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NEPIAHWH

Ta wuxaven €ival GuUTA MoU AavnNKOUV OTNV OIKOYEVEId TWV XedpWNwV N
aMiwG Kuapoesidwv. H nAgiovoTnTa TwV Wuxavlwv Prnopouv va SeopsUouv
TO A{WTO TOU QEPA PECW TWV (PUUATIWV OTIC PICEC, IKAVOTNTA OTNnV ornoia
o@eilouv TNV €EENIKTIKN, OIKOAOYIKN Kal OIKOVOMIKN Toug emTuyia. Ta
puxavln Medicago truncatula Kai Lotus japonicus €XOUV KaBIEPWOEI WG
KaTaMnAa povTEAG vyia Tn MPeEAETN TNG Piohoyiac Twv wuxavlwv. Ta
TPITEPMNEVOEION) AVINKOUV OTOUG DEUTEPOYEVEIC METABOAITEC Kal anoTe\oUV Hid
MEYAAN kal mnolkiAn TA&n opyavikwv €eVWOEWV Mou napayovrar and Tad
yuxaver. O oxnUaTiopoG Tou OKEAETIKNG OOMNC AUTWV TWV CUOTATIKWV
kaTaAUeTal and TIG 0&eIdoavaywylkeG KUKAAoeG (OSCs) MEOW TNG
Kukhonoinong Tou 2,3-o&eidookoualeviou. H ouvBaon Tng B-apupivng
anoTeAei éva and Ta Mo onuavTika evluga oTn nopeia napaywyng Twv
TPITEPNEVOEIDWV Kal KwOIKOMoIEiTal anod To yovidio BASI oTo M. truncatula

Kal To yovidlo AMYZ2 ato L. japonicus.

2TOX0G TNG Napouoac €pyaciac NTav n HeAETN TNG €nidpaonc eEwyevwg
NAPEXOHEVWV OPHOVWV OTNV EKPPACN TwWV YovIdiwv Nou eunAEKovTal OTn
BlooUvBeon TpITEPneEVoEIdWY OTA QUTA Medicago truncatula «ai Lotus
Japonicus. Tia To okond auto xpnoidonoinénkav ol oppovec Mela, BA kal
2,4-D 0TO UNOOTPpWHA avanTuéng Twv QUTWV. 2Tn  OUVEXEIQ,
npaypartonoinénke anopovwaon RNA, kataokeuny cDNA kal Real Time-PCR pe
Xpron €EEIBIKEUPEVWV EKKIVITWV MPOKEILMEVOU va HEAETNOEI N €kPpaacn Tou
yovidiou BASI oto M. truncatula xai Tou yovidiou AMY2 oTo L. japonicus

nou KwdIKOMoIoUV Tn ouveacon Tng B-apupivng.

Ta anoteAéopaTta pag €6eiEav oI To MeJA endyel TNV €KPPAcn Tou yovidiou
bAS1 oTo M. truncatula kar T000 To MeJA 000 kal To BA kai To 2,4-D
€NAayouv Tnv ekppaocn Tou AMY2 oto L. japonicus. Enopévwg, @aiveral OTi
N BlooUvOean Twv TPITEPNEVOEIDWV OTO M. truncatula enayetal and To MeJA

Kal aTo L. japonicus aro 1o BA, To 2,4-D kai To MeJA.
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ABSTRACT

Legumes are plants belonging to the family of Fabaceae or otherwise
Leguminosae. Most legumes can fix the nitrogen from the air through the
root nodules, capability on which they own their evolutionary, ecological and
economic success. M. truncatula and L. japonicus are long-established
models for the study of legume biology. Triterpenoids belong to the
secondary metabolites and constitute a large and varied class of organic
compounds produced by legumes. The formation of the skeletal structure of
these components is constructed by oxidosqualene cyclases (OSCs) via
cyclization of 2,3-oxidosqualene. One of the most important enzymes in the
pathway of terpenoids production is B-amyrin synthase, which is encoded by

the gene BASL1 in M. truncatula and AMY2 in L. japonicus.

The aim of this work was to study the effect of exogenously supplied
hormones in the expression of genes involved in the biosynthesis of
terpenoids in plants M. truncatula and L. japonicus. For this purpose,
hormones MeJa, BA and 2,4-D were used in plant growth substrate. Then,
we performed isolation of RNA, construction of cDNA and Real Time-PCR
using specific primers in order to study gene expression of BAS1 in M.

truncatula and AMY2 in L. japonicus.

Our findings showed that MeJA induces the expression of the M. truncatula
bAS1 gene and MeJA, BA and 2,4-D induce the expression of the L.
truncatula AMY2 gene. Thus, MeJA is involved in the triterpene biosynthesis
on M. truncatula and MeJA, BA and 2,4-D are involved in the triterpene

biosythesis on L. japonicus.
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A. EIZAIrQrH

A.1 Wuxaven

Ta wuxaven (< apx. wuxn = neralouda + avboc) €ival UMOOIKOYEVEIQ
(PUTWV Kal To OVOPd TOUG MPOEPXETal and Tnv anddocn Tou AdTIVIKOU
Papilionoideae. KaBopilovTal cuviBw¢ anod Tnv Tunikn Oour Tou davBoug kal
TNV 1KavotnTa noAMwv €& autwv va oxnuati(ouv @QUUATIa napouaia
OUMBIWTIKWV Baktnpiwv, Twv enovopalopevav piloBinv. Mepidappavouv
neplioooTepa ano 18.000 €idn Ta onoia ouvelopEpouv oTn dIATAPNON TNG
BIwOINOTNTAC TNG Yewpyiag, kal anoTteAoUV ONuavTtiki nnyn TPOPNG Kai
Biokauoipgwv (1). To peyaAuTepo nocooTd (88%) Twv Wuxavbwv €xel TNV
IKavoTnNTa va deopevel To AlwTo TOU AEPa HECW TWV PUUATIWV OTIC PIlEC.
MaAioTa auTn €ival n onuavTikoTepn 1010TNTA OTNV onoia o@eiAouv TNV

€EENIKTIKI), OIKOAOYIKN KAl OIKOVOUIKNA TOUG emTuXia (2).

Ta wuxaven kaTtexouv Tn deuTepn BEon and nAsupac onoudalidTnTag OTo
BaciAelo Twv GUTWV Kal TNV TPITN B€0N OTa QUTA EVTATIKAG KAAAIEPYEIAG.
KaAM\igpyoUvTal yia Tnv napaywyn Kapnwv nou XpnoiJonoliouvtal oTn
dlaTpo®n Tou avBpwnou kal Twv {wwv, aAd Kal w¢ uTa XAwpag Ainavong.
AOyw TNG IkavoTnTag d€oPeUONG Tou alwTou TNG AdTHOoKAIpac, Ta Yuxaven
OxI MOVO KaAUNTOUV TIC avaykeg Toug o€ alwTto, aAAG napéExouv TN
duvaToTnTa olkovopiag o€ alwTouxa Ainaopata kabwg eunAouTi(louv TO
£dagog pe alwTo, TO onoio xpnoidonolei N kKaANIEpyela nou Ba akoAouBnoel.
'HOn and Ta apyaia Xpovia kaAAiepyouvtav wuxavlry O ouoTHUATA
aueIYIonopag kATl To onoio €ival anodoTikd TOOO and OIKOVOMIKNAG 000 Kal
anod OIKOAOYIKNG NAEUPAG. ZTa wuxaven cupnepiAapBavovTal euTa onwg n
pakn, To YrmdleAl, To AaboUpl, Ta KOUKIA, N ooyia Kal To TPIPUAAL. H €Tnoia
napaywyn Twv Yuxavbwv nou kaAepyouvTal unoloyiletar oe 40-60

gkaToupUpla Tovol alwTou (3). And dIaTPOPIKAG anOYEWC Ol ONoOpol TWV
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yuxavolwv eival n\oualol o€ NPWTEIVEC. H NEPIEKTIKOTNTA TOUC OE MPWTEIVN
g€apTaTal anod To €i00G Tou Wuxavlouc, anod TIC OUVONKEC KAANIEPYEIAC Kal
iOlaitepa and TNV noootnta alwtou nou eival  diaBEoIUn  nNpoc
xpnoigonoinon anod To guTo. Eniong, ol onopol £xouv UWnAr NEPIEKTIKOTNTA
oc €\ala kai €ivar nhololia nnynl udatavbpdkwv, oOI1dnpou, aoBeaTiou,
Pwo@oOpou Kal BIirapivov (Bsiapivng, viaoivng). EMNAEoV, NEPIEXOUV HIKPEC
noooTNTES pIBoPAaBivnG, kapoTiviwv, Aucivng kai ackopBikou OEEoG (4).
TeNog, €xouv Tn duvaToTNTa va napdayouv £va €upU (pAoPA OEUTEPOYEVWV

METABOAIT@V Ta onoia XpnoigonoloUvTal WG ouaTaTika Gapuakwv (5).

Asdopévou TnG onoudaldTNTAc Touc, €ival ENITAKTIKA avaykn n onuioupyia
aVOEKTIKWV QUTWV O BIOTIKEG Kal APIOTIKEC KATAMOVAOEIC ONwC &ival n
ahatdTnTa, N 0EUTNTA Tou £dAPouC kal Ta {ilavia (6). Eniong, civai 1diaiTepa
onMavTiko va katavondei oe Ao n Bioloyia Twv Yuxavlwv £TCI WOTE va
EKMETAMEUTOUV OTO €NAKPO Ol dUvVATOTNTEC TOUG. Tnv TeAeuTaia dekasTia
Exouv avadelxBei dUO onuavTika HovTEAA OTn HEAETN TNG Ploloyiag Twv

yuxavelwv, To Medlicago truncatula kal To Lotus japonicus.

Ta wuxavbn M. truncatula ka1 L. japonicus QVAKOUV OTNV OIKOYEVEIAd TWV
Xedpwnwv N aliwg Kuapoeidwv (Leguminosae 1 Fabaceae) kal oTnv
UNEPOIKOYEVEIQ Trigonellinae. To M. truncatula epgaviel €TA0I0 BIOAOYIKO
KUKAO kal evTonileTal o€ OAeC TIC MNEPIOXEC yUpw and Tn Aekavn TnG
Meooyeiou. MahioTa, n EAMGda anotelei Tn deUTEPN XWPA NAYKOOHIWG 00OV
agopa Tov apiBud Twv 10wV Tou Yevoug Medicago (7). ZUYKEKPIKEVA, OTNV
EAada To €idog M. truncatula evtoniCeTal oxXedOV O€ OAEG TIG NEPIOXEC MEXP!
Ta 800m, ekTto¢ and Tnv Mivdo kair Tn Autiki Makedovia (7). To M.
truncatula €ival  €va QUTO 0 OXNMA TPIQUAAIOU pE XaunAn avantuén pe
Uwog 10-60cm pe TpinTuxa UAAG. KaBe @UANO €ival OTPOyYUAEUEVO, WE
MNKog 1-2cm kal ouxva napoucialel pia okoTeivi knAida oTo kevtpo (Eikova
1). Ta avebn Tou e€ival KiTpiva Kal o kapnog €ivalr évag akavlwdng MHIKPOC
AoBOG . To L. japonicus anoTeAeital and nepiocoTepa ano 200 €idn kai To

QuoikO Tou evdiaiTnua evrtoniCetal otnv anw AvatoAn (Kopea, Kiva,

2
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Ianwvia). To eviAiko QUTO L. japonicus €ival Bapvwdeg, anoTeAsiTal and
noAAoUC BAaoToUC e PAKOC Nou Pnopei va &nepaocel Ta 30 ekaTooTd Kal Ta

aven Tou &ival kiTpiva Onwg kai Tou M. truncatula (Eikova 2).

Eikova 1. Ta QUANa Tou M. truncatula (8).

Eikova 2. To avlog Tou L. japonicus (9).
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'HOn and Tn Oekaetia Tou ‘90 Ta wuxavln M. truncatula xai L. japonicus
avayvwpioTnkav we KaTtaAnAa pHovTEAA yia HOPIAKEG Kal YoVISIWHATIKEG avaAUOEIC.
SAMEPA TA QUTO AUTA AMOTEAOUV OTOXO MOAAWV YOVIOIWUATIKWV EPEUVQV,
MPOKEIYEVOU va kaTtavonBei n PioAoyia Twv OCUMPBIWTIKWY (PUTWV O HOPIAKO
eninedo, kabwg kal €EEAIKTIKWV EPEUVQV YIA Tn HEAETN TNG NPOCAPHOYNG O€
(aIvoTunikd kai popiakd eninedo. ZTov NapakdTw nivaka napoucialovtal Ta Bacika
XAPAaKTNPIOTIKA Twv U0 QUTWV, TA onoid Ta kaBlioToUv &va MOAUTIHO YEVETIKO

MOVTENO yIa TN HEAETN TNG CUKPBIMTIKAG OXEONG METAEU wuxavlwv kai pifoBiwv.

AINAo£13€G yovIdimpa
(2n = 16)
Mikpo yoviSiwpa
M. truncatula: nepinou 500 Mbp
L. japonicus: 472.1 Mbp
AuTtoyoviponoinon
ETriola cupnepipopa
Mikp0oG KUKAOG TwnG
2-3 PNVEG
MikpO pEyeOoG
ZNHAvTIKA Napaywyr onopwv
A1aBg01HOTNTA NOIKIAOUG PUOCIKIG NOIKIAOHOPPIag
KaAn anokpion o€ yoviSIOHATIKO HETACXNHATIOHO —

duvaTtoTnTa dnuioupyiag diayoviSiIaK®V PUTKOV

Mivakag 1. XapakTnpioTika yvwpiopata Twv M. truncatula kai L. japonicus (10,11,12).
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A.2 ZupBiwTiKN alwTOdECHEUCT

H aTpoogaipa TnG ync anoTeAei TNV KUPIAa Nnyr NPoEAEUONG TOU OPYavikou
alwTou OnMou anavtartalr otn popiakn Tou pop®pn (N.) o€ nooooTd nou
ayyilel To 78%. QoTo600 TO alwTo dev €ival ansuBeiag aPOPOIWOIUO OE AUTN
TN HOPPR And TOUG AVWTEPOUC (PUTIKOUC KAl KAT €MNEKTACN and TOug
(wikoUc opyaviopouc. H BioAoyiky O€opeuon alwTou amnoTeAEl TN
BaoikoTepn diadikacia MEOW TNC oOMoiac¢ To  ATHOOMAIpIKO  AlwTo
UETATPENETAI Of  APOUOINCIYEC HOPPEC yida Ta QuUTG kar Ta (wa.
JUYKeEKpPIYEVA, n BioAoyikny dEopeuon alwTou YiveTal Je Tn BonBeia Kupiwg
NPOKAPUWTIKWY OpPYaviopwv nou O1aBeTouv To evIUPIKO oOUCTNHA TNC
VITpOyevaonc. H  onuavtikotepn  katnyopia  alWTOOEOPEUTIKWV
MIKPOOPYAVIOUWV €ival QuTtr) nMou OnMIOUPYEi OUMBIWTIKEG OXECEIC ME
avwTEPA (PUTA. ZTOUG HIKPOOPYAVIoPOUC auToUug nepidappavovtal Baktnpia
Mou QaVvNAKOUV OTa VYeEvn Rhizobium, Shinorhizobium, Mesorhizobium,
Bradyrhizobium, Azorhizobium kadl Ta onoia ava@ePovTal OUVOAIKA G
pIloBIa. Katw and ouvenkes EAAEIYNG agopolwalpou edagikou alwTou, ol
MIkpoopyaviopoi TnG opadag Twv pIloPinv eykabidpuouv €eEEIDIKEUMEVEC
OUMBIWTIKEG OXEOEIC JE PUTA MOU AVAKOUV OTNV OIKOYEVEIQ TWV Yuxavolwv
(Fabaceae 1 Leguminosae). H kavotTnTa Tou BloAoyikoU GUOTAMATOC va
Oeopevel alwTto €€apTaTal and TNV Napoucia Tou eEEIBIKEUPEVOU eVIUMIKOU
OUMNAOKOU TNG VITPOYEVAonG. To GUPNAOKO TNG VITpoyevaong €ival aoTabeg
napoucia ofuyovou kal kataAUel Tn peratponry Tou NH, oe NHj4'.
ZnueiwveTal nwg oTn PioAoyikn alwTodECHEUTN OI HIKPOOPYAVIGHOi avTAoUv
TNV anaitoUpevn evépyeia ano Tnv o&eidwon Twv udaTavepakwy nou EXouV

ouoTabei anod TN PWTOCUVOETIKA dpacTnpIOTNTA TWV QUTWV.

