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EYXAPIXTIEX

Aev yivetalr Tapd va avagépw TPwTo Tov K. Aoln. Tov avBpwTtro 1mou amod T1a
TTPOTITUXIAKA HOU XPOVIO JOU OTABNKE Kal JE EPTTIOTEUTNKE. AKOMUA dev EEPW TO yIATI.
Xwpic autdov dev Ba rjuouv €dw, Otv Ba eixa ouvexioel yia PETATITUXIOKO, TTOCO
HAAAoV yia B1dakTopIkG. Mou £€dwoe gukalpieg TToU ouTe Kav NEepa 6T uTTopoloa va

EXw. Makdpi va uttipxav kal GAAol KaBnynTég — kKal AvBpwTTol — oav auTov.

2€ AQUTO TO ONUEIO Va €uXApIOTACW Kal Ta AAAa OUO HEAN TNG TPIMEAOUG ETTITPOTTAG
Mou, Tov lwdavvn Bovrta kai Tov lwédvvn HAIGTToUuAo. OAa autd T1a xpdvia Atav SiTTAa
Mou, via OTToIodATTOTE aTTopia KI av €ixa. 1diatépwg o K. Bévrag, 1ou pou

TTAPAXWPNOE XWPEO OTO £PYACTHPIO TOU YIA TNV SIEKTTEPAIWAON KATTOIWY TTEIPANATWY.

Metad TTepvaw oTov TlavreAr]. AAAOG €vag AvBpwTTog TTou VIWBwW TuxepPr Kai
EUTUXIONEVN TTOU BpiokeTal oTn (wr pou. Ta KAUOTIKA, aAAG TTavTa TreTuXnuéva,
oXOAId Tou ATav Jia KaBnuepIvr) GUVTPOPIG G OAN auTr) TNV TTopeia. ‘Exouue epdoel
ameipeg wpeg otov «Kdatw Koéouo», ae 6Aeg Tou TIG pop@EéG. Mou éuaBe TTOAAG
TPAYMATA, Kal 60Xl HOVO OXETIKA ue TNV PioAoyia. AKOua Tou XpwaoTdw éva Ceuydpl

BarpaxotrédiAa...

2e autov Tov «Kdatw Koéouo» utrdpxouv kal dAAa duo droua TTou Ba BeAa va

avagépw, o MavwAng kai o MNavvng. Mpayuatikd, Toug uxXapioTw.

Agv Ba uTTopoUoa va punv ava@épw Kal OAa Ta HEAN TOU EPYACTNPIOU, TTPWNV KOl VUV,
ME T oTroia ouvepyalopaoTte OAa autd Ta Xpovia. [Mépa amd Ttnv dyoyn
ETTAYYEAMOTIKA HOG OXEON UTTPXE KAl pia eEaipeTIK TTPOocwTTIKN. NIwBw TuxEPR TTOU
TEPAOA QUTA Ta XPovia Pe autd Ta dropa. OTToTE éva peyAGAO euxapIoTw OTnv Inga,

oTov Aeutépn, otnv ‘EAeva, otnv Rhiannon kai otnv Mapia.



Euxapiotw TN pnTépa Pou TTou PE AvTeEE Kal PE avTexel. EIDIKA OTIG OTIYUES TTOU N
KoUpaaon Kal Ta veupa £BPIoKAv atToKOUUTTI o€ auThv. 'HTav TTavTa €Kei, €ite Agepa OTI
™ Xpelaldopouy, eite Ox1. Eipar amd 1a Tuxepd Atoua TTOU N PNTEPO TOUG, TOUG
ayatrdel xwpig 6pia. O1 Bucoieg TTou €kave yia Ta TTAIdIG TNG BV TIG KAVOUV TTOAAOI.
Tnv ayamdw 6co Ot @avradetal. Me &pel kal yia autd Ba kataAdBer yiati n
OUYKEKPIUEVN epyaoia civalr a@iepwpévn o€ Kamoiov dAAov kal vopilw Twg Ba

oup@wvnoel padi you o€ auTod.

Tov TTatépa pou, yiati EKave auto TTou VOWIZe 6T ATav CwoTo.

Tnv adep@r pou, TTou e ékave va yYeAdw KiI ag To ékave aBeAd Tng. MtTopei va un
Moidloupe o€ TTOANG TTpdyuata, aAAd autd Tnv kavel EexwpioTh. ‘Hrav oa va réepe
TOTE VA JOu OTEIAEl dia AdKupn €pWTNON 1 €va ACTEIO yIa va PE KAVEl va EEXAOTW.

Ooo kI av TNG TO XTUTTAW, B BEAW va aAAAEEL.

Tn Nikn ka1 Tn Pavia, 1Tou ptropei €dw Kal xpdévia va pnv eival ma otnv Kpntn, aAAd
OTTOTE PPICKOUACTE Eival A va PNV TTEpace dia phépa. ‘Hrav mdavra dittAha pou, 6on

a1TOOTACN KI AV PAG XWPICE.

Tnv Appoditn, n otroia Ba eival TrédvTa n Avtiyovn you.

Tov Mdvo, 1Tou gival 0 adep@dg TTou TTOTE dev gixa, aAAd TTAvTa BeAQ.

Ta dropa TTOU ATAV KOVTA POU KAl TTOU €kavav Ta xpovia oto ITE suxdpioTta, 1oV
XpnoTto, TN ZePéAn, Tnv EppavouéAia, tov KwoTta, Tov lMNwpyo, tov MNdvvn kai Tov

MavayiwTn.

TéMog, n epyaacia autn gival agiepwpévn atn Bgia pou. Aiyol TV €X0uv OKOUGTA, aAAG
0001 aVAKOUV O€ auTh TNV opada &Epouv TTOAU KaAd yiati dev yivotav — Kai oUTe

NOeAa — va KAvw aAAIWG.

MNa eoéva, Aoimmov, Beia pou.
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INEPIAHWH

To kouvoUTTl gival €vag aTrd Toug TTIO ETTIKIVOUVOUG OpyavIoHoUg yia Tov AvBpwTro,
AOYW TNG IKAVOTNTAG TOU va dpa wg Qopéag e dIAPOoPEG acBEveIEg, OTTWG €ival n
ehovoaia kal o OAyKeEIOG TTUPETOGC. MNa SEKAETIEG YivovTal TTIPOCTTIABEIEG AVTIMETWITTIONG
TWV VOowyv, &ite amd TTAEUpdg Tou Qopéa, eite ammd TTAeupdg Tou TTaBoyovou. MExpl
TPOCEATA, 0 KUPIOG TPOTTOG AVTIUETWTTIONG TOU QOPEA MNTAV TA EVIOUOKTOVA. ‘Exouue
QTdoel OUWG O¢ éva KOWPBIKO onueEio TNG avBEKTIKOTNTAG KAl yia auTdv Tov AGYO n
ETMOTNMOVIKI] KOIVOTNTA £xel OTpa@ei kal o€ AAAeC peBddoug, OTTWG auth NG
Tapadiayéveong. ZTnv mapouca diatpIf EeTdoTnKe N KATAAANASTNTA Tou Asaia sp.

va dpdaoel wg TTapdyovTag o€ autn TN HEBodO.

Tig TeAeuTaieg OEKAETIEG, OTNV TTPOCTIABEIQ AVTIMETWITIONG Tou TTPORANUaATOG APBE va
OUMBAaAel kal n BIOTTANPOPOPIKA, HECW QVATITUENG £vOG TTANBOUG epyaAgiwy Kal TNg
onuioupyiag Pdaoewv Oedopévwy, OTIOU  OTTOONKEUETAI O  TEPAOTIOG  OYKOG
TTANpoQoOpIWY TTOU TTapdyovTal. KabioTaTtal avaykaio 1a epyaAgia autd va PImopouv
Va ETTIKOIVWVOUV a@eVOSG HETAEU TOUG KAl AQETEPOU HE Ta dedoPEva TTOU UTTAPXOUV
Kal TTou Ba uttdpgouv peAAOVTIKA. H AUon yia autd 1o ¢ATnua gival o1 ovioAoyieg. Me
auTd TOo OKETITIKO Kal oTa TTAdioia autr) Tng SIaTPIBAS avaTrTuxbnke n ovioAoyia Tou
OAYKEIOU TTUPETOU, YIA VA dPACEl WG O CUVOETIKOG KPIKOG avapeca o€ OAA autd Ta

epyaAcia.
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ABSTRACT

The mosquito is one of the most dangerous organisms for the human, due to its
ability to act as a vector to a multitude of diseases, e.g. malaria and dengue fever.
There have been many attempts at combating those diseases in many decades,
either looking at the problem from the side of the vector or from the side of the
pathogen. Until recently, the main mode of defense against the vector was the use of
insecticides, but we have reached a crucial point in the phenomenon of insecticide
resistance. Thus, the scientific community is also starting to look into new avenues,
one which is the method of paratransgenesis. Here, the suitability of Asaia sp. to act

as an agent in this method was examined.

In the last few decades the field of bioinformatics has come to aid in this field,
through the development of a slew of IT tools and data bases, wherein the huge
amounts of information that are constantly produced, can be stored. It is imperative
that those tools can not only communicate with each other, but also with the data
available right now, and in the future. The solution to this matter are ontologies.
Having in mind all those facts, we decided to develop the ontology of dengue fever,

so that it can act as a linchpin between all those tools.
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EIZArQrH

Edv pwtnoel kaveig Tuxaia déka droua: «loid cival To o eTMKivOuvo (Wo YIa TOV
avBpwTro;» O1 armmavtrioelg Tou Ba Tapel Ba agopolv ouvBwS KATTOIO JEYAAOTWHO
Cwo, 6tTwg 10 AovTapl, N Tiypng. Za@wg Kal OAOI auToi 01 OpyavIoHOi aTTOoTEAOUV
Kivduvo yia Tov dvBpwTro, o€ oxéon Opwg Pe évav aAAo opyavioud, o apiBuds Twv
BuudTtwy Toug Polddel apeAnTéog. O opyaviouog autog dev gival éva (wo To oTToio Ba
OKeQTE Kaveig apéowg BI0TI gival TOGOO WIKPOG TToU HOIALEl akivouvog. O opyaviopog
auTo¢ eival To kouvouTrl. Mmopei va @avTtalel Tepiepyo, aAAd OVIWG auTd CupBaivel.
Kdbe xpdvo Ta Buuata Twv vOowV TToU YETAdIdOVTAI HECW TOU KOUVOUTTIOU pTAvouvV
Ta exkatopuupla. O aoBéveieg autég Tmeplhapfdvouv, avdueoa o€ AAAeG, Tnv

ge\ovoaoia, Tov dAYKEIO TTUPETO, TNV IATTWVIKY EYKEQAAITION KAl TOV KiTPIVO TTUPETO.

H Tmapouca epyooia QOXOAEITal WE TO KOUVOUTTI WG QOPEAG aoBeveIwy TTou

TTPOGBAGAAOUV TOV AvBpwWTTO. XWwpilsTal o dUO dIOKPITA PEPN:

Mépog A: ‘Epeuva oxeTikd pe tnv €midpacn Tou Baktnpiou Asaia sp. o1a €vAAIKQ
KouvouTria Tou €idoug Anopheles coluzzii, kai n avdAuon Twv OedouEvwY ATTO
uBpidoTTOiNON MIKPOCUCTOIXiWV ME UAIKO TTPOEPXOMEVO aTTd OAA Ta TTPOVUMPIKA

oTadia Tou 16iou opyaviouou.

Mépog B: Anpioupyia kail avdmTuén 1ng ovroAoyiag Tou ddykeiou TTupeTou (IDODEN),
ME OKOTIO TN Xpnon Tng vyia opydvwon Kai &iaouvdeon Tou TeEPAOTIOU OyKou
TTANPOPOPIWV KAl TNV UTTOOTAPIEN £pYaAtiwy, OTTWG TO ZUOoTnUa AlEUKOAUvVONG TNG
NAyng Atmopdoewv yia 10 Adykelo Mupetd (DDSS, Dengue Decision Support

System).

15



H mpooéyylon péow mapadiayéveong

O1 aoBéveieg TTou peTadidovTal amd éviopa-@opeic TTPooBAaAAouv peydAo TToo00TO
AVOPWTTWY 0dNYWVTAG, UETALU TWV AAAWYV, Kal 0¢ PeyAAa TTOOOOTA BvnoiudTNTOG.
Mia atré i KUpIeG HEBOGSOUC AVTIHETWTTIONG TNG ATTEIANG QUTAG ATAV, Kal CUVEXICEl va
gival, N XpAon Twv eVIOPOKTOVWY. AUOTUXWGS OPWG yia Tov AvBpwTro, Ol QOpPEig
QvaTITUoO0oUV avOeKTIKOTNTA OTA EVTOPOKTOVA HE Ypriyopoug puBuoug (Rivero et al.,
2010). To yeyovog autd kaBioTd avaykaia Tnv avalrtnon Kai pia aAAng odou yia tnv

KATatroAéuNon TNG EEATTAWONG TWV ACBEVEIWV QUTWV.

KdaBe xpdvo kataypdagovtal mrepitrou 300-350 ekatopuuplia KpououaTa eAovoaiag, Ta
oTroia odnyouv oe 0.7 ewg 3 ekaTopuupia Bavdtoug. To PeyaAUTEPO TTOGOOTO TWV
BuudTtwy cival piIkpd TTaidid TTou ¢ouve otnv A@pikn (Hay et al., 2005). H gAovoaoia
peTadideTal amd Ta BnAukd kouvouTtria Tou yévoug Anopheles. Katd 1n didpkeia Tou
TOINTTAMATOG, TO BNAUKS KOUVOoUTTI aaipei Jia yikpr TToodTtnTa aipaTtog. Edv 1o dtouo
auTo ATav JOAUCUEVO UE EAOVOTia, TO KOUVOUTTI €XEl TTAEOV JOAUVOET e TTapdaoiTa Tou
yévoug Plasmodium. Ta mapdoita avamTiooovTal JEoa 0TO KOUVOUTTI KAl OTav auTo
gival €ToIPO yIa TNV €TTOUEVN €10POPNON MIAG MIKPAG TTOOOTNTAG AiPaTog, META aTTd
TTeEpITTOU  TPEIG €ROONAdEG, €loXwpoUV, PMEOW TNG OIEAOU TOU KOUVOUTTIOU, OTOV
avBpwTro. AvdAoya pe 1O €i6OG TOU TTOPACITOU, TO XPOVIKO BIACTNHA ATTAITOUPEVO VIO
TNV €vapén Tou TTOAAQTTAaCIOCKOU TOU OTa €EPUBPA AINOCQPAIPIO UTTOPEI VO KPATHOEI
atmé OUo ePOopadeg pEXPI Kal pAvEG. Ta OCUMPTITWUATA TTOU  TTAPOUCIAovTal
OUMTTEPIAOUPBAVOUV TTUPETO KAl TTOVOKEPOAO. Z& COPAPEG TTEPITITWOEIC O QOBEVNG
XEIPOTEPEVEI KAl UTTOPEI va TTECEI O€ KWHA Kal va odnynBei akéun kai atov Bavaro.
‘Exouv yivel évioveg TTpoOTTABEIEG TIG TEAEUTAIEG OEKAETIEG yIO TNV AVATITUEN €vOG

eUBOAIoU, BUCTUXWGS OUWG XwpIig KATToIo BETIKO atroTéAsoa (Marquardt, 2004).

16



MNa Toug TTapatmdvw Adyoug, éva PEPOG TNG ETTIOTAMOVIKAG KOIVOTNTAG €XEI OTPEYEI
TNV TTPOCOXI TOU OTNV avATITUEN Miag véag peBddou, N otroia BacifeTal OTNV YEVETIKA
eMEPRAc TwWV BOKTNEIAKWY CUHBIWTIKWY OpYyavIoUWY TToUu {ouV OTIG KOIAOTNTEG TOU
MEOEVTEPOU TwV QOpéwv. H Tpotrotmoinon Twv PBakrnpiwv €xel wg OKOTTo Tnv
onuIoupyia CUPBIWTIKWY OPYOVIOUWY TTOU VA TTAPAYOUV UOPIa KATATTOAEUNONG TOU
TAaouwdiou péoa oto idlo To kouvoutt (Riehle and Jacobs-Lorena, 2005). H

MEBOBOG auTrh ovopdaleTal TTapadIayEVEDT).

H yeveTIKA TpoTToTToinGN TWV BAKTNPIWV gival TTI0 €UKOAN Kal TTI0 ypriyopn atro OTI N
YEVETIKI] TPOTTOTTOINON Twv KouvouTriwyv. Ta PBakTApia €ival TTOAU 10 €UKOAO va
EIOXWPAOOUV 0€ TTANBUCHOUG KOUVOUTTIWV KOl PTTOPOUV va TrapaxBouv pe HIKpo
KOOTOG O¢ PeyAAeg TTOooOTNTEG. Mpdyua onuavTIKG yia TNV 10TPIKA Blopnxavia, 10Ik&
av avaAoyIoTEl KAVeig OTI 01 XWpPeS TTou TTAATTOVTAl aTTd aoBéveieg, OTTWG eAovoaia
Kal OAYKEIO TTUPETO, EXOUV EAAEIWYN XPNMATIKWY TTOPWV Kal avBpwtTivou duvauikou.
Mépav TOUTOU, N €i0000G YEVETIKA TPOTTOTIOINUEVWY PBokTnpiwv o€ TTANBuCPOoUg
KOUVOUTTIWV Ba TTpooTTeEpAcEel TTIBavVA YEVETIKA QPAYMOTA, TTOU CUVAVTWVTAlI OE
avaTrapaywyikd atmmougovwuévoug TANBuopoulg, OTwg oupBaivel ouyxvd oTnv

evOnuIkr eAovoaia.

YTTapxouv Opwg KATTOIEG ATTAPAITNTEG TTPOUTTOBECEIG TTOU TTPETTEI VA TNPOUVTAI DOTE
va éxel BeTikd atmoteAéopara autr) n mmpooéyyion (Damiani et al., 2010). ‘Exouv
TTPOTABEI £€§1 XAPOKTNPIOTIKA TTOU €ival avaykaia yia pio EMTUXNPEVN OTPATNYIKA

€AEYXOU TWV KOUVOUTTIWV PEOW TNG TTapadiayéveong (Beard et al., 2002):
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1. ZupBIwTIKA oXéon HETalU BakTnpiou Kal EvIOUOU-QOopPEQ.

2. H duvatdétnta g KAANIEPYEIAG KAl YEVETIKAG TPOTTOTTOINONG TOU CUMPBIWTIKOU
BakTtnpiou.

3. Ta vyeverikG TpoTroTrOINUEVA PBOKTAPIO TIPETTEl va  TTapoucidalouv  pia
oTaBePOTNTO

4. H mTpocapuooTIKOTATA TWV TPOTTOTIOINKEVWY BAKTNPIWY OTO €0WTEPIKO TOU
POpPEQ OEV TTPETTEI VA ETTNPEAOTEI.

5. Oa Tpétrel va uTTapyel duvaTtoTnTa Ta YEVETIKA TPOTTOTIOINUEVA BAKThpIa va
MTTOPOUV Va TTAPAYOUV Wit oudia TToU va KATATTOAEPAE! TN VOTO.

6. lMpétrel va éxel Ppebei Eva atTOTEAECUATIKOG TPOTTOG WOTE T TPOTTOTTOINUEVA

BakTrpia va eicaxBouv OTO EVTIONO-QOpEQl.

H 1Tpwtn emtuxnuévn ammoTreipa €yIVE PE TOV HETACXNMOTIOPNO TOU GUMPBIWTIKOU
Baktnpiou Rhodococcus rhodnii, Tou omoiou EevioTrig €ivalr To nuiTTepo Rhodnius
prolixus, éva évropo-@opéag Tng vooou Tou Chagas (Durvasula et al., 1997). H véoog
Tou Chagas e€ival pia TPOTTIKF) TTOPOOITIK VOOOG TTOU OQEIAETAl OTO TTPWTOLWO
Trypanosoma cruzi, To oTroio €ioépxeTal oto Rhodnius prolixus péow TNG TPOYNG,
oTav autd poudel aipa atrd KATTOIOV UOAUGHEVO EEVIOTH.

To TapdoITo avamTUooETal OTO UECEVTEPO KOl WETAPEPETAI OTOV ETTOUEVO EEVIOTA
MEOW TwV TTEPITTWHATWY TOU Qopéa Kal OXI Eow Tou OléAou, OTTwG cupPaivel o€
GAAeg aoBéveleg. To TTapdoiTo YTTopEi va eIoXWPNOEl OTOV EEVIOTH OTav auTdg TPIYE!
TO ONUEIO TOU TOIPTIAPOTOG, MEOW Miag avoixThg TANYAS 1 Twv BAevvoyovwv
MEMBPavWV.

AuTé TTOU KOBIOTA TO T. cruzi IBavIKO yia EAeyXo HECW TTapadiayEveang gival To 0TI TO
R. prolixus xpeialetar o cuuBiwTikG BaktApio R. rhodnii yia va emnioel (Baines,
1956; Harrington, 1960). Eav o1 TTpovUu@eg Tou R. prolixus dev TTpocAdfouv péow

TNG oToMaTIK) 000U TO R. rhodnii kKaTtd TO TTPWTO A BEUTEPO TTPOVUUPIKO OTADIO, TOTE
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meBaivouv TTpiv @Tdcouv oTo Tpito. H atrdéAuta e€aptnuévn autr) oxéon 1o KaBIoTd
15avikG BAKTAPIO IO TNV TTapadiayEvean.

To PoOpIo TEAECTNG TTOU ETTIAEXONKE va eKPPAZeTal KAl va eKKpiveTal attd T0 R. rhodnii
nrav 1o Cecropin A. 'Eva avTtipikpofiako TTemTidlio urikoug 38 auivoééwv. To Cecropin
A emTiBeTAI OTA PIKPOPIA UE TNV EICXWPENOCT] TOU OTIG KUTTOPIKEG HEPPBPAVEG, OTTOU Kal
OnuIoUpyEi TTOPOUG, TO OTToI0 0dNYEi O€ KUTTAPIKN AUon Kal gTov BdvaTto. To TemTidio
AUgl atroTeAeopaTikd Ta KOTTapa Tou T. cruzi xwpig va TTpooPAaAAel Tov &evioTr, R.
prolixus, | Ta cupBiwTiké BakTtrpia (Durvasula et al., 1997).

‘Exovia¢ w¢ TPOTUTTO TRV ETTITUXIO TOU TTOPATTIAVW CUOCTHAUATOG, €XOUV  Yivel
TIPOCTIABEIES VIO Hia TTapOUOIa TTPOCEYYION YIAa TO KOuvoUTTl Tou yévoug Anopheles.
AtopovwBnkav Ta cuhBIWTIKA BakTtrpia Tou An. stephensi, éva Twv OTToiwv ATAV TO
Asaia sp. (Favia et al., 2007). To ouvavTtdue Kupiwg ota aven Tou plumbago, evog
TPOTTIKOU QuToU. ‘EXel atrodeixBei 0TI To Asaia CUUBIWVEI XWPIG apvNTIKES ETTITITWOEIG
OTIG TTPOVUUPEG Kal OTA eVAAIKA KOUVOUTTIa Tou €idoug An. stephensi kai 6T gival 1o
Kupiapxo BAkTAPIO OTO PECEVTEPO TOU KouvouTriou. AvaAuon pe PCR €6¢ei&e 611 DNA
Tou Asaia UTIpXE OTa auyd, ota dIGPopa TTPOVUNPIKA O0TAdIa, OTIC VUUPEG Kal O€
MIa TTANBWEA TWV €0WTEPIKWY OPYAVWY TOU KOUVOUTTIOU, OTTWG TO HECEVTEPO, Ol
oleAoyovol adEveg, o1 OpxeIG Kal ol wobnkeg (Favia et al., 2007).

Ta Pokmpia TPOTOTTOINONKAV HE TTAACUIdIQ TTOU  €k@PAlouv Tnv TTPACIVN
@BopiCouca mpwrTeivn (GFP) kal xpnoigotroidnkav yia va POAUVOUvV €K VEOU
KouvouTTia Tou €idoug An. stephensi. Ta tpomomroinuéva BakTApia Bpébnkav oTa
EOWTEPIKA Opyava TOU KOUVOUTTIOU, OTTWG OleAoyOvol adEVeS KAl HECEVTEPO, TO OTTOIA
gival TotmoBeaieg yia Tnv avdamTuén maboyovwy. BpéBnkav e1miong oToug atroydvoug
TWV KOUVOUTTIWV TTOU gixav PoAuvBei pe Ta tpotrotroinuéva Baktrpia (Favia et al.,
2007).

