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EYXAPIXTIEX

H mopodoa oidoxropikn dwozpifn exkmoviOnke oto epyaotipio Dotikns lopoywyns
ov Tunquoaros Tewmovikwv Emotnuov, Bioteyvoloyios woi Emotiuns Tpogiuwv
(I'EBET) wov Teyvoloyikod Ilavemotnuiov Kompov (TIIK). Meta v olokinpwon g
a1o00vouL THY OVAYKN VO, EDYOPICTHOM OLODS OGODS GOVELOLOY OTO VO, KOTOOTEL OLVOTH
N 0AOKANPWON THS TOPOVOAS EPYOCLAG.

Id1aitepeg svyopioties Oa nBeio va exkppaow otov emifienwv Erikovpo Kabnynty Ap.
Booileio @wtomovio kor oto ovv-emifAémwv  Emikovpo KabOnynty Ap. Tdpyo
Mayyovopn, mov pe eumiotedTHEAY OVOOETOVIAS 1OV THY EPEDVO. EVOS TOAD GHUOVTIKOD,
evolapépovrog kai eloupetikd emikoipov Oéuotos. H xaboonynon kou emifleyn toug,
K0S ETIONS KoL TO EVOLOPEPOV KL Ol GDOTACEIS TOVG YIO. THV ETIAVGY TPOPANUGTDV
ovvéfalov kabopiotike atny olokApwon s owopifng. H @ilikn tovg atdon amévavtl
HOov Kol 1] emKOIV@VIO, HOS OAo avtd Ta. ypovio. nrav eloupetiky, kobiorwvios ™
ovvepyaoio. pnag mpoyuatiko vyopioty. Emiong, Oo nBeio vo touvg evyapiatiow yio v
avayvwon kol oLopbwaon e mopodoos olaTpifns, Kobws kKol Twv ONUOCIEDGEWY TOD
vrofAnOnkoy ae o1e0vi EyKpita ETIOTHUOVIKG TEPIOOIKC.

Lo v ekmovnon ka1 0LoKANpwan TS TOPOLGOS OIO0KTOPIKNG OLATPLPNS HTOW ETTIONG
kabopiatixn n coufoin tov Ap. Havayiorty Koloitln, Lovioviatns Zrovoav ko Epevovog
00 Meooyeioxod Aypovouikov Ivetitovtov Xaviov (MAIX), o omoiog uag mopeixe to
PLTIKO VAIKO TG Toik. ‘Kopwvéikng' omo tov meipouotiko eloiwvo, tovo MAIX (Kpnty,
Ellaoa). To Ap. Iovayiwty Kaoleitln, Oo nbelo va evyapiotiow yio v ayopd
OVOLWTIUWY KOl TNV TEYVIKY DIOGTHPICH TNV OVAADGH OVOGOOTOTOTWINS KOOGS eXions
yia ) pirlocevio tov ato MAILX yia diapkeio 5 unvav.

Evyapioticgc Qo nbeia va exkppoow oro Eioiko Exmoudevtixo Ipoowmixo (EEII) Ap.
Bloogio Todlo yia ™ moldtiun Ponbeio. mwov wov mopeiye 610 TPOGOIOPIOUO TWV
TOKOYPOUOVOLDY Kol TH KPITIKH OVOEYVWOolN TV oquociedoewy. Ocpués evyapiotics o
nBeia va ekppdow aro Ap. I'ewpyio Kovumovpn o omoiog uos mopeiye 1o QuTiko DAIKO
v 5 mowiliov (‘Kopwvéikn', ‘Kolouwv’, ‘Movpeiic’, ‘Kalokaipioo’ ko ‘Aiavoiia
Keprxipog’) oro to Ivaritovto Elidg, Yrotpomixawyv Doty kot Aurélov (Kpnty, EALdoa),

kabag exiong yio ™ pilolevia tov aro Epyactipio Eloiokouiog tov Ivetitodtov xatd



owapkela. 3 unvaov ota TAaIoL0. EKTOVHONS THE Epevvas uov. Oo nlelo va evyoplotiow
101aitepa 70 Ap. Nikorao Nikolovdokn, Eioiko Exmoioevtixo [lpoowmiko (EEII), yia
rolotiun fonbera mov wov wapeiye TRV OVAAVGN AVOCOOTOTOTWONS, KOBOWS Kol TNV TOAD
Koy @ilio. mwov avamtooue péoa amd oty v ovvepyaoio. Evyapiotiec Gédw va
exppaow emions ot Ap. Hovoyiota Pidinmov wov ue fonbnoe oto mpwta fructoa oo
KOl QKOUO, KOL GHUEPO. OTAV TN YPELOTT® eival TpoBoun va ue fonbnoet.

