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AvVATTTUEN CUUPLOTIKOV GYECEMV Y10, TOPAOELYLLOL AlMTOOEGUEVGT| GTO,
Youyavon amd almTodecUELTIKA BakTnplo OT®C To YEVOC Azotobacter
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O paoeig avantToéng Tov PLitkov TpyLoiov Kat 1) eriopact Tov pH oty KuTTOPIKY] €T KVVOY

A B ! A The acid
' | B (pHA4.5)
= | growth theory
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B pH xvrttoponidcportog B pH xvtrepkod Toydpatog
(A) To emdepukd KOTTOPO APYIKA SAPOPOTOIEITAL GE TPLYOPAACTN KOOOPLOHOS KUTTUPIKNG
noipac.

(B) To p1Qiko tp1yidlo ekatvoceTal and v faomn tov Tpryofracty).
(I') Axolovbei 1 empnKvvon TOV
(A) Méypt va. amoKTNOEL TO TEMKO TOL UNKOG
Kotd tnv didpreta g avadntuéng o mopvos HETUKIVELITOL AKOAOVOOVTOS TO OVATTUGCOUEVO
GKPO TOV TPLYLOI0V, EVD 0 KVTTUPOOKELETOS adhalerl doun. ITapovsidlovrtar ot TipéG Tov pH mov

Exovv uetpnBel melpopatikd deiyvovtac v e€etdikevuévn o&ivion mov evtomileTal 6TO GNUELD
ékmroéne.



H eridpoon tov 1ovtov Ca?t ety avarntoén Tov priik@v Tprdiov

0 min 20 min 35 min 45 min

H dwopaduion g xuttaporiacuatikig ovykévipmong Ca?t oyetileton ue tnv
EMUNKOVVST] TOV PLLIKOV TPLYLOLlov 6to uTO Arabidopsis. MéEypt kot TO GTAO0 TNG
ekmtvéng dev mopatnpeital Eviovn daPdOuion oty [Ca?t] (Omin) oA pe TV Evapén
TG EMPUNKVVENS VYA cvykévipmon Ca’t gvtomiletal 6To GKPo TOL AVATTVOCOUEVOD
TPLYLO10L, N omoia oot pEiTal LEYPL VA AMOKTNGEL TO TEMKO UnKos. To BéLog mapovotdlet
v 0éon Ekntuénc. H kKipoka avtiotoryel og 20um.



AvVAAv61 TOV TPOTVTOV OLOKIVIIONG LOVTOV KOTE TNV avanTuE) TOv pritkov TpLytdiov

AwaTiipnon TOMKOTITO Kutropueo
TolYONO

I 4 K+ C 2+ H*
OMUPYNS ° Ko
the acid (pH4.5)
\\él ,‘// \\‘\a&// AYxorowth theory

4

+

i
— | |
e
R

[Tepapota NAEKTPOPVOLOA0YIOS TOV EYvay oTa PLUIKA TPLYio1o TOV ELTOV Limnobium
stoloniferum (VOPOYOPES PLTO) UE TNV YPNOT TOALOUEVOV LKPONAEKTPOOTI®V EJEIEAV TG
N tpdoAnyn wvieov Ca** givan peyaddtepn 6to akpo mapd otny Baon 1| 6To TAGL TV
aVOTTUGGOUEVOVY PIIIKOV TpLYOiny. H mpocinyn dviov HF eivon mepropiopévn 610 aKpo
TOL AVOTTUGGOUEVOD TPLYLO10V, EVA TPOC TNV PG TOV TUPATPEITAL EVTOVI] EKPOT).
Kotd v didpketo g emunkovong mapatnpeital onpuavtikny tpocinyn K ce 6Ao 10
LNKOG TOVL OLVOTTTVGGOUEVOL TPLYLOT0V.
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The root surface pH Is DYNAMIC even during ‘normal’ growth
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Expansins

Ot expansins £ivoil oTUOVTIKOL TOPAYOVTES YOl TNV XAAAPOGCT TOV
npo)r(,)ygvovﬁ KUTTOPLKOU TOVYMNATOS KOl TNV ETUNKVVGT] TOV
KVTTapPOV. Eivol avgvua, LLEe UIKPO OYETIKA LOPLako papog ~26.000Da,
TOL OTTOT0L APYIKE ATTOLOVAOONKAY a0 VEOPE GLTO Gy YOVPLAS KOL OTN
ocuveyelo tovtoromdnkay e tAnboc putwv. To euto Arabidopsis
thaliana (8WKOTVANO60V0) £xEl 36 EVEPYA YOVIOLO KOl KOOIKOTOLEL YLoL 3
OLOPOPETIKOVG TOTOVG: G-eXpansins, B-expansins kot y—expansins. To
puQ, Oryza sativa (WOVOKOTUANO0YO) £xEl 58 evepyd yoviola Kal
KOOIKOTOLEL Y1 4 O10pOPETIKOVS TOTOVC: d-expansins, B-expansins, y-
expansins Ko 0-expansins

Kabag to guTiko KOTTOPO 0VOTTUCGETOL, GTO, KVTTOPIK( TOLYOULOTO
cvvtifevTal o1 expansins, ot 0T0ieg OpOLV e ECUIPETIKA YPNYOPT
TOYOTNTA, LECH OE Alya OEVTEPOAETTOL, KOLL 1 0PGOT) TOLG GYETICETOL LLE
™ peioon Tov pH (o&ivion Tov KVTTOPIKOV TOLYONOTOS) Y10 VO,
avortuyei-empunkovoel To KOTTOPO Y¥PNOYLOTOIOVTAS THYV OGN TNG
GTOPYNS OV £XEL GTO E6MTEPIKO TOV (€16000G H,0O)

Ot expansins Qaivetatl 0Tt 0TAV EVEPYOTOINHYOVV (Xocpg&() pH)
OLUKOTTOVV TOVG HEGHOVE VOPOYOVOL PETAED TMV V0LV TNG ,
KLTTOPIVNG KO TV YAVKOVOV, KAOMG KOt O10POPOVS 1T OLLOLOTTOAIKOVG
OECLLOVG uerg%u TOV QOUIKAOV TOAVGAKYOPLTMV TOY KLTTAPIKOD ,
TOLYOWATOC. 'ETG1, HOMG YOAOPOGEL TO KUTTUPIKO TOLYONA, TO PUTIKO
KOTTQPO EMUNKOVETAL (AVIGOTPOTTN AVATTY ')) e€artiog g omapyns
TOL OLTNPEL GTO E0MTEPIKO TOV (€l6000G H,



The Acid Growth Theory of auxin-induced cell elongation

N Ocmpia TS 0&IvN g avdmv&ng & 0 pOAOS TS GVELVNG
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H auéivn evepyomnolel ¢ avtAieg H mou Bplokovtal oTnv KUTTAPOTAQCHOTIKA

Ot avtAiec H* o§wilouv tov amonAdotn (LeTafU KUTTOPOTIAQOUATLIKAC LEMBPAVNC Kal
To 6&wvo pH evepyomolei Tig expansins, Eviupa TOU XaAQPWVOUV TH CUVOXH TOU

E€attiog Tng xaAdpwong TOU KUTTAPLKOU TOLXWHATOC, OTAV TO KUTTApPO PplokeTal o€



O paoeig avantToéng Tov PLitkov TpyLoiov Kat 1) eriopact Tov pH oty KuTTOPIKY] €T KVVOY
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B pH xvrttoponidcportog B pH xvtrepkod Toydpatog
(A) To emdepukd KOTTOPO APYIKA SAPOPOTOIEITAL GE TPLYOPAACTN KOOOPLOHOS KUTTUPIKNG
noipac.

(B) To p1Qiko tp1yidlo ekatvoceTal and v faomn tov Tpryofracty).
(I') Axolovbei 1 empnKvvon TOV
(A) Méypt va. amoKTNOEL TO TEMKO TOL UNKOG
Kotd tnv didpreta g avadntuéng o mopvos HETUKIVELITOL AKOAOVOOVTOS TO OVATTUGCOUEVO
GKPO TOV TPLYLOI0V, EVD 0 KVTTUPOOKELETOS adhalerl doun. ITapovsidlovrtar ot TipéG Tov pH mov

Exovv uetpnBel melpopatikd deiyvovtac v e€etdikevuévn o&ivion mov evtomileTal 6TO GNUELD
ékmroéne.
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Opwopoi & Exeénynoeis

@ Kvttapa mwov £rovv 10 1010 avartuElaKd OVVOUIKO OVOULALovTal
1o00vvana (equivalent) kot opyavovovton o€ OUAOEG

@ Kuttapa ekeiva pe 010popeTIKO avamtuéloko dvvakd ovoualovrot
un 16odvvapo (non-equivalent)

Q@ Katd v avdmtuén o1 KuTTopIiKeG AAANAETOPAGELC dtaympilovTal
o€ ekeivec mov cvufaivovv:
0) £VTOC LOC OUAOOG LG0OVVIUMOV KUTTAP®V Ko
B) uetay un 1606 VVOR®VY KLTTAP®V.

Q@ O1 aAANAETOPAGELS EVTOC LG OUAOOS LGOOVVULMY KUTTAP®V
ocvyypoviovta pe Baon tov mapdmievpo kobopiopo (lateral
specification).

@ Otav opmc n poipa evog kuttdpov kabopiletar amd oMU Tov
AauPaver amd Eva pn 16000VOI0 KOTTOPO, TOTE 1] AAANAETIOpOoT
TETO10VL TUTOL ovoudleTal emay®yr) (induction).



Hopadeiypoto avamrTuSloKOV PNy ovicROV

@ To mpoTLTO AVATTLENC TV TPLYLOI®V oTa VAL TOV Arabidopsis
TOPAOELY L0 TAPATAEVPOV KOOOPLoILOv

@ To npdtLIO dapopomoinong Twv PLiKoV TPLYOI®Y GTO PLTO
Arabidopsis mapdoetylo emary@yns

@ O xaBopiouog e uiiotaiog, ONAadT TS OPYAVHOCS TOV
@OAL®V GTOV OVATTUGGOUEVO PAOGTO TOPAOELY LA TUPATAEVPNG
OVOGTOMS

@ AVATTUEN Oy YELOKMOV GVVOEGHMV LUETAED PUALOL Ko PAAGTOV



Hopaoerypo I

To poTVTO GVATTVENS TOV TPLYLOLOY GTA
@VALO. TOV Arabidopsis



IIpoTvmo amdcTOOCS

Tpyioro viiov

Syquo « Y

Ta kKOTTOpO OV TTEPIPAALOVY TO,
P00 Elvar O10YK®UEVAL KO
AEYOVTOL GVV0O G KOTTOPO,

@ H xatavoun tov Tpiydimv oty endepUion Tov UALOL ivat KOLVOVlKﬁ Ko Oyt
Toyaio, O10TL O1 0T0oTAGELS LETOED TOVC ival oTaOepEc, Evid ondvia
opyavavovtol o€ Cevydpla 1] 6€ opddes. Mia tétota 01dtaén pe v omoio,
otac@aMleTor 1) LIKPOTEPT UTOGTAGT LETAED LELOVOUEVOV dOUMV OVOUALETOL
TPOTLTO 0TOGTOONS (spacing pattern) kot eEnyel v opyavmoen TOV TPLYLOLOV
oT0 QUAAO TOV Arabidopsis.



