLPLEVEG DOUES UL TEOLGLALOLY AL YWTOYOUPIES V] OYNUXTIMES ATIELXOVIOELS TOLG
umoEoLy va yenotponombovy cav exnotdevTind epyaleio nat eQyareio avaypopas amevbeing
and Toug TeMoLS YoM oTes. TTapdhAnha ToEEyOLY TOLE AMAEAITNTOLE EXEIVOLG OPOLG WOTE
VoL UTOQOLY v eTLONUELWOODY ATOTEAEOUXTH TELQAUATWY OF GVUTOMIXEG OOUES UATL
OLiTEQU YONOIUO OTIG PEEEC MAG OTOL 7] EMOTNUY TNG AELTOLEYUNG YOVISLWUXATIUNG
TOAYEL EYXAOLG OYXOLG OESOUEVOY UUL TLO CLYUEXQLUEVX 7] XVXALOY] WIXQOCLGTOUYLLY

DNA pmoget voo avakbaet ) yovidtant] Expoacy] G GLUYUEXQLIEVOLG LGTOVG KoL XVATOUIXEG
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dopéc. Avtd mov vmneye Stbéotpo and my GO péyot oNpepa Nay KOVO O EVTOTULOUOS
OLYUENQLEVWY TIEOLOVTWY Yovidiwy oe vTouLTTaEWO eminedo. Emmiéov, ot ovtoAoyieg
XVATOPLNG PTOQOLY VO ATOTEAECOLY TNV PETNELAL VLo THV TEQLYQAPT] HAL TNV XWOIHOTOLYOY|
LOQPOLOYHMY YAQAUUTYOLOTIUMY XL PUIVOTOTWY TV XOLVOLTILOV UXL VX GUVTEAECOLY ML [AE
aLTO TOV TEPOTO GTOV EUTAOLTIOUO TWV TANQOYOELWY GTIC LTXEYOLOES BAOELS BESOUEVWY.
Tékog, oe €vay OGUO OTOL Ol ETULONUELWOELS TWY YOVIOIWY TOL APOEOLY TLG XVATOUIUES
dopeg oTig omoieg enppalovtat etvar ToAvmAnbelg, Ha pog Stvotay 1 SuvaTOTNTH EVIOTLGLOD
Thoavev 0p0OAOYwWY yovISiny LOVO nal OVO XTO TO YEYOVOS TNG EXPOAGYG TOVG OE AVAAOYES

dopec.

H MIRO xat xot’ enéxtacn 7 IRBase ooav Bdon Sedopévev yoo v
npouorovinon g avbentinoTN TG oE evtopoNTOVA dNUtovEYel Lo Véx %o TdoToey nabng
noabotd  Suvatny v avioddayr,  Oedopévey  PETHED  SLPOQETIXWY  EOELVYTINWY
TEOYQUUUATWY, pe Tnv mEobmobeon g viobétong g ovioloyiag. Me oyetina
TIEQLOQLOMEVEG  METATOOTES  avaAoyx eoyaleix pmopolv  va  avamtoybovy  uor  vo
CLUTIEQIAGBOLY XYQOTIMOL EVOLXPEQOVTOG VIO TUOEYOVTAG EVAY EVIIO TOOTO NATXYQUPTC
not ToEanoAoLBNEYC Tov Yavouévou Stevxorbvoviag oty AN amoYdoewy AL UXL GTOV

EVTOTIOMO TIEQLOY WY TOL YEELALETOL EVTOVOTEQY] TaEEUBaOT).

Téhog n IDOMAL eivar auti] TOL UTOQEEL VO GUVELGYEQEL THEX TOAAL GTNY
Storyelpton ot TV evomoinoy] OAwv Twv Sedopévwy Tov vmaEyovy Owbéotpa yo TV
ehovooia. H viobémen g ocav mpdtwno and 10 tunpa Agowne touv Iayxooutov
Opyaviopol Yyelag yio v naaxorodinon oyt povo g avbentnodtntag o evtopontova
oA Mot TNG TEQLYEOPNS Twy TANOLOUGOY TWV XOLVOLTLMY, AVOLYEL VEEC TEOOTTIUES OTNY
dnutovpyla evog Sebvodg epyadeiov mov Oa emitEémel TNV GLOYETION TWV OYETUWY

dedopévev petald tove. H yonon g oto obompa vnooteéng anogdcewy TO60 TG
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elovooiag 660 not Tov Adyrelov TLEETOL Bely Vel AKOUA TEQLOCOTEQO TNV AVAYXY] VLo
neplocoTepeg ovtoroyleg mov Ba wakbdouvy nor dAkeg acOévereg mov petadidovtar amo
xpbpomodoug opeic, oaAA& ol TO YEYOVOC TWG OL OVIOAOYIEG OLTEG WTOQOLY Vo
ouvdvactody petadd ToLg PTUdYVOVTAC lOWG [ YEVIXOTEQY] OVIOAOYIX oVOQPOQEAS YLo
nolvopatinég achéveleg mouv petadidovtar péow popéwv. H tekevtaio Oa Boioxetour petad

™c IDO not Twv oviohoytev twv emtpuépoug acbevetomv.

O oOynog v dedopevewy TEOG Slayeipton elvan TéTolog mov dev emtEenet va tebel To
EQWTNUO oV OL OVTOAOYIEG Elval YENOLUES OTNV oLyyEovy Btominpogopny avaivor. To
uovo epwtpo mov tibetan eivar 6to mMOGO yoNyopx Ha pmopecovv va avamtuybodv Ta
epyaAeio ol OL OVTOAOYIEG TOL AMXULTOLVTAL XXl PE Toto TEOTo Oo emionpetwbody Ta
OeOopeVa PE TOUG XATAAANAOLG OQOLG WOTE VX HUTOQOLUE VO EUUETUAAELTODUE TX
TASOVEXTNULATO TOL POG TEOCYEQOLY. ALTO Sev elvat ndTt mov pmoel vo anavinbel pe
TILEOVGLAOELS UEAROVTIM®OY O)EdilwY, odla va amodetyfel oty mEdln ot emdueva yEOVL.
To yevinoTepo evdiaépov xat 0 aEdS TwY OVIOAOYLGY TOL dNULOVEYOLYTAL Tor TEAELTAL

YOOVLL, ETLTOETOLY Vo ElHAGTE AULGLOSOEOL
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BFO Basic Formal Ontology

CARO Common Anatomy Reference Ontology
ChEBI Chemical Entities of Biological Interest
CL Cell Line Ontology

CoE Carboxyesterase

DDT Dichlorodiphenyltrichloroethane

DEF S,S,S-Tributyl phosphorotrithioate

DO Disease Ontology

ENVO Environmental Ontology

FMA Foundation Model of Anatomy

GABA g-aminobouteric acid

GAZ Gazetteer

GFO Generic Formal Ontology

GO Gene Ontology

GST Glutathion-S-transferase

HAO Hymenoptera Anatomy Ontology

IDO Infectious Disease Ontology

IDOMAL Infectious Disease Ontology — Malaria
IRAC Insecticide Resistance Action Committee
IVCC Innovative Vector Control Consortium
MDSS Malaria Decision Support System

MESH Medical Subject Headings

MIREOT Minimal Information to Reference External Ontology Terms
MIRO Mosquito Insecticide Resistance Ontology
NCBI National Center

NCBO National Center of Biomedical Ontologies
NLM National Library of Medicine

OBl Ontology of Biomedical Investigations
0OBO Open Biomedical Ontologies

OWL Ontology Web Language
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PHP PHP: Hypertext Preprocessor

SNAP SNAP(shot) the continuant part of BFO

SNOMED Systematized Nomenclature of Human Medicine
SPAN The occurent part of BFO

SUMO Suggested Upper Level Merged Ontology

TADS Tick Anatomy Daniel Sonenshine

TAO Teleost Anatomy Ontology
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TRAP Thrombospondin Anonymous Protein

UBERON Uber Ontology

VBcv VectorBase controlled vocabulary
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F'AQXYAPI

Aocvveyng ovtotnta 1 Stadiasia (occurent or processual entity): Ovtomta mov

efelooetal o QAOELS OTOL 7] plar SLUSEYETAL TNV GAAT.

AvBdtagxnty ovtotta (independent entity): Xvveyng oviom)ta mov pmogel vo vrdpéet

avelaptnta. o mopddetypor €vag opyaviopog.

Awotavgovpevy] avopopa (cross reference, x-ref): Avapopd oe évo xeipevo, pto
ovtohoyia 1 po Bacr SeSOUEVWY TOL TUQATEUTEL GE GYETUT] TAY)QOYPOELX GE SLUPOPETIHO

netpevo, ovtoloyla 1) Baor dedopevwy.

E)eyyopevo Ae&idoyio (controlled vocabulary): Tpdnog opydvwong peta-0edopévwy yro
™V o eOxOAY avantnoy touve. IlephapPaver pia mpoemheypévy Alota OQwWV amd TOV

SNPLOLEYO TOL, YWELC OUWS VX TEQLEYEL OPLOUOLE TWY OPWY 7] CLOYETIOELS UETAED TOUG.

EZuptnuevn ovtotnta (dependent entity): Xvvey7c 7 aoLveyng ovioTnTo 7] Oonoio dev
umopet va vmapget and povy g el avapepetar oe xamotx awbdmapnty oviomra. I'a

TUEABELYUA O PALVOTLTIOG EVOG OQYAVLGLOD.

Efvmmoetnmg (server): [lpoyoappo nAextoovinol LRTOAOYIOTY| TOL  ETTEEMEL TNV

BLXGLVOECT] ATOUANQLOUEVWY YONOTOV UAL TNV AVAAUTY|OY] TATQOPOQLWY XTO AVTOLG.

Emonpeiwoyn, (annotation): Onowdnnote mpodoletyn mAnpogpopior cuvdéetor pe 1EmOLO
dedopévo nabwg nat 7 Swdiraotia odvdeong ™c. Lo napddetypo 0 0PLoUOS Mg UWSUNG
neptoyng oe po alnrovyic DNA, 1 npochnnn yopantolotumy oty meptypuyy evog

TANOVGUOL HOLYOLTILOY ATIOTEAOLY ETILGYUELWTELG.

Onouvpog (thesaurus): Tponog opydvwong peta-dedopévwv. ITepthapPaver Oepotinég

MOTEG OPWY TOL Elval OQLOUEVOL e oo Vel uxbmg xat SloTaHLEOLILEVES AVAPOEES e AN
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UEQT] TOL TEPLEYOLY AVAAOYES TAYPOYOEieS. Ot 6oL dev eival GLOYETIOUEVOL UeTaED TOLG e

MOYWEG OYETELC.

Meta-6sdopéva (meta-data): Aedopéva Tt omolo YENOLUOTOLOLY YLt TNV TEQLYQXYY]

aAwv dedopévwy.

Ovtoloyia (ontology): Tponoc opydvwong peta-8edopévwy. IlepthapPaver dpovg mov
elvat TANEWG OQLOPEVOL ol axmocapnVopevol xabng nat ta cuvemvopd toug. Ot oot elvat
OLOYETIOPEVOL UETaED TOUG UE AOYIMEG OYECEIC OQLOUEVEG E COPTVELX ML OV Vol SLVATOV
ue tmno 1Eomo. Ot cuvwYLEOL OEOL Elval ETICYG CLOYETIGUEVOL UE TOV UDOLO OQO UECW
Moy oycoewy. H Ovtoloyia ooy emomun elvar ToeQouAddt Twy UETHPLOIUKY TIOL Elval

nA&d0g TG prthocopiag.

Ovroloyia avagpogds (reference ontology): Mix ovtoloyia mov €yet oxond vor xokhiet
éva auynexptpévo Bepatind medio. Awbéter peydn éxtaon, adkd uind Babog nar amoteiet

TOV GOVOECPO AVAUECH OTLG OVTOAOYIES AVAOTEQOD ETUTESOL KL TG OVTOANOYIES EPUOUOYWV.

Ovtoloyia avetegov smnédov (upper level ontology): Eeywploty prhoooypur
Bewpnon yr v oviohoyinn TallvOunoy TwV TEAYUATWV YWEIC EOMEC XVXPOEES GE
EMLPLEQOLG TOUELG 7] EMOTYHUES.

Ovtoloyia spagpoywy (application ontology): Ovtoloyieg mov Snpoveyolvtan yur vo
noALPOLY TG AVEYHES PLAG CLYXEXQLUEVYIC UOYVOTNTAG TROGYEQOVTAG OPOLE TOL UTOPOLY VX
yonowponombody  xal TNV TEQLYQAPT] UKL TNV ETMONPUEIWSY] TWV ATOTEAECURTWY TOL

LTIXEYOLY %L YL Vo ATOTEAECOLY TOV TEOTLTO Bdoet Tov omotov Bu oyediaotody Pacelg

dedopevmy.

Ovtomta (entity): Oudnnote vrdQyet.
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ITegintwon (instance): XuyrexQuevo WeEAog uiog T8€ng mov Yepel Ty OTNTL TOL TNV
yorpantnoilet.
Zoveyng ovtotyta (continuant): M ovtottoe mov napapéver otabepr| otov xEovo Yo

000 LTAEYEL.

Zootpo vTooTNEENS amopdoswy (decision support system): [Thnpopoptand cvoTpa
mov ouvdvalet dedopéva Ao SLPOPETIHEG TTNYES UL TA THEOLOLALEL Ye eVIaio TEOTO, WOTE

vor SIVEL [ULot GUVOANY] EXOVAL X0l VO SLELMOALVEL TOLG ELSIXONG Vo A BAVOLY ATTOPATELG.

Zynpe tafivopnons (classification scheme): Tpomog opyavwong peto-0edopévwy.

[TepthapBavet Mota Oepatinwv Opwv mov cuvnbug dev cuvodedovial and OPLGUOLG.

Ta&n (class): XOVOAO OpGBwWY 7] AVTIKELREVWY TIOL UTOEEL VO TEQLYQUPEL TEQX TAOYG

XpPLBOMAG UECL PLOG KOV LBLOTNTAG OAWY TWV UEAWY TOV.

Tomuen ovroloyia (formal ontology): Ovtoloyio TOL YENOLLOTOEL ATOXAELOTIHG OYETELG

TIOL €YOLY OPLGTEL € AVGTYEO, AOYUO TEOTO.
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Abstract

AnoBase (http://www.anobase.org) is an integrated,
relational database of basic biological and genetic
data on anopheline species, with a particular emphasis
on Anopheles gambiae. It has been designed as an
information source and research support tool for the
broad vector biology community. Although AnoBase
is not a primary genomic database that develops and
provides tools to access the genome of the malaria
mosquito, it nevertheless contains several sections
that offer data of genomic interest such as in situ
hybridization images, an integrated gene tool and direct
online access to AnoXcel, the proteomic database of
An. gambiae. Moreover, AnoBase also contains infor-
mation on non-gambiae mosquito species and a novel
section on studies related to insecticide resistance.

Keywords: Anopheles gambiae, bioinformatics, malaria,
mosquito, genomics.

Introduction

The ‘revolution’ in biological research, initiated with the
development of recombinant DNA technology in the mid-
seventies, would not have been possible if it had not been
supported by equivalent progress in the field of informatics,
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on the levels of both software and hardware. The
beginnings of bioinformatics, i.e. the branch of computer
sciences that deals with the storage, processing, analysis
and mining of biological data can be traced back to the
early eighties, when Nucleic Acids Research dedicated its
entire issue of January 1984 to the description of a variety of
software mostly related to nucleic acid analysis; the issue
included, among others, a paper describing the GCG pack-
age of DNA sequence analysis (Devereux et al., 1984). It is
this seminal paper, alongside that of Altschul et al. (1990),
describing the BLAST analysis tools, now the fifth and third
most cited ‘biochemical’ papers of the eighties and nineties,
respectively, that best demonstrates the triumphant
advance of bioinformatics.

The development of even more sophisticated software
and the increase of the speed at which data, and most
prominently, nucleic acid sequences can be acquired, have
driven the requirement for databases that store these data
and at the same time make them available for analysis and
mining. The simple storing of sequences is not enough to
assist researchers in the analysis of the immense wealth of
information available to the end-user in the era of genome
sequencing. Additional bioinformatics resources, such as
those dealing with the structure and function of proteins
and the analysis of gene expression, are being constantly
added to the pool of data available. This huge mass of infor-
mation makes it necessary to integrate databases to a point
where they become manageable and easily accessible to
the general research community.

FlyBase was one of the first attempts to develop such
an integrated database, centred on the fruit fly Drosophila
melanogaster (Ashburner & Drysdale, 1994; The FlyBase
Consortium, 2003; Drysdale et al., 2005). From its incep-
tion, the FlyBase Consortium concentrated on making
available to the research community the enormous genetic
heritage of this model organism, primarily based on the
curation of the vast Drosophila literature. FlyBase later
joined efforts with the Berkeley Drosophila Genome Project
in a collaboration that was crucial in the initial, and the
later updated, annotation of the D. melanogaster genome
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(Adams et al., 2000; Celniker & Rubin, 2003) as well as the
full integration of the related data in the fruit fly database.

Facilitated by the close links between the Drosophila and
the Anopheles research community, FlyBase became the
model for the development of an integrated Anopheles
database. The decision to initiate the development of such a
resource was reached in 1995, and AnoDB, the first product
became accessible in early 1996. Although the dual format
of the database, flat text files and AceDB (Eeckman &
Durbin, 1995), could handle the data available then, it was
decided to move AnoDB to a relational format to better
handle the wealth of information that was to be available
after the anticipated Anopheles genome sequencing project.
Here, we describe AnoBase, the successor database, and
discuss its significance in the frame of mosquito-related
research.

Results and discussion

AnoDB migrated to the current format in 2002 and was
renamed AnoBase to reflect this change; the move coin-
cided with the publication of the whole genome shotgun
sequence (WGS) of An. gambiae (Holt et al., 2002). The
new format is based on a relational database management
system implemented on an upgraded server and fully utiliz-
ing the MySQL database server engine. The vast majority
of the data previously stored in AnoDB were retained
in AnoBase, and additional datasets and services were
incorporated.

The in situ hybridization section

In situ hybridization data and images have been stored in
the Anopheles database since the launch of AnoDB.
Although the completion of the WGS of An. gambiae made
the availability of these images less important (they were
ideal milestones for positional cloning strategies), their
value is still substantial, especially considering the exist-
ence of alarge number of natural inversions in An. gambiae
(Coluzzi et al., 1979) and the importance of these chromo-
somal rearrangements for the understanding of the biology,
including the evolution and taxonomy of the main African
malaria vector (Coluzzi et al., 2002). At present AnoBase
holds 1375 in situ hybridization images and this number
could double if all available data worldwide are submitted
for inclusion in AnoBase. To date, most of these images
are derived from the mapping of sequenced ends of BAC
clones (Hong etal, 2003) and are housed within the
cytogenetics section of AnoBase, alongside the polytene
maps of M. Coluzzi and his collaborators. In addition to the
actual in situ hybridization image, every entry makes avail-
able a high-resolution photographic representation of the
cytogenetic segments around the hybridization signal and
a drawn map of the area, and links to the actual sequences
are presented, providing a direct linkage to the WGS.