Aev Qo uwopovoa va. unv evyopiotiow o uéAn e ouddogs tov Emiovpov Kobnynth
Ap. Baoileiov @wtomoviov kai 6A0vg 06ovg poipaotnrey uali oo 0A0 avto Tov Kopo
TOV 1010 EPYAOTHPLOKO XWDPO AOYW THS OVVEPYATIOGS, TO EVYOPLOTO KAIUO. OAAG Kol TV
PILKOV GYETE®Y TOD aVamTOYXONKaY KOTA TH O10PKELD. QVTHS THS TEPLOOOD.

Oa oy Topafieyn wov vo uny evxopioTiow OA0DS TOVS PIAOVS OV KOl 1010ITEPO. TH
@iln uov Avooraocio Kovt(ovpadn xabws kor tov oppafwviactiko pov Aéxropo Ap.
Hpéooto Hpoddtov yia tn ovumapdaotaon koi tyv ayamn tovg kaldoln ) oiapkela twv
OTOVODV LUOD.

Tic Oepuéc pov evyapiotics opeilw oro Topvua A.I. Agfévrny yio tqv vmoTpopio TOL
1oV Tapeiye ota 2 £Tn TWV GTOVIDV UOD.

Télog, Bo nbeio vo ekppdow Tic o Oeplés 1oV EVYOPITTIES OTOVS YOVEIS LLOD VLo THV
nOIKn Kou THY O1KOVOULKY DTOGTHPIEN KoL TV 00T, TOV OV TPOGEPEPOY OAC TO YPOVIO,
TV GTOVODV LU0V KOL Ol LUOVO ETOL OOTE VO, TEPATWOODY UE TOV KOADTEPO OVVATO TPOTO.

Tovg evyapiota 10Tl TIOTEYOV TTIS ODVOUELS OV KO UE EUWDXWVOY T Kabe Tpoamabelo.
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INEPIAHYH

H Brrapivn E elvon pio opddo evocemv mov eivol yvooTEG G TOKOYPOUOVOLES
Kot gtvan évar amopoitnTo AMmodtoAvtd ovTIoEEmTIKO 0N dtpo@r| Tov avBpdmov. Ot
TOKOYPOUAVOAESG elvar pia LIKPT ORASO LUGIKMV TPOIOVI®V TO. 0Toia. cLVTIBEVTOL LOVO
amd  QOTOGVLVOETIKOVS  OPYOVIOHOVS Kol GUUTEPIAAUPAVOLY  dV0  VTOOUASES
(TokopepOLeC Ko TOKOTPLEVOAES). Kdbe vmoopndda amotedeital amd 1€66epic LOPPES (a-
, B-, v- K1 9-), amodidovtag Eva oOvoro amd okt® popeés. H Prrapivn E €xet woyvpn
AVTIOEEWMTIKY KavOTNTA Kot PpilokeTanl 68 VYNAEG GLYKEVIPAGELS GE KAPTOVS EAAC.
Xmv mapovoa gpyocio, yaptoypapndnke to ProocvvBeticd povomdtt g Prrapivng E
OTOV KOpmO NG €Aldg, oe Odpopa avamtvélokd otdote. e avtd 10 okomod,
xpNowonomdnke £€vag GLUVOLOGUOS (QLGIOAOYIKADV, OVOALTIK®OV, BlOYMUKOV Kot
poplak®v mpooeyyioemv. ['to okomoOc vAomoinong TG OBAKTOPIKNG  €pyaciog
TPOYUATOTOONKAV TEGGEPA AVEEAPTNTA Kol TAVTOHYPOVO AAANAEVOETO TELPAUATO.

