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Study of Plants (Botany) - KAadoi Tn¢ BioAoyiag Putwv

Name of Field Studies:

Plant Taxonomy Naming, classifying plants

Plant Anatomy Internal.structure of plants

Plant Morphology External structure of plants

Plant Cytology
Plant Phys/Devel.

Plant Ecology

Plant Genetics

Structure of cells and organelles

Functions of plants

Plant interactions with
surrounding environment and
organisms

Inherited traits passed on
through plant generations



http://www.botany.org/newsite/publications/ajb/1996coverStories.php#abot8311
http://www.botany.org/newsite/publications/ajb/2001coverStories.php#abot887
http://www.botany.org/newsite/publications/ajb/2002coverStories.php#abot8911
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@ [aTi Ta QuUTA aTtToTEAOUV 1Q
«OOUPEIO ITTTTO» TNG AVBPWTTOTNTAG. ..
...QTTO TN MEPIA TWV EAANVWV...

® T pag «Aéven ta @urta...

® Ti prropele va «ETTITUXOUNE» HE TA QUTA...
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Molecular Genetics and Mechanisms

in Plant Development

..the magic of genes, proteins and
their interactions...

o
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Avartrtuélakn kai Mopiakr BioAoyia QuTtwy

@ Eicaywyn oTnv avdamtuén Twv QUTWVY

@ MeBodoAoyia aTn HEAETN avATITUENS TWV QUTWYV
@ Evdoyevic kai e€wyevhc TAnpoyopia

@ Epppuoyévean

@ BAaotnTiki avdmtuén (PAaoTou kai pilag)

@ Avamapaywyikn avamTun
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EpyaoTtnpiakéc Aoknoeic Mabryuatoc AMB®

1n EPFAZTHPIAKH AXKHXH:
2100epb¢ peTaoxnuaTiopds utwy Arabidopsis thaliana petnpEBodo TNG
dicicduong uEow Agrobacterium tumefaciens.

2n EPFAZTHPIAKH AXKHZH:
EmioTrpwon T2 peTaoxnuatiogévVwy oTTopiwv o€ TPIRAIa ETTIAOYAG UE
AVTIBIOTIKA yIa TNV AVATITUEN Kal ETTIAOYT dIAYOVIQIOKWY QUTWV.

3n EPTAXTHPIAKH AXKHZH:
MapodIkog petTaoxnuaTiopog eutwyv Nicotiana tabacum pe Tn PEBOdO TNG
Eveong. 'EAeyxog Tou TTapodIKoU JETAOXNMATIONOU o€ Adutra UV.

4n EPFTAXTHPIAKH AXKHZH;
[MoI0TIKOC TTPOOdIOPIOUOS TNGS EKPPacnG Tou yovidiou pdpTupa B-glucuronidase
(GUS) o¢ diayovidiaka outa Arabidopsis thaliana pe utrtéoTpwua X-Gluc.

5n EPFAZTHPIAKH AXKHXH:
[MoooTIKOS TTROGOIOPICHOC TNG EKPPACNS Tou yovidiou udpTtupa B-glucuronidase
(GUS) og-diayovidiaka @uta Arabidopsis thaliana pe uttéotpwua MUG.
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AMB® open e-class (http://opencourses.uoa.gr/courses/BIOL4/)
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Eicobog EmiokenTwy

H mhatypdppa n-Tagn EKMA artoteAehéva oAokANpwHEVO ZUCTNUA ALaXElptong HAEKTPOVIKWY
MaBnudtwv. AKOAOUBEL T PA0COYPLA TOU AOYLOULKOU QVOLKTOU KWSLKA KaL UTTOCTNpLleL TV
UTINPECLa ACUYX@OURGT NAEKTIaLSEUORE XWPLC TTEPLOPLOPIOUC Kal SE0PEVOELS. H TpdoBacn otnv
UTINpEGia yiverabE TN Ypron evogilmAoU wUAAOUETPNTH (web browser) xwpic Ty amaitnon
EEELSIKEUPEVWY TEXMKWY YVWOE@V.