Clone name: 21N0S

Clone name: 21N08

Clone type: BAC

Hybridisation site: 0BA

Submitter: Claudia Blass

Submitter's address: EMBL Heidelberg
Submitter's email: Claudia Blass@EMBL-Heidelberg.de
Submitter's phone # +49-6221-387-440
Submitter's fax # +49-6221-387-306
Accession number:AL150998

Accession number:AL150997

Other information:

Comments: Conlains microsatellite marker

[ Divigian ) (" Graphic map ) ( Photomap

Figure 1. Output of an in situ hybridization entry. The upper part of the figure
shows the actual image (an arrow points to the hybridization site, in this case
8A) as well as the additional details of the entry; links to the sequenced ends
of the BAC clone (21N08) are provided. The lower part of the figure shows
the image retrieved when clicking the ‘Division’ button. The hybridization
sites of other clones for the particular chromosomal division are
schematically shown on a photographic map.

Figure 1 shows an example of such an entry. The BAC
clone 21N08 has been shown to hybridize to the cytoge-
netic location 8A. The upper part of the Figure shows the
information stored for each image entry. When clicking on
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the ‘Division’ button, the information shown in the bottom
appears. Here, a photographic map of divisions 7 and 8
(from left to right) appears, including all information availa-
ble for that division, i.e. clones found to hybridize in situ and
extent of the hybridization signal.

Genes

The information gap on mosquito genes was recently filled
through the acquisition of the WGS, which theoretically pro-
vided a complete list of the An. gambiae genes. However,
to be precise, genes discovered by a WGS should not be
called genes sensu stricto but, rather putative genes or
gene models, as their identity only relies on analysis per-
formed with bio-computing tools. In the particular case of
An. gambiae the majority of the annotation of genes has
been automatic, with very few gene families based on man-
ual annotation performed by scientists outside the genome
project. It should therefore be stressed that the actual
genes of the mosquito may include additional genes not
previously identified (see for example Gomez et al., 2005);
or individual genes may be joined, or split or even discarded
later at repeated annotation updates. All these automati-
cally annotated genes and the related information can be
viewed in the mosquito pages of the ENSEMBL database
(http://www.ensembl.org/Anopheles_gambiae), which is
responsible for the automatic annotation of the An. gambiae
genome and its updating, as well as the presentation of the
data. For a scientist skilled in genomics the search tool used
to query ENSEMBL is easy and the information available
there is comprehensive and accessible without difficulty.
However, data accessibility for nonmolecular entomologists,
who on a practical level are relatively distant from genomic
analysis, may still be perceived as difficult. For example,
ENSEMBL, correctly, differentiates between genes, tran-
scripts and (encoded) proteins, a fact that sometimes leads
to a slight confusion of uninitiated users. In addition, infor-
mation can be cumbersome to retrieve as ENSEMBL iden-
tifies a gene by an ENSEMBL ID that is characterized by
the prefix ENSENGG ... followed by a series of twelve digits
that include six to seven zeroes.

Planning, initially, to help the nongenomics-orientated
scientists, we compiled the information available at ENSEMBL
in a slightly different way and also incorporated additional
data from AnoBase and other resources. With our present
gene tool, the user can select the database or data type to
be searched using a drop-down menu: gene names (name
adopted by the International Anopheles gambiae Genome
Consortium), gene functions as used in either the gene
name submissions or the ENSEMBL genome data,
ENSANGXn ID numbers (both protein and gene), Gene
Ontology (GO) terms (The Gene Ontology Consortium,
2000), and AnoXcel (Ribeiro et al., 2004) data. The output
of the searches contains data on additional potential items
of interest related to the gene of interest. Figure 2 shows
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the example of the output of a search using the gene name
OBP9 (for odorant binding protein 9). In addition to GO
terms where available and cross-references (e.g. FlyBase,
AnoXcel, etc.), the output includes all microsatellites and
random amplified polymorhpic DNAs (RAPDs) that have
been mapped within 10 kb on either side of the gene
queried (none in this particular case), and single nucleotide
polymorphisms (SNPs) along the gene’s sequence (three
SNPs detected here). Moreover, if the gene searched has
been included in the GeneChip® Plasmodium/Anopheles
Genome Array (Plasmodium_datasheet.pdf, downloadable
from  http://www.affymetrix.com/products/arrays/specific/
plasmodium.affx) and/or the ‘4K’ and ‘20K’ microarray chips
(annotation available at: http://komar.embl-heidelberg.de/),
the corresponding accession numbers are also indicated,
so that the respective annotation can be viewed. In addi-
tion, where the gene of interest has been included in the
Plasmodium/Anopheles Genome Array, the results of a
genome-wide developmental profiling experiment performed
by Marinotti et al. (2005) are also displayed in a graphical
form by clicking on the thumbnails provided; the graphs
are then linked to the ‘mother’ database at the University
of California at Irvine (http://www.angagepuci.bio.uci.edu/),
in order to access the full results of the analysis. The out-
puts of the searches also include lists of all available
An. gambiae ESTs displaying high similarity scores in
BLAsT searches, along with the coordinates of the similar
regions. Finally, if a gene has been mapped within a BAC
whose ends have been sequenced, this is also indicated;
corresponding links to in situ hybridization data are pro-
vided when available. Here, a thumbnail along BAC 19N19
indicates that an in situ hybridization image is also available
for the BAC. It is planned to include in the future additional
data, such as results from other microarray profiling exper-
iments, links to pertinent literature, images, etc., as these
become available. It should be stressed that the gene tool
in AnoBase is not an alternative view of the data in
ENSEMBL but, rather, an individual device that acquires and
displays all available information relating to a given gene.

AnoXcel

AnoXcel, a proteomic database for An. gambiae, was pre-
sented in a previous report (Ribeiro et al., 2004). The data
presented are updated regularly and, most importantly, the
dataset is generated de novo with each major update of the
ENSEMBL mosquito database (Mongin et al., 2004). Links
to the AnoXcel database in AnoBase are provided in dif-
ferent sections such as from within any entry accessed
through the Genes section.

Insecticide resistance

A survey of entomologists in disease-endemic countries
conducted in cooperation with the World Health Organiza-
tion Special Programme for Research and Training in Tropical

© 2005 The Royal Entomological Society, Insect Molecular Biology, 14, 591-597


http://www.ensembl.org
http://www.affymetrix.com/products/arrays/specific/
http://komar.embl-heidelberg.de/
http://www.angagepuci.bio.uci.edu/

594 P, Topalis et al.

~ Chromosome: X = 5035256-5036100 _

[N 0BPo (NS ENSANGG00000010099
CESERpEIGRE ODORANT-BINDING PROTEIN G.4C.B. [Source:SPTREMBL;Acc:QBI8R2]
[SEqUEAGE(S) AA2B01008846: 1-11308833,1-11308833; AAAB01008846 251: 5028815-5053834,1-25020

GO:000554 molecular  odorant  Interacting selectively with an odorant, any substance capable of stimulating the sense of
function binding smell.
£ biological The directed movement of substances (such as macromolecules, small molecules, ions) into,
30'.000-551 process ST out of, within or between cells.

I
CG7584

~ Transcript  Peptide  Bestmatchto Bestmatchto Bestmatchto Geneexpression
| ENSANGTID: Start-End ~  ENSANGPID ~ 4kChip ~ 20kChip  Affymetrix chip ~ AnoXcel
Qﬂﬂﬂﬂ]ﬁm 5035256- EDJEIDD

rs5441922 183 T/C  3PRIME_UTR I rss442004 238 A/C  3PRIME_UTR
A/G  NON_SYNONYMOUS_CODING I

[ ]
ENSANGESTG00000342944 5035256-5036100 il
BMs83751 A-GaM.ad.CONA.blood1 Anopheles gambiae CDNA clone 139-565
1960044969480 5', mRNA sequence 11516-11942
A.Garn ad.cDNA.blood1l Anopheles gambiae cDNA clone 53-141
BMSB3751 1 9600449694800 5', mRNA sequence Geneview | . cc 1438
A.Gam.ad.cDNA.blood1 Anopheles gambiae cDNA clone 586-644
BM383768 4 9600449694515 5', mRNA sequence Geng view 11954-12012
Displaying 3 out of 123 ESTs found

Figure 2. Output of a search using the gene tool with the term ‘OBP9’. The annotations of the gene in three different Anopheles gambiae microarray chips are
provided (here, the specific DNA is not included in the ‘4K’ chip). Gene Ontology (GO) terms are derived directly from the latest version of the GO database.
Orthologues, where offered, are derived from ENSEMBL. A thumbnail of the transcript map of the gene is provided. All thumbnails in the output are clickable,
retrieving the respective information. Molecular genetic markers are listed, where available, with their genomic coordinates.

Diseases (TDR) identified the inclusion of data on insecti-
cide resistance as a need of the community that should be
urgently addressed. For this, we developed data inclusion
proformas that could be used in order to curate the results

of studies on insecticide resistance conducted earlier and
published in refereed journals. It should be stressed that
the aim of this section is not to include in toto the published
data but, rather, indicate the studies based on the region(s)
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Table 1. Population information proforma used by AnoBase
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Table 2. Insecticide resistance proforma used by AnoBase

Proforma Proforma
code Description code Description
PO1 Main species used in paper (including multiple) [CV] IR1 Species used [req] [CV]
PO2 Additional species encountered in paper IR2 Insecticide used (chemical name) [req] [CV]
PO3 Continent of study [Africa, Europe, etc.] IR3 Insecticide’s trade name [CV]
PO4 Country of study IR4 OMS number [CV]
PO5 Zone or region of study [Eastern, dry, savanna, forest, IR5 Insecticide formulation [CV]
mangrove swamp] IR16 Insecticide class [CV]
PO6 City or village of study IR19 Insecticide CAS number [CV]
PO7 Longitude of the collecting site IR6 Insecticide concentration used
P08 Latitude of the collecting site IR7 Study is referring to field population
P09 Altitude of the collecting site IR8a Study is referring to colony bred in lab
PO10 Year of studies (including multiple years) IR8b Age of mosquito [one day old, mixed]
PO11 Time frame of study IR9 Type of selection pressure [larvicide, adulticide, unknown]
PO12 Season of study IR10 Percentage of mortality
PO13 Time of day of collection IR11 LD50 value or resistance ratio
PO14 Temperature of area IR17 Knock down time 50 [KDT50]
PO15 Relative humidity IR18 Knock down time 95 [KDT95]
PO16 Rainfall average IR12 Type of resistance gene [altered AChE, kdr, esterase, P450,
PO17 Salt concentration of water GST, GABA, other]
PO18 Relative pH of water IR13 Resistance gene frequency
PO19 Species identification [morphological, cytological, etc.] IR14 Comments — general comments
PO20 Sex of mosquitoes [male, female, both, unspecified] IR15 Internal notes
PO21 Physiological stage [larvae, pupae, adults, preimarginal
states] [CV] indicates that special controlled vocabularies have been developed to
PO22 Activity, e.g. resting adults, endo- & exophilic, endo- & handle the corresponding data.
exophagy OMS, insecticide database (WHO).
PO23 Food state of mosquitoes [teneral, post-teneral, unfed,
blooded, gravid]
PO24 Laboratory strain established? on the actual populations tested and Proforma 2: the
PO25 Name of lab strain insecticide parameters) are used. Moreover, wherever [CV]
PO25a If yes, year of establishment T . .
PO25b If yes. geographical origin (i different from above) is indicated, special controlled vocabularies have been
PO26 Mode of collection [indoor, outdoor, human, animal, developed to handle the corresponding data. Finally, a web
pyrethrum, traps] interface is now being developed that will enable a more
PO27 No of mosquitoes collected . . .
PO28 Have mosquitoes been banked? streamlined curation of pertinent data.
PO29 Accession no or names of mosquito strains
PO30 Type of markers used [allozymes, microsatellites, The ‘Coluzzi’ papers
RFLPs, RAPDs, SSCP, nucleotide sequences non- . . . . .
coding, -coding, TEs, RNA, DNA-DNA hybridization, This rather simple, new section provides a collection of
morphology, chromosome (rearrangements) ‘classical’ papers, in PDF format, on anophelines, written
Egg; #‘amesf OI at!'@;!eslof mlaf‘fefs l:fsed § by various authors, obtained from the reprint collection of
e of statistical analysis performe . .
P03 Aot oequito d e reported Prof. Mario Coluzzi (Rome). The abstracts of the papers
PO34 Relevant heterozygote frequencies expected for markers are searchable, and it is hoped that the selection will
used ultimately be expanded to include his entire collection
PO35 Relevant heterozygote frequencies observed for markers . . L
used on malaria and mosquito-related publications, hopefully
PO36 Correlation of gene variation with distance variation? recruiting the whole Anopheles community. This has
PO37 Significance levels of statistical studies become imperative as several important papers on mos-
PO38 Associated data present with current study . . . . . .
PO39 Comments — population of insect quito biology, and in particular reports dealing with popula-
PO40 Comments — comparison with other insect populations tion biology of mosquitoes were published several decades
(competition with other species for resources) ago in journals that are no longer published or that will not
PO41 Comments — use of different marker methods - . .
PO42 Comments — general comments make these publications available online.
PO43 Internal notes

[CV] indicates that special controlled vocabularies have been developed to
handle the corresponding data.

performed (at the level of countries) and the insecticides
tested. The data types that will be included by the curators
are shown in Tables 1 and 2. Two different proformas, each
dealing with parts of the aspects (i.e. Proforma 1: information

Other data and resources

AnoBase contains a variety of other data and resources
that are of potential value to the Anopheles research com-
munity. Given their relative simplicity in terms of search
possibilities, etc., they will not be discussed here in detail.
These include a BLAST server that can be used to quickly
query different Anopheles-related sequence datasets,
compilations of both nucleic acid and protein sequences
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from non-gambiae anophelines (including the respective
links), data on a variety of molecular markers used in popu-
lation genetic studies (e.g. microsatellites, RAPD markers
and mtDNA sequences from all available anopheline
species), general information on non-gambiae species
and, finally, useful information and links for the research com-
munity such as addresses of researchers and specific
information on meetings or important documents.

Conclusions

Primary whole genome sequence information is best han-
dled by specialized databases that can accommodate and
handle the enormous datasets that result from a genome.
In the case of An. gambiae the annotation of the genome
and its periodic updates is handled by ENSEMBL (Mongin
et al., 2004). AnoBase is complementary, and certainly not
an alternative to the ENSEMBL Anopheles-WGS section.
This is exemplified both by the large amount of data that are
absent from either the ENSEMBL gene browser or Ano-
Base, but also by some common data that are presented in
a completely different mode, such as genes.

Research in vector biology, and in particular An. gambiae
has advanced rapidly since the completion of the WGS of
An. gambiae (Holt et al., 2002). The increase of scientific,
especially molecular, output has not been confined to
An. gambiae, but covers a series of other insects (and
other arthropods) of social/medical importance. Furthermore,
a large number of new sequencing projects have been
initiated. The Aedes aegypti WGS will soon be completed,
a pregenome analysis is underway in Culex quinquefascia-
tus as a precursor of a full WGS, and an expressed
sequence tag (EST)-based Tsetse project is proceeding,
while other projects will undoubtedly start in the near future.
The tools that will become available for the control of insect
vectors are bound to improve, and their number to increase.
The need for databases that hold the information and make
it available for mining is therefore obvious.

AnoBase now forms part of an National Institute of
Allergy and Infectious Diseases (NIAID)-funded project,
VectorBase, that brings together a series of bioinformatics
resources with the aim of developing a integrated scheme
for insect vectors. Anopheles obviously acts as the ‘model’
for this enterprise that will encompass other disease
vectors such as Anopheles funestus, Aedes aegypti, Culex
pipiens, Glossina spp., and the tick Ixodes scapularis.
Although the details of AnoBase’s incorporation within
VectorBase have not yet been implemented, it is planned
to continue to make available all present data to the commu-
nity. Moreover, AnoBase will also make available controlled
vocabularies and ontologies relating to specific processes
such as, for example, haematophagy and interactions
between Anopheles and the disease agents that it carries,
that are presently being constructed.

Experimental procedures

Hardware and software

AnoBase relies on MySQL database engine and runs on a Sunfire
server (Sun Microsystems, Denver, CO) with 2 Gb RAM and 144 Gb
storage space, half of which is in an external RAID array. Two other
Pentium 4-based machines (Intel, Santa Clara, CA) with 1 Gb RAM
and 80 Gb storage space, both running Linux, are used as develop-
ing stations for AnoBase. The web interface is based on both Perl
and PHP and takes advantage of the SQL query language already
built into MySQL. The web server supporting AnoBase is the
apache server (http://www.apache.org).

Data input followed the philosophy of FlyBase requiring the
curators to complete text-based proformas, then incorporating the
data by parsing those files. A ‘proforma’ is a form containing pre-
scribed, defined fields that are to be used for data inclusion. The
core of the system is the publication proforma. All others are linked
to it, each one with predefined relations forming a tree structure
(i.e. a publication proforma can have several branches of population
proformas which describe a specific mosquito population; each
population may have other branches of data describing specific
assays to test for resistance in insecticides). A newly developed
standalone tool written in Java simplifies the process of defining
the proper relations between the various data. Fields and data that
are repeated several times and could fall in specific categories
(e.g. chemical and trade names of insecticides) are transformed
into controlled vocabulary lists presented as pull-down menus in
the tool, decreasing the likelihood of erratic submissions. The out-
come is again text-based files similar to the proformas, which have
to be parsed into the database. Another version of the web-based
tool is in progress. This communicates directly with a copy of the
database adding or modifying entries in real time. Then the curator
incorporates these modifications into the main database.
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Abstract

VectorBase, an integrated, relational database that
manages genomic and other genetic/biological data
pertaining to arthropod vectors of disease, has recently
embarked on the construction of ontologies and con-
trolled vocabularies (CVs). It aims, thus, at providing all
necessary tools for the complete annotation of vector
genomes and, in particular, the annotation of func-
tional genomic data. This task was initiated with the
development of anatomical ontologies of mosquitoes
and ticks, both of which were made compliant to CARO,
the common anatomy reference ontology.The ontologies
are complemented by the development of novel web-
based browsers that can show figures for anatomical
terms, something that is especially helpful for fully
illustrating the controlled vocabularies of anatomy.

Keywords: arthropods, bioinformatics, databases,
genome annotation, insect anatomy.

Introduction

While progress in information technology over recent
decades has played a key role in both the acquisition and
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handling of DNA and protein sequence data, the wealth of
information directly associated with them was accompa-
nied by massive complexity in terms of management of the
data in a fashion that can be understood by both computers
and humans. This difficulty was especially recognized in
the functional annotation of genes, which was based, to a
large extent, on similarities detected between genes and
gene models identified when genomes from different
organisms were compared to one another. This led to the
formation of the so-called Gene Ontology (GO) consortium
(Ashburner et al., 2000), originally consisting of represent-
atives of three model organism databases: FlyBase (Drys-
dale et al., 2005; Crosby et al., 2007), the Mouse Genome
Database (Blake etal., 2006) and the Saccharomyces
Genome Database (Christie et al., 2004). The consortium’s aim
was the construction of a controlled vocabulary to describe
the roles of genes and gene products valid for any organism.

