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«The most exciting phrase to hear in science,
the one that heralds new discoveries,

is not “Eureka”’ but “That's funny”...»

Isaac Asimov
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EYXAPIZTIEZ

Apxka Ba NBeAa va euxaploTow PETa amo tnv Kapdia pou tnv emiBAénovoa kKabnynTpLa Hou
K. MamadomnouAou KaAALOTN yla TNV EUIMLOTOCUVN TIOU HoU £8€L€e Kal Lou £8wWaE TNV eukalpia
VO CUUUETEXW OTO EPYAOCTAPLO TNG. EuXapLoTWw yla Tov XpOvo Kal TL¢ cUUBOUAEC TTOU poU
dwoare.

‘Eva peyaho suyaplotw odeilw otov K. Mkapaykouvn Kwota, tnv K. ZKladd BaoALlkA Kal tny K.
Ntavtapun EAeva mou Atav SUmAd LoU OTOTE TOUG XPELACTNKA. EUXOPLOTW YLa TLG TIOAUTLUEG
YVWOELG KOl CUMBOUAEG, yla TNV aépLoTn BonBela Kat eUmLoTtoouvn Tou pou €6eLéav.

Euxoplotw moAU Kat OAn tnv urtoAoLn opdda tou gpyaoctnplou Blotexvoloyiog Qutwy Kal
MeptBarlovrocg yia tnv BonOeLa, TNV UTTOLOVH KoL TNV avoxh Touc o€ OAo to Sldotnpa
TIAPAUOVAC LOU OTO EPYACTHPLO.

T£AOC, TO TILO ONMOVTLKO EUXAPLOTW TO 0dEIAW OTNV OLKOYEVELA OV YLOL TNV UTIOCTAPLEN, TNV
ayann kat tnv BorBela toug OAa autd ta Xpodvia. Eva teheutaio euxaplotw to odpeilw otov
avOpwrto mou sival SUTAA LoU yLa TNV TEPACTLA UTIOROVH] KAl yia OANn TV EUNLOTOOUVN TTOU LOU
£XEL
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Abstract

Beneficial microorganisms are known to promote plant growth and confer resistance to
biotic and abiotic stressors. Soil-borne beneficial microbes in particular have shown
potential in protecting plants against pathogens and herbivores via the elicitation of
plant responses. In this study, we evaluated the role of Fusarium solani strain K (FsK) in
altering plant responses to the two spotted spider mite Tetranychus urticae in tomato. We
found evidence that FsK, a beneficial endophytic fungal strain isolated from the roots of
tomato plants grown on suppressive compost, affects both direct and indirect tomato
defenses against spider mites. Defense-related genes were differentially expressed on
FsK-colonized plants after spider mite infestation compared to clean or spider mite
infested un-colonized. Our results highlight the role of endophytic fungi in shaping plant—
mite interactions and may offer the opportunity for the development of a novel tool for
spider mite control.
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MEPINHWH

OL WEALLOL PLKpOOPYAVIOHOL Elval yvwoTol OTL TPOAYoUV TV AVATITUEN TWV GUTWV KoL
Poodidouv avOeKTIKOTNTA 0TOUG BLOTIKOUC Kol aBLOTIKOUC MOpAYOVTEG KaTanovnonc. Ta
wdEA L pLkpOPLa tou pogpyovtal amnod to £€8adoc eldikotepa £xouv Sei&el To SUVAULKO
TOUG OTNV Mpootacia Twv Gutwv and Toug aboyovoug mapdyovieg Kal ta putodaya
{wa pEow TNG avtamokplong Twv GuUTwVY. Z€ AUt TN HEAETN, a§loAoyroaEe TO pOAO TOu
oteAéxoug Fusarium solani K (FsK) otn petafoAn twv amokpioewv twv ¢utwv mou
nipooBAROnkav amnd to akdpeo Tetranychus urticae otnv viopdta. Bprkape otoeia 6tL o
FsK, éva euepyeTiko evOoduUTIKO LUKNTLAKO OTEAEXOG TTOU ATopovwOnKe amod TLg pileg Twv
duTwV TopdTag Tou KaAAlepynBnkav oe opyavikd UALKO (koumoot), emnpealel 1600 TV
AUEDN 000 KAL TNV EUUEDN ALUVA TNE TOUATAC OO Ta akapea. Ta yovidia mou oxetilovtal
HE TNV Apuva ekppaotnkav dtadopikd oe putd amotkiopéva pe FsK petd and npooBoln
oo aKAPea o€ oUyKpLon Ue PpuTA Topdtag mou Sev eixav amolkloTtel oute pooPAnBOetl
Qo TETPAVUXO Kol GUTA TTou POVo eixav PooBAnBel amod tov TETPAVUXO Kal OXL Ao Tov
HUKNTA. Ta QMOTEAECHOTA LG EMLONUAIVOUV TO POAO TwV €VOODUTIKWY HUKATWY OTn
Stapopdwon twv aAlnAemdpdoewv Twv GUTWV KAl TWV OKAPEWV KAl UIMOPOoUV va
poodEPOUV TNV gukalpial yla TNV avamtuén evog vEou €PYaAELOU YLl TOV EAEYXO TOU
TETPAVUXOU.
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1:EZATQIMH

1.1 : KaAALEpyeLla Topatac

H topdta sivat ¢puto TnG okoyEVeLaG TwV XTpuxvoeldwy (Solanaceae) kat gival éva amno
Ta 8-10 oAU cuyyeVIKA 16N Tou YEvouc Lycopersicon, To omoio exwplilel amod to MOAU
OUYYEVIKO £(do¢ Solanum (mBavoc mpoyovog), amod Ta XapaKTtnploTtika dtappnéng twv
avOnpwv kat aneAeuBepwon TNG yupng. Ta meploodtepa €idn tou yévoug Lycopersicon
elval Bapvoletnolol, Bpaxeiog Slapkelag, pe BLOAOYyLKO KUKAO 51 Kal AlydTEPOUG UNVEG.
H topdta el pévo pepLka xpovia kot cuvRBwg kaAAlepyeital wg LovoeTeg putod. To LY OG
NG TUTILKA TAVEL Ta 3., AAAG eV €XEL APKETA avOEeKTIKO BAOOTO Kal yL' autod otnpiletat
og aAa putd. Ta pUAAA TG Exouv uRKog 10-25 eK. Kal elval cUVOETA, AMOTEAOUEVA OTTO
5-9 pikpotepa VAN To KaB£va, TO Omola £XOUV HAKPOG UEXPL KoL 8 €K. UE TTPLOVOELSN
niepldpEpela. TOoo o BAaotoc Tou putol 600 Kot ta GUANa dEpouv Tpixwua. Ta AouAoudia
€xouv Silapetpo 1-2 ek., gival kitpva pe mévte putepol Aofol¢ Kal HEYAAWVOUV O€
opadeg amoteholpeveg and 3-12. H vropdta koataystol anod tnv Kevipiki kat Notla
Apepikn (Mepou) kot ekel KAAALEPYRONKE cuOTNUATIKA Yl Tipwtn ¢opd. Htav dyvwotn
0TOUG Katoikoug TnG Eupwnng péxpL to 1544, 6mou ot Italoi BotavoAoyol acxoAROnkav
padl Tng Kal Tng €dwaoav to ovopa "xpuood unAo" (pomi d'oro), kot autod SLOTL ekelvn TNV
€TTOXN N TopATa Atav n 1o dtadedopévn TOWKIALA yLa TO KITPLVO 1} TO TOPTOKAAL Xpwua
TIou €lXe N wpPLUN vtopdata. H aypla popdn tng topatag L. esculentum var. cerasiforme
€xeL Bpebel eniong kat oto Mefikd, otnv Kevipikr Apeptkny Kot AAAeg meploxec tng N.
ApepKAG. Av KoL apXKA €mikpatoUoE n amoyn OTL Xwpa KOTaywyng TG TOUATOG
elvat 10 Mepol, onuepa pe NG MAnpodopile¢ (LOTOPLKEG, OPYOLOAOYIKEG,
eBvoBotavikeg) mou €dwoe o Jenkins (1948) yivetar Oektd OTL  KataAywyn TNG
KaAAlepyoUpeVNG Topdtag eivatl to Mefiko kat pdAlota n meploxry Vera Cruz-Puebla,
oo OmouU Kol OpXLKA HeTadEpOnKe Ttov 16° awwva otnv Eupwrn Kal otnv GUVEXELA
“Slo.okopTiioTtnKe” Ot QPKETEC TMEPLOXEG TNG yNnG. 2tnv EAAAda ewonxbn apxika otnv
ABniva mepl to 1818, tnVv ibla mepimou moxn UE TNV MATAta, aAAd oTnV ap)xr) ol Kaprmol
¢ €Bewpouvto dnAnTnpwwdelg kat tofikol. Omowa kot va eivat n  yewypadikn
Kataywyn TG ONAUEPA €lval YeVIKA amodekto, OTL  AUECOG TPOYovoG TNG
KaAAlepyoUpEVNG TOUATAG €ival n var. cerasiforme, kat pe povadikd (owg AaAo
Olekbikntn (mpoyovo) to €idog L. pimpinellifolium, mou givat Bavo va givat pdAAov
TIAPATPOTIOV TTaPA LEAOG TNG VEVETIKNCG oelpdc. OAa ta €i6n tou yévouc Lycopersicon
€xouv Ttov (6lo aplOud xpwpoowpatwv (2n=24) kot MoAU omavio €xouv avadepbOel
TIEPUTTWOELC  auTomoAumAoldiag. To  Lycopersicon esculentum  elval
OUTOYOVLHOTIOLOUHEVO €ld60¢. Onwe avadeépel o Rick (1950), otaupoyoviponolouvtal
OTLG TIEPLOXEG TIOU AUTOPUOVTAL KOl OE UEPLKEG AANEG UTIOTPOTILKEG TIEPLOXEG, OAAQ Of
OAa  péEpn  autoyovipomolouvtal MARpwG. AvtiBeta ta dA\a €idn  Tou yévoug
Lycopersicon €ival OUTOOTElPA KAl ETOUEVWG OTAUPOYOVLUOTIOLOUVTOL TIANPWSG UE
Sladopa €ibn pehloowv. H topdta (L. esculentum) pnopei va SlaotaupwOet elte pe pkpn
elte pe peyahn duokoAia, pe OAa ta GAa €16 Tou yévouc Kal va apayet uBpidia.
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H vtoudra, onwg ¢aivetal kol amd tov TOMOo KATtoywyng tng, elvat ¢putd twv Bepuwy
TIEPLOXWV KOl YU aUTO 0Tn Xwpa Hag KaAllepyeital to KaAokaipt Kot Kavovikd Sivel
mapoywyn ano ta téAn Malou £wg ta téAn ZemtepBplou. BEBata n vropdarta dev Asinel
KOLaL NUEPQ armo Ta pavaBika, kKabwc ta BeppokAmia £xouv avaAdBeL TNV mapaywyn Tng
yla TOUG UTTOAOLTOUC (KpUOUG) MAVEG TOU XPOvVou. OpwE oL XapnAoTepes BepOKPAOLEC
TOU Xeluwva epmodilouv tn yovipomoinon Kol TV Kopmodean, OMOTE ylo VO TIOPOUUE
LKAVOTIOLNTLKA Ttapaywyn TPEMEL va EMEUBOUE HE TIG AEYOUEVEG PUTOPHOVEG OL OTIOLEG
elval ovoieg mou e§aocdaAifouv TNV avamtuén MoAWV Kal LEYAAWV KOpTwy, Xwpeig va
XPELAOTEL va yiveL KavoviKn yovilomoinon ota ¢utd.