& IuvSedepévol XproTec: 206

(Q open eclass

e-learning platform

0N
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AMB® otnv n-Ta&n (http://eclass.uoa.gr/courses/BIOL123/)

Edviko kat Kanodiotpiako

Mavemotiuo Adnvov

V' Evepyd epyaAeia

& ‘Eyypapa

~ AvaKOw!

i BaBpoAoylo

MAnpopopieg
% zovbeopol
2> Avevepya epyaleia

¥ Awxeipion padiparog

Avantuglakn kat Moptakn Blohoyia dvtwv (13B047) -

Koopdg Xapahapmidng

Nepiypagry &

Mopiakn Bioloyia

Avantuéng Purtov

EnipéAeia: Koopég Xapalapnidng

= S & o

H Avare@iarnc kan Mopiaknic BioAoyiag Putwv TTpoUTroBETEl KaAEC YVWOEIC
TWV QARNTWV O8PacIKA padriuara Tou TuRuatog Tou OXETilovial pe TO
QVAIKEIL VO, TN AMB®, otrwg Bioxnpeia, Mevetikry, Eioaywyry otn Botavikn
Kuttapij BioAoyia, Mopiakr BioAoyia kai @uciodoyia dutwv. Kar' autd Tov
TREITO0 @ @oItnTric 6a Katavorjoel KaAUTEPA TNV avdamTuén Twv QUTWV o€
popiaKo emmimedo  Kal TIC  pEBODOAOYiEC TNC HOPIAKAC YEVETIKAC Kal
BioTexvOAoyiac (YEVETIKAC TPOTTOTIOINONC) QUTWV TIOU XENOILOTTOIOUVTAI
OfpEPa aTn PEAETN QVATITUEIAKWY YOVIDiWY Kal HnXaviopwy

Hpepohdyio

‘«

Fevikn empéAsia: Koopag Xapahapmnibng

AvaKowwoeLg

EkSotng: Euppuo

‘Etog £kSoong: 2019 Evapgn padnp MB® (14/10/2020)

ApLOpog oeAidwv: 644

ISBN-13: 978-618-5252-07-6
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A€W va apxiow Aoitrév Aiyo avopBaodola... ...JuE...

..«TO NA SAS 81 YGIRR AT O THN WYXH...

...M€ AANO&IEC TTOU DEV TTPETTEI VA EEXVALE. ..
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Tooo n AvEpwTtoTnTa 000 Kai o TTAavATNnG pag avTipeTwidouv...

Dog Cattle
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AvBpwrtrog kai Ta {wa...

Asthma ALZHEIMERS Rotavirus ... To péNNoV TAC
CANCER s DOLIO) s avOpwTttotnTaC BPiokeTal
AIDS _ o=, Moastes EBOLA oTa «}éple» Twv OYTOQN.
PLAGUE DISEASE 18

INFLUENZA ‘

CORONARY HEART DISEASE
www.shutterstock.com - 246253474
. €CaKoAouBouv va gival 1o

ETTIKEVTPO TNC ETTICTAUNG
aAAa ...

Htma'n i

lxsease
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O poéAo¢ Twv QuTWYV aTov TTAavTn = diatipnon NG ZQH

Ta @uTA cuvioTOUV £va eKTTANKTIKO BaciAglo aThv-UTTOPEN
TOU OTToioU OQEiAEl 0 TTAOVATNG TN {WI) TOU.

Ta QuUTA PHAG TPEPOUV.
Ta QUTA YOG ETITPETTOUV VA AVATTVEOUE.
Ta @uTa pubBpidouv 10 TTERIRBAAAOV OTO OTTOIO (OUE.

Ta @uTa Kail N Biopdda Toug POg TTPoUNBEUOUV UE EVEPYEIQ.

vV V V V VY

Ta QuUTA Pag TTPOMNBEUOUY HE EVWOEIC UWPNANRG TTPOCTIOEUEVNG
agiac  (avTioCEIOWTIKEG, AVTIMIKPOPBIOKEC KOl  AVTIKAPKIVIKES
EVWOEIC), KALTTANOWPa AAAWYV OEUTEPOYEVWIV HMETABOAITWV.