To PBokTtApio Asaia eu@avifel OAa Ta ATTAITOUUEVO OIKOAOYIKA XOPAKTNPIOTIKA,
KABIOTWVTAG TO TOV KOGAUTEPO UTTOWR@IO YIa TNV AVATITUEN PIAG TTPOCEYYIONG HECW
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NG TTapadlayEVEONG, YIa TNV ETTEPPACN OTNV PETAPOPIKN IKAVOTNTA ACBEVEIWY TOU

KOUVOUTTIOU. Ta XOPOKTNPIOTIKG auTtd gival Ta €§AG:

1. Kuplopxia avaueoa otV €0WTEPIKA TTaVidA TOU KOUVOUTTIOU
2. KaANigpynoipo ag atmAd BpeTTiko uypd
3. EukoAia otov petaoxnuaTiopd pe ¢Evo DNA

4. Eupcia Katavoun oTa CWHOTA TWV TTPOVUNQWY Kal TwV EVNAIKWY

OAa 1a Tapatrdvw ToTTo0eTOUV TO Asaia OTIG TTPWTEG BECEIC yIa va atroTeAéoel Eva

mlavoTaTa TTOAU XproIPo epyaAcgio yia Tn udxn We Tnv €Aovoaia, icwg akéun Kai yia

TTEPIOTOTEPEG ACOEVEIES, TTOU PETAPEPOVTAI HECW TWV KOUVOUTTIWV.
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Baoeig Brodoyikwv Sedopévwv

Mia BioAoyikr) Bdon dedouévwy ival £va peydho, opyavwuévo owua atrd dedouéva,
OuVNBWG CUOXETIOUEVN HE TTPOYPAUMATA OXESIAOUEVA VIO TV avavéwaon, avalntnon
Kal avaktnon Twv Oedouévwyv PéEoa oTo ouoTtnua. Mia atrAry Bdon utropei va
atroTeAeital atrd éva apxeio pe TTOANATTAG dedouéva, amd Ta oTtroia KABe €va va
TTEPIEXEl TO D10 O€T TTANpoopIwy. MNa Tapddelyua, dedopéva TTou OXETICovTAl ME
Baoceic OedopEévwyY  VOUKAEOTIBIKWY  aAAnAouxiov  ouvnBwg  TrepiAapBdvouv
TTANPOPOPIEG OTTWG TNV aAANAouXia Pe Jia TTEpIypa®r Tou TUTTOU TOU CWHATIBIoU, TV
EMMOTNMOVIKI] OVOMOCIa TOu opyaviouoU ammd Tov OTIoi0  QTTOPOVWONKE  Kal

BIBAIOypa@IKEG avapopEG.

MNa va €xouv ol gpeuvnTéC OQeNOG attd Ta dedouéva TTou utTdpyxouv oTn Bdon, duo

EMTTAEOV TTPOUTTOBECEIC TTPETTEI VO TNPOUVTAL:

1) EUkoAn kai ypriyopn mpoéofacn oTIg TTANPOQPOPIES
2) ‘Ymapén piog peBodou yia egaywyr HOVO Twv TTANPOYOPIWY TTou ¢NTrHenkav

MEOW Piag CUYKEKPIMEVNG EPWTNONG

Mpiv apkeTd Xpovia, OTnNV TTPO-YOVISIWMATIKA £TTOXH, Ol BIOAOYIKES Baoelg dedouEvV
ICOPPOTTOUCAV QKOO HUE TOV OYKO TWV OedOUEVWY TTOU UTTAPXE. MeTd TNV avaAuon
NG dopng Tou DNA amd Toug Watson kai Crick (Watson and Crick, 1953),
TTapoUCIAoTNKE dia €g¢apon oTov KAGAdO Tng HOpPIOKAG PloAoyiag Kal 0 CuveXwg
augavopeEVOg OYKOG TTANPOQOPIWY ETTPETTE va KOTAvEUNBE Kal va opyavwBei. Autd

€YIVE OKOUO TTIO €U@AVEG PETA TNV aveupeon peBOdwv aAlAnAouxiong Tou DNA oTta
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TEAN Tou 1970, 6TTwg €TTiong Kal PE TV apx Twv TTpoypauudTtwy aAAnAouxiong
yoviIdiwudTtwy ota TéAN Tou 1980. OAa autd ouvtéAecav o€ pia akopa Taxutepn
épeuva o€ autov Tov Topéa. H mpootrdbeia va cupBadiocouv ol opyavwuéves PACEIG

OedONEVWYV YIVOTAV OAO Kal TTIO €VTOVN.

H Utmapgn mToAAwv BAoewv apXIKE IKAVOTTOINOE apKETOUG EPEUVNTEG YPIYOPO OUWG
TTapouoidoTnkav 1o TpwTa TTpoBARpaTa. OAeg autég ol Bdaoceig Asitoupyouoav
auTtévopa Kal ATav aveCapTnTeg PeTalu Toug. 'ETal duwg dev Ba ptmropoucav TTOTE va
TIPaYHaTOTTOINOOUV OAOKANPO TO Suvauikd Toug. ‘HTav avaykaio va Bpebei évag
TPOTTOG WOTE va MTTOPECOUV OAEC o1 TTAnpogopie¢ va opyavwBouv kal va

IEpapynBouv, yia va gival duvarr] n emMTUXAS Xpron Twv Bdocwv.

OvtoAoylieg

O 1poTT0G aUTOG BPEBNKE PE TNV POPPN Twv ovToAoyiwv. TiI akpIBwg Ouwg gival ol
ovToAoyieg; Me Tnv eupeia €vvoia n ovroloyia cival pia PEAETN Twv CUAAAWEWV TNG
TIPAYHATIKOTNTAG KAl TNG QUONG. ZTNV QIA0CO®ia n ovioAoyia cival pia YeEAETN TOu
gival A TG UTTapéng kai oxnuari¢el To BAcikOd B€ua Tou peTa@ualkou. MNMpooTrabei va
TEPIYPAWE! TIG POCIKEG KATNYOPIEG KAl OXEOEIC KAl VO Opioel OvIOTNTEG KAl TOUG

TUTTOUG TOUG.

O1 ovroAoyieg €ival KATI TTApATTAvVW atmd aTtrAd, opyavwpéva AegiAoyia (controlled
vocabularies, CV). Z¢ pia ovrohoyia dev ava@épovTal attAwg ol 6pol, aAAd diveTtal Kal
évag oplopdg, TTePIypd@ovTal O OXEOEIG KAl TO TTWG ouvdEovTal ol didgopol 6pol

METAEU TOug. Agv uTTdpxel HOvo éva €idog oxéong ouvdeong.

Otav douAelel Kaveig ue ovioAoyieg gival avaykaio va Buudral yiati autég gival 1600

XPNOIMES Kal EUXPNOTEG, KATTOIEG KATEUBUVTAPIES YPANMEG gival:
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e N Xprion rodn UTTaPXOUCWYV OVTOAOYIWV

e 1 aAAayn dn UTTaPXOUCWYV OVTOAOYIWV

® N eVOWHATWON 1fdN UTTAPXOUCWY OVTOAOYIWV

o aveUpeon OQAAUATWY PETAEU OVTOAOYIWV

e diaTAPNON 1I00pPOTTIAG avAaueoa oTnv eEEIBIKEUON Kal OTO PEyEBOG KaTd TNV
dnuioupyia piag ovroAoyiag

e QTTOQUYN HUN avayKaiog TTOAUTTAOKOTNTAG N OTToia TMOAvVOTATA VA ATTOTPEWEI
TNV gupeia xprion

e diathpnon ouuBatoTnTag Pe GAAa TTPOTUTIA

2710 TAdiolo Tng VectorBase (Lawson et al., 2007; Lawson et al., 2009; Megy et al.,
2012), LekivAioauE, WG EPYAcThpIO, WE TNV avAaTITUgn Wiag ouddag OVTOAOYIWY TTOU
MTTOpOUV va XPNOIPMOTToINBoUV yia TNV TTEPIypa@ry apBpoTTodwyv TTOU UETAPEPOUV
a0Béveleg kal aoBevelwyv TTou peTadidovTal ammd Eviopa-@opeig (Topalis et al., 2011).
O1 ovtoloyieg auTég aoxoAoUvTal HE TNV AVATOMIA TOU KOUVOUTTIOU Kal TOU
ToluTToUpIoU (Topalis et al.,, 2008), pe TNV AVOEKTIKOTNTA TOU KOUVOUTTIOU O€

eviopdokTéva (Dialynas et al., 2009) kai ye Tnv eAovoaoia yevika (Topalis et al., 2010).

Gene Ontology ‘GO’

‘Eva atrd 1a TpwTa AEITOUpYIKA ouoTAuaTa 1EpdpXNong dnuioupyndnke 1o 1993 atrd
v Monica Riley yia tnv Escherichia coli (Riley, 1993). Baciopévog Kupiwg o€ autd
T0 guotnua o Michael Ashburner éotnoe Ta BepéAia yia kAT TToU apydTepa Ba
etehloodtav otnv Gene Ontology (GO) (Ashburner et al., 2000; Gene Ontology,
2001), apxika Kupiwg yia TIG avaykeg Tng FlyBase (Tweedie et al., 2009). lévte

Xpovia apyotepa, 10 1998, o1 TpeIg peydAeg Baoelg dedouévv TTOU OXETICOVTAl HE
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opyaviopoug povtéha: n FlyBase, n Saccharomyces Genome Database (SGD)
(Cherry et al., 2012) kai n Mouse Genome Database (MGD) (Blake et al., 2014)
amo@dacioav va dexTouv Tnv Tpdétacn Ttou Michael Ashburner yia tn dnuioupyia
IEPAPXIKWY, opyavwueévwy Ae€Ihoyiwv, Tn Onuioupyia Twv OVTOAOYIWV Kal TNV
UI0B£TNON TOUG OTNV TTEPIYPOPN TWV HOPIOKWY AEITOUPYIWV Kal BIOAOYIKWY pOAwY yia

K&Be yovidlo oTnv avtioToixn Baon dedouEvwy.

H GO &¢ev xpnoigoTtrolgital povaxa yia emonueiwon yovidiwy, yovidlwudTtwy Kal
OXETIKWV TTEIpapdaTwy (Beissbarth, 2006; Lewis et al., 2000; Thomas et al., 2007),
OAANG €xel odnynoel kal oTnv avamTuén emmTAéov €pyaAciwv TNG €MOTANNG TNG
TTANPOPOPIKAG Ta OTToIa £XOUV £VIOXUOEI ONUAVTIKA TNV avdAuon Twv dedoUEVWY TTOU
AauBdvovrar amd  pia  TTANBwpa  epeuvwv. Ta  TTAPAdEIYUA, OCUYKEKPIUEVEG
avalntioeig o Pacelg 6edouévwy €XOUV ATTOKTACEI éva vEo eTTiTTedO, £QOCOV Eival
TAéov duvaTOV va avalnTAoel KAVEiG yia KOIVEG 1810TNTEG, OTTWG  KUTTAPIKOG
EVTOTTIONOG  Kal AeiToupyieg, O ammOBAKEG TIOU eUTTEPIEXOUV  dedopéva  aTTo
O1aPOPETIKOUG OPYAVIOHOUG TTOU €XOUV ATTOKTNOEI pe TTOIKIAEG HEBodOAOYiEG aTTd ia
mANBwpa epeuvnTwy. AuTh n dlacUvdECoN Kal ETTIKOIVWYVIO Twy BAoewv OeO0UEVWY,
iowg va e€ival n o at1odoTik XpAon ovioAoyiwv Kkal €1dIkoTEpa TG GO

(Bodenreider, 2008).

21a 13 yxpovia atrd Tnv dnpocicuon Tng GO éxouv avatTuxBei dekAdES KAIVOUPIEG
ovToAoyieg BIOAOYIKOU TTEPIEXOUEVOU TTOU CUAAEYOVTAl O€ OTTOBNKES TTANPOPOPIWV
o6TTwg n OBO Foundry (The Open Biological and Biomedical Ontologies Foundry)
(Smith et al., 2007) ka1 To National Center for Biomedical Ontologies (NCBO)
(Whetzel et al., 2011). H TTAnBwpa Twv OVTOAOYIWV QUTWYV KAAUTITOUV éva peYAAo

@aopa TG BioAoyiag, 6TTwG avatouia, doun Kai puaioloyia.
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OBO Foundry

Me tnv paydaia avarmTu¢n TG BloAoyiag aAAd Kal TIG TEXVOAOYIOG TwWV UTTOAOYIOTWV
onuepa, uttdpxel n duvatdotnTa OnuIoUpPYiag Kal ouviApnong ekTevwy PBaocewv
0edouévwyv o1 oTToieg AAANAETTIOPOUV METALU TOUG, XPNOCIMOTTOIWVTAG TTOAAQTTAG
apxeia TTou atroteAouvTal ammd opyavwuéva Ae€IAdyia (controlled vocabularies). Ztnv
10avIKN TTEPITTTWON Ta AeEIAOYIQ QUTA €XOUV TNV HOPEPr OVTOAOYIWY, QUTO anuaiver Ol

gival SOUNUEVES PE TETOIO TPOTTO WOTE VO UTTAPXE! Mia AoyiKA oxéon YETagU Toug.

H emtuxia autig TNG YEVIKAG TTPOCEYYIONG OTNV £E0p0N PBIOIATPIKWY TTANPOQOPIWV
EXEl OOV ATTOTEAEOHA TNV AVATITUEN OUYKEKPIMEVWV OPXWYV Kal KavOvwy Katd Tnv
onuIoupyia ovToAoyiwyv, TTou €Xouv apXioel va epappoovtal péow Tng OBO Foundry.
'Hon uttdpyxouoeg ovroloyieg 6TTwg n GO, ugpioTavtal dIopBWOEIS KAl VEEG OVTOAOYiES
onuioupyoUvTal 0¢ dia opyavwpuévn TTpooTrdBela va dnuioupynBei pia oikoyéveia
ovToAoylwy, oXedIaoéveEG va AAANAemdpoUV Kal va avatapiotolv opbd  Tnv

BioAoyikr TTpayuaTikOTNTA.

O1 ovrohoyieg Tng OBO Foundry armroteAolv, ammd 1o 2006, koupdm Tou NCBO. Ol
ovToAoyieg auTég eival dia TTpooTTdBeia yia T dnuioupyia piag opddag ovroAoyiwv
TToU Ba TTEPIYPAPOUV OAOUG TOuG TOWEIG Tou PBioiaTpikou Trediou. H oikoyévela auth
TWV OVToAOyIWV €ival oxedlaouévn MPeE TETOIO TPOTTO WOTE va €ival €UKOAN n
ETTIKOIVWVIO PETALU TwV PEAWY TNG Kal va eutTepiEXouv opBn avamapdoTtacn Tou

BioAoyikou KGopoU.
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Baoikéc apxéc 1Tnc OBO-Foundry

1)

2)

3)

4)

5)

6)

7

8)

9)

O1 ovtoAoyieg cival avoixTég Kal dlaBéoiueg o€ GAOUG va TIS XPNOIKMOTIOINGOUV
ME TOV 6pO va ava@EPOUV TNV TTNYH Kal av TIG TPOTTOTTOINCOUV Ol idlol KaB’
OTTOIOVOATTIOTE TPOTTO va PNV TIG dlaBéoouv ue To idlo dvopa oe kavévav. O
TIPOTEIVOPEVOG  TPOTTOG  aANaywv  €ival va ¢ntnBei amd autoug TTou
onuIoUpynoav TNV ovioAoyia va Tnv TPOTTOTTOINOOUV avAaAoya.

O1 ovrtoAoyieg TTpETTEl va €XOUvV avaTTTUXBeEi XpnOIUOTToIWVTAS éva KOIVO
OUVTOKTIKO TTPAOTUTTO.

21a TAaiola Tng OBO Foundry ol ovtohoyieg OlaBétouv €va  POVadIKO
avayvwpeIoTIKG oTolXeio To oTToio KAnpovoueital oe KABs 6po Tng ovioAoyiag
Kal ouvnBwg atroTeAeiTal atrd éva TTPOBepa Ki Evav aplBuo.

Ymdapxel ocaeng  TPOTTOG  OIAKPIoNG  avAuEca  OTIC  OIAQOPETIKEG
ekOOOEIG/EVNUEPWOEIG TG iDIAG ovTOAoyiag.

‘OAol o1 6pol mpétrel va OlaBéTouv éva POVO YOVIKO OpO HME TOV OTToIO va
ouvdEovTal UE TNV oxéaon is_a.

H ovtoAoyia €xel éva kaBapd diaxwpIoPEVO TTEPIEXOUEVO.

H ovtoAoyia TTepIEXEl OpIOUOUG YIa OAOUG TOUG OPOUG.

H ovTtoAoyia Trpétrel va XpnOILOTIOIEl OXEOEIG TTOU  €ival PJOvOOHuavTa
OPICUEVEG KOT avaAoyia auTwy TTou UTTAPXOUV OTNV OVTOAoyia OXECEWY TTOU
ouvtnpei n OBO Foundry (Smith and Grenon, 2004).

OTroU €ival duvaTtdv, o1 vEol OPOI TTPETTEI VA TTPOKUTITOUV aTtrd \dn UTTAPXOVTEG
OpouG Kal oXEoE€Ig TTOU AdN UTTApYXOoUV 0 GAAEG ovToAoyieg Tng OBO Foundry.
MNa va mpooTteBolv véor 6pol oe K&tmola AAAn ovtoloyia TrpoTeiveTal pia

dladikacia avaAhoyn PE AuUTH TwWV OAAQYWV TTOU TTEPIYPAPETAI OTNV TTPWTN

apxn.

10) O1 ovtoloyieg Ba avamTruooovial Pe TNV XPAon TnG PBaOIKAG TUTTIKAG

ovToAoyiag oav ovToAoyia avwTePou ETTITTESOU.
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YAIKA KAl MEOOAOI

To kovvoVmL

To ¢€idog kouvoutrioU TIoU XPNOIWOTTOINBNKE oTnv Trapolca epyacia rnTav To
Anopheles coluzzii (TraAaidTepa yvwWoTd we N Hop®r) M Tou An. gambiae) (Coetzee et
al.,, 2013). Ta kouvouTria peyGAwvav o€ OTAVIap Ouvlnkes: 16/8 KUKAOG
QwTog/oKkoTadIoU, Beppokpaaia 28°C, uypacia 80% evw Ta Treipduata éAapav Xwpa
ot eAaQPWGS OIOPOPETIKEG OUVONKeS: 16/8 KUKAOG pwTOG/OKOTAdIOU, BepUoKpaTia
27°C, uypaaia 60%. EAéyxOnke 611 01 dIaPOPETIKEG TUVONKES Oev ixav eTTidpacn oTa

atroTeAéopara.

MoAvvon Tpovuu@wv Kat EVIjALKwV KovvouTLwV ue Asaia sp. SF2.1(Gfp)

Asaia sp. SF2.1 (Gfp) (Favia et al., 2007) avatmrruocoovTav o€ KaANiépyeieg 3ml yia 48
wpes og 30°C oe Bpemtkd GLY (YAukepoAn 25g/l, ekxUAiopa {oung 10g/l, pH 5.0),
oTo omoio TpocBétoviav 50mg/ml kavapukivng. Ta KUTTapa CUAAEyovTav  Kal
mAévovTav pe PBS Tpeig @opég. 50ml atmd 1o BakTnpIakd i¢npa etTavadiaAlovTav o€
1ml PBS. Mevrvia mpovupgeg A. gambiae Tou TpwTou oTadiou PETAPEPOVTAV OE
doxeio pe 500ml vepd. Z1a piod doxeia TpocBEéTovTav TO BAKTAPIO.

To peoévTeEPO TwV eVAAIKWY KOUVOUTTIWV a@aIpoUvTav Kal TTapatneolvTav HPE Tn

xprion Tou Zeiss Axioskop 2 padi pe pikpookoTTio @OopIouou.

Amoudvwon RNA (RNA extraction)

Metd Tnv apxikfp MOAuvon pe Asaia, Oéka TIPOVUUPEG aAgaipouvtiav atrd Tnv
KaANiépyela avd 24 wpeg, £wg OTOU  @TACOUV OTO OTAdIO TNG  VUPQNG.
MpaypatotroiRBnke opoyevotroinon Kal amopovwon Tou RNA akoAouBwvtag TIg
00nyieg yia oAdkAnpoug opyaviououg Tou Qiagen RNeasy Mini kit (Qiagen, Valencia,
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CA, USA; cat. no. 74104), uadi ue 1o Qiagen RNase-free DNase set (cat. no. 79524)
H pétpnon NG ouykévipwong Tou RNA €yive pe 10 QaopaTto@wToueTpo Nanodrop

(Thermo Scientific, Wilmington, DE, USA). Ta deiyparta guAdooovTav oToug -80°C.

Mikpoovaotolyiss (Microarrays)

Ta dciypara Tpogpyxoueva atmod Tnv e€aywyrn RNA cuykevTpwbnkav o€ dU0 ouddeg.
H pia opdda atrorehouvrav amd deiyuata atrd 10 TTPWTO Kal OeUTEPO TTPOVUUPIKO
OTAdIO Kal N GAAN atrd deiypata amd To TPITO KAl TETAPTO TTPOVUNQIKO aTddio. To
RNA troAAaTTAOOI1G00NKE Kol onudavenke pe 1o Agilent Low Input Quick Amp Labeling
Kit, two-color (Agilent Technologies, Santa Clara, CA, USA; Agilent #5190-2306).
AkoAhoubnoe n uBpidotroinon Tou RNA pe ouoTtoixies Tng Agilent (évopa:
Pfalcip_Agamb_2009, design ID: 026247)
(http://www.ebi.ac.uk/arrayexpress/arrays/A-MEXP-2324/), pe Tn xprion Tou kit
uBpidotroinong TG Agilent cUp@wva e TIG 0dnyieg Tou KataokeuaoTd. Metd Tnv
uBpidoTToinon Kai TIG TTAUCEIG Ta TTAOKIOIO PE TIG MIKPOOUOTOIXIEG TTEPACTNKAV OTTO
évav  oapwth GenePix (Molecular Devices, LLC, Sunnyvale, CA, USA;

Genepix4000B).

AvdAvon Sedouévwv Twv utkpoovatotyiowv (Microarray data analysis)

Ta akatépyaota Oedopéva TnG YovidIOKAG Eék@paong Tou TponABav amd Tnv
uBpI1doTToiNCN MIKPOCUGTOIXIWY €ENXONKav Pe Tn PonBeia Tou Aoyiopikou GenePix
Pro Software v7 kai €iofxbnoav oto Aoyiopikd GeneSpring GX yia TTepaITéPw
avaAuon. AkoAoUBnoe n KaVOVIKOTIOINON Twv O€T Twv OedOPEVWY Kal OAa Ta
oedouéva gpunvelTnkav Pe TNV xprnon tng log-ratio puBuiong. Ta yovidia TTou
emmnpedoTnkav amo Tnv Utrapén Tou Asaia OTOV Opyavioud TOUG TAUTOTTOINBNKav

B£TOVTOG WG OpIa TNV UTTEP- ] UTTO-EKQPAC MEYaAUTEPN Tou 2 Kai p-value < 0.05.
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Etriong xpnoipgotoindnke n avaihuon tng Gene Ontology (GO), yia Tnv avelpeon Twv

katnyopiwv Tng GO, OTIG OTTOIEG AV KOUV Ta yovidia.

Anuovpyia kat avamtvén tng ovrodoyiag

MNa TV dnuioupyia kal TNV avamTugn TnG ovioAoyiag XPnoIUOTIOINBNKE TO AOYIOMIKO
Protégé 4 (http://protege.stanford.edu) (Noy et al., 2003). To Protégé cival ypapyuévo
otn yAwooa Java. Autd To yeyovog To KaBioTd duvatd va eykataoTaBei Kal
xpnoiyotroinBei oe otroiodnRTToTe Acitoupyikd cuotnua (Windows, Linux, OSX), apkei
VO UTTAPXEl EYKATECTNUEVN N TTIO TTPOC@ATN £€kdoaon TnG Java otov uttoAoyioTh. To
Protégé cival eAeUBepo AOYIOUIKO, TO OTTOIO onuaivel OTI PUTTOPEI va xpnoIuoTToinBei
aT1TO OTTOIOVONTIOTE XWPIG KATTOIa XPEwon. H yAwooa TTou eTMAEXBNKE va ypa@Tei N
ovTtoAoyia givar n OWL (Web Ontology Language) (McGuinness and van Harmelen,

2004).

YmoAoyLotig

O uTToAOYIOTAG TTOU XPNOIYOTTOINONKE yIa TNV SIEKTTEPAIWON TNG TTapoUCaAg EPYATiag

gixe TNV TTapakdTw ouvBeaon:

Emeéepyaotig: CPU Intel Core i7 3.40G 8MB i7x2600

MnTpikn: Gigabyte P67-DS3-B3 LGA 1155 P67 DDR3

Mpagikd: Asus Nvidia GT 520 1GB DDR3

Mvrun: Kingston DDR3 4 x 2GB 1333MHz

2kANpog diokog: SSD Corsair Force 3 Series 2,5" SATA3 120GB

NA&1Toupyiko ouoTtnpa: Ubuntu Release 11.10 & 12.04
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MEPOZX A’

EIXAT'QI'H

H Ttrapadiayéveon eixe xpnolgotoinBei maAaidtepa, WeE  €mTUXia, yia TNV
KatatroAéunon Tng petddoong voowv (Durvasula et al., 1997). H emoTnuoviki
KOIVOTNTa OTPA@NKE TTPOG QUTA TNV TIPOCEYYICN KAl YIa TNV KATATTOAEUNon Tng
eAovoaiag oxeTIKG TTpéopaTa, apou 1o TTPORANUA TNG AVOEKTIKOTNTAG GE EVTOUOKTOVA

gixe praoel og avnouxntika emieda (Enayati and Hemingway, 2010).

ATIO TO €pyaoTAPIO Pag €iXe yivel pia mTponyolpevn €peuva yia Tnv €midpacn Tou
Baktnpiou Asaia sp. OTa TTPOVUPQIKA OTAdI0O TOu KouvouTriou An. coluzzii. Qg
OUVEXEID TNG €PEUVOG QUTAG Kal yio va TTaPOUCIaoTEl pia, 600 TO duvaToTEPO,
oAokAnpwpuévn eikéva Tou BEuATOC, TTPayuaToTTOINBNKAY Ta TTeipduata Tou Mépoug

A’ NG BIBAKTOPIKNAG QUTAS dIaTPIRNAG.