Ewkova 1: Quto toudta

1.1.1: Tovibilwpa TG TOMATAC

210 meplobikd Nature dnpootevtnke To Mdto tou 2012 yia mpwtn $opd To yovidiwua tng
Topatag katd oxebov 80% oAokAnpwiuévo. To MPOypapUa yla TNV amokwdlkomoinon tou
YOVLSLWATOG TNG TOPATAG Elval yvwoto wg Tomato Genome Consortium kalt Eekivnoe to
2003. 210 MPOYpAUHA AUTO HeAETAONKE To yoviSlwpa TG Totkliag Heinz 1760 kat tng
ayplac toparag Solanum pimpinellifolium. Yuvohka cuppeteixav 300 EMIOTALOVEG TO
14 Ywpec oTO MPOypoppa. ApXLKA N armokwdLkomoinon £yLve e Tov mapadoolakod TPOmo
HEXpL To 2008 Kkal €meldry umnpxov TMOAAQ KOwdA Xpnolpomoinoav Tio oUYXPOVEG
neBodoug, omwe n whole-genome shotgun sequencing. H topdta €xeL 0T0 yoviSiwua Tng
12 xpwpoowpata, oto omoia Pplokovtar 31.760 yovidia. Extpdtat ot n
anokwdikomoinon tou yovidiwpatog Ba odnynoeL o€ VEEG TTOLKIALEG O€ epimou 5 xpovia,
evw Ba obnynoel oe BeATIWUEVEG TTIOKIAIEG OUYYEVIKWY €L6WV OMWG N HeALT{dva Kot n
TIWEPLA. JUYKEKPLUEVA H TOpATA KOl N atdta £€Xouv To 92% Twv Yovidiwv Toug Kolvd.
(The Tomato Genome Consortium (TGC), 2012)
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1.1.2: Atatpodikn ala tng TopdTac

H topata dev eival éva Aaxavikd AoUGCLlo o Opemtikd oTowela, OpwG e€altiog TG
EUPELOC KATAVAAWGNC TNC TIAYKOOULWE TOOO WE VWO KAPTIO 000 KAl WE LETATIOLUEVWY
TPOLOVTWV TNG, KATEXEL pia aloAoyn B£on otnv nuepnola Statpodr) Tou avBpwmou.

To HeyOoAUTEPO KOUUATLTNG TOUATAG amoteAeital oxeSOV AmMOKAELOTIKA oo VePO (amo 94-
95% Kkatd BApog) Kal amo £va cUVOAO BPETTIKWY CUOTATIKWY. H TopdTta elval mTwyn o€
Bepuibeg kat eival pa oAU kaAn mnyn PBrrapwvwy C, B kat A (ue t popdn Tou B-
KQPOTEVIOU, TO OTolo €lval pa popdn mpofitapivng A) omwg eniong Kot Brtapivng E,
EAAXLOTNG TIPWTEIVNG. AKOUO TIEPLEXEL LEYAAEG TIOCOTNTEG KLTPLKWV KAl 0§AALKWY 0EEWV,
oeAqvLo, payviolo, acBEotio, dpwodopo, oidnpo, payyavio, kKaAo, ¢oAtkd ofL kot AAAQ
txvootolxeia (Yuan Li, 2016)

H topdta amotelel tnv mpwin mnyn tTou avBpwrou o€ AUKoTmEVLo, TNV Tpitn Tnyn
Brtapivng E, tnv té€taptn yla tnv mpofitapivn and A Kol tnv €vatn mnyn KoAlou otnv
Slatpodr) Tou avBpwrmou.

H topdta mepléxel apketeg uTIkEG (veg, Sev TepLEXeL XOANOTEPOAN, oxedov kabBoAou
VATPLO, OUTE KOopeopéva Almn. OL UETOMOLNUEVEC TOMATEG evdéxetal va SlabBEtouv
vnAotepa eminedo OpPLOUEVWV BPEMTIKWY CUOTATIKWY, adevOg SLOTL N CUYKEVTPWON
ToUuC prmopel va givat uPnAOTEPN O€ AUTEC TIG LOPPEC Kal adeTEPOU SLOTL N LETATTONON
uropet va emidpEpel alNayEG oTn XNHLKI Toug dopn kabwg kat otn BlodlabeouotnTa TouE.

Ot Brrapiveg t™ng opadoag B elval umelBuveg ywa tnv elpuBuUn Asttoupyia ToOU
HETAPBOALOHOU KOl TOU VEUPLKOU oUOTHUATOC. To KAALO €lval €va amopaitnto Bpemtiko
oUOTOTLKO yla TN duololoyikn avamtuén kat Statipnon tng vysiag, to omoio, pall Le To
0oB€0TLO KaL TO payviolo, pmopel va Stadpapatioel Eva onpavtikd poAo otn peiwon tng
apTNPLaKkng mieong, €tol Bonba otnv opoAn kapdiakr Aettoupyia. To payviolo Spa
EVAVTLOL OTOL CUMTTTWHLATA TOU OTPEG KAL TLG HUIKEG KPAUTEG. TO CEAAVLO EVOWUOTWVETAL
oTIG oeAnviompwTteiveg, oL omoieg eival avtofeldbwtika £vivpa mou Bonbouv oto va
QTOTPATIEL N KOTAOTPOPH TWV KUTTAPWVY armod TI¢ eAeUBepeg pileg, Bonbolv otn puBULON
¢ Aswtoupyiag tou Bupeosldolg Kot Mallouv ONUAVIIKO POAO OTO QVOOCOTIOLNTLKO
cvotnua. To xpwuto Bonba otnv avietwrnion Slatapoyxwyv Tou HETABOACHOU TNG
YAUKOING, Tou adopd Kupiwg toug dtaBntikols. Ot SLaltnTKES (VEG Elval ONUAVTIKEG yLa
™ Slatripnon €vog UYLOUG TIETTLKOU CUOTALATOG KAl WITopoUV eTiong va cupBAAouv oTtov
€leyxo twv uPnAwv eminedwv NG XOANOTEPOANG oto aipa. OL Topdteg eival pia
onUavtiky mnyn eutikwv wwv, Wiwg étav katavoAwvovtal Pe T GAouda Kol Toug
omnopoug. H topdta, eniong, dtobétel oe adBovia poAkd ofu, To omoio Bonba otnv
QVAOUYKPOTNON KoL TNV AMOKATAOTOON TWV KUTTAPWVY TOU OPYAVLOLOU.
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1.2: Ztoela pUKATWY

OL poUknteg dutomaboyovol 1 HUNn  €lvol  YEVIKWE €TEPOTPOGOL, LKPOOKOTILKOL
HLKpOoOpYaVIoHOoL, Ttou ev StaBEtouv YAwpodpUAAN, otepouvtal apUAou aAAG cUVOETOUV
YAukoyovo. Aev mepléxouv mAaotibia, €xouv OUwG Xupotoma. ZuvABwg oxnuoatilouv
vnuatosldeig  SlakAadilopeveg udég, mou  ovopdlovtal  MUKAALa,  SlaBgtouv
OpYOQVWUEVOUC TUPNAVEG (eukapuwTikol) Kal mapdyouv Sladopwv edwv omodpla.
(EAeuB€plog K. TTapog ,2007)

AmnoteloUv éva €l60o¢ pe HeydAn Kovotnta Tpocapuoyng oto meplBaiiov. Exouv
SLadopec Asttoupyleg kal pnxaviopoug yla va e€aodaiioouv tn dtafiwon toug, cuvnBwg
€1¢ Bapog Kamolou £evioTr), HUE OKOTO Kl ylol TNV avarmapoywyr Touc. EKTog and toug
maboyovoug KoL TOUG  OampoduUTIKOUC  MUKNTEG,  UTMAPXOUV KoL  ToAAol
$UTOMPOOTATEVTIKOL LUKNTEC. H eUpeoN Kal n onpacia Toug yla ta putd KabuoTtEpnoe va
yilvel avtiAnmtn Kuplwg Aoyw tng £udacnc mou 806nKe amd TOUC EPEUVNTEC MPOC TOUC
naBoyovoug puknteg. Ta TeAeutaia Xpovia Opwg, €xel auénbel to evdladEpov yla toug
dUTOMPOOTATEUTIKOUE HUKNTEC, Kal TTAEoV TO edlo TNG EPEUVAG TOUG ELVAL TTILO EVEPYO UE
TIOAAEG VEEG LeAETeG (Benhamou N. etal, 2001 , Chandanie W.A etal, 2005).

