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Forward Genetics: Ao tn netarilhon 6to yovioro

MeTaihain

(Molecular genetics)
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(Developmental biology)

I'oviouo
(Functional genomics)
MoproKES aAnAemopacels/ Aertovpylo,

(Transcriptomics/ Proteomics/ Metabolomics/ -omics)
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Epppvoyéveon: H évapén g Cong

A Wild-type MATURE EMBRYO

WALKING-STICK =
HEART EMBRYO
EMBRYO

TRANSITION
GLOBULAR EMBRYO
16-CELL EMBRYO
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https://elifesciences.org/articles/05864/figures







Epppvoyéveon: H évapén g Cong

Opwopéva otaowe t™g eufpuokic avantoéng tov @utov Arabidopsis thaliana.
IHapovoralovrtal ot Tpeig epuPfpvokés (OVES Ao TIS 0TOIES TPOKVTTOVY O OLULPOPETIKOL
16TOL KOl Opyave TOV QUTIKOV cdnatos. Omov A= Zuvymwto, B= X130 TV 0KTO
euppvokov KutTdpov, I'= Kapowooynpuo Eéuppvo kot A= Xropo@uTo.



Avatopkég LOvES TOV PLLIKOUY GUGTILOTOS
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COTTON BORDER CELLS
KOAVTTTPO

Neapo @utod Arabidopsis thaliana. Awkpivovtol ov KOpleg avotopkés Loves e piloc: 1 Lovn
olapopomoinons omov gp@aviovrar ta Plika TPLiowa, 11 (OVY EMPNKOVONS KOU 1] HLEPLGTOUOTIKI)

Covn. Xmnv Paon g pifag PplokeTon n koAvmTpo (Kevrpikn koAvwTpo columella avridnyn g
Bapotnrac/ migvpikn korvmTpa lateral root cap).



O KVTTOPIKES GEPES TOVS TPOTOYEVOVS pilag 610 Arabidopsis

"Ol 0y®YOoi 10Tol Kol TEPIKVKALO
-Apxucd KUTTOPO TOV PAOLOD
[ P @ror6c ke evdodeppida

-Emﬁep pida
-Tplxomdcmg
-A'r proPraotng

| Mevpwn kerdnTpo
. Kaxdntpo

_ Eonovydlov kévtpo

Tpr166106TOTY OTEIKOVIOT] TOV KVTTUPLKAV GELPAOV TOV 0PYUVAOVOVTUL UKTILVOTA
(novokvtrapeg oToIAodec) KoL ATOTELOVV TNV TPOTOYEVH euPpuvakn pila 610 PUTO
Arabidopsis thaliana.




To apykd koTTopa (initials or stem cells) Tov Plikov PEPLOTONRATOG

KEVTPIKOG
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KOAOTTTPO.

H gpppvoxn mpoérhevon TOV apyKOV KUTTAPOV TOV PLLIKOV HEPLOTONATOS. To prliko pepicTtopa Tapovsdlsel
opyGvoon KAELGTOU TUTTOV kat amotedeitonr and TPELS GELPES UPYLKAOV KVTTAPMYV. T10 KEVTPO
BpiokeTon To epnovyalov kévrpo (EK) mov meprfparietar amd Ty avotepn oipd (AX), n omola teprrapufaver to,
aPYIKG KOTTOPO TOV 00 oYNMUATICOVY TOV KEVTPIKO KOAMVOPO, amd TNV misvpiki) oipd (ITX), n omoia,
aeprioppaver To apyikd KOTTOPE TOL 00 GYNUATICOVV TNV EVO0OEPNIOA, TOV PAOL0, TNV EMOEPNIOG KL TNV
TAEVPIKT] KOADTTTPO Kol TEAOS ol TNV KatoTtepn oeipa (KX), n omoia weprioppfdaver To apyikd KOTTOpO TNG
Ko Tpas. Ot aprOpol avtiotor oy 6Ta apyIKd KOTTUPO KAOE KUTTOPLKIS GEPAG.



Kvttapwkn opydvoon g pilag (01koTvA160vo ¢uTo)

TTAEVPLKT] KAAVTTPA,
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atTpryyopPraoctTng
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AwaQopég netalv Tpryofractdv ko atpryofractav:
OI1ep1660TEPES KVTTUPIKES OLOPEGELS
@ Awwbétovy pikpoTepo péyedog amd Tovg atTpryoPrdoTteg
©O'Eyovv TEPLGGOTEPO EKTETAUNUEVO KVTTOUPOTAUGILO

O Xymnatilovv pe mo apyoé pvOué yopotoHTIX



Kvttrapuki opydvoon g pieg (LOVOKOTUAO0VO @UTO)

Eykapoia toun pidag ipidac (Iris germanicum). ‘Exel yivel Xpwon
ME EPUBOPO TOU poubnviou Kal Kuavouv Tou PJeBuAalviou

yrd ._ EMOEPUIdA
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KEVTPIKOG KUAIVOPOG
pI{IKG TpIXidIO

PAOIWOEC TTAPEYXUMA




Kvttrapuki opydvoon g pieg (LOVOKOTUAO0VO @UTO)
{'w,t > 54




Kvttrapuki opydvoon g pieg (LOVOKOTUAO0VO @UTO)

rnioAAamAEC NOuayyelwodeLlc Secuidec

Eykapolia Topn Tou KEVTPIKOU KUAIvVOpou pilac
TOU @uTOU ipIG.