H 1kavoTnTa OUPBIWTIKNG OXEONG ME Baktnipia Tng opadac Twv piloBiwv
nepIopi(eTal OTNV OIKOYEVEIDQ TWV Yuxavbwv pe PoOvn €€aipeon To YEVOC
Parasponia Twv Ulmaceae (13). 'Eva and Ta kUpia XapakTnpeIoTIKA auTng Tng
oupBiwong ival n eEeidikeuon Twv pifoBinv w¢ Npog Ta Wuxaven nou eivai

o B¢on va poAuvouv. MaMioTa, opiopeva pIfoPla €xouv TNV IKAvoTnTa va
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OUMBIMVOUV WPE €va €UpU GACHA PUTWV, EVK GAAA HE €va MIO NEPIOPICHEVO
apiOpod @utwv. H OoupBIwTIKA OxEon METAEU Tou KaTaAMnAou Celyouc
piloBiou-wuxavooUc £xel 0av AnoTEAECUA TO OXNMATIOUO €VOC VEOU (PUTIKOU
opyavou nou ovopdaleTar QUUATIO Kal QEPsTal ouviBwe otn pida,
onavidtepa O oTto BAAOTO Tou Wuxavbouc. Eav To pilopio dev eival
ouppaTo pe To PUTO, €iTe dev €ival duvaToc 0 OXNUATIOPOG TOU QUUATIOU,
E€ITE TO PuUUATIO nNou oxnuaTideTal dev gival AsIToupyiko. To PUUATIO €ival
gva QUTIKO Opyavo pe 10IQiTEpa  HOPQPOAOYIKA  Kal  (pualoAoyikd
XapakTnpPIoTIKa. EvToc Tou @upatiou, ol d1apopOornoINUEVEG HOPPEC TWV
piloBiwv nou ovopalovtal nAEov BakTtnpiocidn, Ppiokouv TO KATAAANAo
nepiBAAAoV yia va pEPOUV O NEPAC TN BIOXNUIKN HUETATPOMN) TOU HOPIaKoU
alwTou 0 appwvia. H napandvw oxeon eival apoiBaia enw@eAng kai yia
Touc OUO OUMBIWTEG, apoU To (UTO napéxel ota piloBla €va nepiBAiov
n\oUoI0 O£ NNYEC PWTOOUVOETIKOU opyavikoU avBpaka, anaiaypévo anod
TOV avTaywvioud aAAwV PIKPOOPYAVIOH®YV, EVM WE TN OEIipd Toug Ta pICopia
KaAUNTOUV TO MEYAAUTEPO HEPOGC TOU (PUTOU OE AQPOMOINOINO AlwTo.
JUYKEKPIYEVA TO M. truncatula oxnpaTi(el QUUATIA ANOKAEIOTIKA KATd TN
oupBiwon Tou pE To €idog Sinorhizobium meliloti (Eikova 3), To onoio €ival
€va ano Ta Mo kaAd xapaktnpiopeva €idn pilofiwv ot YEVETIKO €ninedo
(14).

Eikova 3. dupdTia oTig pideg Tou M. truncatula (15).
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H edpaiwon Tn¢ oupBiwong €ivar pia noAunAokn PioAoyikny diadikacia, n
onoia nepIAauBavel pia oEipd anod enigépouc oTadia, OIEPYAsiec Kal
aAMnNAemIdpAcelC WETAEU Twv  OUMBIOTWV. XuvonTika n  Oladikaocia
oXNMaTIoPoU TwV puUUATiov akoAouBei Tnv Enc nopeia (Eikdva 4) (16):

1) >xnuaTiopog puuariou: anoiKIoPog TnG pIfoogpaipac Tou Yuxavoouc anod
Ta p1loBIa kal Ensira NpoakOAANon Twv pifoBiwv aTnv enipaveia Tng piag
(101aiTEPa OTNV NEPIOXN TWV AVANTUCOOUEVWY PICKWOV TPIXISIWV).

2) Eicodoc Twv piloBiwv Kal oXNUATIOPOG Tou JoAuopaTikoU VNUATIOU: O€
Qutd TO OTAdIO €ival XAPAKTNPIOTIKA N napauoppwon (KUpTwaon,
OlaKAGdwWaoN, Katoapwpa) Twv pIJKwV TPIXIDIWV HE aANOTEAEOUA Vva
nayidevovTal Ta piICoPIa nou ival NpookoANuéEva o€ auTd.

3) Eicodoc Twv piloBiwv (MOAuvon): n €icodog Twv PICoRiwV EVTOG TOU
pIQikoU TpIXIdiou YiveTal YeTd Tnv Tomikfy UdPOAUCN TWV TOIXWHATWY TOU
(QUTOU OTNV MEPIOXN TNE KUPTWONG.

4) AvanTtuén Twv VoV NPooBoAnG.

5) Avantuén Twv Quuatiov, eAeubépwaon Twv piIoBiwv kal JOAuvon Twv

KUTTApWV TOU (PUMATIOU.

Mpénel va onueiwbei OTI To €i00C TWV PUUATIWV Mou Ba oXNUATIOTEN OTIC
pilec Tou Yuyxaveoug €Eaptatal anod To €idoc Tou QuToU. To M. truncatula
oxnuaTiel PN kabopiopéva @uUUATIa evw TO L. japonicus oXnuaricel
kabopiopeva gupatia. H diagopd oTig U0 HOPPEC TWV (PUHATIWV EYKEITAI
oTn XPOVIKA OIAPKEIa TWV KUTTAPIKWY OIAIPECEWV TOU HEPIOTWHATOC. XTA [N
kaBopiopeEva QUUATIA N HEPICTWHATIKA dpacTnpioTnTa €ival napouod
ka® 'O0An Tn didpkela TNG CwNG TWV PUKATIWV EVW OTA kaBopIopéva QuUUATIa

oTapatda Aiyo PeTa Tn pOAuvon Tng pidag pe Ta piopia.

H &vap&n Tnc oupBivong npaypaTtonoleital pe TNV avraAAayn XnHIKwv
onMATwv PeTa&lu Tou QuTOU Kal Tou pidopiou, e TN PeooAaBnaon diIapopwv
ONMATOdOTIKWV HOPIWV  ONWG aMIVOEE, opyavika O0&Ea, AEKTIVEG Kal
OEUTEPOYEVEIC HETABOAITEC. AUTA Ta 0OnNUATodoTika MoOpia Opouv  wC

enaywyeic Tou BakTnpiakoU yovidiou nodD (17), To onoio €ival unglBuvo
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yla ToV OXNHATIONO TNG NpwTEivNG NodD nou ASITOUpYE YE TN 0€Ipd TNG WG
VEVIKOC €Maywyeac TnG £KPPAonc TwV UMNOAoINWV 7od BaKTnpIaKwv
yovidiwv. JUYKEKPINEVA OTO M. truncatula €xouv PBpebei Téooepa yovidia
(DMI1, DMI2, DMI3, NSP) Ta onoia eAéyxouv TIC OI1adIKACIEG Tou
MeTaywyikoU povonaTioU Tov Nod napayovTtwv (18). O1 Nod npwTeiveg eival
¢v{upa nou kaTtaAuouv TIC avTidpacelc BloolvBeonc Twv napayovrwv Nod
(AinooAoyooayxapiteg) kar napoucialouv SIAPOPEC AvAPESA OTA €idN TwV
p1{oBiwv, TOOO WC NPOC TNV EEIDIKEUAT) TOUC, OO0 KAl WG NPOC TN OOMr TOUC
(19). TeNik@ auToi OI NAPAYOVTEC NPOKAAOUV £vav kaTtappdkTn JlEpyacionv
odNywvTac OTO OXNUATIONO €vOG  AsiroupyikoU  @upuatiou.  EninAéov,
ONUEIOVETAI NWCE £XEl BpeDei OTI AUTOI 01 NAPAYOVTEC 0dNyouV OTNV Enaywyn
NG €KPPAoNG MIAg oelipdc yovidinv (n.X. yovidla Nnou GUPHPETEXOUV OTNnV

avTidpaon Tou puToU oTa nadoyova) (20).

\
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®  Kerodpupa Eigo3og poMICLITIOU pifoPkuv
\ \ il TpiBaa piloBiwy yrgiaTiov

Baxtnpiaxa n/xa
SeuTepoyev unvipara

|
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R R,

Enaywym Zxnpemopsg
KxuTTapodiapEoewy APXEVUTPOU TOU PUATIOU :
. '
oh 2-24h 266N 348h 489N

Eikova 4. ZXnuarikn avanapactacn Twv OJIEPYAciov Nou npayudTonolouvTal Katd Ta
npwipa oTadia oxNUaTiogoU Tou QUUATIOU OUMPBIWTIKAG OXEONG METAEU piloBinv Kkal
puxavbwv (21).
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Eikova 5: Aopr nod napayovrta Tou S. meliloti (22).

A.3 AeuTepOYEeVEIG HETaBOAITEG

Ta @uta napdyouv HETABOANITEC oI onoiol Xwpilovtali o OUO KUPIEC
KATNYOPIieC, TOUC MNPWTOYEVEIC Kal TOUG OeuTEPOYeVEIC. OI MPWTOYEVEIG
MeTaBoAiTeG nepidapBavouv ouoTaTikd Ta onoia €ival anapaitnTa yia Ti¢
KUTTAPIKEG AEITOUPYIEC ONWC €ival Ta apIvo&Ea, Ta anAd odakxapda, Td
VOUKAEikG o&€a kal Ta Ainidia. O1 deuTepoyeveic PETABOAITEG npoépyovTal
ano evOIAUEDEC EVWOEIC TOU NPWTOYEVOUG HETaBoAlopoU kal napdayovral
ouVvNBWE OE EMPEPOUC I0TOUC KAl O OUYKEKPIYEVA avanTuglaka oTadia. e
avTiBeon He TOug KUPIOUG MPWTOYEVEIC WETABOAITEC MOU anavtwvTal o€
OAOKANPO TO QUTIKO Bacilelo, oI BEUTEPOYEVEIC HETABOAITEG euPavifouv
NEPIOPIOUEVN KATAVOUN OTO PUTIKO Baadilelo, kaBwg opiopévol evroniovTal
OuUXVa HOVO O€ €va QUTIKO €idog N o€ Wia opada €1dwv nou eival Ta&ovopika

OUYYEVEIG (23).

O poAog Twv OeuTepoyevav WeTaBoAiTwy dev ival NANPwS KabopIoPEVOC,
kKabwg o€ avTiBeon We Toug NpwToyeveig HETABOAITEG Oev OXETICovTal APEDa
ME BAoIkEG AsIToupyikéC d1adikaoiec onwg €ival n pwTooUvOean, n avanvon,

N METAPOPa SIGAUPEVWY OUGIWV KAl N aPpopoiwaon BPENTIKWV GUCTATIKWY.
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O1 deuTepoyeveic PETABOAITEC MapayovTal wC anokpion OTO OTPEC, Onwc
OoTNV NEPINTWON NMou dPOUV WG AMOTPENTIKOI NAPAYOVTEC Yid Td QUTOPAYd
(wa (24). Ta @uta €xouv Tn duvVaATOTNTA VA NAPACKEUAlouv MNoAAG
OIaMOPETIKA €idn OEUTEPOYEVWV METABOAITWV OI OMOIOI OTN CUVEXEID YivovTal
QVTIKEINEVO EKPETAAEUONC and Tov avlpwrno AOYw TOU EUEPYETIKOU TOUC
pOAOU Ot éva eupU @AOHPa E£QAPHOYWV (25). Zuxvad Ol OEUTEPOYEVEIC
METABOAITEC TwV PUTWV, AVaPEPOVTAl KAl WC (PUTIKA (PUOIKA NpoiovTa Adyw
TwV €MOPACEWV TOUGC OTOUC GAAouC opyaviopouc. ‘Otav avakaAu@enkav
BswpouvTav peTaBoAika anopAnTa, pExpl nou Tov 200 aiwva, NPOCEAKUCAV
TO evOIAPEPOV TWV EPEUVNTWV £EAITIAC TNC OnMoudaldTNTAC TOUG WG IATPIKA
(pappaka, dnAnTnpia, apwWHATIKEG OUCIEC Kal Blopnxavika UAIKG (26). Eva
IDICITEPO  XAPAKTNPIOTIKO TWV OEUTEPOYEVWV METABONITWV €ival oI MoAU
ONMAVTIKEG OIKOAOYIKEG AEIToupyiec mou npoodidouv oTa PpuTd. Kupiapxeg
avapeoa o€ auTeg TIC onoudaieg AEITOUPYIEC €ival Ol AUUVTIKOI HNXAVIOWOI
EVAVTI TwV Nadoyovwv HIKPOOPYaVvIOP®V Kal TwV QUTOPAYwV (0wV.
AnAadn, AuTEC Ol OPYavIKEG eVWOEIG, evw Oev €ival TOEIKEG yia To iBI0 TO
PUTO Kal To PETABOAIKO KOOTOG Napaywyng Toug €ival XapnAo, Tautoxpova
gival TOEIKEC Kkal anwbnTiKEG yia naboyovoug MIKpoopyaviopoUus Kal
QuTtopaya (wa. 'ETOl, Ta QUTA KATAPEPVOUV va ENIRIWOOUV Kal vd
dlatnpAoouv TNV avanapaywylkn Toug duvatotnta. Eminpdobera,
AEITOUPYOUV WG EAKTIKEC OUTIEC YIQ TOUC EMIKOVIAOTEG, WG HOpIa avTidpaong

0€ KATAnoVvNOEIC Kal w¢ HOPIa ENIKOIVWVIAg PETal Twv QUTWV (24).