Juudwva pe tn PeA€Tn tou Prescottetal (1999), untdpxouv nepimou 1,5 ekatoppupla €idn
HUKNTWV evw €xouv Kataypadel kot peAetnOel mavw amo 90.000 €idn. MeydAn eival n
OUUPBOAR TWV HUKATWV:

J OTNV AMOLKOSOUNCN TWV OPYAVLKWY OUCLWV KOl

. OTNV AVAKUKAWGN TwV OpEMTIKWVY OTOLXELWV 0TO TIEPLBAAAOV.

OL pUKNTEC lval onuavTLKoL:

[. T TNV IKKOVOTNTO TOUG va TTOPAyouV avTLBLOTIKA Kal AAAEG OUCLEG XPNOLUEG OTN

Bloxnueia kot Bropnyavia tpodipwy, OTWE OpyavIKa of€a Kot BLTopived.

II. T tnv mapaywync eviUpwv mou eival amopaitnta ywo TNV anodopunon tng
0pPYQVLKAG UANG 0TO PpUGCLKO TtepLBAANOV.

lll. Y& é£€peuvec  afloAOyNOEwG Yyl TV OVATTUEN OKEUOOUATWY PBLOAOYLKAG
KATAMOAEUNONG AoBeVELWV Kal EXOPWV TwV KAAALEPYOUUEVWV PUTWV.

IV.  MoAloi edwdipol PBactdlopuknteg KaAAlepyolUvtal yla VW KatavaAwon.
(EAeuB€plog K. TZapog ,2007)
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1.2.1: TeVvIKEC €vvoleG popPoAoyLlag TwV LUKATWY

O@aA\O¢ ovopdleTal TO CWHA TWV HUKATWV Kol omoteAeital amo tig udég (Aemtd
OWANVOELSA VNUATLA HLE TTOLKIAO TIAXOG TTOU KU MaveTaL armod 2-10um avaAoywg tou eidoug
TOU HUKNTA) Kal To HUKAALO (oUVoAo Twv upwv). O BaANOC Stadoporoleital avaloya pe
N Aettoupysia Tou ot  PAOOTNTIKO, OTav yilvetal PAACTNTIKA avamtuén Kal
oVaTapoywyLlko, otav Sladopomoleital yia Thv mapaywyr Kapmodpoplwy HE omopLla
povo omnopiwv. (FpaBavng,2011)

Ewkova 2: To cwpa Twv HUKATwY (BAANog)

OLudég mepBaAlovtal and KUTTOPLKO TOlXWLA TTOU cuvioTatot oo xttivn. To Kuttapko
TOolYWHO TIEPIKAELEL TO TPWTOTAACUA, TO OTOoi0 TEPLBAAAETAL QMO TPWTOTAACUOTLKA
HEUBPAVN AUTOTPWTEIVIKAG CUOTACEWG. MEoa OTn MPWTOMAACUATIKY HAla UTIAPXOUV
TIUPNVEC, oL omoiol meptBariovral and SuTAn mupnvikn HeEUBPAvn, TTOU CUVOEETOL UE TO
evbom\aoptko Siktuo.

Ewkova 3: YoEC TwV HUKATWV.

ITOUG TEPLOCOTEPOUCG MUKNTEG oL UdEC Slaxwpllovtal o€ KUTTOPA HE  EYKAPOLA
TolYWHATA, Ta omoia ovopalovtal septa. Méoa og kKABe KUTTOPO UTAPXOUV, KAVOVIKA, 1-
2 upnvee. Ta eykapota toywpota dev eivat mARPN, aAAd GEPOUV OTO KEVTPO OTN|, LECW
NG omolag EMKOWWVOUV T KUTTOPOTIAAOUATO SLadOXIKWY KUTTAPWY, OMWG Emiong
UMOPEL VO LETAVAOTEVOUV TIUPNVEG Ao TO £€va KUTTAPOo oto AAAo. To HUKAALO, TO omolo
ouviotatal and udég mou dEpouv septa, ovopdletal TMOAUKUTTAPO. Ao tnv AAAol
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UTIAPXOULV Kat oL UdEG TIou dev Pépouv septa , aAAd TTapapévouy UL tn popdn eviaiou
KUTTApPOU, LEoa OoTov omoio Bpiokovtal Stdomaptol oL MUPAVEG. To HUKAALO auTd TOu
omolou oL UPEG bev €xouv septa ovopaleTal KOWVOKUTTOPO.

A B

Ewkova 4: A. kolvokUTTapo Kal B. moAukuttapo.

Mavw oto evéomAaopLko diktuo Bpiokovtal mpookoAAnuéva ploowpata, umevBuva yla
Vv ouvBeon mpwielvwyv. Méoa o0To TPWTOMAACUA UTIAPXOUV E€TioNG [LToXOvSpLa
Sladopwv oxnudtwv. Eniong Bpiokovtal péoa kot cwudtia Golgi, diktuoowpata Kat
xupotomnia meptBalAopeva ano TovormAdotr. Ot HUKNTEG OTEPOUVTOL TTAACTWYV Kol £TOL SeV
oxnuatilouv Apulo, ala amobnoaupilouv yAukoyovo, To omoio eivat dadpBovo ot
NALKLWHEVA KUTTAPO, OE LUKNALAKEG KATAOKEVEC Lol AroOnocoupLopo BPEMTIKWY OUCLWV
Kal og onopla. (FpaBavng,2011)

To MPWTOMAACHA TWV HUKATWVY EXEL YEVIKWE (LA KATAOKEUT) UE TO TPWTOMAACUA GAAWY
EUKOPUWTLKWV opyaviopwyv. O mupnvag meplBAAeTal and mupnvikn HEUPBpdavn mou
S6l00€tel SUO OTPWOELG KAl XAPAKTNPLOTIKOUG TTOPOUG. XAPAKTNPLOTIKO YVWPLOUO OF
oUYKpLON ME TOUG GAAOUG EUKAPUWTIKOUG OPYyavIopOUG €ival to ¢avOpeEVO TNG
€TEPOKAPUWOEWG.(EAeUBEPLOG K. TZApog ,2007)

To Kuttapko tolxwpa amoteleital and B-yAUKAveG (OKEAETIKA UALKA kpuoTaAAwdoug
OUOTACEWG), Xttivn (HkpokpuotaAAiky popdn), vdatodlaAutoug moAucakyapiteg (o-
YAukdveg & yAukompwrteiveg), Autibia peAavivng, ToOAupeEpr yaAaktooauivng &
TLOAUOUPOVLSIWV 0lOKOUUKNTEG, BAOLOLOMUKNTEC, LUYOUUKNTEG KOL XPWLLOTAL.

1.2.2: Avamapaywykd cUOTHUATO LUKATWY

OL pUKNTEG avemTuéav TOLKIAQ Kal TTOAUTIAOKAL CUCTAUATA avaTopaywyng kKot cuZeuéng
yla va petafipalouv yevetikég mAnpodopieg amnd yeved oe yeved (Anderson et al., 1992).
OL TtePLOCOTEPOL LUKNTEG UIMOPOUV VA AVATIOPAYOVTOL KAL AYEVWE KOL EYYEVWG. Me thv
OYEVH QvVaTIAPOYWYH TIAPAYEL YEVETIKA TIAVOLOLOTUTIOUG OPYAVIOMOUG KOl OTOTEAEL TNV
To Kowvr) pEBodo avamapoywyrg mou XPNOLLOMOLETAL OTOUG MUKNTEG EVW N EYYEVNC
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oavanapaywyn o€ LUKNTECG TTPAYLLATOTOLETAL OTaV Ta OPEMTIKA CUCTATLKA 1} TO VEPO £lval
omavia oto MePLBAAAOV TOUG.

< H ayevic avamapaywyn Yivetal pe dtaddopoug Tpomouc: o) Me amokomnr vpwv
OTOTE TO OUTTOKOMUEVO TUAMA WUIMOPEL va obnynoeL oTov OXNUATIOUO VEOU
nuknAiou, B) pe ekPAdotnon kot y) pE Tapaywyn omopiwv (autodg eivat o
ouvnBEoTEPOG TPOTOG OYEVOUG QVOOPOYWYNG TWV LUKATWYV). AvaAoya UE ToV
TPOTO  OXNUOTIOHOU TOUC Ta omoplo  Slakpivovtal o  apBpoomopla,
YAapudoomopLa, oTopLAYYELOOTIOPLA, KOVISLOOTIOpLO. Kol BAaoTOOTOpLO.

% H egyyevnc avamopaywyn ivat n cuvévwaon dUo KUTTAPLKWY TTUPAVWY avtiBetng
oefoualikig moAkdtnTag. OL mupnAveg autol Aéyovtal YaUETEG. Avaloya HE TOV

TPOTO OXNUATIOMOU TOUG Ta omopla dlakpivovtal oe woomopla, {uyoomopla,
aokoomopla, Baotdloomnopia. (Fpapdvng,2011)

Ewkova 5: TUTKOG BLoAOYIKOG KUKAOG LUKATWV.

