PUTOOPUOVEC

Ol @utoopuOVEC, EVOOYEVEIC PUBUIOTIKOI TTAPAYOVTEC, pUBUIlouV TIG
KUTTOPIKEC AgIToupyieg (dlaipean, eTTiuiKuvan, d1a@opoTroinon), TN
MOPPOTTOINC, TNV OPYAVOYEVEDH, TNV AVATTOPAYWYH, TOV KOBOPIoUO Tou
(PUAOU KaI TNV aTTOKPION O€ ABIOTIKEC Kal BIOTIKEC KATATTOVIOEIC

Notholaena standleyi © 2008 Carl Rothfels



http://tolweb.org/Notholaena_standleyi/133579
http://www.pryerlab.net/cgi-bin/t_people.cgi?action=page&pkey=191

2TOXOI TNG BIAAEENG

¢ OPpPIOPOC TWV PUTOOPHOVWYV WG PUBUICTIKOI TTAPAYOVTEG TNG
QAVATITUCNG KAl AsIToupyiag Twv QuTtwv. lNoleg ival ol
ONMAVTIKOTEPEG

« Baoika BIoouvOETIKA YOVOTTATIA, OOIGCTACH, TTAPOUCia Kal
LMETAPOPA OTO PUTIKO CWHA

* [loleg €ival ol oNUAVTIKOTEPES OPACEIC WG EVEPYA MOPIa OTN
AEITOUPYIQ TOU KUTTAPOU Kal 0€ OAOKANPO TO PUTO

« [loia n epappoyn TOUG OTNV €PEUVA Kal TNV KaBnuepivr) wn



T elvall oL PUTOOPLLOVEC;

........ characterized by the
property of serving as chemical
messengers, by which the
activity of certain organs is
coordinated with that of others”.

-Frits Went and Kenneth Thimann, 1937

Kenneth Thimann, 1904-1997

Frits Went, 1903-1990

Frits Went image courtesy of Missouri Botanical Garden ©2010 Kenneth Thimann photo courtesy of UC Santa Cruz



http://www.mobot.org/mobot/archives/image.asp?filename=PORT2007-0005.tif&returnto=section49
http://www.mobot.org/
http://sunsite.berkeley.edu/~ucalhist/archives_exhibits/in_memoriam/catalog/thimann_ken.html

PuBuilouv kot eAeyyouv oAa ta otadLa Tou
KUKAOU {wNC Tou putoU
Qpipavon

: ' . eKBAGoTNON
KOpT1rouU r\

AnBapyog |
eMBpuUOyEvVEDN OTTEPHATOG r

Avarrrugn ko
¢ OVATTTUSIOKC
TTPOTUTTO

MovipoTtroinon AVG
KOl OXNHATICNOG ’VG1TTU§I] %

: avloug
KapTrou




PuBuilouv kot eAeyyouv oAa ta otadLa Tou
KUKAOU {wNC Tou putoU

Qpipavon | . gKBAaoTnON
KOpPTTOU f‘\

ARBapyog ;_‘
eMBpuUOyEvVEDN OTTEPHATOG (

Avarrrugn ko
¢ OVATTTUSIOKC

STQESS \ TTPOTUTTO

MovipoTtroinon AVG
KOl OXNHATICNOG . vamrTugn %

: avloug
KapTrou




BAaotntikn Avénon Ko Avamtuén:
emipunkuvon, StakAadwaon Kol opyovoyEvnon

EmipAkuvon oto BAACTO Kal 4
N piCa V4 N
opyavoyévso\n‘
duTtdplo o€
EKBAGOTNON Avarrrugn ue
OlIaKAGdwWaOnN

AvATTTUEN ME
ETTINAKUVON

Photo courtesy of Shawn Conley


http://ipcm.wisc.edu/WCMNews/tabid/53/EntryId/528/Variable-Germination-and-Emergence-in-Soybean-Which-Seeds-Are-Still-Viable.aspx

2uvBeon, petadopa , avriAnyn, LeETaPOoPA CNLATOC KoL ATTOKPLON

Zuduin H ‘ ATTOKpION
Gc-:cuzsum

N

ZUVGSGH \ Napaywyn KatafoAiouog
€V€P,Yﬂ§
opyovng
/ Metaypaen
| PwoPopuliwon
ETAQOPA
—->

ATTOPWOPOPUAIWON

\’
H / @ Mn-yovidwpaTiki
gnpw'rso)\ucn %ﬁ G1T6KpIO'I‘] (1T.X poe“lo‘n

ATTéKpION

Aéopeguon otov S1aUAwYV 16VTWYV)

utrodoyxéa 4
MeTaywynZApaTog ﬁf@



2UvBeon

ZuCauin H

A1TO ou(auf,n

/V

2uvlegon Kampo)\lopog

I'Iapaywvrl
EVEPYNAGS OPHOVNG



Mapaywyn
EVEPYNG
oppovng

ETAPOPA

v
H

Aéopauorv
oTOV

utToOOoXEa

Metadopa

O1 opubdVEC NTTOPOUV VO PETAKIVNOOUV:.

« Méow TOU EUAWPATOC KAl TOU
PAOIWMPATOC

« Méow TWV KUTTOPIKWYV JEUBPAVWV

« MEow €I0IKWV TTPWTEIVWIV-
LETAPOPEWV



Dutooppovec: mMaAlol yVwpPLUOL KoL

VEEC aPLEELC

KUTOKIVIVEG VIBBEPIAIVEG
augivn __: I oH
....... CH,
)I HO
L

HLC COOH

1926, E. Kurosawa

1926, F. Went
1950s, F. Skoog

AN
OH
O, O__o

HO“‘. OH OH - -
© y 2TIYYOAOKTOVE

BpaooivooTepoeidn
2 aAIKUAIKO

ogu

HO.,

O OH

ATTOKOTITIKO 08U
1950s, T. Bennett-Clark / N. Kefforc

H.-' '\H
alBuAévio
1901, D. Neljubow

O
\\\"'\?//

COOH

MNaocpuovikéd ogu



PDUTOOPUOVEC

“* avéiveg

** VIBBepAAiveg

“* KUTOKLVLVEC
“*Bpaocolvootepoeldn
** JTPLYYOAQKTOVEC

“* alBuAgvio
* QUTIOLOLKO N ATTOTITWTLKO 0V

**VLAOLOVIKO 0V
** GAALKUALKO 0€U

** OAlyooaKkyapiveg
*» mentidla pe oppovikn dpacn
**TIOAVQULLVEC



o élvec

‘ \ COOH

N
H

Ivooi-3-0&ké 0&D Ivdo)r-3-povTvpiké o0&

CH,COOH

4-X)®po-1vo0Ar-3-0E1K0 050 | o Darvvroliko 050




ZUVOETIKEG AU§LVEG

e [Mapaywya Tou tvOoAlou
e Mapaywya tou vadBaAtviou
e Mapaywya Tou YAwpodatvoéuoikou

e Mapaywya tou Bevioikou

O — CH, — COOH COOH
| cl | OCH,
Cl
cl
2-Methoxy-3,
2,4-Dichlorophenoxyacetic 6-dichlorobenzoic acid

acid (2,4-D) (dicamba)



H 1o0TOpIO TNG aUSIVNG

OH

Iz

www.plantcell.org/cgi/doi/10.1105/tpc.110.tt0410
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~1900

Auxin Research

Plant Physiology

s 2\ Blochemistry

SV Molecular Blology (Recombinant DNA)

1) Arabldopsis Genetics

LYY Cell Biology (GFP)

ri I\l Arabldopsis Genomics

W@ Structural Blology

Abel, S., and Theologis, A. (2010). Odyssey of auxin. Cold Spring Harb Perspect Biol. doi: 10.1101/cshperspect.a004572



http://cshperspectives.cshlp.org/content/2/10/a004572.short

Darwin (1890s): pwTtOTPOTILOUOC—

Phalaris Canariensts : cotyledons after exposure mm a hox open on one side
in frout of a south-west window during 8 h. Curvature towards the
light accurately traced. 'The short horizontal lines show the level of
the ground.