The development of GO was soon followed by the estab-
lishment of the OBO (Open Biological Ontologies) consor-
tium (and its successor OBO Foundry (Smith et al., 2007);
accessible at: http://www.obofoundry.org/), a loose collab-
oration of scientists involved in the construction of biological
ontologies. The OBO Foundry has been instrumental in
ensuring that biological ontologies ‘... being developed are
mutually compatible, expandable, and correctable in line
with advances in biomedical science’. The OBO Foundry
now stores and makes available about 70 biological
ontologies that are open; ie they are available to all for
free and without any limitation on their use or re-distribution.
The ontologies range from the GO to anatomy, to taxonomy,
etc., and they also concern a variety of organisms. Most of
them have been built using the OBO-Edit software that was
developed for the editing of biological ontologies and
controlled vocabularies (CVs; Day-Richter et al., 2007).

Here, we present two new open anatomical ontologies,
for mosquitoes and ticks, which were developed to be
included in VectorBase (Lawson et al., 2007). These are
the first ontologies that are specific for arthropod vectors of
disease and their purpose is to facilitate the annotation of
genomic and biological data. Moreover, we briefly present
two browsers that were also developed to handle the onto-
logies through VectorBase.

87


http://www.obofoundry.org/

88 P, Topalis et al.

Results and discussion

The construction of anatomical and/or morphological
ontologies on all levels of resolution is rapidly becoming
essential, especially given the need to annotate an ever-
increasing number of experiments that deal with RNA
profiling and proteome analysis in a variety of organisms
(Aitken, 2006). Given the complete absence of such
resources for arthropod vectors of disease, VectorBase
(Lawson et al., 2007) has embarked on the development of
ontologies that will help medical entomologists handle
results acquired using high-throughput molecular tech-
niques such as whole genome sequences (Holt et al.,
2002; Nene et al., 2007) and microarray analysis. An onto-
logy is classically defined as ‘the philosophical study of
what exists: the study of the kinds of entities in reality, and
the relationships that these entities bear to one another
(Smith, 2003). On a practical level, we could describe it
here as a controlled vocabulary that uses authorized,
pre-defined terms in hierarchical order, that are linked to
one another through a limited set of statements termed
relations. The first two such ontologies developed in the frame
of this project describe the anatomy of mosquitoes and
ticks, both vectors of pathogens that cause a variety of dis-
eases such as malaria, lymphatic filariasis, dengue and yellow
fever, Lyme disease, as well as several kinds of encephalitis.

To build the anatomical ontologies, we made use of the
OBO-Edit software that was developed for the purpose of
constructing biological ontologies (Day-Richter etal.,
2007). The first ontology built, that for the mosquito, was
originally very grossly modelled on the anatomy ontology of
Drosophila melanogaster. All terms and similar items were
based on the descriptions and definitions of Harbach &
Knight (1980). The ontology originally contained 1818
terms and 5127 synonyms. It fully described all external
features of the mosquito anatomy, whereas internal
features are, at this point, focused on the adult stage, and
especially on the alimentary canal and salivary glands, as
these are the main tissues that are ‘involved’ in pathogen
transmission. Obviously, the ontology can (and will) be
further expanded to include missing terms. Upon initial
completion, it was made publicly available through its inclu-
sion in the catalogue of ontologies that are listed and freely
downloadable at the OBO foundry (http://obofoundry.org/
cgi-bin/table.cgi). Following the recent development of the
Common Anatomy Reference Ontology, CARO (Haendel
etal., 2007; http://obofoundry.org/cgi-bin/detail.cgi?caro),
which attempts to set rules for the unification of the schemes
of anatomical ontologies throughout metazoa, we decided
to completely rebuild the mosquito anatomy CV to meet the
requirements of this reference ontology. The CARO-compliant
version now consists of 1861 terms with 5178 synonyms.
The two mosquito anatomy ontologies are quite different
from each other in terms of architecture, although they do

contain, to a large degree, the same anatomical entities.
OBO foundry now lists the new, CARO-compliant ontology
(TGMA), while the older version is available, upon request,
from the authors. The tick ontology (TADS in the OBO
foundry), in contrast, was made CARO-compliant ab initio.
It contains 628 terms and 89 synonyms, and their descriptions
are fully based on Sonenshine (1991) with small modifica-
tions. Both ontologies now almost uniquely use either the
is_a or the part_of relations (see http://www.obofoundry.
org/ro/ for the exact formal definition of these, and other
relations). In addition to the OBO foundry, the ontologies
have also been made publicly available, first through
AnoBase (http://www.anobase.org), the Anopheles data-
base, and then through VectorBase, into which AnoBase is
in the process of being incorporated. As is the case for most
ontologies available to the research community, although
fully operative, it should be stressed that these ontologies
should not be considered as ‘final’ because they will con-
stantly undergo additions and modifications on a regular
basis. Finally, we should like to stress the fact that these
were the first anatomical ontologies to adopt the CARO rules.

A series of browsers have already been developed
for viewing ontologies, such as AMIGO (Gene Ontology
Consortium, 2006), DynGO (Liu et al., 2005) and OBO-Edit
(Day-Richter et al., 2007), but most of them require the
ontologies to be downloaded on the user’s own computer.
While the OBO format used for the construction of the ana-
tomical ontologies is easy to be interpreted by computers,
it is inappropriate for direct access by human users. The
serial way of cataloguing terms and the compact way of
storing the relations are its most profound disadvantages.
Using the locally installed OBO-Edit software, which was
also used to build the CVs, makes browsing easier, but it
does not allow figures to be shown together with the
description of anatomical entities. We therefore proceeded
with the design of a simple web-based browser that would
have this capacity.

In order to use this browser, the OBO file is parsed into
four different tables of a database. The term table holds
information on the terms (term names, term IDs and defini-
tions). The synonym table contains the synonyms available
for each term. The relations table contains data on the kind
of relations and the related terms, including the parent—
child relations. Finally, the pictures table brings together the
file names of the pictures available with the appropriate
anatomical entities. This browser, which can be accessed
at AnoBase, will display both the mosquito (http:/www.
anobase.org/cgi-bin/anatomy.pl) and the tick (http:/www.
anobase.org/cgi-bin/tick_anatomy.pl) anatomical ontologies
accessing the figures from Harbach & Knight (1980) and
Sonenshine (1991), respectively (permission of the copy-
right holders is available). The user is able to query the
anatomy for a known specific term name (or synonym) and/
or a keyword included in the definition of a term. The query
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then returns all relevant terms (with their IDs, names,
description and synonyms, where available) linked to a
more detailed view. The figures can be shown in higher
analysis by clicking on them.

The newer VectorBase CV browser is a comprehensive
system for navigating CVs in VectorBase (http://www.
vectorbase.org/Search/CVSearch); it is also fully capable
of showing figures attached to any ontology being searched.
Hosting GO as well as both the mosquito and the tick
anatomy ontologies, the VectorBase browser provides an
expandable tree for user navigation. A user is given a hier-
archical representation of a group of terms, making parent—
child relationships the method of traversal between CV terms.
Information and associated features related to a term are
displayed upon navigation to it, including a term’s relationship
to its parent, shown in the box describing the term. Some
terms are associated with other features hosted natively on
VectorBase; they provide entry-points to report pages on
these features hosted on the VectorBase site. As is the
case with the simpler browser, some terms also have asso-
ciated images, which are provided upon navigation to these
terms. The CV/ontology browser utilizes a searching system
as the quickest access point into the browser. Searching will
either yield a direct CV term upon an exact match, or a set
of search results, which can be directly investigated. These
capabilities make the browser a comprehensive resource
for investigating CVs or ontologies hosted on VectorBase.

Ontologies, as mentioned earlier, enable the annotation
of large datasets, and especially genomes and genes, in a
way that can be ‘understood’ and ‘handled’ by computers,
provided, of course, that they are adopted by the community
and they are widely used for that purpose. A wide adoption
of ontologies by databases, then, offers the bonus advan-
tage of enhancing searches; this happens by also utilizing
synonym terms in queries submitted to a database and/or
asking to be included in the search output results matching
children (or parents) of the term used as a query. With this
in mind, VectorBase is currently developing additional onto-
logies that are related directly or indirectly to disease vectors’
physiology and/or their capacity to transmit pathogens. It is
hoped that the full set of ontologies, once developed, will
first allow for an improved possibility to compare among
disease-related biological processes across species and
second, will provide immediate help in decision support in
matters such as insecticide resistance management.

Acknowledgements

The core VectorBase project is funded by contract
HHSN266200400039C from the NIAID; this work is part
of the activities of the BioMalPar European Network of
Excellence supported by a European grant (LSHP-CT-2004-
503578) from the Priority 1 ‘Life Sciences, Genomics and
Biotechnology for Health’ in the 6th Framework Programme.

© 2008 The Authors

Anatomical ontologies in VectorBase 89

We are indebted to Dr Ralph Harbach for granting permission
to use the figures from his book, Dr Michael Ashburner for
his encouragement as well as his critical comments during
the development of the ontologies, and Nikos Giakoumakis
for his help in transferring TGMA to the CARO format.

References

Aitken, S. (2006) Formalizing concepts of species, sex and deve-
lopmental stage in anatomical ontologies. Bioinformatics 21:
2773-2779.

Ashburner, M. and Drysdale, R. (1994) FlyBase — the Drosophila
genetic database. Development 120: 2077-2079.

Ashburner, M., Ball, C.A., Blake, J.A, Botstein, D., Butler, H. Cherry,
J.M. et al. (2000) Gene ontology: tool for the unification of
biology. The Gene Ontology Consortium. Nat Genet 25: 25—
29.

Blake, J.A., Eppig, J.T., Bult, B.J., Kadin, J.A., Richardson, J.E. and
Mouse Genome Database Group (2006) The Mouse Genome
Database (MGD): updates and enhancements. Nucleic Acids
Res 34: D562-D5674.

Christie, K.R., Weng, S., Balakrishnan, R., Costanzo, M.C., Dolinski,
Dwight, S.S. et al. (2004) Saccharomyces Genome Database
(SGD) provides tools to identify and analyze sequences
from Saccharomyces cerevisiae and related sequences from
other organisms. Nucleic Acids Res 32: D311-D314.

Crosby, M.A., Goodman, J.L., Strelets, V.B., Zhang, P., Gelbart,
W.M. and The FlyBase Consortium (2007) FlyBase: genomes
by the dozen. Nucleic Acids Res 35: D486—-D491.

Day-Richter, J., Harris, M.A., Haendel, M., The Gene Ontology
OBO-Edit Working Group and Lewis, S. (2007) OBO-Edit,
an ontology editor for biologists. Bioinformatics 23:2198—-2200.

Gene Ontology Consortium (2006) The Gene Ontology (GO)
project in 2006. Nucleic Acids Res 34: D322—-326.

Haendel, M.A., Neuhaus, F., Osumi-Sutherland, D., Mahee, PM.,
Mejino J.L.V. Jr, Mungall, C.J. et al. (2007) CARO — The Com-
mon Anatomy Reference Ontology. In Anatomy Ontologies for
Bioinformatics: Principles and Practice (Burger, A., Davidson,
D. and Baldock, R., eds), In press. Springer, New York.

Harbach, R.E. and Knight, K.L. (1980) Taxonomists’ Glossary of
Mosquito Anatomy. Plexus Publishing Inc., Marlton, NJ.

Holt, R.A., Subramanian, G.M., Halpern, A., Sutton, G.G., Charlab,
R. et al. (2002) The genome sequence of the malaria mosquito
Anopheles gambiae. Science 298: 129-149.

Lawson, D. et al. (2007) VectorBase: a home for invertebrate vectors
of human pathogens. Nucleic Acids Res 35: D503—-D505.

Liu, H., Hu, Z.Z. and Wu, C.H. (2005) DynGO: a tool for visualizing
and mining of Gene Ontology and its associations. BMC Bio-
informatics 6: 201.

Nene, V., Wortman, J.R., Lawson, D., Haas, B., Kodira, C. et al.
(2007) Genome sequence of Aedes aegypti, a major arbovirus
vector. Science 316:1718-1723.

Smith, B. (2003) Ontology. In Blackwell Guide to the Philosophy of
Computing and Information (Floridi, L., ed.). Blackwell, Oxford.

Smith, B., Ashburner, M., Rosse, C., Bard, J., Bug, W., Ceusters,
W. et al. (2007) The OBO Foundry: coordinated evolution of
ontologies to support biomedical data integration. Nat Biotechnol
25:1251-1255.

Sonenshine, D.E. (1991) Biology of Ticks, Vol. 1. Oxford University
Press, New York, NY.

Journal compilation © 2008 The Royal Entomological Society, 17, 87-89


http://www.vectorbase.org/Search/CVSearch

Cell

P RESS

How can ontologies help vector

biology?

Pantelis Topalis', Daniel Lawson?, Frank H. Collins® and Christos Louis’*

"Institute of Molecular Biology and Biotechnology, Foundation for Research and Technology Hellas, P.O. Box 1385, Vassilika

Vouton, 71110 Heraklion, Crete, Greece

2 European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome Campus, Hinxton, Cambridgeshire, CB10 1SD, UK
3 Center for Global Health and Infectious Diseases, University of Notre Dame, PO Box 369, Notre Dame, IN 46556-0369, USA
#University of Crete, Department of Biology, P.O. Box 2208, 71103 Heraklion, Crete, Greece

The reach of genomics has now extended to vector
biology, with three mosquito genomes already
sequenced and more arthropod vector genomes in the
pipeline. The availability of these genomes has paved
the way for high-throughput investigations on genome-
wide gene expression and proteomics in vector biology.
Such investigations would not have been possible with-
out parallel progress in bioinformatics. It is now necess-
ary to construct specific ontologies that will enable
vector biologists to achieve computer-comprehensible
annotation of genes and genomes, but also of various
experimental, clinical and surveillance data. This will
inevitably lead to the enhanced usage of such controlled
vocabularies, and to an effort to develop novel ontolo-
gies, particularly in the context of disease control.

Databases as genomic tools

Few would have predicted at the time of development of
modern DNA sequencing techniques [1] that the human
genome would be completely sequenced less than two
decades later [2,3]. In addition to the nucleic acid sequence
repositories, such as the European Molecular Biology
Laboratory (EMBL) and GenBank [4,5], established in
the early 1980s for storing this newly acquired data, the
exponential expansion of data generation also led to the
development of specialized databases. These evolved from
simple electronic storage areas into complex structures
that provide their users with the tools necessary for view-
ing, understanding, mining and manipulating the complex
mass of information generated. Examples of these multi-
faceted databases include FlyBase [6,7], PlasmoDB [8,9]
and Ensembl [10,11]. These databases go beyond the
representation of the sequence data to include, for
example, extensive genetic information and literature on
the fruit fly (FlyBase), analytical tools for searching
sequence variation and comparison with related genomes
(Ensembl) and the integration of functional data relating to
genes and gene products of malaria pathogens (Plas-
moDB).

Using the Internet to access allied data kept in other
data repositories and making full use of these resources
through cross-referencing has led to a dramatic expansion
in the information available for a given organism. Starting
from a gene entry, information can be found about all

Corresponding author: Louis, C. (louis@imbb.forth.gr).

known genetic and molecular data relating to that gene
and, potentially, links can be found to access 3D protein
structures and molecular and genetic interactions, making
it possible to explore the function of the gene product in a
particular organism and in the wider biological realm.
Vector biology, defined as the science that studies all
arthropod biological processes that are specific to, and have
a direct or indirect role in, disease transmission, was
relatively slow in adopting modern molecular approaches.
However, this situation changed when a decision was
reached to sequence the genome of Anopheles gambiae,
the second insect to be studied at this level of analysis [12],
after Drosophila melanogaster. When the genome
sequence was completed [13] the annotation was stored
in Ensembl [10,11] rather than in the existing Anopheles
database, AnoBase [14]. The strength of Ensembl in auto-
mated genome annotation and the handling of large bio-
logical datasets was deemed important by The Anopheles
Genome Project Consortium. In contrast to the model

Glossary of ontologies and important acronyms

Biological ontology: Biological ontologies describe concepts and relationships
that can exist for a biological entity in a computer-readable fashion.

CARO: Common Anatomy Reference Ontology developed to facilitate inter-
operability between existing anatomy ontologies for different species and to
provide a template for building new anatomy ontologies.

Controlled Vocabulary (CV): A restricted list of terms relevant to a topic; these
are words or phrases that are acceptable values for completing certain
metadata fields.

Evidence code: A two- or three-letter code showing the evidence that supports
a specific GO annotation (http://www.geneontology.org/GO.evidence.shtml).
Gene ontology (GO): An ontology consisting of three separate ontologies
(cellular component, biological process and molecular function) that is used to
describe genes and, more often, gene products in a species-independent
manner.

NCBO: The National Center for Biomedical Ontology is a consortium of leading
biologists, clinicians, informaticians and ontologists who develop innovative
technology and methods that enable scientists to create, disseminate and
manage biomedical information and knowledge in computer-processable
form.

OBO Foundry: The OBO Foundry is an open community of scientists who aim
to develop fully interoperable ontologies that should enable best communica-
tion of scientists and their tools. OBO Foundry is part of NCBO.

OBO: Open Biomedical Ontologies. A collection of freely available, well-
structured controlled vocabularies for shared use across different biological
and medical domains.

Orphan (hypothetical) gene: Putative open reading frames (ORFs), in ESTs or
genomic sequences, without any resemblance to previously determined
protein coding sequences.

Relations: The edges that link together terms in a given ontology. A Relations
Ontology (OBO-REL) lists all relations that are accepted for use in an OBO
Foundry-hosted ontology.
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Table 1. Genome projects for arthropod vectors of disease

Trends in Parasitology Vol.24 No.6

Species Approach Status
Aedes aegypti WGS, EST Finished
Anopheles gambiae Pest strain WGS, EST Finished
An. gambiae M strain WGS Ongoing (sequencing completed)
An. gambiae S strain WGS Ongoing (sequencing completed)
Culex pipiens WGS, EST Finished
Glossina m. morsitans EST Ongoing (WGS initiated)
Glossina p. palpalis Planned
Ixodes scapularis WGS, EST Ongoing (sequencing completed)
Lutzomyia longipalpis Planned
Musca domestica Planned
Pediculus humanus WGS, EST Finished
Phlebotomus papatasi Planned
Rhodnius prolixus WGS, EST Ongoing (WGS initiated)
Xenopsylla cheopis Projected

WGS, whole genome shotgun; EST, expressed sequence tag.

organisms that had been sequenced previously, there was
not a large body of published experimental data for the
African malaria vector. The storage of data of the mosquito
genome in different databases was not optimal, and a new
project was initiated to bring together the two data sources
to a single site, VectorBase [15]. VectorBase, a unified
resource (not just for Anopheles) was created to include
several other arthropod vector species (Table 1). Currently,
VectorBase also contains data for the mosquitoes Aedes
aegypti and Culex pipiens, for which genome sequencing
efforts are completed, as well as the body louse Pediculus
humanus and the tick Ixodes scapularis. Plans are in place
to expand this catalogue on the basis of demand.

