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AvamnTu¢n Tng pifag oto Arabidopsis thaliana

@ ECaitia¢ Tn¢ atrARG opydvwong Tng, n pifa tou Arabidopsis cival éva atmréd Ta
TTAE0V KATAAANAQ cuoTApaTa HEAETNG TNG OPYAVOYEVEONC OTA PUTA.

@ Mia ogipd TTEIpAUATWY HOPIOKAG VYEVETIKAG 00nynoav oTnv KaAUTEPN
Katavonon Twv JUNXavioPwV TToU JIETTOUV:

A) To TTPOTUTTO OPYAVWONG TOUIOKTVWTOU OXEDioU
(radial patterning)

B) Tnv TottoAoyia kal dpacn Tou KEVTPOU 0pyavwong TnG pilag
(root organizing centre)

[) Tn diapopoTTainon Twy ETIOEPUIKWY KUTTAPWY TNG pilag
(root epidermal_cell differentiation)
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AvamnTu¢n Tng pifag oto Arabidopsis thaliana

2.€ avTiBeon pe 1o PAAOTO, TO aKpaio pepioTwpa TIC pidac — AMP (reet apical meristem)
Oev dnuioupyei AAAa TTAGyia Opyava. Evw n mTpwTtoyevic pila dnPIoUPYEi OEUTEPOYEVEIC
TTAQyIEC PifeC, QUTEC DEV TTPOKUTITOUV ATTO TO OKPAIO AVATITUOGOMUEVO AKPO TNG, AAAG
atrd 1Mo WPIKMA TUAMATA AUTHC.
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AvdmTugn deutepoyevv pi{wv ato Arabidopsis thaliana (
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TTpoéAeuan Tou TpwToYEVOUC HeploTwparoc Tne pidacg

AIKUTTOPO Z1ad10 TOU L1410 TOU
TpoéuBpuo o@aIpIKOU Kapd160 xnuou euppuou
posufpuou

KK
& kal EN
MK kai ElM

Akpaia
meploxn pifag

Root hair

@ To kevtpo npepiag (KH) kal Ta apxika@ KUTTapa NG aTnANG g > Epidermis
KaAUTITpag (2K) TpoépyovTal atro Tnv utroguon (YO) Endodermis

Pericycle

@ Ta apxIkd KUTTAPA TOU PEPIOTWHATOC TTOU divouv YEveEDn OTIC
KUTTAPIKEG COEIPEG TNG QVATITUOOOUEVNG PICaG TTPOEPXOVTAI
QTTO TO KATWTEPO (VWTIAIO) TUAMA TOU TTPOEPBpUoU

@ To pepioTwua NG pilac kKaBioTaTtal evepyd oTO0 £UBPUO OTO
oTadlo TnG Kapdidg (heart stage) Vascular

cylinder

MOLECULAR PLANT DEVELOPMENT LABORATORY




Avaropia kai opydvwan Tng pilag oto Arabidopsis

AvaTITUCOOUEVO
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MepPIOTWHATIKHA {0V~ ApxIkd KUTTOpPQ

Kévtpo npepiag

— ZTAAN KAAUTITPAG

KaAuTtrTpa -
(o) Em@aveiaki TpoBoAR () EmipAkng Toun
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Opydvwan Tou akpaiou pepiaTwparog Tng piag (AMP) oto Arabidopsis

7.
2,
R

MK
2K
Current Biology
Z0Awua Mepipepeiaka :. Emdepuika NH Kévtpo
PAoiwpa apxIKa KUTTapa kKal RH kuTtTapa nPEMiag
MePik UKA 10 DAoI6g ] I‘I)\dyla KUTTOpa ZTI"]))I’]
Evdodeppida KOAUTITPAG KOAUTITPOG
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O poéAo¢ Tn¢ auivng atnv opydvwon Tou AMP

JFotar C:Ib' @ H opydvwaon kal ToTToAoYIKR OleuBéTnon Tou
X aKpaiou pepIOTWHATOG . TG pilag (AMP)
A y e€aptdral og peyaho BaGuoéd amd tnv augivn.