O1E€0DIKG KUTTOPA
ATtrévavTl atrd Toug TTOAOUG ToU
¢UAOU pe TTEPIOPIoPEVN ATTOPEANWON
yla éAeyxo dlaKivnong ouciwy TTou
TTEPVOUV OTOV KEVTPIKO KUAIVOPO

gvOOOEPMIdQ

METAEUAIKO ayyeEio

NBuog




Kvttrapuki opydvoon g pieg (LOVOKOTUAO0VO @UTO)
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Pila novokotTvAov utov (iprow)

OepeNIWOEG KENTPIKOX ,
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O KuTtTapIKES oEIpéc TG PLUIKNG EMMOEPNIOUS

AtpryoPrdoTeg

Video: 4D root hair tracking
of Arabidopsis thaliana
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To TPOTLVAO TOV KVTTUPLKAOV dtopEGE®V 6TV pila givar avetnpo

Iepuciaviig owipeon

AvTIKMVIG Owaipeon) (empuKoven)

(exTomopnog)

* 4 X &

Avayévvnon Kol o1aTi)pnon ToL aPYLtKoU KVTTAPOL

E Z

APYKO KOTTAPO (16 kitTapa)
gmogppion

TAEVPIKT] KOAOTTTPO,

gpnovyalov KEvtpo

KOAOTTTPO

vrorourn pila

H oepd TV KUTTOPIKOV OLOPEGEMY TOV 001YOVV GTOV GYNUUTIGHO TNG EMOEPUIONS KU TNG TAEVPLIKIG
KOAMTTTPOS EEKIVOVTOS 0O £va KOvo apyiko KUTTopo. To apyikd KOTTOPOo dtulpeiTor TPAOTA AVTIKAMVACS (A).
"Etol oynpoatifovron £éve ecmTEPLKO Kal £va, eEOTEPLKO KVTTAPO (B). To comTepikod kKOTTUPO akorovOEel pa
GEPA TEPIKMVAYV dwonpéoemv oynpartilovrog TNy gmogpuida (ILAE,Z). To eEotepiko kOTTOPO dropeitar pe
TNV GEPA TOV EMIONG TEPIKMVAOGS 0ALL KO OKTIVOTA oynpaTtilovrag TNy migvpikn koivrtpa (ILAE,Z). Mg
OVTO TO TPOTVTO FLIPECEMV TO UPYIKO KVTTUPO OVEYEVVATOL KO OLULOVICETOL TPUYUATOTOLDVTAS £TOL £VAV
véo kUKA0 dwapéccmv (E,Z). Kafag n pilo emunkiveTol To KOTTOPO TOV TPOKVTTOVY U0 TIS OLUIPECELS TOV
OPYLKOV KUTTAPOL EKTOMILOVTUL KOl GVUTTVGGOVTOL TPOS TIS CUYKEKPLUEVES KOTEVOVVGELS TOV OEL)VOLY T

Béin (H).
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Evooyevéc nopto Avéivng
IIpdopopo popo: Tpoatoedvn

AmopaltnTn yio tTny ot Pnct) TG KLTTOPIKNG
OpPYAV®OGTC TOL UKPUIOV HEPLOTONATOS TNG PLlog
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H oMk peta@opd g avéivig oty piCa

() 3
Emodepuioa |
@AO10G
Kevtpucode F Zovn
KOAVOPOC Empunxovong
v JAAL ~

> Kodmrpa

Kotrapa
KoAvmtpog

YtatoMmbol

(o) KaBwg n pila avantdocseton mapdiinia w¢ mpoc tov dEova e Papvtntac n
ALV UETOPEPETOL OO TO VLRIEPYEID UEPOC TOV QUTOV OTU KOTTOPO TNG
KOAOTTPOG OMOL Kol cvoompeveTan. Amd eKel yiveton avadlavoun ue avtifetn
QOPA UEGH TOV KLTTAP®V TOV PAO0V Kol TG prlikng emoepuioac. 'Etol n awéivn
@TAvEL 6T COVT ETUKLVGTC OOV EAEYYEL TO PLOUO AVENCTC TOV KLTTAPWOV

Axkporetamkn) Metoagpopd | (Anod Iadve tpoc ta Kdtm)
Boouretalkn Metagopd 1T (And Kdto npoc ta ITavm)

Leyser (1999) Plant hormones: Ins and outs of auxin transport. Current Biol 9, R§8-R10