1.3: To yévocg Fusarium

To yévocg Fusarium Bewpeitol w¢ €va amd to onupavtikotepa dutonaboyova yévn
HUKNTWV, SLOTL POKAAEL COPAPEG KATAOTPEMTIKEG A0OEVELEG, OMWG OOPOUUKWOELS ,
onYppilieg, onPelg t¢ PACEWS KoL TOU OTEAEXOUC TNEELC omopeiwv aAAA Kol EVOEPLEC
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TPOOoBOoAEG avBEwWY 6w ota ottnpd. Ot HUKNTECG auTol mapdyouv otabepeg SOUEC wOoTE
va e§aocdalifouvv tnv emPiwon toug yia moAd xpovia. Eival evputata Stadedopévol
TIAYKOOULWC.

To onuavikotepo €idog eival to Fusarium oxysporum To omoio TpoKaAel Kupiwg
0OpOUUKWOELS Kol Yapaktnpiletalr amd tnv mnopoucia eEelOIKEVUEVWY  HUAWV
naBoyévelag , onwc avadepovtal: Fusarium oxysporum f. sp. asparagi, f. sp.cepae, f. sp.
conglutinans, f. sp. dianthi, f. sp. gladioli, f. sp. lini, f. sp. lycopersici, f. sp. melonis, f. sp.
narcissi, f. sp. niveum, f. sp. pisi, f. sp tulipae, f. sp. vasinfectum.(EAsuBéplog K. TZapog
2007)

1.3.1: Fusarium solani otéhexoc K (FsK)

O pokntac Fusarium solani avikel oto Baoilelo: puknteg, diaipeon: Eumycota

unodlaipeon :Deuteromycotina, kKA\don: Hypomycetes, taén: Tuberculariales, okoyévela:
Tuberculariaceae, yévog: Fusarium, €ibo¢: solani. To Fusarium solani €xeL €éva €0pog
geviotwy ota dutd. OL KUpLOTEPOL aTtd aUTOUG Elval N MATATA, O APAKAG, Ta GacOALa, KoL
TA MEAN TNG OLKOYEVELAG TwV KOAOKUBOEWOWVY Omwg mMemovL, ayyoUpL Kot KoAokuBa.

Oplopéva Baktnplakd oteAeéxn Umopel va mpokaAéoouv emiong AoluwéeLlg otov avBpwro.

H ta&wvoukn katdtaén tou Fusarium solani €xeL wg €§AG:

TAZINOMIKH KATHIOPIA

BaoiAelo MUKNTEG
Awaipeon Eumycota
Ynodiaipeon Deuteromycotina
KAdon Hypomycetes
Taén Tuberculariales
OwKoyévela Tuberculariaceae
Mevog Fusarium

Eidog Solani

To Fusarium solani otéAexog K eival évag pn maboyovog vnUAToelONG HUKNTOG TIOU
evtonietal oto £€5adog Kal anopovwinke and Eva KATOUOTOATIKO KOUTIOOT taboyovwy
ard umoAeippata oTédUAWY Kal Tapanpoioviwy eAatoupyiag. O LUKNTAG AUTOG EXELTNV
tkavotnta va aAANAETILSPp A e GUTLKOUG OPYAVIGOUG KaL TNV LKAVOTNTO VO AVATTTUCOETOL
o€ MAnBwpa mnywv avBpaka, pe BEAToto pH:5 kat BEAToTn Beppokpacia avamtuéng
Toug 24°C.
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1.3.2 : Emayopevn nmpoaotaoia ueow tou Fusarium solani (Fs-K)

To otélexog Fs-K epdavilel tnv ikavotnta va eTiidEpeL ota GuTA VTIOUATAG EVEPYOTIOinON
TWV KUNXOVLIOMWV ApUvVaG €vavil Tou ¢utomaboydvou puknta tou puAlwpatog Septoria
lycopersici. O pOKNTAG TPOCTATEVEL EMIONG TOTILKA TO PUTO EVaVTL TNG TPOGBOANG Ao to
pwlopuknta onPng Fusarium oxysporym f.sp. radicis-lycopersici (FORL) (Kavroulakis.et al
2007). Elvat miBavov ,to otélexoc Fs-K va amoteAel €va oTEAEXOC TO omoio avtaywviletal
To maboyovo FORL &iekSikwvtag to (6lo Slabéopo unootpwpa. lowg MAAL va ooKel
enidpaon otn BlwolpdTnTa Tou maboyovou Kal TNV Lkavotnta PAACTNONG Twv oropiwv
Tou efattiag TnG oUVBEONG LUKNTOKTOVWY EVWOEWV. Exouv avadepBel kat dAAa oTeAEXN
Fusarium solani Ta omola eixav mpootateutikn enidpaon amévavit o€ eva and ta duo
auta aBoyova ald kaveva SV TPOOTATEVE Kal amo To SUO OWG TO OTEAEXOG Fs-K.

Eniong, To ouykekpLuEvo otélexog xapaktnpiletat and evdodutikn avamtuén kot pailota
0TO aywyo cuotnua Twv dutwv. Mmopel va amopovwBel amd OAa ta UTIOYELa LEPN TOU
duTtoL aAAG OxL oo Ta UTEEPYELA OTtou Sev avamtuooeTal KaBoAou. EXeL TNV Lkavotnta
A0KNONG TPOOTATEUTIKNAG dpdong akopa kol os avaAdoyia 1/1000 oe oxéon HE TOUC
naBoyovoug opyaviopolg. Auty n Spaotikotnta odeiletal os kamowo Pabud os
€EWKUTTOPIKEG EVWOELG TIOU TIAPAYEL O MUKNTAG Kal epmodilouv tnv auvénon Ttwv
naBoyovwy. O UNXAVIOUOC LECW TOU OTOLOU QOKELTOL N TTPOOTATEUTIKN dpacn tou Fs-K
oxetiletat pe TO QOUAEVIO KAOBWG METAANAYUEVEG VIOMOTIEG — ME  EAAELLOTIKO
onpatodotikd povornatt atBudeviou dev NTav avOekTikd ota maboyodva napouvcia tou Fs-
K evw ta WT (wild type) eixav auénuévn avOeKTIKOTNTA OE OXEON HE AUTA TOU Oev
MPooTEONKE HUKNTAC. ATTO TNV AAAN O UNXAVIOUOC §pAonG Tou HUKNTA dev oxetileTal pe
TO VWIOHOVIKO 0&U KaBwg METAAAAYHOTO YO TN ONUATOd0TNON  YLAGUOVIKOU
TPOOTATEVOVTAV EMAPKWCE. ETioNng, T HETAAAAYLATA VL0 TO YLOOHOVIKO TIPOOTATEVOVTAV
KaAUtepa am’ otL ta WT, yeyovog mou UTIoSNAWVEL TIWE TO YLOOHOVLKO €XEL AVOOTAATLKO
pOAo otnv avamtuén tou F. solani Fs-K. A&ileL va onuelwBel mwg o avtiBeon pe dAAoug
dUTOTIPOOTATEVUTIKOUG LKPOOPYAVIOUOUG, TO OTEAEXOG Fs-K Sev daivetat va mpokaAel tnv
napapkpn {nuLd oto puto-Eeviotn (Kavroulakis et al, 2007).

O pokntag Fs-K gival tkavog va Sletoduel otig pileg tou ¢duTtoL KOl VA aVOMTUCCETAL OTO
dAolo G pilag 15 nuéEpeg PETA TOV €UPOALOOUO TOU OMWE KAl VO ELOXWPEL OTOUC
nOuayyewwdelg ocwAnveg Saflwvtag wg evdoduto. H kavodtnTa AmoKIOHoU Twv
nOuayyslwdwv CwWANVWY woTOoOo, €lval KATL TTOU XOPaKTtnpilel Toug HUKNTEC TOU
amoteAouv maboyova twv plwv Kal ylo To AOyo auto, duvatotnta evog wWhEALLOU
OTEAEXOUG va avamtuoostal apBova Kot Xwpic va TPokaAsl CUMMTWHOTA AcOEVELNG OTO
duTO dnAwvel pla acuvnBLotn aAnAenidpacn pHetaly pikpopiov kat putou.
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1.4: Akdpea

Ta akdpea amoteAoUV €vav amd TOUG ONUAVTIKOTEPOUG £XOpoUG TwV amobnKeULEVWY
dUTIKWV TTPOTOVTWV Kol Tpodipwy Taykoouiwg. Ta meplocoTEPA aKApea lval Ttdpa oAU
HKpookoTikd apBpodmoda peyeboug 300-500um kot bev eival opatd Sia yupvou
odBaApov. Ta akapea avrkouv otnv umtokAdcon Acari tng kKAaong Twv Arachnida.

Ta akdpea Eexwpilouv amo ta EViopa yla Toug £€1n¢ Adyoug:

e Amnod tnv unapén tecodpwyv (EVYWV TOSLWV OTA EVAALKA ATOMA EVOVTL TWV TPLWV
TIOU €XOUV TA EVTIOUO.

e TO CWHO TWV AKAPEWV ELVAL EVIALO KOL SEV EXEL TTPAYUATLKN HETOUEPELQ, SEV
Xwpiletal og TuRpata. Mnopet va Bswpeital otL xwpiletal oe dVo pépn
(yvaBdéowpa kal lblocwua) oe aviiBeon Ue TO CWHA TWV EVTIOUWYV TTOU XwpileTal
oe tpla pépn (kedalt, Bwpakag, KoWLa).

e Ta akdpea xapaktnpilovral anod amouaotia f pkpr avantuén KukAopoplakou Kot
OVATIVEUOTLKOU CUCTHHATOG.

e e avtiBeon pe ta Eviopa €xouv Hovo amAoug opBaipoug (HALdmouAog, 2009)

Ewova 7: Akapeo

1.4.1: O tetpavuyog Tetranychus urticae

O Tetranychus urticae, 0 KITPLVOG TETPAVUXOG I «CLVATITNG» KATAYPAPETAL OTN XWPA HOG
yla mpwtn popd ota péoca tou 50. Eival eupeia yvwoto kabwg elvat mpaktikd mapdayo
adol mpooBaiAel euputato paocpa autoduwy Kal KAAALEPYOUUEVWV PUTIKWVY ELOWV HE
HEYAAN olkovouLK onuacio. MpooBAAAEL ekTOG amo TNV Topdta OAa Ta onwpodopa, Ta
eomepldoeldn, to auméAl, ta Blopnxavikd ¢uta (BapBaki, teUTAA), TA AaxOavikd, T
Puxavon, ta KAAAWTILOTIKA Kot Ta avBokoulkd kabwg kat aypwotwdn. Eival iowg o
ooBapoTEPOG £XOPOC TWV BEPUOKNTILAKWY KAAALEPYELWV.