Kal guEiC TI KAVOUE...?
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We do have a problem
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TO MEANOV TNC avBpwTTOTNTAC BpioKeTal OTa «XEPIa» TwV QY TQN.
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H MEAETH KAI KATANOHZH THZ
BIOAOITAZ ANATITY=HZ KAI
EYZIOAOITIAZ TON EYTON
ATTIOTEAEL AOITION
TIPQTAPXIKHZ ZHMAZIAZ
2TOXO TSN EPEYNHT(QIN ANA
TON KOZMO




..kai €101 pmtike ath (WA pag n PprotexvoAoyia/yeveTiKA HNXAVIKA...

..Kdl Td YEVETIKA TpoToTOINWEVA 1) Orayovidiakd

Transgenic & Cisgenic & Intragenics
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Biofuels are fuels derived from crop plants / biomass

BIOFUEL

A STEP TOWARDS THE FUTURE
BIOFUELS PROJECT SPONSORED IN PART BY




Biofuels (”

m End User \b
Transportation ~ Y
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& Biofiels
= | Life.Uycle
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Biofuels
Projected non-hydropower renewable electricity generation, 2010-2035 =
billion kilowatthours per year cia
500 N\
history 2010 projections
400 : « \ >
! “advanced biofuels
: cogeneration s
: biomass
300 P g O
. " industral CHP
200 g |
A wind
A
100 ;
E solar
geothemal
0 waste

1990 1995\, 2000 2005 2010 2015 2020 2025 2030 2035
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Biofuels and CO, cycle
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However...two problems accompany biofuel production

PROBLEM No. 1 PROBLEM No. 2
low productivity price increase

Percentage of U.S. Corn Crop Consumed by Ethanol Production and Corn
Price per Bushel, 1980-2012
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ANYZH. ... 212000112

1. Aucnon TNC OTPENATIKNG ATTO000NC
2. Meiwaon Tou KOGTOUC KAAAIEPYEIQC

3. ETrékTaon KaAAIEpYEIWV

Genetic Engineering

B. l h l
N
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1st Generation Transgenic Plants

Bt Gene is
inserted
Inka crop

@
3
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2nd 3rd gnd 4" Generation Transgenic Plants

maize

@ 2"d generation food GM crops (e.g. maize) results in price
increase of the crops used in the food industry.

@ 3rd generation non-food GM crops (e.g. poplar, swichgrass,
miscanthus)

@ 4™ generations non-food GM crops (e.g. cisgenics, hear-
intragenics, and intragenics)

o
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Trans- or Cis- alleles for improving...

(P (0-110)
F/Fm

Efficiency. under low N, ?{7}
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* un puatkn d1adikacia

* avhoikn d1adikaacia
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* Rivouvol yia TtepipdAAov
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a yovidla (ol TIPWTEIVES) WC TTPWTAPXIKOI PUBUIOTEC. ..

. ..TTOAAQ £TTOVTAL. ..

Systems
Biology

Chemical
Genetics

Signaling
b 2

s Metabolites

Secretion
Cell Wall (ECM)
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mANA [ 2. mRNA processing ]
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Transport
control
Mature mRNA
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uBuIoN TNES YoVIOIAKNC €KPPAONC YiveETal O€ TTOAAG ETTITTEDQ
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control
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Mature mRNA

/
Translational
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Protein
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control
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Transcription (promoter)
Transcription)2 (epigenetics)
MRNA. processing (introns)
MRNA, further processing (CAP)
MRNA degradation 1 (polyA)

MRNA degradation 2 (Nonsense
mediated RNA decay)

mRNA degradation 3 (RNAi)
MRNA translation 1 (ribosomes)
mRNA translation 2 (RNAi)
Protein processing & folding

. Protein degradation (proteasome)
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Transcription 1 (promoter)
Transcription 2 (epigenetics)
MRNA processing (introns)
MRNAfurther processing (CAP)
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RNA calping and polyadenylation

coding noncoding
sequence sequence
5’ '
G—P PP AAAAA1 50-250 °
|
CH, 1
| | 1
o AR poly-Atal

protein
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Epigenetic modifications

Hown =

modifior enzymas. modficaticn birdng
Tha postor wits created by Tony Kouzarides and Andy Banniase
of

Epigenetics at Abcam

Spigenatics research inchuding ou @eclusive EpiSechar ks
proteins and anikodies. Check out the latest preducts,