210 mpoTo melpopa mpayparorombnke n exyvAion RNA amd xopmd ehdc pe
dbipopeg LeBddovE, OIS e TN YPNON TOL AVTIOPASTNPIOL TPLOANG, TNV ATOUOVMOGT Kot
Kotokpruvion pe yhoplovyo Aibwo (LICl) kot ddleg cvuvdvaouéves pebddovg, pe andTepo
oKomd TV ekTipnomn g moldtrag/mrocotntag kol omddoong tov RNA. H amopdvmon
VOUKAEIKAOV 0&EwV amd QULTIKOLG 10TOoVG €AldG, eivol o 1daitepa emimovn Ko
xpovoPopa dtadikacio, KaBdS ot wotol avtol glvar TAOVCIO0L GE TOALGUKYAPITES Kot
TOAVPOIVOMKEG evaoels. To meipapa mepLypaeel TO0 EMAEYUEVO TPOTOKOAAO EKYOAMONG
olMkov RNA, 10 omoio emtpémer v amoudveoon oilwkod RNA  woavomomrikng
TOGOTNTOG KOU LYNANG TOdTNTAG amd KPEG mocdTTEG 16100 Kopradv eAldg. H
evioyvon g aAAniovyiog Tov dopkol yovidiov avagopds OeUBQ2 omd amopovouévo
RNA, péocm g oAvcdmTg ovTidpacng TG TOAVUEPACNS OVTIGTPOPNS LETOYPOPNC
(RT-PCR) vrrootmpilel mepartépm v amdd06T TOV TPOTEWVOUEVOD TPOTOKOALOV KOl T
YPAON TOL Yl UETEMELTA HOPLOKES €Qapuloyés. Emumdéov, €yet dwpavel o011 1
TPOULPETIKY emeepyacio Tov amopovmBévtog voukiekoh o&éog pe to évlvpo RNase A
TAPEYEL TN OLVATOTNTO ATOUOVOGNG EMAPKOVS TOGATNTOS KO TKAVOTOUTIKNG TOLOTNTOG
vevopkod DNA yia v emakdrovdn die&aywyn avorlvocewv PCR, émwg amodeikvieTol
amd TV evioyvon ¢ aAAnlovyiog tov yovidiwv ovaeopdg pe t ypnon PCR,

¥pnoonotwvtag og tpodtumo yevoukd DNA. To Bedtiotomrompévo avtd tpwtdkoAilo
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EMTPEMEL TNV ELKOAN, YPNYOPT Kot otKovoutkn amopoveon RNA vynAng moidttog amd

UIKPEC TOGOTNTES 1GTMV, OTTMOC 0 KOPTOG EALNC.

210 devTEPO TElpOO EMYEPNONKE 1| TANPNG XOPTOYPAPN OGN TOL PlocVVOETIKOD
povoratiov g Prrapiving E otov kapmd g ehdg (mowk. ‘Kopwvéikn’). Kaproi el
OLYKOUIGTNKAV GE OEKUENTA OLAO0YIKA avamTLELOKG 6Tdd, amd Ta uéca lovviov péypt
ta €A lavovapiov kol cvykekpiuéva 6-38 eBooupdoeg petd v avoion (EMA). Ta
amoteAéopato £0e1Eav dapoptkn Ekepacn TV e&eTaldpevav yovidiov PETAED TV 6-
38 EMA «ot peyoAdtepog Babuog pubuiong (Emoywyns/KoTasToANG) TG YOVIOOKNG
EKQpPOoNG KoTayplonke oto opylkd kot gvolgpeca yovidle tov ProcvvOeTiKod
povorotov (VTES, CHL P, HPPD, VTE2, HGGT kot VTE3) o€ oyxéon pe ta vtoAouto
yovidwe (VTELl xou VTE4). Ewwodtepa, too yovidww HGGT ko VTE2 mapovcioacav
KOTOGTOAN TNG YOVIOIOKNG EKQpacNS o€ OAEG TIG efdopnddeg petd v avoion (EMA). Ta
OTOTEAEGLLOTO OTTO T1) GUVOALKT] EKTIUNGT) TOV EMITEI®V TOV UETAROMTAOV £0E1EQV OTL TOL
TPMOTO. KO TO, EVOLAULESH 6TAd1 TG avarTuéng (6-22 EMA) €yovv vynAdtepa emineda
HETAPOMTOV (TOKOPEPOLEG KOl TOKOTPIEVOAEG) GE OUYKPLON HE TO TEMKO GTASIO
(Eexvavtag amd 24 EMA), 6mov oppdalet o kopmdg eMAg Tave oto 6évopo. Ta enineda
a-toKoPepOANG (16,15 — 32,45 mg/100 g v.B.) Ntav onpoviikd vynidtepa (LExpt Ko
100 popéc) and ekeiva tv B-, y- Ko d-tokopeporadv (0,13 — 0,25 mg/100 g v.B., 0,13 —
0,33 mg/100 g v.B., 0,14 — 0,28 mg/100 g v.p., avtictorya). ATd TIC TOKOTPIEVOLEG, LLOVO
N Y-TOKOTPLEVOAN aviyvehlnke o€ younAd emimedo. Xvvolkd, ot kopmol eAldg
(mowc. ‘Kopwvéikn’) mepiéyovv onuavtikd vyniotepa enineda Prrapnivng E péypt tig 22
EMA ocg o0ykpion e to TeEMKE 6TAOW0, GE GTEVY] AVTIGTOL o LE TO TPOPIA EKPPAONS
tov VTES, to omoio Ba pmopovoe va ypnoipomondel wg éva yovidlo deiktng Adyw g
onuacioc Tov ot Procvvleon g Prrapivng E. EE 6cwv yvopilovpe, avtr eivar n
TPMOTN HeEAETN TOv Otepevvd To TTANPES ProocvvBetikd povomdrtt g Prrapivng E oe
JeVOPOONG KOAMEPYELD, OM®G M €AlD, TOL GUVOEEL AVAALGY WOPLOKNG YOVIOLOKNG
EKQPOONG LE TNV TEPIEKTIKOTNTO GE TOKOYPOUAVOAES.