H olvBeon Twv OeuTEPOYEVWV METABOMNITWV WMOpPE va yiveTalr katd Tnv
kavoviky av&non n avanTtuén Tou QuUTOU ONMIOUPYWVTAC aVTIMIKPORIakd
ouaTaTIKA, EVW UNAPXE! Kal N niBavoTnTa va anoucialouv and uyin euta Kai
va oucowpelovTal MOVO O€ MNEPINTWOEIS napouciag  nadoyovwv
MIKpOOPYAVICHWV N Katanovnong ano apIloTikd oTpeG (23,27). ZnUEIWVETAI,
nwG n I1KavOTNTA TWV QUTWV VA OUVOETOUV OUYKEKPIPEVEG OMAdEG
OeuTEPOYEVWV HETABOAITWY MIBavov va oQpeiAeTal aTo SIAPOPETIKO TPOMO HE
TOV 0Moio Ta QUTA kal Ta {wa avTIHETWNICoUV Toug dIaPOopPETIKOUG £XOPOUC

Kal TIC aoBévelec. Mexpl npoopata, ol OEUTEPOYEVEIC MWETAPBOAITEG
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BewpouvTav ouvdedeEVOl HOVO HE oIkoAoyIKoUG poAoug (28).Ta TeAheuTaia
Xpovia €xel Bpebei OTI oI DEUTEPOYEVEIC UETABONITEG €UMAEKOVTAl KAl OF
npwTtoyeveig diadikaaoieg al&nong, avanTuéng kal avTioTaong Tou QuUToU O€
apIOTIKEC KATAMOVAOEIC. Z€ OPIOUEVA TEPMEVIA, AOINOV, £xel anodoBei evac
KaAG XapakTNnpIOHEVOG pOAOC OTnV QUTIKN au&non kai avantugn. Ma
napadeiyua, ol YIBREPeAiVEC, Hia opada (UTIKWV OpHOvV®Y, €ival SITEpEvIa.
EninAéov, Ta KkapoTevoedr| €ival TETPATEPNEVIA Kal Asroupyolv oav

BonOnTIKEC ouadiec 0N PWTOCOUVOEDT.

And XNMWIKAG anoWwew¢ uUndapxouv TPeIG OIaKPITEC OMAGEG  (PUOIKWV
OEUTEPOYEVWV PETABONITOV: TA TEPMEVIA, Ol PAIVOAIKEG EVWOEIC KAl EVWOEIC
nou nepiexouv alwTo. Me Baocn 1o NPOGOPOUO HOPIO TOU WETABOAIGHOU ano
TO OMOI0 MPOEPXOVTAI KAl TOV NEPAITEPW HETABOMIOMO TOU Ol DEUTEPOYEVEIG

METABOANITEG KATATACOOOVTAI OTIC €ENC NEVTE BACIKEG KATNYOPIEG:

1. Evwoeic nou negpiExouv alwto (indole and indole-sulfur
compounds, glucosinolates): [Mpoépxovrar and apivo&€a kal Egival
aAkahoeidr, WneTahdiveg, apiveg, kuavoyova YAukolidia, BeloyAukodiTeC,
AMUVTIKEC NPWTEIVEG Kal AMIVEC.

2. ®aivulnponavosidn (phenylpropanoids): uvtievrar and To
apwHATIKO apIvoEU (paivulaAavivn To onoio NPoEPYETal and To JovonaTi Tou
oKIgIkoU 1 Tou PnAikoU o&€oc. H ¢aivuhahavivn petaBoAileTal apxika o€
KIVVaMIKO OEU Kal 0Tn GUVEXEID NapayovTal Ta ¢aivuAnponavoeidn.

3. Bevievoeidn (benzenoids): Mapdayovral and Tn @aivuhaiavivn pe
agaipeon dUo aTtopwv avepaka (29).

4. ®AaBovosidn (flavonoids): Mapayoval and Tn gaivulaAavivn kai ano
TO MNAGVUAO-COA (29).

5. Tepnévia (terpenes): MNpokesital yia Ainidia nou ouvTiBevtal ano To
aKETUAO-GUVEVCUMO A 1 anod BAcIkeC eVOIAUETEG EVWOEIG TNG YAUKOAUCEWG.
>Tov nNapakatw nivaka napoucdialovral  Katnyopieg  OEUTEPOYEVV
METABOAITWV Kal Ol NPOTEIVOUEVEG NPWTAPXIKEG AEITOUPYIEC TOU PUTOU OTIC

OMoIEC EPNAEKOVTAL.
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] Ap1BpoOGg . .
Ta&n . MPOTEIVOHEVEG AEITOUPYIEG
dopwv
IvOOAIKEG & ) .
. . 10 Apuva evavTi naoyovwv
IvdoAoBelikeg Evwoelg
oo Apuva evavTi naboyovwv Kai
FAUKOOUVOAIKa o&ga 35 ) ,
PUTOPAYWV {WWV
, MpooTacia anod unepiwdn akTivoBoAia
darvuAnponavoeidn 20 , ,
Apuva gvavTl naboyovwyv
' MpooeAKUGN ENIKOVIAOTWY
Bevievoeidn 25 ) )
Apuva gvavTl naboyovwyv
MpooTacia anod unepiwdn akTivoBoAia
EpnAokn oTn peTagopa augiv
®Aapovoeidn 15 i f . 1 HeTagop E e
"EAgyxoG AnBapyou Twv onopwv
Apuva €vavTi naboyovwv
Apuva evavT puToPaywv {wwv
Tepnévia 50 AvTioTaon oTo OEEIBWTIKO OTPEC
Apuva evavti naboyovwv
Mapaywya Ainapwv o&Ewv 15 Apuva evavti naboyovawv

Mivakag 2. Katnyopieg OeUTEPOYEVMYV PETABOAIT®V Kal NPOTEIVOUEVEC AEITOUPYIEG GTO PUTO A.
thaliana (28).

A.3.1 Tepnévia kal TPITEPNEVOEIDN

Ta Tepnevia N TEPNeVOEIdN HETABONITEC TWV ICONEVTEVUA NUPOPWTPOPIKWV
(IPP) oAlyopepwv. ZuvioTouv Tn MHeyaAUTepn KAAON Twv OEUTEPOYEVWV
HeETaBoAITav, kabwg Exouv Bpebei navw and 20.000 xapakTnpiopeva HEAN
(30). Ta Tepnévia TagivopouvTal Bacel Tou apiOpoU TV Hovadwv |E NEVTE
atoua avepaka nou nepiExouv, nap’ OAO nou €&aITiaC Twv EVTOVWV
METABOAIKWV HETATPONWV HEPIKEG POPEG €ival 1dlaiTepa OUOKOAO va
OlakpIBoUV Ta NPWTOTUNA UNOAEIMUATIKA HOPIa TwV MEVTE ATOHWV avepaka.
Ta Tepnévia xwpilovral 0 €MIPEPOUC KATNYOPIEC €K TWV Onoiwv 101aiTEPa

ONMAavTIKN €ival auTh TV TPITEPMEVIWV.
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Ta TpITEPNEVIA ) TPITEPNEVOEIDN €ival KIA KUPIA UNOOPAda TwWV TEPMEVIWV
Kal anoTeAoOUV MHia PEYAAN Kal MOIKIAN TAEN OpYavIKWV EVWOEWV, HIKPOU
Hoplakou Bapoug nou napdyovTal ano Ta ¢uta (31). NpokeiTal yia eniPnKn
Tepnévia pe 30 daTtopya davbpaka nou napdyovtal oTto OIAUEPIOUA TOU
KUTOAUMATOG Kal Tou €vOonAaopaTikoU OIKTUOU. ZUYKpPOToUV Hia MoikIAia
OOUIKG OIAMOPETIKWV EVWOEWY, OCUMMEPIAAUBAVOUEVWV TWV OTEPOEIDWV,
NOAAEC and TIC onoieg €xouv Tpornonoindsi woTe va £xouv AiyoTepa ano 30

aropa avepaka.

H PBIOOUVOETIK) nopeia OXNUATIOWOU TWV TPITEPNEVOEIDWV EXEl WG €ENC
(Eikova 6) (30):

1. To d1pwoPopikd 1oonevtevulio (IPP) To onoio napaysrar and To
HEBAAOVIKO OEU Kkal n I00PEPNG TOU HOP®N, TO dIPWIPOPIKO dIeBUAOAAUAIO
(DMAPP) eival Ta evepyd npddpopa Hopia PE nNéEvTe ATopa avOpaka yia Tn
ouoTaon Twv Tepneviwv. Me Tn ouvTnén Twv IPP kal DMAPP axnuarileTal To
OIPwaPopIkO yepavUMo (GPP). To GPP eival To npodpopo HOpIo OXedoOV
OAwV Twv povoTepneviwv Pe 10 aTtopa avbpaka.

2. To GPP oupnukvwveral pe 1o IPP kai oxnuaTietal 1o JIPpwaPopikd
papvelUAio (FPP). To FPP anoteAsital and dekanévre atoua avepaka kal
anoTeAEl TO NPOdPOLO HOPIO TWV CECKITEPMEVIWV.

3. AUo popia FPP oupnukvwvovtal pe Tn PBonbeia Tng ouvbaong Tou
OKOUGaAEViou Kal npokunTel To akouaAevio (C30) (SQS).

4. To okouaAévio OEeIdWveTal We Tn OpAcn MiIag HovoEuyevaong, Tng
eno&eidaong Tou okouaAeviou (SQE) kal npokUNTel TO 2,3 0EEIO0TKOUAAEVIO.
5. To 2,3 0&EI000KOUAAEVIO ETATPENETAI OE KUKAIKI TPTEPMNEVOEIDN AAKOOAN

ME TN BonBeia Twv KUKAaGwV Tou 0&eIdooKoUaAeviou.

[evik@, OTOUG (UTIKOUG opyaviopoUg To 2,3 0EEIB00KOUAAEVIO EKTOG amno
TPITEPNEVOEIDEG UNOpPei va akohouBnaoel Ao PeTaBOAIKO HovondaTl kal va
METATPANEI OE OTEPOAEC Kal O OTEPOEIDEIC OPMOVEC. AUTEC oI OUOo

EVAANGKTIKEC €MAOYEC UuNApyouv Povo ata ¢puTd, agou oTta {wa o Jovadikog
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Opopoc Tou 2,3 0oEsid0OKOUAAEvioU €ival va peTaTpanei o AAvooTePOAN
MEOw TNC ouvbaonc Tng AavooTtepoAnc (lanosterol synthase, LSS). mn
OUVEXEId, N AaVOOTEPOAN HETATPENETAI € XOANOTEPOAN, N onoia PNopei va

napayeivel autouola r va PETATPANEl O OTEPOEIDEIG OPHOVEG.

ApKETEC OTEPOEIOEIC AAKOOAEC (OTEPOAEC) €ival ONUAvTIKA OUOCTATIKA
OTOIXEId TWV (PUTIKWV PEUBPAVOV KAl AnoTeEAOUV NPODPOUEC EVWOEIC YId TN
BlooUvOeon Twv opHovwY. ANAVTWUEVEC KATA KUPIO AOYO OTn MAQOWUATIKN
HEUBPAVN, Ol OTEPOAEC EAATTWVOUV TN dlanepaToTNTA TNG MEUPBPAVNG TWV
MIKpWV HOpiwV EAQTTOVOVTAG TNV KIVNTIKOTNTA TWV AAUCIOWV TwV AINapwv
ofEwv. QOTO0O, PEXPI ONUEPa Oev €XEl YIVEI YVWOTN N (PUOIOAOYIKN) TOUC

onuacia aToug PUTIKOUC 0pyaviopoUc.

H BiooUvBeon Twv TPITEPNEVOEIDWY (AIVETAI VA E€ival €vepyn Kkata Tnv
avanTuén Twv GUTWV, NPAyua nou UnodeikVUEI T CUMHMETOXN AUTWV TV
MeTaBOAITwWV 0 TETOIEG OladikacieC (32). ApKeTd QUTA OUCOWPEUOUV
ONMAVTIKEG NOCOTNTEC TPITEPMNEVOEIOWY HE TN MOPPN OANWVIVQWY, Ol OMOIEC
gival JeTaBoAiTeG TNG B-apupivng kal €xouv avTiMuknTiakn dpacn (27,33).
Eniong, w¢ To€iveg Asiroupyouv anoTpenTikd wG POokr O €va HeEYAAo
apIOUO PUTOEKTPEPOUEVWV EVTOUWY Kal BNAAOTIKWV Kal €TO1 AuTda ¢aivovTal

OTI naifouv oNEAvTIKOUG apUVTIKOUG pOAOUG 0TO PUTIKO BaaiAeio (28).
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Eikova 6. ZuvonTikr avanapacTaon BIOCUVOETIKAG Nopeiag TpITepnevoedwy (30).
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A.3.2 KukAaoeG Tou 0E€1300K0UaAEvioU

'Onw¢ ava@epdnke kai oTnv NponyoUHEvVn €vOTNTA, Ol KUKAAOEC TOU
o&eidookoualeviou (Oxidosqualene cyclases-OSCs) eivai  €viupa nou
METATPEMOUV TO 2,3 OEEIDOOKOUAAEVIO O  Mia 1 NEPICOOTEPEC
TPITEPNEVOEIOEIC AAKOOAEC HE €wG Kal €& KapBoEuAikoUc OakTuAiouc. H
KukAornoinon Tou 2,3 0&sID00KOUAAEVIOU amnoTeAEi €ival KOUBIKO ONEIo

METAEU TOU NPWTOYEVOUC KAl TOU JEUTEPOYEVOUG HETABOAIGHOU (32).

O1 OSCs diakpivovTal o€ U0 KaTnyopiec Ye Baon To evOIAUECO KapBOKATIOV
nou oxnMUaTi(eTal: O€ AUTEG Nou oXNUATi(ouv pE dIauOpPWON avAkKAIVTPouU-
AouTnpa-avakAIvVTpou To KaTiOv Tou NpoTeaTepuAiou (protosteryl cation) kai
0OE QUTEC nou oxnuatifouv Me JIAuOPPWON  AVAKAIVTPOU-AvVAKAIVTPOU-
avakAIVTpOU TO KaTiOv Tou vTaupapevuliou (dammarenyl cation). ZTnv
nNpwTN KATnyopia avijkouv n ouvedon Tng AavooTepOAnG kai n ouvedaon Tng
KukhoapTevoAnc. O1 KUKAAoeg nou oxnuaTifouv €vOIGPeca TO KATIOV Tou
VTAUAPEVUAIOU anavTwvTal anokAEIOTIKA OTa (UTA HE ayYEIdKO aywyo
oloTnNUa kai €ival uneUBUVEG yia TNV napaywyn TwV TPITEPMEVOEIDWV
aAkoOAWV. € AQUTA TN kaTnyopia avnkouv n ouveaon Tng B-aupupivng kai n
ouvbaon TnNG AouneoAnC, KabBwC Kal oI MOAUAEITOUPYIKEC KUKAAOEC nou

napdyouv Hiypa npoiovtwy.