2ko1rég Atav n digpelivnon TNG IKAvOTNTAG Toug BakTnpiou va dpdcel wg UECO oTnV

MEBOSO NG TTapadiayéveang ato An. coluzzii.
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AIIOTEAEXMATA

ETti§paon tov Asaia sp. 6€ eVIijALKX KOUVOUTILX

2¢e TTponyoupevn épeuva gixe ammodeixBei 611 n poAuvon Tou kouvouTtioUu An. coluzzii,
TO OTT0i0 KATA TN SIAPKEID TNG £PEUvAG ATAV yWwoTo wg An. gambiae M molecular
form (Coetzee et al., 2013), pe 10 Asaia sp. odnyei otnv emTdyxUvVon TG AVATITUENG
OTO TTPOVUMPQIKO 0TddI0 (Mitraka, 2010). Q¢ CuVEXEID QUTAG £PEUVAG ATTOPACIOTNKE
va e€eTaoTel €dv To BakKTApIO autd éxel Tnv idia ) kal kamoia GAAn emidpacn oTo

eVAAIKO 0TASIO TOU KOUVOUTTIOU KOI AV JETAPEPETAI OTOUG ATTOYOVOUG QUTWV.

ApPXIKA PoAUVONKav €k véou TTPOVUU®ES Tou An. coluzzii ye Asaia sp. To oTéAexog
TOU BaKTnpiou TTOU XPNOIYOTTOINONKE rTav To SF2.1, To oTToio €ival avBekTIKO aTnV
Kavauukivn kal ekepddel Tnv TTpacivn @Bopifouca mpwrTeiv GFP, Adyw eiocaywyng
evog TTAacpidiou (Favia et al.,, 2007). O1 TTpovUu@EG TTaPOUCiacav TNV ETTITAXUVON
TNG AVATITUENG OTO TIPOVUNPIKG TOug OTAdIO, OTTWG ATAV AVAPEVOUEVO, Kal apEBNKav
va €iI0€ABouv oTo OTAdIO TNG VUP®NG, WOTE VA TTEPACOUV HETETTEITA OTO EVAAIKO
o1adio. H diadikacia autr} dinpknoe atrd 7 £éwg 9 PEPES YIa Ta KOUVOUTTIA TTOU €ixav
MOAUVEE], evw 9 €éwg 11 yia Ta KOUVOUTTIO TTOU QvaTITUOCOOVTAV YIO Tn XPrion Tou

BeTikou eAéyyou (Mivakag 1).
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MoAucopuéva Mn poAuopéva

24 wpeg Mpovupgeeg 1% oTadiou Mpovuugeg 1% atadiou
48 wpeg Mpovuueeg 2°Y oTadiou Mpovuugeeg 1% oTadiou
72 wpeg Mpovuueeg 3% oTadiou Mpovuugeeg 2°Y aTadiou
96 wpeg Mpovuugeeg 4°° aTadiou Mpovuugeeg 2°° aTadiou
5 nuépeg Mpovupgeg 4% otadiou/NOpgpeg  Mpoviueeg 3°° oTadiou
6 NUéPES NUOp@eg /EvAAiKa Mpovuugeeg 3% aTadiou
7 nHéPES NUOu@eg / EviAika Mpovuugeeg 4% aTadiou
8 nuépeg EviAika NUOp@eg

9 nuépeg EviAika Nuuogec / EviAika

Mivaka¢ 1. H emirayupévn avamruén Twv mPOVUUQWY TTPOEPXOUEVES ATTO HOAUCEVA

KouvouTia.

KdBe 5 pépeg mpaypaTotrolouviav atmmoudvwon Tou eviépou o€ 10 kouvouTia,
OnAuKa Kal apaevikd, waoTe va eAeyxBouv yia Tnv UTTapén Tou BakTnpiou. H TTapouadia
TWV BakTnpEiwv ATav opatr o OAEG TIG SIOPOPETIKEG XPOVIKEG TTEPIODOUG, HEXPI KOl
€wg 3 pépeg Trpiv Tov Bdvato Twv kouvoutriwy (Eikéva 1). Na TovioTei €dw o1 dev
TTapaTnEnOnKe KATTOIO PEIWON OTOV XPOVO (WK TwV PHOAUCUEVWY KOUVOUTTIWV O€
oX€0n ME Ta PN goAuopéva. O xpdvog CwAG Kal yia TIG U0 KATNYOoPiEg KupaivovTav
atméd 27 €wg 30 Trepitrou nuépes. Agv TTapatnerdnke KAtTola GAAN POpP@OAOYIKA
emmidpacn Tou PaKkTnpiou OTOUG Opyaviopoug. Ta poAucpéva KouvouTTria dev
TTapouciacav KAtTola dlagopd OTn CUMTIEPIPOPA TOUug, O€ OxEon ME TA UN

HoAuopéva.
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Eikéva 1. MéEpoC TOU eVTEPOU £VOC HOAUCUEVOU KOUVOUTTIOU, hAIKIaS 24 nuepwyv. Eivai
gupavng o mpdaivo¢ eBopIcuds Adyw TnS Umapéng TOU YEVETIKA TPOTTOTTOINUEVOU

Asaia.

Aedopévou TwV TTaPATTAVW ATTOTEAECUATWY, TO ETTOPEVO EPWTNUA TTOU TEBNKE ATAV
€av Ta e€vAAIKO autd dtopa PTTopoucav va avatrapaxBouv kKal va dnuioupynoouv
atmmoyovoug. Ta BnAukd kal Ta apoevik@ KOuvoUTTia JTTopouV va €TICACOUV JOVO JE
YAUKOCN w¢G Tpo®R, Xwpig va Trapoucidoouv  KAtoilo TpoRAnua. Ta  Tnv
avaTmmapaywyn Toug Opwg €ival amapaitntn n oimion Twv OnAukwv pe  aipa.
ATro@acioTnke va TdioToUv Ta BnAUKA PE Qiga WOTE va PTTOPECOUV VA YEVVIIOOUV.
Katd mTpwTtov, TTapatnpAdnke 0TI dev UTTHPXE KATTOIO WETATPOTIF) OTOV QTTAITOUMEVO
yia Tn yévvnon Twv auywyv xpoévo. Kartd deutepov, dev TTAPOUCIACTNKE aAAayry aTov
aplBud Twv auywv Tou yevviBnkav. Kai T€Aog, Katd TpiTov, TTapatnprnke OTi Ol

TTPOVUU@PEG BeV EPPAVICaV TNV ETTITAXUVON OTNV AVATITUEL TOUG.

AuTo 00fynoe OoTNV €K VEOU €§aywyr TOU EVTEPOU OTIG TTPOVUHPES VIO va eAeyXOEei

€AV TO BOKTAPIO UTTAPXE OTOV OPYAVIOUO TOUG. ZUYKEKPIPEVA EAEYXONKaV TTPOVUNQES
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3% kal 4 otadiou (Eikova 2). To BOKTAPIO UTTAPXE OTO £VIEPO TWV TTPOVUHPWY,

XWPIG OJWGS va Toug TTPoadidel TO XAPAKTNPIOTIKO TNG EMTAXUMEVNG AVATITUENG.

Eikéva 2. A) Evrepo mpoviuens 3% aradiou kai B) Evigpo mpoviuens 4% aradiou.

O1 Tpovip@es agébnkav va avatrTuxBouv @uololoyikd, Xwpeig véa péAuvon e TO
BakTtApIo. Mapouciacav Tov QUOIOAOYIKO yia TO €id0g Toug puBusd avatTuéng Kai
£QTA0AV OTO OTABIO TOU EVAAIKOU XWPIG va gival egpavAg KatTola GAAN TpoTTroTroinan.
AkoAouBnoe efaywyrl Tou MeoEVTEPOU O€ eVAAIKA, BnAUKA Kal QpPOEVIKA, Kal
TTapatiipnon o€ @Bopidov PIkpookoTTio (Eikdva 3). Ekei emBefaiwdnke kar TAAI n
utTapgn Tou Asaia. Emiong perpriBnke o xpdévog Cwng Twv evAAIKWY, OTTou Kal dev
ONMEIWBNKE KATTOIO WEIWON, O OXEON ME Ta PN poAuopéva kouvouTtria. O xpdvog
CwAg Tou nTav Trepitou 27-30 pépeg, yeyovog TTou Bewpeital QUOIOAOYIKO YiIa

OTEAEXOG KOUVOUTTIWV TTOU HEYOAWVEI O€ EPYACTNPIOKESG OUVOAKEG.
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Eikova 3. MEPOC TOU UECEVTEPOU EVOC UOAUCUEVOU KOUVOUTTIOU, hAIKIaS 21 nuepwv.
Eivar eugpavn¢ o mpdoivo¢ @Bopioude Adyw Ttng Umapéns TOU  YEVETIKA
TporToTToINUEVOU Asaia.
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MiKPOGLGTOLYLEG

‘Exoviag Trapatnprioel 1o ammoTeAéopaTa  TTOU  TTEPIYPAPNKAV  TTIO  TTAVW
onuIoupynRBnke n aropia yia 1o TI €ival autd TTou Ba PTTOPOoUCE va eTTNPEAlEl TO
Baktrpio oTov opyavioud TG TTPovUUEPNG, waoTe va odnyei oTov QaivoTutio autd. H
000G TTOU E€TTIAEXTNKE va aKoAouBnBei yia TNV amavrnon Tou £pWTHUATOG ATAV Ol
MIKpoouoTolxieg. Me Tov TpOTTO auTO Ba ATTOKAAUTITOVTAV TO TTPOTUTTO €KPPACNG TWV

yoviSiwyv UTTO TIC GUVONKeG TTou ATav To {NTOUPEVO va PEAETNBOUV.

MNa tov oKoTré autd TTpayuatoTToIndnke amoudvwon Tou RNA atrd JoAuopéveg Kal
MN poAuouéveg TTpovipees. H atropdvwon Tou RNA yivotav kaBe 24 wpeg o 10
TTPOVUUQPEG TNG KABe Katnyopiag, YEXP! va @Tdcouv oTo OoTAdIO TNG vUueng. Adyw
TWV BIAQPOPETIKWY PUBPWY avaTTuéng oTIG dUO ONAdEG, aTToPaaioTnKe Ta deiyuaTa
vVa XWpPIoTOUV o€ OUO ouddes. H oudda A trepieixe To RNA atmd TTPOVUPQES TTOU
BpiokdTav 01O TTPWTO KaI OTO OEUTEPO OTASIO KAl N opGda B To RNA atrd TTpovUp@Eeg
TOU TpiTOu Kai TéETapTou oTadiou. MNa va empBefaiwbei OTI OVIWG €ixe armrouovwoei
kaBapd RNA xpnoigotroilonke RT-PCR woTte va trapayxBei cDNA. O1 ekkivnTEG TTOU
xpnoigotoménkav  Atav - o1 S7, oI oTmoiol  avayvwpeifouv  PIBOCWHIKEG
emavalapBavoueveg alAnlouxieg. To Trpoidv tmou divouv €xel poplakd BApog
mrepitrou 200kb yia cDNA, evw yia yovidiwuaTtikd DNA 1o TTpoidv autd £xel HOPIAKO
Bapog trepitrou 300kb. MNa autd kai xpnoipoTtroidnke wg BeTIKOG €Aeyxog. (Eikéva 4).
‘Emreira akoAoubnoe n mTapaywyri cDNA katdAAnAou yia Tn XpAon UIKPOCUGTOIXIWV.
270 BAMO auTtd eAéyxBnke Kal N KAaTaAANASGTNTA TOU aTTopovwHEéVOoU RNA, é1Tou Kai

OEV TTAPOUCIACTNKE KATTOIO TTPORANMA.
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Ewova 4. Ta aroteréouata tn¢ RT-PCR ue cDNA mpogpxduevo amo to amouovwuévo RNA

UOAVOUEVWY Kal U UOAVOUEVWY TIpoVUU@wV. K = un uoAvouéva, M = poAvouéva kat A =

delkTng.

To mAakidio ToU xpnoipotroidnke yia Tnv uBpidotroinon nAtav Tng Agilent,
Ouykekpigéva 1o Pfalcip_Agamb_2009, design ID: 026247. H avdAuon Tng
uBpidoTroinong £0€1Ee OTI 0TV OuAda A, n OUYKPIoN WETOEU POAUCHEVWV KOl Un
MoAuopévwy, 205 yovidia cixav onPavTik UTTEP- i UTTO-EKPpPaoT. ZTnv oudda B
gixape 825 yovidia TTou gixav onuavTikéG dIAPOPEG OTNV EKPPOCH Toug. Ta épia TTou
TEONKAV yia va BewpnBolv onuavTikéG o aAAayEéG oTa eTTTTEda €KPPAONG ATAV i)
TAvw atmd dUo Qopég UTTép- i UTTo-éKppacn Kail ii) p-value< 0.05 (Eikéva 5 & 6).
A6 Ta 205 yovidia Tng opddag A, 75 trapouacialav utrep-ékepaon evw 130 utro-
ékppaon. Ztnv opdada B, 409 amd 1o ouvoAlika 825 yovidia TTapoucdialav UTTEP-

ék@paon, evw 416 utro-ékepaor.
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Volcano plot of p-values of treated - 1 - control -1
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Eikéva 5. Volcano-plot twv amoreAsoudrwyv ¢ uPpidorroinons ¢ ouadag A.

@aivovral Ta pia mou TEBNKav warte N aAdayn ora emimeda EKPPAons va Bswpeital

onuavrikn.
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Volcano plot of p-values of treated - 2 - control - 2
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Eikova 6. Eva Volcano-plot twv amoreAeouarwy g uBpidorroinong tn¢ ouddag B.
@aivovral Ta épia mou TEBNKav wate N aAAayn ora emimeda EKppacns va Bewpeital
onuavrikh.

AkoAouBnoe avaAuon péow NG Gene ontology woTe va An@BoUv TTI0 AETTTOUEPEIG
AEITOUPYIKEG TTANPOPOPIEG OXETIKA PE TA YOVidIa TwV OTToIWV Ta €TTITTEdA EKPPACNG
nTav eTnpeacuéva atd Tnv TTapoucia Tou Asaia. 21nv oudda A Bpédnkav emmimTAéov

TAnpoopies yia 104 yovidia, kal atnv oudda B yia 249 (Eikéva 7).
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Enwokonnon

450 ~
406 419

AplOpog yovisiwv
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o

Opdda A Oudda B

Eikova 7. 20ykpion apiBuou yovidiwv Kai aTic OUO ouddeS TTou TTapouciaoay UTTEp-
Kal UtTo-éKpaan. Me 1o okoUpo xpwua gival 1a yovidlo LE UTTEQ-EKPOPATN EVW UE TO

avoIXTO Ta yovidla e UTTO-EKQPAOTN.

2NV opada A 10 49% Twv yovidiwv ATav €TIONPEIWPéVA PE Opoug TG GO TTOU
avagépoviav o€  AyvwoTeg Odiepyacieg Kal  Asitoupyieg. AUO  akOpn  HEYAAEG
Katnyopieg, He T0000TO0 23% n KABe pia, oxetioviav pe TNV €mdepUida,
OUYKEKPIMEVA PE  TOUG OpouG  ‘OOuIKOS Tapdyovras Tng  €mOgpUidas  Kal
‘OpaortnpidtnTa GouIKOU popiou’. YTIAPXAV KOl TPEIG MIKPOTEPEG KATNYOPIEG, ME
Too0o0Td 2% n KABe pia, TTOU ava@EPOVTaV OTOUG OpPOUG ‘ueragopd oéuyovou,

‘OpactnpidtnTa peTapopéa oéuyovou’ Kal ‘uerapopd aspiwv’ (Eikéva 8).
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AvaAvon GO opada A

B SoLKOG TTopayovTag TG emubepuidag M dpaotnplotnta Soptkou popiou
W petadopd ofuydvou W SpaotnpLotnta petadopea ouydvou

B petadopd aspiwv ¥ dyvwoto

Eikova 8. KukAiké diaypauua e TTOCOTIKN avarmapaocTacn tTwv yovidiwv tn¢ ouadac A, mou

EMNPEATTNKAV ONUAVTIKA aTTO TNV TTapouadia Tou BakTnpiou.

2Tnv oudada B 10 peyaAltepo TOGooTd Twv yovidiwv, 73%, Oev PTTOpPECE va
avayvwploTei e katoloug 6poug NG GO. Ki €dw diakpivovtal dU0 PeEYAAUTEPEG
KaTNyopieg, autr) Tn @opd ue TTo000TO 6% n KABe pia. Otmwg kal otnv opdda A, ol
KATnyopieg autég oxeTifoviav e Tnv €mMOEPUida, OCUYKEKPIYEVA WE TOUG OPOUg
‘OouIk6s mrapayovrac 1ng Emdgpuidas kai ‘dpactnpidtnta douikou popiou’. Ta
uttoAoira  yovidla dvnkav o€ Katnyopieg pe Tooo0TO0 1% n Kkd&Be pia, TTOU
avagépovTiav oToug Opoug ‘opydvwaon utrouovadac OUuuTTAOKou TpwTeivng-DNA’,
‘VoukAsoowuda', ‘ouykpdoTNON OUUTTAOKOU mpwreivng-DNA', ‘opydvwaon
voukAsoowuarog', ‘OuykpoTnon voukAcoowuarog, ‘ouutmAoko mpwreivng-DNA’,

‘ouykpdTnon xpwuarivng', ‘cuokevacua DNA', ‘uetapopd oéuydvol’, ‘dpactnpidtnta
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uerapopéa oéuyovou’, ‘uerapopd aspiwv’, ‘aAdayn diaudpewaonc DNA’ kal ‘opydvwaon

utTOOVAdAS KUTTAPIKOU UAKPOUOPIAKOU OUUTTAOKOU' (EIkGva 9).

Avaluon GO opdda B

M S0lKOG tapdyovtag TG embepuidoag

W Spaoctnpldtnta Sopkol popiou

M opydvwaon UTIoUoVASaG CUMITAOKOU TIPWTEIVNG-DNA
M VoUKAEOoWUQ

M oUYKPOTNON CUUTAOKOU TpwTEivng-DNA
M 0pydvwaon VOUKAEOOWUATOG

M oUYKPOTNON VOUKAEOOWHATOG

M oUpmAOKO TPpWTeivng-DNA

1 oUYKPOTNON XPWHATIVNG

W ouokevooua DNA

m petadpopd o§uydvou

m Spaoctnpldtnta petadpopéa o§uydvou

" petadopd agpiwv

7 aMayn Stapdpdwong DNA

0pYAVWON UTIOOVASOG KUTTOPLKOKOU LOKPOUOPLOKOU GUUTTAOKOU

1 ayvwoto

Eikova 9. KukAiké didypauua ue TOOOTIKN) avammapdaracn Twv yovidiwv TN ouadas

B, mou emmnpedoTtnkav onuaviika amro 1NV mapouadia tou BakTnpiou.
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2TOUG TTiVaKES 2 Kal 3 avaypd@eTal 0 aplBudg Twy yovidiwy, Tng opadag A kal B

QavTioTOIXA, TTOU giXav dlapopd oTa ETTITTEdA EKPPAOTIG TOUG, AOYw TNG UTTAPENG TOU

Asaia, 6TTwGg €TTIONG KAl TTEPICOOTEPES TTANPOPOPIEG OXETIKA PE TNV AVAAUCH.

lMivaka¢ 2. Ta yovidia tng ouadac A yia ta orroia Bpébnkav mAnpoopies uéow 1nNg

avaAvong GO.

GO ID Opog GO p-value cg\ll?giifv
G0:0042302 structural constituent of cuticle 2.34E-97 46
G0:0005198 structural molecule activity 2.48E-36 46
G0:0015671 oxygen transport 1.47E-04 4
G0:0005344|G0:0015033 oxygen transporter activity 147E-04 4
G0:0015669 gas transport 147E-04 4
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lMivaka¢ 3. Ta yovidia tn¢ ouadac B yia ta omoia Bpébnkav mAnpoopies uéow 1ng

avaAuong GO.
GO ID ‘Opog GO p-value  ApiBuog
yovidiwv
G0:0042302 structural constituent of cuticle 9.25E-23 52
G0:0005198 structural molecule activity 9.72E-12 53
GO:0071824 protein-DNA complex subunit 215E-05 12
organization
G0:0000786|G0O:000571
nucleosome 1.69E-05 12
8
protein-DNA complex
G0:0065004 2.15E-05 12
assembly
G0:0034728 nucleosome organization 2.15E-05 12
G0:0006334 nucleosome assembly 2.15E-05 12
G0:0032993 protein-DNA complex 2.15E-05 12
G0:0031497 chromatin assembly 2.15E-05 12
G0:0006323 DNA packaging 2.72E-05 12
G0:0015671 oxygen transport 3.80E-05 8
G0:0005344|G0:001503
oxygen transporter activity 3.80E-05 8
3
G0:0015669 gas transport 3.80E-05 8
G0:0071103 DNA conformation change 6.54E-05 12
G0:0034621 cellular macromolecular 1.37E-04 12

complex subunit organization

H katnyopia pe 10 HeyaAUTEPO TTOCOOTO YOVIOIWY Kal OTIG U0 OPAdES ATAV ‘OOUIKOC

mapdyovrag 1n¢ emodepuidag (GO: 0042302), mmou Trepigixe Ta yovidia CPR. Autd

avAKouv oTnv olkoyéveia Twv douikwv CP TpwrTeiviov (cuticular protein) (Willis,

2010). H oikoyévela auTr] £xel TTOAUAPIBUA PHEAN KOl TO XAPAKTNPIOTIKO TWV MEAWV TNG
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gival n Tmapoucia piag Tepioxng, Tng emovoualopevns Rebers & Riddiford (RR)

(Rebers and Riddiford, 1988).

>2Tnv oudda A, 45 yovidla avAkav oTnv olkoyévela Twv CP TTpwTeiviov. Ao autd Ta
43 TTapouciacav UTTEP-EKPPACN Kal 2 UTTO-EKPPACH. TNV oudada B, atrd Ta cuvolikd
48 yovidla TTOU avKav oTnv olkoyévela Twv CP TTpwTeivoy, Ta 24 TTapouadiafav
UTTEP-EKPPAOCN Kal Ta UTTOAoITTa 24 utto-éKppaon. Aekagvvid yovidia Trapoudiacav
METATPOTT OTa €TTiITTEdA €KPPAONG Kal OTIG U0 ouddeg. Avo atrd Ta Tpia yovidia TNG
opddag A TTou TTapouciacav UTTEP-EKPPAcn PBpébnke o1 TTapoucidfouv UTTeEp-
ék@paon kal oTnv oudda B. ZuvoAika 12 yovidia Bpébnkav va utto-ek@pdalovTal Kai
oTIg dU0 opadeg. Zuv auTou, 4 yovidla TTou UTTo-ekppadovTav oTnv opada A
Bpédnkav va utrep-ek@palovtal oTnv opada B, evwy 10 avarmrodo ouvéfn yia éva

yovidio Tng ouddag B.

MNa v Tepaimépw €peuva ota CPR yovidla TTou €mnpedoTnkav atrod TNV TTapoucia
Toug Asaia, xpnoiuotroinOnke 1o gpyalgio biomart Tou Bpioketal otnv Vectorbase
(http://www.vectorbase.org) (Megy et al., 2012). Me Tn BonBeia auTtoU Tou gpyaAciou
TTPOOdIoPIoTNKE OTI ammd TO OUVOAIKO apiBud Twv yovidiwv Trou Trapouadiacav
METABOAEG oTa emiTreda €KQPACNG Toug, Ta 32 Tepigixav 10 potifo RR-1, 38
mepicixav 10 potifo RR-2  (Cornman et al., 2008) kai puéAig éva 10 poTifo RR-3
(Mivakag 5) (Andersen, 2000). To poTiBo RR-1 gugavideTal o€ TTPWTEIVEG OXETIKEG UE

MoAakn emdeppida, evid T0 RR-2 o€ auTég oxeTIKEG e okAnpA (Andersen, 1998).

EmmimmAéov avaiuon VE Bonbeia ™G Baong 0edouévwv Pfam
(http://pfam.sanger.ac.uk) (Finn et al., 2006) £dcige OTI OAa €xouv Tnv idla

‘chitin_bind_4’ mrepioxry (PF00379).
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livakag 4. Ymep-ékppaaon kai utro-ékppacn Twv CPR yovidiwv otnv ouddag A, atnv oudada B

Kal grov ouvouaouod Twv 600 ouddwv. Ta yovidia mou gival onueiwuéva e aoTEPIOKO Eivai

autd TOU TTaPOUCIA{OUV UTTEQP- KAl UTTO-EKQPAQT.

Ouada A Ouada B Oudda A&B
Ymep- YTro-ék@paon Ymep- YTro-ék@paon Yrrep- YTIo-¢kepacn
ékppaon ékppaon ékppaon
CPR150 CPR101 CPR100 CPR101 CPR150 CPR101
CPR24 CPR106 CPR109 CPR106 CPR98 CPR106
CPR98 CPR121 CPR110 CPR117 CPR121
CPR135 CPR111 CPR119 CPR136
CPR136 CPR131 CPR120 CPR33
CPR148 CPR142 CPR121 CPR42
CPR149 CPR150 CPR123 CPR43
CPR32 CPR34 CPR125 CPR44
CPR33 CPR35 CPR129 CPR45
CPR35* CPR38 CPR136 CPR47
CPR36 CPR40 CPR2 CPR49
CPR37 CPR66 CPR24* CPR70
CPR38* CPR73 CPR32
CPR39 CPR77 CPR33
CPR41 CPR78 CPR4
CPR42 CPRS80 CPR42
CPR43 CPR92 CPR43
CPR44 CPR93 CPR44
CPR45 CPR94 CPR45
CPR46 CPR95 CPR47
CPR47 CPR96 CPR49
CPR48 CPR97 CPR67
CPR49 CPR98 CPR70
CPR50 CPR99 CPR71
CPR51
CPR52
CPR53
CPR54
CPR60
CPR61
CPR62
CPR66*
CPR67
CPR70
CPR73*
CPR85
CPR86
CPR87
CPR88
CPR89
CPR90
CPR91
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https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006836
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010128
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR101
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006095
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010116
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR106
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP003383
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP008960
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR117
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006261
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006931
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR119
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006840
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010123
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR120
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010102
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010126
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR121
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010121
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010109
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR123
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006852
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006012
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006864
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR125
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006851
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006013
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006862
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR129
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006850
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006862
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006857
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR136
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006848
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006861
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006855
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR2
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006846
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006858
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006859
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR24
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR70
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006857
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP009868
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR32
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006856
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP009875
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR33
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006854
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP009876
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR4
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006853
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP009878
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR42
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006852
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010112
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR43
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006851
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010113
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR44
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006850
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010114
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR45
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006849
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010117
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR47
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006848
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010119
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR49
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006847
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010120
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR67
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006846
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010124
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR70
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006845
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010127
http://www.vectorbase.org/anopheles_gambiae/geneview?gene=CPR71
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006844
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006843
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006842
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006841
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006828
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP007040
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP007042
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006859
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006839
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP006283
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP009868
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010101
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010103
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010104
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010105
https://www.vectorbase.org/anopheles_gambiae/Gene/Summary?db=core;g=AGAP010106

lMivakag 5. Ta CPR yovidia mou mepiéxouv T1a RR-1, RR-2 kai RR-3 uorifa.