Inner leaves 'teased’' from
inside of coleoptile

Corn Coleoptile

Coleoptile

Rigid piece of tissue,
totally enclosing
first few leaves
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Darwin, C., and Darwin, F. (1881) The power of movement in plants. Appleton and Co., New York.; Photos courtesy of Dr. R.L. Nielsen


http://extension.entm.purdue.edu/pestcrop/2004/issue8/index.html

KOAEOTITIAG PE TO
AKPO UTTO KAAUYWN

KoAeoTITIAO

uTtrod
(PUOIONOYIKEG
OUVONKEG —
/ 2 ;
OIVIGAO | |

—

m——

To oIvIGAO TOU «PWTOC» YiveTal avTIANTITO OTO
AKpo, TTapOAo TTou N KAion ocuuBaivel otn Baon-

Aapa KATTolo orjua/ oIvIGAO JETAPEPETAI ATTO TO AKPO

oTn Bdon

“We must therefore conclude
that when seedlings are freely
exposed to a lateral light some
influence is transmitted from
the upper to the lower part,
causing the latter to bend.”




Boysen-Jensen (1913)

To onua givai
uia
UOATOOIAAUTH)
Evwaon




Asymmetric tip placement
causes bending

Paal (1919)

Control Tip removed
and replaced



1930s: n avéivn amopovwveTol

Angle of curvature
is proportional to
amount of auxin in

r / (\ "y oc
{H o &5 & ~ o~
(7

Frits Went collected auxin
from shoot tips into agar
blocks...

...and showed that
the material collected
in the agar blocks
was the growth-
promoting substance.

@)
{pr—t o
OH
N |
Indole-3-acetic
H acid, IAA

Redrawn from Went, F.W. (1935) Auxin, the plant growth-hormone. Bot. Rev. 1: 162-182.


http://www.jstor.org/stable/pdfplus/4353103.pdf

H auéivn npoayel tnv avamtuén tng pidoc

B LEt 1938 I'IapaTr)\aupeg
| ¥ piCeg expuovTal amd
~ BAaoToUC auTreAIoU

ME Xpnon augivng

2000: TAayieg piCec ekpuovTal OTN
pifa petTaviou Pe ouxvoTnta
avaAoyn TNG OUYKEVTPWONG augivng

01 310 30 pM
IAA

Thimann, K.V. (1938). Hormones and the analysis of growth. Plant Physiol. 13: 437-449. Kerk, N.M., Jiang, K., and
Feldman, L.J. (2000). Auxin metabolism in the root apical meristem. Plant Physiol. 122: 925-932.


http://www.plantphysiol.org/cgi/reprint/13/3/437
http://www.plantphysiol.org/cgi/content/abstract/122/3/925

O poAog tn¢ avélvng otnVv ELdavion ENAKPLOG
KupLapylog
H augivn avaoTéAAel

TNV EYQAvION
| TTAQYIWV KAGOWV
Q@ | KuBog dyap
\ «OTTOKEQPAANITUOG» ME KAl prig

augivn

Y/

3

D
\
/
SN\
N

.

—

74

Days
Thimann, K.V., and Skoog, F. (1934). On tne innipition of pua uefvelopmem ana otner Tunctions of growth substance in Vicia faba. Proceedings of the Royal Society of
London B. 114: 317-339 with permission; Went, F.W. and Thimann, K.V. (1937) Phytohormones. The Macmillan Company, New York.


http://rspb.royalsocietypublishing.org/content/114/789/317.full.pdf+html
http://www.archive.org/stream/phytohormones00went

ACCELERATION
O

- INHIBITION

+

AladpopeTIKOL LOTOL EYOUV OLAPOPETLKN
QTTOKPLON O€ LOLEC CUYKEVIPWOELC AUELVNC

Ol OUYKEVTPWOEIC
aucgivng TTou
ETTAYOUV TNV

ETTINAKUVAON TOU
BAacTOU, hTTOPOUV
va avaoTeiAouv TNV
ETTINAKUVAON TNG

picag.

. \ 6"

10

'] I & ¥ i Il i
10 10 10 10 10 10 10 6 10 MOLAL

AUXIN CONCENTRATION

Thimann, K.V. (1938). Hormones and the analysis of growth. Plant Physiol. 13: 437-449.


http://www.plantphysiol.org/cgi/reprint/13/3/437

1930s: H avéivn petadepetal moAka

A segment cut from a
coleoptile can move
auxin from tip to base.

The upper agar block was
loaded with auxin, which
the segment translocated
to the lower block.

When the segment is
inverted, it is unable to
transport auxin from
base to tip.

.y

H.G. Van der Weij : n
META@OPA YiveTal aTTd TO AKPO
TOoU BAaCTOU TTPOG TN BAon

Adapted from Went, F.W. (1935) Auxin, the plant growth-hormone. Bot. Rev. 1: 162-182.


http://www.jstor.org/stable/pdfplus/4353103.pdf

Tt poBope aro TLc KAOAOIKEC MLEAETEC

*Tn XnuIKN dopn TNG augivng

* H augivn TTpodayel Tn dnuioupyia pidwv Kal avaoTEAAEI TNV
EKTTTUCN TWV 0POBAAUWY

* H aucivn petagpéperal atrd 1o AKPo Tou BAacToU TTPOG TN BAon
NG Picag

* O1 DIOQPOPETIKOI I0TOI £XOUV DIAPOPETIKNA EuaioBNnCia oTnv

augivn



H peAetn tnc Avéivng onuepa

« QuolooTacia aucivng

* EpyaAcia otn JEAETN TNG
augivng

* [ToAIK} yeTaPOPG aucivng

e AVTiIAnWn Kai HETA@OPA ONUATOG
« H dpdon tnG augivng oTIg

(PUOIOAOYIKEC DIEPYATIEC TWV

KUTTAPWYV Kal TOU pUTOU

* ANANAeTTiOpaon hE AAAQ onuaTa



To poVOTATL ATIOKPLONC OTNV AU&Lvn—

I 4
ovaOpoLLoC EAEYXOC
N\ () N
MpwrTeiveg
) ) I'Ipéo)\n}pn ABP1 Y ::;T?\),I;gg p| Bioloyikég
KaraBoAiopof [Zudeudn (utTrod0oX£aC) pavelag SPaCEIS
/" J S~ \_ y,
Vd A ~ N\ [ A
. ] TF Novidia BioAoyikég
(utTrodoxEng) aTmevepyoTroinon )/

\ — —/ \. J

H emridpacon Tn¢ augivng ecapraral atmmod Tn ouveeon, T

LUETAPOPA, TNV TTPOCANWYN, TN METAYWYI OUATOG, KAl TV

ATTOKPION TWV YOVIOiWV —OTOXWV. OI TTEPIOCOTEPEC ATTO AUTEC TIC
OpaceIc eAEyxovTal aTTo yovidla Pe DIaPOPETIKN £EEIDIKEUON O€

ETTITTEDO KUTTAPOU. Plant Biol 13: 2:20.


http://dx.doi.org/doi:10.1016/j.pbi.2009.10.006

To poVOTATL ATIOKPLONC OTNV AUV&LlvnN—
avAadpoLOoC EAEYXOC

(" h ( \ [ )
] I'Ipw'rs'l'vs’g i
) G RSMun | ABPL || i p) Blokoyicic
KaraBoAiopdg  |Zuleuén (uTrodOoX£0(G) ¢ B opaoeig
A J X / J
Vd n ( N\ [ )
. 2 JIF MNovidia BioAoyiké
20vBeon I'IpOO')\r]’ll.l n gvepyotroinon/ > OTOYOI > opdocl ;
§ (uTrodoxEac) ATTEVEPYOTTOINON = g :