Avamtoln TV TpLYyoiov oto @UALY & Avaivon TPoEAEVONG

A Tpnpa opung
Qpo tpryiolo B emoepUidng
A
frf N\
Emdeppiicd Kevtpwn {ovn

Qpuo HTTOPO LTOTIKA
TPLYid10 EvePYO [1podpopo

Kouttapo B

AvOTTUGGOUEVO H,p 00p OHX 2Vv000 KOTTOPO
TpLYidLo KLTTOPO npoélevonc B
2uv0d0 KVLTTOPO - Tpyido
Avomtoooopevo ¢ S mpoErevong A npoéievong A
TPLYiO10

a) H éxntuén tov tprydiov oty kataPoin tov eOAA®V EeKva amro TV GKp1 Kot
enexteiveTal Tpog v PAc1) TOV AVATTVGCOUEVOD EAAGLLATOS TOL GVAAOV

B) To Tpryioto Tov UALOL OV PpiokeTOl GTNV KEVIPIKN LDV (YPOULA KOKKIVO) Kol
LEPTKA 0tO T GVVOO G KOTTUPW TOV TO TTEPIPAALOLY (Y pOUO AGTPO) OEV
TPOEPYOVTUL TAVTO O.TTO TO 1010 TPOOPONO KUTTAPO. ETopEvmg vmapyet

TEPIMTMOON KATO0 TPLYIO0 OTNV EMPAVELN TOV GVALOL VOl £YEL OLUPOPETIKN
KOToy@yn and 1o GLVoOA KOTTOPA TOV TO TEPPAAALOVY




Avamtoén TV TPYROL®MV 6Te PVALN & Avaivon mpoElevong

Topunépacpa: H Osopia g KOLVIS KOTAY®YNS 0LOVVATEL vo
eENYNOEL TNV KAVOVIKT KOTOVOUN TV TPLY0imV ota @OAAN. Emouévmg, 1
Lovn evalraktikn Oempio wov eEnyel 1o 7T p(’)Tl)TCO 51('11'(1&1]@ TV
TPy imv ota @UALa Baciletor GTTV EMIKOLVOVLO pécw HEToy®YAC
ofuatog LETOASU TOV EMTLOEPUIKOV KUTTAPMOV 100 pvAoy

https://elifesciences.org/articles/05864/figures




MetaAldiers mov exnPeAlovy T1) HOPPOYEVEGT] TMOV TPLYLOLOV 6T0 QUALX TOV Arabidopsis

[IpoTLTO AVATTTLENG ~ YYV' 210 @OALD QUTOV oypioL TUTTOV TA TP TAPOLSIALOVY OPOLOLOPPT)
TPYdicV G,w (PI,)MOL otV LYy 4 Kotovour pe otafepn) amootaon petald tovg (TCpé’CDﬂJO anOoT OLGUQ)
aypiov TOTOL < Y Suio
P

>

MetoArd
ETOAMALELS Y10 OALC TV peTaAMGEEWV gl] Kal tigl o€V VITAPYOVY TPLYIOLM, ETOUEVOC

ta yoviowo GLI xar TTG1 yperdlovton yio vo Kaopiocovy TNy poipo Tmv
tpypdiov ota godra (BETIKOT pLOUICTEC)

gll xon ttgl

Ytabepn EKQPOoT SLoryOVIOLOKTG KOTAGKEVTIC TOV PEPEL TO YOViOLo R og
YEVETIKO LITOPaBPo PUTAOV aypiov THTOV TPOKAAEL TO TYNUATIGULO
TOAAPLOPOV TPLYLOLMV 6TO A0 TOV GVALOL OV Ppickoviol 6
OLLOLOLOP QT OTOGTUGT LETOED TOVC

dvutd aypiov TOTOL UE
otafepn) EKPPAOT TOV
yovidiov R

Yto OAL TNG peTdAAaéng #gl dmov ek@paletal otafepd 1 O10yOVIOLOKY
KOTOGKELT) TOV PEPEL TO YOVIOL0 R oymuatifovrol morvapdpa Tprydio wov
Bpiokovtal 6 opotopopen amdctact petacd tous. Emopévag n éxepaocmn tov
YOVIOi0U R GUUTANPAOVEL TNV QOIVOTUTIKT] 0OVVAUI TOV QLTMOV TNG
uetdAloing rrgl

dvutd TG petdAraing trgl
ue otabepn EKEPACT TOL
yovidiov R

210 éhacpa TV QOUAL®V TNG peTdAlalng try Ta. Tpryidia
0PYAVMOVOVTOL GE OPLAOES, EMOUEVMC TO Yoviorwo TRY

Tpyiow oe amonteiton Yo v 0mdotact) HeTad TOV AVOTTUGGOUEVOV
Tpyidwa og opdoda opada TPLYOIV.

MetdAraén try




I'oviowa mov eanpedlovv T pop@oyéveon TOV TPLYLOI®V 6Ta POALG TOV Arabidopsis

@ H avémtuén tov petorrdypatog gl1, ektoc and TV 0.0VVORLC GYTIULOTIGROD TPLYLOLMV 6T,
@OALO, lval KOTA TO AAAO QLGTOAOYIKT] KOl OUOLOL LE QVTH TOV GUTOV aypiov TOmov. To yovidlo
GL1 k®o1Komolel yio £vo PeTay po@iko mopdyovta, o omoiog avnkel oty katnyopic MYC. To
yovidro GLI ekppaletal o€ yaunAd eninedn ot EMOEPUIKE KOTTAP TOV OVATTUGGOLEVOL
POALOV, v DYNAT] EKOPUOT] TUPOVOLALEL GTA TPLYIOLA TOV PVALOV mov
Bplokovtal 611 QGG TS KUVTTAPLKNS otapopomoinons. Etvar Aowmwov mbavov n avEnon g
EK@pao”MC Tov Yovidiov GLI va endyel TV d1apopomoinct TV TPLdimy 6To QUAAN

, , <y
[TpoTVTO AvamTLENG NvYy
TPYSiOV oTa EOAAL GLTOV |~ ~¢ Vg )

aypiov TOTOL < Y pupdio

Metairaén g/l




I'oviowa mov eanpedlovv T pop@oyéveon TOV TPLYLOI®V 6Ta POALG TOV Arabidopsis

@ Oocov apopd ta putad TG HETAALAENS 12 ] YoV TAELOTPOTIKO PuivoTLTO. EXTOC 0md v
O.OVVOLLC GYTNUOTLIGLOD TPLYIOI®MV GTNV EMTLOAVELL TOV QUAAL®MV To UTA TNG LETAANOENG tg ]
0gv ovvBETovy avBokvavivee, mopovotdalovy OVOUUAIES 6TO TEPIBANNO TOV GTEPUATOV KOl TO
APoTLTTO OVATTVENC TOV PLOIKOV TPLdi@V gival Tpomomouévo. To yovioro 77G 1 kmdkomolel
yio TpOTEIVN OV EEPEL emavarqyels WD40, Tpokettal yio apvoEikeg akolovdiec vmevbuveg yia
TPOTEIVIKES AAMAETIOPAGELS, TOPOAN OVTA OEV EIVOIL OKOUT YVOOTO LLE TOLEG TPOTEIVEC M
npoteivn TTG adiniemidpd. Ex@paon Tov yovioiov evTomileTol 6€ OAX TO QUTIKA Opyava
aAAQ OEV €xEL TPOGOI0PIOTEL TO AKPIPEC TPOTLTTO EKPPAUCTC OGOV APOPE TNV dLOPOPOTOINGT 1 OYL
EVOC EMOEPUIKOV KLTTAPOL GE TPLYidIo.

Eugenia Ioannidi' - Stamatis Rigas® - Dikran Tsitsekian® - Gerasimos Daras? +
Anastasios Alatzas® - Antonis Makris® - Georgia Tanou'* - Anagnostis Argiriou® -
Dimitrios Alexandrou® - Scott Poethig* - Polydefkis Hatzopoulos® -

Angelos K. Kanellis*
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I'oviowa mov eanpedlovv T pop@oyéveon TOV TPLYLOI®V 6Ta POALG TOV Arabidopsis

@ To yoviorwo R kowdwkomotel yia (o Bacikn Tpmteivn pe doun Emkas-otpopns-Ehkag (basic Helix-
Loop-Helix, bHLH) mwov aAANAETIOPEG 6TO KOAOUTOKL PLE NETAYPUPIKOVS TapayovTes MYC

[PAéme yoviorwo GLI| pvOuilovtag tnv HETAYpapT] YOVIOI®V TOL GLUUETEXOVY TNV [31061')\’9861]
TV 0VOOKLAVIVAV. H Sopn MKac-6Tporig-EAtkag GOUUETEEL 6TV GUVOEGT] ILE TO
DNA «at 610 OLUEPLGUO TOV TPOTEIVOV. Enouévag oto Arabidopsis  npoteivy GL1, 1
omoia avnkel 6Ty Katnyopia tov tpoteivov MYC, va oynuoatilel oopmioka pe Evo oLOA0YO
yovioro R pvOuilovtog tnv HETAYPAPT] YOVIOI®MV TOV EAEYYOVY TV LOPPOYEVEGT] TOV TPLYLOLOV

oto. gUlLa. [Ipdoeata evromictnke 10 YOVIOL0 (L3 w¢ mbové opdroyo yovidio Tov R piag ko
1 OUOLOTNTO GE OUVOEIKO EMimEd0 LETAED TOVG Efvoll OYETIKA LYNAN

[Ipotumo avémtuéng VY dvutd aypiov TOTOL UE
TPL(OIOV 6TO GOAAL QUTOV (< Vv > otafepn £KQPPaCT TOL
aypiov THTOL < Y Tpydio yovidiov R

dvutd ™G petdAraing trgl
Le otafepn EKEPOCT TOL
yovidiov R

MetdAhaén tgl




I'oviowa mov eanpedlovv T pop@oyéveon TOV TPLYLOI®V 6Ta POALG TOV Arabidopsis

@ Ilpw amd v ékaATvE TOV TPOTOV TPYOI®V To KOTTOPO TNG EMOEPUIdNS TOL @OAAOL
Aettovpyody MG LGOOVVALLOL GOV 6pOPE TOV OPIGUO TN KVTTOPIKHG TOVG LOIPOG TPOKEUEVOD
va, dapopomonBovv 1 OyL 6€ TpLYidto pOALOV.

Q@ Ilpokeévou va eE0c@aAMoTEL 0TOGTAGT HETUED TOV UVUTTVGGONUEVOV TPLYLOL®Y, Oo Tpénel va

AelTtovpyel KAMOOC TOPAYOVTOS TOV VO OVUCTEALEL TNV OLUOIKOGLO OLOPOPOTTOINONS OF
TPt OALOVL. M tétola Asttovpyio gaivetal vo emttedeite amd to yovioro TRIPTYCHON

(TRY). Ta utd g WUETAAAAENG Yy éyovv TOPOUOL0 _0plBud TPLYLOi®mV _6TO
EMOGIO_TOV QUALOV ue ta @uTd aypiov tomov, OAAG TO TEPLGGOTEPQ TPLYLOLQ
opyavo')vovrm GE oudﬁsg, (QOLVOLEVO TTOV OEV TAPATNPEITE OUMG GTO PLTA AYPIOL TVUTOV.

Emouévag, to yovioro TRY eival avoykaio Yoo vo, amoTPEYEL TNV OLO.00TOINGT TOV TPLYLOI®Y
ot0 £haopo tov @UALOL (O ANAXTOAEAY). Xoupovo pe 10 poviého mov &€nyel v

noppoyéveon tav Tpydiov ota OAAL N GUYYPOVIGUEVT] EKOPUGT] TMOV YOVIOL®V
GLI1, TTGI xor R ot k60e emdeppixd xo1Tapo £xel og omotéhecpo, Ty ETAYOYN TS

EKQPUoNS TOV YoVIOlov TRY oto avtictoryo kbttopo. Ty cuvéysie n mepayduevy amd
70 GUVYKEKPLUEVO KUTTOPO 7PTEIV TRY amockonel otnv Hei®on NS EKOPUOGNE TOV

vovidiov GLI, TTGI kax R ota YELTOVIK(Y, ETLOEP LKA KVTTOPC.

[IpoTLTO AVATTTLENG

POV 6TA PUAAL QLTOV Ny MetdAhaén try %
aypiov THIOV Xy V% W Y7
<Xy S

3 Y Tpryio Tpyida og opdda



Movtéro Hop@oYEVESTS TPLYLOLMY 6TA QVAAN

XTo apyKd oTddle avAamTTLENG TOV
eEMACLOTOC TOV PVUAAOL OAOL TO, ETLOEP LKA
kotrapo (L00OVVOULN KOTTOP)
eKQPAlovv o€ YoUNAA emimeda Ta yoviolo
GLI1, TTGI kot to vroBeTikd opdAOYO
yoviolo R tov Arabidopsis. e Ka0g
EMOEPLKO KVTTOPO T Yovioww GLI, TTG1
_____________________________ 4 Kou R ovvieTovv éva avtoppudplopevo

l 2TOYOOTIKT OOOIKOGT0 EMAOYNG VoI, SNAOST AstTovPYODVY

m GUYYPOVICUEVA, UE CKOTO VO TPOKAAEGOLV
@ TNV o0ENCT NG EKPPOACTC TOVG
|‘ TTG1/GL1/R | Wé?/GLFT/R

l@ ;@
© Sy O O ry O

[oodvvapa
EMOEPLKA KOTTOPOL

TTG1/GL1/R TTG1/GL1/R TTG1/GL1/R

]
A

l ‘Exntoén tpryidiov
®
TTG1/GL1/R TTG1/GL1/R TTG1/GL1/R
®

© TRY ©




Movtéro Hop@oYEVESTS TPLYLOLMY 6TA QVAAN

[codvvapa
EMOEPUIKA KVTTOPO

N J\ (® ’
q O m Otav éva emdepukd KOTTOPO UECM,

TTG1/GL1/R TTG1/GL1/R TTG1/GL1/R GTO)((IGTlKﬁC 81(161]((16{(1:

EMAOYNC, TOPOVGIACEL VYNAOTEPQ
EMIMEDN EKPPUCTNS TOV YOVIOI®V GLI,

_mmmmmmEmmmm - T T T TR mmm 71 ’ ’
:_ _l Yroyaotiki Sdkacio emroyng, 77G1 kan R, 6€ GYEON UE T YEITOVIKA, TOV
| D I KOTTOPO TOTE GTO GLYKEKPLUEVO KVTTOPO
: m oN : TPoKaAeiTo AOENON TG EKPPACTS TOV
UL Gkl —F oviotov TRY, ondte awédvel n ovvleo