Bromations and mestings.
Discover more at abcam comiepigenetics
EpiSecker Kits

iy
Discover mere at abeam combepiseeher

e ol in reguar and bulk pack sizing § rosded.
atcam.comiprotein_spigenttics

bodies.
Wo are home 1 the lwgest rescurce for ChiPlestad

anibodies. A complete ls of antbedies valicaled in ChP & Maintenance

of methylation:

avalathe.
Discover more at abcam.comichip

DNA methylation
DNA deamination
Histone methylation (H2A, H2B, H3/H4 %)
Histone acetylation

¢~ O\ De novo methylation:




Epigenetic modifications

Mechanisms

—t—

Epigenetic proteins/RNAs —f=

Epigenetics

| Acetyl, Methyl

Histone modifications:

Writers: EZH2, SETD2, ATM.MLL1 |

Readers:BRD1,CHD2, PHFﬁﬁ\
Erasers:HDAC,UTX, Jm

DNA methylation:

Methyl

Writers: DN Twmnb,numn
Eras%s: T1,T ,TET3

Transcription ON

? ?T o Transcription OFF

— Non-coding RNA

miRNAs

IncRNAs

Splicing

Editing

mMRNA stability
Translationinitiation

“Writer” proteins add acetyl groups and block histones to bind DNA, thus making chromatin more open.

“Eraser” proteins remove acetyl groups from histones restoring the interaction between the histone and
DNA, leaving the DNA once again in a closed conformation => repression of gene expression.

“‘Readers” are proteins that do not alter the histone but rather detect the aceta/IPLgroqustatus.

MOLECULA
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Epigenetic modifications

1. Methylation of histone H4 on R4 (arginine residue at the 4th position)
—— opens the chromatin structure — — leading to transcriptional
activation <

ion of histone H3 on K4 and K79 (lysines residues at
position) —— opens the chromatin structure —— $

Methylation of histone H3 on K9 and K27 (lysines at the 9th and
27th position) —— condenses the chromatin — leading to
inactivation

o Target sites of ) - The cytidine residues which exist

Active
franscription

Ubiquitination -
o umqum Transcriptional inactivation m ) tion
E

o Ubiqu Transcriptional activation
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1. Transcription 1(promoter)

2. Transcription2 (epigenetisc)

3. mRNA'processing

4. mRNA fransport

5. _.mRNA degradation 1
(polyA/CAP)

(6. mRNA degradation 2 (RNAi) |
7. Nonsense mediated RNA decay
8. MRNA translation 1 (ribosomes)

(9. mRNA translation 2 (RNAI) |
10. Protein folding

. Protein degradation
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MmRNA degradation & mRNA translation block RNAi

DNA virus
(i.e geminivirus) Inverted repeat
transgene

dsD.NA. -——
replication —_—
intermediate

Single copy, sense

transgene
Pri-miRNA

N Nucleus

~_ Cytoplasm
'Y

JVVVVWN
Aberrant ssRNA \/WW
1

dsRNA (—] ‘

Pre-miRNA

Nucleus

Cytoplasm

A A

Wﬁ@ﬁ

siRNA
miRNA* - M guplex
QPleX gl Unwing | SiRNAs
% m Are generated by aberrant, partial and
V4 \ completely overlapping ssRNAs. The
Asymmetric R'SC Some formation of such dsRNAs triggers the
assembly miRNA
mechanism of RNAIi (PTGS)
/RISC RISC
Ribosome \/-\

@ Target
mMRNA
RISC RISC RISC

Translational repression mRNA cleavage
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uBuIoN TNES YoVIOIAKNC €KPPAONC YiveETal O€ TTOAAG ETTITTEDQ

-~

Transcription 1.(promoter)
Transcription 2 (epigenetisc)
mRNA"processing

mRNA fransport

MRNA degradation 1
(polyA/CAP)

mRNA degradation 2 (RNAI)

Nonsense mediated RNA decay ]

mRNA translation 1 (ribosomes)
MRNA translation 2 (RNAi)
Protein folding

. Protein degradation
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Nonsense mediated RNA surveillance mechanisms (NMD, NGD, NSD)

-~ - - =

A) Nonsense mediated RNA decay (NMD) B) Nonsense mediatéd RNA decay (NMD)

UPF

upr-'
1> :
e\ b | 3
Decapping Endoribonucleolytic
Cleavage

C) no-go decay (NGD)