—e» IAA IAA @ H oppovn IAA 1mpoocAaupaverar amd Ta
KUTTOPO HEOW EIBIKWYV PETAPOPEWV EICPONG
(influx carrier), 4 TABONTIKG UTTO MOPPN
proton-associated (HA) popgry augivng.

C;b @ To IAA (IAA" i A) e€épxeTal atrd TO KUTTAPO
X MEQW TWV EIOIKWYV CUPTTAOKWYV ekpong (efflux
A y carrier complex). Ta oUPTIAOKO  QuTA

l atroTeAoUVTAl ATTG TO TIPOIOV TOU Yovidiou
—9* IAA IAA PIN kal piag puBuIOTIKAG uTTOpOVAdOC TTOU
deopevel NPA (ornaphthylphthalamic-acid-
binding subunit).

@ H akpaio-Baocikry pory TNG augivng OTO

A AR EMBpuo  odnyei oe pia dlaBdBuiIon NG
O Influx carrier O Efflux carrier O-UYKéVprO-r]g Tr]g pg péVUO-TO oTa qu”(d
{) NPA-binding protein / Actin filament KUTquG Tng O-Tr])\r]g Tng KaAUTerag, ngovog

TTOU TTPOAYyEl TNV avamTtu¢n Tou AMP.

TRENDS in Plant Science
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polar transport of auxin

Direction of transport g
el P 13 guxm e‘?terz,tf?e cell Dissociated (anionic, A-)
9 Yy passive dilfiusion as | prqton-associated (HA
membrane l o an uncharged acid (HA). | (HA)
‘/’ Cell wall \‘, g Proton pumps in the
cell membrane

PHE) o\

maintain the cell wall

at an acidic pH and

set up a chemiosmotic
= gradient to drive the

(H*) transport of HA. )

T

E) A-predominates in"
the cytosol, which
has«aneutral pH.

auzin Raropon

OIS /ANCOREECOI

B3 A exits the cell via

| auxin anion efflux

" tyearriers that are

|, concentrated at the
basal end of each cell.

-

B In the cell wall, the
- lower pH causes A~
to become HA,
which diffuses into

the next cell.




O poéAo¢ Tn¢ auivng atnv opydvwon Tou AMP
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I [Mopoucia avaoToAéa TTOAIKAG METAQOPAC
Kevipo npepiag: il TNG augivng TTapeutrodieTal n pon NG

HETPIO EKQPACN |

ApXIKG KUTTApaA
KaAUTITPOG:
uwnAn ékppacn

2TNAN KOAUTITPAG:
METPIO EKQPAON

B 2R

TTapayopevng atrd 10 BAACTO Auivng TTPOC
TN pida. To yeyovog autd avaykadel Ta
KUTTOpO TTou TTEPIBAANOUV  TO  KEVTPO
NPEMIOC  Kal  Ta apXIKA KUTTAPA TNG
KAAUTITPOC VA AEITOUPYAOOUV WG OnuEia
de novo BioouvBeong TnG augivng (C)
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IkavoTnTa avayévvnong Tou KEvTpou npepiac oto AMP

i
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Mopiakni yeveTIKA TG avanTuéng Tne pilacg

root meristemlessl kair meristemless2 (rml1l kai rml2)
XapakTtnpidovral atmdé TTOAU KOvTh TTpwrtoyev pida. H euBpuovikrl woTtoco- pila TTapouciAdel
QUOIOAOYIKH QVATITUEN Kal KOT autd Tov TPOTTO dIaQEPOUV aTTO TA EUPPUOVIKA HETAAAGyUATA
monopteros (mp), oTa o110 ATTOUCIALEl TTANPWC TOOO N EUPPUOVIKA 600 Kal N TTPWTOYEVAG pila.

wooden leg (wol) kar gollum (glm)

XapakTtnpidovral atmmd avwuaAo oxE€DI0 avaTITugng Tou aywyou IoTou. To yovidlo WOL KwIKOTTOIEi
yla €vav UTTod0XEQ KUTOKIVIVNG, YEYOVOC TTOU UTTOONAWVEI TAV. Onuacia TG oppovng auting oTnv
QaVATITUEN TOU OKTIVWTOU oXediou TNG pidac.

short root (shr), 1o scarecrow (scr), 1o pineechio (pic), kai To fass (fs).

