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Adapted from Hay, A. and Tsiantis, M. (2010). KNOX genes: versatile regulators of plant development and diversity. Development. 137: 3153-3165 and Prigge,
M.J. and Bezanilla, M. (2010). Evolutionary crossroads in developmental biology: Physcomitrella patens. Development. 137: 3535-3543.
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http://dev.biologists.org/content/137/19/3153.abstract
http://dev.biologists.org/content/137/21/3535.abstract
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http://genome.jgi-psf.org/Ostta4/Ostta4.home.html
http://www.cellimagelibrary.org/images/39031
http://en.wikipedia.org/wiki/File:Spirogyra_cell.jpg
http://commons.wikimedia.org/wiki/File:Chara_braunii_1.JPG

Bpuo@uTa- xwpic aywyo cuoTnua

Liverworts (~7000 Mosses (~10,000 — ) Hornworts (~200 species)
— 8500 species) 17,000 species)

Vascular
plants

Green algae J
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Adapted from Chang, Y. and Graham, S.W. (2011). Inferring the higher-order phylogeny of mosses (Bryophyta) and relatives using a large, multigene plastid data set. Am. J. Bot. 98: 839-849 and Ligrone, R., Duckett, J.G. and
Renzaglia, K.S. (2012). Major transitions in the evolution of early land plants: a bryological perspective. Ann. Bot. 109: 851-871. Photo credits Tom Donald, Mary Williams and gjshepherd_br / Foter.com / CC BY-NC-SA
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http://www.amjbot.org/content/98/5/839.long
http://aob.oxfordjournals.org/content/109/5/851.full
http://www.flickr.com/photos/clearwood/6573764113/sizes/o/in/set-72157626284715720/
http://www.flickr.com/photos/gjshepherd/4710628691/
http://foter.com/
http://creativecommons.org/licenses/by-nc-sa/2.0/
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http://www.flickr.com/photos/clearwood/sets/72157626284715720/with/9141151203/
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TLonualvel va eloal puTto™;

YLOL OLUTO TO TIPOTITUXLOLKO paOnpaL:

*dwtoouvOeTLKO, MOAUKUTTOPO, XEPOALO



MoAukUTTOpPA: T DIAPOPETIKA

KUTTOPA €£XOUV OIAPOPETIKEG

AEITOUPYIEC TIG OTTOIEG TTPETTEI VA (PUTOOUVOETIKA: TO QUTA PTTOPOUV
OUVTOVioouVv vVa JETATPEWOUV TNV NAIOKN O€

XNMIKN EVEPYEIQ
<N
1"\
Xepoaia: Ta QUTA TTPETTEN va

QVTIMETWTTIOOUV TIG OUVONKEC TOU i“
TTEPIBAANOVTOG

Leaf cross section image from Bouton, J.H., et al., (1986). Photosynthesis, leaf anatomy, and morphology of progeny from hybrids between C; and C,/C, Panicum Species. Plant Physiol. 80: 487-492.
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http://www.plantphysiol.org/content/80/2/487.full.pdf+htm

QuoioAoyia AvOpwTTou: ZuoTAMOTA

AVOTTVEUOTIKO MemTiK KukAo@opiaké Neupiko EpeioTiko
AvtaAhayn Agpiwv  MpdoAnwn vepouU MeTagopd AvTiAnyn, YTTooTAPIEN
Kal TPOPNAG BPETTTIKWV EAEYXOC
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Quoioloyia Putwyv: 101e¢ AciToupyieg,
EUPEWG OIOVEMNMEVEG

AvtaAAayn Agopoiwon MeTagopd AvTiAnwn (QwTOC,
agpiwyv EVEPYEING BpeTTIKWV AT TTaBOYOVWY KTA.) HéoW
2 UMBaivel HEow 2 UMBaivel oTOUg KUTTAPO O€ KUTTOPO yTrodoXEWV KOl GAAWY
TWV XIANIadwV (PWTOOUVOETIKOUG Kal HEOW TOU QI06NTAPWV TTOU UTTAPXOU
I0TOUG aywyouU GUCTNPATOG gTa TIEPIoOOTEPA KUTTOPX
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3 3 2TAPIEN aTTO TA
Mp6GANWN VEPOU Kal ZNudTa yia Tov £AEYXO Ka nP1gN aTd
. TO CUVTOVIOUO TWV QUTIKWYV KUTTApIka
5 il i7a AEITOUPYIWV PETAPEPOVTAI TOIXWHATA KAl TV
UpRaivel OTIG EMIQAVEIES T PiCag atrd SIOKUTTAPIKG KAl JEOW UOPOOTATIKI

(ka1 Tou BAAOTOU PEPIKEG POPEG) e Trigon
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Ta @uTta gival TTpaciva aAAd Oev givai
gcwynivol. Hrav edw 1rpiIv atro gpac!