D) nonstop mRNA decay (NSD)

SKl complex

Endoribonucleolytic
Cleavage &
Yeast mRNA - — AR

Metazoa mMRNA 3’ to 5" Degradation
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uBuIoN TNES YoVIOIAKNC €KPPAONC YiveETal O€ TTOAAG ETTITTEDQ

1. Transcription 1.(promoter)
2. Transcription 2 (epigenetisc)
3. mRNAprocessing
4. mRNA fransport
5. MmRNA degradation 1
(polyA/CAP)
6. MRNA degradation 2 (RNAI)
7. Nonsense mediated RNA decay
8. mMRNA translation 1 (ribosomes)
9. mRNA translation 2 (RNAI)
10. Protein folding
[11. Protein degradation ]
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Protein ubiquitination/degradation

F AMP+PPi

Cytosol

.Q
@ ‘ Target
3G @ protein
Deubiquitylating @
enzymes @
> Up
4
v
g Membrane .
ATP -'!“ ‘; fu3|on S
ADP+Pi » Nucleus
e Transcriptional
Peptldes Lysosome Nuclear foci activation ony @
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Ubiquitin mediated degradation

proteasomal
degradation

G Release
@ @ Q

Recognition

Discharge
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...and Protein Function & Interactiop Network

Gene Network
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Genetic Nomenclature

-~

Aev umtdpxel éva eviaio olUoThpa YEVETIKAC ovopdToAoyidc yia 6Aoug
TOUC opyaviopoUc. AvdAoya pe To €idoC, oI €peUVNTEC dAKoAouBouv
OIdPOPETIKO TPOTIO YPAPAC Kdl GUVTOHOYpd@idg Twv yovidiwv dypiou
TUTIOU, TWV HETAAAAE ewv Kal TWV TIPWTEIVWY TTOU AUTA KWOIKOTIOIOUV.
2Td QUTA waoTooo €£xel KaBiepwBei = 0 akdAouBoC¢  TPOTOC
ovoparoAoyiag.

Aypiou TUTTOU aAAnAdpopyo yovidio: LEAEY(LFY)

MeTaAAaypévo aAAnAdpopyo yovidio kai oteAéxn: leafy (Ify)

Avypiou TUTou mpwrTeivn: LEAFY«(LFY)

MeTaAaypévn mpwreivn: leafy (Ify)

MeTaAAaypéva yovidia pe Tapopolo paivoTumo: apetalal (apl), ap2, ap3

MeTaAAaypéva aAAnAdpopea Tou idiou yovidiou: ap2-2, ap2-4
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Genetic Nomenclature (

species gene @) ein

Plants (Wht): PESCADILLO }0' PESCADILLO
Plants (mutant): pescadillo 0’ pescadillo

Zebrafish : pesﬁ*h Pescadillo

Human : l EESl PES1

Mouse : esl Pesl

Yeast : & /NOP7/YPH1 Nop7/Yphl
v MOLECULARPLANTDEVELOPMENTLABORATORY '
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TI EINAI HANAINTY=H ?

O 6po¢ «avaTrTU¢N» ava@EPeTal 0To GUVOAO TWV EIDIKWV
aAAaywv TNG MOPEPNG Kal AEITOUpYiag TTOU TTapaTnEOUVTal
KAta 1n dIAPKEIQ TOU KUKAOU (WS EVOC OpyavIouoU.

@ Au¢non
@ AlagopaTroinon
@ Mopgoyeveon
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Q1 TpeI¢ BaaikEC dlEpyAaies TNS AVATITUCNG. ..

AlagpopoTroinon Mop@oyéveon
AN\ayéG otn doun Kal Anuioupyia Tou oXAPATOG

KUTTAPWY Kal I0TWV) | Opydvwon kKal CUPUETpPIa

AeiToupyia (opyavidiwy Anuioupyia Tou CWPATOG

Augnon
MoooTikry aAhayn
KutTtapikn diaipeon
Kal ueyébuvon
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The model plant Arabidopsis thaliana
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PAoEIC aVATITUENC TWV PUTWV

Euppuoyévean .
- BAaoTnTIKA

BAdoTnon ™~ Avamapaywyikn

Aithoc18A¢ pdon
(omop16@uTO)