» Themoa]: | [mmeem] | 1Y € saveun n
I g s l @ g 0 : 70V OVOGTOALN. ATOTELEG O OTO!
I en® ", : ' , , ,
| O rry :_@ st ) | YELTOVIKO TOV KUTTOPO LELOVETOL 1)
| I ékppaon Tov yovidiowv GLI, TTG1 ko
—————————————————————————————— =]

l "Exntoén tpryidiov R. H xoatdotoon autn TpokaAel tnv

® nelmon ™S EKQPPacns Tov yovidiov 7RY,

LLE ALLECT] GLUVETELD T1] LELMGT] TG
TTG1/GLT/R TTGI/GLI/R ;:|m;1 IGLT/R oUVOEGNC TOV AVAGTOAEN GTA YELTOVIKG,
' ® KOTTOPO,

© TRY ©




Movtého nop@oyEVESTS TPLYLOIMV 6TA VAL

[codvvapa
EMOEPUIKA KVTTOPO
AN O
¥ ! \ \ # ¥
TTG1/GL1IR TTG1/GL1/IR TTG1/GL1/R
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O>my— O O™y © O>rmy— O

l 2TOXOGTIKY| drodtkosio EMAOYNG
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| ®
|
|
I TTG1/GL1/R TTG1/GL1/R TTG1/GL1/R
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E@OGov 10 apyiko emoeppiko
KUTTOPO Oev exTifeTO TAEOV GE LYNAL
EMMESN AVAGTOAEN TTPOEPYOUEVOL AT
T TEPPAALOVTO KOTTOPO, TOTE 1)
ék@paon Tov yovdiov GL1, TTGI
Kol R 670 6UYKEKPINEVO KOTTAPO
napovoralel mepartépm avénon. Etot,
£VoL KOTTOPO OUAOOG IGOOVVAUMV
EMOEPLKOV KVTTAPWOV EICEPYETAL OE
Bpoyyo evicyvone Tne HopPLoKig
£kepaong tov yoviov GLI, TTGI kot
R &outiog TnC 6TOYOOTIKIG
0L0QO0POTOIN GG TNS EKOPUOINS TMWV EV
AOY® PLOULGTIKOV YOVIOL®WYV. )¢

1 OTTOTEAEGLOL TO CLYKEKPIUEVO KVTTOPO
It emdepuidag owapopomoreital o€

| TPYIO10 @OAL0V, eved avtibeta Ta

I KOTTOPO TOL TO TTEPIPAALOVY

: eumodilovton va akolovOncovv v ida

| kutTapkh poipa (AAVGLOMTN
! , ,
| OVO.OTOATIKY] OL0.01KO.GLO)



Hopamrievpn Avaoctoin

H 6TOY0.6TIKN OLUOIKAGLY cmihoyhg emdepikdv KuTtdpmv Tov Ho Stapoporomdovy oe
TPYyidia UAA@V givor AVOYKOLY katd TO TPAOTO 6TAOLN AVATTLENS TOV PVALOV.

2NV cuvEYELn KaBME TO QUAAD OVOTTTUGGETAL TOL TPLYIO10 TOL CYNUATIOTNKAY apyIKA
amopoakpvvovtol HeTaEy Tovc. 'Etot e€attiog tng avénong g ardctaons avavel Kat 1)
010 VG| TOV AVUGTUATIKOD TAPAYOVTA, ETOUEVMOC OPIGUEVA QIO TO ETOEPUIKE KOTTOPO
extifevtol o€ YouUnAd enineda avasTOAEN Kol £TG1 GTAOLNKE OLOLPOPOTOLOVVTIAL GE VEQN TPLYIOLN
@OALOL. KaBe vEo Tp1yioto @UALOL TOPEUTOOILEL LE TNV GEPA TOV TO YEITOVIKA KOTTOPO VO

SrapopomomBovv ce Tpiyidio pOALOL. Mia této10 GAVGLOMTY] UVO.GTOATIKY)
d1081KaGi0 KVTTOPIKNG SLaPOPOTOINGN S ovopdlerar TOPATAELPN

avaoT O)\J’] (lateral inhibition). TeAikd o avaTTVGGOUEVO TPLYIOIO PVAA®VY dtoywpilovton
LeTaly Tovg amd Tpia N TEGGEPQ EMOEPUIKA KOTTAP, ETOUEVOS 1 TOUPATAEVPT] OVOUGTOAN
AE1TOVPYEL GE IO, HIKPT] OYETIKA KVTTOPLKI] OKTIVO.



Mnyoaviepoi Apacnc-Awdyvong

Ocwpicg pe Péon Tov onolwv eEnyeitar n ATOGTOCT METOL&') OLOPOPOTTOLN LEVOV
KUTTAPWV, eoutiag g 00»1)6150)‘[1’]@ EMEKTOOMC TNG OPAOTC EVOS OVAGTOAEN KUTTAPIKTC
dlopopomnoinomng, daturmonkay Yo TpdTN opd otig apyés tov 1950 amd tov pabnuotikd

Alan Turing. Ot 0zwpisc Tov Turing yopoaxtnpilovror eniong og uT]X(IVlG],lOi 0 p(im]g-
OLAYVONG cneldn epunvedovy aAniemdpacelc EMAYMYNS / AVUGTOAG ot oyéon pe
TNV 01dyvon pog Ynukng Evaong. Ot unyavicuot Turing £xovv PBpet peydin epapuoyn oTnv

e€nNynon daeoOp®V avanTLEINKOV GLGTNUATOV, OTTMG Y10 TAPAJELY O 6TV €E1yNoN TG
andoTACN G LETAED TOV alsOnTplov Tpryv (sensory bristles) otn woyo Drosophila.

ALAN TURING
1912 -1954

Founder of computer science
and cryptographer, whose work
was key to breaking the

~wartime Enigma codes,

L

lived and died here.

Alan Mathison Turing (wiki) https://en.wikipedia.org/wiki/Alan Turing
Alan Turing - Celebrating the life of a genius (100_video) https://www.youtube.com/watch?v=gtRLmL70THO0




This is only a foretaste of what is to come
and only the shadow of what is going to be

-
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To xaptovopiopa Ba kukAogopnoo oug 23

m louviou 2021
|Bank of England/Handout via REUTERSMllustration

Awaimon: O Alan Turing oto yaptovopiopa towv £50 otepMvav

https://www.protagon.gr/epikairotita/dikaiwsi-o-alan-touringk-sto-xartonomisma-twn-50-sterlinwn-44342259936



The Chemical Basis of Morphogenesis

https://www.dna.caltech.edu/courses/cs191/paperscs191/turing.pdf

A. M. Turing
Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, Vol.237,
No. 641. (Aug. 14, 1952), pp. 37-72.

THE CHEMICAL BASIS OF MORPHOGENESIS

By A. M. TURING, F.R.S. Unwersity of Manchester

(Recetved 9 November 1951—Revised 15 March 1952)
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random disturbances. $iich reaction-diffusion systems are ‘¢onsidered in some detail in the case
of an isolated ring of cells; *a: mathematically. convenietit, "though biologically unusual system.
The investigation is chiefly concerned with the onset of instability. It is found that there are six
essentially different forms which this may take. In the most interesting form stationary waves
appear on the ring:- 1t is*suggested that this might. account,.for.instance,.for the tentacle patterns

on Hydra andt.for whorled leave;%i'A system of reactions and diffusion on a sphere is-also con-

sidered. Such a’‘Systemr-apptars to ‘acceunt. for.gastrulation,. Another. reaction-system in two

may determine the anatomical structure of the resulting organism. The theory does not make any
new hypotheses; it merely suggests that certain well-known physical laws are sufficient to account
for many of the facts. The full understanding of the paper requires a good knowledge of mathe-
matics, some biology, and some elementary chemistry. Since readers cannot be expected to be
experts in all of these subjects, a number of elementary facts are explained, which can be found in
text-books, but whose omission would make the paper difficult reading.
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DEVELOPMENTAL BIOLOGY

The Tu ring Model cOmes O-I: Mole.cularfmaiyses of hair follicle formation

provide evidence to support the most well-
M I I A known mathematical model for biological
0 E C ll a r g E pattern formation.
Philip K. Maini, Ruth E. Baker, Cheng-Ming Chuong

Activator concentration  Inhibitor concentration Cell density Chemical concentration
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Biological pattern formation. Two mechanisms can show similar results. (Left) Qutcome of a reaction-
diffusion model (7} in which activator and inhibitor react and diffuse. Small random fluctuations in the ini-
tial field lead to coinciding spatial patterns of activator and inhibitor concentration. (Right) Results of a cell
chemotaxis model (2} in which cells and chemical both diffuse, with cells also moving up gradients in chem-
ical concentration. Again, small random fluctuations in the initial field lead to coinciding spatial patterns in
cell density and chemical concentration. Blue indicates low concentration levels; red indicates high levels.

www.sciencemag.org SCIENCE VOL 314 1 DECEMBER 2006



WNT and DKK Determine
Hair Follicle Spacing Through a
Reaction-Diffusion Mechanism

Stefanie Sick,® Stefan Reinker,® Jens Timmer,” Thomas Schlake't

Mathematical reaction-diffusion models have been suggested to describe formation of animal

pigmentation patterns and distribution of epidermal appendages. However, the crucial signals and
in vivo mechanisms are still elusive. Here we identify WNT and its inhibitor DKK as primary
determinants of murine hair follicle spacing, using a combined experimental and computational

.......................................................

modeling approach:Transgenic DKK overexpression reduces overall appendage density. Moderate

suppression of endogenous WNT signaling forces follicles to form clusters during an otherwise
normal morphogenetic program. These results confirm predictions of a WNT/DKK-specific
mathematical model and provide in vivo corroboration of the reaction-diffusion mechanism for
epidermal appendage formation.

www.sciencemag.org SCIENCE VOL 314 1 DECEMBER 2006



Appearance of wild-type and differently affected Foxn1::Dkk2 mice.

H vrepekppaon tov cvotnuatog DKK?2
TEPLOPICEL TNV ATOGTAGT] LETOSY TOV
TPLYOV TNG EMOEPUIONG
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To cvumioko MYB-bHLH-TTG1 pvOpier tnv ékepaon
70V GL2 Kon 001Y€EL 6TO GYNUATIGUO GOEVAOIMV TPLYDV

Plant Mol Biol (2016) 92:675-687 @
DOI 10.1007/511103-016-0538-8

Trichome patterning control involves TTG1 interaction with SPL

transcription factors

Georgia Tanou’ - Anagnostis Argiriou® -
- Polydef

Anag
fkis Hatzopoulos® -

YFP"-CcTTGH
+YFP“-CcSPLB

I-> GL2
bHLH _ RoR3-MYB Trichome developmental pathway —3»

SPL4/5
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J
-

Wiki https://cl.Wikipcdia.org/wiki/%CE%9B%CE%AC%CE%BZ%CE%B4%CE%B 1%CE%BD%CE%BF

CRETE | Ladanum // AdBdavo https://youtu.be/dAShKRgrlj4 (avekpetdiievtog Broteyvoroyikdg mhovtog video ypovog 20’56 -téA0Q)




Hopaoerypa 11

To mpotvmO drPOPOTOINGNS TOV PILIKOV
TPYOLOV 6T0 PVTO Arabidopsis



O KuTTapIKES oEIpéc TG PLLIKNG EMMOEPNIOUS

AtpryoPrdoTeg




O KuTTOpKEg oelpés TG PLLIKN G EMOEPNIOAG
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@ avoTUTOL PHETUALIEEMY TTOV EANPEALOVY TNV HOPPOYEVEST] TMV PLLIKAOV TPLYLOLOV 610 Arabidopsis

Ayplog TOTOg GLABRA2 (GL2) CAPRICE (CPC)

Extomikd pilika tpryioa Melopévoc apOudg
PLUK®OV TPLYOi®V



Moproxn yeveTikn TG EE10IKEVLONS (KVTTUPLKIS HOIpac) TV TPLrYofractdy

Table 1. Arabidopsis Genes Controlling Root Epidermal Cell Specification

Gene Chromosomal References / Accession
Locus Product  Location Mutant phenotype Numbers
CAPRICE (CPC) MYB protein I Reduced number of root hairs Wada et al., 1997; AB004871
ECTOPIC ROOT HA/RT (EAA7)  unknown \') Ectopic root hairs Schneider et al., 1997
ECTOPIC ROOT HAIRS (ERA3)  unknown | Ectopic root hairs Schneider et al., 1997

Homeodomain . , Masucci et al., 1994; DiCristina
GLABRA (GLZ) protein | Ectopic root hairs etal, 1994; L 32873
POMPOM (POMT) unknown | Ectopic root hairs Schneider et al., 1997

novel nuclear . Schneider et al., 1998;
ROOTHAIRLESS'T (RHL 7) protein I Reduced number of root hairs 3 chenny
ROQOTHAIRLESSZ (RHLZ) unknown Vv Reduced number of root hairs Schneider et al., 1997
ROOTHAIRLESSS (FHLI) unknown Il Reduced number of root hairs  Schneider et al., 1997
TRANSPARENT TESTA GLABRA WD repeat : , ,
776 orotain \') Ectopic root hairs Galway et al., 1994; AJ133743
WEREWOLF (WER) MYB protein  V Ectopic root hairs e g creloein, 1995