H opaon ¢ avéivng oty pia (I'ewTpomiopnoc)

() 3
Emodepuioa |
@AO10G (1))
Kevtpukog ? Zovn
KOAVOPOC Empunxovong
IAAl - ,
i Aovog
Bapitntog
> Kokonrpo l

Kotrapa

L.
KoAvmtpog '
) AVOGTOM] KUTTUPIKNG
YtatoMbot AOEN GG

(B) H oavtisnyn ¢ petaPoinc tov déova g Papvtntac yiveton pe v
KOTOKPNUVIoN auvAOKoKK®V (otatoibol) mov Ppiokovialr oto kKOTTOPA TNG
KoAOmTpac. Tote oto KAt UEPOC NG PILoC TAPATNPEITE OGVUUETPN UETAPOPD,
awéivne. H ovecmpevon e avéivig oto kot pépog g piloc €xel g
QTOTEAEGLO. TNV OVOGTOAN TNG EMUNKLVONG TOV KLTTApmv Ko étol 1 pilo
oTPEPETOL TPOG Ta. KAT®. EENynon tov tpomicumv Ocwpia. Cholodny-Went.

Leyser (1999) Plant hormones: Ins and outs of auxin transport. Current Biol 9, R§-R10



H molwn peta@opad s aviivig oty pila

Polar
transport

—& -

O Influx carrier

) NPA-binding protein

IAA

O Efflux carrier

/ Actin filament

TRENDS in Plant Science

H molwn petagopa aviivig and to vaépyela
LEPT TOL PLTOV OTOL apPyikd cvvtiBevtal givan
ONUOVTIK] Y10, TNV O0pYyavmocn Tov oKpoiov
ueptotodpotog g pilag (amd tov PA0GTO otV
piCa)

Xy pila vmhpyer €va EKAEKTIKO  OTKTLO
olakivnong  avivnig mov  amoteheital oo
OCVCTNNOTO  E€6PONS ONM®WG TO  YOViolo
AUXI (influx carrier) Kot T0 GVGTNUOATO EKPONG
MG  TOAVYOVIOLWKNG  owoyevelng Ttwv  PIN
yovidiov (efflux carriers)

H Aertovpyio mpoteivov PIN o¢ petoapopeic
avéiving  avaotéddetor amd TNV Opdomn  TOv
OVOGTOAED, TNG TOAIKNG METAPOPAS avEIvNg
NPA (cuvOetikn eAoPOVY
ornaphthylphthalamic-acid)

H axpaio-Pacikn por g avéivng oto €uPpvo
odnyet og pia OPaduion e GLYKEVIPOONG TNG
LE UEYIOTO OTA apyIKd KOTTAPO TNG GTNANG TNG
KOAOTTPOC, YEYOVOC TOL TPOAYEL TNV OVATTUEN
tov Axpoaiov Mepiotopatog ¢ PiCac. To
TopAdEYL TNG LETAAAAENC monopteros (mp)

N-1-naphthylphthalamic acid (NPA)-PIN inhibitor



Box 1. The chemiosmotic theory and the different families of auxin carriers.
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AUX/LAXS (auxin influx permeases)

4 members
Cell wall Plasma membrane localized, polar in
protophloem and root epidermis
Putative topology: consensus for 11
cytosol transmembrane domains (TMD)

Topology shown from
Swarup et al. 2004

\
'
ﬂ ABCBs {auxin efflux transporters)

Call Wall 21 members

Plasma membrane localized,

mastly nen-pelar
Direct interaction with PINs

HTP ATP
cytosed

Putative topology: Two groups of TMDs

each followed by a
Hucleotide binding (NB) domain

ADP+P| ADP«PF

b
r “

Cell Wall

PIMs (auxin efflux carriers)
8 members

Type-l PINs: large hydrophilic loop
(PIN1/2/3/4/7), localize at the
plasma membrane, mostly polar:
polarity regulates the direction

cylosol of auxin flux.

Type-ll PINs: small hydrophilic loop (PINS/8),
localize in the Endoplasmic Reticulum

Y

Auxin is a weak acid with a dissociation constant of pK = 4.8,
Hence, it is present under two forms: the anion IAA and the
protonated |AAH dependent on the pH compartment. In neutral
compartments (cytoplasm), 1AA dominates, whereas in acidic
compartments {cell wall) both IAAH and |AAL) are present. |AAH
can freely diffuse across the plasma membrane, but there is still
a proportion of |1AA) which needs to be transported inside the
cell by the action of influx transporter (AUX/LAX). IAAL) cannot
pass through the plasma membrane and needs to be actively
transported by efflux carriers (PINs, ABCBs), the polarity of
which regulates the direction of the auxin flux (PIMs).