J \. J . J

To MOVOTTATI QUTO-PUBUICETAI EKTEVWC JEOW BETIKAC Kal apvnNTIKAS avadpoung pubuiong

Katdotaon 0p&yng, 10vTikO repIBAAAoyv, TrTaBoyova, BapuTnTa, @ws (Kateubuvon,
EVTOOT, MAKOG KUMATOG)

Adapted from Kieffer, M., Neve, J., and Kepinski, S. (2010). Defining auxin response contexts in plant development. Curr. Opin. Plant Biol.13: 12-20.


http://dx.doi.org/doi:10.1016/j.pbi.2009.10.006

Tsboneys

i OAeg o1 d1adikaaieg eAEyxovTal
f . h

© 2013 American Society of Plant Biologists




AAAeg evdoyeveig
(o (1141 <«

0
AVTIO'TpE'ITTr] —> C[d —y Cﬂg\/\( §
OH

ouleutn | | N

N
Indole-3-acetic acid Indole-3-butyic acid !
(IAA) (IBA) H
H Baoikn augivn Mia Hop®n vid 4-chloro-3-indole-3-acetic acid
pemcpppa Kal (4-Cl-IAA)
KaTaBoAIOPOC amobrKeuan? : A~ 0
» OH
Kuplwg Phenyl acetic acid
£XOUME (PAA)
aaaopéva qu Strader, L.C. and Bartel, B. (2011). Transport and Metabolism of the Endogenous Auxin Precursor Indole-3-Butyric Acid. Molecular

Plant. 4: 477-486. Simon, S. and Petrasek, J. (2011). Why plants need more than one type of auxin. Plant Science. 180: 454-460.

VAVAY



http://intl-mplant.oxfordjournals.org/content/4/3/477.full
http://www.sciencedirect.com/science/article/pii/S0168945210003444

BloouvOeon avévwv

) TR R i Exel avagepbei pévo
To IAA TTapayeTal ] oTnv Arabidopsis Kai

|
|
aTTO TNV TPUTITOPAVN i IAOX IAN i UL Gl
(Trp) péow dIaPOpwyV | |
HOVOTIOTIWV KAl EVOG R i |
QAVELAPTNTOU- TNG —
IAM

TPUTITITOPAVNG
IAM pathway

IAA

\
TAM ——> IAAId —/
TAM pathway
\ IPA J

Indole — Tr

Trp-dependent pathways
A

7 "\

\ IAOx pathway

Trp-independent pathway

Adapted from Rosquete M.R., Barbez, E. and Kleine-Vehn, J. (2011) Cellular auxin homeostasis: gatekeeping is housekeeping. Mol. Plant 5: 772—
786. See also Mashiguchi, K.,et al. (2011) The main auxin biosynthesis pathway in Arabidopsis. Proc. Natl. Acad. Sci. U.S.A. 108: 18512-18517.


http://mplant.oxfordjournals.org/content/5/4/772.long
http://www.pnas.org/content/108/45/18512.abstract

BlooUvOeon avéwvwv

(A) (B)
Movonartia BloocUvBeong nov
eaptwvtal ano tnv
tpunttodpavn

*Trp
monooxygenase

IAN

P

N NOH
H
Indole-3-acetaldoxime

Bacterial pathway

W@if

Indole-3-acetam|de (1AM) Indole-3-acetonitrile (IAN)

*|AM hydrolase

Nitrilase

© (D)
Indole-3-pyruvic acid pathway

COOH
B
NH

N 2

H
Tryptophan (Trp) Trp
Trp decarboxylase
transaminase

- (

Indole-3-pyruvic acid (IPA) N
IPA Tryptamine (TAM)
decarboxylase

Amine
oxidase

b

N

Indole-3-acetaldehyde (IAld)

IAld
dehydrogenase

N

H
Indole-3-acetic acid (IAA)



Indole-3-pyruvic acid pathway

To povonartt IPA < WC -
= NH \

(tvé0oA-3- | :

Tryptophan (Trp)

nupootaduAikov) - ”
transaminase

Gt

Indole-3-pyruvic acid (IPA)

COOH

IPA
decarboxylase

IIL/

N
H

Indole-3-acetaldehyde (IAld)

IAId
dehydrogenase

@/\COOH

H
Indole-3-acetic acid (IAA)



COOH
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= NH

N 2
H

Tryptophan (Trp)

To povonatt TAM (tpuntapivng)

|
N O
H

Indole-3-acetaldehyde (IAld)

1AId
dehydrogenase

H
Indole-3-acetic acid (IAA)

Trp
decarboxylase

Tryptamine (TAM)

/ﬂine
oxidase



COOH

. To povomnartt IAN (wvdoA-aketovitplAiov)

Tryptophan (Trp)

1

Indole-3-acetaldoxime

|

Indole-3-acetonitrile (IAN)

l vitptAdon (nitrilase)

l COOH

Indole-3-acetic acid (IAA)



To BACIKO MOVOTTATI OTA QPUTA Eival TO MOVOTTATI
TOU w80A-3- nupootadulikou

Tryptophan &

’ ’ [Mo16TNTa PWTOC
Eivai eva . Tpavopepaon TG Tputrtopavng oKiacn
ouvinpnuevo Tryptophan amino acid l Bepuokpacia
MOVOTIATI JE OUO transferase 1 (TAA1)

Baoikd otadia. H

EVERYOTNTA TWV  |ndole-3-pyruvic acid

OUO0 ev{UUWV (IPA)

puBuileTal pe .

TTOAAOUC MOVO,OF’UYF'VGOH mes Kuttapo-€I10Ikn)

, PAapivng EKPPOC
OIAPOPETIKOUG (YUCCA) ;EP n
TPOTTOUC 11 yovidia oTo Arabidopsis » ﬁ
Rate-limiting step HO o "

IAA OpeTTITIKG

Cheng, Y., Dai, X. and Zhao, Y. (2007). Auxin synthesized by the YUCCA flavin monooxygenases is essential for embryogenesis and leaf formation in Arabidopsis. Plant Cell 19: 2430-2439.

© 2013 American Society of Plant Biologists


http://www.plantcell.org/content/19/8/2430.abstract

Proposed IAA biosynthesis pathway in plants.

| |
| |
| I |
| | 1
I
. IAOX | TAA1 : IAOX |
IPA TAM | i TAM | |
| | | |
| | | |
IAM l YUCl : L 1AM l PA | |
| | 1 |
AAId HTAM | AN ~N v IAAId | 'AN\ I
| IAM 1 YUC i IAM |
AMIT \. AAOT L AMIT i
v : : l
IAA XD AA T __ ]
GH3 JGH\?
v
IAA-Asp IAA-Asp
IAA-Glu IAA-Glu

Kiyoshi Mashiguchi et al. PNAS 2011,108:18512-18517

©2011 by National Academy of Sciences




To IPA povormartt kot ta EV(UA TOU €Lval CUVTINPNUEVA
ota puta

TRP

VANISHING
TASSEL2
(VT2)