210 PMeTaAAGypata shr, scr kal pic €ival dIOTAPAYUEVO TO OKTIVWTO OXEDI0 TOU BepeAILLOOUS I0TOU
KaBwg¢ atroucidlouv OUYKEKPIPEVEG KUTTAPIKEG OTIBAGES, evw TO YeTAANayua fs €xel xovtpn pila
AOYyWw TNG OIOYKWONG TOU KEVTPIKOU ~KUAIVOPOU Kal TNG €vaTTOBEONG UTTEPUETPOU apIBuoU
KUTTAPIKWY OTPWHATWY PAOIOU.

hobbit (hbt)

210 hbt (CDC27 oudAoyn mrpwreivn) eival errnpeacuévn n avarmtuén tou AMP ammé 1o atddio Tou
OQAIPIKOU TTPoEUPpUOU Kal ETTeITa. O1 KUTTAPOdIAIPETEIG TNG UTTOQUONG Kal TwV BuyaTpIKwyY TNG
KUTTAPWV TTPAYUOTOTTOIOUVTAlI QVWHOAQ, 0dNywvTag Ot £va avopyAavwto oXEDOI0 KUTTAPWY OTO
KEVTPO NPEMIAG Kal 0TNV. OTHAN TNG KAAUTITPAG TOU PEPICTWHATOG

superroot (surl)

MeTdAAayua TTOU OXeTiCeTal e TNV augnon NG pidag. Mapdyel uttepBOAIKE peydAo aplBuod
deuTepoyeEVWV. PICwV. O QaIVOTUTTIOG QUTOG, TTOU OQEIAETAI TNV UTTEPTTAPAYWYN augivng, ival idlog
ME AQUTOV TNG AVATITUENG QUTWYV AypIou TUTTOU O€ TTEPIOOEIO aUgivng.



root meristemlessl kai meristemless2 (rmll kar rml2)

@ To yovidlo RML1 éxel xaptoypaenBei o1 €dpdadlel 010 Xpwuoowua. lV, evw 1o RML2
OTO XpwWHoowua lll.

@ Ta petaAAdypata autd tTapoucidlouv Kavovikh euppuoviki pida, oTnv OTToid ONWG
TTAPATNEOUVTAI HETA TNV BAACTNON TTEPIOPIOHEVNG EKTAONS KUTTAPIKEC DIIPETEIC,

@ O1 TAdyieg pilec Twv rmi1 kal rml2 yeTaAAQYPATWY avVaTITUCOOVTAI APXIKA O€ YEYEBOG
i00 PE auTd TNG EUPPUOVIKNG PICag Kal 0T OUVEXEID N AQVATITUEN OTaUATA.

@ Oute n TTpoobnkn opuovwy, AAAG-QUTE N aPAipECN TOU UTTEPYEIOU TUAMATOC Eival
IKOVA VA ETTAVOQEPOUV TOV QAIVOTUTIO TOU AYPIOU TUTTOU, YEYOVOG TTOU UTTOONAWVEI
OTI oI METAANGCEIC dev o@eilovTal ag EAAEIYPN KATTOIOU OPMOVIKOU PUBMIOTA 1 OTN
METAPOPAG atrd T0 BAACTO KATIOIOU-QVACTOAEQ AUCNONG.