Morifo RR-1 Morifo RR-2 Morifo RR-3
CPR106 CPR100 CPR111
CPR125 CPR101
CPR129 CPR109
CPR24 CPR110
CPR32 CPR117
CPR33 CPR119
CPR34 CPR120
CPR35 CPR121
CPR36 CPR123
CPR37 CPR131
CPR38 CPR136
CPR39 CPR142
CPR40 CPR2
CPR41 CPR4
CPR42 CPR42
CPR43 CPR43
CPR44 CPR44
CPR45 CPR45
CPR46 CPR47
CPRA47 CPR49
CPR48 CPR67
CPR49 CPR70
CPR50 CPR71
CPR51 CPR85
CPR52 CPR86
CPR61 CPR87
CPR62 CPR88
CPR66 CPR89
CPR73 CPR90
CPR77 CPR91
CPR78 CPR92
CPR80 CPR93
CPR94
CPR95
CPR96
CPR97
CPR98
CPR99
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Tupmepaopata-TuinTnon

O1we ava@EéPBnKe Kal OTnV €l0aywyr, ol BAKTNEIAKOi CUPBIWTIKOI opyaviouoi TTou
(ouv uéoa o€ EVIOMO-QOPEIC aoBevelwy, cival évag OXETIKA VvEOG TPOTTOC yia TNV
KatatroAéunon Tng peTddoong Twv aoBeveiwv autwv (Riehle and Jacobs-Lorena,
2005). Ta BakTApia £€X0Uv TNV UTTOBETIKA IKAVOTNTA va £TTNPEACOUV EiTE TOUG idIOUG
Toug TTapdyovTeg TG acBéveiag, €ite va TpoTToTToINBoUV JE TETOI0 TPOTTO WOTE va
Tapdyouv Ta idla BAaBepéc ouciec. Me autd TO OKETITIKO Ba ATav duvath n
onuIoupyia OTEAEXWV EVTOPWV-QOPEWY TTOU Ba uTTopoucav va xpnoidoTtroinbouv o€
OTPATNYIKEG, TTOU £XOUV WG OKOTTO Tn Meiwon Tng €€amAwaong Tng acBéveiag. Eival
OMWG aTmmapaiTNTO va yvwpifouue Tov pOAO TWV CUUBIWTIKWY OPYavIOUWY OTOV
Eeviotl TOUG, UTTG QUGIOAOYIKEC OUVONAKES, Xwpig, OnAadr, va €éxel TTponynoOei

TpoTTOTTOINON.

21nv Tmapouoa gpyacia atrodeixBnke o1 To BakTApPIO Asaia, TTapd TNV £TTidOPACT TOU
oTa oTadIa avaTITugNG TNG TTPOVUUPNG, Oev €xel KATTOIO BETIKA 1) apvnTiKr €TTidpacn
oTa evAAIKa aTopa Tou €idoug An. coluzzii, TTapdAo TTOU TTOPANEVEI OTO PHECEVTEPO TOU
KouvouTrioUu yia 6An 1n didpkeia TG evAAIkNG Cwng Tou. ETriong, OcixBnke 6T
TTPAYUATOTTOIEITAI JETAPOPA TWV BAKTNPIWV aTTd TOUG YOVEIG OTOUG ATTOYOVOUS TNG
F1 vyevidg. leyovog tTOoU onpaivel 611 TO Asaia TOAU TBavév va JTTopEi va
XpnoigoTroinBei wg @opéag yia TNV PEBodO TNG TTapadiayEéveons, EQOOOV PETAPEPETAI
atd yevid o€ yevid. Apa dev Ba gival ammapaitnTn N oUuveXng Kal ETTavaAapBavopevn
MOAuvVOoN TwV KouvouTTiwy. AuTr gival pia eTTiTrovn Kal datravnpr diadikaacia, TTou £XEl
N duvatéTnTa va oTabei eutrddIo OTnNV TTPOCEYYIoN Tou TTPORAAUATOG PECW TNG

TTapadIayEVEDNG.

‘Exel amodeixBei 611 n €AAeiwn Tou Baktnpiou Asaia 0€ KOUvOUTTIO TOU YEVOUG

Anopheles odnyei oTn peiwon Tou pubPoU avaTTugng Twv TTPovuuewy (Chouaia et
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al., 2012). Auto, oe ouvduaoud HE TIC TTAPATNPAOCEIS TNG TTapoucag dIatpIBAg, OTI
UTTApXEl aug¢non Tou puBpol avamTugng étav xopnynBei emmmAéov Baktiplio oTa
KouvouTTia, odnyei oTnv uttéBeon Om 1o Asaia Trailel KAToIov onuUAvTIKG, aAAG
AyvwoTo aKOua, pOA0 OTa TIPOVUPQIKG OTAdIo. Zuv auTou, TO yeyovog OTl n
XOpPAYyNon VEKpWV BakTnpiwv Oev €xel KATTOIA £TTIOpACN OTA TTPOVUUQ@IKA OTAdIa
(Mitraka, 2010), ptropei va BewpnBei wg £vdeitn 611 To Asaia BonBdesl otnv TTEWN
KATTOIWV BOPETTITIKWV ouoiwv i 6Tl TTapdyel KAtolo pépio TTou Traiel poAo oTnv

TaxuTepn avaTTuén.

N6yw Tou dyvwaTou pOAou Tou BakTnpiou aTov eVIOTH TOU, UTTOPOUV va EKPYPACTOUV
MOVO €IKOOIEG yIa TO TI CUMBAIVEI OE TTPOVUUPEG TTPOEPXOPEVEG ATTO UOAUOHEVOUG
yoveic. O1 TrpovUugeg autég degv  Trapoucialav Toug augavouevoug pubBuoug
avamTuéng, TTapoAo TTou amodeixbnke OTI To BakTtrpio uttdpxel o010 éviepo. AuTd
MTTOPEl va o@eileTal OTO yeyovog OTI OTOUG YoveiG UTTHPEE onUavTIKA auénon Tou
apIBuoU Twv BaAKTNEiWV OTOUG OPYaVvIOPOUG TOuG. Apa Kal PEYOAUTEPOG OpPIBUOG
Mopiwv TTou TTapdxBnkav amd autd. Eival, Aoimrdv, GAAn pia évdeign o1 KATTOI0

TTapdywyo Tou Baktnpiou odnyei oTnv TaxUTEPN AVATITUEN TWV TTPOVUIQWV.

H avadAuon Tng uBpidoTroinong Twv PIKPOOUOTOIXIWV £B€IEE OTI 0€ PEYAAUTEPO PBaBUO
eTTnpeddovTal yovidla Tou oXeTiCovial pe TN dnuioupyia Tng emodepuidag. MExpl
OTIYMNAG €XOUV TAUTOTTOINBEI dWdeKA BIAPOPETIKEG OIKOYEVEIEG Twv CP TTpwTeivwy. Ta
MEAN TNG KABe olkoyévelag poipdlovTal Katola Koiva xapaktnpioTikd (Willis, 2010).
2Tnv avdAuon @dvnke OTI n KUpIa KOTnyopia Twv yovidiwv Tou gP@Avicav
METATPOTTEG OTA ETTITTEDA EKPPOONG TOUG, €iTe BETIKN, €iTE apvnTIKr, ATAV AUTA TwvV
MeEAWV TNG oikoyévelag yovidiwv CPR. Ta yovidia autd éxouv éva XapakTnpioTIKO
MoTiBo, MeyéBoug 35-36 auivogéwv, TO oTroio eival ouvtnpnuévo. To porifo
ovoualetal RR kal TQUTOTTOINONKE yIa TTPWTN @opd atod Toug Rebers kai Riddiford to

1988 (Rebers and Riddiford, 1988).
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Ta atmoteAéopata autd Cup@wvoUlv Pe Tn Bewpia 6T n emtdxuvon oTo pubud
QVATITUENG TWV TTPOVUNQWY OQEIAETAI OTOV PHEYOAUTEPO apIBud BakTnpiwyv oTo EviEPd
Toug. Mia eikagia e1mi Tou BépaTog ival OTI N EMTAXUVON AuUTr KABIOTA avaykaia Tnv

Mo Ypriyopn TTapaywyn véag emdepuidag.

H avdAuon péow biomart kai Pfam €01 emmiong 611 OAa 1O yovidla TToU
eTNPedoTnKav atmrd Tnv Utrapgn Tou Asaia Trepicixav Tnv teploxn chitin_bind_4.
EmmAéov 6Aa autd Ta yovidia gixav Ta potifa RR-1 kai RR-2. To RR-1 BpiokeTal o€
TTPWTEIVEG TTOU OXETICOVTAl UE T dnuIoupyia JOAAKAG €mIdEPUIdag, evwy To RR-2 o€
QUTEG €xouv oxéan Me Tn Onuioupyia okAnpAc emdepuidag (Andersen, 1999)
(Iconomidou et al., 1999). Mia pévo mpwrteivn, n CPR-111, Bpébnke va TTEPIEXEI TO

poTiBo RR-3, 1o oTroio cival yia TrapaAAayn Tou yevikoU RR porTifou.

2Tnv TTapouoa £peuva aTmrodeixBnke OTI TO YEVETIKA TPOTTOTTOINUEVO Asaia JTTopEi va
Tapaueivel €9’ 6pou Cwrig o€ KouvouTma Toug €idoug An. coluzzii, xwpic va
TTAPOUCIAOTOUV apvNTIKEG eMITTTWOEIG. OTTWG £TTiong, 0TI UTTopEi va peTapepBei o€
ATTOYOVOUC HOAUCHEVWY YOVIWY, €0TW Kal yia dia yevid. Xpeldletal TTEPAITEPW
£PEUVA YIA TOV AV TO BAKTAPIO UTTOPEI VO TTOPAMEIVEI KAl VIO TTEPIOCOTEPES YEVIEG OTO
kouvouTria. Ka®’ 6An tn didpkeia TNG €peuvag, OPwG, dev TTapatneronke KATI TTOU va

TTPOIdEALEI apvNTIKA YIA TO YEYOVOS AUTO.

Ta amoteAéopaTta TG avdAuong Twv Oedopévwy NG ufpidotroinong Twv
MIKpoouoToIXiwv atmokdAugav Tov, TTeavoétaTda, Onuaviikdé poAo TTou WPTTOPEl va

£XOUV Ol BAKTNPIOKOI CUMBIWTIKOI OPYQVIOUOi OTA TIPOVUUQIKA O0TAdIO avAaATITUENG.

Q¢ ouptépaopa ptropei va emmwBei 011 To BakTrpio Asaia €ival ammd Toug TTAoV
KatdAAnAoug uttown@ioug yia Xprion wg PHECO OTnv TTapadiayévean, e OKOTIO TNV
KOTammoAéunon TnG €EATTAWONG AOBEVEIWV HPETAPEPOUEVWV OTTO EVIOUA-POPEIG.

Ocewpeitar 0TI €ival avaykaio va CUVeXIOTEN N €peuva oTo BAKTAPIO QUTO, WOTE VA
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OTTOKAAU@OEi Kai n popiakr BAcn Tou @AIvOPEVOU TNnG ETTITAXUVONG TOU avaTTTugiakou

pPUBUOU TTOU TTAPATNPNBNKE.
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MEPOX B’

EIXAT'QI'H

O OdAykelog TTUPETOG eival pia aocBévela TTOU MPETOQEPETAI ATTO EVTOMA-QOPEIS
OUYKeEKPIYEVA aTTO TEooEPA \dN KovouTTiwy, To Aedes aegypti, To A. albopictus, 1o A.
polynensiensis kai 1o A. scutelaris. lNMpokaAeitar amd Tov 16 Tou daykeiou, DENV
(Henchal and Putnak, 1990). 'Evag povokAovog RNA 16¢, Tou o1Toiou TO yovISiwua
éxel néyebog trepitrou 11kb. KwdikoTrolei cuvoAika déka TTpwTEiVES, aTTd TIG OTTOIEG Ol
TPEIG gival OOMIKES Kal o1 UTTOAOITTEG Un OouikES (Rodenhuis-Zybert et al., 2010). O 16¢
auTdg €xel TTévTe dlagopeTiIkoug opdTuttoug (DENVL — 5). Méxpl rpéogata Arav
YVWOoTOoi uOvo TECOEPIC, PEXPIS OTOU avakaAu@Onke kai o TréuTTog (Normile, 2013). H
avakdAuwn auth ptropei mlavoeTata va atmmodeixBei emAuIa yia TIG PEXPI TWPA
TPOoTTABeIEG  yia dnuioupyia evog  euBoAiou, OI0TI oI TIPOOTIABEIEG QUTEG
EMKEVIPWVOTAV  OTn  dnuioupyia €vog €ufOAiou KaTd Twv TEOOAPWY, £WG
TTPOCPATWG, YVWOTWV OPOTUTTWY Tou 1oU. Ta uttoyndoeia eufoéAia Kal yia Toug
TEOOEPIG OpPOTUTTOUG  ovopdlovTal TeTpaoBevh (tetravalent), evwy autd TTOU

TTpoopifovTal yia évav povo opoTuTTo ovoudlovTal povooBevry (monovalent).

H vooog gpgavifetal o€ dIAQOPETIKEG HOPPES. YTTAPXEI O ACUUTITWHATIKOG OAYKEIOG
TTUPETOG, OTTOU TO ATOMO TToU €xel TTPOCRBANBEI dev TTapouaIAdel CUPTITWUATA, KAl O
OUPTITWHATIKOG OAYKEIOG TTUPETOG, OTTOU TO ATOPO TTOPOUCIAlel UWNAS TTUPETO Kal
UTTOQEPEI ATTO PPIKTOUG TTOVOUG. To TEAEUTAiO AUTO XAPAKTNPIOTIKO £€0WOE KOl OTN
v6oo Kkal To ovoua ‘breakbone fever’, dnAadn TTUPETOG TV COTTACPEVWVY O0OTWY, OIOTI
o 1évog TTou viwBouv o1 aoBeveig ival 1600 10XUPOS. YTTdpxouv Kal OUO ETTIHEPOUG
HOPYEG TOU CUPTITWHATIKOU OAYKEIOU TTUPETOU, O QINOPPAYIKOG TTUPETOG TOU OAYKEIOU

(dengue hemorrhagic fever, DHF) kai 10 ocUvdpopo katarmAngiag Tou O&dykeiou
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(dengue shock syndrome, DSS) (Gubler, 1998; Ranjit and Kissoon, 2011; Simmons
et al., 2012). O1 dUO QUTEG HOPYEG MTTOPOUV va odnynoouv oTov BAvarto Tou
aoBevoug. O1 duo auTég cofapég pop@ég TTapouaidlovtal étav uTTdpéel pia delTepn

MOAuvOn e DIAQOPETIKO OPOTUTTO TOU 10U aTov idlo aoBevr (Guzman et al., 2010).

Méxpr onuepa n karatroAéunon Tou OdAykelou Paoiletal €€ OAOKARpou oTov
TTEPIOPIOUO TOU KOUVOUTTIOU TTou To MEeTadidel. MNa Tnv idla TN vOoo Oev UTTAPXEI
eUPOAIO, TTapdAo TTou yivovTal TTpooTTaBeieg. Etmiong éxel TapouciacTei pia augnon
TWV KPOUoudaTwy Tou dAykelou TNV TeAeuTtaia dekaceTia. YTroAoyietan OTI TrepitTrou 2,5
dloekatouuupia droua Ppiokovral o€ kivduvo va voonoouv (WHO, 2009). Kdabe
Xpovo utrdpxouv 50 pe 100 ekaToppUpIa Kpououata Tng vooou (Gubler, 2002). OAa
auTd Ta yeyovoTa KABIoTOUV aTTapaitnTn TV AVEUPEDT VEWV HEBOBWYV TTPOCEYYIONG
TOou TTPOPAAMATOG Kal Tn dnuioupyia vEéwv epyaAciwv TTOU Ba CUVEICQPEPOUV OTNV
dlaxeipion kal otV TTPOANWN NG aoBéveiag. MapdAo  TTou BIAPOPES VEEG TEXVIKEG
omwg Ta lMewypaikd Zuothuata Anpoedpnong (GIS, Geographic Information
Systems) (Duncombe et al.,, 2012; Eisen and Lozano-Fuentes, 2009; Fisher and
Myers, 2011) kai Zuotiuata AicukdAuvong Anwng Atrogpdoewv (DSS, Decision
Support Systems) (Eisen et al., 2011) £€xouv apxioel va xpnoIuoTrolouvTal KaTé Tou
OAYKEIOU, OTTEXOUNE AKOUA aTTd TNV TTARPN EKUETAANEUOT TWY BUVATOTATWY TTOU HOG
TTOPEXEN N ETTIOTAKN TWV UTTOAOYIOTWY O€ QUTOV Tov Topéa. Aedouévou Tng €KTAONG
TTOU KOAUTTTElI TO €VTOUO-QOPEQG TNG vOOOU, gival amapaitnTo va dpdooupue 600 TO
OUVTOUOTEPO dUVATO KOl VO XPNOIKMOTIOINCOUPE OTO £TTAKPO OTTOIO0 EPYAAEIO €XOUUE
oTn d146e0n Pag yia va dIaxeIPIOTOUPE TOV OYKO OedOPEVWV Kal va £§aa@aAlicoupe
TNV duvaTdTNTa YPYoPNS Kal EUKOANG TTpdoacng o€ auTd, aoxETwg JE T OpIa TWV
XWPWV Kal TwV OOUIKA Kal TEXVIKA SIoQOPETIKWY BACEWV dedONEVWY Kal EPYAAEIWV
Tou uTtdpxouv AdN Kal auTwv TTou Ba dnuioupynBouv peAAOVTIKA. To péco TTou
TTANPEi OAEG TIG TTAPATTAVW TTPOUTTOBECEIS yia TNV OJAAr AsiToupyia, dilaouvdean Kai

TPOoBacn avaueoa o€ epYaAgia TNG TTANPOPOPIKNG Eival OI OVTOAOYiEG.
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2Tnv epyacia autr TePIypaPeTal T Sour] TNG ovioAoyiag Tou SAYKEIOU TTUPETOU,
IDODEN, n otoia dnuioupyiBbnke akpIBwg yia TIGC AVAYKEG TNG KOIVOTNTAG TTOU
aoXoAcgiTal hge TNV aoBéveia auTr, KaBWS Kal TNV KATATToAéuNon TNG. ©a akoAOUBACEl

TEPIYPAPN TNG OOUNG TNG OVTOAOYIOG KAl TTEPIYPAPT TOU TTEPIEXONEVOU TNG.
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AIIOTEAEXMATA - XYZHTHXH

Aoun TG ovtoAoyiag

270 avwTePO eTTITTESO N ovToAoyia Tou dAyKelou TTUPETOU £XEl UIOBETAOEI TN SOWN TNG
Baoikng Tummkng Ovtoloyiag (Basic Formal Ontology, BFO) (Simon et al., 2006),
€101 WOTE va emmTeUXOei N péyioTn duvarr cuufatoTnTa pe AAAeg ovtoAoyieg (Eikdva
10). Kpatwvtag tn Baoik dour) TnG BFO, n aAAnAemmidpacn Kal n €TMKOIVWVIA HE
GANa epyakeia TNG BIOTTANPOPOPIKAG TTOU XPNOIKOTIOIOUV OVTOAoyieg KaBioTatal

€UKOAN, ypriyopn Kai TTévw atrdé OAa AEITOUPYIK.

v entity
v @ continuant
v "dependent continuant’
b 'generically dependent continuant’
b "specifically dependent continuant’
¥ 'independent continuant’
B & 'material entity’
B 0 site
F- © 'spatial region’
¥ occurent
v @ "processual entity’
. b1 process
v "spatiotemporal region’
- b0 'developmental gates’
p-- O "temporal region’

Ewova 10. To avadtepo enimedo tn¢ IDODEN, vioOstnuévn amo thv BFO.

H BFO ¢ival, katd TTapadoxri, n ovioAoyia avwTtepou TITTEOOU TTOU XPNOIKOTTOIEITAl
OTIG ovToAoyieg Tou BloAoyikoU Kail BIoiaTPIKOU yVWOTIKOU avTikelyévou. H 1aén atmmod
TNV OTToIa TTPOEPXOVTAI OAEG Ol ETTIKEIUEVEG €ival 0 6pog ‘ovrotnTa (entity). ATTd autdv

gekivouv Ta TravTta. Ao ekei kal mEpa n BFO diaxwpiletal o€ ‘ouvexns ovrornta’
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(continuant) kai ‘acuvexnc ovrornra’ (occurent). Katw atmmd Tnv ‘ouvexns ovrornra’
uTTdpxel 0 dlaxwploudg o€ ‘eéaprnuévn ouvexng ovrornta' (dependent continuant) kai
oe ‘auButrapktn ouvexns ovrornta’ (independent continuant). Katw amé tov 6po
‘ouvexnc ovrotnTa' PBpiokeTal €TTiIONG Kal 0 6pog ‘ywpikn mepioxny’ (spatial region). Ol
OpPOI auToi AVAKOUV OTNV TAEN TNG ‘OUVEXNS ovIoTNTAS OKPIBWG £TTEION TTAPAPEVOUV

oTa0epEG OTOV XPOVO.

21NV ‘aguvexn ovrotnTa’ ouvavTdue Toug 0poug ‘Gradikaaia’ (process), ‘XwpoxpPOoVIKN
repioxry (spatiotemporal region) kai ‘ypoviky epioxry (temporal region). OAol auToi
ol 0pol £Xouv WG Pacikd Kove oToixeio Tn PETABOAN Toug oTov Xpovo. MNa autd

aKPIBWG £Xouv KaTnyoplotroinBei kal Je autdv Tov TPOTTO.

Aev Ba ouvexioTel TTepaITEPW N TTePIypan TG BFO, d16TI autd dev gival To BEua Tng
Tapoucag dlaTpIfg. ©a akoAoubBrioel n TTEPIYyPA@ ETIPEPOUS TUNUATWY TNG

ovToAoyiag.

O BAyKelog TTUPETOG, WG Hia VOOOG TTOU HETOQEPETAl aTTO éva £VTOUO-QOpPEQ, OTN
OUYKEKPIYEVN TTEPITITWON aTTO KOuvoUTTIa Tou Yévoug Aedes, éxel pia emiTAéov
TTOAUTTAOKOTNTA a1 GAAEG VOOOUG. ZuvABwg, OTavV ava@epOuaoTe O GAAEG
a0Béveieg £xoupe dUO opyaviououg, To TTaBoydvo Kal Tov opyavioud TTou vooei atrd
QuUTOV. TN CUYKEKPIYEVN TTEPITITWON OPWG UTTAPXOUV TPEIG BIOPOPETIKOI OPYAVIOUOI.
To TmaBoyodvo, dnAadn 0 160G Tou SAYKEIOU, TO EVTOUO-QOPEAG, TO KOUVOUTTI Kal TEAOG O
opyaviouég Tou vooei, Tov dvBpwtro. lNa TIG avdAykeg TnG ovIioAoyiag £yive n
TTapadoxn o1l o 160G eival To TTaboyovo (pathogen), To KouvouTt gival O QOPEAG

(vector) kal 0 avBpwTTOG €ival o &evioTrg (host).

MNa autdév Tov AdGyo o1 TALeIG TToU TTEPIYPAPOUV TIG dladikaoieg Kal TIG 1810TNTEG
(process kai quality, avrioToixa), utréotnoav évav emmTAéov dlaxwpIond WOTE Ol

QaTTOYOVOi TOUG VO UTTOPECOUV VA TTAPAPEIVOUV CUYKEVTPWHEVOI UTTO évav TTIO YEVIKO
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TaTpiké 6po (Eikova 11 & 12). O 6pog ‘BioAoyikn diadikacia’ (biological process)
£XEl, oUuV TNG GAANG, WG atToyovoug Toug 6poug ‘dradikacia Tou Qopéa Tou OAYKeIOU’
(process of dengue vector), ‘Giadikacia tou mANBUCUOU TOU QPOoPéa Tou OAYKEIOU
(process of dengue vector population), ‘diadikagia Tou 100 Tou ddykeiou’ (process of
dengue virus), ‘diadikacia tou avBpwrtivou EevioTy (process of human host) kai
‘Gladikadgia tou mAnBuouou Ttou avBpwivou Eevioth' (process of human host
population). Eival gp@avég 611 dev €xel yivel dIaXWPICPOG POVO yIa TOUG TPEIG
OPYQVIOHOUG TTOU CUMUETEXOUV 0TN VOO0, GAAG Kal yia Toug TTAnBuouoUg Toug. Auto
oupBaivel dI6TI TO TTARBOG TWV ETIONUIOAOYIKWY KAl EVTOUOAOYIKWYV EPEUVWIV TTOU
AauBdvouv xwpa acXoAouvTal Kupiwg PE TTANBUCPOUG Kal 61 JE JEPovWPEva AToua.