IPA

SPARSE
INFLORESCENCEL1
(SPI1)

spil
2ToVv apaBdaoito, Ta yovidia VT2 kai SPI1 gival opBdAoya Twv TAAL

IAA Kal YUC. Ta petaAAayparta atrwAelag Asitoupyiag vi2 f spil €xouv
TOV id10 QaIVOTUTTO OTa AvOn

wild type vi2

Gallavotti, A., Barazesh, S., Malcomber, S., Hall, D., Jackson, D., Schmidt, R. and McSteen, P (2008) sparse inflorescencel encodes a monocot-specific YUCCA-like gene required for vegetative and reproductive development in maize. Proc. Natl.
Acad. Sci. U.S.A. 105: 15196-15201, Copyright (2008) National Academy of Sciences, USA.. Phillips, K.A., Skirpan, A.L., Liu, X., Christensen, A., Slewinski, T.L., Hudson, C., Barazesh, S., Cohen, J.D., Malcomber, S. and McSteen, P. (2011)
vanishing tassel2 encodes a grass-specific tryptophan aminotransferase required for vegetative and reproductive development in maize. Plant Cell 23: 550-566.



http://www.pnas.org/content/105/39/15196.long
http://www.plantcell.org/content/23/2/550.long

OL eVOOYEVEIC GUYKEVTPWOELG TWV AUVELVWV
puOuilovtol

> Tpormormolnon Tng TaxuTNTag cuvOeonc
NG TaxvTNTAC KatoBoAlopou

> 20levén pne aAa Bropopla Kot arteAsVBOEPWON ATIO TLC
oU{eVYUEVEC LOPDEC



‘ (A) Decarboxylation: A minor pathway

COOH
l Peroxidase
Cco,

N
H

Indole-3-acetic acid

‘ (B) Nondecarboxylation pathways

KataBoAlopog avévwv

Conjugation

3-Methyleneoxindole

Aspartate

Indole-3-acetylaspartate

N
H l
(@)
Aspartate
O
N - -
H Dioxindole-3-

acetylaspartate

Oxindole-3-acetic acid

(OxIAA)



0 COOH
|

CH,COOH |
f CH, —C—N—C—H
- E—— I |
o oA v e ging

N ﬁ—b
4 H Aspartate N |
H COOH
Indole-3-acetic acid
Indoleacetylaspartate
2 CH,OH
E HA O H
4 20levuén pe aAla Bopopla
= H OH
-XopnAoU poplakoUl Bapoug (eotepeG pe YAUKOLN N
/O MYyO-LVOOLTOAN, apidia)
’ CH, —c:\\O - YYnAou poplakol Bapoug (yAukaveg: 7-50
C :N: yYAukoZec/ IAA, yAUKOTIpWTEIVEC)
myo-lnositol,\ ;
Indoleacetyl-B-D-glucose Tt g{unnpgrgl_;
H OH - HETOLCI)Opd (m.x. IAA-myo-inositol oo To evS0oTEépHLO OTO
o) H H KOAEOTTIAO (H€ow TOU NOUOUL)
” OH - KOTOBOALOOC

CH, —C—O0
l OH H ’
- amoBnkeuvon

Indoleacetyl-2-O-myo-inositol



biosynthesis

IAA-amido
hydrolases

Signaling

Ta GH3

yovidia 4
gmayovrai

aTtroé TNV
augivn

IAA-Ala
IAA-Leu

H umrepékppaon tou ev{upou ouleuinc TG
augivne T1ou KwodlkoTroleital amd 10 GH3
yovidlo pelwvel Ta eTTiTTeda TNG AUCivng OTO
UTO Kal odNYEi o€ PaIvoTuTTo VAVO

________

ester
conjugates

IAA-amido
synthetases
(GH3 genes)

\/
IAA-Asp
IAA-Glu

---------

storage «_ degradation *

Zhang, S.-W., et al., (2009) Altered architecture and enhanced drought tolerance in rice via the down-regulation of indole-3-acetic acid by TLD1/OsGH3.13 activation. Plant
Physiol. 151:1889-1901. Staswick, P.E., et al., (2005) Characterization of an Arabidopsis enzyme family that conjugates amino acids to indole-3-acetic acid. Plant Cell 17: 616-627
See also Ludwig-Miiller, J. (2011) Auxin conjugates: their role for plant development and in the evolution of land plants. J. Exp. Bot. 62: 1757-1773.

Wild-type

Arabidopsis

GH3.13

overexpression ‘ —
Wild-type GH3.13

overexpression

© 2013 American Society of Plant Biologists


http://www.plantphysiol.org/cgi/content/full/151/4/1889
http://www.plantcell.org/cgi/content/full/17/2/616
http://jxb.oxfordjournals.org/content/62/6/1757.full

DuoloAoyIKEC Hpaoelc avévwv
(o€ eninedo kutTtapov)

e Kuttaptkn dtaipeon (emaywyn cuvBeonc CDC2)

e Kuttaplkni avénon (EMUAKUVON KUTTOPLKWY TOLXWHATWV)
(Bewpla 6&vnc avénonc)

e Kuttaptkn dtadopormnoinon (emaywyn EUAwATOC Kat NOuou
Qo OUENMEVEC OUYKEVTPWOELC N cUUPwva pe tTn dtafabuion

avéivnc)



OL 6paoelc tnC avéivne Stapecolafwvtal oo

HLETABOAEC OTNV EKPpaON YOVLOLWV

O [ovidia TTou eAeyxouV \C / visaos
TNV KUTTOPIKA auénon 3 A
OH [ovidia TTou
EUTTAEKOVTAI OE
\ HETAYWYT OAPATOG
N ['ovidla TTou guvTovidouv
H TNV ATTOKPION GAAWV

OPMOVWV

Lateral root

Wolters, H., and Jiirgens, G. (2009). Survival of the flexible: Hormonal growth control and adaptation in plant « RM



http://www.nature.com/nrg/journal/v10/n5/full/nrg2558.html

DuoloAoyikEC SpATELS auELVwV

e Kuttapikn avénon (EMUAKUVON KUTTAPLKWY TOXWHATWV) (Bewpia 6&vng avénong)

Bswpia 0&vnc avénong

Evepyomoinon avtAlag mpwtoviwyv tng MAACUATIKAC LEUBpavne =2
uelwon pH otov amonAaotn 2

gvepyoroinon udpoAuTIKwY eVIUUWV TL.X. EEMAVOLVWV

(AUon beouwv vdpoyovou uetaéu kuttapivnce kot yAukavwv)




Meiwon Tou pH OTO KUTTAPIKO TOIXWHO EVEPYOTTOIEI ESTTAVOIVEG

H+ AuxXin

H:: ‘

£ 0.6} Heat-Inactivated Walls
§,O A Add wall proteins
£ (still ot pH 4.5)
Cellulose Xyloglucan Plasma COQ
microfibril membrane g lDH 4.5 l C
. 0 .
To KUTTAPIKO TOIXWHA ME 0 : 5 3
TTPWTEIVEG KAl OUVOETOUG Time (h)
TTOAUOCOQOKXAPITEG

Cosgrove, D.J. (1998) Cell wall loosening by expansins. Plant Physiol.118: 333-339; Cosgrove, D.J. (2001) Wall
structure and wall loosening. A look backwards and forwards . Plant Physiol.125: 131-134.