[a 10 1pito melpapa, OepguvnOnke n  ypoviky] ProovvBeon TV
TOKOYPOUAVOADV 6TOV kapmd eMdg (mok. ‘Kopwvéwn’) katd m ddpketo ovamtuéng
Kot @pipovong Tave oto dEvOpo Yo Tpio S1adoytkd £, He £va GUVIVAGUO AVOAVTIKMV,
LOPLOK®V KOl OVTIOEEWOMTIKMY TEYVIKAOV, GLUTEPIAOUPAVOUEVOD  BLOTANPOPOPIKTG

avaALONG KOl avoooomoTOTmonG  mpwteivov  (western  blot).  Koapmoi  ghdg
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ovykopiotnKay amd oktd ovortuElokd otadia (10-30 gfdopnadeg petd v dvbion) oe
Tpiae dradoykd £€tn. Evolapépov mapovotdlel To yeyovog 0Tl Ol KAMUOTIKEG cLuVONKeS
EMNPENCAY TO CYETIKA EMIMEN TOV UETAYPOPNUATOV TOV PlocvuvOeTiK®V eviOU®OV NG
Brrapivng E. Zto 1° £to¢ mopatnpiOnke pio yeviky KOTaoTOA mov odnynonke oe
enoyoyn (ue e€oipeon VTES) oto 3° étog, mov mbavdtnta cvoyetileton pe peimon tov
emnédov Ppoydmtmong Kot vynAdtepnc Oeppokpaciog kotd to 3° £tog, Wiaitepo Kot
To televtaio  avamTvEloKd  otddl TOv  Kopmov. Mio  otadlokn  pelmon g
neplekTikomTa o¢ mpwteivy VTES aviyvedOnke xotd ) ddpkela g ovamTuéng tov
Kapmov tov kdbe étovg. H evdewktikn peiwon onueidbnke petda and 16 EMA. H a-
TOKOQEPOAN NTav M peyoAvtepn o€ apbovia amd OAovg Tovg peTafoAitec pe HEGO
10600610 96,82%, 91,13%, kou 88,53% (kotd TN didpkewa tov 1%, 2%, ko 3°° érovg,
avtioTolya) TG OLVOAMKNG meptektikdttag o Prrapivn E otg 10-30 EMA. Ou
GLYKEVIPAOGELS TNG 0-TOKOQEPOANG AmOKAALY OV €va YeEVIKO LoTifo peimong, 1060 Katd
™ JPKELD WPIUOVONG TOV KOPTOL NG EAMAG TAV® GTO 0EVOPO OGO Kol 6Ta 3 £T1), TOV
oLVOOEVETOL OO Lo TOPAAANAN pelON TG OAKNG OVTIOEEISMTIKNG TKOVOTNTOS TOV
eradkapmov. Avtifeta, OAeg o1 GALEC TOKOXP®UAVOLEG £de1Eav Eva avTioTPoPo HoTifo
ue o xounAoTepo. emimeda vo kotaypdeovtol kotd ™ Sidpkeia tov 1% £rovg. Eivan
mbavd 0T, oty mpoomdbeln Apvvag evhvtio oTic cuvOnkes EAAenyng vepold Kot
avénong g epprokpaciog Tov aEpa, TO LETOYPAPTLOTA TWV YOVIOIOV TOV EUTAEKOVTOL
ot Procvvleon g Prrapivng E (e e&aipeon VTED) va Ntov o€ enaywyn 610V Kapmd
™G A4S, Kot Thovdg vo 001 yNcoV 6T0 UTAOKAPIGLLO/ ATEVEPYOTOINGT TOV LOVOTUTION
HEG® TOL PLOUIGTIKOD UNYOVIGHOD APVNTIKNG OVOTPOPOIHTNONG.