@ H Trapoucia KavovIKwV KUTTAPIKWY dlaipécewyv oTo £uBpuo, oto BAACTO Kal OTa
KUTTOPA KAAAWV, - TTOU TTPOEPXOVTAl ATTO Ta METAAAAQyuaTa autd, UuTTOONAWVEl OTI TA
RML yovidia d&v _€UTTAEKOVTAI OTOV YEVIKOTEPO PNXAVIOUO TNG KUTTAPIKNG dlaipeong
aAAG OTNV €CEIBIKEVPEVN EVEPYOTTOINON QUTOU, OTA KUTTAPO TOU OKPOPICiou KaTd ThV
META-EUPBPUOVIKT avaTITUEn TNG PIlac.

o)




SaivoTumo¢ rml petaAAaypévwy oTeAexwv




SaivoTumo¢ rml petaAAaypévwy oTeAexwv

-~ - - =

@ To RML1 yovidlo KwOIKOTTOIEI yIa TV ouvedon
NG  y-YAoutapuA-kuareivng (y-GCS), Tou
TTPpWTOU €VvCUUOU OTO. MOVOTIATI PBloouvBeong
NG  yAoutaBeiovng — (GSH) Kal gival
aAANAGuOpPPO - TOU yovidiou CADMIUN
SENSITIVE2 (CAD?2)

@ H yAoutabBeiovn oxetiCeTal he TN METAPOPA TWV
AMIVOEEWV-OIOUECOU TNG KUTTAPIKAG MEMBPAVNG
Kar. TRV ofeidoavaywyikp ouoiéotacn  Tou
Kuttapou. H éAAsiwn yAoutaBeidovng odnyei o€
QVOOTOAR} TOU KUTTAPIKOU KUKAOU OTO OTAdIO
NG G1 AoNG ME ATTOTEAECUA TNV AVACTOAN TNG
KUTTOPIKNG dlaipeong.

M
{rmitosis)

G2 Gl
{Gap 2) {Gap 1)

Cells that
cease
division

S phase
(DA synthiesis)

Y
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AvaoToAN ToU KUTTAPIKOU KUKAou Adyw amouaia¢ yAoutaBeidvng

rmll +y-GC

(y-Glutamylcysteine)

rmll + GSH




rmll (petdAAaén G oc A -> aa258) / cad2 (EAAcyn 6nt -> aa237-238)

Opolvyo cad perdhhaypo Etepolvyo rml perddraypa
e Kovovikn pila x ® Kovoviknpila
¢ gvaicOnro oto Cd e un evaicnrooto Cd
aAAnAduoowa tn ‘aAAnAouoowa
cad rml cad RML CAD rml
T X T T X T
cad RML cad RML CAD RML
cad cad cad RML cad RML
50 T 50 T Tl T
rmi RML CAD rml CAD RML




short root (shr) kai scarecrow (scr)
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®aivoTumog ateAéxouc short root (shr) kai scarecrow (scr)A
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Periclinal Diyfstan
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Anticlinal Bivision
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Totoc1dikh €kppacn Tou SHR oto Arabidopsis thaliana




H petaAAayuévn oTiBada £xel XapakTnEIoTIKA pAoIOU

en @ O Tpwrog O€iKTNG apopoloe TO AvVTiCWUaA
CCRC-M2, T10 _omoio~ ouvdéeTtal ME TA
ETITOTTIA TWV udaTavopakwyv TWV
KUTTAPIKWY TOIXWHATWY TNG €TMIOEPHIdAG
Kal Tou @AoloU. 2T1a shr-1 pyetaAAdyuaTa, n
Tapouoia. Tou CCRC-M2 avTiowuaTtog
avixvelBnke 1600 otnv £mdEPMida 600 Kal
oTnNV. HeETaANaypEVn BepeAilndn KUTTAPIKA
oTIBadQ.

@ O Oeutepog OeikTNG  agopouce TNV
kataokeup AX92::GUS, n €kepaon Tou
OTTOIOU EVTOTTICETAI O€ QUTA Aypiou TUTTOU
eCeIOIKEUPEVA oToV ))Yo][o} 2TIG
METOANQYEVES OEIpEG shr-1 o OEiKTNG auTog
eKQpadeTal  €Tmiong  OTn METOAAQYMEVN
BepeAndN KUTTAPIKA OTIBADA.

aAywyog
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SHORT ROOT (SHR) regulates asymmetric cell division and specification