Putative topology: consensus for 10 TMDs

")

e IAAH |
Cell Wall E:[é

pH = 5.5

apicalh&nle

In this example, PINs are
basal: the general direction of

I1AAH the auxin flux is apico-basal




AUX1 ocvotnua eL.oponc
auélvne



Table 1| Properties of three commonly used auxins

Properties Natural Synthetic
Chemical structure —COOH 0~ “COOH

o8

H

|AA 24D NAA
Affinity to receptors
TIR1 binding (K ) High Low Middle
ABP1 binding (Kd) Middle Low High
Transport capacity
Influx carriers Yes Yes No (by diffusion)
Efflux carriers Yes No Yes

Indole-3-acetic acid (IAA) is considered to be the most important natural auxin,
1-naphthaleneacetic acid (NAA) is a horticulturally important auxin, and 2,4-dichlorophenoxy-
acetic acid (2,4-D) is a common selective herbicide.




Alan Marchant!, Joanna Kargul'2,
Sean T.May’, Philippe Muller?,
Alain Delbarre?,

e st AUX1 glopon avélvng

" . . The EMBO Journal Vol.18 No.8 pp.2066-2073, 1999
AUX1 facilitates auxin transport in Arabidopsis

IAA AUX1 regulates root gravitropism in Arabidopsis by

240D ) 21 facilitating auxin uptake within root apical tissues

@ H owpeuPpavikn npoteivn AUX1 tomoBeteiton
GTNV KUTTOPOTAOGLLOTIKY LEUPPAVT
1-NAA
@ H AUXI e&ivar ovommua €opong avéiving xou
waitepa ¢ euokng TAA Kol ¢ cuvOeTIKNG
, avéivng 2,4-D yio avtd Ko 01O UETAAAOYLLO,
2x10 M IAA (200 nM) (C) auxl 0ev avootéAleTal 1 avarTuén ¢ pilac e
; v gpappoyn toug (B) kot (C)

A

-7
10 M 2,4-D (100nM) (B)

@ H Anoépun ocvvletikny avéivip NAA  umaiver
moONTIKé 6T0 KOTTAPO Kol OYL OO TO ELGPONG
avéivnig  AUX1  vyioo ovtd «xor  ennpedlel
OAVOOTOATIKG TNV emunkovon ¢ piag oto

(400nM) I&]?) and grown for 5 days MST@LMWH“ aux] (D) Ko (E)
i} Aok avOEKTIKOTNTOS TS TOV
ﬁ) = 4 r
fg" ik neEToAAaynaToVv auxl oty avéivny
z 0} )
= 0} * AvOekTikotnTo o TAA ko 2,4D
L] (T, o
20 100 200 400 7
E [1-NAA] (nM) EvoawsOnoio o NAA



AUX1 sltopon avélvng

REPORTS 26 MAY 2006 VOL 312 SCIENCE

AXR4 Is Required for Localization of
the Auxin Influx Facilitator AUX1

S. Dharmasiri,**t R. Swarup,?* K. Mockaitis,’* N. Dharmasiri,* S. K. Singh,> M. Kowalchyk,?
A. Marchant,? S. Mills,* G. Sandberg,> M. ]. Bennett,’} M. Estelle’

Q@H oavlektikOTnTOL NG
HETAAAOCNG aux] ot
85nM 2.4-D




AUX1 sltopon avélvng

RESEARCH COMMUNICATION

Localization of the auxin
permease AUX1 suggests two

functionally distinct hormone
transport pathways operate
in the Arabidopsis root apex

Ranjan Swarup,"” Jiri Friml,>** Alan Marchant,’
Karin Ljung,* Goran Sandberg,* Klaus Palme,”
and Malcolm Bennett'®

@ AocOupetpn tomobétnom (moAkd mlvm) g
owpeuppoviky mwpoteivn AUX1 oy
KUTTOPOTACGUOTIKY HEUPPAVN TOV KLTTAP®V
0L NOUOY

@ H AUXI1 tomofeteitar mepipepelokd otol
KOTTOPA TNG KEVTPIKNG KaAvmtpag (columella)
KOl OTO KOTTOPO TNG TAELPIKNG KOAVTTPOS
(lateral root cap), e€aitiag Tov auxin maximum
610 aKkpopidlo




PIN cuotnpato eKpong
auélvne



Aopun Tov PIN1-8 mov ocvppetréyovv oty moiki) peta@opa aviivng (efflux)

Awopgpuppoavikn Tpoteivy/ Avropspufpavikéc douéc
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® Invariant in all PINs
« Invariant in all long PINs
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Xaptne ékppaong Tov yovidiowv PINI-8

(a) avOog;

(b) éuBpvo (late globular stage);
(¢) PraoToc;

(d) pvALo polétac;

(e) Tpotoyevn pila;

(f) devtepoyevn pila;