O id10g dlaxwpIoHOS AauBavel xwpa yia TV Tagn 1610tnTa’.

Y- " 'biological process’

‘'multi-organism process’

'process of dengue vector'

'process of dengue vector population’
'process of dengue virus’

'process of human host’

'process of human host population’
p--  "environmental management’

l- ‘process of dengue fever’

B "use of chemicals’

Ewova 11. 0 Staywptouds e taéng ‘Brooyikn dtadikaoia’ (biological process).
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v @ quality

"3 ‘quality of dengue fever’

> ‘quality of host’

Ir ‘quality of host population’

B 'quality of pathogen’

> ‘quality of vector’

o ‘quality of vector population’

Ewova 12. 0 dtaywplouog tns taéng ‘ototnta’ (quality)

Me 1o OKETTIKO OTI n ovrioAoyia auTr TTpoopileTal yia xpron ammd pia TANBwpa
avBpwTTwWV atrd OIOPOPETIKA YVWOTIKA avTiKeipeva Kal TTedia atropacioTnke va
OUMTTEPIANYBOUV 600 TO duvaTdVv TTEPICCOTEPOI OPOI WOTE VO KAAUPTOUV OAEG QUTEG
ol avaykeg. H ovroAoyia auth dnuioupynBnke pe okotmd va otabei wg n Bdon yia
o1dpopa epyaAeia TNG TTANPOQPOPIKAG, YIa BACEIC dedOUEVWY KAl YIa HMENAOVTIKEG
TNY£EG. ZagéoTara n doun TNG Eival TETOIQ WOTE va gival dUvATH Kal N ETTEKTACH TNG,
OTav autod yivel avaykaio JEANOVTIKE, yia va KOAUWEI TIG PEXPI OAUEPA UN YVWOTEG
TITUXEG TNG TTOAUTTAOKNG auTrG voéoou. ETTiong £xel wg OKoTTO Tn d1a0UVOEDH TWV WG
TWPA OIAXWPICUEVWY TTANPOPOPIWY Kal OEQOUEVWY TTOU UTTAPYXOUV OXETIKA HE TN
véoo. AttwTepog okotrog ival n IDODEN va cupBdaAAel oe OAOUG TOUG TOWEIG TNG
KATATTOAEUNONG TOU BAYKEIOU TTUPETOU, £TOI WOTE VA TEAIKA va UTTAPEEl €AEyXOG TNG

vOoou.

H IDODEN kaAUTTTeEl TO TTEDI0 TOU BAYKEIOU TTUPETOU ATTO AVWTEPD ETTITTESQ OTTWG
olkoouoTAuata Kai Biétotrol, eTévovtag YEXPI To €TTiITTEdO Twv TTPwWTEIVWY. O1 6pol
TToU gival TTOAAOI yevikoi Kai &gv gival €10IKOI yia TV ovToAoyia éxouv €icaxBei atrd
GAAeG ovToAoyieg TTou BewpouvTtal oF TTAéOV KOATAAANAEG yiO TO OUYKEKPIYEVO
avtikeipevo (Mivakag 6). H mpooBrnikn Twv Opwv autwyv £yIve CUPNQWVA PE TV
mpooéyyion MIREOT (Minimum Information to Reference an External Ontology
Term) (Xiang et al., 2010). X0p@wva Pe auth TNV apxn o KABe €I0ayOUEVOG OPOG

TIPETTEI VO €XEI TOV KWOIKG aTtrd TNV ovToAoyia atrd Tnv oTroia TpoRple, 0 opIGPOS TOU
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Opou va TTapAEivEl auTouOoIog, OTTWG £TTiong Kal 6Aa Ta ouvwvupd Tou. Eyive n
TTPOCTIABEIa, AOITTOV, WOTE va €mMTEUXBEl £T01 N KAAUTEPN duvartr dlacuvdeon TnG

ovToAoyiag pe AdN UTTAPXOUOEG.

MeAAovTikd, €dv dnuioupynBolv ovToAoyieg TTou Ba eival 1o €I0IKEG yIa KATTOIOUG
o6poug TnNG IDODEN, 101¢ Ba TTp€TTel va aAAaxBoUv o1 KwdIKoi Twv 6pwv aQuTwV o€
auTr TNV ovToAoyia Kal va uloBeTnBoulv ol Kaivouplol. & QUTH TNV TTEPITITWON, Yid
OleukdAuvon 6owv NdN xpnoiyotroiolv Tnv IDODEN ot didpopa epyakeia A Bacelg
0edouévwy, O apxIkoi KwdIKOi Tng ovroloyiag WTTopoUv va TTApaUEivVOUV WG

OEUTEPEUOVTEG KWOIKOI.

AuTn akpIBwg n TTEPITTTWON €ixe ouuBei oTnv ovioAoyia Tng eAovoaiag (IDOMAL) tTou
gixe avattuyBei TToAaidTEPa aTrd TO £PYACTHPIO PAG, N OTToia TTPOCPATA UTTORARBNKE
o€ pia TAnBwpa aAaywv kal oe pia aAkayry douAg yia autév 1o okoTrd (Topalis et
al., 2013). Emeidf n IDOMAL Atav mmoAaidtepn Twyv Trio €1I0IKWV O KABe TTEdio
OVTOAOYIWY, ETTPETTE VA EEETAOTEI KAI VA AAAAXTOUV Ol apXIKOi KWAIKOI e auToug TWV
vEwv ovTohoyiwyv. KpatABnkav opwg ol TTaAaidTepol KwdIKoi wg SEUTEPEUOVTEG, Yia

TOUG AGyoug TToU ava@EépOnKav TTPONYOUPEVWG.
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Hivakag 6. Ovtoloyiec amo Ti¢ omoles Exovv eloayOel opot atnv IDODEN.

Ovrtoloyia AplOuog 6pwv
IDOMAL 724
CHEBI 251
GO 116
MIRO 99
ENVO 63
SYMP 42
NCBITaxon 39
CL 34
PR 30
BFO 29
IDO 27
IAO 7
SO 7
OBl 5
VO 5
OGMS 4
MESH 3
UBERON 2
CARO 1
NPO 1
HP 1

IDOMAL=Malaria Ontology, CHEBI=Chemical Entities of Biological Interest, GO=Gene Ontology,
MIRO=Mosquito Insecticide Resistance Ontology, ENVO=Environmental Ontology, @ SYMP=Symptom
Ontology, NCBITaxon=Taxonomical Classification Ontology, CL=Cell Line Ontology, PR=Protein Ontology,
BFO=Basic Formal Ontology, IDO=Infectious Disease Ontology, [AO=Information Artifact Ontology,
SO=Sequence Ontology, OBI=Ontology for Biomedical Investigations, VO=Vaccine Ontology, OGMS=
Ontology for General Medical Science , MESH=Medical Subheadings, CARO=Common Anatomy Reference
Ontology, NPO=Nucleotide Polymorphism Ontology
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Mépav Tng BFO, emAéXONkKe, €TTiong, n IDODEN va avattuyBei wg pia eTEKTaon TNG
Infectious Disease Ontology (IDO) (http://www.infectiousdiseaseontology.org/). H
IDO mpoo@épel pia Baoik doun, £vav TTUPAVA YEVIKWY Opwv, TTOU OXETICOVTal ME
MoAucpaTikEG aoBéveleg. MMAvw o autdv Tov TTuprva €xouv BacioTei did@opeg
ovToAoyieg aoBeveliwv OTTWG N ovioAoyia TnNG BoukéAwaong (IDOBRU) (Lin et al.,
2011), n ovToAoyia ™G ypiTTNG (Influenza Ontology)

(http://infectiousdiseaseontology.org/page/Influenza_Ontology) kai BePaiwg Kal n

IDOMAL.

To 611 n IDO atroteAei évav TTupriva yia Tnv IDODEN 0¢gv onuaivel 0TI dev UTTAPYXOUV
KAl TTEPITITWOEISC TTOU Ol auTég ovTohoyieg Oev cival atrdéAuta ocupPartég. Autod
oupBaivel Kupiwg AOyw TwV IBIITEPOTATWY TTOU EUTTEPIEXEI N VOOOG. MNa Tov Adyo
AUTO TTPETTEI VA UTTAPXEI CUVEXNG ETTIKOIVWVIQ UE TOUG dnuioupyoug Tn¢ IDO waoTe va
emAUvovTal TéTola ¢nTAuaTa, 6w TTpooata éyive Ye Tnv IDOMAL (Topalis et al.,

2013).

[MepLeyOEVO TG OVTOAOYLaG

‘OAoi o1 6pol TNg IDODEN éxouv TAAPNG is_a oxéon Je évav JOVOo yovéa, aoXETWG UE

TNV TTANBWPA TWV UTTOAOITTWV OXECEWV PE TIG OTTOIEG OUVOEOVTal PETALU TOUG. 2TNV

¢kdoon IDODEN version 1.0 (http:/bioportal.bioontology.org/ontologies/IDODEN),

mepiExel 5035 6poug, o1 oTToiol cuvdéovTal WETAEU TOUG ME €vvEQ OIAQOPETIKEG

oxéoeig (Mivakag 7).
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Hivaxag 7. T'evikn) emiokonnon )¢ IDODEN kat TwV CYETEWY TTOU EUTIEPLEXEL

‘Opol TG ovroAoyiag Ap18uodg ZxEOEIg
agent_in
Movadikoi 6pol 5035
bearer_of

happens_during

Opor €1dikoi yia Tnv IDODEN 3545 has_role
part_of
participates_in

Eioayopevol 6pol 1490 preceded_by
realizes

Zx€0EIg 9 results_in

AeSopévo pétpnong (measurement datum)

H trepiypa@n tng ovroAoyiag ekivael pe Tnv Tagn ‘0cdouévo pérpnong’ (measurement
datum) (Eikéva 13). H 1a¢n autn cival maudi Tou ‘avrikeiuevo dedouévwy’ (data item),
TTOU QVAKEI OTOV YEVIKOTEPO OpO  ‘ovrotnra mANPOQYOPIAKOU TTEPIEXOUEVOU’

(information content entity).

2TV TGN ‘0cdouévo uérpnong Ppiokovral apxikd didgopol deikteg (indexes) ol
OTTOIOI XPNOIYOTTOIOUVTAl KUPIWG O€ €TTIONUIOAOYIKEG KOl EVTOMOAOYIKEG €peuveg. O
0pog ‘Ociktng Breteau’ (Breteau index) ocixvel Tov apiBud Twv OKEUWV OTTOU
Bpébnkav Trpovupeeg, avda kdBe 100 eAeypéveg KatolkieG. AAANOG onuavTikdg 6pog
TNG KaTtnyopiag gival o ‘0¢iktng karoikiag (house index). Autog divel TTANPOPOPIES yia
TO TTO00OTO TWV KOTOIKIWY OTIG OTTOIEG PPEBNKAV va UTTAPXOUV TTPOVUPQES H/Kal
vOuQeg Tou Yévoug Aedes. Agv uttdpyxouv Opwg POvo Opol TTou  OXETICOVTal
OTTOKAEIOTIKA HE TOV QOpEa, OAAG UTTAPYXOUV Kal OpOl OTTWG O ‘pUBUOS TOIUTTANATOS

avBpwrrou’ (man biting rate), Tou TTEPIYPAPEI TOV APIBPO TwV TOIUTTNUATWY OE éva
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ATOMO VIO Hia OUYKEKPIPEVN XPOVIKA TTepiodo. ESwW BpiokeTal kal 0 6pog ‘TTukvoTnTa

Tou mAnBuouou Twv KouvouTtriwy (mosquito population density). Opog atmapaitnTog

yIa OTTOIOOATTOTE OXETIKNA £PEUVAL.

"'measurement datum’
----- 'Breteau index’
----- ‘composite index’
----- ‘container index’
----- ‘entomological inoculation rate’
----- ‘house index’
----- ‘human blood index’
----- 'man biting rate’

V- @ 'measure relating to aggregate of arthropods’

= "'measure relating to enumeration of aggregate of arthropods’
= "'measure relating to host blood in aggregate of arthropods’
b "'measure relating to infection within an aggregate of arthropods’

¥-- @ 'measure relating to aggregate of vertebrates'

= ‘abundance of athropods per host’
- & "amplification/reservoir host capacity’
= "infection incidence rate’
= "intensity of host infestation by arthropods®
= "'measure of host infectivity’
= "'morbidity of dengue fever’
= "'mortality of dengue fever'
b 'vectorial capacity”
----- 'measure relating to vertebrate host'
----- 'mosquito population density’
----- ‘parous rate’
----- 'risk factor'

Ewova 13. H Soun ¢ taéng ‘dedouévo uétpnong’ (measurement datum).

2uvavTwvTal GPwWG Kal dU0 6pol TToU €XOUV OXEON HE PETPAOEIS CUCCWHOTWHATWY.

O1 6pol auToi €ival ‘péTpnon OXETIKA uE ouoowuatwuara apbpormédwyv’ (measure

relating to aggregate of arthropods) kai ‘wérpnon oOxenkn pe oucowuaTwUaTa

ommovouAwTwy' (measure relating to aggregate of vertebrates). 2& autoug Bpickovtal

opol oTwg ‘évraon tng uoAuvaong tou éeviori pe apBpommoda’ (intensity of host

infestation by arthropods), TTou divouv TTANPO@OpPIES yIa TOV apIBPd Twv apBpoTTddwV

avd Toug HOAUCUEVOUG EevIOTEG. ANAOI ONUAVTIKOI OPOI TNG KATNYOPIag auTrng ivai ol

‘voonpornta tou 6dykeiou ruperoy’ (morbidity of dengue fever) kai ‘Bvnoiudrnra rou

odykeiou ruperoU’ (mortality of dengue fever).
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I8L0TnTa (quality)

AkoAouBei Twpa pia peydAn kalr onuavTikn TaEn, n ‘1driotnta’. H apyikr Tg doun €xel
mepiypagei Adn (Eikova 12). Edw Ba eEetaoToUvV KATTOIEG ETTINEPOUG TAEEIC TNG,
Eekivwvtag pe TNV TAEN ‘1diotnTa tou ddykeiou truperoU’ (quality of dengue fever),
oTToU BpiokovTtal o1 6pol TTou oXeTiCovTal e TNV TaEn auth (Eikéva 14). YTrdpxel n
TGN ‘KAivikii ekdnAwaon Ttou oadykeiou’ (clinical manifestation of dengue). Edw
TTapoualadeTal yia TPWTN @opd o TPOTTOG HME TOV OTIOI0  ATTOPACIoTNKE va
QVTIMETWTTIOTE TO OEua Twv TTEVTE OIOQOPETIKWY OPOTUTTWY Tou 10U. Avti va
ed@aviCovTal 6AoI 01 KATWTEPOI OPOI OE TTEVTATTAA aVTiypa@d, UTTAPXEI EVAG AVWTEPOG
0pog Kal atrd KATW Ol TTEVTE JIAPOPETIKOI OPOTUTTOL TNV QVTIBETN TTEPITTTWON O
apIBuog Twv Gpwv TNG ovioAoyiag Ba aufavoTav utepPoAikd. Etriong étol Ba
onuioupyouvTav pia eITTAEOV TTOAUTTAOKOTNTA, N oTroia Ba €kave Tn XpAoN Kal Tn

dlaxeipion TnNg ovroAoyiag TTOAU dUCKOAN.

H améeaon auth amodeixbnke cwoTh, PME TNV TTPOCPATN AVAKAAUWN TOU TTEUTITOU
opOTUTTOU TOU 10U Tou ddykeiou (Normile, 2013). Otav gekivnoe n avamruén Tng
ovToAoyiag n €mOTNUOVIKA KoIvOTnTa yvwpile pévo yia Tnv UTTapgn TeEOOApWV
0POTUTTWY, Gpa PHOVO auTOi gixav oupTTEPIANYBEI oTnVv ovtoAoyia. Mpdogata duwg, n
avakdAuwn evog TTEPTITOU 0dNynoe oTnv avdykn tng Tpooapuoyrs tnv IDODEN.
‘Hrav pia ypriyopn kai eUkoAn diadikacia, akpiBwg eTTeIdr €ixe apxIKa €TIAeXOei va

OouNnOei Je aQUTOV TOV CUYKEKPIYEVO TPOTTO N OVTOAOYia.
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¥ @ "quality of dengue fever'
¥-- & 'clinical manifestation of dengue’
¥ @ "clinical manifestation of specific dengue serotype’

' ‘clinical manifestation of serotype 1 dengue’
‘clinical manifestation of serotype 2 dengue’
‘clinical manifestation of serotype 3 dengue’
‘clinical manifestation of serotype 4 dengue’
‘clinical manifestation of serotype 5 dengue’

¥ @ "epidemiological type of dengue fever’

= "autochthonous dengue fever’

¥ @ "endemic dengue fever'

‘endemic dengue fever of high epidemic potential’
‘endemic dengue fever of low epidemic potential’

‘l' *"imported dengue fever'
o "airport dengue fever’
Y- "'induced dengue fever’

‘deliberate dengue fever'
"transfusion dengue fever’

----- 'introduced dengue fever’

----- 'sporadic dengue fever'

----- 'stable dengue fever”

----- 'unstable dengue fever'

----- "'urban dengue fever'

----- "war and conflict dengue fever’

----- 'preclinical manifestation of dengue fever'

----- zoonotic

Ewxova 14. H Soun tn¢ taéng 16totnta tov ddyketov mupetov’ (quality of dengue fever).

Mépav, Aoimov, NG TaENG ‘KAIVIKN) ekdNAwan Tou dAyKEIOU’ KAl TWV TTEVTE TTAIBILV TNG,
£va yia KGBe opdTuTTo, OTNV TAEN ‘1I01I0TNTA TOU OAYKEIOU TTUPETOU CUVAVTATAI KAl N
TAEN ‘emdnuioAoyiko¢ TUTTOC ToU dayKeiou TTupeToU’ (epidemiological type of dengue
fever). Katw até tov 6po BpiokovTal o1 S1a@opeTIKOi TUTTOI TOUu dAYKEIOU TTUPETOU, Ol
OTTOi0I €ival ATTAPAITNTOI YIG TNV KOTNYOPIOTTOIiNGon Tng vOooou o€ €TTIONUIOAOYIKEG
MEAETEG, OI OTTOIEG, YIa TTapddelypa, TTpooTTabolv va dwaoouv pia eEAyNon yia TO TTWG

TTPOEKUYE Wia eMONUia, A va KAavouv TTPORAEYEIS VIO TO ETTOUEVO EECTTACHA.

65



Emiong, n Umapén Ttwv 6pwv autwv kabioTatal avaykaia AOyw Tng Trapouciag
KPOUOUATwy TNG voéoou ot vEo-KaTolKNuéveg TTeploxéG (Koyadun et al., 2012), kai
AOYW TnG €ukoAiag TTou uTttapxel TTAéov aTa Tagidla amd éva evonuIKO PEPOG TOU
odykeiou ae €va pn evdnuikd (Allwinn, 2011; Centers for Disease and Prevention,

2010; Ratnam et al., 2013).

2TnVv 1a¢n ‘1d161nTa Tou maboyovou’ (quality of pathogen) cuptrepidAapBdavovtal o1 épol
Tou oxeTtiovral pe TIG 1016TNTEG Tou 100 Tou Odykeiou (Eikova 15). Me Tov 6po
‘papuakoAoyikn euaiaBnaia Tou 10U Tou ddykeiou’ (drug susceptibility of dengue virus)
mepypdpoupe Tnv 1010TNTA Tou 10U va ¢nuiwBei 3 va avacTaAei amd kdTmoia
QapHOKeUTIKN ouaia. Ki edw £xel yivel 0 dIaxwpPIOUOG yIa TOUG TTEVTE DIOPOPETIKOUG

0opATUTTOUG TOU I0U.

v-- 1 'quality of pathogen’
¥-- @ "drug susceptibility of dengue virus’
= "drug susceptibility of dengue virus serotype 1’
= "drug susceptibility of dengue virus serotype 2’
= "drug susceptibility of dengue virus serotype 3’
= ‘drug susceptibility of dengue virus serotype 4'
o "drug susceptibility of dengue virus serotype 5’
----- endogenous
----- exogenous
¥ @ "infectious agent transmissibility’
v " "dengue virus transmissibility’
= ‘'dengue virus serotype 1 transmissibility’
= ‘'dengue virus serotype 2 transmissibility’
= ‘'dengue virus serotype 3 transmissibility’
= ‘'dengue virus serotype 4 transmissibility’
e 'dengue virus serotype 5 transmissibility’
----- invasiveness
----- ‘latency of dengue virus’
¥ @ virulence
¥-- 1 'dengue virus virulence'
= ‘'dengue virus serotype 1 virulence’
= ‘'dengue virus serotype 2 virulence’
= ‘'dengue virus serotype 3 virulence’
= ‘'dengue virus serotype 4 virulence’
fe ‘'dengue virus serotype 5 virulence’

Ewova 15. H Soun ¢ taéng dtotnta tov maboyovov’ (quality of pathogen).
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Me Ttov Opo ‘idiotnTta tn¢ perddoonc tou 10U TOU Odykeiou (dengue virus
transmissibility) trepiypdeetal n 1d16TNTa TOU 10U va UTTORANBEl 0T dladikacia NG
opifévTiag petadoong. H yetddoon, dnAadn, Tou 100 Tou ddykelou atrd £va ATOUO o€
éva AAAO Xwpic auTd va £xouv oxEon yovéa-TTaidioU PETAEU TOUG. ZUuvavtdTal £TTioNg
Kal 0 6pog ‘woAucuarikétnra Tou 10U Tou Odykeiou’ (dengue virus virulence), TTou
TePIYPAPEl TNV 1810TNTA TOu 10U va TTpokaAei aoBévela TTou va odnyei oTIG coBapég

MOop@EG TNG vOoou A o€ Bavaro.

2TnVv 1a¢n “16161NTa ToU Popéa’ (quality of vector) BpiokovTtal GAOI 0l OPOI OXETIKOI UE
TIG 1010TNTEG TOU KouvouTTioU (Eikova 16). Edw &ev TiBeTal To BEua Tou diaxwpiouou
OTTWG OTIG OUO TTPONYOUUEVEG TAEEIG, BIOTI N ava@opd YiveTal TTAéOV OTOV POPEA KAl

Ox1 oTo TTaBoyoévo.

¥v-- @ 'quality of vector’

----- anautogeny

----- anthropophily

b autogeny

----- ‘deficiency of midgut receptor’
----- ‘domestic behaviour’

----- endophagy

----- endophily

..... exophagy

----- exophily

----- ‘flight capacity’

----- ‘increased sensitivity of olfactory sensillum’
----- ‘intermediate behaviour’

----- ‘'male fecundity’

----- protandry

k- 'quality of optical resolution’

k- 'quality of optical sensitivity’

b 0 'responses of the visual pigments and the chromophores’
----- 'sexual responsiveness and refractoriness’
----- susceptibility

b 0 "swarm quality’

----- 'vector competence’
----- 'wild behaviour’
----- zoophily

Ewova 16. H Soun ¢ taéng dtotnta tov popéa’ (quality of vector).
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Omtwg TTapartnpeital edw uTTapyEl dia TTolkIAia 6pwyv, Kal EpOCOV TO CNUEio avagopds
gival TTAéov TO KouvoUTTl, dIa@EPOUV apPKETA aTrd autoug TTOU cuvavthRenkav PEXPI
Twpa. O1 6pol TTou BpiokovTal €dw eival avaykaiol yia TV TTEPIYPAPA TOU KUKAOU
CwNAG Tou KouvouTtrioU Kal YIa OIAPOopeS EVTIOUOAOYIKEG MEAETES. TMa TTapddeypa o
0pog ‘oikiaky ouutrepipopd (domestic behaviour) ava@épetal otnv 1IB1IGTNTA TTOU
£€Xouv Ta KouvoUuTma va &ekoupdlovial péca OTnv Katoikia PeTd TN AQwn evog
yeupatog aipatog. Na TovioTei €dw OTI TTapOAo TTou O 6pog €xel HEoa Tn AEgn
«OUMTTEPIPOPGY OtV GUYKATOAEYETAI OTNV TAEN ‘Oradikagia oUUTTEPIPOPAC eVHAIKOU’
(adult behavior), aA\& otnv TéEN 1016THTA’. EdW TTaiCel onuavTtikd pOAo 0 OpPICHAG, O
OTTOI0G ava@EpeTal oTNV IBIGTATA AUTH TWV KOUVOUTTIWY Kal éX1 0TnV d1adikaoia auTh
kaBautr). To idl0 @aivéuevo TTapartnpeital kar oTov 0po ‘evOIGuUEDn CUUTTEPIPOPY’
(intermediate behaviour), TTOU ava@épeTtal OTNV 1IBIGTNTA TWV  KOUVOUTTIWV VA

eE€pxovTal TNG KATOIKIOG META TN AN £vdg yEUUATOG QiaTOC.

2V TaEn ‘1didtnTa Tou TaBoyovou' Eixe TTAPOUCIACTEI O OPOG ‘PaPUAKOAOYIKN
euaiobnaoia tou 100 Tou Odykeiou (drug susceptibility of dengue virus). EdWw
ouvavTdaTal o TTI0 YEVIKOG 0pog ‘cuaiobnoia’ (susceptibility). Eival epgavég edw 600
onpavtikd gival va yivetal oa@rg dlaxwpionuog 1600 0TO Ovopa Twy Opwv, 60O Kal
OTOUG OPICHOUG TOUG. 2TNV CUYKEKPIUEVN TAEN 0 OPOG ‘cuaioBnoia’ opieTal TTAEOV WG
n 1016TNTa TTOU £XEI Jia ovtoTNTa va {nUIwBEei atrd pia GAAN ovTtoTNTa CUYKEKPIPEVOU
TUTTOoU. Eival ca@ég 1000 110 yeVIKOG €ival 0 opIoPOG auTou Tou 6pou o€ OXEon WE

TOV TTPOAVAPEPHEVO.