Biological ontologies

Tools used by most, if not all, genome databases are the
Gene Ontology (GO) terms [16,17] that are key instru-
ments for the annotation of genes and gene products of
the organisms they handle (see Glossary of terms relating
to ontologies). The GO currently consists of three ‘sub-
ontologies’ that deal with cellular localization, molecular
function and biological processes relating to genes and
gene products. Apart from the model organism databases,
in which dedicated data curators assign terms based on the
literature, most organisms have terms assigned in an
automatic process based on protein sequence similarity
using the InterPro2GO software that utilizes a curated file
associating domains with GO terms [18]. The assignment
of GO terms to genes has helped to make sense of data
acquired on the completion of a genome sequence and
extending to other species. GO terms have proved invalu-
able as a common annotation of gene products in the
analysis of gene clusters from microarray experiments in
which other annotations are unreliable because of differ-
ences in the annotation processes. Moreover, GO is an
ontology and therefore has inherent relationships between
terms such that searches can be made beyond the actual
keyword query to include a term that is its ‘child’. As an
example of the structure of an ontology, and the GO in
particular, Figure 1 shows an excerpt of the GO sub-
ontology of biological processes.

Although the complete concept of ontologies might have
seemed complex, the GO was adopted by the research
community well beyond the initial model systems; its
practical success has had an impact in areas directly linked
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to its usage as briefly described here, and also in giving a
push to the development of additional biological ontologies
aimed at describing, for example, biological notions, scien-
tific disciplines and inter-related biomedical terms [19,20].

The establishment of the Open Biomedical Ontologies
(OBO) consortium (http://obo.sourceforge.net/main.html)
and then the OBO Foundry (http://www.obofoundry.org)
had a central role in ontology development, setting out a
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TRENDS in Parasitology

Figure 1. The figure shows an edited screen shot from the OBO Edit software into
which the terms of the GO ontology were loaded. Only a part of the sub-ontology
describing biological processes is shown here (the terms referring to ‘response to
virus’), but several terms and their respective child terms have been omitted at the
positions marked by red arrowheads. Relations used in this example are is_a
(indicated by a small grey circle labeled ‘i’) and part_of (indicated by a small blue
rectangle that includes the letter ‘p’). The small white rectangles indicate whether
children of a given term are hidden (plus sign) or not (minus sign). Finally, all
children of a given parent term are aligned left.
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framework for ontology development and interoperability
between biological ontologies. An example of the much
needed standardization is in the area of relations [21].
What differentiates an ontology from a controlled vocabu-
lary is mainly the fact that in an ontology terms are linked
through specific relations (i.e. logical connection of terms
into a hierarchy) joining ‘parent’ and ‘child’, but not ‘sibling’
terms. For an ontology to be comprehensible by all its users
the relations must be described such that they have a
clearly defined meaning understood by annotators (often
the bench scientists performing the experiments). The
OBO foundry currently makes available through its site
a total of 70 ontologies; 19 of these deal with the anatomy of
several organisms, including the mosquito and tick [22].

Ontologies and disease vectors

The mosquito (OBO prefix: TGMA) and tick (OBO prefix:
TADS) gross anatomy ontologies are the first relating to
arthropod disease vectors. As such, they are good examples
of what ontologies can provide to a research community.
These two ontologies were based on two excellent books
[23,24] that described in detail the anatomy of these two
taxa. Both ontologies were built to be compliant with the
Common Anatomy Reference Ontology (CARO) standard
[25]. The CARO compliancy enables linking to other ontol-
ogies in evolutionary studies. Despite the availability of the
source books mentioned, before the TGMA ontology was
developed it was not feasible to annotate fully an exper-
iment concerning gene expression in a given mosquito
because it was impossible to describe consistently (in a
way that could be handled by a database) the exact ana-
tomic location in which a given gene would have been found
to be active. Moreover, the inclusion of figures showing the
actual anatomical features in both vector anatomy ontol-
ogies, using two browsers developed at the same time,
makes their use simple even for a novice [22]. Finally,
because these ontologies can be accessed through Vector-
Base (http://www.vectorbase.org/Search/CVSearch/) there
is no need for the uninitiated to download them from the
OBO Foundry (http://www.obofoundry.org/cgi-bin/detail.
cgi?id=mosquito_anatomy and http://www.obofoundry.
org/cgi-bin/detail.cgi?id=tick_anatomy) and work with
them locally using dedicated software such as OBO-Edit
[26], which although specifically designed for the develop-
ment and editing of these ontologies, can be cumbersome
for the inexperienced user. The recent publication of the
complete sequence of the Aedes aegypti genome [27] also
shows how important the availability of a mosquito ana-
tomical ontology could be in the near future because the
availability of the genome sequence of this mosquito is
expected to dramatically increase the number of exper-
iments dealing with gene expression, which will need to be
annotated.

Soon after the completion of the An. gambiae genome
sequence it became apparent that in addition to the de-
velopment of anatomy ontologies, GO annotation of the
mosquito genes was also necessary. The manual assign-
ment of GO terms to genes and gene products is a labour-
intensive task, requiring dedicated curators. For the An.
gambiae genome (later also adopted for the Ae. aegypti
genome) an automated approach was developed based on
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the Ensembl project. Briefly, GO terms were assigned to
genes based on similarity searches at the level of InterPro
[28] domains or by transitive annotation via orthology from
a high-quality manual set of GO annotations. InterPro
domains are calculated for the proteome using InterProS-
can [29] and then GO terms are associated with the gene
based on a mapping file that associates GO terms with
domains [18]. Finally, the InterPro2GO methodology was
supplemented by the D. melanogaster GO annotations
from FlyBase to project high-quality orthologous pairs
between the two dipterans. According to the GO conven-
tion, terms that were annotated solely on the basis of
results of similarity searches, such as BLAST, carry evi-
dence codes reflecting this (IEA - inferred through
electronic annotation or ISS — inferred through sequence
or structural similarity). Notwithstanding, the VectorBase
project decided that it would be better to attach low con-
fidence GO terms to the genes of the genomes it handles,
instead of none at all.

VectorBase is currently about to launch a major push
towards a community-based annotation of both genomes
and genes, as well as the annotation of gene-expression
experiments. The availability of the GO terms already
attached to those data, in combination with the anatomy
ontologies, will therefore be of utmost importance. They
will help the individual researcher to better understand
the function of a gene, and the expected increased com-
munity feedback will certainly contribute to changing the
evidence codes from those based on bioinformatic analysis
to codes based on actual experiments.

Needs of vector biology

Will the GO and the additional anatomy ontologies dealing
with individual disease vectors be sufficient for the anno-
tation of genomes and experiments in the future? It is clear
that this rhetorical question expects a negative answer,
but to what extent? The simple annotation of genomes and
genes might not require too much additional effort. There
is a constantly increasing number of genomes being
sequenced, mostly because of the new sequencing technol-
ogy available [30]. This naturally leads to an improved
knowledge on ‘genes’ in general, and the result is that the
number of ‘orphan’ or ‘hypothetical’ genes (to which no GO
terms can be assigned) in most organisms studied becomes
smaller. Moreover, based on the usage of more-sophisti-
cated bioinformatics tools, more genes can be tagged with
GO terms. This is reflected in the GO by the listing of new
additional evidence codes such as RCA (inferred by
Reviewed Computational Analysis). One can thus expect
individual researchers to fill in several blanks through
their own work, and it seems prima facie that the area
that remains to be completed with newly constructed
ontologies would only be that of (insect or vector) physi-
ology in the wide sense.

However, specific pathogen—host interactions are not
covered by the GO and they will not be covered in the near
future because this ontology is mainly dedicated to generic,
rather than species-specific terms. Concepts such as ‘mid-
gut penetration by the ookinete‘ or ‘probing’ (in the sense of
probing while feeding on a human), or ‘outdoor resting’ are
not expected to be covered by the GO soon. Of course these
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processes might subsequently be genetically and
molecularly dissected into more precise components, to
which a GO term could be assigned. Nevertheless, phys-
iological functions such as those cited here are extremely
important for disease transmission, and from the point of
view of a vector biologist, these refer to processes that need
to be annotated on a level higher than the gene. For this
reason VectorBase has initiated the development of mos-
quito- and tick-specific ontologies that will cover physi-
ology, using the already available anatomy ontologies as a
starting block and in particular the aspects that are
important for transmission.

Future perspectives

In addition to genome and gene annotation, in our opinion
there is an urgent need for the development of ontologies
that will be of particular importance to vector biology on a
completely different level. This relates to the recent increas-
ing efforts to fight vector-borne diseases using modern tools
based on molecular biological strategies and information
technology. It was briefly justified in this article why the
generation of genome-scale datasets requires controlled
vocabularies for a better interoperability of databases
and, particularly, consistency in the usage of terms that
have to be understood by scientists and computers. How-
ever, at the same time the non-genome related data-flow
concerning the diseases transmitted by vectors is also
increasing dramatically and efforts to improve epi-
demiological surveillance are increasing (see, for example,
[31-33]). Therefore, in addition to the classical control
measures, information systems need to be designed to
manage these data and help obtain insights that will lead
to the control of these diseases [34,35]. Ontologies will be
important for data integration and data management (in-
cluding database construction, complicated searches, inter-
operability). Areas that need to be covered include clinical
aspects of the individual diseases, population biology of
arthropod vectors, insecticide resistance and resistance of
the pathogens to drugs, as well as the epidemiology of the
diseases and further aspects, including pathology and mech-
anisms of disease. Efforts to construct vector disease data-
management and decision-support systems based on such
ontologies are already underway, and we are certain that in
a couple of years a positive answer to the question asked in
the title of this article will be based on practice and positive
experience, rather than on future plans.
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Abstract

Background: Monitoring of insect vector populations with respect to their susceptibility to one or more insecticides is a
crucial element of the strategies used for the control of arthropod-borne diseases. This management task can nowadays be
achieved more efficiently when assisted by IT (Information Technology) tools, ranging from modern integrated databases to
GIS (Geographic Information System). Here we describe an application ontology that we developed de novo, and a specially
designed database that, based on this ontology, can be used for the purpose of controlling mosquitoes and, thus, the
diseases that they transmit.

Methodology/Principal Findings: The ontology, named MIRO for Mosquito Insecticide Resistance Ontology, developed
using the OBO-Edit software, describes all pertinent aspects of insecticide resistance, including specific methodology and
mode of action. MIRO, then, forms the basis for the design and development of a dedicated database, IRbase, constructed
using open source software, which can be used to retrieve data on mosquito populations in a temporally and spatially
separate way, as well as to map the output using a Google Earth interface. The dependency of the database on the MIRO
allows for a rational and efficient hierarchical search possibility.

Conclusions/Significance: The fact that the MIRO complies with the rules set forward by the OBO (Open Biomedical
Ontologies) Foundry introduces cross-referencing with other biomedical ontologies and, thus, both MIRO and IRbase are
suitable as parts of future comprehensive surveillance tools and decision support systems that will be used for the control of
vector-borne diseases. MIRO is downloadable from and IRbase is accessible at VectorBase, the NIAID-sponsored open access
database for arthropod vectors of disease.
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Introduction

Diseases transmitted by arthropod vectors and, in particular,
mosquitoes pose an immense load on global health, with malaria
alone being responsible for more than 46,000,000 DALYSs
(Disease-adjusted Life Years); pertinent calculations are based
solely on official, yet largely incomplete statistical estimates [1],
and the global burden of falciparum malaria is nowadays estimated
by some to be lower than originally thought [2]. Nevertheless,
given the fact that arthropod-borne diseases affect mostly the
populations of tropical regions, these huge numbers directly imply
that their control is a conditio sine qua non for the socio-economic
development of many of the poor areas of the world. Control of
disease, then, directly entails the control of the arthropod vector
populations and, most prominently among them, mosquitoes. Of
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course, economic development itself is one of the key players in the
control of vector-borne diseases, unfortunately leading to an
argument of a spiral form [3]. However, since the original
recognition of the causes of malaria and other tropical diseases,
campaigns aiming at eradicating vector-borne diseases included
environmental management [4], indoor residual spraying (IRS)
with the widespread use of DDT (Dichloro-Diphenyl-Trichloro-
ethane) or other insecticides [5,6], as well as the use of
impregnated nets (Insecticide-Treated Nets, ITN [7]; and Long-
Lasting Insecticide-treated Nets, LLIN [8]). These approaches,
combined with extensive use of drugs, soon led to the
disappearance of the disease from most non-tropical areas of the
world and notably Europe [9].

In spite of the initial wide successes achieved in the temperate
zones, eradication of vector-borne diseases proved to be elusive in
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Author Summary

It is a historical fact that a successful campaign against
vector populations is one of the prerequisites for
effectively fighting and eventually eradicating arthropod-
borne diseases, be that in an epidemic or, even more so, in
endemic cases. Based mostly on the use of insecticides and
environmental management, vector control is now in-
creasingly hampered by the occurrence of insecticide
resistance that manifests itself, and spreads rapidly, briefly
after the introduction of a (novel) chemical substance. We
make use here of a specially built ontology, MIRO, to drive
a new database, IRbase, dedicated to storing data on the
occurrence of insecticide resistance in mosquito popula-
tions worldwide. The ontological approach to the design
of databases offers the great advantage that these can be
searched in an efficient way. Moreover, it also provides for
an increased interoperability of present and future
epidemiological tools. IRbase is now being populated by
both older data from the literature and data recently
collected from field.

the tropics. Moreover, the failure of vaccine development for
vector-borne diseases, with the exception of the relatively early
production of a vaccine directed against yellow fever [10],
complicated the strategies aimed at controlling these diseases.
Perhaps, most prominent among several problems that were faced
by the national and international public health agencies were the
occurrences of resistance relating to both parasites becoming
resistant to anti-parasitic drugs [11] and mosquitoes to insecticides
[12]. The gradual development of insecticide resistance against all
classes of insecticides used today soon after their introduction [13],
which was exacerbated by the use of such chemicals in agriculture
[14], is considered by some to be presently the most important
impediment in the successful control of vector-borne diseases.

Resistance to one or more insecticides used in vector control can
have a crucial impact on the management of arthropod vector-
borne diseases. In the case of ITN and LLIN measures [15,16],
monitoring of insecticide resistance needs to become a key
component for the efficient usage of control strategies [17].
Although overall data on pesticide resistance have been collected
over a long period of time [18-20], these often remain inaccessible
to public health workers around the world for a variety of reasons.
One of them is the lack of a central database tool that would
gather, store and exploit such data. Although pertinent studies are
often published in refereed journals, their accessibility is limited by
the use of restrictions, such as expensive subscription, something
that is of extreme importance to scientists from disease-endemic
countries, namely the very ones who urgently need to access these
data.

With this in mind we decided to develop IT tools that could
offer solutions to some of the problems and most importantly to
help monitor the occurrence of insecticide resistance in vector
populations; we decided to first focus on mosquitoes as these
represent the most important vectors of disease. Rather than only
expanding the simple repository of insecticide resistance studies
that we had previously developed [21], we decided to completely
restructure the database and support it by a dedicated ontology (or
controlled vocabulary). This type of tool, which among others
helps standardize terminology in a computer-comprehensible
form, has already proved its immense potential in cases such as,
most prominently, the Gene Ontology (GO) project [22]. Both the
ontology (hereafter called MIRO for Mosquito Insecticide
Resistance Ontology) and the novel, enhanced database (called
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IRbase) are freely accessible to the research community through
their incorporation in VectorBase [23,24].

Materials and Methods

A Dell PowerEdge 850, with a dual core Intel Pentium D CPU
running at 3 GHz, 3 GB of RAM, and 150 GB of hard disk
storage was used for the development of IRbase. The operating
system used is CentOS 4.5 and the web service is handled by the
Apache server. Both MySQL and PostgresQL database servers
were used for data storage. Webpage scripts and command line
scripts are written in PHP. For PHP development we have been
using the Zend Development Environment (ZDE). The OBO-edit
software package [25] was used for the development of the MIRO.

To display the locations of the collection sites the Google Maps
API and maps are used. Geographic data are exchanged between
the applications using the Keyhole Markup Language (KML), a
data schema for annotating and visualizing two or three
dimensional maps. All coordinates are based on the World
Geodetic System (WGS) 84 projection standard.

Data are entered through the online AJAX web interface, which
is ontology based. Alternatively, submitters may send in their data
in Open Office (ods), Excel (xls), comma separated values (csv), or
tab separated values (tsv) files, which are processed and imported
into the database using PHP scripts.

The MIRO can be accessed and browsed at the URL http://
www.vectorbase.org/Search/CVSearch/ and its latest version can
be downloaded from http://anobase.vectorbase.org/miro/miro_
release.obo; it is also available through the OBO-Foundry at
http://obofoundry.org/cgi-bin/detail.cgi?mosquito_insecticide_
resistance; the home page for the IRbase is at the URL http://
anobase.vectorbase.org/ir/. Both MIRO and IRbase are freely
accessible. To access all necessary files for a local usage of IRbase
the authors should be contacted by e-mail (louis@imbb.forth.gr).

Results/Discussion

The MIRO ontology

For the construction of the MIRO we followed the rules
established by the OBO Foundry [26] in order to establish
maximum interoperability in the future. This implied the use, to
some extent, of already established ontologies, rather than the de
novo development of new ones, such as the geographical
component (see below). This decision obviously restricted the
usage of relations linking terms to those allowed by the OBO
Foundry rules and thus only u_a, part_of and agent_in are used
throughout [27]. We are convinced, though, that this choice
increases cross-ontology coordination and makes the tools
developed more amenable to integration in a suite of malaria
decision tools that are being developed.

The next choice we were faced with was the one of whether this
ontology should follow the ontological scaffold and the rules and
conventions described for the Basic Formal Ontology [28]. This
ontological arrangement is already used for a variety of biomedical
ontologies, including anatomical ontologies of disease vectors,
notably mosquitoes and ticks [29]. Although the obvious
advantages of a BFO-based ontology such as, for example, the
ease of expansion that is based on its modularity cannot be easily
discarded, we decided to initially design the MIRO on a more
“traditional” scheme that would make it easily recognizable by
users who are not proficient in ontologies. The single reason for
this is to be able to provide the insecticide resistance community
with a module that can be easily incorporated into other I'T tools
currently being devised. Nevertheless we are in the process of
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transporting the MIRO into a BFO-based format in order to be
able to integrate that version in future constructs that would
potentially require such a layout.