Ta OnAsa mavtwg StadEPouv onNUAVTIKA KABwW £XOUV XPWHA YEVIKA TIPACLVO-KITPLVO TNV
avolén kot To B£€poc, Ye pia TOLVIOL OVOLXTOTEPOU XPWHATOG OTN UECN HE SUO peyala
otiypata ot SUo MAEUPEG TN Koiag. Ta BrjAea Tou XElpwWVO £XOUV XpwHa poSlvo Aoyw
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NG TEPLOPLOUEVNG XAWPODPUAANG Kal TNS avénong XPWOTIKWV ouclwv ota GuAAa. O
OPOEVIKOG TETPAVUXOC EvVal LKPOTEPOG TOU BNAUKOU Kal PEPEL TPACLVO-KITPLVO aVOLYTO
xpwpa Statnpwvtag kot T SUo KnAidec otic SUo MAeUpEG TNG KoWlag. Ta auvya sival
odalptka kot vaAwdn Kat Hotdlouv PE HULKPA LOpYapLTAPLOL.

OL TETPAVUXOL TIPOTLHOUV TTEPLOCOTEPO T PUANA TNC TOUATAC OTOU OTO KOWAWUATA TNG
KATW eridpavelag {ouv Kal avamTtUooovToL KOTA OOLKIEG OTLC OTIOLEG ATAVTWVTOL OAX T
BloAoyika otadila. To o KOWO CUMMTWHO TwWV TPOoBoAwV Toug amd akapea ival ot
urtodateg KNALSEG MOV oTNV Avw €TLHAVELD AVTLOTOLXOUV PE EAALOKUTTAPWOELS (ELKOVA
8). EKTOg amo ta GUAAQ O TETPAVUXOG UIMopEL va TpooBAAeL kal Tov kaprd. Otav oL kapmot
npooPBAnBoulv oe veapo otddlo Sev avamTtUooovTal KOVOVIKA Kal SV elval EUMOPEVUCLUOL.
Ta avOn kat ot BAaotol mpooBariovtat Aydtepo.

KatamoAepdatatr pe edappoyn odutodbapudkwyv (cuvuaopolC OKUOLOKTOVWY  Kal
WOKTOVWY) TIOU OMWG OUXVA €lvol QVOITOTEAECMOTIKA €€ autiag tng ovamtuéng
avOektikoTNTAG. EXEL €Tiong TOAAOUG BloAoykoUg exBpous. To péyeBog Twv nUlwy amno
TOUG TETPAVUXOUG EE0PTATAL KUPLWV ATTO TLG KAAALEPYNTLKEG PpoVTISEC KaL amd Tn cwoTh
AN peEtpwy putompootaciag.

Ewkova 8: MpocBoAn Twv GUAAWV TN TOUATAG ATIO AKAPEO.
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2:YNIKA KAl MEOOAOI

2.1: Nepapatiko oxedlo

YTO MelpopO XPNOLUOTIOLOAUE TECOEPLC KATOOTAOELS: PUTA TIOU QOLKIOTNKAV armod Tov
Fsk (+F/-T), duta mou amoikiotnkav amo tov Fsk kat poAuvOnkav amod Tov TETPAVUXO
(+F/+T), duta mou poAuvOnkav amod tov tetpavuxo (-F/+T) katl ¢uta control (-F/-T). Kabe
Katdotaon anoteAeital ano 6 BLoAoyikég emavoAfPELg.

ApXKQ, ylveTal amoAUpavon Twv onopwv topatag (Solanum lycopersicum L., cv. Ace 55
(Vf)) pe 2,5% NaOCl kat tomoBétnon Twv OMOPwWV OE YAAOTPAKL HUE QMU0 KOl
BepuwkouAitn og avaloyia 2:1. Ta ¢utd motilovral ava pio pépa pe Hogland Bpemtikd
100%. Ta ¢putd mou xpnoluomnoBnkav oto neipapa nTav 4 eBéopddwv.

Ta putd poAuvOnkav pe tov evbodutiko puknta FsK o omoiog kaAAlepyeital oe OpemTikd
PDB (potato dextrose broth) yia 5 pépeg otoug 26°C. 3tn ouvéxela akolouBei n culoyn
kovidiwv pe puyokévipnon otig 4000g kat adaipeon tou puknAiov. Emetal n pétpnon Twv
KOVLSLwV E TN Xprion TOU QLUOKUTTAPOMETPOU Kal enavadlaAutonoion twv kovidiwv oe
0,85% NaCl wote va UTtAPXEL N EMBUUNTH CUYKEVTPWON KoVISiwv. H TEALKN CUYKEVTPpWON
kKoviSiwv pe tnv omoia poAuvovtal ta ¢utd eivat 5*10% kovibio/ml. MoAUvetal n KaBe
pila pe 20ul amnod to gppoAio.

Ta putd poAuvovral og nAtkia poc efdopadac kot cuAAEyovTal LeTd armo dUo eSouadeg
LETA TNV HOAUvVON.

Opentiko Sidlupa ntotiopoartoc Hoagland

AIAAYMA C APXIKOY ml/l TEANIKOY AIAAYMATOZ
AIAAYMATOZ 1L
MgSOa4 1M 2
KH2PO4 iM 1
Fe — EDTA 1/10 M 1
Microelements* - 1
KNO3 20g/100ml 5
Ca(NO3)24H20 2,36g/100ml 5

Microelements stock solution

Micro element gr/lt
HsBOs 2,86
MnC|2 4H20 1,81
ZnCl, 0,11
CuCl> H0 0,05
H2M004 0,02
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Opentiko PDB( potato dextrose broth)

Ze 1 Aitpo dH0 :

e 400yp mMaTATEC KAOAPLOUEVEC
e 20yp Laxapn

BpdZou e tig matdteg o€ éva Alitpo vepo. MOALG oAokAnpwBEeL 0 BpaopOG COUPWVOUE KOl
HE €VOV OYKOUETPLKO KUALVOPO TOU €VOC ALTPOU OYKOUETPOUUE TO EVOTOMEIVAV UYPO.
MpooBnkn vepou 600 xpelaletalyla va ptaceLto 1 Aitpo. TEdog, akoAouBel amooteipwon
Tou BpemtikoL.

2.2: Artopovwon RNA amd ¢UANQ TOPATOG

H amopovwon tou RNA €ywve pe tn xprion LiCl cupdwva pe toug Brusslan and Tobin
(1992). To oAtkd RNA 1tou amopovwOnke yla Kabs Selypa ToooTikomolnonke Ue Tn Xprion
¢ ouokeung Qubit (Invitrogen) oUudwva pe TIC 06nyleg¢ TOU TMAPOOKEUAOTH Kal
urtoPBAnNBnke os enefepyacia pe DNAse mpokelpévou va amopakpuvBolv omoladnmote
urtoAAsipata yevwpikou DNA. H katepyaoia €ywve pe to kit DNase |,RNase-free tng
Thermo Fisher Scientific cUpdwva pe TG 06nyleg Tou mapaockevaotr). MeTA To MEPAG TNG
katepyaciog eAéyxOnke n mapouocio uTtoAelppdtwy DNA péow PCR pe ekKKVNTEG ELOLKOUG
yla TO YEVWMLKO yovidlo tng Ubiquitin tng topdtag. O ekkwntég eival LeUbI-F
5'AAGATGGAAGGACTCTGG 3°, LeUbI-R 5'TCACAACACATCACAAGGTC 3'.

2.3:20vBeon cDNA

H ouvBeon tn¢ mpwtng aluoidag cDNA €ywve pe xprion tou PrimeScript 1st strand cDNA
Synthesis Kit tng etatpeiag Takara cupdpwva pe Tng odnyleg tTne eTapeiag.

2.3: 2xeTikr) moootikn PCR mpaypatikou xpovou (RT-gPCR)

H pétpnon twv emumedwv ékdpaonc twv yovidiwv JIPI-21, WIPI-II, Pl-lic, PPO-D, PPO-F,
LOXD, PR-1A, PR-P6, GGPS1, GLU-A, GLU-B, CHI3 kot CHI9 éywe pe tn pébodo tng
nuutoootTikn¢ PCR mpaypatikou xpovou (RT-gPCR).

H real-time PCR r} PCR mpaypatikoV Xpovou eivatl pia moootikn avtidpaon PCR katd thv
omola n evioxuon tou DNA otoxou Kal n aviXVEUGHN TOU TPOIOVTOC YivovTal Tautoxpova
oto 6lo owAnvdplo, S10TL To MPoidv mou mapayetal cuvdéetal pe t dBopilovoa
XpwoTikr SYBR Green Tou aviyVEVUETAL OO TO OTTIKO CUCTNO TOU €L6LKOU KUKAOTIOLNTA
TIoU Xpnotuoroleitat otn real-time PCR. Me to dpyavo auto kataypddetal n KLvNTIkA TNG
evioxuong tou DNA armo tnv €vtacn Tou ofpatog tou ¢OopLooU o avtavakAd To Toco
Tou ouvtiBgpevou véou DNA. Etol pmopel va petpnBet emakplBwe to mooo tou DNA. O
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TPOSLOPLOUOG TNG MOCOTNTAG TWV TIOPAYOUEVWY TIPOIOVTWY UIMOPEL va yivel gite pe
OXETIKN TIOOOTLKOTIOINON METPWVTIAG TAPAAANAQ KAl TN CUYKEVTPWON €VOG Yyovidiou
avadopac eite andAuta e Tn Xprion MPOTUNNG KAUTUANC.