—— TlpwTtoyevi¢ avamTuén

Acutepoyevic avamtuén

‘&

W N P

ATtrAoc18n¢ pdan

(yapeTopuTa) YAPETEC
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Generative
cell

Microspores Tube cell

perm cells

Pollen grain be nucleus

Filament )
Microspore
mother cell

Tapetum

Ovule Developing \
integuments . \
Nucellus )
Megaspore ‘\\
& mother cell \

Lt /
ral cell

]
Polar nuclei

1\ o

B/,

) )
v ~Synergid
P Egg cell
Micropyle  (Vacuole)
o sac development
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AvVATTTUEN TOU OTTOPIOPUTOU (ENPBPUOYEVEDN)

Epidermis
(protoderm)

ok

Ground

Terminal —{ e meristem
Nucleus cell &\ )
® D Procambium
—_— —_—
Vacuole
Basal —
cell Suspensor

Zygote

Cotyledon
primordium

Shoot

meristem

Developing
shoot apical

( tyled%n meristem

Radicle

e
a
(0]
=
3
«

Vascular
and

Seed coat

Root apica
meristem Developin
root apica

Suspensor meristem &

Torpedo-stage embryo  Heart-shaped embryo
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BAGoTnON (TTpwTOYEVAG KOl DEUTEPOYEVAG AVATITUSN)

Apical bud enclosing
shoot apical meristem

Primary
shoot 35 bud
Node g7 > sing shoot

Leaf

Cotyledon

* ' ' Tertiary root

%m%

———Lateral root

=== Root hairs

ot apical meristem .
Primary root
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2UVTOVIONOG TNG AVATITUENG OTA QUTA

Apical meristem

Floral axillary bud
Flower

Vegetative
axillary bud

e

bt
o
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Alatipnon kai avayévvnon tou AMB

Shoot apical meristem
A

Central zone \ v

_ ' Peripheral
zone Pith zone

/ meristem v

Stem pith

Leaf
primordium

(a) Differentiation patterns at the shoot apex

New meristems arise from
peripheral zone

Meristem bisected

(b) Surgical experiments on the meristem

v

Elongation zone

Basal meristem

Apical meristem

B coidermis
. Cortex
[] endodermis
Bl rericycle
[ stele
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O pbéAo¢ Twv opuovWY aTN YovIOIOKA PUBMION KAl avATITUSN TWV QUTWV

-~ - - =

Mivexag 1.1: Katnyopieg putooppovav Kar o1 dpacers Tovg

Phytohormone

Chemical structure

Some effects

Auxins (indole
-3-acetic acid)

Cytokinins
(2eatin)

Gibberellins.
(GA3)

Abscisic acid

Ethylene

Octadecanoids
(jasmonic asid)

Oligosaccharide
(oligogalacturonide)

Brassinosteroids
(brassinolides)

Peptide hormones
Systemine
(tomatoes)
ENOD40
(soybeans)

CH,COCH

X
OH

o} COOH

H _H

n- =y

0

COOH

whg L4 o4
GalA— GalA—GalA—GalA= -

H
~,
| |
HQ | HO
0
HO d

AVQSKPPSKRDPPKMQTD

MELCWLTTIHGS

Stimulation of growth by elongation
Formation of adventitious and side roots
Maintenance of apical dominance
Inhibition of leaf abscision
Parthenccarpy

Stimulation of cell division
Lateral-shoot induction
Retardation of senescence

Promotion of shoot growth
Induction of flower formation in rosette plants
Breaking seed dormancy

Enhancement of fruit and leaf abscission
Inhibition of seed germination
Water stress and stomatal closure

Enhancement of fruit ripening
Enhancement of fruit and leaf abscission

Induction of wound and defence genes

Induction of tendril-like behaviour

Induction of tuber formation in.potatoes
Stimulation of secondary metabolism in cell culture

‘Induction of defence reactions by pathogen attack
Auxin antagonism
Activation of cell division in tobacco protoplasts