MIRO is based on five top-level classes that actually form
independent sub-ontologies (see Figure 1); four of them, ““biwlogical
material”, “insecticidal substance”, “method” and ‘resistance”, were
developed de novo by us explicitly for the MIRO. In Figure 1 (left
part) the ontology’s terms are shown in a depth of two levels with
the exception of the fifth class, the “gazetteer”. This class represents
a full importation of the Gazetteer (GAZ), a controlled vocabulary
following ontological rules that describes named geographical
locations  (http://darwin.nerc-oxford.ac.uk/gc_wiki/index.php/
GAZ_Project). GAZ is a community-based project of the EnvO
Consortium for describing instances of organism environments
and biological samples, supporting consistent annotation of
locations and environments. The Gazetteer describes places and
place names and the relations between them. Here, GAZ is
basically used to describe the locations of sampling. Although itis a
fully integrated component of MIRO, due to its size GAZ is not
incorporated as such in our ontology, but it is automatically loaded
through the Internet every time that one opens the MIRO using
the OBOedit software. At this moment the MIRO contains 4,291
terms excluding, of course, the GAZ component that contains
more than one hundred and fifty thousand geographical names
from all over the world; more than 99% of the MIRO terms have
full definitions. It should be noted that terms are not fixed and
more are being added as these become necessary.

Biological material. This class, the largest one in the MIRO
with 3,790 terms, describes all parameters that define the mosquito
populations investigated (Figure 2). Its two main nodes are self-
explanatory, one defining details of the population under study,
including the biological stages of the individual specimens
collected and sampled, as well as the kind of populations studied
(field or established laboratory stock), while the other eventually
defining the species under study (Figure 2A). As mentioned above,
we have restricted the taxa listed in the MIRO to mosquitoes as
these represent the main vectors of disease (e.g. Dengue, filariasis,
malaria, yellow fever, etc.). We will eventually restrict the species
of mosquitoes listed in the ontology to those that have already
been described as actual vectors, and expand the ontology to cover
non-mosquito vector arthropods (e.g. ticks, sand flies, etc.). For the
present compilation of the different mosquito taxa we used
primarily the Systematic Catalog of the Culicidae found at the
Walter Reed Biosystematics Unit (WRBU, http://www.
mosquitocatalog.org/species/taxonomy.asp). All taxa were linked
to their parents, z.e. to the respective subgenus and genus, by is_a
relationships and all synonyms listed in the WRBU catalogue were
also registered in the ontology. We have also gone beyond the
WRBU catalogue by including in the MIRO cryptic species such
as incipient species “sensu Coluzzi” or chromosomal and molecular
forms [30]. This obviously means that at present the S and M
forms of An. gambiae s.s., for which extensive studies are being
conducted, can equally be found in the ontology, and a particular
analysis can be annotated accordingly (Figure 2B). Should future
entomological research make it necessary to include similar data
for other insect species groups the ontology can naturally be
expanded in this respect.

Insecticidal substance. Two “catalogues” are available for
the construction of the sub-ontology defining insecticides. These are
ChEBI an open ontology of Chemical Entities of Biological
Importance [31] and the IRAC catalogue (http://www.irac-online.
org/eClassification/) a structured vocabulary compiled by the
Insecticide Resistance Action Committee (http://www.irac-online.
org/). Upon our request, the ChEBI group included in their

@ www.plosntds.org

Monitoring Insecticide Resistance in Vectors

B Classes
El— biological material
B +— @ mosquito population
H 4+— @ field population
@ 4— @ laboratory population
B+ @ taxon
«— @ Culicidae
H— gazetteer
E— insecticidal substance
® «— @ active substance
— @ synergist
=— method
B+ © field population catch
«— © catch of live speciments
+— © collection of dead specimens
B« @ resistance identification/monitoring
«— © antibody-based assay
«— © bioassay
® ¢ @ biochemical assay
+— © molecular assay
+— © penetration/excretion assay
B+ © species identification method
+— © cross mating experiment
«— © cytological chromosome examination
«— @ isozyme electrophoresis
+ © morphological examination
+— @ PCR-based species identification
+— © salinity tolerance tests
+— © species specific DNA hybridization
E— resistance
B +— @ resistance to single insecticide
+— © behavioural resistance
H +— @ cuticle permeability related resistance
H +— @ metabolic resistance
® +— @ target-site resistance
Relations
Obsolete

Figure 1. The upper levels of the MIRO. The figure shows the
upper levels of the ontology. The small circles denote an “is_a" relation
between the term and its parent, and small rectangles show the
presence (plus) or absence (minus) of children for a given term. The
children of the four “biological material”, “insecticidal substance”,
“method” and “resistance” are shown in a depth of 2 levels. The
“gazetteer” class has been loaded into MIRO (see Results and
Discussion) and is therefore visible here.
doi:10.1371/journal.pntd.0000465.g001

ontology all msecticides listed by IRAC, and it now represents an
optimal controlled vocabulary for those substances that could be
used in the MIRO. Nevertheless, the IRAC eClassification list has
the advantage of being immediately recognized and accepted by the
IR (Insecticide Resistance) community as standard reference. Its
structure is based on the mode of action of the individual insecticides
but, to some extent, it is rather problematic on the level of an
ontology. For example, it is based on a fairly rigid classification that,
among others, leads to nameless or “non-existent” classes, or to
classes that are not definable on either chemical or functional level
(e.g. a class of compounds of “‘unknown mode of action” or a class of
“miscellaneous non-specific inhibitors™ [sic|. Nevertheless, given 1)
the familiarity of the IR community with this classification and 2)
the fact that the MIRO is meant to be an application ontology, we
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B — biological material

A

= 4— € mosquito population
B 4 © field population
84— @ FO adults
«— O FO adults collected
4+ © FO adults emerged from field collected eggs
«— O FO adults emerged from field collected larvae
+— @ FO adults emerged from field collected pupae
— O FO larvae
«— @ F1 adults from field collected mosquitoes
+— O F1 larvae bred from field collected mosquitoes
2 4— @ laboratory population
4 © adult laboratory population
4— @ larval laboratory population
8 + @ taxon
B 4+— @ Culicidae
24— @ Anophelinae
B 4— @ genus Anopheles
+ @ Anopheles
+— © Celia
+— @ Kerteszia
@ 4— @ Lophopodomyia
+— @ Nyssorhynchus
+ @ Stethomyia
+— © genus Bironella
«— @ genus Chagasia
@ 4— @ Culicinae

& 4— ) Anopheles gambiae sensu lato

B

+— @ Anopheles arabiensis
+— © Anopheles bwambae
54— @ Anopheles gambiae

& 4— @ Anopheles gambiae chromosomal form
+— O Anopheles gambiae chromosomal form Bamako
+— @ Anopheles gambiae chromosomal form Bissau
+— O Anopheles gambiae chromosomal form Forest
+— O Anopheles gambiae chromosomal form Mopti
+— @ Anopheles gambiae chromosomal form Savanna

& 4— ) Anopheles gambiae molecular form
4+— € Anopheles gambiae molecular form M
4+— @ Anopheles gambiae molecular form S

+— © Anopheles melas

+— © Anopheles merus

+— O Anopheles quadriannulatus

Monitoring Insecticide Resistance in Vectors

Figure 2. The “biological material’ class. The figure shows, in a depth of 5 levels, the class “biological material” (A) and, within the “Cellia”
subgenus, the Anopheles gambiae s.s.-related terms (B), that also include the chromosomal and molecular forms.
doi:10.1371/journal.pntd.0000465.g002

decided to use this, after some reorganization, as the primary
scaffold for the construction of the ontology (Figure 3). All
insecticides were, nevertheless, cross-referenced to ChEBI, as this
ontology already represents the key ontology that links biology to
chemical substances. The reason for cross-referencing, rather than
using the ChEBI ID codes is to be found in the fact that in the
MIRO all insecticides are defined, which is not the case for ChEBI.
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A total of 22 different modes of action were retained for the
classification of insecticides developed and included in the IRAC list
effective December 2008. Finally we also included in the ontology a
class containing synergists; two pertinent groups of synergists were
listed in previous versions of the IRAC eClassification, but are no
longer present. In spite of this, we incorporated them in the MIRO,
given their potential significance in the actual usage of insecticides.
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El4+— @ active substance
FH4— @ acetylcholine esterase inhibitor
H4+— @ aconitase inhibitor
EH++— @ allosteric agonist of nicotinic acetylcholine receptor
H— @ chitin biosynthesis inhibitor
H4— @ chloride channel activator
H+— @ fumigant
H+4— ) GABA-gated chloride channel antagonist
H4— @ growth inhibitor
E+4+— @ insect midgut membranes disruptor
EH+—@ lipid synthesis inhibitor
H+— @ mitochondrial complex | electron transport inhibitor

H++— @ mitochondrial complex Il electron transport inhibitor
E4+— @ mitochondrial complex IV electron transport inhibitor

E4— @ neuronal inhibitor

H+4+— @ nicotinic acetylcholine receptor agonist/antagonist
H— @ octopaminergic agonist

#+4— @ oxidative phosphorylation inhibitor

E— @ ryanodine receptor modulator

EH— @ selective feedingblocker

B @ sodium channel modulator
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H+—@ uncoupler of oxidative phosphorylation via disruption of proton gradient

4+ @ voltage-dependent sodium channel blocker
E+—@ synergist

Figure 3. The groups of insecticides in MIRO. The figure shows the list of the groups of substances with differing modes of action containing

the individual insecticides.
doi:10.1371/journal.pntd.0000465.g003

The “Insecticidal substance” class now contains 287 terms across all
groups of substances.

This class (73 terms), somewhat hindered by the
jargon used by the IR community, lists all mechanisms known at
this time. The four main categories used are behavioral and
metabolic resistance, resistance due to changes in the permeability
of the insect’s cuticle and, finally, target-site resistance (Figure 4).
Both “behavioral resistance” and “cuticle permeability related resistance’”
only list two self-explanatory children each: “stimulus-dependent”” and
“stimulus-independent” for the former, and “enhanced excretion” and
“reduced penetration” for the latter. In contrast, the remaining two
classes are more complex. The “metabolic resistance” class includes
different facets of resistance connected to qualitative and
quantitative changes of the activity of carboxyesterases (COE)
and glutathione S-transferases (GST) and P450 monoxygenases.
Furthermore a single child describes resistance due to modified
midgut protease activity, ze. processes related to the usage of
biological insecticides such as the ones derived from Bacillus
thuringensis or B. sphaericus. Finally target site resistance deals with
known described mutations of specific genes.

Method. The final class was to some extent a problematic
one. The reason for this was not the actual ontology construction
but, rather, a problem of orthogonality. This class covers most, if
not all methods that are directly used for the analysis of insecticide
resistance In a mosquito population (a total of 137 terms). The
methods vary from catch methods for field populations to
molecular biological techniques (see Figure 1). While the former
are straightforward and relatively easy to catalogue the latter pose
certain dilemmas. These range from the terms used as such (e.g.
“bioassay” or “biochemical assay” which may be too general) to the
question of whether terms such as “real-time PCR” or “RT-PCR”
that are outside the “narrow” field of insecticide resistance should
be included. We decided eventually to include all techniques that
are routinely used for the analysis of insecticide resistance. The
choice was made based on the fact that the ontology OBI (personal
communication, the OBI Consortium http://purl.obofoundry.

Resistance.
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org/obo/obi), which is currently being developed and which will
describe life science and clinical investigations, is far from
completion, and the MIRO would be missing a crucial

E— resistance
El4— @ resistance to single insecticide
El«— € behavioural resistance
@ stimulus dependent resistance
+— @ stimulus independent resistance
El+— @ cuticle permeability related resistance
+— ) enhanced excretion
—© reduced penetration
BEl+— @ metabolic resistance
El+— @ carboxyesterase resistance
EH¢— EER COE qualitative change
FH<4+—EFEER COE quantitative change
E+— @ Glutathione-S-transferase resistance
FH<4— E:EN GST qualitative change
F¢— EFEilll GST quantitative change
+— madified midgut protease activity
E+— @ P450 monoxygenases resistance
#<4+— EFERER P450 qualitative change

44— BN P450 quantitative change
B« @ target-site resistance

H4+— € AChE mediated resistance

H+— @ GABA receptor mediated resistance
H4+— € midgut receptor mediated resistance
EH4— € nicotinic receptor mediated resistance
H+4+— € sodium channel mediated resistance

Figure 4. The “resistance’” class. The “resistance” class has been
opened to show the different contents. The black boxes denote an
“agent_in" relation.

doi:10.1371/journal.pntd.0000465.9004
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component if we were to exclude the relevant terms. Similar
limitations existed for the techniques used for species identification
and here we decided to keep the terms general without going into
details. The species identification part is short and only describes
the seven most common ways of identifying individual mosquito
species. These include classical procedures (chromosomal banding
patterns, cross mating experiments, morphology, and salinity
tolerance tests) as well as biochemical (isozyme electrophoresis)
and molecular (DNA probes, PCR). Of course, like is the case for
all components of the MIRO, the ontology can be expanded or
changed accordingly in the future if changes are deemed
necessary.

The IRbase database

Based on feedback from the malaria entomology research
community it was decided several years ago to include in AnoBase,
the Anopheles database [21], a section on insecticide resistance; this
tool was later transferred to and included in VectorBase [23,24]
after this comprehensive genome database was established. The
section consisted only of a series of manually-curated, already
published studies; its role, therefore, was mostly to make data
available to the community in a fashion that would be independent
of the need for a library, rather than a use as an on-line
epidemiological tool. The new IRbase in contrast is meant to serve
as an expanding repository of associated data, which can be
searched in a detailed fashion, thus providing immediately
applicable information. Furthermore, IRbase now covers vectors
of more diseases than the previous database that was only restricted
to malaria. These are the reasons for designing a relational schema
de novo (see Figure 5). It was our intention to design a schema that
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would easily enable both the addition of novel tables and the
incorporation of IRbase into a larger and more complicated entity,
which could be expanded later to encompass additional items linked
to the control of vector-borne diseases.

The nine distinct tables can be distinguished in two major
categories: While two of them (cv_term) handles all MIRO terms,
including GAZ, and their relationships, the remaining are there to
handle, mostly, ontology-independent items. These include, most
prominently, description of the study in terms of details of the
collection site, the mosquito population sampled (including
collection dates, etc.) and the assay(s) performed. The “houschold”
table is presently not in use by IRbase, but it has been included by
request as it could be needed by decision support systems currently
under development for Dengue and malaria [32]. The schema
allows for a high degree of interoperability due to the enhanced
usage of the ontology component, and it enhances the two
distinctive features of IRbase, ze. the two interactive components,
search and curator’s tool, both of which are accessible through a
simplified web interface.

In addition to the completely new architecture of the database
and to the fact that the software used is free and open source,
IRbase has some key characteristic features: i) The data are stored
in the database using MIRO terms wherever possible; ii) the Gaz
geographic ontology is used for storing location data and the
output can be viewed using maps; 1) extensive use of Ajax
(Previously AJAX: Asynchonous JAvascript XML) is made in
order to minimize network traffic and improve look and feel [33].
Moreover IRbase was built around basic entities:

1. “Study data” - a storage space for the data pertaining to an
individual “study”. The “study” could be an entire study,

Figure 5. The IRbase schema. The figure shows the different tables that make up the schema. 1

doi:10.1371/journal.pntd.0000465.g005
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user MSt_':dY population assay
E login_id ! :ubns"ll'_rt;er population_id %| 3558y
password submission_date submitter su:m!tle_r ¥
first_name curater subrzsslon_date :ﬂr :;:snon_ ate
" curator
La;t;ill'lame * z:;:;:o;}t:p:ﬂ curation_date * curaﬁor?_da‘}e
is_curator medline_id study_id * population_id
- name species_id * sample_size
series species_identification_method age )
— vl collection_site_id assay_lmethod_ld
publication_type Listia collection_start_date %] mosquitoes_used
" T collection_end_date insecticide_id
;:;I:ncahon_lypa_ld ;:g,es collection_time_of_day insecticide_concentration
area_temperature result
_ catch_method_id 5| n?:v_term 1 resistance_mechanism_id
isbn collection_size id istance_gene_frequency
ublic_notes sex name public_notes
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internal_notes lab_strain_id
banked_mosquitoes_id
- - public_notes
collection_site Internal_notes
collection_site_id cv_term_relationship
submitter X -
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curator re!ahor.\shlp )
curation_date _term_id
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ocality g irs_insecticide_id
household_id #tn_date =
public_notes itn_insecticide_id
internal_notes

and * denote a “one to many” relationship.
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previously published or not, on an entire population or parts
thereof, pertaining to one or more insecticides; the pertinent data
would include the “owner” of the particular data, time it was
carried out, the publication record when available, etc.

2. “Collection site” - common names of the collection site(s),
their alias(es) and, most importantly, the geographic coordinates.
Should these not be available through the submitter of the data,
the IRbase curators will assign values based on available
information and feedback. For those names that already exist in
Gaz the Gaz ID is also stored.

The alias is an ID that the submitter can use for faster data
entry: the collection site needs to be defined once and from
thereon the alias can be used to identify that particular site.
Collection sites that have no Gaz ID are exported and sent to the
curators of that ontology for ID assignment.

3. “Insect collections™ - this area holds information such as the
species name, the collection date, the catch method, the sex, food
state etc. of the specimens (field collected or lab bred) that were
subsequently used to test resistance.

4. “Assay data” - The actual data expressing the findings and

referring to the methods used, the conditions (insecticide
concentration) and the results of an assay, etc.
A brief manual is presented along with
the search forms. There are two ways for entering search
parameters into them. The first one is to use the drop-down
menus and find the requested term by following the correct path.
This obviously implies that the user is familiar with the MIRO or
has a good knowledge for some of the properties of the requested
term. For example, to find the insecticide “deltamethrin”, the user
must know that this insecticide belongs to the pyrethroid family
and that this family of insecticides modulates sodium channels.
Alternatively, auto-complete input boxes can be used. In these
boxes the user needs to type two letters from the requested term
and a list of all possible matching terms will appear. As more
letters are typed the search is narrowed down to the decreasing
number of options in the list. When the requested term appears on
the list it can be clicked on and it will now appear in the input box.
All terms are listed alphabetically in both the drop-down and the
autocomplete menus.

Search criteria include species sites, year of collection, pertinent
insecticide resistance mechanism, assay method, mosquitoes used,
catch method and more. One criterion only may be used, or any
combination of two or more of the above criteria. With the
exception of the year of collection all remaining search criteria are
ontology-based searches. As a result of this, the search algorithm
implemented will also search for all the descendant terms of the
term specified, and therefore searches can be narrowed in the
process. Returned data are presented in descending chronological
order, regardless of whether the collection year was set as a search
criterion or not.

The user interface.

Users who want to utilize IRbase’s data to run their own tests
can set their export criteria and obtain the relevant data in a tab
separated values (tsv) text file. This file can be opened in any
spreadsheet application or be imported into a database.