(g) axpopilio




H owkivion g aviivig oty pila & 1 katavopun tov PINs
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Stele [ Vasculahue —— PINt = putative PIN1-directed atodn flow
O PINY B coicerms B cuiescen t center (QC) PINZ » putaive PINZ direcisd auin flow
i
¢ PINZ S Cortex u Cortex and endodermal stem ce PING ) e P ) i fow
B columelia stem cell , . .
PIN3 ﬂ Endodermis Columella root cap PINg = putative PIN4-directed aLxin flow
PIN4 [ Lateral root cap (LRC) —— PIN7 =P putative PIN7-directed awxdn flow
— PIN7

) awdrmaximum as vizuakzed by DRS reporters

Xin con
gradient




*acropetal Tbasipetal Ol— npwtavaLGTéq
Brint @rPinz E)PING ’ ,
- xopalouv TV dtadpoun
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PIN1 (akpometaAlko pevua)
PIN2 (BaoutetaAlko pevua)
PIN3 (akpormetaAlko pevua)
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PIN Polar Targeting'
Plant Physiology, rust 2008, Vol. 147, pp. 155

ena Feraru and Jiri Friml*

3-1559



JupBatvel otn puon
ta pAaPovoeldn eival
dUOLKOL AVOOTOAELC TNG
TTOALKNC METAPOPAC TNG
auélvnc Kot cupfaiouv
OTOV OXNMUOATIONO TWV
duvpatiwy (alwtodeouevon)



ta PAaBovoeldn eival puolkol avaoToAeic TNC TTOALKAC
uetadopac tnc avéivne (akpomeTaALKO pev ) KAl cupuBdaAouy
OTOV OXNUATIONO TwV dupatiwyv (alwtodeopeuon)

The Significance of Flavonoids in the Process of Biological Nitrogen

Fixation

by { " Wei Dong Mand { " Yuguang Song ™ &

0Oh 24 h
en ep
Cytokinin
""“ : ' biosynthesis
1 (~ 3h) _
I ( .
= Flavonoid ) e/ !
) biosynthesis.. i~ e
release p
® o
HINCHR

iy L.
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ep epidermis

¢ cortical cell layers
en endodermis

s stele

rh root hair

Irc lateral root cap

root hair curling

eroxidase imnduced Auxin breakdown

Flavonoids

|

A
8|8

endodeuual
and cortical
cell devision

Int. J. Mol. Sci. 2020, 21(16), 5926; https://doi.org/10.3390/ijms21165926

mtecnon thlead @ Flavonoids are auxin

transport inhibitors thought to
disrupt the complex between
ABCBI1 (ATP-Binding Cassette
Subfamily B 1) and TWDI
(TWISTED DWARF1) [63,64],
affecting transport, and by
binding BIG, a protein
required for PIN cycling [65].
The reduction of acropetal
auxin transport increases auxin
concentration at the rhizobia
infection site, the location of a
future nodule primordium.



Epotnon: Mropovue va evtonicovue Lo TpoTeivn s 1o KOTTOPO

(in vivo)

)

Mw METI'AAH Topévoeon npdra



Mpwteivy Hpdoivov @Oopispov-Green Fluorescent Protein (GFP)

Video: Jellyfish

Aequorea victoria

pédovca

Npwrtéivn Mpdoivou ®OopicuoU
Green Fluorescence Protein (GFP)

©00pPOPOPO KEVTPO

‘H‘iit“’j}
:.1,1.”‘*”

Relative intensity

0.0 ) ) | Excitation/ Awéyepon: péyioto ota 395 nm kot ota 470 nm

200 404 800 GO0 Emission/ Exmopm): péyioto oto 509 nm
Wavelength {nmj




Iluminating Biology: Green Fluorescent Protein (GFP)

The Nobel Prize in Chemistry 2008

Osamu Shimomura, Martin Chalfie, Roger Y. Tsien

The Nobel Prize in Chemistry 2008

e York

PEata ! Edesm E 'y
Calumbia University,

Martin Chalfie Csamu Shimomura RogerY. Tsien
IS citizen. Born 1947 in Chicage, Japanese citizen. Born 1928 in - US citizen. Born 1352 in New

IL, USA. Professor of Biclogical Kyoto, Japan. Professor Emeritus York, NY, USA. Professor and

Sciences at Columbia University, at Marine Biclogical Laboratory  Investigator at Howard Hughes

Mew ork, NY, USA. {MBL}, Woods Hole, MA, USA, Medical Institute, University of
and Boston University Medical California, San Diego, La Jolla,
School, MA, USA CA, USA.