210 Té€tapTO MEpOp TPAyHATOTOMONKE GUYKPION TNG £KPPACNG TOV YOVIOI®V
mov gumAékovion otn Proocvvleon g Prrapivnig E, mv  mepextikdémra 10V
TOKOYPOUAVOADY KOl TNV OVTIOEEWMTIKY KOVOTNTA TEVIE TOKIMAOV €MAC (TOIK.
‘Kopovéwkn’, ‘Karapov’, ‘Mavpehd’, ‘Korokopida’ xor ‘Atavold Kepxvpog’) pe
Baon 10 e£mTepKd péyebog kol TV @pyotTe. Tov Kopmov. H yovidwokr| éxepoom
emmpedleton and to uéyebog Tov KOPTOL Kol TNV OPUOTNTA TNG VIO £EETOOT TTOIKIALOG.
Emiong, n yovidwoxkn €k@pacn €oeie pio yevikny katactoln (oto Babud opudtntog
npactvokitpvo) twv yovdiowv VTES, CHL P, HPPD, VTE2 xor HGGT xotd tv
dupkela avénong Tov peyéboug kot TG MPYOTNTOS TOV KOPTOL GE OAEG TIG TOIKIAIEG
mov efetdotnkav, pe kamoteg efaipeon. H a-toxopepoAn Mrov 1 peyoAvtEpN oF

agBovia Tokoypouavorn, pe péco 0po 84,04%. Ot vmolomes ToKOPEPOLEG NTAV TO

iX



8,63%, xotl ot tokotplevoreg Ntav 10 7,33%, ywoo Oleg Tic mokidieg. H peyolvtepn
TEPLEKTIKOTNTA GE TOKOYPWOUOVOAES KoTaypapNnKe oTIG TowKIAleg ‘Koalokapida’ kot
‘Aavold Keprvpag (nue péoo 6po 24,13 mg/100g v.p. ko 15,86 mg/100g v.B.,
avTioTor®), ONUOVTIKA peyoAvtepn amd v mokidia ‘Kopwvéwkn® (katd péco 6po
14,07 mg/100g v.B.). H vynin mepiektikdtnta o€ ToKOXpOUAVOLES oyeTi(OTay ue 10
VYNAS emimedo Tov yovidiov g HPPD.

SVUTEPAGUATIKA, 1| TocOTNTO TNG Prrapivng E eivar avénuévn péxpt to otddio
omacipoToc Tov Ypopotos (22 EMA) 1ov kapmod G eMAG Kot HETA dpyle va
pewwvetat. Avtd oyetiCeton dueca pe to yovioro VTES, 1o onoio Bpickerarl o€ emaymyn
péYPL T0 6TA00 omacitaTog Tov Ypodpatog (22 EMA) kot axolob0mg KatasTtéAAETOL.
Kotd ™ dudpkela tov tpiov etov Bpébnke 0tL M Beppokpoacio kot 1 PpoydmTmon
oLVICTOVV Topdyovteg mov emnpedlovv 10 ProcvuvOetikd povomdtt g Prrapivng E.
Ooco av&avetar | Beppokpacio kol PeELOVETOL 1) BPOYOTTMOOT|, LEOVETOL 1] TOGOTNTA TNG
Brrapivng E, n mpoteivn VTES kot 1 avtio&edmtiky] wovotnto Tov Kopmolh g AN,
EVM TO, YOVidla and KataoToA 0dnyobvial o€ enaymyn (ektdg amd to yovidlo VTED).
X mpoomdfelo duovag Koatd g avénong g OBeppokpaciag kot peiwong g
Bpoyomtwong, to utd mBovoTaTH ETAYEL TNV £KPPUCT TOV TAEIGTOV YOVIdi®V OV
eumiékovtar otn ProcvvlBeon g Prrapiving E, 10 omoio evdeyopévaog odnyel oe
UTAOKAPIOLO/OTTEVEPYOTOINGT TOV HOVOTOTION HEG® TOL PLOMGTIKOD UNYOVIGLOV
OPVNTIKNG aVATPOPOSOTNONG KOl CLUVALO UEUDVEL TIG TOKOYPOUOVOAES, TNV TOGOTNTO
¢ mpoteivinig VTES kot v avroewdotikn wavotnto. Télog, mapatnpnbnke Ot 1
neplekTikoONTa TG Preapivng E, m éxppoon tov yovidiov kot 1 avtiogeldmTik
wKavotNTo. €EAPTOVTOL amd TNV TOWKIAlL, TO G6Téo0 ®pipavong Ko to pEyedog Tov