Maps. In addition to the text-based interface to view data,
IRbase also provides a map-based interface to access the same
data (Figure 6). This interface utilizes Google Maps to visualize the
data and is very rich in features such as grouping by color,
zooming in and out, adding layers of related data, etc. By clicking
at the collection sites marked on the map, a pop up balloon will
appear with the same data, but also with a link to a detailed report
(Figure 3). The map tool fully depends on the availability of
geographical coordinates. As some of the older data are not linked
to such information, this will have to be supplied manually by the
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IRbase curators before these studies can be incorporated. When
the page is first loaded, a world map with all the collection sites
spotted with small markers will appear. After leaving the mouse
pointer on one of these markers, one line of text will appear
displaying some of the information regarding the particular
collection site such as species name, collection dates, and
msecticide used. We stress here that the map section is
continuously being improved in order to provide the users with
a “friendlier” tool.

Data input. Data can be submitted to IRbase either online,
via a web interface, or offline, using a spreadsheet template. These
tools are available to the community upon request. Similarly a
streamlined edition of the user and submitter/curator interface as
well as the database can be loaded onto a laptop for offline data
entry. This offers the advantage of a “limited” usage of IRbase
even under conditions of limited access to the Internet (e.g. field
trips). Again, users wanting to take advantage of this facility can
contact VectorBase in order to obtain a user name and password.

Conclusion

We described here a set of I'T tools to be used for the analysis of
mnsecticide resistance in wild populations of insect disease vectors
and in particular mosquitoes. The concept of intimately linking a
dedicated database to a specific application ontology describing
the field offers the advantage that the database can later be easily
expanded to include additional items and offer further tools. This
fact, in our case, can form the overall foundation or one of the
pillars of a comprehensive tool, which could be used to globally
monitor insecticide resistance; this would form the basis for a
global decision support system for malaria and/or other vector-
borne diseases.

A database on insecticide resistance, the Arthropod Pesticide
Resistance Database (APRD), can already be found in the world
wide web (http://www.pesticideresistance.org/). APRD covers a
large variety of arthropods, but its philosophy is different from the
one of IRbase. It provides reports of instances of occurrence of
resistance, without any precision as to the exact location and the
actual data. Although useful as a general indicator of resistance,
especially in the domain of agriculture, the lack of geographic
accuracy, combined with the lack of a map interface makes this
database less suitable as a tool that could be used either by itself, or
in combination to a modern, I'T-based decision support system.

Such decision support systems are considered to be a
prerequisite for the efficient control of insect vector populations.
Many potential components of such systems have been described
(see for example [32,34-35]), especially components that are based
on GIS. Our tool has for the moment the capacity to depict data of
mnsecticide resistance on a map provided the geographic
coordinates have been incorporated in the data collection. Since
many of the data that will populate IRbase are old, some of the
coordinates will have to be input manually; once this has been the
case, it will be possible to link all available information to maps
based on, and retrieved from Google Earth.

The MIRO/IRbase set of tools is presently focused completely
on insecticide resistance linked to mosquitoes of medical
importance. The open source policy linked to the MIRO, an
ontology that abides with the OBO Foundry rules, makes it easy to
further develop these tools in order to later include data of
agricultural interest as well, should an interested party turn up. In
that sense one should also consider the fact that development of
resistance detected in disease vectors can often be traced back to
the often-improper use of insecticides in agriculture (see [36] for a
discussion of that problem).

June 2009 | Volume 3 | Issue 6 | e465



Monitoring Insecticide Resistance in Vectors

se JE9
iv

22 5,

Assay summary data
Species: Anopheles gambiae sensu lato
Insecticide: permethrin

Collection date:2001/04/01

Full report

= 150 mi I
O [’7
100 km |

:Kumasi
J;.f- " I...i. ..

Imagery ®009 TerraMetrics, Map data ®2009 Europa Technologies - Terms of Use

Figure 6. A map output providing summary information. The figure shows a screen shot of a search involving studies in Cote d'lvoire. The
pink “droplets” point to the sites of mosquito collections while the balloon that appears when clicking on any one of them includes summary data for
the collection site. A link to the respective full report is also provided in the balloon.

doi:10.1371/journal.pntd.0000465.9006

We are currently in the process of populating IRbase with both
data from the literature and data that are being collected from the
field. This is done in collaboration with the international
community in the frame of large consortia (e.g. African Network
on Vector Research, Innovative Vector Control Consortium,
WHO/Gates Foundation Vector Biology and Control Project,
etc.), as well as on the basis of smaller individual research
networks. We hope that, this way, IRbase will soon be established
as the global repository for data insecticide resistance.
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We are developing a set of ontologies dealing with vector-borne diseases as well as the arthropod vectors
that transmit them. After building ontologies for mosquito and tick anatomy we continued this project
with an ontology of insecticide resistance followed by a series of ontologies that describe malaria as well
as physiological processes of mosquitoes that are relevant to, and involved in, disease transmission. These
will later be expanded to encompass other vector-borne diseases as well as non-mosquito vectors. The
aim of the whole undertaking, which is worked out in the frame of the international IDO (Infectious Dis-
ease Ontology) project, is to provide the community with a set of ontological tools that can be used both
in the development of specific databases and, most importantly, in the construction of decision support
systems (DSS) to control these diseases.
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1. The problem of vector-borne diseases

Epidemiologists have brought together in one “functional“
group a series of diseases of different aetiology and pathogenesis
that share one key component: their mode of transmission (see
[1] and several chapters of [2] for specific questions addressing in-
sect-borne diseases and their vectors). These diseases are transmit-
ted by the bite of a specific arthropod vector, which is usually (but
not exclusively) an insect. The pathogenic agent is usually passed
with the saliva transferred during the bite to the potential patient.
Two additional characteristics are shared by most vector-borne
diseases, namely most people affected live in the tropical regions
of the world and, connected to this, the diseases affect mostly pop-
ulations that are also heavily affected by poverty. The pathogens
responsible for these diseases are very diverse, ranging from proto-
zoan parasites (e.g. Plasmodium spp. in malaria, Leishmania spp. in
leishmaniosis) and bacteria (e.g. Borrelia spp. in Lyme disease), to
worms (e.g. Nematodes in lymphatic filariasis and river blindness)
and viruses (e.g. Dengue, Yellow fever). Similarly, the vectors that
transmit them are also very diverse and range from mosquitoes
(e.g. malaria and Dengue) and flies (e.g. Tsetse in African trypano-
somiasis) to kissing bugs (Chagas’ disease) and ticks (e.g. Lyme dis-
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ease). This diversity is shown in Table 1, which lists several
diseases along with the corresponding aetiologic agents and
arthropod vectors. The great variation in the biology of both patho-
gens and vectors, and the ensuing differences in the illnesses
caused, makes it impossible to address vector-borne diseases as a
cohesive clinical entity. Importantly, these difficulties also affect
significant aspects such as prevention, epidemiology, therapy, etc.

A common theme, which in a sense unites these diseases, is the
fact that their transmission can be blocked if the agents that trans-
mit them, i.e. the arthropod vectors, are removed from the perti-
nent chain of events [3]. Vector control has therefore historically
become a conditio sine qua non for the control of these infections
[4,5], and this fact has been exemplified by the elimination of ma-
laria from most non-tropical areas of the globe [6]. While leading
to about half a billion cases in the tropics and still being responsi-
ble for anything between one and three million deaths (mostly
children in sub-Saharan Africa) every year, this killer illness has
practically disappeared from Europe and North America through
intense insecticidal measures aimed at eliminating the anopheline
vectors [6]. It should be stressed here that, with the exception of
the Yellow fever [7], no vaccine is currently available for any
vector-borne disease as an alternative prevention strategy that
would act on a different level than that of the actual vector.
Prevention focused on the vector includes not only control of insect
populations through environmental management or the use of
chemicals, but also the protection of individuals through the use
of clothing, repellents, nets and screens [8]. In addition, prevention
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Table 1
Some important vector-borne diseases, their pathogens and their arthropod vectors; commonly used synonyms are also listed.
Disease Pathogen Vector(s)
(i) Bacterial diseases
Louse-borne relapsing fever Borrelia recurrentis Louses
Lyme disease Borrelia burgdorferi Ticks
Plague Yersinia pestis Fleas
Tick-borne relapsing fever var. spirochetes Ticks
Tularemia Francisella tularensis Ticks, deer flies

(ii) Viral diseases

Chikungunya fever Chikungunya virus

Dengue fever DENV
Eastern equine encephalitis EEEV
Japanese encephalitis JEV

La Crosse encephalitis La Crosse virus
Saint Louis encephalitis SLE

West Nile encephalitis WNV
Western Equine Encephalitis WEEV
Yellow fever YFV

(iii) Parasitic diseases
African trypanosomiasis’
American trypanosomiasis>
Leishmaniasis

Lymphatic filariasis®
Malaria

Onchocerciasis’

Trypanosoma brucei
Trypanosoma cruzi
Leishmania spp.

Plasmodium spp.
Onchocerca volvulus

Wauchereria bancrofti, Brugia malayi

Aedes aegypti, Ae. albopictus
Ae. aegypti, Ae. albopictus
Aedes spp., Coquillettidia spp.
Culex spp.

Culex tritaeniorhynchus

Ae. triseriatus

Culex spp.

Culex spp.

Various mosquito species
Aedes spp., Haemagogous spp.

Glossina spp.?

triatominae®

Lutzomyia spp.°, Phlebotomus spp.®
Various mosquito species
Anopheles spp.

Simullium spp.®

Commonly used synonyms: 'Asian tiger mosquito, 2sleeping sickness, >Tsetse, “Chagas’ disease, *kissing bugs, ®sand flies, “elephantiasis, ®river blindness, and °black flies.

is complemented, in cases in which this is possible, by the use of
drugs that block infection in its very initial stages [9].

Although greatly successful in the previous century, insect-con-
trol programmes are now immensely obstructed by a variety of
factors. These range from community opposition to the widespread
use of chemicals [10], to the development of resistance against
these very chemicals by the insect vectors to be controlled [11].
Moreover, these problems are aggravated by several additional
facts: resistance against drugs is also encountered in the pathogens
[12]; vaccine development, if at all possible, is slow [13]; new drug
development is not only slow but extremely expensive and the
areas affected by the diseases in question are certainly not the ones
that can easily spearhead such efforts due to the lack of economic
and scientific resources in them [14]. All of the difficulties ad-
dressed above have led to a resurgence of vector-borne diseases,
which now pose again a threat to more than just the tropical re-
gions of the world [15]. It is therefore of utmost importance to de-
velop innovative strategies for the control of vector-borne diseases.
One novel approach is to use information technologies (IT) as a
complement to the application of modern biochemical/biological
techniques, often based on molecular biology, in the study of the
biology of disease vectors. While the latter approaches make use
of scientific research products such as whole genome sequences
[16,17], transgenesis [18], and the use of other “intelligent” ap-
proaches [19], the former can introduce new specific tools, such
as databases and DSS, that can be used for a more efficient, and of-
ten close-to-the-field management of pertinent disease data,
including entomological data.

In this context, several years ago our group embarked on a long
project that involves the development of ontologies dealing with
vector-borne diseases and their vectors [20,21]. The obvious ratio-
nale behind this is the potential of such ontologies to unify the
“language” spoken by vector biologists, epidemiologists and other
specialists. It should be noted here that the usage of very specific
terms and, even worse, jargon often makes it more difficult to ob-
tain a wide understanding of certain terms. For example, the terms
“refractory to” or “resistant to”, combined with the words “ma-
laria” or “Plasmodium” or “infection” are all synonyms. We obvi-
ously do not see the need for ontologies restricted only to the

actual vectors of the vector-borne diseases but also expanding into
the “area” of the diseases and, most importantly, the two have to
be interoperable. The ultimate end, thus, is to build a comprehen-
sive ontology for insect-borne diseases that may consist of sub-
ontologies, each addressing a specific aspect of the whole. In the
frame of the Infectious Disease Ontology project, IDO [22 and
http://www.infectiousdiseaseontology.org/Home.html], we initi-
ated this effort focusing on malaria, but we are already expanding
this to encompass most other vector-borne diseases as well. The
choice of developing the malaria ontology in close partnership
with the IDO project was made because of its specific advantages.
Having IDOMAL as an extension of such a reference ontology, as
opposed to an autonomous approach, allows for a superior interop-
erability of all individual application ontologies in the context of
the greater infectious disease domain. The ontologies that we are
working on, some of which are already available and some under
development, will be presented below in a summary form.

2. Ontologies and vector-borne diseases: an ephemeral account

There are several aspects of vector-borne diseases that are in
need of ontological description; they range from those that deal
with the diseases as such (e.g. pathogenesis, clinical aspects, ther-
apy, etc.), to vector biology (physiological processes of the vectors)
and to epidemiology and control in the widest sense of the terms
(prevention, insect control, etc.). As stated earlier, these aspects
are extremely diverse and complex, simply given the multitude
of organisms involved (vectors and pathogens in addition to the
human host) and the fact that we are often dealing with popula-
tions, rather than individuals (additional level of granularity!).
The construction of a comprehensive ontology, thus, if at all feasi-
ble, must be addressed using a piecemeal approach. It is clear that
certain fundamental decisions have to be taken at the initial
phases, and an open-ended advance is, in our mind, a must. We
therefore decided, early on, that the end product (i) would have
to follow the rules set by the OBO Foundry [23] and, if no other rea-
sons dictated a different decision, (ii) should be based on BFO, the
basic formal ontology [24,25]. The reasoning behind the decision
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was that if long-term interoperability of future databases and IT
tools is to be achieved, these two choices are a prerequisite. We
considered this choice, though, to be of more relevance to the final
goal and we therefore decided to keep a certain degree of flexibility
throughout the project until a unified vector-borne disease ontol-
ogy is fully developed. One example for such a flexible approach
is the fact that the ontology of insecticide resistance in mosquitoes,
MIRO [26], which we constructed, does not comply with the BFO in
its initial versions; rather, it is structured such that it can be
adopted, without many problems, by the community that immedi-
ately needs to apply it in the field (see below). The MIRO forms the
core of the related database on insecticide resistance (IRbase;
http://anobase.vectorbase.org/ir/) that we also developed [26],
and which was adopted for immediate use by the Regional Office
for Africa of the World Health Organization (WHO-AFRO): all field
studies that are run under direct or indirect support by WHO-AFRO
are asked to submit their data to IRbase. Furthermore, it is planned
to move the curation of both database and ontology to an African
country with the support of WHO-AFRO. As we have not aban-
doned the goal of ultimately unifying all ontologies we currently
construct, we are in the process of restructuring the MIRO along
BFO standards, such that its contents can be later directly imported
and incorporated into the comprehensive ontology on vector-
borne diseases. At the same time, this will also add accuracy to
the ontology (see below). A similar restructuring after the first ver-
sion was made publicly available occurred with the TGMA, the
ontology of the mosquito gross anatomy [20]; we decided for the
reasons outlined above, that we should conform the TGMA to the
CARO, the Common Anatomy Reference Ontology [27], which is
BFO-based. The first version was, thus, retracted and a CARO-com-
pliant TGMA version was then submitted to the OBO Foundry and
is now available (http://www.obofoundry.org/cgi-bin/detail.cgi?id
=mosquito_anatomy). In contrast to TGMA, TADS, the tick anatomy
ontology that we constructed next [20, http://www.obofoun-
dry.org/cgi-bin/detail.cgi?id=tick_anatomy], was directly built as
an extension to CARO.

The MIRO has also been already submitted to, and is listed by the
OBO Foundry (http://www.obofoundry.org/cgi-bin/detail.cgi?
id=mosquito_insecticide_resistance). It consists of four sub-ontolo-
gies that cover all aspects of insecticide resistance of mosquito dis-
ease vectors, with a special emphasis on fieldwork and monitoring.
Thus, although genetic mechanisms of resistance are covered, this is
not done in detail, since many of those are processes already cov-
ered by the Gene Ontology [28,29]. Furthermore, the MIRO’s fifth
major component, a geographical one, uses in toto the controlled
vocabulary Gazeteer (http://darwin.nerc-oxford.ac.uk/gc_wiki/in-
dex.php/GAZ_Project) in order to provide IRbase curators with re-
cords describing the areas in which data were collected. The MIRO
is constantly being updated, upon request, by members of the inter-
national community that is involved in the study of insecticide
resistance. To help cover the wishes of the pertinent community,
we recruited the help of an expert on insecticide resistance who also
co-authored the publication of the MIRO [26]. Moreover, all geo-
graphical locations reported to IRbase, which so far are spread over
5 continents, are annotated using the GAZ. Should a location not be
listed, it is communicated to the curators of the GAZ ontology to be
placed at the appropriate position. As mentioned earlier, the fact
that MIRO is not BFO compliant renders it easier to be understood
by non-experts, but at the same time it looses in accuracy. Table 2
illustrates this point. In MIRO, two steps are enough to define DEF
(S,S,S-tributyl phosphorotrithioate), to some extent wrongly, as an
insecticidal substance. In contrast, five steps are necessary in IDO-
MAL, but DEF is defined much more accurately here. As is the case
with most, if not all biomedical ontologies, MIRO cannot be consid-
ered as complete. More insecticides are being developed, new
modes of action are discovered and, unfortunately, and spread of

Table 2
The table shows the comparison between the non-BFO compliant MIRO and the
corresponding term(s) after introduction into IDOMAL and adherence to BFO.

MIRO IDOMAL

DEF is_a synergist
Synergist is_a insecticidal substance

DEF has_role insecticide synergist

DEF is_a chemical compound
Chemical compound is_a abiotic object
Abiotic object is_a object

Insecticide synergist is_a role

insecticide resistance simply cannot be stopped. MIRO is therefore
under steady curation and new versions are made public as soon
as the community requires pertinent changes.

Another, originally nameless, ontology that we build covers
physiological processes of mosquitoes that are involved in disease
transmission. Our original decision to make this an autonomous
ontology was later modified, and we are presently in the process
of fully incorporating it into IDOMAL (see below). The processes
listed do not only address the actual disease transmission, i.e. the
interplay between vectors and pathogens but, importantly, also
the actual progression of events in the vector. We want to stress
that the processes mentioned here are, in their vast majority, pro-
cesses on the level of the organism and not cellular or sub-cellular
ones, such as the ones covered by the GO [28,29]. Moreover, many
of these processes are species-specific, and therefore also excluded
from the GO, which is focused on processes of a general nature (but
see below). Thus, (near) top level classes are, among others, behav-
ior, sensory perception, processes of the immune system and
nutrition, all physiological components that directly affect the
transmission potential of disease vectors. As an example, when
looking at the children terms of “behavior”, one will find a line of
terms leading through the adult feeding behavior, to entities such
as the four phases of “interrupted feeding” (exploratory phase,
imbibing phase, probing phase and withdrawal phase). The
ontology also covers processes that are not directly “linked” to dis-
ease transmission and this, obviously, for reasons of completion.
Because of the principle of orthogonality, as was the case with
GAZ and MIRO, in all cases in which terms are already covered
by established public ontologies we adhere to these, along with
their descendants. For that, we search ontologies at the NCBO
Bioportal (http://bioportal.bioontology.org/) and directly import
relevant hits (IDs and definitions) into our ontologies. This is
notably the case for the Biological Processes sub-ontology of the
GO, as can be seen in Table 3 that lists a part containing metabolic

Table 3

The table shows a small part of the physiological processes of vectors, described in
IDOMAL, that has extensive overlap with the GO-Biological Process sub-ontology (GO
IDs are indicated in parentheses). All terms are connected with terms lying above and
to the left of them with is_a relations. (“IDOMAL:XXXXXXX, no GO term in BP") refers
to terms for which no corresponding term is found in the Biological Process sub-
ontology. For three cases similar terms, indicated at the bottom part of the table, are
found in the sub-ontology of molecular function.