I'oviora Kot o1 avTioTol eG ETUALGEELS TTOV EAEYYOLV TOV KOOOPIGUO TNC KVTTAPIKTG
LOTPOG TV ETOEPUIKOV KLTTAPWV TN pilog



I'oviowo kon petorrdcers mov Kafopilovv TNV HOipo TOV ETOEPUIKAOV KVTTAPOV

P1luco tpryidio oe

TprYoPAACTNG , KOTTGPO e .
) ) MetdAhaén gl2 YOPOKTNPLOTIKA
Ayproc THmog KOTTOPO TOL PAOLOV atproPrdortn
atpryoPAdoTNg - \
& AMOwvog
R TPLoPALOTNG
TPLoPALoTNG Ayétepor
MST('X}\)\.(X&T] tg ] T'] om 98611 MS‘C(X)\)\.(I&T] cpce , Lo
. tprrofrdoteg amd OTL
HeTaALAEN wer atpyoprdom crf()x)gpl?rd ayp%ou TOTOV
=
S ra0E0n & Evdudpecog
T00epn £KpaoT TOL . avOTLTOC UETAED
yovidiov R o€ putd Mpc;foﬁeticmg At petaAraln cpe tigl B~ T([;g Hgtdmigng cic
aypiov TOmoVL | 6TV o1 2 Bkdc?t Aut petdAradn cpc wer _J0 KoL TG HETEANGENC
petdAhaén tegl PHX " f gl | wer




T'oviowe wov kKaBopilovy TNV poipa TOV eMOEPUIKAOV KVTTAP®OV GLABRA?2 (GL2)

To yovioro GLABRA2 (GL2) K®wOKOTOlEL EVOV HETAYPUPLKO TUPAYOVTO
OV £YEL TNV OouUT TOL PepLovap-Aevkivig [HD-Zip, Homeodomain-
leucine Zipper], n omoia yapaktnpiletl ta opototikd yoviola. H petdAioén
yaptoypaendnke oto Ypouocwua I. H ékppacn tov eviomiletat
amokAeloTiké oTovg UTPLYOPAAGTES kotd ta npdTo 6TddIA TG
OLLPOPOTOINGMC, OYl OUMG GTA APYIKA KOTTAPO TNG PIIIKNG EMOEPUIOGC
Kot oTa, TpLYidla mov Ppickovron oty emedvela TV eOAA®V. H
LETAAAOEN gl2 £xel GOV AMOTEAEGLLO. TOV CYNUATIGUO pLliKdV TPLY1Oi®V G
Décelc mov kavovikd Ba Empene va LITAPYOVY ATPLYOPANCTES - EKTOTIKA
plika tpyidwa. Ilapoio mov Ta KOTTOP AVTE OLAPOPOTOLOVVTOL KOLL
oynuoatiCouv prakd tpryiol o1aTPOVV T HOPPOAOYIKE,
YOPUKTNPLOTIKA TOV ATPLYOPLAGTOV £X0VTOC LKPO KUTTOPOTANGLA,
ueyaATEPO pLOUS OVATTVENG TOV YVUOTOTIOL KOl EXLUNKVVOVTOL
YPNYOPOTEPQ. 2VVETMC, TO Yoviolo GL2 eivon amapaitnto oto teAevtoia
GTAOL0, LOPPOYEVEGTC TOV ATPLYOPAACTN TUPEUTOOILOVTOS TOV
GYNUOTIGRO PLIKOD TPLYLOLOV GTIS KUTTUPIKES GELPES TMV

atpyofract@y g piikng emoOepuidoas tov eutov Arabidopsis.  Gr2::GUS

P16 tpryidio oe B 7 =
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e %
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I'oviowa mov kaBopilovy TNV poipo TV eMOEPIKOV KVTTAPpOV CAPRICE (CPC)

2NV HetaAAaén caprice (cpc) o aplOpoc tov prik®v TpLyoioy eivarl tKkpOTEPOC
and ta QUTA Arabidopsis aypiov TOTOVL. ¢ €k TOVTOVL, TO Yoviolo CPC Bempeitan
ATTOPOITNTO Y10 TNV OLOLPOPOTTOINGT TOV EMOEPUIKDOV KVTTAP®V GE TPLYOPAACTES
kodtkonothvtag L0 MIKPOV pey£0ovg mpmteivy MYB, 1 onoia
umopet va cuvoedel pe 1o DNA aAAd otepEital TOV TUTIKAOV YOPAKTNPICTIKMV
TOL Elvol amapaiTnTa Yo Vo AEITOVPYNGEL MG METAYPAPLKOS pvOpiotic. H
HeTdAhaén yaptoypaendnke oto ypouocouo I1. H dutdn petdiiaén peta&d
TOV cpc Kl g[2 pUTOV aTOKAAVYE TS 1| TPAOTH EIVOL ETGTATIKY TNG OEVLTEPTC.
H npoteivn CPC mopeumooilel tnv EKQPaGT TOL YOVIOIOov
GL2, Aelrtovpy®mvIac GOV aPVNTIKOC LETOYPOUPIKOC puOUIGTNG

TOV. Amotélesa AOITOV TNG UN EKEPAoTS TOL Yovidiov GL2 otoug
TPLYoPAAGTES EIval TOL KOTTAPO OLTA VO GYNUATICOVV PLOIKA TPLYIOLA.

CPC | 62 . Tpiyidio

(otoug TpLoPALCTEC)

Arydtepot
TpryoPAraoTeG amd Ot

@
Metdiraén cpe ()
— oto guTa oypiov THTOL




I'oviowa Tov kaBopilovy TNV poipa TOV eMOEPUKOV KVTTAPOV TRANSPARENT TESTA GLABRAI (TTGI)

2V petarialn transparent testa glabral (17g]) ka0g KOTTOPO TNC
emoepuioag aveaptnra and v 0€on mov PpickeTon M TPOC Ta KHTTUPO
TOV PAO100, OLLPOPOTOLELTE € TPLYOPAGGTN oyYNnuUOTICOVTOGC EKTOTIKA
plika Tpyyiowe. Emmniéov, ta outd tne HETAAAENG g 0€V 6VVOETOLVY
avloxvaveg, oev oynuatiCouv TPLYES GTNV EMOEPUIOA TOV PVAAL®V
KOOMC Kol TO KOAM®OES TEPIPAN A TOV GTEPUATOS. XTNV UETAAAOEN g ]
N £k@poacT ToL Yovidiov GL2 HEI®VETOL CTILAVTIKA, OTOOEIKVVOVTOS TMC TO
yoviolwo TTG1 givan BeTik0g poOpioTi)c Ko Tponyeitar Tov yovioiov GL2.
H npotetvn TTGI1 @éper emavarapuPfavoueva potifo WD-40. Agv eivau
KOO, YVOGTOG 0 pOAOS TPMOTEIVAOV TOL EULPAVILOVV TETOEC OOUEC,
VILAPYOVY OUMC EVOEICEIC OTL TPOKELTOL Y10 AUIVOEIKES aKOAOVOiEC OV
GUUUETEYXOVY GE TPMOTEIVIKES AAANAETIOPAGELC.

17G1 » GL2 Tpyidwo

ttgl Tpryidwa QOUAL®V (-)

0A) (oToVG aTprYoPALCTEC)

TPLYOPAGCTNG
o1 Béon
atpryoPfrdon

Ler-0 ttg1




I'oviowa Tov kKaBopilovy TNV HOIPO TOV EMOEPUIKOV KVTTAP®OV R

To yovidro R tov koAaumoxkiod kmotkonolel pa tpoteivi) MYC nov Asttovpyel cav
LETOYPOPIKOC EVEPYOTOINTNG APOV TAPOLGLACEL TAL OVO KVPLOL YUPOKTIPLOTIKE TNG
OIKOYEVELNC TETOLMV TPOTEIVOV, ONACOT Uta OEIVN TEPLOYN KOl Ui PaGIKT TOL £YEL TNV
nopon EMkac-otpopnc-éAkac [basic Helix-Loop-Helix, bHLH]. 2t0 koaAoumndki n
tpmteivn R evepyomotel ta puOotikd ototygio YOVIOimv TOL GUUUETEYOVY GTNV
BrocvvOeon TV avBokvavivav. Encidn apyika to yoviorwo TTG1 dev siye anouovmbel
and 10 PUTO Arabidopsis, diepevvidnke av 1 EKEPAGT TOL YOVIOlov R TOv
KOAOUTOKIOV Ba. propodoe va eravapéper TV Procivison avlokvavivav ota
(PLGIOAOYIKA EMITEDN GE PUTA TNC UETAANAENG ttg . Tehkd, 1 Ekppact Tov cDNA 10V
YOV1010U R TOV KOAOUTOKIOV, KATM amd TOV EAEYYO0 TOL KAOOAIKOV TpoaywyEa,
CaMV358S, elye cav amoTEAEGLO TOV GYNUOTICUO KOVOVIKOV TPLYOV GTNV ETLPAVELQ
TOV QUALOV 0ALA Kot TNV BrocvvOeon avlokvavivav otny petdriroln ttgltov
Arabidopsis. Ta amoteAéoUaTa AVTE 001YNGAYV GTO cvuTEPAcLa OTL TO Yoviowo 117G 1
ROBIROROIEH " <vepyomosi TV opdLoyn e mpmteivig R (MYC) 6to ¢utd Arabidopsis
mov Thavov va givarn To yovioro GL3 wac Kot 1) OHo10TNTa G€ AUVOSIKO EMITEOO UETAED
TV TpoTeivav GL3 kot R givar oyetikd vynir. Ocov agopd 10 GYNUATIGUO TOV
PLIKOV TPLYOLOV TO LETACYNUOTIGUEVO QLTA TNG LETAAAAENC tg ] OV EKPPALOVY TO
YOViOl0 R TOL KOAOUTOKLIOV, TAPOVGLALOVV OPUNUTIKY] RELMGT] GTT) TUKVOTNTO TMV
PLLIKOV TPLYLOLOVY.

atpLyoPAdoTNG
o1 0éon
TpLoPAracTn

Ytafepn £KQpaoT TOL
yovidiov R o€ putd
aypiov TOTTOV 1| GTNV
HetdAAaln ttgl




I'oviowa mov kaBopilovy TNV poipa TOV EMOEP KOV KVTTApOV WEREWOLF (WER)

To yovioio WEREWOLF (WER) eléyyel eniong 1 o10(popomoinct tav
EMOEPUIKDOV KVTTAP®V GE TPLYoPAGcTES 1] aTpLyoPAdcTES. TNV HETAAAAEN
wer oynuotiCovron ektomikd pilika Tprytota. To yoviolo Kmowomolel po

MY B-mpoteivi) LEYOAVTEPOV OUMC LOPLoKoL BApovg o€
GjKéG N pe t MYB-npoteivn mov koowonotei To yovioro CPC. H ékppaon

tov evtomiCeton oyedov amokierstikd otovg UTPLYO B;\.(’lGTSQ. H

LETAAAOEN YapToypapnOnke oto ypouocoua V. Emnpdcbeta mepapoticd
Og00UEVD, OElVOLUV: a. OTL TO Yoviolo WER eivon amopoitnto T0GO Yo TV
GMGOTN TOCOTIKA EKPPOCT), OGO Kat Yo TNV KATAAANAN 001 £K@PaGNC TOV
yovioiov GL2, B. n mpwteiv WER (MY B) aAAnAeniopd pe tnv mpmteivn R
(bHLH) in vivo ce xOttapa (Oung (two-hybrid system) kot y. n mpoTeivy
WER ©¢ MYB 6pa avroyovietika pe v diAin yvooty npoteivy MYB
OV KMOLKOToLELTUL 07t0 TO Yovioro CPC, ennpedlovtag 1 kAOe po pe
OLPOPETIKO TPOTO TNV UOIPA TOV EMOEPUIKDV

TPLYOPAAGTNG
o1 Béon

MetdAraén wer
aTproPAdot




Movtého 010.QpOPOTOINONS TOV EMOEPUIKOV KUTTAP®V GE TPLYO-0TPLYOPLAOoTES
Ov npwteivegc MYB (CPC,WER) alAnAiemidopovv pe tnv opudroyn npmwteivn R tov
@vto0 Arabidopsis. H alnieniopacn WER-R oynuatilel Eva evepyo
LETAYPOUPIKO GOUTAEYUO TPOTEIVOV, apoD 1 Tpwteiv) WER @épel 0éceic mov
LUTOPOVV VO, EVEPYOTOINGOVY TNV Letarypaer). To cOumieyua avtd onuiovpyeitot
ILOVO 6TOVG ATPLYOPAACTES, OOV ATOKAEIGTIKA EKQPALeTon TO Yoviolo WER xai
etvarl vTeLOBLVO YL TNV UETAYPOAPIKT) EVEPYOTOINGT TOL Yovidiov GL2.
Aapupdvovtac v’ oyn 0t To Yovioro GL2 givor apvnTIKOS TOpdyovTaS GTOV
oYNUOTIGHO PLOKOV TPLYOI®V, 1| EVEPYOTOINGT TNE EKPPOGTC TOV AlO TO
TPOTEIVIKO GOUTAEYLA D0 TPETEL VAL EXEL OC UTOTEAEGLO, TV [UT| EKTTLVEN
PLLIKOV TPL0imV 6Tovg aTtptyoPAAGTEC.