Emofqpavon ntpoteivov

N (Gpvo axpo)

C (xappov axpo)

[Ipwteivn tpacsivov Bopiopov GFP (~28-
30kDa)

Fusion = Z0vtnén petaypoeikn Kot dpo LETOPPOUCTIKN



Ipoteivikn Xtoycvon

Mvpivag




GFP o< faxktnproxa xotrapa Escherichia coli







Mukpookomio ®Oopispov-Epifluorescence microscope

OLYMPUS BX-50




Yroyevon GFP oto pitoyovopro pe mentioto cuvonpatog

< e e c—ep VO™ % ¥ a ' ) h . GFP oto pirtoyovopro. piitkov tpyytdiov
- . ah "' - - ’ - - i
. - )
L 4 . r r
PR — - g T P - R o _a . Ipéaowvo + = Kitpwo

GFP oto ptoydvopro Kota@puKTIKOV KUTTApOV (6TopaTO)

OTO MITOYOVOPLU ETOEPUIKDOV KVTTAPOV PUVTA VOV
GFP o670 pitoy0voplo EMOEPUIKAV KVTTAP®V PUTAOV KOTVOD
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Protein Tagging
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H yoviowokn kataokev) DR5:GUS Lertovpyel o froaiscOntipoag Avéivng

Epotnon: Img propovus va mapakorovdodue 1o gvdoyevic eminedo avivig oty
pila?

Epyolieio: H karaokevq DR5:GUS civar degiktng Yo 6Toynuiké evromopd
€VO0YEVOUG AVEivg

Yrovyeio ATOKpLong

oty Avéivy
ATG

Y g8

poaymyéag I'ovidwo Avagopac

"




H xoaravopn aviivic (AUXIN MAXIMA) o610 akpaio pepiotopa tng piloag

Wt 30min yp®mon

Wt 10uM NPA

£ 2k

Wt 16hrs ypoon

E i F
i Wit
Euppvo
PR
G
mp
Euppvo
mp il

A

Epnovydlov
KEVTPO
HETPIO EKQPOON

ApXIKG KUTTOpQ
KGAUTTTPOC:
uWwnAr ékepaon

2ZTAAN KOAUTTTPOC:
HETPIO EKQPOOTN

0. OH

N-1-naphthylphthalamic acid

(NPA)-PIN inhibitor

B & E 610¢pépet 0 ypovog ypwong yio v avtiopaon GUS

C To NPA (Polar Auxin Transport Inhibitor-PAT) priokdpet tov mToAKo
LUNYOVICUO PETAPOPES avéiving amd tov PAacto oty pila pe amotélesua TV
BlrocHvBeon-cuoompevon avéivie oe evphtepn meployn. YnEpuetpn £kbeon
ot0 NPA dnpovpyet durorkn pila/pepictopa n onoio avontdceeTol
avtifeTa ¢ mpog v TpdT. MeTald Tovg AvVaTTOGGETOL : &) AYy®YOS 16TOC,
B) xdTTOPO UE YOPAKTNPIOTIKA EQPNCLYALOV KEVTIPOL KOl Y) KAAVTTPO.

D Egapuoyn eEmyevag cuvletikng popeng avéivne 2,4 D

F To éuBpvo putaryv aypiov tumov mwapovctdlet dafdduion avéivne ot Pdon
aVayKaio Yo TOV GYNUATICUO TOV 0KPOiov HEPLOTM®UATOS TNG pilog

G Zto éuppvo monopteros dgv vadpyel owofadpuion avéivng o Pdon yo
va oyNUatiotel To akpaio pepiotmpo e picoc



H wavotnte avayévvnong Tov Kuttdpov Tov epnevyalov kévrpov (QC)
Kataotpopn t@v Kuttdpmv Tov epnovyalov KEVTPOU UE UIKPOYEPOVPYIKES TOPEUPACELS YPNCILOTOUDVTOS OKTIVEG
laser (laser ablation)

Xpdvoc 0 1 Mépa petd 3 Mépec petd 5 Mépec petd

DR5:GUS
Agiktng evdoyevoig avéivng

Kvttapuog deiktne GFP oty
Kolontpa Q1630

Kvtrapikdg deiktng GFP yia
‘ @) T0 €PNGLYALOV KEVIPO
?’é& o B) evoodeppion

it SCARECROWpromoter:GFP

>

Yopnépaopa: To epnovydlov KEVIPO LOMG KATAGTPAPEL £xEL TNV IKOVOTNTA Va. avaryevvnOel pe
amod1POPOTOINCT KLTTAP®V TOV TPOKAUPBIoOV atd TOV EMKEINEVO ay®YS 16TO



2XNHOTIOUOC TWV KUTTOPLKWYV
oslpwv pAolov/svdodepuidoac to
APASELYHA TWV METAAAAEEWY
short root (shr) ko scarecrow
(scr)



Mop@oyévesn @Ao100/evo0depnidooc-H aocOppeETpn KOTTOPLIKI) Or0ipEon)

Periclinal Divisigz

Anticlinal D

- Epidermis

- Cortex

- Endodermis
Pericycle

- Lateral Root Cap
- Columella Root Cap
Vascular Tissue

B cortex/Endodermal Initial

- Epidermal/Root Cap Initial
Quiescent Center

- Columella Root Cap Initial




YANUOTIKI] OTELKOVIOT] TOV NETUALAEEMY short root (shr) & scarecrow (scr)

