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Ta @UAAa atroTeAoUV «Opyava {wNAc»...

@ 270 QUAAO TWV QUTWV OUVTEAEITAI iOWG.N TIIO ONMAVTIK
Bloxnuikn dipyaoia otov TAavATh.. "R PO TO2ZYNOEZH.

@ H pwrtoouvBeon emTPETTEI.OTA QUTA VA avaTrTuxBouv.

@ H avarmruén twv guiwv.= ZONTANOZ [MTAANHTHZ.
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2UVTOVIONOC TNG aVvATITUENC OTA QUTA
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Alatipnon kai dpacn tou AMB

S
t apical ist
Shoo aplci meristem,

Central zo

Leaf

Stem pith

avaykaia n o1aTA Miag 100ppoTTiag PETACU TNG ATTWAEIOG BAAOTIKWVY KUTTAPWY
AOYyw dla@opoTr al TNG AVTIKATACOTOONG AUTWY HE KUTTAPIKES DIAIPETEIG.

[Mpokelyévou 1O V%Q)mépyﬁcel WG OnUEIO ouveXoUug opyavoyéveong, E€ival
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£yeBoc¢ pUAAoOU

To TeAMkO péyeBoc TOU QUAAOU Kal.'TO oxAHA ToOU
eCapTwvTal amd Th Béon Tou PUAAoOU. Ttavw oTo PAaAcTO
Kal ato mepiPaArAovTikoU¢ TtapdyovTeC (evdoyeveic Kai
e€wyeveic TAnpowopicc).

To avamtuoodpevo @UAAO’ eAEyxel To pHEyEBOC Kal TO
oxXAUa TOU HE OUVOETOUC pnNXaviopoUC YoviOldkAG
pUBuIong, o1 omoiol kaBopiouv TNV dAMAITOUHEVN
KUTTApIkA av€non (apiBuoc & oykocg) Kai empAKuvon.




Cell growth and cell expansion
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Model of some of the key processes that regulate cell size

y 4
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Cell—cell signalling (growth factors, mitogens, survival factors),
environmental cues (light, nutrients)
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Mop@oAoyia QUAAWV

Adaxial

Ai)axial

Lamina

Petiole

Distal

Proximal

proximodistal
centrolateral
adaxial-abaxial

Midvein

Margin


http://upload.wikimedia.org/wikipedia/commons/f/f7/Anatomia_foglia_g1.jpg

MopypoAoyia pUAAWV

2 Ta PUAAa diakpivovTail TpeIC doeIg avanmTuéng ...

@ &don moAAamAdciaopol Twv KUTTdpwv (organogenesis)
@ &don avanTtuéng (a)oupueTpiag (dev. of subergan domains)
@ &don kutTapikic diapopotoinong (cell & tissue differentiation)

... Kal Tpeic dfovec aouppeTpiac...

@ Akpaio-pPacikdg n eyyus-tAe dgovag (proximodistal)
@ Kévrpo-mepipepetakdc.aovacg (centrolateral)
@ Tlpooalovikoc-amoalovikoc (adaxial-abaxial)
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Structural (a)symmetry in the leaf

simple leaves have three axes of symmetry or asymmetry

Kevtpo-
NePLPEPELAKOG Anagovikn embeppida
Napagovikég- agovag
anagovikog
agovag

@ Akpaio-Baokde1 eyyuc-tHAE (proximodistal) d€ovacg
@ Kévrpo-trepipepelakog (centrolateral) agovag
@ [lpooadovikog-atroagovikog (adaxial-abaxial) agovag
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Stages of leave development

Stage 1:

Stage 2:

Stage 3:

Organogenesis . Margin

Boundary

a few cells in L1 and L2 divide more
rapidly than surrounding cells ->
produce outgrowth = leaf primordium,
which develops into leaf

Development of suborgan domains

primordia acquire identity as specific

parts of leaf

this differentiation occurs along three

axes. ventral ( — abaxial) Npooagovikos-amoagovik
proximodistal (basal — apical) Axpaio-Bacikog
lateral (margin —blade — 'midrib) kevipo-mepipepeiaxsg

ventral
(abaxial)