© 2013 American Society of Plant Biologists



http://www.plantphysiol.org/cgi/reprint/118/2/333
http://www.plantphysiol.org/cgi/reprint/125/1/131

DuoLloAoYIKEC SPACELC AUELVWV
2e eninedo opyavwyv Kot putikoU opyovVIoHOU
e Snuovpyla kot dtatpnon MOALKN G avénong
e gTpikuvon BAOOTOU Kol KOAEOTTTIAWV
* QVOLOTOAN ETLUNKUVONG KUPLac pllac (og cuykevtpwoelg > 108 M amo IAA nou
TIPOEPXETAL ATIO TO aKpailo pepiotwpa tnC pilac, argl & aux1 petaAldypota Ko
HeTaPEPETAL BACUTETAAKA OTA KUTTOPA TOU TIOPEYXUMATOG 0OPLOEVNG {wvng
e pidag)
e Tn plloyeveon (mAayiwv pL{wv oo KUTTAPLKEC SLALPEDELC OTA KUTTOPO TOU
TLEPLKUKALOU)
® TO EAEYXO0 TNG EMAKPLOC KUpLapXLOC
*VOLOTOAN TNC yRpavong Twv GUAAwWY
® TNV AVATTTUEN TWV avOEWVY
* TNV KaPTtodeoN Kal TNV QVATTTUEN KAPTIWV
* TNV WpLpAvVon KoPTwyY

* TNV eudAVLON TPOTILOUWV



DR5:GUS katookeun

MAgvpikn (lateral) StafaBuion cuykEvipwong avéivne Adyw amokplong oto ¢wg
QwTtouTtod0oXELS YLO TO HOVOTIATL OAMATOG UMAE-GwTOG: phototropinsl, 2



ACCELERATION

INHIBITION

[EWTPOTILOUOC

DR5::GUS ékgppaon o€
pifec o€ opIfOvTIa

H adgnon Tng
OUYKEVTPWONG au&ivng

* TOTT00£TNON .
% O':IT]V KOTW 'IT%\&UpG NG
. o pifag, avaoTEAEl TNV
N ETTINAKUVON TWV
| KUTTAPpWV

6 18" @ 18 10 10 10 i@ 18 @ 10 MOLAL
AUXIN CONCENTRATION
Rashotte, A.M., DeLong, A., and Gloria K. Muday, G.K. (2001) Genetic and chemical reductions in protein phosphatase activity alter auxin transport, gravity response, and
lateral root growth. Plant Cell 13: 1683-1697; Thimann, K.V. (1938). Hormones and the analysis of growth. Plant Physiol. 13: 437-449; Luschnig, C., Gaxiola, R.A., Grisafi,
P., and Fink, G.R. (1998) EIR1, a root-specific protein involved in auxin transport, is required for gravitropism in Arabidopsis thaliana. Genes Dev.12: 2175-2187.



http://www.plantcell.org/cgi/content/full/13/7/1683
http://www.plantphysiol.org/cgi/reprint/13/3/437
http://genesdev.cshlp.org/content/12/14/2175.full

FEWTPOTILONOC

** Tayutatn cvocowpevon SAURS QlOUUMETPLKA
@ aoOntnpec Baputntac : otatoABol Kal otatoKUTTapO

Statolith

Endoplasmic reticulum



Movtélo apuAou-otatoAtOov

Vertical orientation

Amyloplasts tend to
sediment in response to
reorientation of the cell
and to remain resting
against the ER. When
the root is oriented
vertically, the pressure
exerted by the amylo-
plasts on the ER is

Uniform  equally distributed.
pressure

on ER

In a horizontal orient-
> Root tip ation the pressure on
the ER is unequal on
either side of the
vertical axis of the root.

Unequal
pressure

oh ER AM\G ka tensegrity model



(A) Vertical orientation

Cortex —— |

Stele ———— |

Root cap—— 1

1AA
Root cap cell «
(enlarged) \\
Statoliths

(B) Horizontal orientation

Elongation
zone
(flavonoid
synthesis)

6. The decreased auxin
concentration on the
upper side stimulates
the upper side to
grow. As a result, the
root bends down.

5. The high concentration
of auxin on the lower
side of the root inhibits
growth.

auxin in the cap is
then transported
basipetally in the
cortex on the lower
side of the root.

1. IAA is synthesized
in the shoot and
transported to the
root in the stele.

FEWTPOTILOUOG Kol
OUYKEVTpwon avéivng

2. When the root is vertical, the
statoliths in the cap settle to the
basal ends of the cells. Auxin
transported acropetally in the root
via the stele is distributed equally on
all sides of the root cap. The IAA is
then transported basipetally within
the cortex to the elongation zone,
where it regulates cell elongation.

4. The majority of the \ 3. In a horizontal root

the statoliths settle to
the side of the cap
cells, triggering polar
transport of IAA to the
lower side of the cap.



H cuykEvTpwon augivnG CUVEICPEPEI
oTn ONUIOUPYIO AVATTTUSIOKWYV
TTPOTUTTWYV Kal oTtn Ol1a¢opoTroinon

10TWV -




DR5:GUS

enaywyn EVAwpaATog Kot NOpov cuudpwva pe tn dtafabuion avéivng



Aunuéva eTITTedA augivng o€ Eva HovadIiKo
KUTTOPO TOU TTEPIKUKAIOU ETTOPKEI YIA TNV

gTapyxn mTAaylag pidag

DR5::GUS).

Dubrovsky, J.G., et al., (2008) Auxin acts as a local morphogenetic trigger to specify lateral root founder cells. Proc. Natl. Acad. Sci. 105: 8790-8794,
copyright © by the National Academy of Sciences.

© 2013 American Society of Plant Biologists


http://www.pnas.org/content/105/25/8790.abstract

Metadopa auvéivng
‘/I'Io?\LKr'] petadopd ** SLAKUTTOPLKA KOl OXL OTIO TOV CUMTTAQOTN
*** HOVO yLO EVEPYEC LOPDEC QU EWVWV

‘/Bacmera?\tkd (arto Tnv kopudn npocg tn Baon)
s pe tayvtnta 5-20 mm/h

** LECW TOU TTOPEYXUMOTOC TOU aywyou LotoU

* aalLteital eVEpyeLa

s aveEaptntn tng faputntag

v AkpomeTaAlka (tpoc¢ TNV Kopudn- akpo tnc pilac)
** HEOoWw TOU NOUOU (un moAkn)

AAAa kat
BaounetaAlkn petadopa amo to kopudoio pullko LEPLOTWHA OTN
plla  (kaBoplopocg yewTtpomiopou)

MetaBaon amo un moAlkn UETAPOPT O€ TTOALKN



[MoAwknN petadopa avéivng

e

Y L H auivn peTakiveital o€
MEYAAEC ATTOOTACEIC HECW .
\’ TOU QAOIWHATOG, BaaireTaAikn
>5\ "'ZTL— Kal péow EEIBIKEUPEVWV
U METAPOPEWV.

Phloem —— 5 Phloem AKpO'ITETG)\IKr’]
Xylem auxin

distribution | |

\/ ) L4

\ .'I I'\._ __/I
iy V] .
\/ BaoimreTaAikn
oTtn pida *

Reprinted with permission from Macmillan Publishers, Ltd. Robert, H.S., and Friml, J. (2009) Auxin and other signals on the move in plants. Nat. Chem. Biol. 5: 325-332.
Reprinted from Muday, G.K., and DeLong, A. (2001). Polar auxin transport: Controlling where and how much. Trends Plant Sci. 6: 535-542, with permission from Elsevier.



http://www.nature.com/nchembio/journal/v5/n5/abs/nchembio.170.html
http://www.cell.com/trends/plant-science/abstract/S1360-1385(01)02101-X

XNUELOWOUWTLKO HOVTEAO

BaowutetaAiknc petadopac avéivnc

Indole-3-acetic acid is a charged
anion (IAA-) in the cytoplasm (pH 7).

In the more acidic cell wall (pH 5.5)
some is uncharged (IAAH). The
uncharged form crosses the plasma
membrane into the cell where it is
deprotonated and unable to exit other
than through specific transporters.