'Ooov  agopd Tnv €EAkTIKl nopeia Twv OSCs, n ouvbaon TNG
KUkAoapTeEVOANG napouaialel peyaAn opoAoyia PETAEU Twv €10wV, YEYOVOC
nou eniBeBalwvel To onUavTtikd pOAO TNG yia TNV OWHOIOCTACN TOU (PUTIKOU
KUTTApou. AVTIBETA, oI KUKAGOEG Nou XPNoIKUonolouv wg vOIAUESO TO KATIOV
TOU vTapapevuAiou gugavifouv PIKpry opoAoyia PETAEU Toug. AUTO onuaivel
OTI €nsira and To OJlaxwpiopo Twv €dwv eixav Tn duvaTtotnta vd
OUOOWPEUOOUV €UVOIKEC METAAMAEEIC yia Tnv emBinon Twv €0wv OTo
ekaoToTe nepIBaAAov. KaTa ouvéneia, ol NEPIOOOTEPEC ANO AUTEC NAPAYOUV
npoiovTa Mou €UVOOUV TNV NpPooadpuoyn Kal €nifiwon Tou @uUToU OTO

nePIBANoV, N.X. OANWVIVEG Kal AUuva evavTl JUKATWV (33). ZTov napakdTw
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nivaka napouoialovtal ol TAUTOMOINUEVEC KUKAAOEC OEEIOOOKOUAAEViIOU
KAnoiwv XapakTnPIoTIKwV PUTWV-JovTédwv (30). Ma napadeiyya, oTo
YEVWUA TOU L. japonicus anavtwvTdal yovidla nou kwdikorolouv yia 8 OSCs
(0SC1-0SC8). O1 ouvbaoceg OSC1, OSC3 kai OSC5 XapakTnpioTnkav oav
ouvbaon TNG B-apupivng, ouvbaon TnC AounedAnc kar ouvlaon TNG
KUKAOGPTEVOANG avTioToIxXd, €neira and eTepooyn ekppaon Twv cDNA og
METAAAypaTa KUTTapwv CUPNG (34). H ouvBaon OSC8 xapakTnpioTnke oav
NMOAUAEITOUPYIKN KUKAGON nou napdyel £va yiypa B-apupiving kai AoungoAnc.
'Exel Bpebei OTI Ta PeTAYPAPAUATA TWV TPIWV Yovidiwv OSCI, OSC4 Kal
OSC7 ouoowpelovtal ota QUAAG. AvTiOeTa, Ta HETQypaAPAUATA TWV
yovidiwv OSC3 kal OSC8 avixveuovTtal o upnAdTepa €nineda oTIC PICeG Kal
Ta QUUATIA. ZUP@WVA PE TA NAPANAvw, CUVENAYETAl OTI TA TPITEPNEVOEION

gival anapaitnTa yia To QuTO PE Evav Opyavo — eEEIBIKEUPEVO TPOMo (34).

. . ‘Ovoua
ZuvOaon duTo (Genbank a':cession) MpoiovTa
Cycloartenol A. thaliana Atz%g;ggglsC):Aﬂ Cycloartenol
Lanosterol A. thaliana At3945130/LSS1/PEN7 Lanosterol
b-Amyrin | M. truncatula NI(tCA::I)Y213/2I2A75)1 b-Amyrin
Thalianol A. thaliana At5g48010/THA1/PEN4 Thalianol
Marneral A. thaliana At5g42600/MRN1/PEN5 Marneral
Lupeol, 3b,20-dihydroxylupane,
Mixed A. thaliana Atl1g78970/LUP1 b-amyrin,germanicol, taraxasterol &
c-taraxasterol
b-Amyrin, taraxasterol, tirucalla-
Mixed A thaliana At1g78960/LUP2/YUP8 7,21-dien-3b-ol, Iupeql, bauerenol,
’ H12R.43 butyrospermol, multiflorenol, a-
amyrin & c-taraxasterol
Mixed A thaliana At1g66960/LUPS Tirucalla—?,21—dien—3b—_ol & additional
uncharacterized
Mixed A. thaliana At1g78500/PENG Bauerenol, lupeol, a-amyrin &
additional uncharacterized
Mixed L. japonicus AMY2 (AAO33580) B-amyrin & dihydrolupeol

Mivakag 3. TauTonoINWEVEC KUKAAOEC TOU OEEIDOOKOUAAEVIOU OTA PUTA YOVTENG M. truncatula, A.

thaliana ka1 L. japonicus (32,35).
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Eikéva 7: KaTnyopionoinon OSCs kal diaypddudTikh napouciaon Tng opoAoyiag mou naparnpeital
HeTagu Toug (30).
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A.3.3 Zanwvivecg kai P450s

Ta TeleuTaia xpovia £xel unap&el Npoodog 6oov aPopd TOV XAPAKTNPIOHO
Twv ev{UPWV NOoU €UNAEKOVTAl GTNV TPOMOMOINGON TOU KUPIOU OKEAETOU TwV
TPITEPNEVOEIDWV ONAAdK, OTIC HOVOEUYEVAOEC TOU KUTOXpWHATOC P450, TIC
yYAUKOOUATpavo@epdoec TnG Oipwa®opikne oupidivng (UGTS) kal aA\wv
evlUywv  (36). Ta évlupa ToUu  KuToXpwMaTtoG  P450  eival
HEUBPAVOOUVOEOUEVEC NPWTEIVEC, HOVOEUYEVADEC Ol OMOIEC EUNAEKOVTAl O

évav apiouo BIOCUVOETIKWV Kal anoToEIVWTIKWV JovonaTinv oTa Guta (36).

Ta yAukoaidia Twv TPITEPNEVOEIdWV CANWVIVWV Napoucialouv eviiapEPoV
ANOY®W Twv MOAwV BIOAOYIKWV Toug dpactnploThTwyv. O TEPMEVOEIDEIC
oanwviveg evTonifovral €UPEWC OTO YévoG Leguminosae (5,37). Ol
BIOAOYIKEG TOUC OpaCTIKOTNTEC MWMOPEl va eival TOOO OETIKEG 00O Kal
apvnTikeéG (5). 'ETol, undpxouv OanVIVEG MOU €XOUV AVTIMIKPOBIAKEC
IDIOTNTEG KAl EVTOMOANWONTIKEG OPACTIKOTNTEC, CANWVIVEG NMOU €ival TOEIKEC
yla povoyaoTpikG {wa, Opouv G QAVTIYEUOTIKOI Napayovreg N €XOuv
apvnTikEC eMOPATEIC OTN NEWYN TOug anod Ta UnpukaoTika (27,33,38,39,40).
ANEC 0OanNWVIiVEC €XOUV  XPNOIMEC (PAPHAKOAOYIKEG I1BI0TNTEC, ONWC
avTIXOANOTEPOAAIUIKEG, AVTIKAPKIVIKEG Kal QAVOCOEVIOXUTIKEG (41,42,43).
Mapd TO npogaveéc evdlapepov yia TNV €naywyn N TNV avacTtoAn Tng
napaywync TPITEPNEVOEIdWY OanwvoedwV yia Tnv BeATioon Twv
KaANIEPYEIWV 1 TNV avanTuén (PpApUakeUTIKWV napayovtwy, NoAAa and Ta
BlooUVOETIKA BAMATA NAPAPEVOUV HN XAPAKTNPIOWEVA OE HOPIAKO €NiNedo.
To M. truncatula €ival €éva KaTtGAANAO QUTIKO HOVTEAO Yia AEITOUPYIKN
YEVWMIKN MPOCEyyion TnG PIooUveeonG Twv TPITEPMNEVOEIDWY OANWVIVWV.
EnTG OIaQOPETIKEG  TPITEPNEVOEIDEIC ayAUKOVEG,  soyasapogenol B,
soyasapogenol E, medicagenic acid, hederagenin kal bayogenin anoTe\ouv
ToV nupnva Twv 37 oanwvivwv Tou M. truncatula nou €X0uv TauTonoinoei
(37). 'OAec auTéC ol ayAukoveG nioTeUsTal NWC NPoEpXovTal ano Tnv B-
agupivn, TO OMoio ONwWG ava@epdbnke eival To apxikd MPOIdV  Tng

KukAonoinong Tou 2,3— o&sidookoualeviou, Onwg paiveral otnv Eikova 8.
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Eikova 8. H BloouvBeon Tng B-apupivng Kal TNG KUKAOAPTEVOANG kai n GUMBOAN Tou
KUTOXPWHATOG P450 aTo M. truncatula (44).

A.4 Tovidia OSC oTto M. truncatula xai oto L. Japonicus

TNV NapakaTw €ikova paivovTal ol B€oeig dIapopwv yovidiwv nou nibavov

eMNAéKOVTal 0Tn BIOOUVOEDN TWV TPITEPMEVOEIDWV-ICOMPEVOEIDWV.

oM chrl chr2 chr3 chré chr7 chr8
0 ™ d
el .
10 HMG¢ARS.
GT14
16T} HMGCARS 4
20- ierat aGPs §
30
MVKS
40 -
50 -
60
70
80 -

Eikova 9. ©£oeIg yovidiwv 0Ta XpwHooWuaTa Tou M., truncatula nou meavov
eunAEkovTal aTn BIoolVOEoN TWV TPITEPMEVOEIDWV-ICONPEVOEIDWV (45).
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H ouvBaon Tnc B-apupivng (B-AS) kaTaAUel TO NpwTO JECUEUTIKO Brida oTn
BlooUvOean Twv TpITeEpnevoeldwv. H B-AS E£xel XapakTnpIoTEl AEITOUPYIKA
0T0 Panax Ginseng, OTo pea Kal OTo A. thaliana kal OXeTI(ETAl OTEVA HE TN
(PUTIKN ouvBAon TnG KUKAOAPTEVOANG, N oroia €xel €nionG XapakTnpIOoTE
AEITOUpYIKA (44). O1 duo dIaPopETIKOI TUNOI TNG PUTIKNAG OSC (KuKAAGon Tou
ofeidooKkouaAeviou) n  ouvldaon TNC KUKAOAPTEVOANG kal n  B-AS,
napoucialouv uPnAl opoAoyia apIVOEEWV, av Kal Ta MPoiovTa avridpaonc
dlaEpouv. ITo M. truncatula €xouv Bpedei OUO MANPOUC WNKOUC Kal duo
truncated kAwvol B-AS (44). InUEIWVETAl €niong nNw¢ Ta duo &viupa nou
nponyouvTtal TN OSC, n ouvBaon Tou okouaAeviou (SS) kai n eno&sidaon
Tou okouaAeviou (SE) €xouv XapakTnploTei o geyalo Babud ota BnAaoTika

kai atn CUun (46,47).

H ouvBaon Tou okouaAeviou (SS) avTinpoowneUsTal and TPEIC NARPOUG
MNKOUC KAWVOUC Kal €vav truncated KAwvo oTo M. truncatula. H SS Tou A.
thaliana kwdikonoleitalr and duo yovidia, d1adoxikad opyavwueva Ta onoia
EXOUV TAUTOONUN Opyavwon O OXEOn HWE Tn B€0n Twv IVTPOViwv Kal To
MEyeBOC Twv €€oviwv kal kwdIKOMNOIoUV I00UOPPES 01 onoie¢ napouaialouv
uUWnAo €ningdo auvtnpnuevwv aAAnAouxiwv. To mRNA TG SS evtonileTal o€
OAOUC TOUG 10TOUC TwV PUTWV (aven, GUAAG, Hioxog kal pifa) av kal Td
heTaypaga eival 10laitepa agbova oTig pilec (48). H enogeidaon Tou
okouaAeviou (SE) unapyel o duo truncated avtiypaga oto M. truncatula,
Kal o€ Tpia NANPoUC PNKoug avTiypapa oTo A. thaliana. Q0TO00, Kaveva ano

auTa Oev EXEI XapAKTNPIOTEI AEITOUpyYIKA (44).

Enopevwg, oto M. truncatula Ta yovidia b-AS kai SS Bpiokovtal g€ duo
avtiypa@a. Or duo JlaPopeTIKOi TUNOI QUTIKWY OSC, n ouveaon Tng
KUKAOQpTEVOANG Kal n b-AS, napouoialouv pia OXETIKA UWNAR OMOIOTNTA O€
eninedo apIvo&ikng aAnAouxiag, poAovoTi Ta TeAIKA Toug npoidvTa eival

OlaPopETIKa (49,50).

21

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 15:08:50 EEST - 3.144.1.58



AinAwpaTikn Epyacia — Toidpag AnunTpIog

>T0 YovIdiwua Tou M. truncatula £xouv BpeBei oxTw yovidia, Ta onoia £xouv
Hovadiko MPOTUNO €KPPAONG Kal opoialouv PE TIC YVWOTEC 2,3- KUKAAOEC
Tou o&eidookoualeviou. H ékppaon Tou Medtr5g00886, pe Tn Bordsia Tou
(eUyouc ekKIVNTWV Mtr.38244.1.51_at, ep@avilel apkeTd oPoIOHOPPN
KATavoun oToug I0Toug kal meavov autd va avravakAa neavd Tou poAo
OTOV NPWTOYEVN METABOAIOHO (44). DUAOYEVETIKN avaAuon TonoBeTel auTtd
TO yovidio oTov kAado CAS, pe To NANCIEOTEPO OUOAOYO Tou (92% opoAoyia
apIvoEikng aAAnlouxiac) va evroniletal oTo A. sativum. AnAadn, TO
KOVTIVOTEPO OHOAOYO Tou Yovidiou b-AS Tou M. truncatula €ivai oTo P.
sativum. InNPEIWVETal OTI TO H-AS ekppaleTal o PeyaAUTepo Babuod oToug

OnOPOUG Kal OE Mo NpoxwpnHeva avantu&iakd otdadia oTig pileg (51).