Metabolic process (GO:0008152)
Catabolic process (GO:0009056)
Carbohydrate catabolism (GO:0016052)
Glycolysis (GO:0006096)
Cleavage by carbohydrases (IDOMAL:0001299, no GO term in BP)
Lipid catabolic process (GO:0016042)
Fatty acid B-oxidation (GO:0006635)
Cleavage by esterases (IDOMAL:0001298, no GO term in BP)*
Protein catabolic process (GO:0030163)
Cleavage by peptidases (IDOMAL:0001300, no GO term in BP)"
Cleavage by serine proteases (IDOMAL:0001297, no GO term in BP)¢
Pigment metabolic process (GO:0042440)

GO terms describing molecular function.
2 G0:0016788 (hydrolase activity, acting on ester bonds).
> G0:0008233 (peptidase activity).
€ G0:0008236 (serine-type peptidase activity).
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processes. In this example, eight of 12 terms do have correspond-
ing terms in the GO, while for the remaining four, three have sim-
ilar (but obviously not identical) terms in the molecular function
sub-ontology of the GO. The decision to use terms (and their IDs)
verbatim from ontologies that have previously found their way into
the public domain is one that we strictly adhere to, as this provides
one of the most crucial advantages linked to the usage of ontolo-
gies, namely the possibility of cross-talk between databases that
share biological metadata. Initially we had decided against using
the parent term ID, as we often did not want to import the whole
tree associated to the terms. For example, in ChEBI, some insecti-
cides are listed as acaricides, while we consider them to be bona
fide insecticides. In the meanwhile we have modified this standard
and decided, in most cases, to use the original IDs from OBO Foun-
dry ontologies such as GO and GAZ. This “transcription” is now in
progress and soon most such IDs will cease appearing as xrefs.
IDOMAL, is an ontology describing malaria; it is the ontology
that we are in the process of populating with terms and this is
the actual ontology that we decided to develop in the frame of
IDO, and which we plan to expand in the near future in order to
cover other vector-borne diseases as well. It is built based on
BFO and the IDO reference ontology (http://www.infectiousdis-
easeontology.org/IDO_files/IDO_10.08.07.obo.txt), and it is meant
to cover malaria on all possible levels. More than 1800 terms cur-
rently exist in IDOMAL, even though it cannot be considered as
complete. Table 4 shows semi-schematically, the contents of IDO-
MAL. These obviously include both the clinical aspects of the dis-
ease in the widest sense (i.e. including epidemiology, etc.) and
the biology of the disease that describes processes and objects of
no immediate clinical relevance. We consider as such items (e.g.
proteins) involved in the penetration of both mosquito and hu-
man/vertebrate cells as well as their interacting partners in the
Plasmodium parasites. Again, similarly to the case of the ontology

Table 4

Semi-schematic listing of the contents of IDOMAL. The hierarchy of terms listed here
does not correspond to what is to be found in IDOMAL, due to the BFO format
followed. Not all classes are listed.

Biology of disease
Malaria immunology
Malaria pathogens
Parasite-vector interactions
Parasite-vertebrate interactions

Clinical features
Malaria forms
Severe malaria
Cerebral malaria
Malaria in pregnancy
Malaria in children

Diagnostic procedures
Epidemiology

Disease control

Malaria eradication

Vector control

Treatment
Chemoprophylaxis
Chemotherapy
Immunization

Treatment of severe malaria

Parasite biology
Plasmodium cycle
Plasmodium species
Drug resistance

Vector biology
Anopheline species
Insecticide resistance
Mosquito immunology
Transmission-related physiology
Population biology

of physiological processes, we have taken care to include, wherever
possible, direct imports of pre-existing ontologies. This is again the
case with terms already described by the GO, but an additional
example is the Plasmodium parasite life cycle; all stages have
cross-references to the, at the moment, inactive Plasmodium life
cycle ontology.

We have now finished expanding the IDOMAL to cover the
immunology of malaria. This now covers the immune responses
and the immune state of the vertebrate hosts of the parasites
and in particular humans, and it is planned to also include, in the
future, the immune responses depicted by anopheline vectors
when they are “infected” with Plasmodium parasites during a blood
meal. While insect immunity’s possible interaction with pathogens
carried by the vector could be potentially used for intelligent
schemes aiming at halting pathogen transmission [30], the human
immune system could also be “recruited” in strategies aiming at
stopping malaria [31]: it should be stressed again that no vaccines
are available for malaria, and therefore any instrument that may be
of help in developing them is of utmost importance.

Since both IDO and IDOMAL are still in development, even if at
an advanced stage, our ontology may well have to be modified later
to take care of discrepancies between the two ontologies, given the
fact of their intimate relationship. Table 5 shows identical entities
in the IDO and IDOMAL, which obviously share the same definition
despite the fact that their names are slightly different; eventually,
IDOMAL will switch to IDO’s ID number, keeping the alternate
name, where necessary, as a synonym. In contrast, Table 6 lists five
examples of terms that, although very similar, have a clearly differ-
ent meaning in the two ontologies; the IDOMAL terms, here, have a
more specific meaning, thus at the end the terms will continue
appearing with different ID numbers in IDO and IDOMAL.

3. Ontologies and vector-borne diseases: concluding remarks

The ontologies that we are constructing could be described, in a
sense, as pure application ontologies that are meant to form the
basis for specific tools such as specific databases or decision sup-
port systems for various diseases. The need for such tools became
apparent immediately after the first working version of the MIRO
and its sibling IRbase were made public. Not only did the interna-
tional community, most prominently WHO-AFRO, immediately de-
cide to adopt both tools, but also already within a few months after
the initiation of data submission, there are about 1500 population
records in the database. This is about 1400 more samples than
what the previous insecticide resistance section in VectorBase car-
ried, the only repository for data of this kind. In addition to dat-
abases that are driven by ontologies in an increasing fashion (see
for example databases using the ontology-depending schema Cha-
do [32], such as FlyBase [33,34] and VectorBase [35,36]), ontologies
are ideal tools for the design and function of intelligent DSS. As a
matter of fact, we are aware of at least two such IT tools being
developed presently, the malaria decision support system MDSS
(http://www.ivcc.com/projects/mdss.htm) and the Dengue deci-
sion support system (http://www.ivcc.com/projects/ddss.htm),
that are driven in part, by ontologies developed or specifically
adapted for that purpose. In cases such as vector-borne diseases,
whose control is also hampered by weak infrastructure in endemic
countries, these DSS can be used by medical workers and health
agencies in remote areas, either for ongoing studies or, most cru-
cially, in cases that need immediate attention [37,38] such as
emerging epidemics.

One of the intricacies that we are already faced with is the
planned expansion of the malaria-oriented ontologies, to cover
many other vector-borne diseases. To understand the magnitude
of the challenge one should think of the fact, as stated earlier, that
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Table 5
Terms in IDO with their counterparts in the draft IDOMAL.

IDO: term, ID

IDOMAL: term, ID

Common definition

Host role, 408

Parasite role, 443

Reservoir of infectious agent

role, 424

Pathogen role, IDO:405

Infectious disease, 436

Virulence, 466

Host, 0000055
Parasite, 0000995
Reservoir, 0000058
Pathogen, 0000063
Infectious disease,

000001051
Virulence, 0000004

A role borne by an organism by virtue of the fact it provides an environment supportive for the survival or
reproduction of an entity of another type

A symbiont role borne by an organism in virtue of the fact that it derives a growth, survival, or fitness advantage
from symbiosis while the other symbiont’s growth, survival, or fitness is reduced

A role borne by a material entity by virtue of the fact that it is a habitat in which an infectious agent is persisting
and multiplying and from which the infectious agent can be transmitted

A role borne by an object in virtue of the fact that it is sufficiently close to an organism towards which it has the
pathogenic disposition to allow processes resulting in disorder to occur

A disease whose physical basis is an infection

A quality that inheres in an infectious agent and is the degree to which realizations of the infectious disease

Organism population, 509

Susceptibility, 467

Immunization against
infectious agent, 497

caused by the infectious agent become severe or fatal

Population,
0001254
Susceptibility
0001048
Immunization,
0001039

An aggregate of organisms

A quality that inheres in an entity and is the degree to which it can be harmed by another entity of a certain type

A process by which an organism acquires immunity to an infectious agent

Table 6

Terms in IDO with their counterparts in the draft IDOMAL.

IDO: term, ID

Definition

IDOMAL: term,
ID

Definition

Infectious disease
prevalence, 485

Infectious disease
incidence, 479

Infectious disease
epidemic, 502

Infectious disease

A quality that inheres in an organism population and is the number of
realizations of an infectious disease of a certain type in the population at a
specified time

A quality that inheres in an organism population and is the number of
realizations of an infectious disease of a certain type for which the
infectious disease course begins during a specified period of time

A process in which there is a relatively significant increase in the
infectious disease incidence of a certain type of infectious disease, relative
to the endemic level of realizations of that infectious disease, in an
organism population located in a geographically connected region

A disease course that is the realization of an infectious disease

Prevalence of
malaria, 0000019

Incidence of
malaria, 0001243

Epidemic
malaria, 0000116

Progression of

The number of malaria cases existing in a given
population at any given time

Prevalence over a stated time period
independent of whether the disease resulted
from a new infection or not

Spread of malaria across a population beyond
what is characterized as endemic

All clinical features of malaria from infection to

course, 495 malaria, 0000091 cure or death

Herd immunity to A collective resistance disposition that inheres in an infectious population Herd immunity, Resistance of a group to a pathogen due to
infectious in virtue of the fact that a sufficient number of members of the population 00000352 immunity of a large proportion of the group to
organism, 447 have immunity to an infectious agent that pathogen

Acquired An immunity to infectious agent that inheres in an organism in virtue of = Acquired Immunity to malaria gradually acquired by
immunity to lymphocytes and lymphocyte receptors that came into being as a result of immunity to infection
infectious a primary immune response malaria, 0000543
agent, 621

Vaccination An active immunization process that begins with exposure of an organism Malaria The administration of antigenic material from
against to a vaccine and results in immunity against an infectious agent vaccination, malaria pathogen to produce immunity to
infectious 0000021 malaria
agent, 499

vector-borne diseases represent major threats to public health in Acknowledgments
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Abstract

Background: Ontologies are rapidly becoming a necessity for the design of efficient information technology tools,
especially databases, because they permit the organization of stored data using logical rules and defined terms
that are understood by both humans and machines. This has as consequence both an enhanced usage and
interoperability of databases and related resources. It is hoped that IDOMAL, the ontology of malaria will prove a
valuable instrument when implemented in both malaria research and control measures.

Methods: The OBOEdit2 software was used for the construction of the ontology. IDOMAL is based on the Basic
Formal Ontology (BFO) and follows the rules set by the OBO Foundry consortium.

Results: The first version of the malaria ontology covers both clinical and epidemiological aspects of the disease,
as well as disease and vector biology. IDOMAL is meant to later become the nucleation site for a much larger
ontology of vector borne diseases, which will itself be an extension of a large ontology of infectious diseases (IDO).
The latter is currently being developed in the frame of a large international collaborative effort.

Conclusions: IDOMAL, already freely available in its first version, will form part of a suite of ontologies that will be
used to drive IT tools and databases specifically constructed to help control malaria and, later, other vector-borne
diseases. This suite already consists of the ontology described here as well as the one on insecticide resistance that
has been available for some time. Additional components are being developed and introduced into IDOMAL.

Background

The failure of the campaign to eradicate malaria about
40 years ago led, among others, to a widespread notion
that this disease can simply not be wiped out. This
modified the goals of the majority of malaria workers
worldwide towards achieving a mitigation of the pro-
blem, rather than seeking a final solution. On the other
hand it is evident that campaigns based both on novel
and traditional concepts, have been highly successful;
the key example is the European paradigm of malaria
eradication. Moreover, the advent of modern molecular
biological techniques, today ranging into genomics and
post-genomics, have also provided an impetus towards
the development of original and groundbreaking
approaches. For example, on the level of malaria ento-
mology, an increased understanding of vector biology in
areas such as genetics, molecular and population biology
has formed the basis for the design of potential future
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anti-malarial strategies: these are to be based on the use
of genetically modified mosquitoes in order to accom-
plish a (permanent?) break of transmission cycles.

The recent resurrection of the idea of malaria eradica-
tion attributed to Melinda and Bill Gates [1] and imme-
diately adopted by many malariologists, even if only as a
“distant dream” [see [2,3]], has moved many research
efforts towards schemes aiming at this ultimate goal.
The relative optimism with which such a possibility was
met was based, among others, on a series of realities
that differentiate the present situation from that of the
second half of the previous century. These facts primar-
ily include the increased knowledge on all aspects of the
biology of the disease, and most importantly, the avail-
ability of tools that, fifty years ago, could only be found
in the realm of science fiction. Modern information
technology (IT) and logistics are good examples of this.

Bioinformatics, as a specialized and logical descendant
of computer sciences and IT, evolved mainly due to the
development of DNA sequencing and the need to access
and understand those primary data. It received its first
boost through automated sequencing and it has

© 2010 Topalis et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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progressed even more in order to be able to handle the
immense accrual of information that keeps accumulating
through genomics in the widest sense. In parallel to the
actual sequence analysis, a major part of bioinformatics
deals with the development and maintenance of data-
bases in terms of, among others, the organization of
their contents, their accessibility, and the cross-talk
between them.

It was recently suggested to use ontologies as an effi-
cient instrument to enhance the impact of IT tools in
vector biology and malaria entomology [4,5]. This can
be achieved by building databases and/or decision sup-
port systems driven by wide-ranging ontologies that fol-
low common and established rules. In information
science an ontology is a formal representation of the
knowledge, which includes the definition of concepts
within a given domain as well as the relations between
these concepts. In a simplified example, a given biome-
dical ontology would provide the definition of the term
“translation”, list its synonym “protein synthesis”, and
also include its parent (e.g. biological process, metabolic
process, gene expression, etc.) and child terms (e.g.
initiation, elongation, termination, tRNA aminoacylation,
etc.). All of these terms and the relations (in our exam-
ples, “is_a” and “part_of* relations) are well understood
by humans but also, most importantly, all computers
that have adopted the usage of a given ontology.
Although an ontology is often confused with a con-
trolled vocabulary, the latter does not usually use rela-
tions and, thus, looses power in terms of computer use:
For example, a search of a database driven by the exam-
ple ontology just mentioned would list, in searches
using the string “translation” all items annotated with
the term “elongation”, since it would be known that the
former is a parent term of the latter. It is apparent that
if this kind of data exchange and comprehension by
information systems can be achieved, a world-wide
malaria eradication campaign would greatly benefit from
the adoption of standardized ontologies, which would
allow for an extensive data exchange across national
boundaries and specific projects.

The power of such biomedical ontologies can be best
exemplified through the immense success of the Gene
Ontology (GO) [6], that has not only allowed improved
annotation of experimental data but which, concomi-
tantly, led to an easier comprehensive data mining as
well as understanding of molecular biology. VectorBase
[7], the database of genomic information on disease vec-
tors, therefore recently incorporated a section on insec-
ticide resistance (IRbase) that fully relies on a specially
designed ontology called MIRO [8]. Here, the first ver-
sion of an ontology for malaria called IDOMAL (Infec-
tious Disease Ontology-MALaria) is described; it is
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made publicly available in order to seek feedback from
the wide community of malariologists.

Methods

The OBOEdit2 software [9], which is freely available for
downloading [10] was used for the construction of the
IDOMAL. The malaria ontology is based on BFO, the
Basic Formal Ontology [11,12] and it follows, in full, the
rules set by the OBO Foundry consortium [13]. IDO-
MAL can be downloaded from Vectorbase [14], and
it can be viewed and browsed on line at the NCBO
bioportal [15].

Results and Discussion
IDOMAL: the format and the contents
A decision to build an ontology immediately raises some
crucial questions that should be answered at the very
beginning of the project. Perhaps the first one is the
question concerning the primary reasoning that led to
the initiation of a project: what is the real need for a
given ontology? In the case of the IDOMAL it was clear
that there is a vast wealth of knowledge available that
could be put to use for the purpose of malaria control
by malaria experts, database developers and technicians
constructing decision support tools for the disease.
Unfortunately, though, the data that range back several
decades have been annotated using a multitude of differ-
ent criteria. This makes it tedious to “unify” the infor-
mation in order to exploit it to the maximum. We
therefore decided to develop a global malaria ontology
having in mind two pre-requisites a) the ontology will
aim at maximum interoperability and b) it will be amen-
able to future expansion to encompass aspects that
would not be part of it in the initial versions. For several
reasons that will be laid out below, it was decided to
construct the ontology in the frame of IDO, the Infec-
tious Disease Ontology [16], a loose consortium of
research groups aiming at developing ontologies for a
variety of infectious diseases that include brucellosis,
Dengue fever, infective endocarditis, influenza, tubercu-
losis and others. Within this consortium, it was decided
to initiate the implementation of the project of vector-
borne disease ontologies with malaria, indisputably the
most important vector-borne disease for global health.
IDO will be a top-level ontology that will form the
neutral core for all other sub-domain-specific ontologies
to be developed as disease-specific extensions of the
core. In this sense, IDO will function similarly to the
CARO, the Common Anatomy Reference Ontology [17],
that is the nucleus for many anatomical ontologies, and
which also served as the basis for the two ontologies
built by our group for the anatomy of arthropod disease
vectors, TGMA for mosquitoes and TADS for ticks [18].
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Similar to the CARO, it has been decided to base IDO
and all its “components” on BFO [11,12]. Being domain
neutral, BFO allows for a unified treatment of all biome-
dical items that are to be described in different ontolo-
gies. The BFO structure was therefore exploited to
incorporate in IDOMAL parts of the previously devel-
oped insecticide resistance ontology MIRO [8] without
having to go through its intricate restructuring (see
below). Given the dependence of IDOMAL on BFO, its
architecture and the details of its structure may not be
immediately decipherable by non-experts. For example,
not only are the distinctions between process and fiat
process part (a processual entity that is part of a process
but that does not have bona fide beginning and ending
that correspond to real discontinuities [19]) or between
disposition, state and condition hard to recognize for the
uninitiated, but the overall “architecture” may seem
complicated in spite of being ontologically correct. The
example chloroquine, outlined in figure 1, illustrates this
point. The term is found five times in the ontology,
once as an object, three times as a child of the class pro-
cess and once as a child of the class role. Of these five
times, only one links chloroquine to the top level, object,
using a complete is_a relation path (figure 1A). There
are many similar cases in IDOMAL; a second example
can be found within the class process/process of malaria
where, at a high level, the term ancillary treatment of
malaria can be identified, containing the terms relating
to both severe and uncomplicated malaria. A sibling to
this term, though, is treatment of malaria, which itself
contains the mentioned term ancillary treatment of
malaria, again with all of its children. Although this
may seem illogical at first glance, this is not so: in the
former case the indispensable is_a path is set up while
in the latter the parthood relation is described. Figure 2
shows the contents of the process class illustrating the
example mentioned while Table 1 shows a summary of
the overall contents of the ontology, and the top-level
classes that they have been ontologically attributed to.
This table is obviously only a schematic, summary
representation.