Promaotion of cell elongation and division

Systemically acting signal of defence against
pathogens

Induction of dedifferentiation of root cortex cells in
legumes

Auxin tolerance in tobacco protoplasts

. starch or sugar
photosynthesis, storage organ

respiration, and
photorespiration

H,0 vapor

starch or sugar
storage organ

raspiration, no
photorespiration

,_H;Da

i
minerals
ente i'ilrgugh
raot ha
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O pbéAo¢ Twv opuovWY aTN YovIOIOKA PUBMION KAl avATITUSN TWV QUTWV

i '
Auxin and ethylene é\b
nern —ea —> D :Q

Brassinolide /Germinatid}
Hypocotyl! : /
Ethylene +GA elongation

Auxin + GA Apical hook formation
Brassinolide +GA\

Ethylene + GA

Auxin

Dark

Ethylene \/ Root
elongation
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O poAog Twv opuovwy OTN YovIdIaKA pUBUIoN Kal avaTTugn TAUL)V PUTWV

-~ = =

Stem
elongation

/ Leaf shape . Auxin + GA
Auxin + GA /
— Cytokinin

GA—-——-’*

Trichome
formation
d Fllower { Fertility
levelopmen A
<«
GA > Y. GA
ARA
Auxin + GA ~ -
Fruit
Cytokinin development
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O pbAo¢ TS auivng aTtn yovidiakr puluion Kal avaTrTugn Tuu\} QUTWV

-~ = =

1-cell  2-cell Octant Globular Triangular Mid heart

T
S
Key —= PIN @ Auxin concentration gradient  a Apical cell
(low-high)
—- PIN4 ¢ Cotyledon
—= PINY P, Future vasculature )
ABCB1 h Hypophysis
mmn ABGE19" SAM Future shoot apical meristem s Suspensor cells
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http://dev.biologists.org/content/136/16/2675/F4.large.jpg

PIN1
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SAM
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P2

LR

Shoot apical
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Leaf primordium 1
(the youngest)

Leaf primordium 2

Lateral root

L1-L3 Epidermal

cell layers 1-3

M Auxin concentration
gradient (low-high)

[ Cortex
en Endodermis

ep Epidermis

Irc Lateral

root cap
p Pericycle
s Stele

Auxin transport
---- > Basipetal

— Acropetal
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O TTpoypPANMATIOUEVOS KUTTAPIKOS BAvaToC

-~ - - =

O pnNXaviouog KATA TOV OTTOI0 Jia OUYKEKPIMEVN Oudda KUTIApWWAUBAVEI
TO MAVUHA VA EKQUAIOTEI JE OPYAVWHEVO Kal AKPWGS ENEYXOMEVO TPOTTO

N
Decision to die and how Develowhogens, Hormones

'\
N
Preparation to die ( .......... Enzyme loading
Execution Trigger, calcium flux, cell changes
Postmortem Cytoplasm collaps, autolysis

N
\ &<
Ma& n Result of cell death
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O PCD ota @utd Kail 0 pOAOC TOU XUUOTOTTIOU

T e Enlargement
roteases ’
P Collapse of
the vacuole
M S1-nuclease )
o RNases
&7 Cysteine proteases Ny
3 Acid phosphatase = —— AC| %
® ZAnion Id pnosp Acid phosphatase

transporter

SYTO16 and FDA (fluorescein diacetate) staining of nucleus and vacuole membranes (Obara et al. Plant Physiology 2001)
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O TTpoypapuaTIouEVOC KUTTApPIKOC Bavartog (PCD) ota @utd (

o
3. Evdooméppio \

1. Meyaomopioyéveon

2. EkpuAiopéc
avapThpa

6. Avtidpaon
uTepeuaiobnoiag

9. Tpaxelakd
oToIXEid

Ly : iy R
& A | [/ D) |
i',;,‘l |
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O mrpoypapuaTiouévog KUTTapIikog Bavarog (PCD) ota @utd (’,




O TTpoypapuaTIouEVOC KUTTApPIKOC Bavartog (PCD) ota @utd (”
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O 1poypauuaTiIouévog KUTTApPIKOC Bavarog (PCD) oTta Quta
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AvTtidpaon utrepeuaiodnaoiag kai PCD petad amd uéAuvon e tov 16 TMV
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O TrpoypapuaTiouévog KUTTapIikog Bavarog (PCD) ota <pUTd (’,

ﬁ
—> b
»
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Alagopotroinan Twv TEs - To ouotnua tnS Zinnia elegans
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