Photo credits: Tom Donald
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http://www.flickr.com/photos/clearwood/sets/72157626284715720/with/9155525821/
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VACUOLE

Vacuolar membrane \'

Plasma membrane

Cell wall

Plasma membrane

H TTAacpaTikiy yepBpavn
WG OPIO TTOU ETTITPETTEI
oTa KUTTOPA va
dlaTNPAOOUV TO
ECTWTEPIKO TTEPIBAAANOV
TOUG DIA@OPETIKO ATTO TO
TTEPIBAAAOV TOUC
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H nui-trepaTtn HEMBPAVN TWV
KUTTAPWV



http://www.jgi.doe.gov/News/news_4_30_07.html

Ta QUTIKA KUTTOPIKA TOIXWHOTA €IVal EUAUYIOTA,
IOXUPA KOl TTEPITTAOKO

To TTPWTOYEVEC KUTTAPIKO
TOIXWHMA €ival AETTTO Kal

SU)\l’Jle'TO\ Q \ é Q\
/
Cytoplasm éa N
\ — FJ:  \

Plasma membrane

To KUTTAPIKO TOIXWHO
ouvTiBevTtal £Ew aTtrod TNV
TTAQOUQTIKA MEUBPAVN aTTd
UAIK& TTOU PETA@EPOVTAI
MEOW QUTNC

Primary cell wall

‘ Secondary cell wall

Ta deuTEPOYEVH KUTTAPIKA
TOIXWHATa dNUIOUPYOUVTal OTC
EOWTEPIKO TWV TTPWTOYEVWIV.
Eival cuvABw¢ akapTrTa Kal
TTEPIEXOUV Alyvivn

Vanholme, R., Demedts, B., Morreel, K., Ralph, J. and Boerjan, W. (2010). Lignin biosynthesis and structure. Plant Physiol. 153: 895-905.
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http://www.plantphysiol.org/content/153/3/895

MPWTOYEVEC KUTTAPIKO TOIXWHMA:. KUTTOPIVN,
TTPWTEIVES KAl AAAQ CUCTATIKA

g ‘ 1 »
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Protein

Reprinted from McCann, M.C., Bush, M., Milioni, D., Sado, P., Stacey, N.J., Catchpole, G., Defernez, M., Carpita, N.C., Hofte, H., Ulvskov, P., Wilson, R.H. and Roberts, K. (2001). Approaches to
understanding the functional architecture of the plant cell wall. Phytochemistry. 57: 811-821, with permission from Elsevier; Drawing credit LadyofHats.
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http://www.sciencedirect.com/science/article/pii/S0031942201001443
http://en.wikipedia.org/wiki/File:Plant_cell_wall_diagram.svg

Ta OEUTEPOYEVH KUTTUPIKA TOIXWHATA EVIOXUOVTAI OTTO
Alyvivn, €va TTOAUMEPEG adIATTEPOCTO ATTO TO VEPO
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Ta BpuoguTa Ta TPO‘X‘-f')‘PUTO} Tapayouv

Tapdyouv ] ToAupepn Alyviving :
oVOAIyVOAEG Aopn Tou guAwuaTog,

lL‘JV TPOGTACIa? u1:rooTr]p|§r] Kal 10x0g yia

Apuva? | MEYEDBOG

Reprinted from Hoéfte, H. (2010). Plant cell biology: How to pattern a wall. Curr. Biol. 20: R450-R452 with permission from Elsevier.
Weng, J.-K. and Chapple, C. (2010). The origin and evolution of lignin biosynthesis. New Phytol. 187: 273-285.
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http://www.sciencedirect.com/science/article/pii/S0960982210003726

MpwTEIVEG OTNV TTAOACHATIKNA MEMBPAVN
METAPEPOUV HOpPIA

H* s

H* X

AuUTOI 01 HETAYOPEIC
METAPEPOUV TA
aATTaITOUMEVA IOVTA KAl
AAAO CUOTATIKA KAl
£CAYOUV PN ETTIOUUNTES
OUCiEC Kal popla.
Emong, puBuilouv T
OOMWTIKO OUVAUIKO

H+

VACUOLE H*

pores, channels or pumps

Vacuolar membrane \'

Plasma membrane

Adapted from Hedrich, R. (2012). lon channels in plants. Physiol. Rev. 92: 1777-1811.
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http://physrev.physiology.org/content/92/4/1777
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(Ta TTEPICOOTEPA) PUTIKA KUTTOPO
ouvO£ovTal NE TTAOOUOOEOUATO

PupBilopeveg
KUTOTTAQOMATIKEG
YEPUPEG aVANETa
oTa KUTTAPO
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TRENDS in Plant Science

Reprinted from Lee, J.-Y. and Lu, H. (2011). Plasmodesmata: the battleground against intruders. Trends Plant Sci. 16: 201-210 with permission from Elsevier.
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http://www.cell.com/trends/plant-science/retrieve/pii/S1360138511000070

Ta TPAXEOPUTA £XOUV OUCTHHUATA METAPOPAC
MEYAANG ATTOOTACNG

OAOIQMA

Ta oakxapa TTou TTapayovTal
PWTOOUVOETIKA (Kal GAAa popia)
METAKIVOUVTAI ATTO TIG TTNYEG OTOUG
QTTOOEKTEC HECW TOU PAOIWMATOC