KapoV.

Aégerg khewdna: Olea europaea L., yovidiokn €k@pact), TOKOQEPOAES, TOKOTPLEVOAEG,

TOKOYPOUAVOAES



ABSTRACT

Vitamin E is a group of eight fat-soluble compounds known as tocochromanols
and it is an essential lipid-soluble antioxidant in the human diet. Tocochromanols are a
small group of natural products synthesized exclusively by photosynthetic organisms
and are divided into two groups (tocopherols and tocotrienols). Each group contains
four forms identified by prefixes a-, B-, y-, and &-, yielding a total of eight forms.
Vitamin E has strong antioxidant capacity and is found in high concentrations in olive
fruits, with previously demonstrated protective effect against cancer, diabetes,
cardiovascular and neurological diseases. The current dissertation in biosynthetic
pathway of vitamin E in olive fruits was mapped. To this extent, a combination of
physiological, analytical, biochemical, and molecular approaches for a total of four
independent, yet interrelated, experiments were employed.

The first experiment included RNA extraction from the olive fruit, using various
methods (such as the use of the trizol reagent, the isolation and precipitation with
lithium chloride (LiCl), and other combined methods) with the ultimate goal of
assessing the quality/quantity of RNA. Olive plant tissues and particularly fruit material
are rich in polysaccharides and polyphenolic compounds, thus rendering the isolation of
nucleic acids a tedious task. The experiment describes a new protocol which enables the
isolation of high quantity and quality of total RNA from small amounts of olive fruit.
Reverse-transcription polymerase chain reaction (RT-PCR) amplification of OeUBQ2
housekeeping gene from isolated RNA further supports the proposed protocol efficiency
and its use for downstream molecular applications. In addition, optional treatment with
RNase A, following initial nucleic acid extraction can provide sufficient quantity and
quality of genomic DNA for subsequent PCR analyses, as evidenced from PCR
amplification of housekeeping genes using extracted genomic DNA as template.
Overall, this optimized protocol allows easy, rapid and economic isolation of high
quality RNA from small amounts of an important fruit crop, such as olive.

The second experiment aimed to generate a high resolution temporal mapping of
the biosynthetic pathway of vitamin E in olive fruit (cv. ‘Koroneiki’) during 17
successive on-tree developmental stages. Fruit material was collected from the middle

of June until the end of January, corresponding to 6-38 weeks after flowering (WAF).
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Results revealed a variable gene regulation pattern among 6-38 WAF studied and more
pronounced levels of differential regulation of gene expression for the first and
intermediate genes in the biosynthetic pathway (VTE5, CHL P, HPPD, VTE2, HGGT
and VTE3) compared with the downstream components of the pathway (VTELl and
VTE4) were monitored. Notably, expression of HGGT and VTE2 genes were
significantly suppressed throughout the developmental stages examined. Metabolite
analysis indicated that the first and intermediate stages of development (6-22 WAF)
have higher concentrations of tocochromanols compared with the last on-tree stages
(starting from 24 WAF onwards). The concentration of a-tocopherol (16.15 — 32.45
mg/100 g F.W.) was substantially greater (up to 100-fold) than those of B-, y-, and -
tocopherols (0.13 — 0.25 mg/100 g F.W., 0.13 — 0.33 mg/100 g F.W., 0.14 — 0.28
mg/100 g F.W., respectively). In regard with tocotrienol content, only y-tocotrienol was
detected. Overall, olive fruits (cv. “Koroneiki”) exhibited higher concentrations of
vitamin E until 22 WAF as compared with later WAF, concomitant with the expression
profile of phytol kinase (VTES), which could be used as a marker gene due to its
importance in the biosynthesis of vitamin E. To the best of our knowledge, this is the
first study that explores the complete biosynthetic pathway of vitamin E in a fruit tree
crop of great horticultural importance such as olive, linking molecular gene expression

analysis with tocochromanol content.