Ta yovidla nou epnAékovtal 0 PEyaAUTEPO BaBuo otn PloouvOeon Twv
TPITEPNEVOEIDWV OTO M. truncatula evtoniovral oTo XpwHOowua 4, av Kai
undpxouv Wepika eninAéov nou evronidovTal oTnV apxn Tou XPWHOOWHATOG
5. Auta Ta yovidlia dev cuvdeovTal oTeva aAAa n diaTnpnon TNG EVTONIoNG
TOUuG oTO 010 XpwHOOWHA KaTa Tnv €EENIEN npoTeivel OTI IOWC unNApXE!
KAnolo NAEOVEKTNHA va OXeTi(ovTal PUOIKWS auTa Ta yovidia. Eivar meavov
OTI PUBMIOTIKEG €mIOPACEIC WNOpei va aokoUvTal and OXETIKA HAKPIVEC
anooTACEIC and TNV MEPIOXN auTn OTO XpwHoowpa 4. 'Eva peiwpevo o€
MEYEBOC avTiypapo &€vOG yovidiou HE UWNAN OUYYEVEID YIA TO b-AS Exel
Bpebei oTo Xpwpoowpa 8 kal auto €Envyei yiaTi o pia DNA gel blot avaiuon
eu@avifovral duo avTtiypapa b-AS (44). Méxpl OTIVMAG Oev €XEl YiVEl N
nANpng availuon Twv niBavwv OSC yovidiwv oTo M. truncatula nou
EUNAEKETAI OTO GXNHUATIONO TwWV TPITEPNEVOEIdWY. Eniong, oTo M. truncatula
Oev €XOUV ava@epBei EVWOEIC PE OKEAETO a-apupivnG. ZNUEIOVETAl NWG
nepIoooTepa ano 90 JIaPOPETIKOI TUMOI OKEAETWV TwV TPITEPNEVIWV Ba
ynopouoav BewpnTikG va Onuioupynbouv e TNV KukAornoinon Tou 2,3-

o&e1dookoualeviou (45).

O1 Sawai et al. anedei&av o011 Ta 8 OSC yovidla Tou L. japonicus oxnuatifouv

2 ouaToIxieg yovidiwv oTa XpwuoowuaTa 2 kai 3 (Eikova 10) (34).
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Chromosome 2
(a)
TMO065  TM0393 TM0263

140cM 144 cM 19.3 cM
1 I 1

(b) LiT16A21  OSC7 OSCS
D

LiT43B09 poscs  0sc3

Chromosome 3

© TM1658

TMo129 400 M 1hi6093 TMO142

3|9.2 cM 4]0.8 cM AIZA cM

(d) LTi1L01 .
LiTO7E0Q
prom j 0sc2?

LITO3NOB g

LiB16L08 '_3_‘
[ ]

0SC4
<4—ca. 160 kb —»

Eikova 10. Opyavwon Twv OSC yovidiwv oTO L.

Japonicus (34).
O1 0SC1, OSC2 xal 0SC4 evtonifovTal yeITvialovra O Mia XpwHOOWHIKN
nepioxn 160 kb oTo Xpwudowpa 3. EninAgov, €va yovidio OSC (npocwpiva
OVOHaopEVO OSCE) e pia kwdIkn aAnAouxia uwnAa opoloyn We To LjAMY2
gvTonioTnke oTo XpwHoowpa 3. To yovidlo OSC2 Bpebnke va eivar 1 kb
MIKpOTEPO and Ta aAAa Aeimoupyika OSC yovidia kal oTepeital 7 eEwviwy,
ENOMEVWC NPOKEITAl yia Weudoyovidlo. ZTo XpwHoowua 2 evronifovral Ta
yovidla OSC3, OSC5, OSC6 kai OSC7 (34).

A.4 DUTOPHOVEC

H au&non Tou QuTOU MpéEnel va €ival auoTnpda GUVTOVIOHEVN ano diagopa
ouoTnUaTa eAEyxou, kabwg eival €va duvapikO Kal MOAUNAOKO (PAIVOUEVO.
Mia osipd and evOOVYEVEIC XNMIKEC OUTIEC O OVOUAlOHEVEG (PUTOPHOVEC,
(PUTOAUENTIKEC OUTIEC 1 PUTOAUENTIKOI pUBUIOTEC diadpapaTifouv onuavTiko
pONO OTOV €AEyXO TNG AUENONC Kal TNG avanTuéng Tou (puTou. Mevika, gival

anodekTo OTI BAcel TOGO TWV (PUOIOAOYIKWY dPACEWV 000 Kal TNG XNHIKNG
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TOUC oUOTAONG Ol (PUTOPHOVEC dlakpivovTal 0 5 BACIKEC KATNYOPIEC. ZTIC
NPWTEC TPEIC KaTnyopiec oupnepiAaupavovtal ol auénTikoi NPowednTEC,
onAadn ol au€iveg, o1 yIBBEPEANIVEG Kal Ol KUTOKIVIVEG, OTnV TETAPTN Ol
Qu&NTIKOI avVAOTOAEIC Kal oTNV MEPNTN TO AIBUAEVIO Mou €ival n Povadikn
opuovn o< agpia karaoraon. QoTd00, UNAPXOUV QUTIKEC OPHOVEC Kal
au&nTikoi PUBUIOTEC Nou Jev PMOPOUV va KatnyoplonoinBouv Pe sUKoAia o€
kanoila and TIC napandvw opadec. Mnopei va undpxouv QUOIKA R va
ouvTiBeTal and Tov avepwno r aA\ouc opyaviopouc, cuhnepIAapBavouévou
XNHIK@WV NMou avaoTeAAOUV TNV avanTuén Tou @GuTou r napePPaiovral o
(QUOIKEG  Biohoyikéc  diadikacie¢  (52).  Mapadeiypata  TETOIWV
XAPAKTNPIOMEVWY PUBHIOTWV TNG PUTIKNAC avanTugéng €ival ol NOAUAUIVEC, Ol

OTPIYYOAGKTOVEC Kal TO IACHOVIKO 0EU (Jasmonate).

A.4.1 Iaopoviko oEU, KATI NEPICCOTEPO ANO Apwua

To 1aopovikd oEU (JA) kal o peBuleoTépac Tou (MelA), napdyovral ano
Ainapad o&a kal pubuidouv MOAEG (uUOIOAOYIKEC Oladikaoie oTa QUTA
anoTeEAWVTAG pia EExwPIoTn kaTnyopia @utopuovng (53,54). And Tn OTIYHA
NG avakaluwng Toug To 1960, o1 JAs opioTnkav wG napayovTeg nou
aveupiokovTal oTa aiBépia €haia Tou avboug Tou Jasminum sp.. Movo dUo
OEKAETIEG PETA, avakaAUPONKav ol NPWTEC (PUCIOAOYIKEG EMIDPATEIC TwV JAS
Kal avayvwpioTnkav w¢ NnapayovTeG ynpavons, avaoToAEiC TG avanTuéng n
eNaywyeig Tou deutepoyevouc peTaBoAiopoU o€ nolkida QuTika €idn (55). To
Iaopovikd peBUAIo (MeJA) eival pia nTnTIKNA opyavikn evwon (Eikova 11) n
onoia XpnoIdonolgiTal aTnv apuva TWV QUTWV Kal 0€ NOAANEG OIAPOPETIKEG
avanTu&lakéc 0douc. MPoEpXeTal anod To 1aCHOVIKO OEU WeE HIa avTidpaon n
onoia KaTaAueTal ano \Y% S-adevoOUA-L-[ebeiovivn Hia

HeBUAOTPavopePAan Tou kapBoEUAIOU TOU IAGHOVIKOU 0EEOG.

'HON ano6 1o 1992, avapepbnke OTI N €Ewyevnc Xoprynon Tou MelA enayel
Tn BlooUvBeon noAwv deuTepoyevwv HETABOANITWY Kal KaBIEpWOE TN XPHRon

TOU 1a0HOVIKOU PEBUAIOU WG evepyonoinTr Tou deuTEPOYEVOUC JeTaBONIGHOU
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O
/

Eikova 11. Angikovion Tou opyavikou
TUNou Tou MeJA (56).

0t QUTIKOUG 10TOUG (57). Avaueoa OTOUG OEUTEPOYEVEIG HETABOAITEG mnou
napayovrai anod enidpaon pe MelA cupnepIAaupavovTal Kal Ta TEPMEVOEIDN
(57,58,59).

MEAETEC NOU EXOUV Yivel Pe EkBean KAAIEPYEIWV O MelA aTo M. truncatula
(60) oT0 A. thaliana (61) kai o€ AGAAa @QUTA €&xouv kaTtadei&el €vav
EKTETAPEVO YEVETIKO €NAVANPOYPAUMATIONO OTO PETABOMIOUO nou ePgaviel
BETIK OUOXETION ME TIC NAPATNPOUMEVEC aAAayeg oTn Bloouvleon Twv
METABOAITWV NOU Hag evOIaPEPOUV. ZUYKEKPIYEVA, avaloya e TO €i00C Tou
QUTOU, E€yIVE PETAypa@ikn €naywyn o€ OlaPopeTIKA PBIOCUVOETIKA
dovonaTia, odnywvtac yia napadslyua o€ QpaivUANPonavoeldn  Kal
TPITEPNEVOEIDEIG Oanwviveg oTo M. truncatula (60) kal HOVOAIYVOAEG OTO A.
thaliana (61). Z& OAEG TIG NEPINTWOEIC, TA YOVidld NMOU EUNAEKOVTAV OE €va
OUYKEKPIKEVO PIOOUVOETIKO HovondTi ATav OTeva Ouv-pubuICOEVa kal n
enaywyrn Toug ouveRn a&loonueiwTa vwpic (ouvnbwg evtog 1-4 wpwv),
unodeikvuovTag OTI evepyonoinon Tou OeuTepoyevoug HETABOMNIOHOU Egival
apeco kal kaAd opyavwpévo anoTéAeopa Tou JA. EmnAéov, OTav unnpxe
ENAYWYN MEPICOOTEPWY TOU €VOG KOVOMATIOU, oUXva TO kaBeva and auTd
gvepyonolouvTav o€ OIakpITO XpOvo 1 o€ €UPoC avaloyo TnG €uaiobnoiag

TWV HOpPIWV Nou CUPKETEXOUV O€ auTo, o< JA. MNa napadeiyya, ota KUTTapa
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Tou M. truncatula, Ta PBIOOUVOETIKG yovidla Twv QAVUANPONAVOEIdWY
gnayoTav napodika Pe PEYIOTN kKopuPry OUO wPeC META TNV Npoodrkn MelA,
HOVO O£ XapnAéc ouykevtpwoelc (0.5-5 mM), evw Ta MPeETAYpaApPa TWV
YoVIDIWV TWwV TPITEPMEVIWV €PTACAV OTO HEYIOTO HETA and 12-24wpeg
napoucia uywnAwv OuykevTpwoewv MelA (5-500mM) (60). ‘Etol, n
pgeooAdBnon JA yia TNV napaywyn OIaQOpPETIKWV  OsuTEPONABWY
peTaBoAIkwv 0dwVv unakoUel os dIAPOPETIKA puUBUIOTIKA MAaiola, Ta onoia

€iTe auTopuBpidovTal fj pubuilovTal anod koiva popia-PecoAapnTeG.

A.4.2 O1 oppoveg 2,4-D ka1 BA

To 2,4 dixAwpopaivoEuogikd o&U (2,4-Dichlorophenoxyacetic acid/2,4-D),
gival pia ouvBeTikn auivn, n onoia ONw¢ avagePBnke eivalr pia Ta&n
(QPUTIKOV opHovwv. MpOKeITal yia €&va KovO MnapaciTOKTOVO/(PUTOKTOVO TO
onoio Bpiokel epappoyn ota nAaTUPUANG puTd. MaNioTa eival éva and Ta
Mo EUPEWC XPNOIMOMOIOUKEVA (PUTOKTOVA OTOV KOOHO Kal TO TPITO MIo
ouxva XpnNOIYOMOIOUMEVO MAPACITOKTOVO oOTn  Bopela Apepikn. ZTa
£PYACTAPIA XPNOILOMOIEITAl VIO €PEUVNTIKOUC OKOMOUG OTA QUTA Kal G
OUMNANPWHA o€ BPenTIKO HECO PUTIKWV KAAIEPYEIWV ONWG To MS medium.
Metd and €€wyevy xopnynon TnG, anoppo®datal and Ta GUAAa kal €neiTa
MeTaToni(eTal oTa PepIOTwHATA Tou QuToU. 'Exel Bpebei OTI o1 auiveg kal
10laitepa 170 2,4-D, Opouv WG I0XUPOI KATAOTOAEIC TOU OEUTEPOYEVOUC
MeTaBoAIoPoU Og KUTTAPIKEG KAMIEPYEIEC PUTWYV, KABWG Kal WG PUBUIOTEC
TwVv Kolvwv d1adikaciwv TNG au&nong Twv KUTTAPWV Kal TNG KUTTAPIKNG
dlagoponoinong (62,63,64). ZuykekpipeEva o Whitmer kal oI CUVEPYATEG TOU
napaTnpnoav HEiwon TG CUCOWPEUONG TwV aAKaAogidwv (KaTaoToAn Tng
YOVIOIOKAG E€KPPAong MHopiwv Tou povonaTtiou TIA) oTo Cantharanthus

roseus YETA ano enidpaon We 2,4-D (64).

H 6-BevCuAapivonoupivn i Bevluho-adevivn (6-Benzylaminopurine / benzyl
adenine / BAP, BA) eival €&va GUVOETIKO TNG (PUTOPHOVNG KUTOKIVNG MOU
ENAYElI TNV avanTugén TwV GUTWV Kal avanTu&lakec diadikaoieg kal Bonda tnv
avenon kai Tnv kaprnogopia, dieyeipovTac Tnv KUTTapIkn diaipeon. ANoTeAE

26

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 15:08:50 EEST - 3.144.1.58



AinAwpaTikn Epyacia — Toidpag AnunTpIog

avaoToAéd TNG AVAMVEUOTIKNG KIvaong oTa QuTA Kal £xel Bpedei OTI o€
ouvOUaopo HE AAeC peBddoUC Bonba atn diaTApNon TNG NoIOTNTAG PUTWY,
onw¢ eival To pnpokoAho. Onw¢ kai Pe TOo 2,4-D éxel napartnpnOei

oUOOWPEUOT aAKaAOEIdWY OTO C. roseus PJETA ano enidpacn e BA (65).
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B. ZKOnog¢

>Konog TNC napoucac €pyaciac €ival n PEAETN TNG €nidpaocnc €EwyevwCg
NAPEXOUEVWV OPHOVWV OTNV £KPPACN TWV YOVIOIWV MOU €UNAEKOVTAlI OTN
BlooUvOean TPITEPNEVOEIDWY OTA QUTA Medicago truncatula Kal Lotus

japonicus.

Ma To okond auTto Xpnoidonoinenkav ol opuovec Mela, BA kal 2,4-D oTo
UNOOTPWHA avanTuéne Twv QUTWV. 2T OUVEXEId, NPaydaTonoinénke
anopovwon RNA, kataokeury cDNA kal Real Time-PCR pe xpnon
eEEIDIKEUPEVWV  EKKIVITWV MPOKEIMEVOU va HEAETNOE n €k@pacn Tou
yovidiou BASI oto M. truncatula xai Tou yovidiou AMY2 oTo L. japonicus

nou kwdikonoloUv Tn auvedaon TnG B-apupivnge.