=YAQMA

To vepO PETAKIVEITAI ATTO TO
£00p00¢C TNV ATHOCPAIPA
MECW TWV KEVWYV, VEKPWV
KUTTAPWY TOU CUAWMOATOC
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O1 aywyoi 1I0TOI €ival TA ATTAPAITNTA KUKAWMATA YIO TN pON TNG
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Soil water content low

AAANa oiuata oto EUAWUa

b LMETAPEPOUV TNV TTANpOPoOpIa

| YIQ TNV ETTAPKEIQ OPETTTIKWY
Kal TNV TTapouaia GAAwvV
opYyavIoHWV

Reprinted from Schachtman, D.P. and Goodger, J.Q.D. (2008). Chemical root to shoot signaling under drought. Trends Plant Sci. 13: 281-287 with permission from

Elsevier; see also Christmann, A., Grill, E. and Huang, J. (2013). Hydraulic signals in long-distance signaling. Curr. Opin. Plant Biol. 16: 293-300.
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http://www.cell.com/trends/plant-science/abstract/S1360-1385(08)00111-8
http://www.sciencedirect.com/science/article/pii/S1369526613000319
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MeTa@opd TTANPOPOPIag NECW TOU PAOCIWHATOG

" Xpovog yia avatrapaywyn :

2.€ KATAAANAEG OUVONRKEC
OIAPKEIAG NUEPAC, ONMA ATTO
TO OKPQIO YEPIOTWHA TOU
BAAOTOU PETAPEPETAI OTA
QUAAQ Kal ETTAYEI TNV
UETABaoN oTnVv
AVATTaPAYWYIKN pAaon
AVvATITUENG

2UVTOVIOMOG TWV AEITOUPYIWV
pifag Kal BAaoTOU :

‘EANeIpn @uwo@opou ota pUAAQ
EVEPYOTIOIEI TNV TTPOCANWN
PWOoPOpPOUC atrd TN pila

See for example Chiou, T.-J., et al. (2006). Regulation of phosphate homeostasis by microRNA in Arabidopsis. Plant Cell. 18: 412-421; McGarry, R.C. and Kragler, F. (2013). Phloem-mobile signals affecting
flowers: applications for crop breeding. Trends Plant Sci. 18: 198-206; Lucas, W.J. et al. (2013). The plant vascular system: Evolution, development and functions. J. Integr. Plant Biol. 55: 294-388.
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http://www.plantcell.org/content/18/2/412.abstract
http://www.cell.com/trends/plant-science/retrieve/pii/S1360138513000058
http://onlinelibrary.wiley.com/doi/10.1111/jipb.12041/abstract

MpooAnyn vepou

Water is pulled through the
hollow xylem by tension
developed at evaporative
sites in the leaves

In the leaf, water evaporates out of
the xylem into the intracellular
spaces, and then through the
stomata into the atmosphere
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Water moves from the soil, into the
outer layers of the root , then into the
vascular cylinder and xylem
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H peTa@opd ToUu VEPOU HECW TOU CUAWMATOG
VIVETOI JE ECATHION

Simple model: || Better model: Guard
Hollow tube Hollow tube cells
that water with a
L|JW: -15to evaporates selectivity
-100 MPa through filter in the
roots and a
\4\/ flow regulator (")
(I at the top

¥, ,=-0.2 MPa

Casparian
strip of the
endodermis

Adapted from Lucas, W.J. et al. (2013). The plant vascular system: Evolution, development and functions. J. Integr. Plant Biol. 55: 294-388.
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http://onlinelibrary.wiley.com/doi/10.1111/jipb.12041/abstract

H £v606£ppi6a TNG Pidag gival Eva
<puc|Ko oplo adIATTEPAOCTO OTO VEPO

The endodermis produces a
water-impermeable layer,
the Casparian strip, that — ] A
provides selectivity ‘Na*

Photo credit Michael Clayton
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http://botit.botany.wisc.edu/Resources/Botany/Root/Ranunculus/Mature/Whole%20xs%20MC.jpg.html

H Tonvia Caspary e€avaykadlel To vepO va HETAKIVNOEI HEOW TNG
TTAAOMATIKAG MEMBPAVNG

Water can enter

L Ay R rarl LU the root through

'
e W

ooPeses the apoplast (cell

wall spaces) until
it reaches the
Casparian strip,
which blocks
apoplastic water
flow

Water forced to
cross a plasma
membrane is
effectively filtered

Photo credit Michael Clayton; Adapted from Grebe, M. (2011). Plant biology: Unveiling the Casparian strip. Nature. 473: 294-295.
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http://botit.botany.wisc.edu/Resources/Botany/Root/Other/Monocot%20Root%20X-Sections/Zea%20Root/Endodermis%20vasc%20tissue%20MC%20.jpg.html
http://www.nature.com/nature/journal/v473/n7347/full/473294a.html