‘Evag akOpn onPavTiKOG Kal XProIgog 6pog atnv Tagn ‘1010tnTa 1ou @popéa’ gival o
0pog ‘IkavornTa Tou @opéda’ (vector competence). O oplIoPog Tou €ival 0 €§NG: «H
IKavOTNTA VOGS POPEA VA ATTOKTHOEI €va TTABOYOVO Kal va TO PHETOQEPEI PE ETTITUXIO O€
évav AaAo OekTikG opyaviouo». Tépav Tng Xpnoigotntdg Ttou otnv IDODEN,

Bewpoupe 0TI 0 OpOg auTOG €ival OPKETA YEVIKOG Kal Ba ETTPETTE va CUPTTEPIANQOEI

68



otov TupAva Tng IDO. To aitnua oToug onuioupyolg TNG

TTpaydaToTToINBEl auTd, £x€l AON Yivel.

ITupuntwpa (Symptom)

IDO, woTe va

E@ocov n IDODEN éxel wg Béua NG pia vooo n otroia gpgaviel KAIVIKE €lkova, dev

Ba utropoucav va Agitrouv Ta cuuTITwaTa ammd authv (Eikéva 17).

v symptom

* "abdominal symptom’

o e ascites

v- @ "cardiovascular system symptom’

----- hemorrhage

..... shock

¥ 'digestive system symptom’

----- nausea

----- vomiting

¥v-- @ 'general symptom’

----- chills

..... cramp

----- hallucination

----- inflammation

----- 'multiple organ failure’

----- tremor

¥ @ "hemic and immune system symptom’

- B @ 'hemic system symptom’

Y- . ‘nervous system symptom’

k- @ convulsion

B @ 'sensation perception’

¥ @ 'neurological and physiclogical symptom’
- B O fever

v @ "nutrition, metabolism, and development symptom’
----- anorexia

----- dehydration

¥ @ 'skin and integumentary tissue symptom’
----- petechiae

----- 'pleural effusion’

..... rach

..‘.

Ewova 17. H Soun ¢ taéng ‘cvumtwua’ (symptom).

69



Ortav &ekivnoe n dnuioupyia Tng ovroloyiag, dev UTIPXE KATTOIA TTIO €CEIDIKEUMEVN
TTOU va TTEPIYPAPEl TO GUVOAO Twv Opwv Tou TTediou autou. OTTOTE apxIKd, OAol ol
O0pol NG TaENG ‘ouunTwua’ (symptom) cixav KwdIko gite amd tnv IDOMAL, n otroia
TTEPIEiXE KATTOIO ATTO TO CUPTITWHATA ATAV avaykaia, €ite kwdiké Tng IDODEN, agou
onuioupynénkav yia autAv. Katd tnv tropeia Tng avamTugng mng ovroloyiag, dpwe,
EUQavioTNKe N ovioAoyia Twv cuuTITwHdaTwy (Symptom Ontology, SO), omdTe Kal
Ohol o1 O6pol  AdANagav  KwdIKOUG Kol uloBeTABnke kal . dopA NG

(http://symptomontologywiki.igs.umaryland.edu/wiki/index.php/Main_Page). Na

onueIwBei ot dev KpatrBnkav ol apxikoi kwdikoi IDODEN wg deutepelovTeg, OIOTI N

ovToloyia BpiokéTav akopa o€ beta popon.

Edw ouvavtaral Ki €va ammd TA PEIOVEKTAMATO TOU daVEIOHOU Opwv atrd AGAAEg
ovtoAoyieg. Katola traidid tng 1a¢ng ‘cuumrwua’, 61w ‘oUUTITWUA TOU TTETTTIKOU
ouariuaro¢ (digestive system symptom) Kai ‘CUUTITWUA TOU VEUPIKOU GUOTALATOC
(nervous system symptom), dev éxouv opiopous. Baon Tng apxric MIREOT (Xiang et
al., 2010), amrayopeUeTal n €TEPPACN Kal N €l0aywyn OpPICUWY atrd TpiToug. MpETTel
va evnuePwWOOUV oI dNUIoUPYOoi TNG OVTOAOYiag Kal va TTPayUaToTToINBE N TTPooBKn

atrd TOUG idIouG.

AwxOeom (disposition)

O 6pog ‘didBeon’ (disposition) opileTal WG «pia TTPAYUATOTTIOINCIKN OVTOTATA TTOU
OUCIOOTIKA TTPOKAAEI pia cuykekpiyévn Sladikacia r aAAayr], uTTd CUYKEKPIMEVEG
OUVOAKEG OUPPWVA PE TOUG Kavoveg TnG @uongy». lNa Tmapddeiypya, o 6pog
‘woAuouarikh acBéveia’ (infectious disease) cival Taudi auTtig NG TAENG, dIOTI gival yia

aoBévela TNG otoiag N QuUOIkr Baon eival pia poAuvon (Eikéva 18). ‘Eva 1o atmAéd
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Tapadelyya civar n d1dBeon evog aoBevolg pe €CacBevnuévo aAvoooTroINTIKG

oU0TNPa va VOO OEl.

v-- @ disposition

¥ @ "acquired immunity to dengue’
= ‘acquired immunity to serotype 1 dengue’
= ‘acquired immunity to serotype 2 dengue’
= ‘acquired immunity to serotype 3 dengue’
= ‘acquired immunity to serotype 4 dengue’
L ‘acquired immunity to serotype 5 dengue’

----- contagiousness

----- ‘cytoplasmic incompatibility’

..... dEﬂth

----- "herd immunity”

v @ "infectious disease’

- B0 'dengue fever’

¥ @ 'insecticide resistance’

- B 'resistance to single insecticide’

¥-- & 'pathogenic disposition’

I 'dengue virus pathogenicity'

¥ @ refractoriness

I 'sexual refractoriness’

¥ @ 'resistance to drug’

I "antiviral resistance’

v @ survival

L 'mosquito survival’

Ewova 18. H Soun tn¢ taéng ‘Giabeon’ (disposition).

2Tnv TGN autr) ouvavrtdral, AoImov, o 6pog ‘ddykeioc TTUpeTd¢ (dengue fever). AANAol
onMUAvTIKOi OpOoI TNG TAENG ‘O1GBeon’ gival ‘avOeKTIKOTNTA O€ evIOUOKTOVA (insecticide
resistance), ‘weradorikétnra’ (contagiousness), ‘maBoyéveia Tou 100 TOU OAYKEIOU
(dengue virus pathogenicity), ‘avBekmikdétnra oe avrmiké (antiviral resistance) kai

‘emBiwon’ (survival).

O1 6pol TToU €x0OUV va KAVOUV PE TNV avBeKTIKOTNTA €ival uyioTng onuaaciag, 81T,
OTTwG  €xel  TTpoava@epBei, Ta KouvoUTTia  gugavifouv OAo  Kal  PEyaAUTEPN
QVOEKTIKOTNTO O€ EVIOUOKTOVA, EVW N KATATTOAEUNON TOU 100 TOU BAYKEIOU OEV EXEI
owoel PEXPI oPEPa BETIKA aTTOTEAEOHATA, OPWG YiVOVTOI OUVEXWG UEANETEG OE AUTOV

Tov Topéa (Low et al., 2011; Noble et al., 2010; Sampath and Padmanabhan, 2009).

71



PoAog (role) kat ‘Brotiko avtikeipevo’ (biotic object)

H 14¢n ‘pooAo¢’ (role) civar atrd Tig 1m0 TTOAUTTANBECTEPEG TNG OvioAoyiag.  AuTd
oupBaivel BIOTI ETTIKPATEI N TAON VA OKEPTOPAOTE OTNV KABNUEPIVOTNTA PAG KATTOIO
TTPAYHATA, Ta OTToia OVTOAOYIKG gival TeEAEiwG dla@opeTIKA. MNa TTapddelyua, cuvnBwg
OKEPTOPAOTE TO KOUVOUTTI WG QOpEA KAl TOV 10 TOU OAYKEIOU WG TTaBoyovo, Kal auTd
gival owoTd UTTO AAAEG ouVBNKeG. ZTnV ovToAoyia, duwg, auTtod eival AdBog. To Aedes
aegypti dev eival opéag, aAAda civar atréyovog Tou Aedes, To OTT0i0 PE TN O€IPd TOU
givalr améyovog Tng TA¢NG ‘évroua’ (insecta). Evw axkéua 1o Tmévw oTn doun
Bpioketal n 1a¢n ‘Biotikd avrikeiuevo'. Mapopoiwg, TTaparnpeital 6T Kal 0 ‘1I6¢ Tou
odykeiou’ (Dengue virus) eival atmdyovog Tng Tagng ‘1o (viruses) (Eikova 19). lMari
Ouwg oupBaivel autd; AIOTI oTnv ovioAoyia o1 épol ‘popéag’ Kkai ‘mraBoydvo’ givai
POAOI TTOU KATEXOUV 01 dUO auTéG TAEEIG, TTOU gival ‘aulUTTapPKTN OUVEXNS ovToTnTA’
(independent continuant). Eivalr poAol TTou €xouv TTPOCWPIVA, 0€ KATTOIO OTAdIO TOU
KUKAou CwNAg Toug, Bev gival atmapaitntol yia TNV Uttapén Twv TTPoava@epBivTwV

OVTOTATWV.

Edw va avagepbei, €mmiong, 0TI wg amméyovol Twv opOTUTTWY Tou 10U Tou OAYKEIoU
é€xouv e10axOei Ta dIaPOPETIKA OTEAEXN TOUG TTOU XPnOIlyoTrolouvTal o€ peAéTeG. H
AoyIKr QUTAG TNG elocaywyng ATav 6T 01 6POI aUTOI JTTOPOUV va XpnolpoTroinBody, yia
TTaPAdEIyUa, YIa TNV avadfTnon CUYKEKPINEVOU OTEAEXOUG O€ OXEON PE TO OKOTTO TTOU

gixe NON XpNOIKOTTOINGEI KAl O€ TTOIEG UENETEG CUMMETEIXE.
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¥ @ 'biotic object’
- "anatomical structure’
v @ Arthropoda
v Insecta
V- " diptera
v nematocera
¥ culicidae
v Aedes
5 "Aedes aeqgypti’
'Aedes albopictus’
E "Aedes polynesiensis’
e "Aedes scutellaris’

Bacteria

Fungi

Nematoda

Phaeophyceae

Vertebrata
" Viruses
v 'Dengue virus'
'‘Dengue serotype 1 virus'
'‘Dengue serotype 2 virus'
'‘Dengue serotype 3 virus'
'‘Dengue serotype 4 virus'
Fee '‘Dengue serotype 5 virus'

i

Ewova 19. H iepapyia twv opwv Aedes kat ‘106 Tov Sdayketov’ (Dengue virus)

Eivai, Aoimtév, Aoyikd o1 n TaEn ‘poAog’ TrEpIEXEl GPOUG TTOU TTAPOUCIACoUV PEYAAN
TroikKINopop®ia (Eikéva 20). Edw BpiokovTal 6Aoi o1 TBavoi poAol TTou PTTopEi va €XEl
KATToIa XNMIKA ouoia, OTTwg ‘@apuako’ (drug role), ‘cuBoAio’ (vaccine), ‘urrowneio
eUBoAI0’ (vaccine candidate), ‘avrikd’ (antiviral), 4 KATTOI0G OPYaAVIOPOG, OTTWG

‘maBoyovo’ (pathogen), ‘acBevi¢’ (patient), ‘éeviorng’ (host).

Opol 1ToU avikouv oTnV TA¢N ‘aQuBUTTAPKT OUVEXNS OVvIOTNTA CUVOEOVTAl E TOUG
d1d@opoug poAoug Toug HEow TNG oxéong has_role. Eival pia atmd Tig evvéa ox£oe€Ig
TToU TTEPIEXETAI OTNV ovToAoyia Tou ddykelou. MNa Tmapddeiyua, OAa Ta utTown@Ia
€MBOAIa €xouv kaTnyopioTroiNBei wg ‘xnuiké okevaoua' (chemical compound), €xouv

OPwWG ToV pOAO ‘urrown@io EuBOAIO’.
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v Orole
..... ‘acetylcholine esterase inhibitor’ - "'mitochondrial complex I electron transport inhibitor’

----- "'mitochondrial complex III electron transport inhibitor’
----- "'mitochondrial complex IV electron transport inhibitor’
----- 'neuronal inhibitor’

----- "nicotinic acetylcholine receptor agontist/antagonist’

----- ‘aconitase inhibitor’
----- 'Aedes breeding site’
----- ‘allosteric agonist of nicotinic acetylcholine receptor’

L ant!h!)dy ----- 'octopaminergic agonist’
""" antiviral b & "oxidative phosphorylation inhibitor'
----- "chitin biosynthesis inhibitor' ) @ parasite
----- ‘chloride channel activator’ »-- @ pathogen
----- cytokine - (0 patient
----- ‘dengue vector’ - @ phagocyte
..... ‘drug role' b receptor
[ enzyme reservoir
b Ofactor ‘ryanodine receptor modulator’
,,,,, fumigant - (0 "sodium channel modulator’

----- ‘uncoupler of oxidative phosphorylation’
----- vaccine
----- 'vaccine adjuvant’

----- 'GABA-gated chloride channel antagonist’
) & "growth inhibitor’

- Ir!ost ] ) v-- @ 'vaccine candidate’
----- infectious agent vector role ¥ @ ‘vaccine candidate using part of organism’
----- ‘insect midgut membranes disruptor’ »-- @ 'whole organism vaccine candidate’
..... ‘insect repellent’ - "voltage-dependent sodium channel blocker'

----- ‘insecticide synergist’
----- 'lipid synthesis inhibitor

Ewova 21. H Soun tn¢ taéng ‘porog’ (role).

BloAoyk1) teproy) (biological region)

O 0pog ‘yovidio’ (gene) éxel opioTei wg €€ng: «Mia Trepioxr) (] TTEPIOXEG) TTOU
eutTeEPIEXEl OAD Ta OToIxEio pia aAAnAouyxiag TTou €ival aTrapaitnTa yia TNV
KwOIKOTToiNaN €vog Asitoupyikou petaypagou. ‘Eva yovidio ptropei va mepIAapBAavel
PUBUIOTIKEG TTEPIOXEG, METAYPAPOUEVEG TTEPIOXES /KAl AAAEG AEITOUPYIKEG TTEPIOXEGY.
OmoéTe 0 6pog auTdg ival atrdyovog Tou Opou ‘BioAoyikn mepioxry’ (biological region)

(Eikova 22). Qg mraidid Tou £Xel Ta €TTTA yovidia Tou 10U.

74



¥ 'biological region’

¥ @ binding site’

- ¥ @ 'nucleotide binding site’
: 'miRMA target site'
v-- @ gene
----- 'dengue C gene’
----- 'dengue E gene’
----- ‘'dengue N51 gene’
----- ‘'dengue NS2A gene’
----- ‘'dengue NS2B gene’
----- 'dengue NS3 gene'
----- 'dengue NS4A gene’
----- "dengue NS4B gene’
----- ‘dengue NS5 gene’
----- 'dengue prM gene’

Ewova 22. H Soun tn¢ taéng ‘Loroykn mepioxn’ (biological region).

Omtwg éxel poava@epBei 0 OAYKEIOG TTUPETOC TIPOKOAeiTal atrd évav 16. ‘Exel
atodelxBei 611 KouvouTTia Tou €idoug Aedes aegypti, mapouoia ue v Drosophila
melanogaster, €xouv Tnv IKavoTnTa TNG Yovidlakng aiynong (Sanchez-Vargas et al.,
2004). H emoTnuUovIKA KOIvOTATA €XEl OTPAPEI Kal TTPOG auTh TNV 000 yia TN €TTIAUCN
Tou TPoBAfuarog. MNpooTtrabouv va xpnoigotroifjoouv 1o TTapePBalAdpevo RNA
(RNA interference, RNAI) yia va kataoTteilouv Tn poAuveon (Kakumani et al., 2013;
Lee et al, 2010), dnuioupywvtag akoua Kal TexvnTd microRNAs woTe va
TapeuTTodicouv Tov TTOAAATTAQCIooNO Tou 10U (Xie et al.,, 2013). MNa autd 10 AdyO
UTTApXEl o1 Opol ‘Béan 6éaucuong voukAsoridiwy' (nucleotide binding site) kai ‘Géon

oroxo¢ miRNA’ (miRNA target site) (Eikova 22).

ALXYVOOTIKE TIPOIOVTA YA £€AgyX0 UTIapEnG Tov oV Tov ddykelov (Dengue rapid
diagnostic test products), Stayvwotikn Siadikacia (diagnostic procedure) kat

yevikn Ogpanevtikn Stadikacia (general therapeutic treatment)

O ddykelog gival evdnuikog o€ Tavw atmo 110 xwpeg. Aev gival OUwG EUKOAO va Tov

dlaxwpioel kaveic atrd AAAeg vOOOoUGg, KUpiwg oTa apXIkd Tou oTtddia (Ranjit and
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Kissoon, 2011). Na autd 1o Adyo éxouv avatTuxBei didgopa diayvwaoTIK& TTPoidvTa

eAEyxou yia TNV TaUTOTTOINCN TOU 10U (Elkdva 23).

=

© "abiotic object aggregate’
v

'dengue rapid diagnostic test product’
----- ‘Dengue Day 1 Test’
----- '‘Dengue IgG and IgM Antibody Rapid Test Kit (Kewei)’
----- ‘Dengue IgG ELISA kit
----- ‘Dengue IgG/IgM Rapid Test Kit {Orient Gene Biotech)’
----- ‘Dengue IgM and IgG Combo Rapid Test’
----- ‘Dengue RapidTest Kit {(Colloidal Gold)’
----- 'TgG&IgM Rapid Dengue Diagnostic Test Kit (Diagnos)’
----- 'One Step Dengue Test Kit (Lonsino)’
----- 'One Step Rapid Dengue IgM/IgG Test Kit {Zibo Yuehang)'
----- 'Rapid Dengue IgG/IgM Test Kit - Card (Boson)’
----- ‘Rapid Dengue Test {Dengue NS1 AG)’
----- ‘Rapid Dengue Test Kit (AccuBioTech)’
----- 'Rapid Dengue Test Kit (Clongene)’
----- ‘Rapid Dengue Test Kit (Egens)’
----- ‘Rapid Dengue Test Kit (Shenyang)’
'protein complex’

Ewova 23. H doun tng taéne ‘Stayvwotika mpoiovta yia éleyyo Umapéng Tov 10U Tov

daykelov’ (Dengue rapid diagnostic test product).

Mépa dpwg atmmod dayvwaoTIKA TTPOIGVTA UTTAPXOUV Kal dIayVwoTIKEG SIadIKATIES TTOU

akoAouBouvTal atrd PEAN TOU IaTPIKOU KAGOOU yia TNV avayvwpion Tou OAYKEIOU

TupeToU (Eikdva 24). O1 duo autoi épol gival atmapaitnTol €dv OKEPTEI Kaveig OTI n

ovtoAoyia auTh pTTOpEl va xpnoidotmoinBei yia cuoTthpaTa dicukOAuvong AQqwng

ATTOQACEWY I aTTO I0TPIKO TTPOOWTTIKG TTou Oev PBpiokeTal o€ KATTOIQ KAIVIKN 1

VOOOKOWEIO, aAAG OTO TTEDIO.
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Y- » "diagnostic procedure’
¥ @ 'laboratory test’
----- ‘complete blood cell count’
¥- @ "dengue virus antigen detection’
L 'NS1 detection assay’
e 'microscopic blood examination’
¥ @ 'nucleic acid detection test’
I- ‘isothermal amplification assay’
e ‘Real-time RT-PCR’
- ‘reverse transcribed polymerase chain reaction’
¥ @ 'serological assay’
----- ‘g6-well neutralization assay’
= ‘complement fixation test’
L "hemagglutination-inhibition assay’
----- "virus isolation’
¥ 'phsyical examination’
----- 'spleen examination’
----- 'liver examination’
----- ‘capillary fragility test’

Ewova 24. H Sounj tn¢ taéng ‘Stayvwotikn Stadikaoia’ (diagnostic process).

Mépav TG didyvwaong €xel cupTTEPIANGPOEL Kal N TAEN ‘yevikn Bgparreutikn diadikacia’
(general therapeutic procedure), 6é1Tou BpiokovTal o1 dlIadIKaoieg TTou akoAouBouvTal

a1ré TO 1aTPIKG TTPOCWTTIKO YIa TNV BepaTreia Tou aobevoug (Eikéva 25).

v~ "general therapeutic procedure’

----- ‘analgesic treatment’

----- "anticonvulsive treatment’

----- ‘antipyretic treatment’

----- ‘aspiration of stomach contents’

----- 'blood transfusion’

----- chemotherapy

----- ‘coma treatment’

----- rehydration

----- ‘treatment for anaemia’

----- ‘treatment of cerebral cedema’

----- ‘treatment of fluid and electrolyte balance’
----- "treatment of hyperparasitaemia’

----- 'treatment of hypoglycaemia’

----- "treatment of intravascular coagulation’
----- ‘treatment of metabolic acidosis'

----- "treatment of pulmonary oedema’

----- 'treatment of renal failure’

----- ‘treatment of ruprured spleen’

----- 'treatment of secondary bacterial pneumonia’
----- ‘treatment of septicaemic shock’

----- "treatment of severe anaemia’

Ewova 25. H douny tng taéng ‘yevikn) Oepamevtiky) Swadikaocia’ (general therapeutic

procedure).
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Awxdikacia (process)

Omtwg Trepiypdetnke AdN vwpitepa, n T1a¢n ‘diadikacia’ (process) Tapoucidlel Tov
yvwoTé, TAfov, dlaxwpliopd oe @opéa, TTaBoyovo, CeVIOTH Kal TOUG QVTIOTOIXOUG
TANBuopoUg Toug (Eikéva 12). Oa e€etaoTei Twpa o€ Aiyo peyaAuTtepo BdBog n TaEN

QuTH.

ApxIka ocuvavTtatal n Tdén ‘moAu-opyaviouikn dladikacia’ (multi-organism process), n
OTToia  TTEPIEXEI OPOUG Ol OTToioI  TTEPIYPAPOUV  OIadIKATIEG OTIC OTIoIEG €Vag
opyavioudg £xel kKatTola £TTidpacn o€ Evav GAAO opyaviopo Tou idIou 1 SIaPOPETIKOU

gidoug (Eikova 26).

Y- * "biological process’
¥ @ 'multi-organism process’
v-- & 'dengue transmission’
----- "dengue vertical transmission process'
¥-- @ "indirect dengue transmission process’
»-- @ "iatrogenic dengue transmission proocess’
p--  'vector borne dengue transmission process’
¥-- © "pathogen-host interaction’
----- "antibody-dependent enhancement’
----- ‘dengue virus penetration of host cell’
b & 'membrane fusion'
b © 'modulation of host immune response’
----- 'suppression of dendritic cell differentiation and maturation’
----- 'suppression of host immune system’
----- ‘suppression of MHC class II upregulation on dendritic cells and macropha
----- 'suppression of T cell activation’
v--© 'pathogen-vector interaction’
----- 'dengue virus establishment in salivary glands’
----- "dengue virus establishment in the CNS'
----- ‘fusion with invertebrate host cell membrane’
----- 'passage through invertebrate host cell membrane’

Ewova 26. H Soun tn¢ taéng ‘molv-opyaviouikn Siadikaocia’ (multi-organism process).

2Tov TA¢n autn Bpiokovtal kal o1 didpopes SIadIKACIEG YE TIG OTTOIEG PeTAdIOETAI O

daykelog. Mépav Tou ouvnBiopévou TPOTTOU PETAdOONG, UTTAPXE! Kal N ‘diadikacia NG
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larpoyevoug ueradoaons rou ddykeiou’ (iatrogenic dengue transmission process), KaTd
TNV oTroia 0 OAyKelog PeTadideTal o aoBevAg Adyw 1aTPIKNAG TTapEupaong, OTTwg

METABOON PECW POAUCHEVOU AiaTOg KATA TN PETAYYION.

Mépav autou Tou TPOTTOU PETAdOONG UTTAPXE! KI évag akOua TTIo OTTAVIOG, O OTT0i0g
TePIYPAQeTAl PE TOV Opo ‘Oladikacia KaBetng peradoong tou ddykeiou’ (dengue
vertical transmission process). Kard mn diadikacia autr o dAyKeIOg PETAdIdETAI OTTO
™ pnTépa oto Taudi. Eival éva otmrdvio @aivopevo, £xouv OUWG KaTaypagei TETola

mepioTaTika (Chye et al., 1997; Fatimil et al., 2003; Maroun et al., 2008).

2TV TAEN ‘moAu-opyaviouiky Siadikaoia' ouvaviwvTal €TTONG KAl 6pol  TToU
oxetiCovral he TIG dlgpyacieg TTou AapBdvouv xwpa KaTté TIG aAANAETIOPACEIG PETAEU
TTaBoydévou-popéa, TTaboyovou-EevioTr). AuTéG  cival  TAEEIC OTTOU  PEAAOVTIKA
avapévoupue 6Tl Ba atrokTioouv TANBwpa amoyévwy. Méxpr oTiyung oegv eival
yVWwoTO T akpIBWG cupBaivel OTO ECWTEPIKOU TOU KOUVOUTTIOU OTaV auTo TTPoGPANBEi

atro Tov 16 Tou dAYKEIOU.