Ta putd TV petaAldEemy short root (shr) kou scarecrow (scr) TapoLGIALOVY UVOROALES TNV
OGVUUETPT] KUTTUPLKT] OLULIPEST] TOL OONYEL GTOV GYNUATIGUO TOV KVTTAPIKOV GEPDV TOV PAOL00
KoL EvO0depUidag

ayWYOC ()Ye][o]s

10TOG

* 210 petdAlaypa short root (shr) oynuatiCetal LOVO 1 KUTTAPIKT GEPA TOLV PAOL0D EVED
ATOVGLALEL EVTEAMC 1 EVOOIEPULON,

* 210 peTdAaypo scarecrow (scr) oyNUOTICETON LMoL KUTTAPTKT GEPA avVTi Yo OVO, M
HETOAAOYLEV] TTOV lvar «oKaBOP1IeTNG TOTOTNTOS) TAPOLSTIALOVTAC YOPUKTNPIOTIKE,
1060 PAO100 OGO KOl EVOOOEPUIONC



@ avoTUVTOL GAANAOROPPOV HETAAAIENG short root

|
shr-2 shr-4

* 210 petdAhayua short root (shr) emmA&ov ELPUVICETOL TEPLOPICUEVT
avanTLEN 10V PLKOD GLGTNUOTOC



EvTomopuoc avaTopiK®OV OVORIAM®OV 6TV NETAAAAEN short root pe TV P11 OEIKTAOV

shr-2

OnTiKd PIKpOoKOTIO

Xnv petdAraén shr-2
PAOL0G KOl EMOEP IO,
(PLGLOAOYIKES

Avticopo CCRC-M2 aviyvedet
VOATAVOPOUKES KLTTOPIKOV
TOLYMUOTOG GTOV PAOL0 KO TNV
EMOEPULOT,

v petdiraén shr-1 o
deiktng g Awpidoag
caspari ekepdleton otV
0¢om Tov PAoLov Kot Oyt
GTNV EVO0OEP IO OL0TL
aVTY) OEV VITAPYEL

MoploKr] KOTOGKELT)
AX92::GUS aviyvedel tnv
Awpida caspari mov cynuotileton
amd TNV evandbeon peArivng
GTO KUTTAPTKO TOUYMUOTO TNG
EVO00EPNIOAG

YOUTEPAG O XTO PUTA TNG UETAAAAENG short root (shr) 01 KUTTAPIKES GEPES TOV PAOLOV KOl TN|S EMLOEPUIOUS
€lval QUOGLOAOYIKEG, EVOD 1] EVO0OEPUIO dEV VITAPYEL



Xaptne ékepaong Tov yovioiov SHR

[otoAoyikn avaAveT Tov TPOoTLTTOV EKEPAGTC Tov Yovioiov SHORT ROOT (SHR)

Eyxdpoua
Y Bp1oopog RNA in situ oe gutd | /en
oypiov TOTOL HE OVIXVELTH TO % ks
yoviolo SHR S
N

ep

Al0ryovioloKT KATOGKELT] GOVTNENG
SHRpromoter::GFP
SHRpromoter::GUS

Younépaopa: 'Exepaon tov yovioiovo SHORT ROOT (SHR) evtoniletol 6T0 TEPIKVKALO
KOl GTOV KEVTPLKO KOMVOPO



DovoTVTOG TG HETAANAENC scarecrow (scr)

Perich%ﬂamn
T
Da>

Ta eutd scr £govv TPOPANUA GTNV AVATTUEN TG
piCog

Eyxkdapoio toun
TPOTOYEVOUG Pilog




Evtomopnog avotopikOv aveopoAl®v 6Ty RETaALaln scarecrow (scr) pe Ty yp1o1 0EKTAOV

scr-1 wt

‘EAeyyoc vmapénc Aopidog

caspari otnv petdiiaén scr-1 OETIKOX
AEYYOG Unapﬁng EVO00EPNIOAG OETIKOS
ue avticopo JIM13
"EAeyyoc ue tov deikt
CCRC M2 yio. 9010 Kat OETIKOX
EMOEPNIOT,
"‘EAeyyoc ue tov deiktn
CCRC M1 yuo @010 kot OETIKOX

EMOEPULOW,




Yvounépoopo: H petoardoyuévn kottopikr) cepd otnv UETAAAAEN scarecrow (scr) €xEL
OUTAN TOVTOTNTO OLPOV PEPEL TOL YOUPOUKTNPIGTIKA TOGO TOL PAOLOD OGO KOl TNG
EVO0OEPLLONC



Xaptng ékepaong tov yovioiov SCR

@ Ot avoAoEIC TNG 10TOEWIKNG  EKEPOOCNE  TOL

Emyming topn yovidiov  scr  €ywvav  (PNGILOTOLOVTOC TNV
otaryoviolakn kataokevn SCR.::GUS
@ 'Exeppaon eviomiletor 7Py TNV GOVUUETPN
evo0dEppida s K\)ttapucf] OlIPEST GTO UPYIKO KOTTOPO PAOLOV/
- £VO00EpRiong
Eykdpoia toun
@ 'Exeppaon evtomiletalr peTa TNV  OOOUUUETPN
KUTTOPIKY] Oloipest €0k  €kQpacn oty
EVO00EPIdN
Axpaio
uepictop,

piCag




YANUOTIKI] OTELKOVIOT] TOV NETUALAEEMY short root (shr) & scarecrow (scr)