@ SHR encodes a putative transcription factor

@ SHR is required for the asymmetric cell. division responsible
for formation of ground tissue as well,as specification of
endodermis in the Arabidopsis thalianaroot

@ shr results in roots that are missing the endodermis cell layer

@ shr mutant plants display only-the cortex cell layer

@ SHR plays a key role .in regulating the radial organization
of the root in Arabidopsis and functions upstream of SCR

@ Ectopic expression of SHR results in supernumerary cell
divisions and abnormal cell specification in the root meristem

o)




Totoc1dikh Ekppacn Tou SCR ato Arabidopsis thaliana

@ 2T0 QVWPIYO €UPpUO, TTPIV TAV dnUIoupyia TNG
QOUPMETPNG KUTTAPIKAG DIAipECNC TOU apXIKOU
KUTTApou pAoiou/evdodepuidacg, To SCR yovidio

eKQpAaleTal oTo BePEAIWdN 10TO.

@ Metd Tnv aocUpueTpn Olaipeon N €Kpacn Tou
EVTOTTICETAI~  ATTIOKAEIOTIKA KAl  POVO  OTnVv
evoodepuida.

@ 21NV JETA-eMPpuUakn pifa TO yovidlo ekppAleTal
EKTOG a1Td TNV £vOOOEPMiIdO OTA KUTTAPA TOU
KEVIPOU NPEMIOC Kal OTa PNTPIKA KUTTOpPA
pAoI0U/evO0dEPNIdAC.

@ 2€& WETAYEVEOTEPOUG I0TOUG N €KPPOON TOU
o ST v B yovidiou SCR evrotrietal povo ota KUTTOPA
A e NG £vO0dEPUIdAGC.
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PaivoTumog aTeAéxouc scarecrow (scr)
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XapakTnplopog TnE TauToTNTAC TNC HeTaAAaypévng oTipadag ota scr

A

H scr petaAAayuEvn  KUTTOPIKNA
OTIBAdA £XEI XAPOAKTNPIOTIKA TOOO
PAOIOU 000 Kal EvOOodEPHIdAC.

H koaotmapiky Awpida  (evOodEPUIKOG
deikTng)  €ivar  TTapouca  OTa  SCr
METOAAypaTa. O  evdodepuikdg  OeiKTNG
JIM13 divel BTk avTidpaon (Ay kai Ad). O
CCRC-M2 0&¢iktng (emdeppidag-@AoIoU)
divel etriong BeTikn avtidpaon (Ba-y).
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SCARECROW (SCR) regulates asymmetric cell division

@ SCR is a member of a novel leucine zipper transcription factor

@ SCR regulates the asymmetric division of the initial cell that
normally generated cortex and endodermis

@ scr results in roots that are missing one cell layer

@ scr mutant plants display a mutant Cor-End cell layer

@ SCR plays a key roletin regulating the radial organization of
the root in Arabidopsis.thaliana

Laura Dilaurenzio et al. Cell 1996 MOLECULAR PLANT DEVELOPMENT LABORATORY %S'



short root (shr) kai scarecrow (scr)
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AANnAeTtidpaon SHR/SCR - AKTIVWTRA peTaywyn aividAou
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AeiToupyikn aAAnAemtidpaon petall SHR kair SCR

Globular embryo Heart-shaped embryo Torpedo-stage embryo
Protoderm Procambium divides Periclinal division Cartex
% into pericycle and of ground
vascular precursors tissue cells
(?round : > > Endodermis
tissue _
Pericycle
Procambium
Vascular precursor
Wild-type: SHR expression SHR induces SCR expression SCR expression confined
activated in in the ground tissue (red) to the endodermis
procambium
(pale pink)
Procambium divides Periclinal division
into pericycle and of ground
vascular precursors tissue fails |
| j : : g ) > >
scr mutant: SHR expression SCR cannot be expressed Single layer of
activated-as normal ground tissue remains
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PaivoTuttoc oTeAéxoug fass (fs)

Wild-type and fass Arabidopsis seedlings Wild-type and fass radicles

Epidermis
Cortex

fass seedling

(weak allele) Endodermis

: Pericycle
gzg? Vascular tissue =\
' Wild-type fass
Wild-type fass seedling
seedling (strong allele)

To yovidio FASS, éxeryaptoypaenei oto xpwudowpa 5 Tou Arabidopsis.