21NV 14&N ‘aAAnAemidpaon maboyovou-EevioTr’ (pathogen-host interaction) uttépxel o
0pog ‘evioxuon e€aprnuévn amd avriowuara’ (antibody-dependent enhancement). O
0pog auTOG €ival avaykaiog yia va Tnv TTEPIYypa®n Hiag akoun 101aIrepdtnTag Tou
daykelou, Karé Tnv otroia ol MOavoeTNTEG Evag AvBPWTTOG VA EUPAVICEI CUPTITWHPATO
OdykKelou Kal pia atmmd TIG OUO OOBAPEG HOPPES TNG VOOOU, QUEAVETAl €KBETIKA av
MOAuvOEi yia deuTepn Qopd e dIoQopPEeTIKO opdTuTto (Guzman et al., 2013; Guzman
et al., 2010; Webster et al., 2009). Aev €ival akOua ca@Eg yiati oupBaivel, aAAG
eIKAZeTal OTI TG QVTICWHATA TTOU dnuioupyndnkav KaTté Tnv TTpwTtn POAuvon, dev
MTTOpPOUV va €EOUBETEPWOOUV TOV 16 TOU Kalvoupiou OpPOTUTTOU TnG OelTePNG
MOAuUvONG Kal avT’ auTou evioxXUouv Tnv €i0000 OTO KUTTAPA TOU EevioTr. AuTd 0dnyei
o€ auénuévn HOAUCHOTIKOTNTA TwV KUTTApwV autwyv (Guzman, Halstead et al. 2010,

Guzman, Alvarez et al. 2013).
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AuTto akpiBwg 1O yeyovog KaBIoTd kal atrapaitntn TNV avdaykn yia éva eufoAio 1o
OTT0i0 Ba KAAUTITEI OAOUG TOUG OPATUTTOUG TOU 10U. O1 PéEXPI TWPA KAIVIKEG DOKIPEG
AGuBavav uttéyn Toug TEGOEPIG OPOTUTTOUG, N EUPAVION OPWG TOU TTEUTITOU BETEl o€

Kivouvo OAeg auTég TIG peAETEG (Normile, 2013).

AkoAouBei pia Tagn pe TToAAOUG 6pouG, N TAEN ‘@uaIoAoyikh dladikaoia Tou opéa Tou
oaykeiou’ (physiological process of dengue vector) TG oTroiag KUpIOg aTrdyovog ival
n 1a&n ‘Gradikacia tn¢ ouutrepipopdc’ (behavioural process) (Eikéva 27). Ztnv 14¢n
QUTA €XOUV CUUTTEPIANGOEI pia TTANBwpa dpwv TTOU CXETICOVTAI HE TN CUPTTEPIPOPA
TOU KouvouTrioU g€ OAa Tou Ta OTAdIa, TTPOVUUEN, VOPen Kal eviAiko. ‘Exer doBei
£Upaacn Kupiwg oTn CUUTTEPIPOPA TOU €VIAAIKOU KouvouTriou dIdTI o€ auTd TO OTABIO
TOU KUKAOU TnG CwNAG Tou gival TTou peTadidel Tn véoo. ZuutrepiAapBavovtal 6pol
OTTwG ‘ouutrepipopd evamdébeonc auywv’ (egg-laying behaviour) kai ‘Too@ikn
ouutrepipopd evhiAikou’ (adult feeding behaviour). O deUTEPOG OPOG KAl O ATTOYOVOI
TOU gival aTTaPAiTATOI OTNV OVTOAOYIQ, EPOCOV O TPOTTOC TTOU METAdIOETAI O 10G TOU
Odykelou atrd éva JOAUGHEVO KOUVOoUTTI oTov AvBpwTTo gival To ToiuTTNMA. evikOTEPQ
ol 6pol TNG Ta&NG ‘Gladikaagia TNG CUUTTEPIPOPAS €ival UWIOTNG ONPOCiag yia 600Ug

OouAeUouv aTo TTEDIO.
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v & 'behavioural process’

¥-- @ 'adult behavioural process’
k- @ activation
B @ "adult feeding behaviour’

----- "adult locomotion behaviour’

----- "adult responses to visual stimulus’

----- ‘approach of oviposition site’

k- & 'behaviour of crepuscular and nocturnal species’

----- "behaviour of diurnal species’

----- copulation

----- courtship

----- ‘development of competence’

----- ‘development of competence to respond to host cue’
----- ‘effect of insemination’

o ‘effect of insemination in the adult circadian rhythm’
= ‘effect of simulated crepuscular conditions and moonlight’
b "egg laying behaviour'

----- ‘exploration and examination of the body surface'

----- 'flight patterns in swarms'

----- 'flower visiting'

B @ 'formation of assembly’

----- ‘free-running of rhythm'

----- 'host seeking’

----- ‘long-range approach’

b & mating

----- migration

----- 'pre-mating coupling’

----- 'pre-oviposition behaviour’

k- @ 'responsiveness to host cue’
k- @ 'senses and flight response during mating’
B @ 'sexual behaviour'

----- ‘short-range approach to the host'

----- ‘short-range approach, alighting and exploration’
----- skin-hopping

----- ‘sustained flight’

----- swarming

----- take-off

Ewcova 27. H Soun tn¢ td¢éng ‘Siadikacia tn¢ ocvumepipopdas evijiikov’ (adult behavioural

process).

O1 duo emopueveg Taelg, ‘diadikaoia tou avBpwrrivou éeviorry’ (process of human
host) ka1 ‘diadikacia Tou 100 Tou daykeiou” (process of dengue virus) avauéveral,
MEANOVTIKG, VO ATTOKTHOOUV TTEPICTOTEPOUG OPOUG Kal BIaouvOECEIS PETAEU TOuG,
KaBWwg yivovTial ouvexWwg MEAETEG yia TNV OTTOCOQRAVION Twv OladIKAoIwy TTou
TTPOKAAEI 0 16¢ oTov EevioTA Tou, aAAG Kal AeTTTOPEPEIEG yia TIG dIadIKaoieg Tou 10U

(Eikéva 28 & 29).
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'process uf_ human host’
v

© 'biological regulation of human host’

= ‘negative regulation of developmental process’
= ‘negative regulation of life-sustaining process’
= ‘negative regulation of viral reproduction’

B @ 'regulation of endocytosis'

- 'cellular process of human host’

= agglutination

B @ 'cell activation during immune response’
B @ 'cell death’
b @ "cell recognition’

= ’hormone secretion’
b 'host cellular processes involved in virus induced gene silencing’
convalescence
endocytosis
'host immune system process’
'host metabolic process’
¥ 'immunization against infectious agent’
v "active immunization against infectious agent’
- ¥ 'vaccination against infectious agent’
E B @ ‘'vaccination against dengue’
b 'passive immunization against infectious agent’
immunosuppression
'protection against mosquito bites’
'receptor recognition’
'selection of habitat”
'vertebrate host movement’

Ewova 28. H Soun tn¢ taéng ‘Siadikacia tov avlpwmivov Eeviath’ (process of human

host)

Me auTd TO OKETITIKO £X€I CUPTTEPIANPOEI BN 0 OPOG ‘eufoAiaouds kKara Tou dayKeIoU’

(vaccination against dengue) otnv ovtoAoyia.

H 14¢n ‘diadikacia Tou 100 Tou daykeiou' euTrePIEXEl Opoug OTTwG ‘€€060¢ ToU 10U TOU

O0dykeiou arro 1o kutTapo ésviorny’ (dengue virus release from host cell) kai ‘avriypaen

TOU Yovidiwuaro¢ Tou 10U Tou daykeiou’ (dengue virus genome replication). Ki edw

TTapaTtnpeital 0TI UTTAPXEl BIaXWPICKOG YIa TOUG TTEVTE OPOTUTTOUG TOU 10U, WOTE va

KaBioTaTal 1o akpIBG pia TTBavA emionueiwon 6edouEVWVY.
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¥-- 0 'process of dengue virus'
¥ @ 'viral release from host cell’
¥ 0 "dengue virus release from host cell’

' ‘dengue virus serotype 1 release from host cell’
‘'dengue virus serotype 2 release from host cell’
‘dengue virus serotype 4 release from host cell’
‘dengue virus serotype 3 release from host cell’
‘'dengue virus serotype 5 release from host cell’

¥ "establishment of localization’
- b 0 'establishment of localization in host’
Y- * replication
¥ @ 'viral genome replication’
Y- " 'dengue virus genome replication’
= ‘'dengue virus serotype 5 genome replication’
----- ‘dengue virus serotype 4 genome replication’
= ‘dengue virus serotype 3 genome replication’
= ‘'dengue virus serotype 2 genome replication’
b ‘dengue virus serotype 1 genome replication’
----- 'uncoating of virus’
----- ‘viral infectious cycle’
¥ @ 'virion assembly’
¥ "dengue virion assembly’
‘'dengue virion serotype 2 assembly’
‘'dengue virion serotype 3 assembly’
‘dengue virion serotype 1 assembly’
‘'dengue virion serotype 5 assembly’
‘'dengue virion serotype 4 assembly’
¥ @ 'virus maturation’
¥ "dengue virus maturation’
- "dengue virus serotype 2 maturation’
‘dengue virus serotype 3 maturation’
‘dengue virus serotype 4 maturation’
‘'dengue virus serotype 5 maturation’
‘'dengue virus serotype 1 maturation’

Ewova 29. H Soun tn¢ taéng ‘Stadikacia tov 1ov tov daykelov’ (process of dengue virus).

21NV Ta¢n ‘Gradikagia Tou OAYKEIOU TTUPETOU GUVAVTWVTAI OPOI TTOU E€ival OXETIKOI PE
Tnv acBéveia auty kaBaut (Eikéva 30). Auo atmrdyovol auTtig Tng TAENG €xouv
EM@avIoTEl TTpWTUTEPA, N ‘drayvworTiky oSiadikaoia’ (diagnostic procedure) kai n
‘vevikn) Beparreutikyy oiadikacia’ (general therapeutic treatment) (Eikéva 24 & 25).
Mépav autwv OTn OUYKEKPIPEVN TAEN Bpiokovtal oi 6pol ‘CuAdoyn eviouoAoyiKwv
oedouévwy’  (collection of entomological data) kai ‘cuAdoyn emdnuioAoyikwv

oedouévwy’ (collection of epidemiological data). Méow Tov 6pwv AUTWY Kal JECW TWV
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OoxX€oewv HE GAAoug O6poug Tng oOvioAoyiog, o1 oTroiol  éxouv  ava@epBei
TTPONYOUUEVWG, PTTOPET KAVEIG VA ETTICNUEIOCEI, OKOUA KOl VO TTEPIYPAWEI TIG HEAETEG

TTOU YivovTal € aQUTOV TOV TOUEQ.

¥-- 0 'process of dengue fever’

b @ 'collection of entomological data’
----- 'collection of epidemiological data’
----- 'dengue fever control’

----- ‘dengue fever diagnosis’

----- ‘'dengue fever eradication’

----- 'dengue fever prognosis'

§-- 0 "dengue infection’
----- ‘'dengue infectious disease course’
b @ "diagnostic procedure’
Il- ‘general therapeutic procedure’
p-- @ 'initiation of dengue infection’
----- ‘investigation relating to dengue virus'
b @ 'investigation relating to the human host’
k- @ 'investigation relating to the insect vector'

----- ‘occurrence of dengue fever’

----- ‘'occurrence of severe dengue fever’
k- 0 'process of dengue fever epidemiology’
----- ‘progression of dengue fever’

F-- 0 treatment

b ‘vaccine clinical trial’

Ewova 30. H Soun tn¢ taéng ‘Stadikacia tov daykelov mupetov’ (process of dengue fever).

Xpnon TG ovtoAloyiag

H ovrohoyia Tou ddykelou TTUpeToU €eival eAelBepa Olabéoiun otnv VectorBase

(https:/lwww.vectorbase.org/navigation/downloads) kai oto Bioportal Tou NCBO

(http://bioportal.bioontology.org/ontologies/IDODEN). H VectorBase eivai ki évag atmo

Toug XpHoTteg NG IDODEN, epooov eival pia Baon dedopévwyv TTOU AoXOAEiTal pE
@opeig TTou peTadidouv aoBéveieg. H IDODEN ptropei HEAAOVTIKG va XpnoIYoTToINOEi

woTe va utrapéel dilaouvdeon Tng VectorBase, péow Tou epyaleiou Population
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Biology Browser (PopBio), pe dedopéva TTANBUCUWY KOUVOUTTIWY, TTOU GUAAEyovTal

atrod dIAPopEeS TIYEG, 6TTwG Tov MNaykdouio Opyaviouod Yyeiag (WHO).

Ektég amd Tnv VectorBase, dA\og évag XpAoTng Tng ovroAoyiag eivalr 1o IVCC
(Innovative Vector Control Consortium) (Hemingway et al., 2006). ‘Evag opyaviouog
TTOU €XEl WG OKOTTO TN HEiwon TNG HETAdOONG aoBeveEIWY aTTG TO KOUVOUTTI Kal GAAQ
évropa. MNa autd 10 OoKOTTO €xel avatrTuéel éva ZuoTtnua AlcukdAuvong tng Afqwng
Atmopdocwyv (Decision Support System, DSS). 'Hén xpnoipotroigi Tnv IDOMAL yia Ta
Béuara TnG e€hovooiag (Malaria Decision Support System), evw ouUviouya 8a
ouptrepIAGBel kai Tnv IDODEN yia Tta Bféuata tou ddaykeiou Trupetol (Dengue

Decision Support System).

‘Evag atmd Toug KUploug oTdxous Tou DDSS e€ival n dnuioupyia kai n diavoun evog
OUCTAMATOG TTOU va TTPOCPEPEI TTANPOPOPIES yIa OAOUG TOUG TOUEIC TOU POpPEa Kal
TOU OAYKEIOU TTUPETOU, WOTE VA ETTITPETTEI OE DIAXEIPIOTEG TIPOYPANMATWY EAEYXOU Va
€QAPUOCOUV Kal VO ATTOTIUOUV TIG KOTAAANAEG OTPATNYIKEG €AEYXOU Kal TTPOANWN
aoBevelwv. To peyadho aopa 6pwv tTou eutrepiEXel n IDODEN KOAUTITEN TNG AVAYKEG

autoU Tou OUCTANATOG Kal Ba atroteAéoel Tn BAon Tou.

YTapxel OJwg Kal pia AN TAeupd ot XpAon Tng ovtoAoyiag, aut Tng
povTeAoTToinong MEAETWY Kal dedopEVWY. TpoNYOUNEVWG EXOUNE ava@Eépel OTI dia
TPOCTIABEId AVTIUETWTTIONG TNG vOoou eival n xprion Twv mMiRNA ue oKotmo Tn
yovidiakf oiynon (Kakumani et al., 2013; Lee et al., 2010). Na va yivel o €UKoAa
katavonth auth n diadikacia T16oo atmmod Tov AvBpwTro, 600 KI atrd £vav UTTOAOYIOTH,

MTTOPEl va xpnoigotroinBei n ovroAoyia (Eikéva 31).
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Ewova 31. Oswpntiky) povtedomoinon tne yovidiakic olyaons péow miRNA. Me évtovn

YPAUUATOCELPE EUPaVI(OVTaL Ol OVTOAOYIES ATTO TG OTIOIES TIPOEPYOVTAL OL GPOL.

Mia ‘uéAuvon ue ddykeio’ (dengue infection) utropei va eixe dUo amoTeAéopara, eite
‘Oavaro’ (death), eite ‘avdppwon’ (convalescence). Tng idlag TG MOAuvong
Tponyeital n ‘évapén uoAuvong ue daykeio’ (initiation of dengue infection), n otroia
gival épog Tng ‘mopeia Tou ddykeiou ruperoU’ (progression of dengue fever). O 6pog
‘wéAuvaon ue ddykeio’ givai pia ‘Gradikacia Tou daykeiou TTupeToU’ (process of dengue
fever), Tmou éxel wg yovéa Tov 6po ‘Oladikacia’ (process). EmimmAéov, autd TTOU
ouuBaivel katd pia moav puoAuvon pe dAykelo gival OTI evepyoTTolEiTal N ‘YyoviBIakn
oiynon péow mMIRNA’ (gene silencing by miRNA) 1Tou £X€l WG ATTOTEAEOUQ TRV
‘avdppwaorn’. Autd €xel KAtnyoploTroiNBei wg ‘uera-ueraypagikny yovidiakn oiynon’
(posttranscriptional gene silencing), 1o oTT0i0, HEOW TWV TTATPIKWY OpwV ‘pUBuIon
yovidiakng ékgpaong’ (regulation of gene expression), ‘puBuion uETABOAIKAS
oiadikaciac’ (regulation of metabolic process) kai ‘pUBuion BioAoyikic diadikaciag
(regulation of biological process), yag odnyei otov 6po ‘BioAoyikny pubuion’ (biological
regulation). Akoua 1o ywnAd Bpioketar o 6pog ‘BioAoyikn diadikacia’ (biological
process) kal kataAfjyoupe €101 oTov Opo ‘Oradikacia’. To ‘yovidio C tou ddykeiou’
(dengue C gene), o1o otoio o@eiAeTal n kawa Tou 10U (Rodenhuis-Zybert et al.,
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2010), CUMMETEXEI e TTOANATIAEG OXECEIC OE AQUTOV TOV UNXOVIOUO. ZUMMETEXEI OTNV
‘vovidiakn oiynon péow miRNA’, evw €xel To pOAo piag ‘0éon ardxyo¢ miRNA’ (miRNA
target site) kai givail emTiong TTaIdi Tou 6pou ‘yovidio’ (gene). Mépav TouTou, TO yoVvidio
auTé ival uépog atrd To ‘yovidiwua Toug 10U Tou Odykeiou’ (dengue viral genome), TO
OTTOi0 pE TN o€Ipd TOU €ival HEPOG aTTd TO ‘16¢ Tou Odykeiou (dengue virus), o OTToiog
OUMUETEXEI OTNV ‘€ITIKTNTN avoaia aTov 6dykeio’ (acquired immunity to dengue). O ‘16¢
ToU OdaykeloU egival BaoikOg TTapdyoviag oTnv ‘peradoon tou Odaykeiou' (dengue
transmission), TTOU CUMUETEXEI OTO ‘TTEQIOTATIKO TOU OAYKEIOU TTUPETOU’ (occurrence of

dengue fever).

‘Exel avagepBei Tponyoupévwg 6T 0 OAYKEIOG TTAPOUCIAdel TNV IDIITEPOTNTA TOU
ADE (Antibody-Dependent Enhancement). To yeyovog KaTd TO OTTOiO OI TTIBAVOTNTEG
évag AvBpwTrog va gugavioel oupTTwuata ddyKeiou Kal pia atrd Tig dUo coPapég
HOP@EG TNG VOO OU, auEAveTal EKBETIKA av JOAUVOED yia delTepn QopAa He DIAPOPETIKO

opoTutro. Auto otnv IDODEN Trepiypdgetal o€ BswpnTikd emiTredo (Eikova 32).
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Ewxova 32. H Bswpntikn povtelomoinon tov Antibody-Dependent Enhancement (ADE). Me

EVTOVN YPAUUATOOELP EUPavVI(OVTAL 0L OVTOAOYIES ATIO TIG OTIOLES TIPOEPXOVTAL OL OPOL.
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H ‘apxikn uoAuvaon ue daykeio’ (primary dengue infection), Tng otroiag Trponyeital n
‘évapén tnc apxikng uoAuvong ue daykeio’ (initiation of primary dengue infection), €xel
WG OTTOTEAECHO ‘aouuTTTWUATIKO OAYKEIO!, TIOU €XEl WG TEAIKO ATTOTEAECUO TNV
‘avdppwon’ (convalescence). ZUuy@wva e Tnv uttéBeon Tou ADE, pia ‘delrepn
UoAuvon ue oaykeio’ (secondary dengue infection) €xeig w¢ ammotéAeopa €va
‘repioTatiko Tou 0dykeiou TrupeTol’ (occurrence of dengue fever). Zuv autou, €xel wg
atmoTéAeopa Kal TNV ‘evioxuon eéaptnuévn amd avriowpara' (antibody-dependent
enhancement), n otroia PTTOPEI va £XEl WG ATTOTEAECUA TO ‘QIuOPPAYIKOC TTUPETO TOU
oaykeiou’ (dengue hemorrhagic fever) kai 10 ‘oUvdépouo karamAnéia¢ tou ddykeiou’
(dengue shock syndrome). AuTég ol dUo 0oBapéG HOPPEG TG VOOOU PTTOPOUV £XOUV
w¢ atmmoTéAeoua eite TNV ‘avappwaon’ (convalescence), eite Tov ‘Bdvaro’ (death). e
avTiBeon e Tov ‘aouuTTITWUATIKO OAYKEIO', Ol COBAPES HOPYPES TNG VOOOU CuPBaivouv
Kata Tn didpkela evog ‘rrepiaTatikou Tou 0dykeiou’ (occurrence of dengue fever) kai
NG ‘KAIVIKN) ekbrAwan tou ddykeiou’ (clinical manifestation of dengue), n otroia givai
MEPOG TNG ‘TTopceia Tou daykeiou TTupeTol’ (progression of dengue fever). Auth givai n

BewpnTIKA TTPOCEYYION, N OTTOIa OUWG PTTOPET va JeTaPePOEi Kal oTnv TTPAEN.

H mo mpdogarn, cofapr] emdnuia Tou dAyKeIou TTUPETOU oTnV EupwTin €Aafe xwpa
otnv EAAGSa. ‘Hrav pia dipacikry emdnuia TTou TTAPOUCIACTNKE Ta KOAOKaipia TOu
1927 kai 1928 kai £mANge Kupiwg TNV TTEPIOXN TNG ABrvag. Mepitou 10 90% TOU
TANBuopoU véonoe, evw Ta Bupata emépacav Ta 1000 otnv ABrva, Kal éQTacav Ta
1533 o€ 6An v EAAGSa (Louis, 2012). Apxikd, To 1927 Tta TToAudpiBua kpououarta
TOU BAYKEIOU €ixav TTaPoUaIacBei wg aTTAf ypitn, Tov AUyouoTo Tou 1928 dpwg €vag
IATPOG, AVWVUHA, OTTOKAAUWE OTI N €mOnuia Tou TTPONYOUHEVOU £€TOUG OQEiAovTav
OTOV 10 TOU BAYKEIOU, O OTTOI0G €iXe €I0€ABEI 0TV EAAGDQ péow piag veaprg yuvaikag
mou ApBe otnv ABrAva amd Tnv Alegdvdpeia. H yuvaika auth Trapouciaoce
OUUTITWHATA TOU OAYKEIOU TTUPETOU U0 PEPES PETA TNV AQIEN TG oTnv ABrRva. Tov

AulyouaoTo Tou 1928 TTapoudiGoTnKay Ta TTPWTA BUPaTa NG véoou Kai 0 apiBudg Toug
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augavotav ouvexwg. Etriong 16T€ ATAV TTOU TTAPOUCIACTNKAV KAl TA TTPWTA
Kpououata ek10g TG ABrvag. Autd o@eileTal Katd TTdoa mOavoeTNTa OTIG EKAOYEG
TTOU TTPaYMATOTTOINBNKAVY €KEiVn TNV TTEPIODO, OTTOTE TTOAUG KOOUOG ETTECTPEPE OTN
YEVETEIPA TOU yia va ynonoel. Eikdletal, Aoy, katd Tn dIGPKEIQ TNG EMIONUIa Tou
1928 utmpée Kal véa aTtro Evav dIaPOPETIKO OpATUTTO TOU 10U0. AGYW EANEIYNG MEAETWV
ME BloAoyikd UAIKG ABnvaiwv TTou {ouoav TOTE, dev €ival caPES TI aKPIBWS GUVERN

T0TE. H TTOpatmdvw YeAETN PTTOPET va TTapouaciaoTel pEow TNG ovioAoyiag (Eikéva 33).

Edv ekeivn Tnv 1TEPiodo uTTApXaV T BIOTTANPOPOPIKAE epyaleia TTou €XOUME ONUEPQ,
péoa oe autd kai n IDODEN, 10 10TpIkG TTpOooWTKO Ba ptropolce va RATav
UTTOWIAOUEVO KOl KOAUTEPO TTPOETOINACHEVO YIa TO OEUTEPO KUMPA TNG ETTIONMIAG TTOU

odnynoe o€ Buuara.
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Ewova 33. H povtedomoinon tng emiénuiag tov Sayketov mupetov otnv AOnva. Me évtovn

YPAUUATOTELPE EUPAVI{OVTAL 0L OVTOAOYIES ATIO TIC OTIOIES TTPOEPYOVTAL OL OPOL.
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LYMIIEPAXMATA

O ddaykelog TUPETOG eival pia ocofBapnry vocog. O aplBudg Twy acBevwy autdveral
ouveXwe Ta TeAeutaia 50 xpovia (WHO, 2009). Méxpl TTpoo@aTa yvwpilaue yia Tnv
UTTapPEN MOVO TEOOAPWY OPOTUTTWY, WG OTOU avakaAu@onke évag TéEuTrTog (Normile,
2013). Méxpr onpepa dev UTTAPXEl KATTOI0 €UPROAIO, Kal evw eiIkaloTav OTav Péoa aTnv
eTopevn OgkaeTia autd Ba utropouce va yivel TTpaypatikotnta (Norrby, 2014), n

EUPAVION TOU TTEUTITOU OPOTUTTOU TTIBAVOTATA VO KABUOTEPROEI TO YEYOVOS AUTO.

MNnvwpiCovtag 6Aa autd, n IDODEN avamtuxenke Pe TETOIO TPOTTO WOTE VA KAAUTITEI
OAEG TIG ONUAVTIKEG, VIO TOUG EPEUVNTEG KAl TO IATPIKO TTPOCWTTIKO, TITUXEG TNG VOOOU,
WOTE VA OUVEIOQPEPEI OTIG TTPOOTIABEIEG TOUuG. AQIEPWONKE, €TTiIoNG, TTOAUG XpOvog
otnv €€ac@dAhion Tng dlacuvdeong kal aAAnAemmidpaong Tng ovroloyiag pe Bacelg
dedouévwy TTou Baacifovral Kal autég o€ ovroAoyiag. OTTou rTav duvaTtov elohxonkav

Opoug aTtrd dn uTTdpxXouoEesG OVTOAOYiEG, yia auTdv aKPIBWS TOV OKOTTO.