Cell wall
pH 5.5

A proton ATPase Cytoplasm

maintains the " pH 7
differential pH =

gradient IAA-

IAAH g IAA"+H*

\
#

IAA- + H*

4

Cell-to-cell
polar
auxin
transport

\4

Redrawn from Robert, H.S., and Friml, J. (2009) Auxin and other signals on the move in plants. Nat. Chem. Biol. 5: 325-332.


http://www.nature.com/nchembio/journal/v5/n5/abs/nchembio.170.html

ENNPEALEL TO
VEWTPOTTLOUO

Apex

To KUTTAPLKO
Tolywpa €xel
o&wo pH

Permease
H*-cotranspor

Vacuole

Base

XNHELOWOUWTLKO HOVTEAO BaounetaAkng petadopag avivng

H eloodo¢ tn¢ avéivng yivetaul

membrane
e Me mabntikn dtaxuon tng
TIPWTOVIWHEVNCS popdnc IAAH
e Me gvepyn petadopad amno
ouppetadopea H+
— Cell wall
— Cytosol

To kutomAaopa €xeL oudetepo pH
kat n avéivn eival pe popodn
aVLOVTOC

Ta aviovta eEEpyovtal LECW
elOKWV pwTteivwy €€66ov, Tou
gvtorniletal otn Baon Tou
KUTTAPOU



H avélvn petakivelton pe
netadopeic elcodou kat e€odou

|| ||/ ABCB transporters
mp mjr AUXA/LAX auxin
LU influx carriers

ol PIN auxin efflux
W ¥ carriers

O1 AUX1/LAX
METAPOPEIG
g10660u
METAQPEPOUV TO
IAAH péoa oTo
KUTOTTAQO O,

AUX1/LAX Cell wall

. I.I; - pH55

Mgt
Cytoplasm
= pH 7 =
= e

-

~

IAA— "ABCB

PIN ill’u |

IAAH=== |JAA- + H*

e WL

IAAH *
f—. II ABCB

IAA- + H"-—}

PINL“

A

H oikoyévia PIN
TTPWTEIVWYV odnyeEi 1O
IAA £§w aT1Td6 TO KUTTAPO

Cell-to-cell
polar
auxin
transport

O1 ABCB peTa@opEic
(MDR R PGP)
META@EPOUV aUSivn
TTPOG OIAPOPES
KATEUOUVOEIG

Reprinted with permission from Macmillan Publlsﬁers ﬂd Robert, H.S., and Friml, J. (2009) Auxin and other signals on the move in plants. Nat. Chem. Biol. 5: 325-332.


http://www.nature.com/nchembio/journal/v5/n5/abs/nchembio.170.html

H AUX1 JeTa@EPEI TNV aUgivn HEOO
OTO KUTTOPO

AUX1/LAX
mﬂj IAA i T

Carrier-
mediated
auxin -
uptake ;.

[MpwTeiveg OTTWG N
AUX1 ovouadlovrail
LAX (Like AUX1).

wild-type aux 1-100
H mpooAnyn tng
aucivng €ival NEIWPEVN
oTa aux1l peTaAAayuara.

Reprinted with permission from Macmillan Publishers, Ltd. Marchant, A. et al., (1999) AUX1 regulates root gravitropism in Arabidopsis by facilitating auxin uptake within
root apical tissues. EMBO J. 18: 2066-2073.

© 2013 American Society of Plant Biologists


http://www.nature.com/emboj/journal/v18/n8/full/7591633a.html

The proteins are important for
auxin transport

P Seedlings

1.2 B
1.04 1 mﬂm
08

0.64

2 =

0.2‘ - -

0.0 sxzzcEn.
WT abch19-2 abch19-2 geBCB mlm
abcb19-1 abchbl —abcbl

Relative auxin transport

WT abcbh19-1

2710 Arabidopsis utrapyouv 21

ABCB TTpwTEiveC Loss-of-function of some ABCB

genes causes diverse

phenotypes including dwarfism
and altered tropisms.

Wau, G., Lewis, D.R., and Spalding, E.P. (2007) Mutations in Arabidopsis multidrug resistance-like ABC transporters separate the roles of acropetal and basipetal auxin

transport in lateral root development. Plant Cell 19: 1826-1837. Noh, B., Murphy, A.S., and Spalding, E.P. (2001) Multidrug Resistance—like genes of Arabidopsis
required for auxin transport and auxin-mediated development. Plant Cell 13: 2441-2454.

© 2013 American Society of Plant Biologists


http://www.plantcell.org/cgi/reprint/19/6/1826
http://www.plantcell.org/cgi/reprint/13/11/2441

O1 PIN TTpWTEIVEG TTAPAV TO OVOMO TOUG OTTO TO Pin-
formed peTaAAayua

pin-formed, pe yeTAAAACN oTO
PIN1 yovidio: avwuaAa @UAAa Kal
atrouadia avBoug

Galweiler, L., Guan, C., Muller, A., Wisman, E., Mendgen, K., Yephremov, A., and Palme, K. (1998). Regulation of polar auxin transport by AtPIN1 in Arabidopsis
vascular tissue. Science 282: 2226 — 2230, reprinted with permission from AAAS.

© 2013 American Society of Plant Biologists


http://www.sciencemag.org/cgi/content/full/282/5397/2226

O1 PIN peTagopeic €600V TNG augivng
KWOIKOTTOIOUVTAI ATro yovidla TTou eK@palovTal
Ol1a@opIKaA

Key: |
o | PIN1 PIN2
PIN3 P4
PING PIN7

PING PIN
- L

%!:

(1)
*..\!l

Krecéek, P., Skupa, P., Libus, J., Naramoto, S., Tejos, R., Friml J., and Zazimalova, E. (2009) The PIN-
FORMED (PIN) protein family of auxin transporters. Genome Biology 10: 249.

© 2013 American Society of Plant Biologists


http://genomebiology.com/2009/10/12/249

OUTSIDE OF CELL Plasma
= membrane

NH, COOH

CYTOPLASM

TomoAoykn ntapaotaon PIN petadopéwv



Ot PIN mpwteivecg tomoBeTouvTal ACULLLETPLKA
ota pUTIKA KUTTAPO

Baon
pidag

PIN1 evroTrieTal
OTNV KATW

ETTIPAVEIQ TWV
KUTTAPWYV TNG

pidag

H PIN1 givai
uTTEUBUVN YIa TN
por| Tng augivng
Q1o TO AKPAio
MEPIOTWHAO OTO
pICIKO akpaio
MEpIOTWHA

Akpo
pidag

Reprinted by permission from Macmillan Publishers, Ltd. Dhon cell polarity in plants links endocytosis, auxin distribution and cell fate
decisions. Nature 456: 962-966. Reproduced with permssion from Dolan, L., et al. (1993). Cellular organisation of the Arabidopsis thaliana root. Development 119: 71-84.


http://www.nature.com/nature/journal/v456/n7224/full/nature07409.html
http://dev.biologists.org/content/119/1/71.full.pdf+html

H PIN3 aAAaleL toAlkotnta o€
arnokplon otnv Baputnta

H PIN3 guBuvertail yia Tnv
TTAQyYIQ JETATOTTION TNG
aucivng Kata Tov
PWTOTPOTTIONO TOU
BAaoTOU KaI TOV

YEWTPOTTIOUO TNG pidag

Reprinted by permission from Macmillan Publishers, Ltd. Friml, J., Wisniewska, J., Benkova, E., Mendgen, K., and Palme, K. (2002). Lateral relocation of auxin
efflux regulator PIN3 mediates tropism in Arabidopsis. Nature 415: 806-809. Adapted from Tanaka, H., Dhonukshe, P., Brewer, P. & Friml, J. (2006) Spatiotemporal
asymmetric auxin distribution: a means to coordinate plant development. Cell. Mol. Life Sci. 63: 2738-2754.



http://www.nature.com/nature/journal/v415/n6873/full/415806a.html
http://www.springerlink.com/content/p27635187k474700/

Awadopetikec PIN npwteivec tontoBetovuvtal oe
dladopeTikEC BEoelc ota KUTTAPA

H PIN2 evTotrieTal otnv
KATW ETTIPAVEIQ OTA KUTTAPO
TOU PAoIoU TNG pidag Kal
oTNV TTAVW ETTIPAVEIA TWV
ETTIOEPUIKWV KUTTAPWYV