Cell and tissue differentiation margin midrib

tissues and cells differentiate as leaf > proxlmodlstg
grows: @
L1 -> epidermis.with trichomes and blade —

guard cells

L2 -> mesophyll cells (palisade parenchyma)
L3 ->vascular elements, bundle sheath cells

N
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Origin of leaves at the shoot apex

Most recently formed
Site of next primordium, which has
primordium radial symmetry at this stage

Primordium
elongates in the
proximodistal axis

Primordium begins to
flatten, developing an
adaxial/abaxial axis
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ATTITUEN TWV QUANAWV

ry

' 4

] TOU PHEPIOTWHATOC KATA TNV Qv

1 4

APXITEKTOVIK

@
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H MOPIAKH NrENETIKH
THZ ANATITY=HZ TN
EYAAQN
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Mopiakh YEVETIKA TG avdmTuéng Twv UAAwY

TTpémer va éxoupe KATd vou...

1. H avdnmtuén Twv @UAAWV cival dpeod ‘euvdedepévn HE Tn
dpdan Tou AMB kai Twv paoxaAidiwvEHEPIOTWHATWY.

2. Tovidia mou emnpedlouv TV AVATITUEN TWV HEPIOTWHATWY
emtnped{ouv oUVNBWC Kal Thv=avdamTuén Twv eUAAWV.

3. H dpdon/opydvwoh=sfou AMB kai n avdmtuén Tou
apXEPUTPOU Tou QUAAOU pTTOopOUV WOoTOGO va diaxwpioTouy,
kaBwc¢ yovidia mou £mnpedalouv e€e1dikeupéva Thv avdmTuln
Twv PUAAWY Oev emnped{ouv avaykaoTikd kai To AMB.
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AANNAeTTidOpacon Tou STM pe to AST/PHAN kai ta KNAT
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STM expression L3 L2 L1 Central zone

(pink)
1dsE Peripheral zone
primordium Incipient leaf
primordium (I1 stage)
STM expression
downregulated
(@)  STM expression in the shoot apical meristem
Shoot apical Incipient leaf Class | KNOX genes
meristem primordium KNAT1
KNAT2
Leat STM
primordium
MYB TFs
H avraywvioTiki auti dpdon
Tou ASTka STM dilaxwpidel TV AS1/PHAN
AVeTTTUI0KNA TTopEia Tou AS2

BAaoTOU a1rd AUTA TWV PUAAWV.

(b) The.interactions between AS7 and the KNOX genes
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To yovidlo SHOOTMERISTEMLESS (STM)

@ To vyovidlo STM KwOIKOTIOIEI YIa €vav  OPOIOOOMKO. - JETAYPAPIKO
mmapayovta (homeodomain transcription factor) Tng oikoyéveiag KNOX.

@ Ta OAIKAG amrwAelag Asitoupyiag stm  petaAdaypeva aptiBAaoTta degv
avatrtuooouv AMB kai tTapoucidalouv oupguon KotuAndovwy. apouolo
TEPUATIOPMO TNG QAVATITUCNG €XOUME KOl OTOUG "a0BEVEIC QAIVOTUTTOUG O€
METAYEVEOTEPA AVATITUEIOKA OTAdIA.

Cotyledon = True leaf Cotyledon B

Terminated apex

Fused
cotyledon
bases

Wild-type seedling stm seedling




QaivoTutrog asl petaAhayuévwy osipwv Arabidopsis thaliana

Quté aypiou TUTTOU. HE ETTIUAKN KAl
oTTabwTd, WOoEIB QUAAQ.

asl peT@NAaypa  heE  KOVTUTEPA  Kal
OITTAWNEVA.QUAAQ.

Apioxa=@UAAa (cauline) aypiou TUTTOU Kal
asl pe AoBouc oTo TTEPIBWPIO.

ETraywyn ekTotmKoU BAacToU.

Emunkupéva  kOTTQPA  TOU  KEVTPIKOU
VEUPOU PUAAOU QUTWYV aypiou TUTTOU.