Ta fass petaAAaypéva oTeAEXN £xouv augnuéva etTireda augivng Kal alBuAegviou TTou TmBavoTaTa
o@eileTal 0T dUCAEITOUPYIa EVOG apvNTIKOU PUBMIOTA TWV ETTITTESWY TWV OPUOVWV QUTWV.
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PaivoTuttoc oTeAéxoug fass (fs)
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SUPERROOT (SURI) confers auxin overproduction

@ surl-1+to surl-7 are allelic recessive Arabidopsis.mutants

@ sur mutant plant overproduce auxin and 'display several
auxin dependent abnormalities like:
- small cotyledons
- elongated hypocotyls
- excess adventitious and lateral roots
- reduced number of leaves and
- absence of inflorescence

@ The SURI gene has been mapped on chromosome IT and
encodes a lyase involved in glucosinolate biosynthesis

@ The SURZ gene encodes the cytochrome P450 CYP83Bl1, a
modulator of auxin homeostasis.

o)



SUPERROOT
phenotype

(Wout Boerjan et al. Plant Cell 1995)
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MovTtéAo e€e1dikeuong kai diapopoToinong Twy TpiXoPAaoTwy...

..kai arpixopAactwyv oto Arabidopsis thaliana

GL2 GL2

root cell
hair division

root cell
hair division

root cell
hair division

cor‘fii;!? ‘,/' cortex
o

TRANSPARENT TESTA GLABRA (TTG) WEREWOLF (WER)
GLABRAS3 (GL3/EGL3) CAPRICE (CPC)
GLABRA2 (GL2)
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AvamTtugn p1{ikwv Tp1x18iwv oto Arabidopsis thaliana

Epidermis

u,/
[ <)

GL2

4

root cell
hair division




daivoTtumol pilIkwv Tpix18iwv aTo Arabidopsis

GL2

A4

root cell
hair division

root cell
hair  division

13egI3
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The default fate for an epidermal cell is to become a root hair cell

‘.'II-.I.........

GL3/ WER/
1) my23
(MYB)

L
.. .n"

POCT T L
Ethylene

Root Hair Cell
Differentiation
Genes

Non-Hair Cell Root Hair Cell

N position H position

Arrows indicate positive control, blunted lines indicate negative regulation,
and broken lines indicate intercellular or intracellular protein movement.

The effects on the downstream genes is modified from Bruex et al., 2012.
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Mopiakn yeveTIKA TNC €€eidikeuang Twy TpixopAaoTwv

SCRAMBLED (SCM) is a LRR-Receptor Like Kinase

Epidermal
cells

U

JACKDAWA(JKD) is a zinc finger
protein .that" controls position-
dependent: signals that regulate
epidermal-cell-type patterning.

Cortical.cell Cortical cell
Schematic of a ¥ \ / R SCM
root cross section SCM  SCM  SCM /’ ___——" ‘\\* 7\
TRY/' < S GLIEGL3 .
) &/ s l MYB23 <7y
) 8 cPC «
Non-cell-autonomous action = E— GL"";G“ e cre / oL2 \x&zzil |
of JKD from the underlying” £ .I* - ... TR L ™ epesic
cortex cell layer“induces a - @ @
signal in every. cortex cell @@ Tk w @
that is more_abundant in — . LRL2
the hair cell position. e \call

o
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Aiagopiki puBHIoNn emdeppikwy e€apThpdTwy pilac kair 9UAAou
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Pia

GL2

5 [T |

root cell
hair division

GL2
|

root cell
hair division

division
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General conclusions

@ A variety of different genes affect root
pattern formation and development

@ A number of these are not root specific

@ Transcriptional regulation of these genes involves
hormonal signal Transduction/activation pathways

@ Many genes interact with others in order to
specify action
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