And v dAAn n adinieniopacn CPC-R, tov coppaiver otovg Tpryopfraotec,
ONUIOVPYEL EVaL OVEVEPYO LETAYPAPIKA GOUTAEYUN TPOTEIVOV. AVTO GupuPaivel
yiati n Tpoteivn CPC, givon pev o MYB mpmteivn, aAld dgv €xEL TIC
ATTOPOLTNTEG OOUEC DOTE VO AELTOVPYNGEL MG EVEPYOTONTNG TNG UeTaypaenc. H
EMEYT ALTOV TOV OOU®V EENYEL LAALOV TO OLOPOPETIKO pnEyeBoc peTtald Tov
ovo wpoteivay (WER>CPC). Apod Lotmdv 10 TPOTEIVIKO GUUTAEY L0,
KafioTovTol avevepyO, OEV EVEPYOTOLELTAUL GTNV GUVEYELX 1) EKOPUCT] TOV

yovioiov GL2, ne amoTEAEGUO TO CYNUATIGUO PILIKOV TPLLOLOV GTOVS
TPLYOPAACTES. 2VVETMC, N LOIPO TOV EXOEPUIKOV KLTTAP®V KoHopileTon amd TV

avToyovieTiK o0pacn TeV tpdTteEivav WER kar CPC. H npoteivn WER
KaBopilel TNV Hoipa GTIC KLTTOPIKES GEPEC TOV ATPLYOPAAGTOV, EVD 1| TPMTEIVN
CPC o11¢ avtiotolyec oelpéc TV TPLYOPAACTOV.




MovTéLo 010.QPOPOTOINONS TOV EMOEPUIKOV KUVTTAP®V GE TPLYO-0TPLYOPLAOoTES

H emPePaicnon

(296 UNYovIGUOG OLOKVTTOPIKNG ETIKOIVOVIOC)

Mia. dpmg l}(lGlKT’] agov HB(IT ()TI]T(I ¢ TPOG TO TPOTEIVOUEVO LOVTELOD
KUTTAPIKNG S10POPOTOINONG TOV ETOEPUIKDY KLTTAP®V NG pilag eivor 6Tt TO

'YOViﬁlO CcPC paiverar vo ekppaletor kuping OTOVG UUT plXOl”\,(’IGT &G.
Emopévme, To mpoTtumo EKQpacis Tov Yovidiov ogv cvopfaoiler pe tnv
AELTOVPYIKT] TOV OPAGCT] GTOV GYNUATIGUO PLUKOV TPLYOimV 6TOVS TPLYOPAAGTEG.
Evtobtoig maporo mov 1 ék@pacn Tov yovidiov evromileTar otovg atpiyofrdotes, T)

AELTOVPYIKI] TPOTEIVI] TOV KOOLKOTOLEL EVTOTICETL
OoTOV 7TV pﬁva TOV TPLLO Bkam‘ MV. daivetor Moo 6Tt Y10l TNV

npwteiv CPC Aettovpyel EKAEKTIKOG OLUKVTTUPIKOS UMY AVIGUOS OLUKIVIGS TNG LECH
TV TAIGR00EonaTOV. 'Etot, N tpmteiviy CPC mov kmowonoieite 6toug atptyoPAAcTeS
UETAPEPETUL OTOVE TPLYOPAACTEC, OOV eveEPYEl TOPEUTOOILOVTOS TOL KDTTAPO OVTA VO,
aKOAOVONGOLY TNV Hoipa TOV ATPLYOPAACTOV Otd T OO0, TPOEPYETOL.



Moproxn yeveTikn g £EE10IKEVONS (KVTTUPLKTS HOipac) TV TPryofractdy

Atpyopraotng

TTG
Onoroyn R npoteivy [bHLH] :_

ZYAMNUOTIGPOG
—> GL2 ————
Pulwkod tpypoiov

TpyyoPrdoctng

TTG
Oporoyn R apoteivy [bHLH]

ZANNOTICNO
—] GL2 —0 —— mu nog
Pulwkod tpypoiov

CPC

H mpotevouevn Aettovpyio puOuictov mov kafopilovv TNV KLTTOPIKN Loipa TV
eMOEpUIK®V KuTTAp®V NG pilac. Ta PEAN aviimposwmebovy BeTik) pOOUIOT, EVO O1
“Toerec” ypappég apvntiki). H npoteivn TTG £xet WD40 enavainyeig, n CPC sivat
lo uKpov poprakov Bapovc MY B npwteivny, 1 GL2 givan évag petaypoptkog
napdyovtac, 1 WER gtval pa peydiov popiakov Bapovg MYB npwteivn kot bHLH
OVTUTPOCOTEVEL EVOL LLETAYPUPIKO TOUPAYOVTA LLE QOUTN EMKAC-GTPOPTS-EMKAC TTOVL OEV
EYEL AKOLLO, TPOGOIOPLOTEL



GL3/EGL3 the R homolog

Proposed model for the involvement of
GL3/EGL3 in a novel intercellular
regulatory circuit. A
WER/GL3/EGL3/TTG complex forms in
cells in the N position and promotes
expression of GL2 and CPC.
Accumulation of GL2 in the N-position
leads to the specification of the non-hair
cell fate, while CPC/(TRY) moves
laterally to the neighboring cell in the H
position to form the inactive complex
CPC/GL3/EGL3/TTG, which prevents
expression of GL2 in the future hair cell.
The presence of CPC/(TRY) in the H
position also leads to activation of GL3
and EGL3 expression. In a lateral
feedback loop, GL3/(EGL3) protein
moves to the N cell to participate in the
WER/GL3/EGL3/TTG complex, which
activates GL2 and CPC and inhibits
expression of GL3 and EGL3. See text
for further discussion. Unbroken lines
indicate gene transcription regulation;
broken lines indicate protein movement;
dotted lines indicate little/no transcription
regulation. Proteins shown in white are at
a low concentration.

https://www.researchgate.net/figure/Proposed-model-for-the-involvement-of-GL3-EGL 3-in-a-novel-intercellular-regulatory figb 8136773




Movtého e£€101KELONC KAl O1LPOPOTOIN OGS TMV TPLYOPAAGTOV. ..

...xa1 atpryoBractmv oto Arabidopsis thaliana

GL2

N S

root cell
hair division

GL2

i .

root cell
hair division

cell
division

cortex cortex

TRANSPARENT TESTA GLABRA (TTG) GLABRA?2 (GL2)
WEREWOLF (WER) CAPRICE (CPC)



Moprokn YEVETIKN TNG HOPPOYEVESNS TOV PLLIKOV TPLLOL®V

Ayplog TUTTOg MeTaAhaypeva oTeAéXn
hd &
ar d
air 3
Fou
st itholth vt it fizd
IZpm ﬂ ;ﬁ?
alrl
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rhd2 fipd rivdd qm:r
Shy? Cang W
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e

gt
caml
a2
a3

A

suxt OM-FFN 1
:;r;l' aiot sart
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2ANUOTIKY OTEIKOVIOT] TV 6TUOIMV avATTVENS TOV PLUKOV TPLYIOIOV, TOV QUIVOTVTOV TOV
LETOAAOYLEVOV GTEAEXDV KO T EUTAEKOUEVA OE KAOE 6TAd10 Yoviowa. Opiouéva yoviolo
EUTAEKOVTOL GTNV EUPAVIOT] TEPICGOTEP®Y TOV EVOG PULVOTVUTMV.

|| -
G



@ avoTomor petalrdemv ota PrOIka TpLyiown

Dwtoypapiec OTTIKOV UIKPOGKOTIOL pLilk®mv
TpL10iwV dyprov tomov (WT) ko rhd2, rhd3,
rhd4 xon tipl petorhoyudtov. PoToypaples
NAEKTPOVIKOV LKPOGKOTIOL capmwonc (SEM)
p1iikav Tprydiov ayplov tomov (WT) kot
IrxI petaddypotos. Potoypopio OTTIKOD
LULKPOGKOTIOV LETOALAYUEVOL GTEAEYOLS keu
Yopic prakd Tpryiow.



O yeveTIKES avalDoELS Hog OEivouy ToV OpOpo

[TapdAinio
LOVOTdTIO

Evoldpuecot
QaVOTLTOL

v

EMIGTUGY

RHDG6 RHD?2 RHD4

RHDI

Awaypoppo TOv TOPOVOLALEL TNV OGEPAE pE TNV Omole OPOVLY TO YOVIOLM 7TOV
CUUUETEYOVY OTNV EKMTLEN KOl EMUNKLVON TOV PlikOv tpryoiov. To povomarti

TPOcoLopicTNKE pe fdon Tic
TOPOVOLALOVTOL.

TOV PETUALIEEMV TOV YOVIOL®MV TTOV



Oppovikn extopaocn: AlOviévio

H/ \H

To povomartt Procvvleonc tov abvAeviov Cexiva Exovtag g TPOOPOLO HLOPLO TNV
nederovivn. H pebetovivny apykd petatpenetor oe S-Adgvosviopederovivy (SAM), 1
omoia Ue TNV GE1pd TG ueTaTpEneTal 6€ 1-apivokvkiompomavo-1-kappoviko oo
(ACC) and to £vlupo cuvbetdon tov ACC. Téhog to ACC petatpénetor o€ atbvrivio
(C,H,) and v oegwdaon tov ACC.



BiocivvOeon AlBvieviov amd 10 aptvoly
MeBetovivn (kOKAo¢ Tov Yang)

P, + HCOO"
0,
ADP |/D\I/
ATP JH OH 9
5'- Molhylthlo . .
o ribose-1-phosphat & Kelo HN ammc_'.lacrd
y-methylthio coo

butyric acid / R

oy’ ?
H [ METHIONINE

Co0”
R 2-oxo-acid

OH OH (YANG)
5'-Methylthioribose CYCLE

Adenine H,0 ”N/Lt
N

S T
Loy Y

OH OH

S-Adenosyl-L-methionine

H,C=CH,

Ethylene

s o’

cyclopropane-
carboxylate

€O, +HCN +H,0

Coenzyme A-5H 2

.

g

.
CH-S-CHy-CHy-CH-COO-

THE AdoMet CH,
G ; thetase ACS
CH3-8-CHo-CH-CH-CO0- syn b
Ade
MET a T’
ATP PP+ P OHOH MTA

AdoMet
Yang cycle

AvayeEvvnon Tng
MeBelovivng atro Tov

KUKAO Tou Yang ! «

Shang Fa Yang
1932 — 2007

Chae, H.S., and Kieber, J.J. (2005). Eto Brute? Role of ACS turnover in regulating ethylene biosynthesis. Trends Plant Sci.10: 291-296



Avo cravia kol actadn evioua (ACS & ACO)
cLUPBAAOVY GTNV OLOKAAOMGT] TOV KOKAOVL TOL Yang
oonywvtoc 611 frocuvheon tov abvieviov

NH;
+ I
GH3-§-GH2-GH2-GH-GGD—
CH,
’ H
ACS (ouvBetdon Tou ACC) E) i % 9 5 ,_{; 7"T' HoC=CH,
’ H,C

ACO (o¢e1ddon Tou ACC) o i €00 o, Co, Ethylene

AdoMet 1} S HEN
, , Yang cycle
H ammouovwon Twv OUYKEKPIPMEVWYV F——

VUMWY KAl O XapaKTNPIOKOG TWV
YOVIQiwV TTOU Ta KWOIKOTTOIOUV nTav
gtritrovn diadikaagia

H ocuveio@opd Twv Tony Bleecke
kal Hans Kende rjtav

KaBopIoTIKA O€ auTA TNV . : 11|
TTPOCTIGBEIN W/ ilﬁi )m
' ' ()
Tony Bleecker Hans Kende
(1950 — 2005) (1937 - 2006)

Chae, H.S., and Kieber, J.J. (2005). Eto Brute? Role of ACS turnover in regulating ethylene biosynthesis. Trends Plant Sci.10: 291-296



Athanasios (Sakis) Theologis

University of California, Berkeley, USA
Plant Gene Expression Center

ATtrégoitog NewTtrovikou MavetrioTnpiou AGnvwy

2NMOVTIKN CUVEIC@OPA:
KAWVOTTOINCE TO YOViOIO
TTOU KWOIKOTTOIEI TO
Ev(uuo ocuvleTaon Tou
ACC (ACS)
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Koataoctolr mpoteivnig CTR1 = p1liko tpiyido
(ABvrévio kar ACC)

Evepyonoinon mpowteivinig CTR1 OXI p1liko
Tpryioo (Ag', AVG)

Oppovikn extopaocn: AlOviévio

Mnyoviepog 6paons Tov abvireviov mov
001Y€L 6TOV GYNUATIONO TOV PLLIKOV
TPYOLOV GTI|V EMOEPUIONS TS pilac. A. Xg
PLoL0A0YIKES ouvONKeg To ACC 1] TO
alOVAEVIO KIvOOVTOL OTOTAOG UK pHETAED
TOV KVTTAPOV TOV PAOL0V KOl £PYOVTUL GE
EMOPN NUE TO EMOEPUIKE KOTTUPO, —
Tpryofrdotec. To amBvAEVIO KOTOOTELAEL TV
gvepyomoinon ¢ npmTEiviig CTR1 pe
OTOTELEGLO. TOV CYNUOTIGHO PLiIKoV
Tpyoiov. Ta yertovikd kvTTOpO TNG
EMOEPULOUS —aTPLYOPrLdcTES OEV EKTEIDEVTIN
otnv oppovn. B. H gepappoyn eEmyevoig
ACC Kataotélrel TNV EvePyomTOinom TG
apwteiviic CTR1 pe amotéleopa Tov
oYNUATIGRO POV TpLroiev. I.
E@appoyn wovtov Ag mapepmooilel TV
GVTIANYT) TS OPUOVIIC HE GUECT] GUVETELD
v gvepyomoinon g CTRI1 ondte dgv
oynuratifovrol PKa TPLioe 6TOVS
TprroPraoctec. A. EQapuoyn eEmyevoig AVG
avaotéldel TNV PfroocvvOeon Tov arBvieviov
NE amoTérec . Ol TPLYYOPAAGTES VO UMV
oyNuaticovy Prilka Tpryiova.