Emunkupéva  kOTTQPA  TOU  KEVTPIKOU
VEUPOU gP@avifovTal o€ TTOANATTAEG OEIPEG
o010 asl petaAAaypa.
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Mop@oAoyia QUAAWYV pe eTTnpeacpéva KNOX yovidla (knotted14ike homeobox)

bopl 35SKNAT1

Incipient leaf
primordium

KNAT1
KNAT2




KaBopiouoc mpooalovikAc-amoalovikAC aoupUETpiaAcC

T1 gival auto Tou KaBopilel Tnv (A)OCUUMUETPIO ?

i
g“ ? iﬁ%%i%ﬁ%



http://upload.wikimedia.org/wikipedia/commons/f/f7/Anatomia_foglia_g1.jpg

KaBopiopac mpooaovikAc-amoalovikng acuupETpiac

'

&

I'Ipooa&ovmn TO

1) 'Ekppaon AS | KaTaoTo)\n Twv YABBY.
2) Echpacn HD-ZIP  kAaong I,
AV

PHABUL

OLUTA, REVOLUTA «al
KANADI (KAN)

EOVIKN TaAUTOTNTO
‘Ekgpaon Twv ARF3/ETT kal ARF4.
2) ‘Exkgpaon Twv YABBY yovidiwv.

3) ‘Exppaon twv KANADI (KAN) kal KATaoTOAR
Twv HD-ZIP kAdong 1.

AS1/AS2

abaxial
POOOEOVIKN) (atroagovikn)
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Eyka®idpuon Tnc mpooalovikn¢c-amoal ovikA¢ TOAIKOTNTAC oTa YUAAA
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(TTpocagovikr))  (ATTOQEOVIKN)

Adaxial Abaxial
A Protein Pathways wo-ziPis | | KANADIs

PHAVOLUTA KANADH?

REVOLUTA KANAD2

KANADYI3

PHABULOSA

YABBYs
FILAMENTOUS FLOWER
TASEY2
TASEYS

*

ARF3/ETT, ARF4

B sRNA Pathways miR390

(TTPOCALOVIKNA) (atTOagOVIKNA)
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Eyka®idpuon Tnc mpooalovikn¢c-amoal ovikA¢ TOAIKOTNTAC oTa YUAAA

-~ - - =

Adaxial Abaxial

A Protein Pathways

HD-ZIPHIs KANADIs
PHAVOLUTA KANADY
REVOLUTA KANADER

PHABULOSA KANADIS

AS1/AS2 — . vABBYs

FILAMENTOUS FLOWER

TAREY2
Q TASEYS

ARF3/ETT, ARF4

B sRNA Pathways

ocLy,
SE, HYL
TAS3 caildd,
SGS30007 MIR166
RDR6G AR
OCLe
oz AGO7IZIPPY
tasiR-ARFS
(TTPOCACOVIKN) (aTTOagOVIKA)
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HD-ZIP IIT yovidia otov kaBopiopod TNC TpoaaloVviKAC TauTOTNTAC

HOMEODOMAIN-LEUCINE ZIPPER transcription factors in A. thaliana

PHABULOSA (PHB)
PHAVOLUTA (PHV)
REVOLUTA (REV)

@ Ta povd petaAhayuéva ateAéxn amwAeia¢ AsiToupyiag yia Ta mapamndavw
vovidia dev Ttapouaidlouv. egpavn eaivoTuTo.

@ To TpImAG peTdAAaypa watéco phb phv rev epgpaviCer évav dpipu
PaIvoTUTO He avamTuén fiac povo akTIVWTAC amoalovikNg KoTuAndovag.
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PHANTASTICA (from Antirrhinum)
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Wild type Antirrhinum Radially symmetric phan leaf

Adaxial Adaxial
epidermis  parenchyma

&, A, :
: ) Poe Palisade layer
V“ T -
Ll IR "\\ (adaxial) Parenchyma
S
l...r.'.0~“ CROO AN
q‘f""{.’&@!’.?’w‘.'oﬁo el
SO SRR Spongy mesephyll Phloem
g “Aabaxial
h (abaxial)

Abaxial Abaxial
epidermis  parenchyma

* loss-of-function phan mutants develop leaves
with variable loss of adaxial-abaxial asymmetry.
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Ta TPITTAG peTaAAayuaTWY phb phv rev £xouv atroacovika QUAAa