The aim of the third experiment was to explore the temporal biosynthesis of
tocochromanols in olive (cv. ‘Koroneiki’) fruit during on-tree development and ripening
over successive growing years. A combined array of analytical, molecular,
bioinformatics, immunoblotting protein (western blot), and antioxidant techniques were
employed. Fruits were harvested at eight successive developmental stages [10-30 weeks
after flowering (WAF)], over three consecutive years. Intriguingly, climatic conditions
affected relative transcription levels of vitamin E biosynthetic enzymes; a general
suppression to induction pattern (excluding VTES) was monitored moving from the 1
to the 3" growing year, probably correlated to decreasing rainfall levels and higher
temperature, particularly at the fruit ripening stage. A gradual diminution of VTES5
protein content was detected during the fruit development of each year, with a marked
decrease occurring after 16 WAF. Alpha-tocopherol was the most abundant metabolite
with an average percentage of 96.82 %, 91.13 %, and 88.53 % (during the 1%, 2" and 3"
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year, respectively) of total vitamin E content in 10-30 WAF. The concentrations of a-
tocopherol revealed a generally declining pattern, both during the on-tree ripening of the
olive fruit and across the 3 years, accompanied by a parallel decline of the total
antioxidant capacity of the drupe. Contrarily, all other tocochromanols demonstrated an
inverse pattern with lowest levels being recorded during the 1% year. It is likely that, in a
defense attempt against water deficit conditions and increased air temperature,
transcription of genes involved in vitamin E biosynthesis (excluding VTES) is up-
regulated in olive fruit, probably leading to the blocking/deactivating of the pathway
through a negative feedback regulatory mechanism.

The fourth experiment focused on the comparison of gene expression involved
in vitamin E biosynthesis, tocochromanols content, and antioxidant activity of five olive
cultivars (cvs. ‘Koroneiki’, ‘Kalamata’, ‘Mavrelia’, ‘Kalokairida’ and ‘Lianolia
Kerkyras”’) based on external fruit size and ripening. Gene expression was highly
affected by fruit size and ripening on the cultivar considered. A general down-regulation
(with calibrator green-yellow category) of VTE5, CHL P, HPPD, VTE2 and HGGT
genes during fruit size increases and ripening were observed in all cultivars, with few
exceptions. Alpha-tocopherol was the most abundant tocochromanol, averaging at
84.04%, with the other tocopherols at 8.63% and tocotrienols at 7.33%, for all cultivars.
The highest tocochromanols content was monitored in the cv. ‘Kalokairida’ and cv.
‘Lianolia Kerkyras’ fruits (averaging 24.13 mg/100g F.W. and 15.86 mg/100g F.W.,
respectively), significantly higher than the global cultivar ‘Koroneiki’ (averaging 14.07
mg/100g F.W.). Notably, the high tocochromanol content is concomitant with the high
level of HPPD.

Overall, we conclude that the quantity of vitamin E increases until the breaker
stage (22 WAF) of the olive fruit and then starts to decrease. This is concomitant with
the VTES gene which is up-regulated at the breaker stage (22 WAF) and then it is in
down-regulated. During three successive years, we found that the temperature and the
rainfall are critical factors that have an impact on the biosynthetic pathway of vitamin E.
As the temperature increases and the rainfall decreases the quantity of vitamin E, the
protein of VTES decreases as well as the antioxidant activity of the olive fruit, while the
genes from down-regulation go to up-regulation (except for gene VTES). In an attempt

to respond to temperature increases and the rainfall decreases, the plant induces the
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expression of most genes involved in vitamin E biosynthesis, likely leading to blocking
of the pathway via a negative feedback regulatory mechanism which results in reduced
tocochromanol content, VTES protein content and overall antioxidant activity. Finally,
it is observed that the content of vitamin E, the gene expression and the antioxidant

activity are highly dependent on the cultivar, considered.

Keywords: Olea europaea L., gene expression, tocopherols, tocotrienols,

tocochromanols
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