Oppoviki] exidopaon: AtBvriévio & Avdivn

. AvEivn

. A1BvAévio

["ovidio Tov EUTAEKOVTOL GTO LLOVOTTATIOL LETAYMYNS GVIAAOL (DE v Kol atfvieviov kot

Locus

Gene Product

Chromosomal  Mutant phenctype

Refererces / Accession Numbers

Location
AUXT Auxin influx Il Short hairs, sometimes branched  Camac et al., 1987, Pits et al,
caries al basa 1998, X98772
AUXIN RESISTANT 1 (AXR1) Subunit of RUB1. I Short hairs, sometimos branchod  Comae ot al, 1007; Pitts et al.,
activating enzyme ot base 1098, L13922
Some hairs stop growing aftar
swelings lorm
AUXIN- RESISTANT2 (AXR2' AA7) AUXAA protein m Reduced number of roct hairs Masuco and Schiefelein, 1994;
St of hairformation closrfo. e LITEh, 1998
basal and of cel

SUFPRESSOR OF AUXIN
RESISTANCE1 (SAR1)

Synaptorevin
raated protein

Reduced number of root hairs
Short hairs

Long hairs

Sito of hair formation closar to
apical end of cell

Shon hairs

Sie of hair formation closer to
basal and of cel

Hairs have swollen ands

Leyser et al,, 1996, AFQ40631

Masuco and Schiefelein, 1094,
Pitis of al, 1998

Pitls l al, 1998

Masuco and Schigfelbein, 1994,
Pitis o al, 1998 L2411

Camac et al, 1997, Prs et al,
1998, AY0D65357

emnpedlovv Vv avantuén tov prakov Tpydiov oto Arabidopsis thaliana



Mnyoaviepoi Ara@opomoinong Emoeppuikaov kottdpov ota gvArlo & ot pila (AvtiTapadson)

Current Opinion in Plant Biclogy

Movtého mov e€nyel 10 TPOTLTO AVATTLENC TOV TPLY(WIWY 6T0 Arabidopsis:

[Emavo Zeipa — Tpiyioro @Pviiwv] Otav n ékppaon tov yovidiov GLI, TTGI ko R Eenepdoel To apytkd,
YOUNAO ETIMEDO, TOTE GTAOIOKA TO EMLOEPUIKA KUTTOPO OLOPOPOTOL0VVTUL GE TPLYidla pvALov. H
dlapopomoinom ogeiretal oty opdon ¢ npwteiving TRY n omola mpoépyetan and ta mepifariovta KOTTOPO
(mapamievpn ovocsto-IEOAYNAMA KYTTAPA)

[Karw XZepa — Pilika Tpiyiowa] H ovtoyoviotikny dpdon HeTalD TV HETAYPUPIK®V Tapaydvimy Tortov MYB
WER (oTtovg atpryopractec) kot CPC (otovg Tpryopfrdotes o¢ mpmTeivn) elvar vrevHovn Yo Ttov
KaBopIoUO TNC KLTTAPIKNG Hoipac ota KOTTapo TNG PLOKNC emoepuioac (emaywyn-MH IXOAYNAMA
KYTTAPA)



Hopaoerypa 111

To npotvmo avarTvEng TOV GUAL®V



Opwopoi & Exeénynoeis

@ dvilotoio OVOUALETAL TO LOPPOYEVETIKO TPOTLITO OLATOENGS TMV
@OAL®V GTOV OVATTUGGOUEVO PAOGTO

KevTpikn {ovn . nePLPEPELOK {ovn
| ’
{ e\
& N \
7\ |./ \.' T\
F Sl oo
L/
L 4 \ / S

To kopv@aio pepictopa Tov fractod daywpiletol 6€ VO UVOTOMIKES COVEG:

0. 6TV KEVTPLKT {OVT), TNV 01010l GLYKPOTOVV KVTTAPO, TTOV dL0POVVTOL apY A KOl

B. otnv meprpepertakt) Lov, n onola anoteAsiton amd KOTTOPO TOV TOPOVGLALOVV
EVTOVEC KUTTAPIKEC OLULPEGELS




O 09p0aApnog & T0 KOpVQEio pepicTONA TOV PLOGTOV

P o = = = o = = = = = = = = = = = = = - - -

Kopvopaio
uepiotoua PAacto

To kopveaio pepictopa Tov Practod pali ue ta veapd
AVOTTTUCGOUEVO UAAN TTOV TO TTEPIPAALOVY amoTELEL
gvav 000aipno. Kabwg ta gOALa avorthocovTol amo TG
TOAOTEPES KATAPOAES, KAADTTOVV GTAOLOKE, TIG
Katvovpyleg KataPolés @OAA®Y Tov oynuatilovtol otnyv
KOPLEN TOL 0POAALLOV. ZE avT) TNV TEPLOYN PpiokeTot TO
Kopvaio puepictopa Tov PAacTOD, TO OO0 HE TNV
0PYAV®OGCT] 0TI TPOCGTUTEVETUL OO EEMYEVEIS
Kvovuvove. Ot katafoAiés Tmv @OAL®MVY avanTOCGOVTOL
otV TEPLPEPELOKT LDV o€ BEaelc mov ovoudlovtol
vovarto. KaBng n BAdcTnon avartOeGETOL TO O1000)Y KA
YOVATO ATOUOKPOVOVTOL LETOED TOVG OTTOTE
oynuatilovtol to HECOYOVATLY OLUCTIUOT XTIC
LOGYAAEC TOV GVALWDV O|UOVPYOVVTOL VEQ LEPIGTDLOTO,
mov eCelMocovtol 6 TAGYL0VS 000a A0S, o1 omoiol Oa,
CYNUOTICOVV GTNV CLVEYELN TAEVPIKOVE KAASOUC.
Avdroya pe to euto ot opBaAuoi Bractdvovy gite TV
YPOVLA GYNUOATIGULOV TOVG 1] TAPAUEVOVY GE KATAGTAON
A0apyov v va Practricovy Tov endpevo ypovo. Otav
ot opBaApol Bractdvouy to KOTTOPO AVEAVOLV, TO
LLEGOYOVATLO OLOLGTILLOTO, EMLUT|KVVOVTOL KO TOL QUALC
OVOTTOGGOVTOL. 2€ OPICUEVO PUTE TA. LEGOYOVATLOL
OLOCTNUOTO TTPOKTIKE OEV OVOTTOCCOVTOL LLE OMTOTEAEGLOL
70 €val Vo, €ival TOAD KOVTA 6T0 GALO OTOTE TO. PUAAC
oynuoatiCouv Eva umovkETo TN poléTTo.




Tomor puirotaliog

Avaroya pe Tov TPOTTO OATAENC TOV PVAA®Y GTOV
AVOTTUGGOUEVO PAAGTO dlaKpivovTol O1dpopot
TOTO1 PVALOTOETOGC!

a. H omeipoeron gvirotaliao gival o o
OLIOEOOUEVOS TVTTOS CUUPOVA LLE TNV OTTolN
EVOL OUALO aVOTTOGGETOL GE KAOE YOVATO, LIE
TETO10 TPOTO MGTE TO OLUOOYIKA VAL VO
BplokovTtal o€ 6TELPOELdN KATOYN

Atlotoryym eviiotaio YravpoTH avtifetn
ovArotoiia

YmovovimTi) @uAlotalio



Tomor puirotaliog

AvdAioya e Tov TPOTO JATAENC TOV PUALDV GTOV
AVOTTTUGGOUEVO PAAGTO OloKpivovTol O1ApOPOL
TOTTO1 PUALOTOCIOG:

B. H xat’ evarirhoyn gurirotolla, 6Ty omoia £va,
OVAAO OVOTTTVCCETOL GE KAOE YOVUTO, £T01
MOTE AVA OLO TO OLAOOY LKA PVAAL VO
Bpiockovtol o€ evailayn oTig Ovo avTifeTeg
TAEVPES TOV ACova oL opileL O
AVOTTTUGGOUEVOC PAAGTOC

Atlotoyym eviiotaio YravpoTH avtifetn
ovArotoiia

YmovovimTi) @uAlotalio



r————————

Tomor puirotaliog

YravpoTH avtifetn
ovArotoiia

YmovovimTi) @uAlotalio

Avaroya pe Tov TPOTO OATAENC TOV PVAA®Y GTOV
AVOTTTUGCOUEVO PBAAGTO OlakpivovTol O1ApOopoL
TOTO1 PUALOTOCTOG:

v. H ototovyym gpvirotalia, otnv omoia 0vo
QLAAO OVOTTTUGGOVTOL OO KAOE YOVOTO TO £val
otV avtifetn amd To AALO TAELPA G TPOS TOV
dEova TOV aVATTLOGOUEVOD BAOGTOD. TNV
otdtacn avtn kabe Cevuydpr @OAL®V PplokeTal
67O 1010 EMITEDO NE TO EMONEVO CEVYApPL




Tomor puirotaliog

AvaAroya pe Tov TpOTO IATAENS TOV PUVAA®YV GTOV
AVOTTTUGCOUEVO PAAGTO dlakpivovTal O1ApOopoL
TOTO1 UALOTOETOG:

0. H otavpot) avrifetn guirlotolia, otnv
omoio €Tiong VO PVALD, OVATTUGGOVINL OO

| K0e yOvaTo o€ avtifetn mAgvpd HETAED TOVC

' MG TPOG TOV AEOVA, TOL AVOTTUGGOUEVOL

: BAocToD. XNV euALoTaio avT OLMG KAOE

I Cevyapt @UAL®MV O10TACGGETUL 6€ KAOETO

I

I

I

I

Yrepoerdn gvirotolio Kat’evariayn guiiotoiio

o les

EMITEDO (O TPOGS TO EMOUEVO LEVYAPL

YravpoTH avtifetn
ovArotoiia

YmovovimTi) @uAlotalio



Tomow urrotaiog

Avaroya pe ToV TPOTTO OATAENC TOV PVAA®Y GTOV
AVOTTTUGGOUEVO PAAGTO OlokpivovTol O1ApOopOL
TOTO1 UALOTOCTOG:

¢. H omovoviot puirotalio, otny omola amnd
K&0€ yOvaTo Tov BAOGTOD OVOTTUGGOVTOL
TEPLGGOTEPO OO OVO PVAAN TTOV GYNUATILOVV

mAéov £va GTTOVOVA0. Ot 61dvdLAOL PETOED

TOLG UTOPOVV ELTE VAL O10ITI|POVV G’C()L@Spﬁ
YOVIO Siétaéng 1 va TEPLGTPEPOVTOL

I YXTovovAmT) @uAlotaiio



AWy poppaTIKY OTEIKOVIOT PuALOTOSTOG

Kopvopaio pepiotoua
BAactoV

Mo puAlotaio umopel oynUOTIKA
VO, OTTEIKOVIGTEL LE OLAYPOULLLLOL TTOV
TOPLGTAVEL Evay 0pOaAN0 LE Ta
OLUOOYLKA YOVOTO, ONANON TIG
KOTOPOAEC TV UAA®V, GE