-~ - - =

rev-9 phb-6 phv-5

-~
-

Tm

m,
-

-

xF 5

* Ep@dvion TeAEiwg akTIVWTWYV, ATTOKAEIOTIKA ATTOOEOVIKWY douwy (A) ) eTTidpacn oTnv eTTEKTOON Tou EAdopaTog (B).
* 2TIG AKTIVWTEG KOTUANOOVEG T aywyd OToIXEI €ival ETTIONG OKTIVWTA PE TO QAoiwpa va TTePIBAAEl TO EUAwUa (D).
» AucAcitoupyia Tou AMB (C).
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EykaBidpuon Tn¢ mpooalovikhc-amoaloviKAC TTOAIKOTNTAC aTa GUAAA

Adaxial Abaxial

A Protein Pathways

HD-ZIPHis

FHAVOLUTA
REVOLUTA

PHABULOSA

KANADIs
KANADY?
KANADY2

KANADT3

AS1/AS2

YABBYs
FILAMENTOUS FLOWER
TASEY2
TASEYS

ARF3/ETT, ARF4

B sRNA Pathways miR390 ‘mgp)

ocLr,
SE HYL?
TAS3
SGSy1b MIR166
RDR6 e Abaxial o:did} Domain
DCLa \/
o7 AGO7IZIPPY
tasiR-ARFS
(TTPOCACOVIKA) (atTOoOgOVIKN)

Y
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Ta kanadi petaAAaypara €xouv tpooaovikd UAAa

kani-2 kan=2'-; kan3-1




YABBY (transcription factors)

YABBY gene family is required for the development of -abaxial leaf tissue in
Arabidopsis:
FIL mRNA.at the Arabidopsis shoot apex

- FILAMENTOUS FLOWER (FIL) g
Abé}‘tia?

Adaxial

- YABBYZ2 (YAB2)

- YABBY3 (YAB3)

Leaf primordia

Uniform expression begins at I2 in subepidermal cells but at Pl expression
becomes restricted to.the abaxial side. Expression disappears in the mature leaf.

Signal from apical ‘meristem promoting adaxial leaf fate inhibits directly or
indirectly YABBY gene family expression in adaxial tissues.
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Ta fill yabi petaAAdypara éxouv mpoaafovikd UAA

o
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Loss of YABBY Function Is Associated with a Loss of Leaf Margih Cells

-~ - - =

Sarojam R et al. Plant Cell 2010;22:2113-2130
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EykaBidpuon Tn¢ mpooafovikAc-amoal oviKAC TTOAIKOTNTAC aTa YUAAA

-~ ~—

Adaxial Abaxial

A Protein Pathways HD- ZIPIIls KANADIs miR165 3 M CEECCUACUUCGGACCAGGCU-5"
FHAVOLUTA KANADS? == 1P rrrerrrrrell-
REVOLUTA KANAD2 T 1 SEEe Tt B P B B R T ] e
muomu r.n:mrs IFL1/REV UG AAGCCUGGUCCGE

ATHB-9/BHV
ATHE-DL4 /BHE

ATHB=SH
ASI/ASZ ——{ YAggys ABHB-I% UGGRIAUGAAGCCUGGUCCGG
FILAMENTOUS FLOWER =1t errrrrerl=
TASEY2 miR166 3’ -CCCCUUACUUCGGACCAGGCU=-5'
TASEYS
ARF3/ETT, ARF4

B sRNA Pathways miR390
A & ABAXIAL
miR165/166
TAS3

SO TN
Acd -~ REV mRNA
DcLs
tasiR-ARFs

(TTPOCAEOVIKA) (aTTOOEOVIKA)
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MiRNA vs. siRNA

DNA virus
(i.e geminivirus) Inverted repeat
Sinal transgene
ingle copy, sense dsDNA — ——
e transgene replication -:—-T;
Pri-miRNA intermediate
h Nucleus
T Cytoplasm
VN N
i Aberrant ssRNA LA
Pre-miRNA VNI
Nucleus \
Cytoplasm dsRNA

mMiRNA:

A A

sSiRNA
MIRNA* T duplex
duplex 1 Unwind 1
W M
W %

Y/

Asymmetric RISC Some
assembly miRNA

siRNAs

Are generated by aberrant, partial and
completely overlapping ssRNAs. The
formation of such dsRNAs triggers the
mechanism of RNAIi (PTGS)

/ RISC \ RISC
Ribosome \/-\

RISC RISC RISC
Translational repression mRNA cleavage

Target

mMRNA
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Few miRNA are understood functionally

microRNA Organism Function

lin-4 worm Early larval development transitions

let-7 worm Late larval development transitions

Isy-6 worm Left/right asymmetry of chemoreceptor
expression

bantam fly Growth control during development

miR-14 fly Apoptosis and fat metabolism

miR-165/-166 | plant Axial leaf development

miR-172 plant Flower development

miR-181 mouse Hematopoietic differentiation

miR-375 mouse Glucose metabolism

miR-15/-16 human Hematopoietic cell fate/CLL




loTOEIDIKY) EK@paan TwV yovidiwv HD- ZIPIII Kal Twv MIRNA166

ALY

lu

@ Ta mIRNA165/166 avixveuovtal
otV ATTOOCOVIKI)  TTEPIOX  TOU
APXEPUTPOU, OTTOU  KOTOAOTEAAOUV
TNV ék@pacn Twv HD-ZIPIII. ‘ETol Ta
HD-ZIPIll ek@pddlovtal Povo: oTnv
TTPOCACOVIKI TTAEUPA TOU QUAAOU.

miRl165 3" -CCCCCUACUUCGGACCAGGCU-5'
e RARND . A RENDZ AN
IFL1/REV UGGGAUGAAGCCUGGUCCGG
ATHB-9/PHV
ATHE-14/PHE
ATHB-8
ATHE-15

e UARRRRRE RN RN
miR166 &/ -BCCCUUACUUCGGACCAGGCU-5"

-~ - - =

@ TamiRNA165/166 kai Ta
yovidia HD-ZIPIII, o1rwg
10 phb, Ttapouaidlouv
OUNTTANPWHATIKO
TTPOTUTIO £KPPACNG.

miR165M166

o miR165166
< miR165/166

miR165/166 Side view nt

apical

meristem

\ Abaxial side

Leaf primordium

Adaxial side
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Dominant phenotypes caused by mutations in the miR165/166

Adaxial

i Abaxial

domain

/7 ‘
A ARF4 KAN @ I/ _ETT/ARF3

VABS KAN" pprg
Class 1 | miR165/166
K fod
NOX oz | L L
! HD-ZIPll

*Severe mutant plants have radialized,
reduced leaves with adaxial (Trpoocagovikr)
characteristics all around the circumference
of the leaf (B and C).

* Less severely affected plants than those in
(B) can have normal adaxial (Trpoca&ovikn))
surfaces (E) but ectopic regions of adaxial
tissue (arrowheads) on the abaxial
(atroaovikn) surface (F).




Spacer between miR165/166 affects phenotype

A

5’ GGGGGATGAAGCctaCCTGGTCCGA3
3’ CCCCCUACUUC---GGACCAGGCUS’

STTM166
5’ GGGGAATGAAGC taCCTGGTCCGA3’
3’ CCCCUUACUUC--~-GGACCAGGCUS
miR166

vector

@ .
ey | C
i B
6,’ L

31 nt 48 nt

STTM165/166 spacer length

STTM165/166del 48

STTM165-del/166-48

miR165

STTM165
2XP35 T35S
e >
miR165

3’ CCCCCUACUUCH - - GGACCAGGCUS’
5’ GGGGGATGAAGCEACCTGGTCCGAS'

miR166

3’ CCCCUUACUUC-~-GGACCAGGCUS "
5’ GGGGAATGAAGCtaCCTGGTCOGA3 "

STTM166

2XP35! T35S

——
miR166

Vector STTM165/166del-48

DT
| miR165/166

2 e - S

W U6

Vector STTM165del/166-48

miR165/166

el

L




‘EAgyX0C TOU OXAMATOC TOU QUAAOU

@ Meyioto TnG au&ivag evTtonileTal
OTO AKPO TWV aAVANTUCOOMEVWV
odovTwoewv. Ta -miRNA164 «kal

CUC2 ek@pdalovTal: OTIC OXIOMEG
TwV 000VIWOEWY Kal €eAeyxovTal

and TIG TCP- npwTeiveg
BRANCHED1/CYCLOIDEA/PCF).