PIN2

H PIN2 dpa
KUPiwG yIa TNV
eTTa-dlavoun TNG
augivng KaTa Tov
YEWTPOTTIOUO

Reprinted by permission from Macmillan Publishers, Ltd. Dhonukshe, P., et al. (2008). Generation of cell polarity in plants links endocytosis, auxin aistripution and cell Tate
decisions. Nature 456: 962-966. Reproduced with permssion from Dolan, L., et al. (1993). Cellular organisation of the Arabidopsis thaliana root. Development 119: 71-84.


http://www.nature.com/nature/journal/v456/n7224/full/nature07409.html
http://dev.biologists.org/content/119/1/71.full.pdf+html

H katavoun twv PIN npwteivwv cuvelodpepel otn dnuoupyla

U

|

PIN

(UL

INZH

IN2 rpmz

P ‘ PIN2

IN3
PIN7,

dtaBabuionc avéivne gradients

l — PIN1

1 PIN2
PIN3

PIN4
W PIN7

Auxin concentration
gradient

Krecéek, P., Skupa, P., Libus, J., Naramoto, S., Tejos, R., Friml J., and Zazimalova, E. (2009) The PIN-
FORMED (PIN) protein family of auxin transporters. Genome Biology 10: 249.



http://genomebiology.com/2009/10/12/249

AkpometaAika (rpo¢ tnv kopuPni- AKPO TNG
pigac)

BaoutetaAlkn petagdopd anod to kopudaio
pL{KO pepiotwpa otn pila

. . - PIN2
Gravi > Gravi

y 0 l Y B PIN3

B PIN4

B PIN7

1 Auxin

BaoutetaAkad (amo tnv kopudn mpog tn
Baon)



H katavoun twv PIN npwteivwv cuvelodpepel otn dnuoupyla
npotunwv nou dtapecolaBwvtal amo tnv avéivn

KaBopilouv Ta péyiota
TNG au&ivng TTou
ATTAITOUVTAI KATA TNV

eUPBpuoyéveon
1-cell 2-cell Octant  Globular Triangular Mid heart

a \ _;- JI _'_E._— |
FH; —> T —» T —
1 i | [ 1
ih _.|1 ﬁ-‘h Bl A | 1_'*.-‘
s -
Key — PIN{ B Auxin concentration gradient a Apical cell
(low-high)
— PIN4 ¢ Cotyledon
—= PIN7 B Future vasculature y v
h Hypophysis
ABGB1 Reproduced with permission from Petrasek, J., and Friml, J. (2009) Auxin transport routes in plant development. Development 136: 2675-2688.
=== ABCB19 SAM Future shoot apical meristem s Suspensor cells



http://dev.biologists.org/content/136/16/2675.abstract

Ot PIN npwteivec petaKlvouvTal LECA OTO
KUTTOPO KOl TOUC LOTOUC

2E avriBeon ue 1ic ABCB
TTPpwTEIVEG, o1 PIN utropouv
va aAAQCOUV TaxuTaTa TN
Béon Touc yeca oTo KUTTAPO

Reprinted from Heisler, M.G., et al. (2005). Patterns of auxin transport and gene expression during primordium development revealed by live imaging of the
Arabidopsis inflorescence meristem. Curr. Biol. 15: 1899-1911, with permission from Elsevier.



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VRT-4HH8DGG-P&_user=10&_coverDate=11/08/2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=ffe4d73640c76d326229a80e50256233

Auxin transport inhibitors not found in plants Naturally occurring auxin

transport inhibitors
O—CH,—COOH
£ o OH

I I
NPA (1-N- naphthylphthalamrc acid)  TIBA (2,3,5-triiodobenzoic acid) 1-NOA (1-naphthoxyacetic acid)

3

OH 0

Plasma
membrane\

ENDOSOMAL
COMPARTMENT

Genistein

Ta dAaBovoeldny pouv wg

dep;en o evboyeveic avaoTtoAeis TnG

é cycling ! '
Hetadopag avéivng

(avaotoAeic pwodatacwv Kat

(@E KLVALOWV)
TIBA, j
NPA | |

) (PIN)

~—— Actin

PIN complex microfilament

<



AvaoTtoAeic tTnG petadopadc avéivng
npokaAouv tn petadopa tng PIN otnv
TIAQLOLOLTLKA LEUBpPAVN

Evtomiopog tng PIN1
OLOUUUETPLKA 0TO KUTTOPO






XNUELOWOUWTLKO HOVTEAO BaoumeTaAlkng petadopdc avéivng

n ntoAwkn petadopa avéivne kabopiletal anod to BApa e€66ovu anad to KUTTOPOo
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H C—C
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Kinetin

KUTOKLVIVEG
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N
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k 4l g Adsevivy
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H\ /CH3
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CH, CHj;
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CH, CH;
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Né-utrokaTdoTaTa-

L adevivne
OO
i

adenine

Isopentenyl adenine trans-zeatin dihyd rozeatln_ cls-zeatin

iP tZ DZ cZ

'L/N | ;\> k)j: ”<I;\> g

Hirose, N., Takei, K., Kuroha, T., Kamada-Nobusada, T., Hayashi, H., and Sakakibara, H. (2008). Regulation of cytokinin
biosynthesis, compartmentalization and translocation. J. Exp. Bot. 59: 75-83.

OH


http://jxb.oxfordjournals.org/cgi/reprint/59/1/75

H avakaAupn TnC KUTOKLVIVNG

- Control Mg kivetivn

H\ /H
C o C
i\
Y |
ZENC il KiveTivn, OUVOETIKI) KUTOKIViVN,
N 5|C| \C_H (Folke Skoog, 1950)
H,CZ\:'/‘ \a
:
kinetin
(6-furfurylaminopurine)

Amasino, R. (2005) 1955: Kinetin Arrives. The 50th Anniversary of a newplant hormone. Plant Physiol. 138: 1177 — 1184.


http://www.plantphysiol.org/cgi/reprint/138/3/1177.pdf
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Haberer, G. and Kieber, J.J. (2002) Cytokinins. New insights into a classic phytohormone. Plant Physiol. 128: 354-362.


http://www.plantphysiol.org/cgi/content/full/128/2/354
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Takei, K., Sakakibara, H., and Sugiyama, T. (2001) Identification of genes encoding adenylate isopentenyltransferase,
a cytokinin biosynthesis enzyme, in Arabidopsis thaliana. J. Biol. Chem. 276: 26405-26410.


http://www.jbc.org/content/276/28/26405.abstract
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Haberer, G. and Kieber, J.J. (2002) Cytokinins. New insights into a classic phytohormone. Plant Physiol. 128: 354-362.


http://www.plantphysiol.org/cgi/content/full/128/2/354
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Haberer, G. and Kieber, J.J. (2002) Cytokinins. New insights into a classic phytohormone. Plant Physiol. 128: 354-362.


http://www.plantphysiol.org/cgi/content/full/128/2/354
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Haberer, G. and Kieber, J.J. (2002) Cytokinins. New insights into a classic phytohormone. Plant Physiol. 128: 354-362.


http://www.plantphysiol.org/cgi/content/full/128/2/354
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http://www.plantphysiol.org/cgi/content/full/128/2/354
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Medford, J.I., et al. (1989) Alterations of endogenous cytokinins in plants using a
chimeric isopentenyl transferase gene Plant Cell1: 403-413.


http://www.plantcell.org/cgi/content/abstract/1/4/403
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Miyawaki, K., et al. (2006). Roles of Arabidopsis ATP/ADP isopentenyltransferases and tRNA
isopentenyltransferases in cytokinin biosynthesis. Proc. Natl. Acad. Sci. USA 103: 16598-16603.