GUYKEVTPIKOVS KOKAOLG
Ay poLLOTIKT] OTEIKOVIOT)
eYKAPG10¢ TOUNG PAOGTOPOPOL
o@BaApov. Ot apiBuoi 1 €m¢ 10
QVTIGTOLYOVV GTIS KOTOPOAEC PUALDV
OTELPOELOOVS PVALOTOCLOGS KOTA
GEPA NMKIOG EEKIVOVTOS A0 TO,
VEOTEPU TPOS TO. TALULOTEPW PVALC.
H xopven} tov o@Baiov mov
Bpioketon 610 KEVTPO TNC KATOYNG
OVTIOTOLYEL GTO KOPLQP UL
uepicTORO ToL frOGTOV




IIpocoropiondc g purrotaiiog pe yeipovpyikéc emepfacers (Aovmivo)

Ot xatoforéc Tmv pUAL®V oL 1|01 VITAPYOVY cvpforiloviar katd oepd nhikiag EeKvavTag
amd T VEOTEPO KOl KATAAYOVTOS 0Td TaAalotepa @UAAA ¢ P1, P2 xou P3
Ot véeg kataforéc @OAA®Y cuuforilovror wg I1 kot 12 pe 1o I1 va avtictoyel oty véa
KOTofoA] @OAALOL TOV TPOKELTAL VO ELPAVIGTEL TPDOTN

A0OVTIVO

Hpaypoatikn
0<on ¢
=—> kartapoirg I2

Avapevopevn

0éon g
Katafoing 12

H xoatafoin I1
OVOTTUGGETOL TV
Kovovikn 0£on

Ot emdpdioelg ¢ ektoung KataBoAng @OAAOL Tov £xel NON GYNUOTIGTEL 6TV BE0T EKTTLENG VENG
KataBoANg UAAOL. Mg KOKKIVO Ypduo Tapovotdlovial ot KataBoAEc mov exnpedlovion amd TV
TEWPALOTIKOVG YePIoovs. H amopdikpovon g katafoins P1 and 10 kEvIpo Tov Kopueaiov
LEPIOTOUATOS TOV PAOGTOV 6TO AOVTIVO £YEL OC ATOTEAEGLLO. TNV OALOYT TNG OEoMS EKTTVENS
™G véag katafoing I2. X11¢ kopveEg mov £xovv vootel ekToun N Katafoin 12 avantdicoeTon mo
Kovtd otV kotaoAr P1 and 611 cuviboc.




IIpocoropiondc g purirotaiiog pe yeipovpyikéc emepfaoers (Aovmivo)

Q@ 2710 AOVTIVO TO TEPAUATIKA dg00UEVA apyIKa eENyNONKay pe Bdon ToV YdPo mTov
ONUIOVPYEL M EKTOUN UG 1O LTTdpyovoas KaTaBoAng eOALov. 'ETot, Yo To AoVmtivo, 6To
07010 01 KATAPOAES TV PVAL®V EXOVV GYETIKA HEYIA0 nEYEDOS MC TPOS TO KOPLPAIO
uepiotoua, owtvnmdnke apytkd n Oewpia 0Tl 0TOLEONTOTE VEQ KOTUPOA oynuaTtileTon
0TO KEVO YWPOo HETUED TOV KATUROAOV @UAL®Y OV 101N vITapyovyv. Me Bdaomn ) Ocmpia
aVTY), UE TNV YEPOVPYIKT emEuPaom mepropiletor 1 avanTvén e kataPoinc P1, n onola
TEMKE KOTOAGUPAVEL LIKPOTEPO YDPO. L2C GUVETELD, 0 EAEVOEPOG YD POS TOV
ONUIOVPYELTOL CVUTANPOVETOL UE TNV oAlayn BEong ExkmTuéng tng kataBoing 12

Q@ Ilapopoiec SumC YePovPYIKES EMEUPAGELC GTO KOPLPOIO pEPIGTOUN BAAGTOD OTEPTS
ooNynNGav 6Ny avamtun wog véag 0emplog mov eEnyet teAkd v @uAlotodio. Xe
avtifeon pe 10 Aovmvo to uEyebog tv Katafoimv UALOL TG OTéEPNC Dryopteris dilatata
ELvVOL LIKPO G GYECT LLE TO KOPLPOIO LEPIGTOOL




IIpocoropiondc g purirotaiiog pe yeipovpyikéc emeppaocers (ptépn)

Dryopteris ] Koateotpoppévn
Koteotpoppévn

kotapfoin I1
koatapoin I1
Ipaypoatikn 0<on 2

katafoing 14

Avapegvopevn 0¢om
koatapoing 14

Ot emopdoelg TNG KOTAGTPOPNC KATAPOANC PVALOL TTOL £)EL NOT OYNUATIOTEL 6TV B0 EKTTTLENG
véag katafoAnc euAlov. Mg kOKKIvVO ypoua Tapovctdlovtol ot Kataolég mov enmnpealovtal oo
TOLG TTEPAUATIKOVS YEPIoUove. H kataotpopn) ™ Béonc éxmtuéng ¢ katafoinc I1 cto
Kopvoaio pepiotopa tov PLactod e eTtépn Dryopteris mpokoiel petafoin) tng 0€omg
EkmTvEng ™S kKatafoing I4. X11¢ kopveEg mov £xovy vootel enéuPoon n KataBoin 14
oynuatiCeton mo Kovtd m¢ Tpog v Kateotpoauuévn 8éon 11 and 611 cuvnbwc.




AVAAVGT TOV YEIPOVPYIKAOV enepPaocev oty pvArlotaio

Q@ To amoteAéouoto TOV YEPOLPYIK®OV ETEUPAGEDV GTO KOpLPAio uepicTOUO TOV PAAGTOD
61O AOVTLVO Kol T Dryopteris pmopovv vo. EPUNVELTOVV UOVO OTAV 01 KOTOPOAEC T®V
QUAA®V TOVL £YOVLV NON GYNUOTIGTEL TAPAYOVV KATO10 ULVOGTUATIKO TUPAYOVTO TOV
EUTOOILEL TNV EKTTTLEN VEOL PVALOL GTNV AUEGHG YELTOVIKT TEPLOYY]. ETouévme, n
puILototia kaopiletal amd kamoto pnyevicpd TUPUTAEVPNS AVUGTOANS
(lateral inhibition)

@ H xotaotpo@n 1 N amopudkpuven ta 101 oyReTIGREVIIS QLAAKNG KOTOBOANG
TEPLOPILEL TNV UVUCTAATIKY EXLOPAGT] TOV 1 GLYKEKPLUEVT) KATAPOAN OGKEL GTO
YELTOVIKA TUNLLOTOL TOV UEPIGTOUOTOC, LE OTTOTEAECUN 1 ETOUEVT] GE NAKIA KOTOBOAN
QUAAOL VO CYNUOTIGTEL 0€ BE0M TTOAD KOVTIVY) OC TPOG TO GNUEID TN YEWPOVPYIKNG
eneuPaong

Q@ IToapopoio avactoAtiko medio eivon eniong mBavov vo, eumodilel v EKTTLEN PUALOL GTNV
KevTpiki) LOvn) Tov Kopueaiov ueptoTopatog 1oL fAacton. Kabme opms 1o kopueaio
LEPIOTOUO OVATTTOGGETAL, 01 QUAAKEC KATAPOAES TOL O VILAPYOVY OTTOLAKPHVOVTAL
LeTacy touc. E€attiog tng avantuéng tog GYETIKNG 0TOGTACNS, 0EV ACKEITE TALOV
UVOGTUATIKT] 0Pac) omd TIC PLAAMKES KATOPOAEC TOL EXOVV 1101 GE OPICUEVO TUTJLLOTOL TG
TePLPEPELOKNC COVNG oYNUOTIOTEL, £T01 akpPOS 6€ aVTES TIC BEcEIS GynuatilovTon o1 VEES
KOTOPOAEC QOAA®V.




H Ocopio tediov epunvever v guirotodio,

AVOOTOATIKO TEOLO
QUAMKIG KaTafoing P1

H Ocwpio mediov epunvevel v
QLAAOTOEIOL GTO AOVTTIVO KO GTN PTEPT
Dryopteris. ZOpowva pe v Bewpia tediov
N KeVTPIKN COVN TOV KOPLOaiov
UEPLOTAONOTOS TOV PAAGTOD KO OL
KOTOPOAEG PUAL®Y TOV O VTAPYOVY
TOPAYOVV OVOGTOAEIS EKTTTVENG VEWDV
QUAL®V, GYNUOTILOVTOC OVOOTUATIKA TEOLO
GTO KEVIPO TOV UEPIGTMOUATOC Kl YOP® ATO
K&Oe vapyovcsa uAMKY KataPoAin. Ov
véeg KoToPoAréES @UAL®Y avaTTOGGOVTOL
OTIG KEVEG TEPLOYES OV oynuatilovtot
RETAED TOV UVUSTUATIKOV TESIMV. Mg
KOKKIVO YPOUO TOPOVG1ALoVTOL TO
VTOOETIKA OVAGTOATIK TTESID TOV
TPOKVLITOVV ATtO TIC PLAAKEC KATAUPOAES
OV 101 VILAPYOVY YOP® OO TNV KEVIPIK)
OV 6TO KOPLPAIO LEPICTOUA TOV
Dryopteris. Onov 11, 12 ko I3 o1 0éce1g
EKTTLENC TOV VEOV PUAMKOV KATOBOAMV.




HHoapdapeTpor Tov drapope@vovy TV Oe®pia mEdiov

A1bpopotl TOPAUETPOL TPOGOI00VY TNV Bempia TeEdiOL TNV avarykaio,
EMUGTIKOTITO TTPOKELUEVOL KADE PUTIKO €100C VO GYMNUATICEL TV O1KT)
TOV PUVALOTOELD OTTMC:

@ 1 16YVC TNG AVOGTUATIKNG ETLOPOUCTC

Q@ 0 pLOUOC SLAYLOTC TOV AVAGTAATIKOD TOPAYOVTA

@ 1 OPlOKT CLYKEVIPMGT] TOV AVOUCTOAEN TOV TAPEUTOOILEL TNV
EKTTLEN VEAC PVAMKNC KATAPOANC

@ 10 pé€yeboc kot 0 pLOUOS AHENGNC TOV KOPLPATIOV UEPLOTDOLOTOS TOV
BAactov



To npotvTo £KPpacnc Tov yovidiov TEI vmostnpilel Ty Ocwpio mediov

e YeVIKEC YpauueS 1 Oempia mediov givar amodekTr)
YOPIG OUMC VoL EYEL TELPUUATIKC 0TTOAV T

Kopugaio TEKPNPLOOEL, EVTONTOLS LTAPYOVV YEVETIKES OAVAAVGELG
neploTONO mov v vrootnpilovv. ITo Guykekpeva, PuTa
pracToV

KOAOPTOKLOU TNG LETAAAOENG terminal earl (tel),

duihi LETOED TV AAADV QOIVOTUTIKOV OVEOUOALDY
Katapoi TOPOVGLALOVY UTOKALGT TG KOT® EVOAAAYNS
P2

puvAroTadiag mov yapaktnpilel Ta eLTA aypiov TOTOV.
To npoTLTO éKPPOaONS TOL Yovidiov TE] evtomileton

®ullkn KoTapol] Oéon , . .
P1 — — EKTUENG 6€ 0UKTVAMOVG TETALOELOOVS GYNUATOS TTOV
™G Véog Bpiokovtal o€ d10.00Y KA ETIMESN GTO KOPLPAIO
K(m)g:;'n nepiotmpa PAUGTOD KAAUUTOKLOD (KOKKIVO YPMLLCL).
1 Kd&0e puAlkn katafoAin mwov £xel non oynuatiotel P,
P2 Bpiocketon 6TV 0VOIKTI) TAELVPE TOV TETAAOELO0VS
00KTVALOV £KQpaong Tov Yovidiov TE]. H véa
euilikn katapfoin I1 o oynuUaTIoTEL GTNV OVOIKTY
Merahoibéc n?»surp(x OV Samu?’uou SK(DDOLGT?C Tov PpiokeTan m?
oyipa KOVTA GTNV KOPLOT] TOV UEPIGTOUATOG TOV PAAGTOV.
&Kepoons  Yyvenmg 1 EKQPaot Tov yovioiov TET opilel To medio
TOVL YOVIOL0V

TE] 0OV 0 OVUOTOLENS EKTTVENG VENS PUAMKTG
ot
oy  KatoPoing sivon evepyoc. To yovidwo TE] kmdikomotel
ketafory  vig mBavr) TP TEIVI cvdeonc ne RNA, g omoiag
F2 Ooum¢ N axpiPnc Broynuikn Aettovpyia eivor peEypt
GTIYUNG AYVOGTY).