(TEOSINTE

@ Ta anAd QUAAa €xouv opaAd nepibwpia
(a), ve odovTwaoelg (B) N AoBouc (y).

@ Ta ouvbera QUAAA anoTteAouvTtal ano

(PUAAGpia kal. ornpifovTal

oTn paxn Me

nolKiAeG S1aopPWOEIC.

(b)

-

miR164 - Avin %5, |
."/
? \/
TCP

Cumrent Cpinien n Plant Biology
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oAo¢ Twv NAM/CUC yovidiwyv Kata 1n diauoppwaon Twv QUAAAPIwY

B

NAM: NO APICAL MERISTEM in Petunia
CUC: CUP SHAPED COTYLEDON in Arabidopsis

[estd

Cell [y NAM

proliferation »* CcUC

L J

e
Leaflet “
formation

SIXE Jed]

e

:

KNOX1 =

LFY-like &,
Leaf Margin

Ta yovidla NAM/CUC ek@ppddlovral o€ KaBopIouEveG AeTTTEC (WVEC KATA UAKOG TWV
TTEPIBWPIWY TOU aPXEPUTPOU TOU QUAAOU. 2UyXpOvVwe Ta yovidla TTPOoAyouv Tov
KUTTOPIKO TTOAAaTAQoIaoud oTa KUTTApa TTou BpiokovTal o€ eyyuTnNTA WE TIC TTEPIOXEC
EKQPAOCTC TOUC ME QTOTEAECHA TNV TTpoaywyn TnNG dnuioupyiag Tou @uAAapiou. Ta
yovidia KNOX kai LFY-like evepyotrolouv kai evepyotrolouvtal atrdé Ta NAM/CUC.




2iynon (PTGS) Twv NAM/CUC uetatp€Trel Ta oUVOETa QUAAQ O€ aTTAG

A. caerulea

P. sativum

PsPDS

T

AcPDS AcNAM AcCUC3 EEREACTCTUEN1p (el FULe/iY
YOVIQIOKAG ATTOCIWTTNONG
(PTGS) 1nG dpacTIKOTNTAG
Twv NAM/CUC yovidiwv
METATPETTEI TO OUVOETA
QUAANa o€ atTAd o€ didgopa
QUTA.

@ QuTtd Aquilegea caerulea

(AKOYIAETKIA) 610U
PsPDS P<PDS TTapatnpEitTal otadlakn
PSNAM PsNAM oMaAoTTOINCN TWV
\ PsCUC3 PsCUC3 TTEPIBWPIWV.

@ ®Qutd Pisum sativum aypiou
TUTTOU KaI QUTA OTTOU JE
PTGS maparnpeitai
OXNMATIOPOG HOVO €VOG
@UAAapiou kail evog Ceuyoug
eANiKwv, Kal ouvTtnén
QUAAapiwv kal paxnge.

K
|




S

Emdepuikd e€apTrjpata - otopara

Stomatal complex

Nucleus.
Chloroplast
Thick wall

accessory cell

Dumb bell
shaped guard
cell

Stoma closed

Wax Cuticle
| Palizade
Mesophyll
Air et
l. Spam .,. . ".
* | Spongy
Mesophyll
:"" Stoma :o -. .“i.-. ';:a

Lower _=c m |€{ m
Epidermis | Wax Cuticle
i3

Guard Cell with Chloroplas
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2XNMUATIONOC TWV ETTIOEPUIKWY EEAPTNHATWY - OTOMATA

(Guard
Postprotodermal Meristernoid mother
cell mother cell Menstemoid cell Guard cells

.
Entry :

Syrnrn&uic Specification  Differentiation

division momphogenasis
Ampllfy'lng .

Epa:mg

Amplitying

ASYMMETRIC @
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