. YAIka ka1 M€00odol

.1 Ta wuxavOn M.truncatula xai L.japonicus ®w¢ (pUTIKA
HOVTEAQ

Qc QUTIKA UAIKG yia Tn dleEaywyn TwV NEIPAPATWV NoU apopoUV OTn HEAETN
NG €EKPPAonG Twv yovidiwv BASI kal AMYZ2 xpnoiponoinénkav Ta yuxaven

M. truncatula ka1 L. japonicus, QvTioTOIXd.

.2 NMposTOoIHaCia TWV Cnopwv

MNa Tnv opoldpoppn kai ypryopn BAACTNON Twv ONEPUATWV Tou M.
truncatula ka1 Tou L. japonicus €ival anapaitntn n TonoBETnon TOUuG O€
nukvo Beiikd (H2S04) o&U yia 5 Aentd. AkoAouBouUv NEvTe eKMNAUCEIC e
anioviopévo Kpuo vepo. MpokeIYEvou va npayuatonoinbsi n anooTeipwan
TwV oneppatwv, gupanTidovral o€ didAupa 2% unoxAwpiwdouc vaTpiou Kal

0,02% Tween 20 (BDH) yia 20 Aentd. AkoAouBwc, Ta oneppaTa EenAévovTal
28
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6 (POPEC PE AMOOTEIPWUEVO AMIOVIOPEVO VEPO Kal anAwvovTal og TpuPAia, o
NAToG TV onoiwv KAAUNTeTal Ye 2 UAAa OINBnTikoU xapTiou Whatmann
3MM, €uMoOTIOPEVA HE AMOOTEIPWHEVO aMiovIOPEVO vePO. Ta TpuPAia
agrvovTal oTo okoTadl, ot Bepuokpacia dwpaATiou yia 72 £wG 96 WpEC,
MPOKEINEVOU va npaypatonoin®ei n npoBAAoTNOn TwWV ONEPUATWV. TN

OUVEXEIOQ apaipeiTal To aAoUpIvOxXapTo.

.3 Xeipiopoi Tov QuTwv M. truncatula kxa L.japonicus pe
MelA, BA ka1 2,4-D

Ta veapd €KQuUTa PeTapépovTal o TpuPAia mou nepiExouv MS kai 1%
OOUKPO(N Kal OpHOVEC Ot OIAMOPETIKEG OUYKEVTPWOEIC. Ta @uTd
avantuooovTal og BAAapo uno eleyxopevec ouvOnkee (Bepuokpaaia 23°C,
PpwTonePiodog 16 wpeg Ppwe / 8 wpeg okoTadl). Or 3 dIAaPOPETIKOI XEIPIOHOI
Mou NpaypaTonoinénkav nepiypapovTal NapakaTw:

Ta veapd EKQUTA PEYAAWVOUV Yia 7 YEPEC o€ TPpUPBAia pe MS nou nepIEXOUV
MeJA o€ ouykévTpwaon 10uM n 25uM, BA o€ ouykevtpwon 0,6mg/l kai 2,4-D
o€ ouykévTpwon 0,15mg/l. EmnAgov, veapa ekpuTa peyahwvouv os TpuPAia
MS nou nepigxouv 0,1uM 2,4 — D kar 0,5uM BA. Zav @uTa MPAPTUPEG
Xpnoigonoinénkav ¢uta nou avantlooovTal o€ TpUPBAia pe MS kal puTa nou
avantuooovTal s BpenTikd MS nou nepiExel aiBavoAn, kabwg To melA kal
TO 2,4-D diaAlovTal o aiBavoAn. Or pilec ouleyovTal kKal anoBnkeuovTal

oTouG -80°C péxpl TNV e€aywyn Twv RNA kal Tnv kataokeur Twv cDNA.

.4 Anopovwon oAikoU RNA ano TiG pifeC TWV PUTOV

Fa Tnv anopovwaon oAikoU RNA and Toug (puTIKOUG I0TOUG Xpnoidonoinenke
To RNeasy Plant Mini Kit Tng eTaipiag QIAGEN. H diadikacia £xel wg €ENG:

1. XpnoiponoioUvtal 100mg @uTikoU I0TOoU Ta onoia opoyevornolouvTal Ke
ehaioTpifion o€ cwAnva eppendorf 2 ml padi Ye uypd alwTo.

2. NpooBnikn 500ul buffer RLT [oe 1ml buffer RLT €xel npooTeBei 10ul B-
HepkanTeBavoAn (B-ME)].
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3. AkolouBei MoAU kaAr avadeuon o€ pnxavikd avadeuTnpd Kai €nwaon
oTouG 56°C yia €va £wg Tpia AenTa.

4. MeTagopa Tou deiypaTog o oTAAN PuyokévTpnong QIAshredder, n onoia
TonoBeTeiTal o owArpva eppendorf 2ml kai guyokevtpnon oTic 13.000
OTPOPEG ava AenTo (rpm) yia 2 AenTd.

5. MPOOEKTIKA YETAPEPETAI JE MINETA TO UMNEPKEIPEVO XWPIC va diaTapayoei
TO i{nua os veéo owAnva eppendorf 1,5ml.

6. MpooBnkn 250ul aiBavoAn (96-100 %), To 1/2 Tou apyikoU OyKOU TOu
OlaAUaTOC Kal avapign Ke TNy mneTa.

7. MeTtagopda Tou dlaAupatog (750ul) os otnAn puyokevTpnonc RNeasy n
onoia TonoBsTeiTal oe owAriva eppendorf 2ml. duyokévTtpnon oTic 12.000
rpm yia 2 AenTd Kai anoppiyn Tou UNEPKEIPEVOU.

8. Mpoobrikn 500ul buffer RPE kai guyokévtpnon oTic 12.000 rpm yia 2
AenTd. AnOppIyn TOU UMEPKEIYEVOU Kal VEA (QUYOKEVTPNON OTIC IDIEC
OTPOPEC Kal AenTd. TonmoBéTnon Tng otHANG ot veéo owArva eppendorf
1,5ml.

9. Mpoobnkn 50ul “RNase-free” vepoU OTO KEVTPO TNG OTAANG Kal

(puyokevTpnaon oTig 12.000 rpm yia 1 AenTd yia €éknAuon Tou RNA.

.5 XeipiopoG Tou oAikoU RNA pe DNaon

Me autn Tn MEBOdO anopakpuveral To yovidiwuaTiko DNA nou, iowg,
ouvunapyxel e To RNA nou anopovwbnke and Tov 10TO. ApXIka npooTiBeTal
DNaon oto apxikd deiyda RNA kal oTn Ouvexela yiveTal peTaxeipion e
@aivoAn kalr YAwpo@opuio yia Tov “kaBapiopo” Tou RNA. OuvoAIKa
akoAouBouvTal Ta €ENg Bripara :

1. 2 25,5ul oAikoU RNA nou anopovwBnke Pe TNV nponyoupevn diadikaaia
npoaTifeTal:

1. 3ul 10X pubpioTikd didAupa DNaonc.

2. 0,54l avaoToAéa RNase.

3. 1 yIDNaon eAetBepng and RNaoeg (1U / pug RNA).
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2. O TeANIkOG Oykog eival 30l kar akoAouBei enwaon oTtouc 37°C yia 20
AenTa.

3. MpooTiBevtar 3 oOykol apyikoU diaAUpaTtog ddH20 (90ul) kai 4 Oykol
apxikoUu diaAupatoc ¢aivoAn (120ul). To piypa avadeUstal o€ PNXAvIKO
avadeuTnpa kai akoAouBei puyokevTpnon oTic 13.000 rpm yia 5 AenTd.

4. H navw ¢aon Tou udaTikou d1IaAUlpaTog nou npokunTel (nepinou 120ul)
HETAPEPETAl 0 VEO owAnva eppendorf kar n idia diadikacia akoAouBsiTal
KAl KaTd Tnv avagién pe @aivoAn/xAwpopopuio oc avaloyia 1:1 kai ot
avapiEn Pe ioo OyKo XAwPopOpUIO.

5. H katakpnuvion Tou RNA yivetar pye npooBnkn 1/20 Tou Oykou Tou
dlaAupaTtoc CHs:COONa pH=5,3 kai npoobrikn 2,5 oykwv aibavoinc. To
Oeiypa diatnpeital oTouc —20°C yia 12 wpeC TOUAAXIOTOV 1} €VAAAGKTIKA
oToug —80°C yia 1 wpa.

6. AkoAouBei puyokévtpnon oTig 13.000 rpm yia 20 AenTa o€ Beppokpacia
4°C kal apalpeiTal TO UNEPKEIYEVO.

7. MpoaTiBeTal ioog oykog apxikoU dilaAupaTog aiBavoin 70% kal akoAouBEi
véa @uyokevtpnon oTic 13.000 rpm yia 20 AenTta oe Beppokpacia 4°C.
A@alpeiTal TO UNEPKEIPEVO Kal EMNPOCBETWE UNOPEI va npayuaTonoindei kai
Mia OeuTepn QuyokevTpnon yia 5 Aenta yia TNV nNANpn agaipeon TNG
aiBavoAnc.

8. To i(nua agrveTal va oTeyvwaoel oTov ndyo yia nepinou 15 Aenta kai

enavadiaAletal o€ 21l ddH-O0.

F.6 TMpoodiopICHOC OUYKEVTPWONG Kal kKadapoTnTac
VOUKAEIVIK®V 0EEWV

MpOKEIEVOU va MPOCDBIOPIOTEI N CUYKEVTPWON TWV VOUKAEIVIKWV OEEWV,
XPNOIKONOIOUKE TNV MOCOTIKN (PWTOMETPIKN avdaAuon. H peBodog autn
oTtnpileTal oTo vouo Twv Beer kal Lambert. Me To vOopo auto n anoppogpnon
TOU PWTOC ano &va dIaAuPa OUCXETICETAI JE TN CUYKEVTPWAN TNG ouaiag Kal

TO MAKOC TNC 81adPOMNG TOU PWTOC Jeaa anod To SIGAUNA.
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>e €10k KUBETTa YaAadia, nou nepieixe 49ul dH:0, TonmoBetri®nkav 1pl
O€iyuaToC Kal NpoodIOpPIOTNKE N CUYKEVTPWON Tou OIdAUMATOC O MWRKOC
kUpaTog 260nm.

> H OUYKEVTPWON TwV VOUKAEIVIKWV OEEwv, Xwpig TNV napoucia aAAwv
NPOOHIEEWV, ONWC NPWTEIVEC kAl MOAUCAKXApPITEC, OiveTal anod Tov TUMO :

C = 0.D.2s0 * D * ouvTteAeoTn¢ apaiwong, onou O.D. gival n anoppo@non
Tou dciypaTog ota 260nm kai D €ival n otaBepa nou eEaptaral ano To €idog
TOU VOUKAEIVIKOU 0E&€oc. € kaBapd diaAUpaTta DNA n otabepa D 1ooUTal Pe
50mg/ml, oe diaAupata RNA ioouTal pe 40mg/ml, evw oTnv nepinTwon
oAlyovoukAeoTidiwv IooUTal pe 30mg/mil.

> TpOKEINEVOU va UNOAOYIOTEI N KABapOTNTA £VOC DEIYUATOC VOUKAEIVIKWY
o&Ewv, unoAoyifovtal o1 Adyol O.D.260/0.D.280 KAl O.D.240/0.D.260. ‘OTAV N TIUN
TOU NpWTOU AOYoU KupaiveTal YeTa&u 1,8 — 2,0 kai Tou deuTepou oTo 0,5,

TOTE TO Oeiypa BewpeiTal IkavonoinTikAG kabapoTnTac.

.6.1 AAuci1dwTtn avTidpaon noAupepaong (PCR)

H aAuvoidwty avtidpaon TnGg noAupepaong (PCR) eival o /in witro
noAanAaciaopog aAAnlouxiov DNA pe TauToxpovn €enekTaocn Twv OUo
OUMNANPWHATIKWY aAuaidwv. H dladikaoia nepiAappavel
enavaiapBavopevoug KUKAOUG oc OIapOpPETIKEC BEPUOKPATIEC, WE Ypryopn
MeTaBaon and Tn pia Beppokpacia oTnv AAAn. Ze xpovikd 81aoTnHa oAiywv
wpWV, N ouykekpihgevn nepioxn Tou DNA nou enekteivetal (DNA oTOXOC),
noManAacialetal os €va peyalo apiBud avtiypdewv. Ta anapaitnta
avtidpaotnpia yia Tnv PCR eival DNA 0OTOX0G, ekkivnTeG “primers”,
TPIPwopopika deoupiBovoukAeoTidia, evlupo Taqg DNA noAupepacn, 16vTa
Mg+ anapaitnTa yia Tnv evqUUIKN dpacn kal kKaTaAAnAo puBuioTIKO SIAAuMa

(pH = 8.2) yia Tn dpaon Tou ev{UpoU.

To DNA otoxoc, noAhanAaocialetar PeTd and noANAnAEC avTiypageg, o€
onueio nou va eival avixyveuoido. To DNA oToxog anoTeAei To npoTuno DNA
oTnv  aAucidwTn avTidpaon TNG MNOAUMPEPACNG Kal WG AQETNPIES
XxpnolgonoloUvTal 2 guvBeTIKG oAlyovoukAeoTidia (18-22 Bacewv) nou xouv
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Oour oupnANPWUATIKA NPOoc TIC NAEUPIKEC aAnAouyiec Tou DNA oToxou, To
kKaBEva avTioTolxa npo¢ Tov €vd KAWVO TOU OTOXOU Kal MPE avTifeTn

kaTeuBuvan.

Kabe kUkAog nepiAappavel :

- @¢gppavon oe uwnAn Bgppokpacia (93-95°C) woTe va anodiataxdei To
DNA (denaturation step) kal and dikAwvo PETATPENETAI OE HOVOKAWVO.

- Ogppokpacia uBpidiopou (annealing step), NPOKEIJEVOU OI EKKIVNTEC va
uBpidioouv pe To DNA. H Bepuokpaacia uppidiopolU eEapTtdTtal anod To HNAKOC
TOU €KKIVNTR Kal TNV MePIEKTIKOTNTG Tou o G kai C. 'Evag Tponog
UMOAOYIOPOU TNG BEPPOKPATIac Tou €KKIVNTN €ival JEOw Tou TUMou Tm =
2(A+T) + 4(C+G). H Beppokpaaia Tou uBpIdIopoU gival TENIKA 5.C kaTw anod
TOV PECO OPO TWV TIHWV Tm TwV dUO EKKIVNT®WV TNG avTidpaonc.

- Oepyokpacia enmipunkuvong ) noAupepiogou (extention step). Kata tn
Oldpkela  autou Tou PBriwatoc AauPBavel xwpa n  ouvlgon  TNG
oupnANpwHaTiknG aluaidag Tou DNA, pe Tn dpaon Tng DNA noAupepdonc.
'ETo1 oxnuatifovral dUo kaivoupyleg aiuaol f kAwvol DNA cUPNANPWHATIKEG
npo¢ auTteg Twv OU0 KAwvwv Tou npotunou DNA pe anoTéAeopa To

dinAaaiacpd Tou DNA aToxoU.