ZTnv gpyacio auth n ékdppaocn Twv yovidiwv PETPAONKE pe oXETIKA TtoooTtikomnoinon (RT-
gPCR) petpwvtag ta avtiypada cDNA tou yovidiou oto oAtkd cDNA mou amopovwOnke
XPNoLomoLovtag we yovidlo avadopag to yovidio tng Ubiquitin tTng topdtag. Mpv tv
TteAkn avtidpaon qPCR €ywve éAeyxog tng motdtntag twv cDNA péow real time PCR pe tnv
evioxuon povo tou cDNA tng Ubiquitin. O KAAOUATIKOG aplOuoC Twv KUKAwV PCR Ttou
OTOLTOUVTOL YLa VA TIOPAYOUV OPKETO onpa ¢pBopilovoag xpwoTikn g mou Ba ¢pBaocel ot
aUTO To KatwdAL xapaktnpiletal wg katwdAL kukAou (cycle threshold, Ct) Ztoxog autig
™G mpwing avtibpaong gPCR elval €ktOG amo tov EAeyxo TNG moldTNTAG €ival Kol n
enefepyaocia Twv delypudtwy wote va €xouv OAa tov dlo mepimou apBuod Ct (~24). Ta
avtidpaotnpla mou xpnotuomnotdnkav neptéxovrav oto kit KAPA SYBR® FAST Master Mix
2X gPCR 1n¢ statpiag KAPABIOSYSTEMS. e kaBe avtibpaon mpootebnkav 1uL cDNA
UNTPAC KAl O TEAIKOC Oyko¢ tng avtibpaong nAtav 10pL. Ol OCUYKEVIPWOELC TWV
aVTIOpWVTWV MPOOTEDBNKAV Pe BAoN TIC 0dNYLEC TOU KOTOOKEUAOTH. To BEPUOKPACLOKO
npoypapupa mou €Aafe xwpa n avtibpaon oxedldotnke pe Baon TG odnyleg Ttou
Kotaokevaotr, Bétwvta¢ w¢ Tm toug 58°C kat emavaAndn twv Bnudtwv TNg
anodidtaénc (95°C yia 15”), uBptSiopol twv ekkvntwy (58°C yla 20”’) Kot ETUUAKUVONC
(72°C yia 11”) yia 40 kUKAOUC.

2.4: Enineba ékdbpaong yovidiwv

MNna va unoAoylotel n petafoln twv emumedbwv ekppaong twv yovidiwv oe eminedo
petaypadng, umoloylotnke n oxetikn €kppaon kAaBes yovidiou otoxou oe kabe Seiyua
OTIWG EPLEYPADNKE TTAPATIAVW KAl 0 AOYOC TNG OXETIKNC EKPPAONG KAVOVLKOTIOONKE W¢
TPOG TNV £KPpacn Tou ota delypata control. Atadopég otnv ekdpacn yovidiwv petal
TWV TEOOAPWV XELPLOPWV avaAlBnkav pe avaAuon Stacmopadg dvo kateuBuvoewv (Two-
way ANOVA) ntou akoAouBnBnke amno tig Sokipég Tukey’s HSD post hoc tests (P < 0.05).
Ta dedopéva SoKLLACTNKAV YLA KAVOVLKOTNTA Xpholponowwvtag t dokiur Shapiro-Wilk
(SPSS, 2011).

O aAAnAouyieg Twv ekKvnTwy Tou Xpnottomnotidnkav otnv RT-PCR gudavifovtal otnv
TIAPAKATW £KOVA 9.
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2.5: Artopovwon DNA amo ti¢ pileg Twv dutwy wote va eAeyxOel 0 AmoKLOUOC TOU
poknta FsK

H amopdvwon tou oAtkou yevoukol DNA €ywve pe t xprion tou “NucleoSpinR Plant Il
genomic DNA extraction” kit tng etatpeiag MACHEREY-NAGEL GmbH & Co. KG cUupdwva
LE TIG 06NYLEC TOU KATAOKEVOOTH.

Ta ¢utd topdrtag poAuvOnkav amo tov evooduTIkO HukNnTa Fusarium solani otéAexog K
(FsK), o omolog avamntuooestal oe Bpemntikd PDB (potato dextrose broth) otoug 26°C kat
160rpm.

O QmMOKIOPOG TWV PLIKWV LoTWV TwV PuTtwv TtocoTikomoliOnke e t Bonbeila tng gPCR
XPNOLLOTIOLWVTOG JEVYN EKKLVNTWV Yl €va TUApa 170bp tou Nectria haematococca to
OTIOl0 TUNMA QVTLOTOLXEL OTOV MapAyovTa TUNKUVONG TG petadpaong (TEF-1a) (n
oAAnAouxio TwV EKKWVNTWV UTIAPXEL OTnV €kova 1). AnuioupynBnke pla e€wteplkn
TPOTUTIN KAUTUAN yla va TpooSLopLOTEL TTOOOTIKA 0 aplBuoc avilypddwv Tou yovidiou
Tef-1a oTo OALKO DNA TIou g€ayetal ano
ToV PL{LIKO LoTO TwV GUTWV ToU €ival poAuopéva Ue tov FsK.
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3:ATTOTEAEZMATA

3.1: Noootikomoinon tou DNA twv delypdtwy pilac topdtac

Mpaypatomnolndnke moootikonoinon Twv detypdatwyv DNA pe tn BorBeta tou Qubit yla va
YIVEL HETEMELTA N KAVOVIKOTIOINON TOU amowklopoU tng pilag and tov puknta. Auto Siott
emBupolpe va eléyoupe Ta emimeda TOU QMOWKIOHOU WC TPOG TO OUVOAIKO
yoviSltwpatikd DNA rmou amopovwoape and Tov puiko LoTo.

3.2: ATOLKLOOC TOU PL{LKOU CUOTAUATOC o Tov puknta FsK

Apxlkd peAeTONKe n emibpoon TOU TETPAVUXOU OTOV QTOWKIONO TOU GUTOU amod Tov
poknta FsK. H enidpaon autrh peAetnOnke pe tn Bonbela piag mpotumnng kaumuAng TEF
Kall n Toootikomoinon npaypatononke pe qPCR pe ekkvnteg ELOIKOUG yLa TO yovidlo
Tef-1a. OL THEG KavovikoTolOnkav wg pog to oAkd DNA. Ztnv mapoakdtw ekéva 10
BAEmou e €va Siaypappa box plot.
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o
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Ewova 10: H enidpaon tng poAuvong anod akdpea o€ GuUTA TOUATOG GTOV QNOLKIOHO
tou puknta (FsK) oto p{iké cbotnua. H moooTikomoinon Tou amoLklopoU Tou HUKNTA
OTOUG PLILKOUG LOTOUC €yLve e qPCR XpNOLUOTOLWVTOC ELSLKOUC EKKLVNTES yLa TO Yovidlo
Fusarium Tef-1a (a€ovag X). Ot TLLEG KAVOVLKOTIOLOUVTAL WG TPOG Ta NE Tou oAkol DNA.
Ta debopéva elval o HEGOg 0pog amod 2 TEXVIKEG emavaAfPeLg TTou N KAOe pia amoteAeital
amo 7 Blodoyikeg emavaAnPelg. 2 kABe koutl N pecaia SlaxwpLloTKY opllovVTLa YPAUUN
Oeiyvel tn Slapeoo, to «X» Selyvel To p€co Selypa, TO MAVW KAl KATW AKPO TOU KOUTLoU
O&l)VEL TO MPWTO KL TPITO TETAPTNUOPLO AVTIOTOLYO EVW TO AVWTEPO KAl TO KATWTIEPO
onpeio beiyvouv tn B£on TNG UEYLOTNG KoL TNG €AAXLOTNG TLUAC avtiotolya. OL pileg
OUAAEXBNKav armo ¢uTA TTou XpnoLUoToLBnKayv yla tnv availuon yoviSlakng ékdppaonc.
Aev mopatnERBNKAV OTOTIOTIKA ONUAVTIKEG SLadOpPEG OTOV AMOLKLOMO Tou FsK petalu
Twv ¢utwv mou eixav poAuvBel pe akdpea (+ F / + T) kat autwv mou v poAuvenkav pe
okapea (+ F/-T) petd and Sokuwur Student’s t-test.
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3.3: Enineda ékdppaong Stadpopwy yovidiwy

o TNV eKTiHNON TNG EMSPACNG TOU ATMOLKLOUOU TOU HUKNTA 0TNV €Kdpaon Twv yovidiwv
TIOU QVTATIOKpilvovTal otnv €L0BOAN amd aKAPEQ, XPNOLUOTOLCAUE KOAA £6patlwUEVA
yovidia Seikteg TNG Apuvag, Ta omola eival yvwoto OTL EVEPYOTIOLOUV Ta ONUATOSOTIKA
LLOVOTTATIO. TOU YLaoHoVIKoU (JA) kal Tou oaAlkiAltkoU of€og (SA). EmumpooBeta, otn
HeAETN autn meplAndOnkav Kat ta yovidia GLU-A, GLU-B, CHI3 kat CHI9, ou TuTiikd
€MAYOVTOL Ao HUKNTEC 1 AAAa putodaya {wa. AlamiotwOnke OTL Ta emineda ékdppaong
Twv yovidiwv JIP-21, WIPI-II, Pl-lic kot LOXD, emdyovtal amo Tov TETPAVUX0. ATO TNV AAAN
Ta yovidia omwg to PR-1A, PR-P6, PPO-D / F kot GGPS1 8ev ¢pAvnke va evepyomolouvtal
QUEDA N EUUECA OTIO TOV TETPAVUXO.