Conceptual model of the regulation of phyllotaxis by polar
auxin fluxes in the shoot meristem.

https://www.pnas.org/content/103/5/1301.long#sec-5

A

P1

A plausible model of phyllotaxis
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To mapaooo T aviiving otnv puirotoiia

O @avdTLTOC TOV PETAAAAYLLOTOC pinl GTO QULTO
Arabidopsis eivon yopoktnprotikoc. To yovioro PIN1
KOOIKOTOLEL Y10 TOaVO HETUPOPEN EKPONS GVEIVIIS TTOV
Qaivetol 0Tl amoteAel POGIKO GLGTATIKO TOV EVOOYEVOLS
unyovio oo dtaxivnong avéivne. v petdiroén pinl to
Kopveaio pepictopa Tov PAactod O0TNPEL TNV
LEPIGTMUOTIKT) TOV IKOVOTNTO, OTOTE TO KOTTOPO
dtapovvtar, aAAd oev oymuatilovror @uiia. Kiipoka: 2
cm. [EvOesto tunuo] H eEmyevig epappoyn avgivig
(KOKKIVO YpOLL0) 6TO KOpL@aio pepictmua PAacton
QLTOV TNG LETAAAOENG pinl pokalel TNV avATTLEN
KataoAng evAlov. Kiipaka: 200 um.

Yndpyet ovoyETion pHetald Tou GYNUATICULOD VEOV
QPUAL®V Ko TNV eMidpaot TG avéivic, aAld dev elvat
QKOUT KATOVONTOS O UNYOVIGUOG LLE TOV 0010 1) avEivn

KaBopilel tnv pvilotoéio. Ao Tnv po n Oewpia

med10v VTooTNPILEL OTL 01 KATAPOAEC PUAA®Y GLVOETOVY

KATO10 TOPAYOVTO TTOV AVAGTEALEL TNV EKTTVEN VE@V
@OAL®V. Evo, amé Tnv dAin ot kotafoAES QUAA®Y
amoTeAoVV KUpleg BEoerg frosvvicong avéiving oto

@LTO, M 0Tl OIS AVaPEPONKE TPOTYOLLEVA OLEYELPEL

TOV GYNUOTIGURO VE®V @UAL®V. To Tapasoo tg

avéivng ot @uALOTOCIO TAPANEVEL BOLEVKPIVIGTO




Eniopaon ekTacivic 6TOV GYNUOTIGRO GVALOV

Kopvgaio pepictona Bractod vronarac
XANMUOATIOROS OPYAVOD TOV

E@appoyn cpoipidiov ekraciviic  powaler pe @Orro otn 0éon 12
Ofon 12 . Q
QUAMKAG ‘
KoTaporg )
Agv oympotileTor VAL

OTNV VEOTEPT PLAMK
Katoforn 11

Ot extaoiveg (expansins) sival EEOKVTTOPIKES TPMOTEIVES, 01 0moieg GLUPdALOVY TNV GOENGT TOV
KUTTOPIKOU TOYYONATOS. O1 EKTAGIVEC KMOIKOTOLOVVTOL OTO OTKOYEVELD YOVIOLWV, TNG OTOL0C TOL LLEAN
TOPOVGLALOVV OLHPOPETIKO TPOTVTTO EKPPUCTS

Amotéheopa G EMYEVOVS €QUPROYTS EKTUGIVIG 6TO Kopueaio pepiotopa viopdtos: H extacivn
GVEAVEL TNV TAGT] ETEKTAGIS TOV KVTTUPLKOV TOYYONToS. H Tomofétnon cpapidiov pe ektacivn
(kOKKvO ypoua) otny Béomn 12 Tov Kopveaiov uePIETOUATOC PAAGTOD VTOUATOS TPOKAAEL TOV
oyMuroticpno otny 0<on avt) opyavov wov pordalel pe QUALO eved TOPAAAAC OVOGTELLEL TNV
Ekmttoén eOALOV oty 0&om I1. XuveEn®C 0 GYNUATIGUOS TOV QUAL®V ETMTAYVVETUL 0AALALOVTOS
PUOIKA YOPOKTNPLOTIKG TOV KOPUPUIOV HEPLOTAOUATOS TOV PAAGTOV, OTMC Y10 TOPAOELY LA TOL
YOPUKTNPLOTIKA TOV KUTTOPIKOD TOLYDOLUOTOG



Ka0¢ mote oynuortiletor 1o @UAL0? - XpOVIKOS TPOGOLOPIGUOS GYNUATIGHOV VALV

@ O yepovpyikég eneuPAGEIS GTO KOPLPOLO UEPICTOA TOV BAAGTOVD ATOKAALYOV TNV
Vapcn €vog PovikoL TapadvPov evtog ToL 0moiov N BE6N TS EMONEVIC PUAMKNG
Kotafoig mapapéver anpoooroproty). Daivetor OTL ETKPATEL oL YPOVIKN
eELAoTIKOTNTO OGOV apopd TN BEo™ EKTTTLENGS TOL VEOL PUALOD

@ H ypovikn mepiodo petald e EKnTLENG OV0 OLEOOYIKMOV QUAAMKAOV KOTOBOAOV
ovopdaieTon TAUCT oyp (’)VOQ (plastochron)

@ Xepovpyikés enepPdoels 6to Kopveaio pepictopo Tov PALocTOD TPOKAAODV GALGYT) TNG
0<ong éxkmtving g katafoing I1, povo otav tpayuatomombovv Emerta amwo TNV
GCUUTAMP®GT] TOL HLGOV TS YPOVIKNS OLAPKELNS TOV 0PILEL 0 TAOGTOYPOVOS. TNV
TEPITTWOOT) OV O1 YEPOVPYIKES ENEUPAGELS TPOY LA TOTOMBOVV TPV GLUTANPWOEL TO
LLGO NG XPOVIKNG d1dpKeLag OV 0pilel 0 TAAGTOYPOVOGS, TOTE dev petafPdiietor ) 0Eon
EKTTVENG TS VEAC PLAMKNC katafoAnc 11. Emouévac, To yxpovikd mapdBvpo 610 0m0oio
1 0fon EkmTVENG TNC ETONEVNC QUVAMKI G KOTOBOAC TAPAUEVEL ATPOTOLOPLGTY)
OVTLIGTOVYEL 6TO IGO0 TOV TAOGTOYPOVOV




Awapopemon euirotaiog — To mapdocrypa tov TpLeUAMOY (Trifolium spp.)

KOTVANOOVA

2TEPOELON
ovirotaia

0£C10GTPOPT KU GOUPMVT] NI
TOVG OEIKTES TOV POAOYLOV

OPLETEPOCTPOPT KAl AVATOON
ILE TOVG OEIKTES TOV POAOYLOV

Q@ To mp®TO Kl TO HEVTEPO TPAYLLOTIKO

@UALO oynuotilovtol KaOeTO HE TIg
KOTVANO0VES 6TO0 PAAGTO TOV TPLPVAAOD

H omepoeionc guirotalio EEKva pg Tov
CYNUOTIGUO TOV TPITOV_Q@UAAOVL, 1| OEon
TOV 0motov kKaBopilel Qv 1 OTELPOELONS
01aTaln TOV PUAAL®V GTOV AVATTUGGOUEVO
BAocto Ba elvar 05106 TPOPT Kol
GUULPMVI] LE TOVS OEIKTES TOV POAOYLOV N
aPLETEPOOTPOPT ONAXON OVATOON NE
TOVG OEIKTES TOV POAOYLOV

H emdoyn g noag 1 e dAAng 0<ong
EKTTVENC TOV TPLTOV GVALOV ATOLTEL L0,
O1001KOGT10, OLUKOTING TS YEMUETPIKIG
CULUUETPLOC TTOV 1101 VTAPYEL OTTO TNV
EKnTVEN TOV KOTVANOOVEOYV, TOV TPAOTOL
KoL TOL 0€VTEPOV PVALOL. H TawtotTO
LLLOG TETO0G OLOOIKOGTIOC TTOPOLULEVEL
AyvVOGOTN €AV KO DTAPYOVV EVOEIEELS YO
Vv mhavn opacn unyeviepov Turing




Hopaoerypo IV

20VTOVIGUEVT] OVATTVEN PUALOD KL
YYEWLKOU GUGTIHOTOS



Enayoyikog pnyoviepnog (Avéivny) L&YY EL TOV GYNUOTIGUO OYYELOKOV GUGTI|NOTOS

@ To @VAlo 00 Tpémer vo avOTTVOGOETOL OE GPUOVIC LE TOV GYNATIGNO
Oy YELLKOU GUOTIOTOS, MDOTE VO OLLCPAAILETOL 1] GUVOEGT KOl
EMIKOIVOVIOL TOV OPYAVOL LE TO LITOAOUTO PULTIKO GOLLO!

@ H d10popomoinon tov ayyeloKmv GUVOECUMOV QOIVETAL OTL TPOKUAELTOL
oo TNV 0P0CT) ETOYMOYIKOU G ILUTOS TPOEPYOUEVOL U0 TIS KATUPOAES
POALOV

@ Ta veapa @OALa elvon onuavtikeg mnyes ProcvvBeong avéivng, n ool
glvol YvoTo OTL O1EYELPEL TNV OLAPOPOTOIN G| KOl AVATTUEN TOV
ayyetov

@ Xvvenmc, Oewpeite eDAoyn N vobeom OTL 1| avivy, 1 onoio cVVTIOETOL
oTIS KOTUBoAEC TOV @UAL®YV, sivarl vrevBvovn Yo TV Evapin g
OLIPOPOTOINGTS TOV UYYELUKOV GUVOEGUMV 6TO PAOGTO




YANUOTICROS AYYELOKOUD GVVOEGUOV HETUED AVATTVGGOUEVOV PVALOV & PAOGTOV

Q@ Xto Mwvapt Linum perenne T0, KOTTUPO TOV
TPOKOUPLOV —UEPIOTOUATIKOC 16TOC Y10, TNV
YEVEGT OYYELOKOD GLGTNUOTOC- GTN KOPLPN
TOV PAAGTOV 0PYAVAOVOVTUL YPUULULKA
(KOKKIVO YpOUa) Yo vo. suvoEBovY pe Tig

mpokappro dv0 véeg puihkéc kotaporég P1 ko P2

Kvttapa tov tpokappiov o€ ypoppés
o610V fAOGTO MvapPLOv

O1 puAAIKEG KaTaPoAEC KaTd oepd nAKiog:

Tpfqpa Kopv@aiov Pl(veotepn) < P2 < P3(mraiondtepn)

REPLOTAONATOG

To mpoKauPro 6TAOLEK(A ETEKTELVETOL GTV
KOTOBOAN TOV GVUTTVGGONEVOV PVAAOVL Y10,
vo ONUovpyNnBel otV GUVEYELD O OYYELOKOS

GUVOEGOG

npokaupro



H aviivn exdyel Tov oynUoTIcHO KOl TNV avayEVviier] TOV OYYELEKOUD GUGTI|LOTOS

Kopvoaiog

YOvaTo
000aipnog

TPOONO,

AOwTo PUTO Tpoavpatiopévo euto

Xvpnépoaopa: Otov amopokpuvioy Ta @UALN TAVO 0O TO GNUELD TPUVULOTIGHOV
TOTE UVOGTEALETOL 1] TEPULTEP® OLAPOPOTOLN G TOV KVTTAP®V TOV Tpokaufiov yia
TNV aVOYEVVNGT] TOV ayyelokoL cuetnuotoc. H avivn opmg £6tm Kol 0Tov To QUALG,
OTOUOKPLVOOUY TPOKAAEL OYYELOKT AVAYEVVI|GT] GTO GNUEIO TPOVUATIGUOV € BAOGTO
eutaV ayyovpldc Cucumis sativus




YANUOTICROS AYYELOKOUD GVVOEGUOV HETUED AVATTVGGOUEVOV PVALOV & PAOGTOV

Yymin
GUYKEVTPMOT)

av&ivng

ddyvon
av&ivng

v
Xapnin
GLYKEVIPMOT)
av&ivng

9

npokaupro

H vr60con kavaromoinong eEnyetl v
avamTLén TOV OYYELEKOUY GVGTINOTOS GTU,
@UOALG pg Paon Tqv ponf ¢ avéivne. H
owfaduion e avéivne mapiotdveTal Le
KOKKIVO ¥podLo, VO Ta BEAN Tapovcidlovv
TNV TOMKT] LETAPOPA av&ivng

1 To xottapa mov Bpickovtol 6To TEGLO
owfadpionc e ovykévipmong avéiving
oyNUatiCovv 6TaOoKA OIKTVO dLUKIVIIONG
NG OPUOVIG COUP®VO. LE TNV POPE TOV
TPOTVTOV OLAYVGIS

2 ka1 3 E€attiog evog Oetika pvOplopevou
OvVAGTPOPOV UNYOVIGHOVU TO, TOAIKA
KOTTOPO, TOV SLOKIVOOV TNV awéivn
oynuatiCovv Babuiaio Eve 6TEVO KOVAAL

4 To emimedo TS aVEIvIS GTO KOVAAL
vrepPaiver To OPlo TOV GNUATOOOTEL TNV
OL0.(POPOTTOINGT TOV TOAMKOV KUVTTAPOV GE
npokaupro



Evyoproto

Y10l TO EVOLUQPEPOV GO

©