H diadikacia nou neplypd@nke napanadvw enavaAapBaverar yia 25-30
KUkKAouc ouviBwc. Kata Tn Oidpkeid Twv KUKAwV n napaywyn Twv
NpoiOVTWV TNG avTidpaong Yiveral e ekBETIKO pubpo, epdoov BERaia dev
napouaciacTouV NEPIOPICTIKOI NapayovTeg, Onwg yia napadeiypa eAAEIwn
voukAeoTIdiwv. H PCR Bpiokel epappoyr o€ noAAoUG Topeig kal, TEAeuTaia,
Exouv avanTtuxBei NoAAEG napalayeg Tng napandvw Pacikng avTidpaong.
Mia eupEwg xpnoidonolouyevn napalayn eivar n RT-PCR, katd Tnv onoiad
XpnoidonolsiTal w¢ YATpa yia evioxuon RNA, To onoio npwTa PeETaypaPeTal
oc cDNA pe Tn PBonBeia Tou ev{Upou avTioTpopn MeTaypagdon (Reverse

transcriptase).
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Eikova 12. Sxnuarikn avanapdacracn Bacikwv Oladikaoliwv TnG aAucIdwTHC
avTidpaonc noAupepdaonc (66).

.6.2 PCR yia Tov €Agyxo Unaping yevwpikou DNA

Mpaypatonolgital n aAucidwTn avTidpaon NoAuhepaonc ato oAikd RNA nou
anopovwenke yia va dianioTwBei Tuxov unap&n DNA. MNa auto To okonod Ba
EVIOXUBEi TO yovidlo TNG OUMNIKOUITIVIG TO onoio ekPppaleTal o€ OAOUG TOUG

(PUTIKOUC I0TOUC.
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>e owAnva eppendorf npooTiBevTal Ta NapakaTw o€ TEAIKO Oyko 20ul.

e 15,42pl ddH,0

e 2ul 10X puBuioTikd didAupa Kapa Taq

e 0,4ul piyua dNTPs

e 0,5ul oAikd RNA

e 0,8ul ekKIVNTNC EUNpocBev

e 0,8ul ekKIVNTAC avaoTpopog

* 0,08ul DNA noAupepaon kapa Taq (1 Unit/pl)

- To piyua avapiyvueTal JE ypriyopn (PUYOKEVTPNON KAl TOMOBETEITAl OTN

ouokeun PCR, NPOKEIPEVOU va EKTEAEOTEI TO NAPAKATW NPOYPANKA:

Aiadikaocia Oepokpaaia Xpovog ApIBOC KUKAWV
Apxikn anodiaTtaén 95 °C 2 \enTa 1
AnodiaTta&n aAucidwv .
95 °C 30 deuTepOAenTa 35
DNA
YBpidonoino
PP 'n ! 30 deuTepOAenTa 35
EKKIVNTWV
ZUvBeon VEWV .
. 72°C 30 deuTepOAenTa 35
aAucidwv DNA
TeAIkn enigAKuvon 72°C 10 AenTa 1

O1 €KKIVNTEG MOU XpnoigonoinNénkav yia va evioxUoouv TO YOVidlo TNnG
OUMNIKOUITIVNG OTa L. japonicus:

EKKIVNTAC €unpooBev UbiF: 5'-TTC ACC TTG TGC TCC GTC TTC-3'

€KKIVNTNG avaoTpo®og UbiR: 5-AAC AAC AGC ACA CAC AGC CAA TCC-3'

Kal oto M. truncatula:

EKKIVNTAG EMNPooBev Mtc27F: 5'-TGAGGGAGCAACCAAATACC-3'

EKKIVNTNG avaoTpo®og Mtc27R: 5-GCGAAAACCAAGCTACCATC-3’

Metd To TENOC Tng diadikaciac To npoiov TN PCR avaAUstal o€ nnkTh
ayapodng.
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r.6.3 AAucIOWTH avTidpaon TNG NOAUHEPAONG HE XPRON TNG
avTioTpoENG HETAypapaong

>Tnv  PCR avriotpopnc petaypapnc (RT-PCR) wc¢ apxikd Ociyua
xpnoiuonolsital To oAikd RNA To onoio petatpenetal oe cDNA napouaia Tou
gev{Upou TNC avTioTpoPnG HeTaypagaonc (reverse transcriptase). Ma Tn
METAypagn auTr) XPNolJonolouvTal Tuxaia eEapepn N evviapepry OAiyodTs kai
To cDNA nou 8a napaxbsi Ba xpnoigonoinbei w¢ ekpayeio yia Tnv DNA
noAupgepacn ortn ouvidn Texvikn TG PCR. EEAi&eic otnv RT-PCR
nepIAapyBavouv TNV avantuén anilwv NpwToKOMwV oTa onoia n ouveeon
cDNA «kai n avtidpaon PCR ektehoUvTal o€ éva otadio (one step RT-PCR).
Ta npwtokoMa auta Baciovral otnv a&onoinon TNG OINARG 1010TNTAC
opiopévwy  BeppooTabepwv  DNA  noAupepacwv  Onw¢ n  Thermus
Thermophilus (Tth) DNA noAupepdon va petaypdwouv avtioTpopa RNA

napoucia Mn**, ev Tautdxpova dpouv kai w¢ DNA noAupepAcec.

H olvBeon Tou cDNA £yive XpnoidonolwvTag To NpwTOKoAAo ImProm-II™
Reverse Transcription System Tng €Taipiac Promega kal npayuaTonolsital o
eva otadio.

Apxika o€ owAnva eppendorf TonoBeToUVTAlI Ta NAPAKATW CUCTATIKA

e 1ng — 5mg oAikoU RNA

e 1pl oligo(dT)15 primer (0,5mg / avTidpaon)

e I aneoTaypevo vepo (ddH,0) pexpr TeAIKO Oyko 5ul.

To napandvw piypa QUYOKEVTPEITal Ypriyopa kal Beppaiveral otoug 70°C yia
nevte Aenta.

TonoBeTeiTal auEowG OTOv NAYO yia 5 AenTd, QuUYOKeVTPEiTal ypryopa Kal
dlaTnpEiTal oTov NAyo HEXP! VA ETOINACTEI TO ENOMEVO WiyHa.

>e OeuUTEPO owAnva eppendorf dnuioupyeital To Wiypa TnG avridépaong pe
TNV avTioTpo®n HETAypapdaon To oroio NEPIEXEl TA NAPAKATW OUCTATIKA:

e ddH,0 peExpl TEANIKO OYKo 154l

e 4ul ImProm-II™ 5X Reaction Buffer

e 0,5uI MgCI2 (final concentration 1.5-8.0mM)

e 1yl ANTP Mix (final concentration 0.5mM each dNTP)
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e 1ul avacToAéag RNaong (20 units)

e 1yl ImProm-II™ avTioTpogpn YETAYPAPAon

To napandvw Hiyda (pUYOKEVTPEITAI yPryopd Kal NMPooTiBeTal 0To npwTo
owArpva eppendorf o onoio¢ nepiExel To apxikO Ociyua. ‘ETol npokUnTel
TEAIKOG Oykog 20pl.

To TeAIkO didAupa TonoBeTeiTal oTnv cuokeuny PCR dnou npaypaTonoiouvTal

Ta napakaTtw oradia:

>1adia Oepuokpaaia Xpovog
1° oTadio 25°C 6 AenTd
2° oTadio 42°C 60 AenTa
3° oTadio 70°C 15 AenTa

.7 AAucidwTn avTidopaon nNOAUHEPAONC NPAYHATIKOU
XpOvVou

H aAuoidwTn avTidpaon noAupepaonc npaypatikoU xpovou (real-time PCR)
N aA\IWG Kal NoooTIKN aAucIdwTr avTidpaon noAupepaong (qPCR) eival pia
MEB0dOC nmou PBaciletal otnv PCR kal XpnoldonolsiTal yia va &evioxUoel
TUApaTa DNA kal n onoia €mITPENEI TNV MOCOTIKOMNOINGN OUYKEKPILEVWV
aMnAouxiov-oTOoXwv. EmTpénel Tnv  avixveuon kai  NoCOTIKOMoinon
noAManAwv TUNUatwv DNA oe anoAuto aplOud pe Tn Xprnon npoTunwv
Ola@opwv ouykevTpwoewv DNA. H PETPNON TNG NooOTNTAC TOU MPOIOVTOC
npaypartonoleital ka®’ oAn Tn didpkela TG avTidpaong, MEOW TNG
napakoAouBnong TnG au&nong Tou PpBopiopoU kanolag eoopifoucac ouaoiac.
2TN OUYKEKPIKEVN NEPINTWON O POOPICHOC LETPIETAI O€ KABE KUKAO TnG PCR,
ME anoTEAEOpA va NPOKUNTEl Wi KaunUAn evioxuong (amplification plot),
YEYOVOG MOU EMITPENEI OTOV €PEUVNTN va napakohouBei O0An Tn diadikaaia
™G avtidpaonc. H av&non Tou onuatoc ¢Bopiopou eival avaloyn Tou
OUVTIDEPEVOU NPOIOVTOG Kal OXETI(ETAl APETA PE TNV NOCOTNTA TOU apXIKOU

unoCTPWHATOC.
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MoAAEC popéc N real-time PCR ouvduadeTal Je TNV NPOTEPN PETATPONI HIAC
noodtTnTac RNA o DNA, xpnoigonolwvTtag Tn HEBodo TG avTioTpopng
METAYPAPNC, HE OKOMO KUPIWC TNV HEAETN TWV EMNEDWV EKPPAONC YOVISIWV.
>Tn PBaoikn €peuva XPNOIYOMOIEITAl yid TNV  MOCOTIKOMOINON  Kal
napakoAouBnon TnN¢G OIaPOoPIKAG EKPPAoNC YovIdiwv-OTOXWV HETA ano
HETAXEIpioEIC 1 yia TNV avantu&lakn HEAETN Twv €mnEdWV EKPPAONC

YOVIQIWV-GTOXWV.

Eikova 13. XapakTnpioTikn KapnUAn aAucidwTnG avridpaonc npayuaTtikou Xpovou
(67).

EmiAoyn Twv ekkivT@wv
O1 aMnAouyieg yovidiwv nou kwdikonolouoav yia Ta idla &vlupa Tou

BloxnuikoU povonaTiou oponapatednkav pe Tov aAyopiBpo ClustalW. O
EKKIVNTEG EMIAEXONKAV O€ N OUVTNPNHEVEG NEPIOXEG TWV YovIdiwv, WOTE va
anogeuxbei 0 PN €EEIBIKEUPEVOG UBPIDIONOC TWV EKKIVNTWV. € NEPINTWOEIG
MN enkaAunTopeVWY aAAnAouxiwv nou kwdikonolouoav yia To id1o yovidio ol
EKKIVNTEG enavadiepeuvnbnkav He Tov aAyopiBpo BLAST oe OAeG TIG
yovidlakeG Pacelg  Oedopevwyv. TeAkG  emIAEXOnkav  €KKIVNTEG  Mou
uBpIdonoindnkav NARPwWC Jovo Pe TNV aAnAouyia Tou yovidiou BASI oTo M.
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truncatula ka1 Tou yovidiou AMY2 aTo L. japonicus. H enINOYR TWV EKKIVNTWV
NpaypaTonoinenke Pe Tn Xpron Tou €EEIDIKEUPUEVOU NPOYPARMATOC EMAOYAC
ekkivnTwV Beacon designer v7.0. To YEYEDOC TWV EVIOXUOHEVWV TUNHATWV
ATav nepinou 100 {elyn Baccwv. O1 eKKIVNTEC EMIAEXONKAV PE TETOIO TPOMO
WOTE va anoQeuxBei O OXNUATIOMOC OMOdINEPWV N €TEPOdIPEPWV. H
dnuioupyia opo- Kal ETEPO-OIHEPWV ANO TOUC EKKIVNTEG EXEI WC ANOTEAECUA
TNV eknounn Mn €Eeidikeupevou @BopIoPoU kaTta Tnv avtidpaon TnG PCR

npayuaTikoU Xpovou.

O1 EKKIVNTEG oI oroiol Xpnaoiponoinenkav €ivai ol €EnG:

ZUPBOAO EKKIVNTN NoukAgoTIBIKI) aAAnAouxia ekkivnTnh
Mtc27F 5'-TGAGGGAGCAACCAAATACC-3’
Mtc27R 5’-GCGAAAACCAAGCTACCATC-3’
MtBaslIF 5-ACGCCATGGTAAGCTATAAGCTATGA-3’
MtBasIR 5'-AGCGCTCGAGTAAATATTCTACCTATGC-3’

LiUbiF 5-TTC ACC TTG TGC TCC GTC TTC-3'
LiUbiR 5’-AAC AAC AGC ACA CAC AGC CAA TCC-3'
AMY2F 5'-GCAGTTTAACTTGTAAAGATAGC-3’
AMY2R 5’-GGCAACAAACCGACACTAAATAC-3'

r.7.1 Avridpaon TnG Real Time PCR

'OAec o1 avmidpdoeic npayupatonomndnkav He To idlo  Beppokpaciako
npoypappa os ouokeuny Mx3005P (Stratagene) kai kataypagnkav yia 45
KUKAOUC. 2TO TEAOC kaBe avTidpaong akoAhouBei n napakoAoudnon TNG
kaunUANnG anodiata&éng Baon Tng onoiag empPBeRaiwveral n UNapén evog HOvo
npoiovTog oTnv Kabe avTidpaonc. Ze OAEG TIC MEPINTWOEIC TO MiyHda Tng
avTidpaong NPOETOINACTNKE CUPPWVA KE TIG 0dNYIEG TNG KATAOKEUAOTPIACG
eTaipiac (Stratagene), evw oTnv TeAk avTidpaon XpnoiKoOnoInénke n
XPWOTIKN avagopag ROX. Metd 1o TEAOG Twv avTidpdoewv Ta OedopEva
e€ayOnkav pe Tn Hop@n nivakwv kai ene€epyalovrav He Tn Xpnon Tou
npoypdupatog  LinRegPCR  npokelyévou  va  MpoadiopioTouV N
anoTeAeopaTikOTNTa TwV ekkivnTwv (efficiency) Tng kGBe avTidpaong arAd
Kal o aplBuoc Twv KUKAwvV opiou (Ct), o onoiog avTinpoowneUsl Twv apiBuo