IZta ¢uTA viopdtag mou €xouv TPooPAnBel amd akdpea Kol amolklotel and tov FsK
napatnpndnke onuavtiki avénon g ékdpaong twv yovidiwv WIPI-II kat PPO-D oe
oUYKPLON ME TO UN-OTOKIOMEVA OAAG TpooBePAnpEVa ammd Tov TETPAVUXO GuTdA. Aev
unnpée kauia entidpaocn otnv Ekppacn AAAwV yovidiwv mou oxeTilovtal e aKAPEQ, OTIWG
to JIP-21, PPO-F, LOXD, PR-1A, PR-P6 kat GGPS1.

TéAog, ota PuTA MOV €X0UV ATOLKLOTEL amd tov puknTa Kot pooBAnOet and to akdpeo
napatnpenOnke onuavtikr aAlayn ota entineda Ekppaong Twv yovidiwv GLU-A, GLU-B kat
CHI9 og olykplon pe ta puta mou Sev mpoaBAnOnkav amod tetpavuyo (Ewova 11).
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Ewkova 11: O embpdosig ota enineda €kdppong yovidiwv Selktwv apuvag os Gutd TOpATAG TTOU
arnotkifovtal anod tov evodutiké puKnta F. Solani otéhexog K (+ F) kaw / 1) €xouv tpooBAnOei e to
akapeo (T. urticae, + T) o cUykplon e Ta Gutd LApTupeG (-F / -T). OL tiuég eival oL péoeg Tiuég £ SE
Twv 8U0 TeEXVIKWYV emavaAnPewv mou anoteAeital amd €L BloAoykég emavaAnPelg evog aveaptntou
TMELPAOTOG. Ta enineda €kbpaong yla OAa Ta yovidla-oTOXoUC KAVOVIKOTIOLNBNKAV LIE TOV YEWUETPLKO
LEoo €kdpaong Tou yovidiou tng Ubiquitin kat tng Aktin og kaBe deiypa wg avadopd. Aladopeg otnv
ékdpaon yoviblwv petafl Twv TECOAPWY XELPLOMWV ovalubnkav pe avaluon &lacmopdg Suo
kateuBuvoewv (Two-way ANOVA) (a = 0.05) kal ot TLpéG P-value epdavilovral yia kaBe yovidlo o€ kabe
opada e TMEG Yl TNV TIEPIMTWON 1N ONUAVTIKWY AAANAETSpAcewWV Pe + 1> 0,05 KOl YL OTATLOTIKA
onUavtikeg alMnAerubpdaoelg P <0,05. Ot Tipég P <0,05 GNUELWVOVTAL LE EVTOVOUC XOPOKTHPEG. Prx1
T Bavotntag aAAnAenidpaong FsK pe T, Pr: T mubavotntag emidpaong Tou TETPAVUXOU Kal P :
TLA mBavoTtnTag eNidpacng Tou HUKNTA. ZTNV MEPIMTWON OTATLOTIKA ONUAVTIKAC aAAnAentidpaong (Pk
«1<0,05) akoAouBnOnkav avaluocelg pe TG dokipég Tukey’'s HSD post hoc tests (P < 0.05). Ta JIP-21,
WIPI-II, Pl-llc, PPO-D /F kaL LOXD eival yovidia dgikteg tou povomatiol tou ylaopovikol (JA). Ta PR-1A
Kal PR-P6 eival yovibia Seiktec Tou povomatiol tou oaAtkidikol of€oc (SA). Ta GLU-A /B kal CHI3 /9
gival yovidla deikteg Tou poknta. H GGPS1 €xel avadepbel OTL avtamokpiveTal otnv MPooBoAn ano
OKAPEQ OTN VTOUATA.
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Ewkova 12: Heatmap twv dtadopika ekppacpévwy yovidiwv apuvag twv putwv os putd
TopatTag mov anotkifovtal and to otéAexog K (+ F) tou svéodutikol puknta kat / H
npooBaAlovtal and tov terpdvuyo (+ T) o clykplon ME Ta pun sneepyacpéva putda
paptupeg (-F / -T). To pol Seixvel TV BeTIKA auénuévn puBULON TwV ETTESWY YOVISLOKAG
£€KPpoonG KAl LLa Loxupn pUBULON TTPOC TA TTAVW UTTOSELKVUETAL E GKOUPO KOKKLVO XPWLAL.
To avolyto ykpl Selyvel TNV apvntikn pelwaon TG pUBULONG KAL TO OKOUPO YKPL SELXVEL pLa
oxupn Helwon NG pLBULONG Twv eMESWV  Eékdpaong yovidiwv. Me Aeuko
umodelkvlovtal ta ¢utd paptupsc. H opadomoinon twv Seypdtwv/yovidiwv eival
LEPAPXLKN Kal Baciletal otnv avaluon Katd cuotdadwy pe Bdaon tnv EukAeidela anootaon
Twv yovidiwv otnv avaiuvon diacmopdc (ANOVA) (Tukey’s post hoc tests, P < 0.05). Ot TLUEG
glval n péon TR TN aAlayng oe cUYKPLON LE TN OXETIKN €KPpacn Tou yovidiou ota putd
eléyxou (-F / -T) 800 texvikwv emavolfPewv ya kaBe piot amod tig €€t BLOAOYLKEG
enavaAnPelg. Ta enineda eékdppaong yla OAa to Yovidla-otdxoug KavoviKomoLnonkav wg
TPOG TN YEWUETPLKN HEON TLUN TwV EMUTESWY £KPpaong ouPLKLTIVAG KAl OKTIVNG o€ KABE
Selypa wg avadopa.
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4:2YZHTH2H

Itnv mapovoa UEAETN OKOMOC NTAV va UEAETAOOUUE TNV enidpoon tou evdodutikol
poknta Fusarium solani otélexoc K umo ouvOrkec mpooPBoArng ¢puTwV TOUATOC OO TOV
TETPAVUXO0. MEXpL OTLYUNG, N XPNon tTwv wPEALWY HikpoBiwv edddoug evaviia ota
aKAapea €xeL xpnotponolnBel omavia. And 6oa yvwpiloupe LEXPLTWPA OL LUKKOPLZEG elval
N KOpLa opada pikpoBiwv Tou edddoug mou E€xouv HeAETNBEL TEPLOCOTEPO YLA AUTOV TOV
OKOTIO. 2€ avtiBeon PE aUTO TOU €lval YEVIKA YVWOTO YLa TG QAPVNTIKEG ETIUTTWOELG
oA wv AMF yLa yevikoUc Kot pecodulAikoug exBpou¢ (Hartley kat Gange, 2009. Pineda
et al., 2010; Shikano et al.,, 2017), o TETPAVUXOC, O OTMOLOC E€ilval YEVIKOC Bnpeutng
TIAPEYXUMOTIKWY KUTTAPWY, €XEL SelXOel MponyouUEVWE OTL emnpealeTal BTIKA oo TV
oupBilwon tTwv putwv ue AMF. Map oAa autd n cupBiwon Twv pikpoBiwv Tou edddoug
HE dUTA OMWG N ToMATA Kal oL AAANAETILOPACELS TOUG HE OKAPEQ TIOPAUEVOUV OKOUOL
avegepelivnTa.