Ta putd TV petaAldEemy short root (shr) kou scarecrow (scr) TapoLGIALOVY UVOROALES TNV
OGVUUETPT] KUTTUPLKT] OLULIPEST] TOL OONYEL GTOV GYNUATIGUO TOV KVTTAPIKOV GEPDV TOV PAOL00
KoL EvO0depUidag

ayWYOC ()Ye][o]s

10TOG

* 210 petdAlaypa short root (shr) oynuatiCetal LOVO 1 KUTTAPIKT GEPA TOLV PAOL0D EVED
ATOVGLALEL EVTEAMC 1 EVOOIEPULON,

* 210 peTdAaypo scarecrow (scr) oyNUOTICETON LMoL KUTTAPTKT GEPA avVTi Yo OVO, M
HETOAAOYLEV] TTOV lvar «oKaBOP1IeTNG TOTOTNTOS) TAPOLSTIALOVTAC YOPUKTNPIOTIKE,
1060 PAO100 OGO KOl EVOOOEPUIONC



Agrtovpyu) avarivon-Moprokég arinremopdoers Tov yovioiov SHR/SCR
Y Bp1owopoc katd WT shr-1 shr-2 Amotéheopo: XT00g GAANAOUOPPOVG TNG
Northern pe RNA ano 7 LETAAAAENG shr OeV aviyveDETOL EKQPACT
aAAniopopeovc e  SCR - g 1OV Yovdiov SCR. Zuvenmg 1 mpmTeivn
RETAMMOENG shr Kol e SHR eivon amapaitnn yiou tnv EKepacn

avyveuTi 1o yovidwo scrGDH1 1 vy - Tov yovidion SCR. AMhady to yovidto SHR
shr=2 emoToTIKO ToV SCR.

wt

st \ Amotéleopa: Xt HetdAAaén

ep Shr gV avVIYVEVETAL OVTE
wpwteiv SCR. Apapoatikn
ueiwon

SCR::GFP

Amotéleopa: H mpoteivn
SHR petoaxiveitol and tov
KEVTPIKO KOAIVOPO Kl
EIGEPYETOL GTOV TLPNVA TOV
KUTTAP®V TNG EVOOOEPUIONC
omov pvOuilel TNV Ekppaon
0V Yovioiov SCR.

SHR::GFP




Agrtovpyu) avarivon-Moprokég arinremopdoers Tov yovioiov SHR/SCR
YOUTEPACUOTO CYETIKA LE TIC LOPLUKES UAAAETIOPAGELS LETAED TV YOVIOL®MV
SHR/SCR:
Q@ Xt petdArain shr @horog NAI, evoooeppuioo OXI

Q@ Xt peTAAAAEN scr amoLOLAlEL Lo KUTTOPIKT GEPA, 1 UETOAAAYUEVT] GEPA
EYEL OUTAN] TOVTOTNTO QPO PEPEL TA YOPUKTNPIGTIKA TOGO TOV PAOLOV OGO
TNG EVO0OEPUIOAS

@ H éxg@paon tov yovioiov SHR mporyloTOTOIEITOL GTOV KEVIPIKO KOUALVOPO
eved N TpoTEV] SHR petokiveitol otov mupnive 1oV YELTOVIKOV KLUTTAPWOV
TG EVO0OEPULOTS

@ H éxke@paon tov yovidiov SCR xar n wpoteivy SCR evroniCovrol povo ota
KOTTOPO TNG EVOOOEPULONG

@ To yovioro SHR sivol emototikdé Tov SCR, Onladn Yo vo EKQPAGTEL TO
SCR 0o wpéner va £xel mponynbei n Ekppaon tov SHR

Q@ O1v mpoteivec SHR wor SCR eglvar peraypo@ikol mwopdyovres mov
KaBopilovv TV acOUUETPN KLTTOPIKN Olaipecn Tov Buyatpikod KLTTAPOL
@AO100/ EVO0OEPUIDNG

@ H npoteivny SHR Aecttovpyel ®¢ poOpro ovidAo TOL HETUPEPETOL GTNV
evoooepuioa kol ekel pvOpiler v éxepacn tov yovioiov SCR pvOuilovtog
LE QLTOV TOV UNYOVIGUO OPAGTC TNV OCVULETPT] KLTTOPIKT] OLOUPEST] TOL Y10,
TNV LOPPOYEVEGT] PAOL0V/ EVOOOEPUIONG



Euxaplotw
yla to evoladEpov cogc!!!!
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