TWV KUKAwV TnNG avtidpaong navw anod Toug ornoioug eivalr duvatn n
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avixveuon @Bopiopou. Ma kabe pia and TIC PBIOAOYIKEG €NAVAARYEIC
npaypatonoinénkav — TPEIG  TEXVIKEG  €navaAnWelG.  2Tn  OUVEXEID
npaypaTonoinenke oTaTioTIk ene€epyacia TwV aAnOTEAEOPATWV. ApXIKA
npaypartonomnénke n PCR npayuaTikou Xpovou yia To yovidlo TNng
OUMMNIKOUITIVNG WOTE va YIVEI KAVOVIKOMOINon — NMoooTIKOMOoINon oTa apxIika
Oeiyuata cDNA. TMNa TO oOkond auto oe optical tubes npooTéBnkav Ta
NapakaTw avTidpaoTnpia PEXP! TEAIKO Oyko 20ul.

e 10ul 2X buffer

e 0,8ul ekkIvnTNC £EUNpooBev

e 0,8ul ekkIvnNTAC avaoTpopog

e 1ul cDNA (apaiwpévo 1:10)

e 0,4ul xpwoTik avapopdg ROX

e 7ul ddH,0

MapakoAouBbwvTag TNV €kPPacn Tou Yovidiou TNG OUMMIKOUITIVNG O KABe
Ociypa BAEnoupe Tnv nukvoTnTa Tou cDNA nou nnpape and kabe 10TO Kal
KAvovTag TIGC KATAAANAEG apalwoelG 1I000KENIOUE TIG OUYKEVTPWOEIC CDNA
ano kabe deiypa. ZTn ouvexela npayuartonoleital n PCR npaypaTtikou Xpovou
yia kabe yovidio (BAS1,AMY2) yia va dianioTwOei n Ekppacn Tou O€ KABe
I0TO Kal o€ kABe nAikia Tou @uTOU. ApXIkG npayuatonoindnke n PCR
npaypatikou XpOvou yid TO Yovidlo TnG OUMMIKOUITIVAG WOTE va Yivel
Kavovikonoinon — nogoTikonoinon ota apxika dsiypata cDNA. Ma To okono
auto o¢ optical tubes npooTéBnkav Ta napakdTw avTiIdPACTAPIa HEXP!
TEAIKO Oyko 20pl.

e 10ul 2X buffer

e 0,84l ekkIvnTNG EUNpocBev

e 0,8ul ekkIVNTAC avaoTpoPog

e 1ul cDNA (apaiwpévo 1:10)

e 0,4ul XpwoTikn avagopac ROX

e 7ul ddH;0

MapakoAouBwvTac TNV €kPPAacn Tou YOoVvIOiou TNG OUMMIKOUITIVIG O KABE

Ociypa BAEnoupe TNV nukvoTnTa Tou cDNA nou nnpape and kabe 10TO Kal
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KAvovTac TIC KATAAANAEC apalwoelC I000KEAICOUPE TIG OUYKEVTPWOEIG cCDNA
ano kabe deiyya. XTn ouvexela npayuaTonolsital n PCR npaypatikoU Xpovou
yia Ta yovidia BAS kai AMYZ2, yia va dianioTwOei n €kppacn Toug oTIC PICeg

TWV PUTWV.
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E. AnoteAéopara

E.1 Anopovwon RNA

>TIC NApAKATw QWTOYPAPIEC (paivovTal Ta RNA nou anogovwOnkav ano TIC
piCec nNAIkiag 12 nUeEPWV Twv QUTWV M.truncatula (Enavw) Kai 1o L.japonicus

(kaTw), Ye TN Xpnon Tou RNeasy Plant Mini Kit Tng eTaipiag QIAGEN.

E.2 PCR yia Tov £AeyX0 €UpeONG yoviSiwpaTikou DNA.

MpaypaTtonoindnke n aAucidwTr avTidpaon NOAUPEPACNC oTo OAIkO RNA
nou anopovweOnke yia va dianioTwBei Tuxov Unapén DNA pe Tnv evioxuon
TO YOVIJIO TNG OUMMIKOUITIVNG, TO 0rnoio ekppaleTal o€ OAOUC TOUC (PUTIKOUC

lIoToUC. H €ikOva nou napoucsiaoTnKe OTNV MNKTA QaiveTal oTnv NapakaTw
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pwToypapia. ApioTepd BpiokeTal 0 JOEiKTNG HOPIAKWV HEYEOWY, OTIC BECEIC
1,2,3 o1 BETIKOI JAPTUPEG, OTNV 4 0 APVNTIKOC HAPTUPAC KAl OTIC UMOAOIMEC
Ta deiypaTa pac. ‘Onwc ¢aiveral S0UAEWPE POVO 0 BETIKOC HApTUPAC KABwG

dev unnp&e kAnola YNAvTa rnou va avTioToIXEl 0€ Kanolo ano Ta OesiyuaTa.

E.3 MeAérn é€xk@paong Tou Yyovidiou PBAS1I oto M.
truncatula

H avaluon Tng €k@paong Tou Yyovidiou PBASI Tou M. truncatula
npaypartonoinénke und Tnv enidpacn Twv opuovwv BA, Mela kai 2,4-D
kKabwg kal anouaia onoladnnoTe opuovne. Ma Tn dieEaywyn Tou NeIPAPaTog
anopovwonke oAikd RNA ano Ti¢ piCeg nAikiag 12 nuepwv Tou M. truncatula.
Mpayuatonoinénke PCR avTtioTpopng petaypadng (RT-PCR) kal akoAoubnoe
PCR npayuatikoU xpovou (real time PCR) wOTE va avixveuTouv Ta enineda

TOU BASI.

Ta anoTeAéopata Mou NPOoEKUWAV €NEITa and OXETIKN  KAvovikonoinon

napouaoialovTtal oTo Mpapnua 1.
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Fpapnua 1: Enineda Tng yovidlaknG €kppaonc Tou BASI oToug
d1apopeTIKOUG XEIPITHOUG.

'Onw¢ qaiveral oto ypapnua 1, dev napatnpnénke aliayn orta enineda
EKQPAonG Tou yovidiou BASI o€ oxeon WE Ta deiydata eAéyxou OTaAv OTO
unoOOTPWHA avanTuéng Twv (GUTWV Xpnolhonoindnkav ol opuoOvec BA kal
2,4-D. Z1a deiypaTa OPWG Nou Xpnoidonoinénke oTto undoTpwpa avanTuéng
To MeJA napouciaoTnke au&non orta enineda yovidlaknG EKPPACNG Tou
yovidiou BAS1I. Mahiota @aivetal om ota Osiyyata oTa onoia
Xpnoigonoinénke oTto unooTpwua MeJA (25uM) napouadiaoTnkav uwnAoTepa
€nineda €kppacng Tou yovidiou Os OXEON ME AUTA OTa onoia &yive enidpaon
ME XaunAOTEPN OUYkEVTpwon MelJA (10uM), Xwpic woTdco va eival

OTATIOTIKA ONPAvTiKn autn n diagopa.
E.4 MeAéTn éEk@ppaong Tou yovidiou AMY2 oto L.

japonicus

H avaluon TnGg é&kgpaonc Tou yovidiou AMY2 Tou L. Japonicus
npaypartonoindnke und Tnv enidpacn Twv opuovwv BA, Mela kai 2,4-D

kabwg kal anouagia onoladnnoTe oppoOvNG.
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MNa tn die€aywyn Tou NeipduaToC anopovwdnke oAikd RNA and Tic pileg
nAikiag 12 nuepwv Tou L. japonicus, Ta QUANG Kkal Ta QUUATIC.
Mpayuatonoinénke PCR avTioTpopng petaypadng (RT-PCR) kal akoAouBnoe
PCR npayuatikoU xpovou (real time PCR) WOTE va avixvEUTOUV Ta €nineda
TOU AMYZ.

Ta anoTeAéopata Mou NPOEKUWAV E€NEITa and OXETIKR KAVOVIKOMoinon

napouaoialovrtal aTo Mpapnua 2.

0,06 - AMY2
0,05 -

0,04 -
0,03
0,02

W

0,01

Control BA Control 10pM 25pM 2,4-D
1 2 Mela  Meja

Relative AMY2 expression

Fpapnua 2: Enineda Tng yovidlaknG €k@paong Tou AMY2 oToug
OlIaPOPETIKOUC XEIPIOHOUG.

'Onw¢ @aivetar oto papnua 2 napatnpnbnke alhayr orta enineda
Ekppaong Tou yovidiou AMYZ2 oe oxeon We Ta deiypaTta eAEyxou OTav OTO
unoCTPWHA avanTuéng Twv PUTWV XpPNaolhonoInénkav ol oppoveg MelA, BA
Kal 2,4-D. ®aiveral 0TI n BA €xel Tn peyaAlTepn enidpacn Xwpic woTooo va
gival onuavTtikn n dlagopd TnG ME TIG UNOAOINEG OpHOvVeC. EminAéov, n
enaywyn e MelJA (25uM) odnynoe oe XapnAoTepa enineda yovidlakng

EKPPAONG O€ GXEDN KE TIG UNOAOINECG OPHOVEG,
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2T. ZulnTnon

2TV napouca epyaocia, PHEAETNONKE N €kPPAon YovIdiwV Mou €PNAEKOVTAI
oTn BloouvBeon Twv TpITEPNEVOEIdwV oTa Wwuxavln. Ta wuxaven eivai
UMOOIKOYEVEID PUTWV KAl TO OVOPA TOUG MPOEPXETAl and TNV anodoon Tou
AaTIvikoU Papilionoideae. KaBopilovTtal ouvnBwe and Tnv Tumikn dour Tou
avbouc kai TNV IKavotnTa noAAwv €€ autwv va oxnuati(ouv QuUUATIa
napoucia CUPBIWTIKWOV BakTnpiwv, Twv enovopalopevwv piloBiwv. To
HEYAAUTEPO MOCOOTO TWV WuUXavlwv E£Xel TNV IKAvOTNTA va OeoueUsl TO
alwTo TOU AEPA MECW TWV QUUATIWV OTIC pilec, 1KAvOTNTA OTNV oroid
o@eilouv TNV €EENIKTIK, OIKOAOYIKN KAl OIKOVOUIKN TOuG enituxia. Tnv
TeeuTaia dekaeTia xouv avadeiyxBei dU0 onuavTika PHOVTEAG OTN WEAETN TNG
BioAoyiag Twv wuxavlwv, To Medicago truncatula ka1 To Lotus japonicus. Ta
OUOo auTd QuUTA poipalovTal ApKETA KOIVA XapakTnPIoTIKA Mou Ta KabioTouv
KaTaAMnNAa epeuvnTiKG HOVTEAD, aAAG  OIAQEPOUV  (PUAOYEVETIKG  Kal

napoucialouv dU0 JIAPOPETIKA avanTu&lakd CUCTANATA PUUATIWV.

Ta TPITEPNEVOEIDN AVNKOUV OTOUC OEUTEPOYEVEIC WETABOANITEC, N AANIWG
OEUTEPOYEV MPoiOVTa N QUOIKA NPOIoVTa Kal anoTeAoUv pia PeEYAAn kai
noikiAn Ta&n opyavikwv EVWoEwV, HIKpoU HopiakoU BAapouc nou napdayovral
ané Ta QuTa (31). O OXNUATIONOC TOU OKEAETIKNG OOWNG AQUTWV TWV
OUOTATIKWV KATaAUETal anod TIG 0&eI0oavaywylkeG KUKAAoeG (OSCs) HEOWw
TNG KUukAonoinong Tou 2,3-0&eId0oKoualeviou. ZnuavTika evlupga oTn nopeia
napaywyng Twv TpITEPNEVOEIdWY Eival n ouvbaon Tng B-apupivng (BAS), n
ouvbaon Tng a-apupivng (a@AS) kai n cuveaon Tng AounedAng (LusS) .

H ouvBaon Tng B-apupivng (B-AS) kaTaAUel To NpwTO OECHUEUTIKO BriKa oTn
BlooUvBean Twv TpITepnevoeldwv. H B-AS €xel XapaKTNPIOTEI AEITOUPYIKA
0T0 Panax Ginseng, OTo pea Kal OTO Arabidopsis thaliana kai GXeTiCeTal
OTeEVA HE TN QUTIKN ouvldaon TG KUKAOAPTEVOANG, n ornoia &xel eniong
XapakTnploTei  Asitoupylk@ (44). To yovidlo B-ASI evtoniletar OTO

XpwHOoWWa 4 Tou M. truncatula dnou evronifovTal Ta NEPIOCOTEPA yovidia
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nmou gUnNAEKovVTal OTn BIooUVOEON Twv TPITEPNEVOEIdWY. To yovidio AMY2
KwdIKoNoIEl TN ouveaon TnG B apupivng oTo L. japonicus kal evronileTal oTo

XPWHOOWHA 3 TOU YEVWHATOC TOU.

>Tnv napouoa €pyacia, £yIVE NPOOONKN TwV TPIWV (PUTOpPHOVWY, MelA, BA
Kal 2,4-D npokeiyévou va PeAeTNBoUV ol aAAayéc nou npokaAoUv oTa
enineda €kppaonc Tou PASI kal Tou AMY2. To MelA npokaAsi Tnv
enaywyn NoA®V OEUTEPOYEVWV HETABOAITOV OTA QUTA, Kal eKONAWVETAI
KUPIWG KATW anod ouvenkes nepiBallovTikoUg oTpeg (68). ‘'Ocov apopd Tn
BlooUvBeon Twv TPITEPNEVOEIDWV EXEI avapepBei OTI TO MelA enayel Tnv
€k@paon Tou yovidiou BAS1 oTo M. truncatula (44). Eniong, €xel npoTadei
ot £€aiTiag TNG 8IA0TAUPOUKEVNG EMIKOIVWVIAC TWV OPHOVIKWY JIKTUWY MOoU
undpxouv oTa QuTa, €ival NIBavov kal AAAEC oppOVeEC va evioxXUouv Kal va
e€EI0IKEUOUV TETOIEG ENAYWYEG (69). EmnAéov €xel avapepBei OTI oI au€ivec
(2,4-D) Kkal ol KUTOKIVEG (BA) peTaBAMouv To €ninedo Twv AAKAAOEIdWV O€

KUTTAPIKEC KAANIEPYEIEC C. roseus (64,65).

ZUPPWVa KE Ta anoTeAEoNaTa pag 1o MeJA npokaAei al&énon TnG EkPPacng
Tou Yyovidiou BASI oto M. truncatula, kaTl TO OMNOIO CUPPWVEI PE TN
BiBAloypaia (44). QoTdco TO BA kai 2,4-D dev npokaAeoav auv&non Tng
EKPPaonc Tou yovidiou BASI oto M. truncatula. 'Ocov agopd TO L.
Japonicus napatnpndnke OTI Kal TPEIC OPUOVEC npokaloUv au&non TNng
EKPPAonC Tou yovidiou AMYZ2. Enopévwe, gaiveral 0Tl n Bloouvleon Twv
TPITEPNEVOEIDWY OTO M. truncatula enayetal and To MeJA kai oTo L.

Jjaponicus aro 1o BA, 10 2,4-D kal To MeJA.
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