H peAétn pog eival n mpwtn avagdopd evog wWhEALHoU evdoduTIKOU HUKNTA TIOU
EMNPEALEL OPVNTIKA TNV artodoon Tou TETpAvUXou o€ duTA Topdtag. O pokntag FsK €xel
bexBel OTL emdAyeL TNV evepyomoinon TwV HNXAVIOUWY GHUVOG TNG TOUATAG €VAVTL TOU
¢utomaboyovou puknta Tou GUAAWHATOG Septoria lycopersici KoL TPOOTATEVEL €MiONG
TOTUKA TO HUTO £vVaVTLTNG TPOoBoANG amo to pulopuknta cnYng Fusarium oxysporym f.sp.
radicis-lycopersici (FORL) (Kavroulakis.et al 2007). Mapopoiwg, maBoyova €i6n Fusarium
otnv viopata (F. oxysporum f. sp. lycopersici duln 1) €xouv anodexBel 6Tl emayouv TV
oavtiotoon Twv GpUTWV EVAVTIO OTA OKAPEQ TIPOKOAWVTAC UELWUEVN WOTOKIM OF Lo
duTiKn ogpd topdtag eunpdoPAntn and Fusarium, otnv omoia ta ¢utd Atav emiong
adudatwpéva (Jongebloed et al., 1992). O akplBAG LNXOVLOMOG (-oL) Ttou o FsK epumAgkeTal
otnv SwapecolaBolpevn (Stacuotnuatikn) avtiotaon evaviia otoug naboydvoug
opyaviopoUg tou pulwpatog Sev elvat akopa yvwotog. Nap '0Aa autd, umtdpxouv ototy
ela ylwa tn ouppeToxn Tou atBulAeviou Kal tng ool GNUATOSOTNONG TOU YLOGHOVIKOU
o&€o¢ (JA) otnv avtiotaon mou nmpokaAeital anod FsK evavtia otnv npooBoAn amnd tov N.
tenuis (Garantonakis et al., 2018). Erti A€oV, Lo TTPONYOUHEVN LEAETN €8ELEE OTL N avTOo)XN)
NG Topatog os éva naboyovo tne pilag and to FsK eudaviotnke povo mapouoio tou
govomatiol onuatodotnong albBuleviou, avefdptnta amd TNV mapoucia Tou JA
(Kavroulakis.et al 2007). Ze aut) tn UEAETN, O QMOLKIOMOC TNG pilag amd tov FsK
6ev npokdleoe auénuevn mapaywyn atBuleviou otn pila KoL oTo EVAEPLA PEPN, EVW N
omoKpLon UE TN HECOAAPNON TOU oNUATOSO0TIKOU HoVOTaTIoU TOU CaAKIALKOU 0€€0¢ (SA)
otlG pilec (aAA@ OxL ota PpUANA) kataotéAAetal. Auta to Sedopéva, av Kal sival
TIEPLOPLOUEVQ, TIPOTEIVOUV TN CUHUETOXI) KOL TWV TPLWV CNUOTOSOTIKWY HLOVOTTATLWY Val
pHecoAafoulv OTIC AMAVTOELS TWV GUTWV OTA OKAPEQ, E TNV MEPIMTWON AVTIOTAONC TOU
FsK va €xel avadepBel péxpl oty . Nap '0Aa avtd, amatteital pia S1e§odikn LEAETN TNG
CUOOWPELONG TNG GUTOOPUOVNG OTA EVOEPLA LEPN TWV PUTWV TTOU £XOUV QTIOLKLOTEL Ao
tov FsK, ywa va SteukplvnoBouv oL pnxoviopol mou eUAEKOVTAL 0T SLOCUCTNUATLKA,
eMaywpevn arnod tov FsK amokplon kat avioxn Tou Gutol KATA TOU TETPAVUXOU.
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Ta akdpea ival yvwoto OTL eival evaiocBnta Kupiwg oto JA kal o€ HkpOTEPO Pabuod oto
SA povornadtt tou dtapecoAafouv Tnv enaywyn apuvag tou putou (Li et al., 2002; Kant et
al.,, 2008; Alba et al., 2015; Ataide et al., 2016; Villarroel et al., 2016). J0udwva pe Ta
yovidia deikteg Twv JA kot SA povomatiwy, otnV napoloa UEAETN KoL Ta SUO HOVOTATLA
EMAYOVTOL HE TNV Topoucia FsK oe poAUCUEVO pE TOV TeETpavuxo ¢putd. Emopévwe,
UMOPOULE VA UTIOOEC0OUUE OTL Ta ONUOTOSOTIKA Hovomatia Tou JA kat SA mpokaAouv
OMOTEAECHATIK) AMUVO O amolkliopéva pe FsK ¢utd €vavit twv akdpswv. H
evepyoroinon JA givat kowr Kot og AAEG CUUPBLWTIKEG OXEOELS OTWG ME plant growth
promoting rhizobacteria (PGPR) kot AMF. Z& QUTEG TLG TEPLUTTWOELS, TA CUMUPBLWTIKA duTd
avamtuooouv Apuva Tou oxeTiletal pe To JA, n omola €XeL WG QMOTEAECUA TNV
aVOEKTIKOTNTA TWV GUTWV Ao TNV KATACTPOodr Toug armo putodaya Kal VeEKpOTpoda
naBoyova (Pineda et al., 2010, Zamioudis and Pieterse, 2012, Pieterse et al., 2014, Shikano
et al., 2017). Q¢ £k ToUTOU, EKTOG OO TNV EUTIAOKI ToU JA KoL Tou SA, dev £xeL akoun
TIPOOSLOPLOTEL OV O MUNXOVIOUOG ETAYWHEVNG VeEVIKNC apuvac (defense priming)
eumAEkeTal eniong otnv dltapecohaBoupevn amno tov FsK avtiotaon ota akapea.

21N vtopdrta, n onuatodotnon tou JA glval 0 onUAVIIKOTEPOG PUOULOTAG TNG GLUVAC TTOU
npokaAeital and akdapea (Kant et al.,, 2015, Martel et al.,, 2015). Mapouola pe
TipONYoUpEeVEG avadopeg, Kataypdpaue emiong oe auth tn MeEAETN TNV OeTik puBULON
™G ékdpaong Twv yovidiwv JIP-21, WIPI-II , LOXD kaui Pl-lic oe amokplon TnG mpooBoAng
HE OKAPEQ, TIOU Elval yVvwoTO OTL amoteAolV yovidia deikteg Tng onpatodotnong tou JA
otnv topata (Kant et al.,, 2004; Alba et al.,, 2015; Martel et al.,, 2015). Oa mpénet va
ONUEWWOEL, wOoTOCO, OTL To 0TEAEXOG akapewv KOP mou xpnotpomnolndnke otnv napovoa
HEAETN elval £€va OTEAEXOC TIPOCOPHUOCHEVO OTNV TOHATO TIoU €xeL amodelyOel
TIPONYOUHEVWC OTL elval avOekTIKO otnv amokplon péow JA otnv topata (Ament et al.,
2004, Kant et al., 2008). Anto tnv GAAn mAeupd, GAAa yovidia onwg PR-1A, PR-P6, PPO-D /
F koL GGPS1 mou €xouv ponyoupévwg SetyBet otL puBuilovtal Betikd and aAAa oTeAEXN
okdapewv [KMB f T. urticae Santpoort-2 in Kant et al. (2008) and Alba et al. (2015),
avtiotoya] dev amodeixBnkav OtL emnpealovral otabepd otn HEAETN poc. Auto Ba
urmopouoe va anodobel otic SladopEG OTOV MEPAUATIKO HaC OXeSLAOUO O OXEON ME
TIPONYOUUEVEC UEALTEC (TT.X., SladOpETIKA TOLKIALX VTOUATOG Kal akapea). ATto Thv aAAn
mAeupd, ta PPO yoviSla KwSLKOMOloUV TPWTEIVEC OL OTOLEG KAVOVIKA HUELWVOUV TN
SlaBeopotnta apvofEwv amnod tov GuTLKO LoTO e Tov omoio Ba tpadel To akdpeo. Qg ek
TOUTOU, QUTEG OL EVWOELG TILOTEVETAL OTL £XOUV ULKPN R kKaBOoAou enidpaon ota akapea,
omwg o tetpavuyog (Erban and Hubert, 2010, Carrillo et al., 2011, Martel et al., 2015).
Auto umopet va g€nynoel ylati n mpooBoAn amod teTpdvuxo Sev Umopel va TPOKAAECEL
otaBepn emaywyn aUTwyv Twv Yovidiwv. O amoklopog TG Topatag and 1o evdéoduto
obnynos oe dladopikn €kdppacn Twv OXETWOUEVWV HPE TNV apuva yovidiwv. Onwg
ovapéveTal, Ta yovidia GLU-A kot CHI9, Ta omoio TUTILKA ETIAYOVTOL EVAVTL WPEALUWY KoL
naBboyovwy HUKATWY N GA\wv putodaywv [m.x., Aeukéc puyeg, Puthoff et al. (2010)]
davnke va pubpuilovtal Betikd og dutd amnolkiopéva pe tov FsK. Emiong, kataypddnke
Betikn) puBULON KaL yla ta yovidia Pl-llc kot PR-1A, evw n PPO-F puBuiotnke apvnTikad o€
¢dutd amoikopeva pe Tov FsK oe olykplon Pe ta Un amolkiopéva putd. Napouaoia tou
akdapeou, o FsK Statnpel tnv tkavotnta va emdyeL autd ta yovidla o€ oUykplon pe ta dputd
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mou 8ev €xouv amoiklotel. EmutAéov, o amolkiopog tou FsK obrynoe o€ onpavtiki
nepaltépw avénon twv emumedwv petaypadng tou WIPI-Il. To yovidlo GGPS1 mou
Kwdkomolel To BloouvBeTikd éviupo tng cuvbaong tou Sipwodoplkol yepavuliou-
yepavuAiou gival yvwoto OtL enayetal amno tov T. urticae (Kant et al., 2004; Ament et al.,
2006). Ytnv napolod HeAETN, dev UMOPOUCOUE VO OVLXVEUCOUUE QUTAV TNV otabepn
Btk pLBULON NG €kdpaong Tou yovidiou GGPS1 4 pépeg YETA TNV evanoBeon Tou
akdpeou. To 1610 avadépOnke amod toug Martel et al. (2015) yia putd mou €xouv poAuvBOel
HE akdApea pHovo yla 1 nuepa. Eival mbavo va xpeldletal pa xpovikn kabuotépnon yla
TNV EMAyWYN MLOG EUUEONG AMUVOG WG AMAvTnon otn oltion Twv akdpewv o€ dutd
VTOMATOG KOL 0LUTO UMOPEL va €Ny OEL TNV ACUVETELA oTa eTtiMeS A yovidLaknig ékdpaong
Tou yovidiou GGPSI.

ZuAhoyika, ta dedopéva pag umootnpilouv tnv uloBecon OTLTO 0 EVEOPUTIKOG LUKNTAG F.
solani otéhexo¢ K petofalAel TIC QTMOKPIOELC TOMATAC O ouUVONKeg MPOCGPOANG amo
OKAPEQ KOl CUYKEKPLUEVO QTTO TETPAVUXO, TIPOG 0deAOC Tou PuToU. TEAOG, MPETEL va
ONUEWWOEL OTL TA TTEPANATA Hag Eylvav HE GUTA TTou avartuxOnkav o€ piypa GppUou HE
BeputkoUALTn. Q¢ ek TOUTOU, HEPLKEC IO TG SLadopEC TTou TtapatnenOnkav PeTal TG
Tmapoloag UEAETNG KOL TWV TIPONYOUUEVWY Epyaclwv Umopel va oxetilovtal pe tnv
arnoucia AAMwv pkpoBiwv tou €bdddoug otn peAETn pag kabwg, oe SladopeTikd
nieptBarovta (dnA. otav ta $utd avamtuccovtal oto €dadog) Oa umopovoav va
oAAnAemdpdoouy e to ev8OdUTO 1) /KaL va EMNPEACEL TN yovidLakr ékdpaon.
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