[MoAAoi Opol TTou UTTGPXOUV OTnV ovToAoyia €xouv oxEon ME EVIOMOAOYIKEG Kal
eMONMIOAOYIKES PEAETEG. Me auToUg TOug Opoug pia Bdacon Sedouévwy TTOU TTEPIEXEI
QUTEG TIG MEAETEG KAl XPNOIMOTIOIEI TNV ovTOAoyia, Ba €xel pia TTOAU duvaTtr pnxavn

avalnTnong yia TNV EUKOAN Kal Ypriyopa eUPECN OXETIKWY TTANPOQPOPIWY.

O1 diayvwoTikéG S1adIkaoieg Kal ol dlayvwoTIKOoi EAeyxol TTou TTpoTeivel o Maykdouiog
Opyaviopog Yyeiag €xouv emmiong cuutrepIAngOei otnv IDODEN. AuTO emITpETTEl OF
>uoTtApara AleukbAuvong NG Aqwng ATTo@Aacewy va evioxUEl TO 10TPIKO TTPOCWTTIKO
o€ TTEPIOXEG OTTOU O OAYKEIOG gival evONUIKOG. ATToTeAel €vav eOTIQOUEVO TPOTTO VIO
mpocBaan oe dcdouéva. O1 dpol uTTopolv va XpenoiyoTroinBouv yia €monueEiwaon
0edouEVWV OXETIKA PE TO aTTOTEAEOHATA TG TTOPEiag Tng voéoou Kal yia To TTO00

AEITOUPYIKEG ATAV aUTEG oI dlayvwoTikEG dladikaaieg oTa didgpopa oTddia auTig. Oa
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MTTOpOUCE aKOPO KOl va XPNOoIMoTroiNBei yia oUyKpIon OTTOTEAECUATWY TWwV

OIaYVWOTIKWY EAEYXWV.

AgixOnke etmiong 611 n ovroAoyia PTTOpEi va XpnoIhoTToinNGEi yia TNV POVTEAOTTOINON
TTOAUTTAOKWYV S10dIKACIWY, PE £vav TPOTTO TTOU PTTOPEi va yivel katavonTég 1éoo atmd
avBpwTtroug, 600 Kal atrd TEXVNTA vonuoouvn, PE TRV TTPoUTTé0eon va £€xel yivel
owaoTn emonueiwon Twyv dedouévwy. H IDODEN éxel tn duvatdtnta va eival 10
BepéNio yia Mo «E€Euttveg» Paoelg dedopévwy. Me Tov TpOTTO QUTO, epeuvnTéC Ba
MTTOPOUV va TTPOCdIoPICouV TIG AVAYKEG TWV TTEIPANATWY TOUG TTIO aTTodOTIKd, YId
Tapadelyua Ba utmopoUlv va avalnTioouv CUYKEKPIUEVO OTEAEXOG TOU 10U, WOTE va
OoUve 0¢€ TToIEG HEAETEG €ixe XpNOIYOTTOINBEI Kal yia TTolo oKOTTd. TETola epyaAsia Kai
TETOIEG BAOEIg SEDOUEVWIV BEV Eival KATI TO EEWTTPAYHATIKO, BN XPNOIUOTTOIOUVTAI KAl
avamrtuooovTtal (Dialynas et al., 2009; Megy et al., 2012). H IDODEN éxe1 otéx0o va

atroTeAéoEl HEPOG TOUG.
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Arthropod borne diseases cause significant human morbidity and mortality and, therefore, efficient
measures to control transmission of the disease agents would have great impact on human health. One
strategy to achieve this goal is based on the manipulation of bacterial symbionts of vectors. Bacteria of the
Gram-negative, acetic acid bacterium genus Asaia have been found to be stably associated with larvae and
adults of the Southeast Asian malaria vector Anopheles stephensi, dominating the microbiota of the mosquito.
We show here that after the infection of Anopheles gambiae larvae with Asaia the bacteria were stably
associated with the mosquitoes, becoming part of the microflora of the midgut and remaining there for the
duration of the life cycle. Moreover they were passed on to the next generation through vertical transmission.
Additionally, we show that there is an increase in the developmental rate when additional bacteria are
introduced into the organism which leads us to the conclusion that Asaia plays a yet undetermined crucial role
during the larval stages. Our microarray analysis showed that the larval genes that are mostly affected are

involved in cuticle formation, and include mainly members of the CPR gene family.

Keywords: Asaia, Anopheles gambiae, Larval development, Cuticle proteins, Paratransgenesis, Symbiont

Introduction

Arthropod borne diseases cause significant human
morbidity and mortality. In the absence of effective
vaccines, with the exception of the one directed
against yellow fever, current preventive methods rely
heavily on vector control. Since the discovery of
DDT’s insecticidal properties in the 1930s, insecti-
cides have played a major role in this approach.
However, the emergence of insecticide resistance in
many vector species and the worldwide non-accep-
tance of extensive spraying of chemicals necessitate
the development of new strategies for the control of
arthropod vectors.'

The last few years have witnessed an increased use
of mosquito bednets, whose efficacy may be enhanced
tremendously if soaked, before use, in insecticidal
formulations.”> Moreover, in addition to an intensified
search for new and environment-friendly insecticides,
novel strategies being developed include the use of
genetically modified organisms in different combina-
tions of approaches. Such proposed strategies include
the replacement of vector populations by engineered
ones that cannot transmit the pathogens,” and the
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creation of modified vectors that promote the
‘emergence’ of only one sex, rendering the application
of the sterile insect technique simpler.* For the latter,
field experiments are already underway.’

More recently a great deal of attention has been
devoted to the development of another approach, based
on the manipulation of bacterial symbionts of vectors.
For example, the idea is to generate symbiotic bacteria
that can be modified to produce anti-plasmodial effector
molecules inside mosquitoes,® thus preventing malaria
transmission. In the case of malaria the mosquito midgut
is of special interest, since this is where the Plasmodium
parasite first enters the vector. Here, the first steps of the
parasite development take place. Ookinete development
and sporogony represent bottlenecks in the malarial
parasite life cycle;’ in the wild usually only a few oocysts
develop inside a single mosquito.®

Genetic manipulation of bacteria is simpler and
faster than genetic manipulation of mosquitoes.
Bacteria are easy to introduce into mosquito popula-
tions and can be produced cheaply and efficiently in
large quantities. Furthermore, the introduction of
modified bacteria into a vector population will bypass
any genetic barriers of reproductively isolated mos-
quito populations, which often occur in regions of
disease endemicity.’ There are, of course, requirements
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that must be met for this approach to work for a given
vector/parasite combination.'” Several characteristics
have been identified that are necessary for a successful
paratransgenic control strategy.'' This was first
demonstrated through the transformation of the
bacteria Rhodococcus rhodnii, a symbiont of the
kissing bug Rhodnius prolixus, which is a major vector
of Chagas disease.'?

Bacteria of the Gram-negative, acetic acid bacter-
ium genus Asaia have been found to be stably
associated with larvae and adults of the Southeast
Asian malaria vector Anopheles stephensi, dominating
the microbiota of the mosquito. PCR analysis
showed that Asaia spp. DNA 1is present in eggs,
pupae, and different larval stages, as well as in
various mosquito organs, including gut, salivary
glands, ovaries, and testes.'?

Asaia bacteria, which had been transformed with
green fluorescent protein (GFP)-expressing plasmids,
were used to re-infect adult mosquitoes by adding the
bacteria to sugar or blood meals. Transformed Asaia
were found in different mosquito tissues, which are
sites for pathogen development, such as midgut and
salivary glands. They were also found in male and
female reproductive tracts, although at lower num-
bers. Vertical and venereal transmission of Asaia was
demonstrated by crossing males fed with the GFP-
tagged Asaia with normal females of A. stephensi in
the laboratory. After mating, fluorescent bacteria
could be detected in the spermatheca and in the
terminal portions of the gastrointestinal tract, thus
indicating the transmission of the bacterium along
with sperm. Furthermore, the vertical transmission of
the bacterium to the progeny was also observed.'?

Here we report the infection of mosquito larvae
with the GFP-expressing Asaia strain in order to
explore its effects on the mosquito, its suitability as a
paratransgenic vehicle, and its role in the organism.

Materials and Methods
Mosquitoes

Anopheles gambiae mosquitoes from the Ngousso
strain'* were obtained from the insectary of Imperial
College in London. The mosquito stocks were reared
under standard conditions (16/8 light/dark cycle,
RT=28°C, humidity=80%) while the experiments
on the treated and non-treated specimens were con-
ducted under slightly different conditions (16/8 light/
dark cycle, RT=27°C, humidity=60%), after initially
making sure that these changes had no effect on the
results obtained.

Colonization of larvae and adult mosquitoes with
Asaia sp. SF2.1(Gfp)

Asaia sp. SF2.1(Gfp)"? was grown in 3 ml cultures for
48 hours at 30°C in GLY medium (glycerol 25 g/l,
yeast extract 10 g/l, pH=5.0) to which 50 pg/ml
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kanamycin was added. Cells were harvested by
centrifugation and washed with PBS three times.
Finally 50 ul of the bacterial pellet was resuspended
in 1 ml PBS. Fifty Ist instar 4. gambiae larvae
were transferred to containers filled with 500 ml
H,O. To half of the containers the Asaia re-
suspension was added. For the experiments where
the mosquitoes were fed with dead bacteria two
different methods were used. The bacteria were
killed either by freezing in liquid nitrogen for
10 minutes or by heat treatment (20 minutes at
80°C). Development of the mosquitoes was mon-
itored by stereoscopic observation at 24-hour inter-
vals (20 larvae for each time point). At 72 hours
larvae were dissected and the guts and peritrophic
membranes were mounted in Vectashield (Vector
Laboratories, Inc., Burlingame, CA, USA), followed
by observation with a Bio-Rad confocal microscope
(Bio-Rad Laboratories, Hercules, CA, USA) attached
to a Zeiss Axioskop 2 plus microscope (Carl Zeiss,
Oberkochen, Germany).

Midguts were also dissected from adult mosquitoes
and observed with a Zeiss Axioskop 2 plus fluor-
escent microscope. In each experiment samples from
non-infected mosquitoes were also viewed in parallel
using the same settings; in no case was a fluorescence
signal detected.

RNA extraction

After initial infection with Asaia, samples of 10 larvae
were removed at 24-hour intervals until the pupal
stage was reached; they were then homogenized using
a mortar-and-pestle. RNA was extracted by follow-
ing the protocol for whole organisms provided with
the Qiagen RNeasy Mini kit (Qiagen, Valencia, CA,
USA; cat. no. 74104), together with the Qiagen
RNase-Free DNase set (cat no.79254). RNA con-
centration was measured with a Nanodrop spectro-
photometer (Thermo Scientific, Wilmington, DE,
USA) and the samples were kept at —80°C.

Microarray study

The samples originating from the RNA extraction
were pooled into two groups. One group contained
samples from first and second instar larvae and the
other the samples from the third and the fourth instars.
The RNA was amplified and labeled using the Agilent
Low Input Quick Amp Labeling Kit, two-color
(Agilent Technologies, Santa Clara, CA, USA,;
Agilent #5190-2306). The RNA was then hybridized
to Agilent arrays (name: Pfalcip_Agamb_2009, design
ID: 026247) using the Agilent hybridization kit
according to the manufacturer’s instructions. Fo-
llowing hybridization and washing, the slides were
scanned using a GenePix scanner (Molecular Devices,
LLC, Sunnyvale, CA, USA; GenePix 4000B).
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Figure 1 Section of the peritrophic matrix of Anopheles
gambiae larvae infected with Asaia. (A) Peritrophic matrix
clearly showing green fluorescent protein (GFP)-expressing
bacteria throughout its length, at 72 hours post-infection
(larval stage 3). (B) Peritrophic matrix showing the growth of
GFP-expressing bacteria, at 96 hours post-infection (larval
stage 4).

Microarray data analysis

The raw gene expression data were extracted using
the GenePix Pro Software v7 and imported into the
Agilent GeneSpring GX software for further analysis.
The data sets were normalized and all of the data
were interpreted using the log-ratio setting. The
affected genes were identified using the parameters
fold-change>2 and p-value<<0.05. Gene ontology
(GO) analysis was used to identify the GO categories
to which the affected genes belonged.

Results
Colonization of mosquito larvae with Asaia sp.

The bacterium used to infect the mosquito larvae was
Asaia sp., strain SF2.1, which is kanamycin resistant
and expresses GFP.'® This particular strain of Asaia
has been shown previously to colonize the mosqui-
toes Aedes aegypti and A. stephensi as well as the
leafhopper Scaphoideus titanus,"” and it is considered
to be a good candidate microorganism for potential
paratransgenesis uses.

We first wanted to test whether this strain of Asaia
would establish symbiosis in the 4. gambiae Ngousso
strain, an M strain recently isolated in Cameroon and
now widely used for genomic experiments.'* Newly
hatched 1st stage larvae were added to larval pans (50
per container) including the bacteria. Bacteria were
not added to the pans after this initial feed during the
development of the mosquitoes. After 72 and
96 hours the larvae were dissected and observed
under a fluorescent microscope. Figure 1 shows a
dissected midgut that heavily fluoresces. Further
analysis demonstrated that the bacteria were present
only on the peritrophic membrane; no bacteria were
detected inside the actual epithelial cells of the
midgut. Infection was maintained throughout the
whole duration of the four larval stages.

Developmental effects of Asaia sp. on A. gambiae
larvae

During the infection of mosquito larvae with the
bacterium we observed a very significant change in

Figure 2 Accelerated development of Asaia-infected mos-
quito larvae. (A) Two larvae can be seen at 72 hours after
hatching. The bigger larva, on the left, was infected with
Asaia 72 hours prior to the capture. The smaller larva, to the
right, is the non-infected control. The difference in develop-
mental advancement is clearly visible. (B) At 96 hours post-
infection, the infected larva on the left has clearly reached the
4th stage, while the non-infected control remains in the 2nd
instar.

the developmental rate of the insects. Infected larvae
progressed through the four larval stages at an
accelerated rate, reaching the pupal stage almost
48 hours faster than their non-infected counterparts.
The very marked change in the developmental rate
seemed to be occurring on the threshold between
stage 2 and stage 3 (Table 1). There was a clearly
visible size difference 72 hours post-infection, which
was maintained throughout the larval stages (Fig. 2).
We determined that this developmental effect was
dependent upon the presence of viable bacteria; when
larvae were fed with dead bacteria there was no
change in the duration of larval development (data
not shown), irrespective of the procedure used to
inactivate the bacteria (high or ultra-low tempera-
ture). The length of the pupal stage was unaffected by
the presence of Asaia bacteria in the food.

Colonization of adult mosquitoes with Asaia sp.
In order to determine if there were any effects on the
development from larvae to adult, we allowed the
larvae to reach the full adult stage. No additional
Asaia was given after molting. There were no visible
differences in the size of the infected compared to the
non-infected insects. Midgut dissections were per-
formed on 10 mosquitoes, male and female, at
different time-points of their adult lives. Bacteria
were present in all samples (Fig. 3).

Table 1 Differences in developmental rate between
infected and non-infected larvae
Infected Uninfected

24 hours 1st instar 1st instar
48 hours 2nd instar 1st instar

72 hours 3rd instar 2nd instar
96 hours 4th instar 2nd instar

5 days 4th instar/pupae 3rd instar

6 days Pupae/adults 3rd instar

7 days Pupae/adults 4th instar

8 days Adults Pupae

9 days Adults Pupae/adults
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Figure 3 Section of the midgut of an infected, 24-day-old
adult mosquito. Green fluorescent protein (GFP)-expressing
Asaia bacteria are present in the gut.

Infected adult mosquitoes were blood-fed and
allowed to produce eggs to investigate if the faster
developmental rate persisted in the next generation.
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Figure 4 Dissected guts of larvae derived from parents
infected with Asaia during their larval stage. (A and B) The
continuous growth and spread of the genetically modified
bacteria is shown here. The bacteria reside along the length
of the gut.

However, no similar acceleration effect was visible on
the F1 larvae of the infected cohort. Dissections of
third and fourth instar larvae showed that the
genetically modified Asaia sp. was still present in
the endo-peritrophic space (Fig. 4).

B

chromatin assembly

DNA packaging

. DNA conformation
change

. cellular macromolecular
complex subunit organization

nucleosome assembly

protein-DNA complex

Figure 5 Gene ontology (GO) analysis of the affected genes of Group A (left pie) and Group B (right pie). In Group A 49% of the
genes were annotated with GO terms referring to unknown functions and processes. The rest belonged to two large categories
(23% each) that had GO annotations related to the cuticle, as well as three small groups (about 2% of the genes each) with GO
annotations referring to oxygen transport, oxygen transporter activity, and gas transport. For 73% of the affected genes in
Group B no GO terms could be identified. Of the remaining, 6% each belonged to the same two main categories described for
Group A (cuticle-related). The remaining genes belonged to small clusters (about 1% each) with GO annotations referring to
protein—~DNA complex subunit organization, protein—-DNA complex assembly, nucleosome assembly, gas transport, chromatin
assembly, oxygen transport, nucleosome, nucleosome organization, protein-DNA complex, DNA packaging, oxygen
transporter activity, and DNA conformation change. The GO terms that belong to the individual clusters are color-coded

(shown below the pies).
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RNA profiling of larval samples

Larval RNA was extracted every 24 hours from 10
infected and 10 non-infected individuals until the
pupal stage was reached. A microarray analysis of the
larval RNA followed. Two groups of samples were
created, Group A containing the combined RNA of
first and second instar larvae, and Group B contain-
ing the combined RNA of third and fourth instar
larvae. The results can be summarized as follows. A
comparison between infected and non-infected larvae
of Group A identified a total of 205 genes, which
were significantly up- or down-regulated. The thresh-
old chosen was either above or below a two-fold
change with a p-value<0.05. One hundred and thirty
genes were down-regulated, while 75 were up-regulated.
In Group B, 925 genes fit the significance parameters,
with 416 being down-regulated and the remaining 409
being up-regulated. The smaller number of genes

Mitraka et al.

affected in Group A can be explained by the observa-
tion that the actual change in the developmental rate
was Initiated between larval stages 2 and 3.

Gene ontology analyses were performed to obtain
more detailed functional information regarding the
genes whose expression level was affected by the
presence of Asaia. In Group A, additional informa-
tion was obtained for 104 genes, while in Group B,
for 249 genes (see Fig. 5 for details).

The most common category in both groups was
that of ‘structural constituent of the cuticle’
(G0O:0042302), containing the CPR genes, a family
of structural cuticular proteins (CPs).'® This is a large
CP gene family that is characterized by the presence
of the Rebers and Riddiford (1988) domain.'” In
Group A, of the 45 genes that belonged to this family
42 were down-regulated and 3 were up-regulated,
while in Group B, 24 were down-regulated and 24

Table 2 Up- and down-regulated CPR genes of Group A and Group B individually and those affected in both groups

Group A Group B

Group A & B

Up-regulated Down-regulated Up-regulated

Down-regulated

Up-regulated Down-regulated

CPR150 CPR101 CPR100 CPR101 CPR150 CPR101
CPR24 CPR106 CPR109 CPR106 CPR98 CPR106
CPR98 CPR121 CPR110 CPR117 CPR121
CPR135 CPR111 CPR119 CPR136
CPR136 CPR131 CPR120 CPR33
CPR148 CPR142 CPR121 CPR42
CPR149 CPR150 CPR123 CPR43
CPR32 CPR34 CPR125 CPR44
CPR33 CPR35 CPR129 CPR45
CPR35* CPR38 CPR136 CPR47
CPR36 CPR40 CPR2 CPR49
CPR37 CPR66 CPR24* CPR70
CPR38* CPR73 CPR32
CPR39 CPR77 CPR33
CPR41 CPR78 CPR4
CPR42 CPR80 CPR42
CPR43 CPR92 CPR43
CPR44 CPR93 CPR44
CPR45 CPR94 CPR45
CPR46 CPR95 CPR47
CPR47 CPR96 CPR49
CPR48 CPR97 CPR67
CPR49 CPR98 CPR70
CPR50 CPR99 CPR71
CPR51
CPR52
CPR53
CPR54
CPR60
CPRé61
CPR62
CPR66*
CPR67
CPR70
CPR73
CPR85
CPR86
CPR87
CPR88
CPR89
CPR90
CPR91
Genes with an asterisk are both up- and down-regulated.
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were up-regulated. Nineteen CPR genes were shown
to be affected in both Groups A and B. Of the three
up-regulated CPR genes in Group A two were found
to be up-regulated in Group B as well and in total 12
genes were down-regulated in both groups as well
(Table 2) while five were both up- and down-
regulated. Using VectorBase’s biomart tool (http://
www.vectorbase.org/) we were able to determine that
of the CPR genes that were affected by the Asaia
infections, there were 33 genes containing the RR-1
motif, 38 genes containing the RR-2 motif, and one
gene containing an RR-3 motif (see Table 3).'%!?
Further analysis with the Pfam database (http://
pfam.sanger.ac.uk) showed that they had the same
chitin_bind_4 domain (PF00379).

Discussion

Symbiotic bacteria residing inside arthropods have
been proposed as paratransgenic vehicles.® The
bacteria can either, as such, negatively affect disease
agents or be engineered to produce toxic factors. This
way, strains of arthropod vectors could be produced
that can be employed in strategies aimed at reducing
the disease burden. It is however important to

Table 3 Genes containing the RR-1, RR-2, and RR-3

motifs
RR-1 motif RR-2 motif RR-3 motif
CPR106 CPR100 CPR111
CPR125 CPR101
CPR129 CPR109
CPR24 CPR110
CPR32 CPR117
CPR33 CPR119
CPR34 CPR120
CPR35 CPR121
CPR36 CPR123
CPR37 CPR131
CPR38 CPR136
CPR39 CPR142
CPR40 CPR2
CPR41 CPR4
CPR42 CPR42
CPR43 CPR43
CPR44 CPR44
CPR45 CPR45
CPR46 CPR47
CPR47 CPR49
CPR48 CPR67
CPR49 CPR70
CPR50 CPR71
CPR51 CPR85
CPR52 CPR86
CPR61 CPR87
CPR62 CPR88
CPR66 CPR89
CPR66 CPR90
CPR73 CPR91
CPR77 CPR92
CPR78 CPR93
CPR80 CPR94
CPR95
CPR96
CPR97
CPR98
CPR99
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understand the role these symbionts play in the host
insect under ‘natural’, i.e. non-engineered conditions.
We show here that after the infection of 4. gambiae
larvae with Asaia, the bacteria were stably associated
with the mosquitoes, becoming part of the microflora
of the midgut and remaining there for the duration of
the life cycle. Moreover they were passed on to the
next generation through vertical transmission. This
suggests that bacteria of the Asaia genus could be
used to express an effector gene; in addition, the
bacteria could possibly be transmitted to subsequent
generations. This would render the need for repeated
introductions unnecessary, which would reduce the
cost substantially for such a strategy. As recently
shown in another study,”® when mosquitoes are
deprived of Asaia symbionts they experience a delay
in larval development. This, combined with our
observations that there is an increase in the develop-
mental rate when additional bacteria are introduced
into the organism, leads us to the conclusion that
Asaia plays a yet undetermined crucial role during the
larval stages. This role is most likely dependent upon
live bacteria, as we saw that the addition of killed
bacteria did not result in a similar acceleration. This
suggests that acceleration is not just the result of a
‘better’ food source for larvae, but that live Asaia
provides specific nutrients or other molecules which
are limiting under normal larval development using
the conditions in the laboratory. Possible explana-
tions for this finding are that the bacteria in the gut
assist in the digestion of nutrients in the mosquito’s
gut and/or that the bacteria produce molecule(s) that
allow faster development. Since adult development
was neither impaired nor aided by the presence of the
bacteria, it follows that Asaia does not play a pivotal
role in the adult mosquito.

We also observed that although the genetically
modified bacteria were passed on to the next
generation, the effects on larval development were
no longer observed. This is possibly due to the fact
that during the first generation the number of
bacteria was much higher in the environment and/
or midgut than in the F1 generation.

Our microarray analysis showed that the genes that
are mostly affected are involved in cuticle formation.
Currently, 12 different families of CPs have been
recognized, in which each family shares common
features.'® In our analysis the main category affected
included mainly members of the CPR gene family.
These genes are characterized by the presence of a
conserved 35-36 amino acid motif (R&R consensus)
first identified by Rebers and Riddiford (1988)."” This
finding is consistent with the fact that larval molting
was accelerated due to the effect that overexposure to
Asaia has on the larval development. One explanation
for this could be that the accelerated development



induced by the bacteria goes along with an increased
necessity to build ‘new’ integument, at rates that are
higher than the ones usually seen. The biomart and
Pfam analysis showed that all of the affected genes
contained the chitin_bind_4 domain and that those
genes had both subgroups of the R&R consensus: RR-
1, which is found in proteins that form soft cuticles,
and RR-2, which is present in proteins that form hard
cuticles.”’??> One protein, finally, contains the RR-3
domain, which is a variant of the R&R consensus.

In this study we showed that genetically modified
Asaia can be easily introduced into A. gambiae and
maintained through at least one generation, without
any negative effects on the adult mosquito.
Furthermore, we have uncovered evidence that
bacterial symbiotic organisms may play a significant
role in larval development as the addition of Asaia to
the larval environment showed a significant boost in
developmental rate. Therefore, these bacteria can be
considered excellent candidates for use as agents of
paratransgenesis in a vector-centered fight against
malaria. Taken together with the observation that
Asaia is reduced using rifampicin treatment,” we
tend to conclude that the bacteria are needed to
maintain the developmental rate of the larvae. The
molecular nature of the developmental accelerator,
though, remains to be identified.
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