It should be stressed here that as the ontology is a
specialized tool and not a simple “dictionary”, the
immediate advantages of the BFO representation, central
for database development, not being immediately notice-
able when browsing through the IDOMAL. At this time
(version 1.2) it contains 2392 unique terms of which
2377 (> 99.3%) are defined. These terms are distributed
in 12 upper level classes, all defined by BFO. Table 1
also shows the number of individual descendants for
each of these classes in IDOMAL. The two classes deal-
ing with processes, process and fiat process part, are
made out of a total of 1441 descendants, whereby the
latter class contains, almost exclusively, vector-related
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terms that are listed in Table 2. Another densely popu-
lated class is “object” (1148 terms); this is due, on one
hand, to the inclusion of such terms as a comprehensive
list of hosts, parasites and malaria vectors, all of them
under “biotic”, and on the other, to the inclusion of
“chemical compounds” that includes extensive lists of
anti-malarial drugs, insecticides and several proteins,
again, from host, parasite and vector. A “similar” class is
object aggregate, which, among others such as popula-
tions-related terms, also lists drug combinations and
diagnostic tests. quality and role are two additional
heavily populated classes (253 and 576 terms respec-
tively), while the other classes are presently not very
densely populated. Obviously, the total numbers of des-
cendants of the top classes (3699) don’t add up to the
total number of terms listed in the ontology; the reason
for this is that in addition to being connected to their
parent directly through an is_a relation, several terms
are also equally connected to other terms through rela-
tions of a different kind such as, for example, part_of,
realizes, preceded_by and others, similar to the example
illustrated previously in figure 1. Finally, no indications
as to the contents for some of the upper classes were
included in Table 1; the reason for this is the scarce
population with terms. For example, “state” contains
only two terms, oostasis and diapause, while “spatiotem-
poral region” lists the five developmental gates described
for follicular development in mosquitoes.

IDOMAL: the disease-related terms

Terms pertinent to the malaria disease as such relate to
several distinct aspects of malaria. These obviously
include clinical manifestations, therapeutic approaches
and epidemiology, but also terms that relate to Plasmo-
dium parasites as aetiologic agents. As the aim of IDO-
MAL is not to build a general disease ontology, the
contents focus on terms that are pertinent to malaria as
such; nevertheless they are quite complete, aiming at
annotating, when need is, all aspects of clinical malaria.
Among others, the ontology lists the generic names of
all currently available anti-malarial drugs (proprietary
names are often listed as synonyms) and commonly
used combination therapies; all available diagnostic pro-
cedures, including all available rapid diagnostic tests
(RDT, as of 2008); therapeutic approaches, including
ancillary treatment of malaria. It should be stressed at
this point that terms that are already described, defined
and given a separate ID number by a higher order
ontology such as, for example, IDO or another generic
and publically available (open) biomedical ontology, may
in the future replace, in full or in part, some of the
terms used in IDOMAL. Should this be the case,
obviously, the current ID numbers will be kept as cross-
references and terms with a slightly different wording
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Figure 1 The position of chloroquine in IDOMAL. The figure shows the positions of chloroquine in the IDOMAL ontology tree. A: the is_a path
from chloroquine to the top-level object class; B: three different paths leading from chloroquine and converging to process of malaria (an is_a
child of the top-level class process) linking parent-children terms with different relations; C: the third path of chloroquine leading to the top-level
class role through two different relations. The different relations are indicated by different signs and colours: grey box = is_a, blue circle =

has_role 4-aminoquinoline
F <«— chloroquine

= agent_in chloroquine

agent_in malaria treatment drug
= has_role 4-aminoquinoline
F <— chloroquine

has_role 4-aminoquinoline
E chloroquine

may also be kept as synonyms. A good example for this
are the Anopheles breeding sites (ontologically: roles!),
which have been described by, and are already listed in
IDOMAL with the ID of ENVO, the Environment
Ontology [20].

In addition to clinical aspects of malaria one addi-
tional feature that is also dealt with in IDOMAL is dis-
ease biology, including immunology. Here, we were
faced with the choice of describing several terms in the

ontology in detail or of handling them on a shallow
level and relying on a future database for their potential
detailed “description”. The best cases in point for this
are the proteins that have been described as being
involved in different crucial host-vector interactions.
One example can demonstrate the question faced, as
well as the possibility to tackle its solution.

The thrombospondin-related anonymous protein
(TRAP) from Plasmodium was first identified more than
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20 years ago in the human parasite P. falciparum [21],
and since then in several more Plasmodium species. The
function of TRAP, a sporozoite transmembrane protein,
is to interact with the substrate in the process of moti-
lity [22,23]. Moreover, it was later found that TRAP
plays an active role in invasion of hepatocytes [24,25].
Should TRAP be included in the malaria ontology as a
term? To begin with, there are several Plasmodium spe-
cies for which there is complete lack of information on
the respective protein and the gene that encodes it;
these species include, unfortunately, even human para-
sites. Furthermore, specific information on already iden-
tified genes/proteins is often stored in databases such as
PlasmoDB [26], and so far no need for an annotation in
terms of the TRAP name has surfaced or, at least, no

such need is described in any major publication. These
facts, therefore, would imply that a protein such as
TRAP should not be included in a malaria ontology. On
the other hand, TRAP has been discussed as a potential
vaccine [27,28]. Thus, in a database that deals with vac-
cines, it is possible that a generic TRAP term might be
needed for potential annotation. Similar thoughts con-
cerning other Plasmodium proteins which could poten-
tially become pharmacological targets have led us to the
inclusion in IDOMAL of TRAP and several more pro-
teins that are potentially involved in vector-parasite and
host-parasite interactions. Figure 3 shows the term
TRAP in two clades of the ontology, a longer one
describing the protein in its biological context using
four different relations (A, top right) and a short one
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Table 1 The upper classes of IDOMAL
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Class Number of terms Contents summary
condition 45 clinical features of malaria host (e.g. symptoms and signs, etc.)
disposition 77 infectious disease (malaria - > transmission, progression - > clinical manifestation,
etc.
fiat process 121 mostly vector-related “processes”
part
object 1148 a) abiotic objects (chemical compounds, including insecticides, antimalarials),
screening material, environmental/geographic features, etc.
b) biotic objects (anatomical structures, host -,
vector - and parasite species, etc.)
object 89 populations (host, vector, parasite), protein complexes
aggregate
process 1320 processes of malaria, host, vector, parasites, populations, combination therapy,
diagnostic tests, etc.
process 2
boundary
quality 253 qualities of malaria, environment, host, vector, parasites and populations
role 576 roles of biological and chemical substances (e.g. drugs, enzymes, factors, etc),

parasites, breeding sites

spatiotemporal 6
region

temporal 5
region

The table lists the upper classes of the ontology and includes, only for the heavily populated ones, a summary of the main contents of the class. The numbers

denote the number of terms found in each one of the classes.

showing the is_a path from TRAP to its uppermost par-
ent class in five steps (B, bottom left). At this moment
IDOMAL lists 86 Plasmodium proteins but, obviously,
the number of such malaria-related molecules will cer-
tainly increase in the future as knowledge on the mole-
cular biology of malaria increases and several more will
have to be added to IDOMAL.

Similar considerations are valid for terms dealing with
malaria immunology, in general, and malaria vaccines,
in particular. The rapid progress achieved in these fields,
combined with the complicated immunological aspects
of the disease [29,30] are principally to blame for an
initial relative scarcity of relevant information in IDO-
MAL. It is noted, though, that attention was focused on
immunology-related terms that are “linked” to processes
of malaria and not immunity in general, and certainly
no description of the immune response in vectors is
described yet. Table 3 lists all vertebrate host proteins
that are currently listed in the ontology. Several more
terms relating to host immunity can be found in both
process of malaria host and quality of host. As stated
above, these terms don’t include important, yet malaria-
unrelated entities.

Finally, the ontology evidently includes a series of
terms that pertain to the parasite and its role as a
pathogen. These terms deal with the biology of Plasmo-
dium (including the aspects just mentioned above), and
a brief section that is also in need of expansion deals

with the resistance of the parasite against several anti-
malarial drugs.

IDOMAL: the vector-related contents

Although it sounds relatively easy to determine what
should be included in a disease ontology, the fact that
malaria is a three-organism infectious disease compli-
cates matters to some extent. Of course, it is expected
that a malaria ontology will include clinical and epide-
miological concepts, and naturally all aspects of the biol-
ogy of the disease are also assumed to form part of
IDOMAL. But should vector biology be included or
should it form an independent ontology? And if the first
part of the question is answered in a positive way, to
what extent should vector-related terms be included? A
decision was reached to include in IDOMAL all aspects
of vector biology that are crucial to malaria transmission
and epidemiology. Thus, two such major components
were included, insecticide resistance (IR), which is
already covered by a specific ontology, MIRO [8], as
well as terms pertaining to mosquito physiology. In the
case of IR, clearly there is no way that all of its aspects
should form an integral part of IDOMAL and it was
decided to first importing from MIRO only the mechan-
isms of resistance as well as the actual insecticides.
Therefore, terms relating to pertinent methodology and
to populations were omitted from IDOMAL. It is
planned, though, to later import MIRO entirely into
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Table 2 Physiological processes and “fiat process parts” of malaria vector listed in IDOMAL
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process fiat process part

behavioural process 189 cell-to-cell communication 0
chorion formation 2 descent to the body surface and alighting 4
circulation 0 descent to water surface 0
developmental process 30 development of competence 0
distension of midgut 6 digestion of food 27
egg laying 1 equilibrium during flight 0
endocrine system process 1 exploration and examination of body surface 33
excretion 15 flight orientation 0
fertilization 0 food ingestion 6
formation of ovarian follicles 0 formation of assembly 9
formation of peritrophic matrix 2 gliding 0
growth 4 hovering 0
immune system process 17 internalization of vitellogenin 1
muscular system process 25 long-range approach 30
nervous system process 5 organelle synthesis in midgut cells 5
nutritional process 1 ovarian cycle 27
previtellogenic development 2 ovarian developmental stages (Christophers) 10
regulation of biological process 1 ovarian developmental stages (Troy et al) 9
release of 20-hydroxyecdysone 0 oviposition 0
reproduction 90 persistent locomotion 0
respiration 5 process of oogenesis 40
response to stimulus 87 process of ovulation 1
rRNA synthesis in oocyte and nurse cells 0 production of digestive enzymes 4
saliva secretion senses and flight response during mating 29
secretion of peritrophic matrix in larvae short-range approach to the host 5
sensory perception 21 skin-hopping 0
stimulation of vitellogenin synthesis

termination stage

untrastructural change in the trophocyte 6

vector metabolic process 32

vitellogenesis 10

vitellogenic stage 1

vitellogenin synthesis 2

The table lists, alphabetically, physiological processes and fiat process parts of malaria vectors that are currently listed in IDOMAL. The numbers refer to the
numbers of individual child terms of a given term. When a zero (0) is indicated, the term in the table has no children listed in the ontology.

IDOMAL, when the former ontology has been re-orga-
nized according to the BFO format. It was also chosen
to omit, in the first version, terms relating to mosquito
immunity [31,32] although, again, these will be included
those in a future release. For the time being, for both
imported classes of terms the original ID numbers that
have been assigned through their inclusion in MIRO
were kept, this way allowing for an unambiguous identi-
fication of the various items and avoiding later confu-
sion. In other words, the use of both IDOMAL and
MIRO by an IT tool or a database to be developed in
the future would not be faced with problems of disambi-
guation of the terms. Similar to what was done for
terms imported from MIRO, in all cases in which a
term was imported from an existing ontology (e.g.

physiological process are covered, in part, by the GO
[33]) the original IDs were kept (see below).

A series of terms dealing with vector physiology were
incorporated in IDOMAL, which in their majority con-
cerned processes in mosquitoes that are related to trans-
mission, directly or indirectly. Thus, larval life is only
poorly addressed; in contrast, behavioural parameters
such as host seeking or blood meal-related processed
are described in more detail. More than 600 fully
defined terms make up this part of the ontology. Table
2 lists the categories of such terms that can be found in
the ontology, i.e. the upper levels of the corresponding
section of IDOMAL as well as the number of terms in
each one of the classes. As stated earlier, it should be
noted that the number of terms indicated does not
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El —— process
I <— B process of malaria pathogen

B <«— Plasmodium life cycle
Bl «— @ sporogony
B «— @ completion of gametogenesis
= preceded by fertilization

= preceded’by ookinete formation

= preceded_by invasion of mosquito midgut epithelium

B <«— @ traversion of peritrophic membrane

= precedediby invasion of epithelium

= preceded_by attachment to basal lamina

= precedediby oocyst formation

=] precedediby oocyst maturation

= preceded_by rupture of oocyst

= precededby development of sporozoite

=

—— object £ <— @ migration to salivary gland

B <«— abiotic object =

preceded_by invasion of salivary gland
B <— chemical compound paﬂicipates_in
B <«— protein

= < Plasmodium parasite protein

B «— 0 [ReF]

Figure 3 The TRAP protein in IDOMAL. The two different paths in which the protein TRAP (enclosed in a red and white rectangle) is found
are shown here. In B, the is_a path leads to the upper class object, while in A the position of TRAP in the clade leading to the class process is
shown. In addition to is_a (grey rectangle) and part_of (blue circle), two additional relations are used for the correct setting of the term:

participates_in (grey rectangle) and preceded_by (orange rectangle).

reflect unique terms, for the additional reason that cer-
tain terms that can be found as parts of different pro-
cesses. Importantly, some of the processes described in
the ontology don’t refer to physiological processes of the
vectors in a strict sense but, rather, they relate to the
interactions between the vector and the vertebrate host
of Plasmodium as well as the vector and Plasmodium
itself. Furthermore, some of the processes (and “fiat pro-
cess parts”) described in IDOMAL can also be found in
the GO listed as biological processes. In all cases in
which a 1:1 tautology exists, the GO ID has been used
to identify the terms in the malaria ontology. One needs
to differentiate, though, between processes and func-
tions, as does the GO in its division into three sub-
ontologies. Therefore, IDOMAL lists a process called
“cleavage by peptidase”, while the GO includes the
molecular function “peptidase activity”. In this case, and
some other similar ones, the GO term is cross-refer-
enced but not directly imported.

As is true for the remaining IDOMAL, the terms
addressing the mosquito physiological processes are

certainly not exhausted, and more terms can (and will)
be added in the future. This will certainly be the case
when the ontology is expanded (or, potentially, entirely
reorganized) to include other vector-borne diseases;
virus-host interactions are, here, the best example.

Finally, a series of terms relating to vector control as
such are also included in IDOMAL. It is expected that
this kind of terms would be of importance given the sta-
ted possibility of malaria eradication efforts. It is worth
mentioning here that throughout IDOMAL, as is the
case for the malaria vertebrate host, terms that can be
unambiguously linked to either vector or vector popula-
tion are listed separately.

Conclusions

The aim was to produce a tool that will be useful to the
malaria community working towards effectively reducing
the global malaria burden. Ontologies are such tools, as
they provide the community with a common language
that is equally well understood by computers and dedi-
cated software. Thus, if/when widely accepted,
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Table 3 Malaria-related vertebrate host proteins listed in IDOMAL

C3b
CD36
complement receptor 1
defensin
granzyme B
human actin
human ankyrin
human band 3 protein
human band 4.1 protein
human Duffy blood group antigen
human glucose-6-phosphate dehydrogenase
human glycophorin A
human glycophorin C
human haemoglobin
variant haemoglobin

haemoglobin C

haemoglobin E

haemoglobin S

thalassaemia-related haemoglobin

wild type haemoglobin
human spectrin
immunoglobulin
immunoglobulin £
immunoglobulin G

alpha thalassaemia-related haemoglobin
beta thalassaemia-related haemoglobin

immunoglobulin G1

immunoglobulin G3

immunoglobulin M
interferon gamma
interleukin 10
interleukin 12
interleukin 13
interleukin 2
interleukin 4
lysozyme
perforin
toll like receptor 2
toll like receptor 9
tumor necrosis factor-alpha

The table lists, alphabetically, all malaria-related vertebrate host proteins that are currently listed in IDOMAL. Proteins that are found tab-shifted rightwards in any

line of the table are is_a children of the respective higher order term.

ontologies provide the means to expand the information
through interoperability and mutual understanding of
database annotations. This possibility clearly enhances
the usefulness of databases: rather than simple reposi-
tories, they advance to the level of complex tools. In
spite of the fact that more than two thousand terms are
included in IDOMAL, the fact that this first, working
version of the malaria ontology is far from being com-
plete has, indeed, to be emphasized. This is obviously
the case with any ontology that expands and changes to

satisfy advances such as scientific findings and novel
ideas in any given field or domain. Moreover, mistakes
and omissions are always part of such an effort, and the
malaria community is invited, and urged, to provide
constructive feedback. It may be a fact that in its pre-
sent form, the ontology may be leaning slightly towards
vectors than towards the other two key players of
malaria, the vertebrate host and the parasite. An ontol-
ogy is bound to constantly expand as new terms appear.
Moreover, both for any expansion as well as for the
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optimal description of existing terms, an input from the
community is a conditio sine qua non.

This ontology is freely available to everyone wishing to
use it. The only condition linked to its usage is that, fol-
lowing the rules established by the OBO Foundry, if this
ontology is to be changed in any sense by a user for any
purpose, the name IDOMAL can no longer be used. We
hope that in the near future we will be able to provide
the users from the malaria community with a much bet-
ter product that will greatly rely on their own criticism.

List of Abbreviations used

BFO: Basic Formal Ontology; IDO: Infectious Disease
Ontology; IT: Information tool; GO: gene Ontology;
MIRO: Mosquito Insecticide Resistance Ontology; URL:
Uniform Resource Locator; OBO: Open Biomedical
Ontologies; NCBO: National Center for Biomedical
Ontologies; CARO: Common Anatomy Reference
Ontology; TGMA: Mosquito Gross Anatomy Ontology;
TADS: Tick Gross Anatomy Ontology; ID: Identification
Number; TRAP: thrombospondin-related anonymous
protein; IR: Insecticide Resistance.
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