http://www.pnas.org/content/103/44/16598.abstract
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Takei, K., Yamaya, T., and Sakakibara, H. (2004). Arabidopsis CYP735A1 and CYP735A2 encode
cytokinin hydroxylases that catalyze the biosynthesis of trans-zeatin. J. Biol. Chem. 279: 41866-41872.



http://www.jbc.org/content/279/40/41866.abstract
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Reprinted by permission from Macmillan Publishers Ltd.: Nature. Kurakawa, T., et al. (2007). Direct control of
shoot meristem activity by a cytokinin-activating enzyme. Nature 445: 652-655, copyright 2007.


http://www.nature.com/nature/journal/v445/n7128/pdf/nature05504.pdf

2710 Arabidopsis Ta log
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Kuroha, T., et al. (2009) Functional analyses of LONELY GUY cytokinin-activating enzymes reveal the importance of the
direct activation pathway in Arabidopsis.Plant Cell 21: 3152-3169.


http://www.plantcell.org/cgi/content/full/21/10/3152
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Kieber, J.J. (2002) Cytokinins: March 27, 2002. The Arabidopsis Book. Rockville, MD: American Society of Plant Biologists. doi: 10.1199/tab.0063 See also
Bajguz, A. and Piotrowska, A. (2009) Conjugates of auxin and cytokinin. Phytochemistry 70: 957-969.


http://www.bioone.org/doi/full/10.1199/tab.0063
http://www.sciencedirect.com/science/article/pii/S0031942209002052
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H BioouvOeon CK ka1 o KataoAIouog gival
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Adapted from Frébort, 1., Kowalska, M., Hluska, T., Frébortova, J., and Galuszka, P. (2011). Evolution of cytokinin biosynthesis and degradation. J. Exp.Bot. 62: 2431-2452.

© 2013 American Society of Plant Biologists


http://jxb.oxfordjournals.org/content/62/8/2431.abstract

H uniepekdpaon CKX evioxVel Tnv avamtuén pildac Ko
KOlL AVOLOTEAEL TNV avarntuén BAaotou

|
i

A48
R

WT AtCKX1 AtCKX2

Werner, T., Motyka, V., Strnad, M., and Schmiilling, T. (2001). Regulation of plant growth by cytokinin. Proc. Natl.
Acad. Sci. USA 98: 10487-10492, Copyright 2001 National Academy of Sciences, USA.



http://www.pnas.org/content/98/18/10487.full.pdf+html
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Batrina, I., Otto ESrndMWrn , T, dShmllgTZOlletk regulates the activity of reproductive

mer tmflw organ vule formation, and thus seed yield in Abdp is thaliana. Pla tCII236980.


http://www.plantcell.org/content/23/1/69.abstract
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From Faiss, M., Zalubilova, J., Strnad, M., and Schmiilling, T. (1997). Conditional transgenic expression of the ipt gene indicates a
function for cytokinins in paracrine signaling in whole tobacco plants. Plant J. 12: 401-415.


http://onlinelibrary.wiley.com/doi/10.1046/j.1365-313X.1997.12020401.x/abstract
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Lomin, S.N., Krivosheev, D.M., Steklov, M.Y ., Osolodkin, D.l. and Romanov, G.A. (2012) Receptor properties and features of cytokinin signaling. Acta Naturae 3: 31-45.



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491891/
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Skoog F, Miller CO (1957) Chemical regulation of growth and organ formation in plant tissue cultured in vitro. Symp Soc Exp Biol XI: 118-131; Figure from
Amasino, R. (2005) 1955: Kinetin Arrives. The 50th Anniversary of a newplant hormone. Plant Physiol. 138: 1177 — 1184.


http://www.plantphysiol.org/cgi/reprint/138/3/1177.pdf

Pucloloyikn 6pacn KUTOKWVLVWV
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e PuBuilouv tn dpaon kal tnv kKatavoun avéivng

e AvaotoAn tn¢ dtadikaaoiag ynpavong Twv GuAAwv

e AUénon tng petadopadc petafolitwy mpog T onpeia pe avénuéva emnimeda KUTOKIVIVWV
e Emtaywyn tn¢ avantuénc YAwpomAaotwv (urokatdotaon tng §pdong tou pwtog)
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Lara, M.E.B., et al. (2004). Extracellular invertase is an essential component of
cytokinin-mediated delay of senescence. Plant Cell 16: 1276-1287.


http://www.plantcell.org/cgi/content/abstract/16/5/1276
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Nishiyama, R., et al., (2011) Analysis of cytokinin mutants and regulation of cytokinin metabolic genes reveals important regulatory roles of cytokinins in drought, salt and abscisic acid responses, and abscisic acid
biosynthesis. Plant Cell. 23 : 2169-2183. Nishiyama, R., Watanabe, Y., Leyva-Gonzalez, M.A., Ha, C.V., Fujita, Y., Tanaka, M., Seki, M., Yamaguchi-Shinozaki, K., Shinozaki, K., Herrera-Estrella, L., Tran, L.S.
(2013) Arabidopsis AHP2, AHP3, and AHPS5 histidine phosphotransfer proteins function as redundant negative regulators of drought stress response. Proc. Natl. Acad. Sci. USA. 2013 110: 4840-4845.


http://www.plantcell.org/content/23/6/2169
http://www.pnas.org/content/early/2013/02/28/1302265110.full.pdf
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Rivero, R. M. et al. (2007) Delayed leaf senescence induces extreme drought tolerance in a flowering plant. Proc. Natl. Acad. Sci. USA 104: 19631-19636 Copyright National Academy of Sciences; Ha, S., Vankova, R.,
Yamaguchi.Shiozaki, K., Shiozaki, K. and Tran, L.S. (2012) Cytokinins: metabolism and function in plant adaptation to environmental stresses. Trends Plant Sci. 17: 172-179.



http://www.pnas.org/content/104/49/19631.abstract
http://www.cell.com/trends/plant-science/retrieve/pii/S136013851100255X

O CKs ouvelodpepouv otnv Apuvo Tou Gutol aAla
OLUYXPOVWC ATTOTEAOUV OpLOL EKUETAAAEUONC ATIO
rnaBoyova kol exBpoulg

A s\ y At
Leafy gall produced by the
bacterium Rhodococcus fascians

UGA4823037
Crown gall produced by
Aqgrobacterium tumefaciens

Stes, E., Vandeputte, O.M., El Jaziri, M., Holsters, M. and Vereecke, D. (2011). A successful bacterial coup d'état: How Rhodococcus fascians redirects plant development. Annu. Rev. Phytopathology. 49: 69-86.
See also Giron, D., Frago, E., Glevarec, G., Pieterse, C.M.J. and Dicke, M. (2013). Cytokinins as key regulators in plant—-microbe—insect interactions: connecting plant growth and defence. Functional Ecology. 27:
599-609. Image credit Royal Horticultural Society, Edward L. Barnard, Florida Department of Agriculture and Consumer Services, Bugwood.org



http://www.annualreviews.org/doi/abs/10.1146/annurev-phyto-072910-095217
http://onlinelibrary.wiley.com/doi/10.1111/1365-2435.12042/pdf
http://apps.rhs.org.uk/advicesearch/profile.aspx?pid=211
http://www.forestryimages.org/browse/detail.cfm?imgnum=4823037

Giron, D., Kaiser, W., Imbault, N. and Casas, J. (2007). Cytokinin-mediated leaf manipulation by a leafminer caterpillar. Biol.Lett. 3: 340-343. Kaiser, W., Huguet, E., Casas, J., Commin, C. and Giron, D. (2010). Plant
green-island phenotype induced by leaf-miners is mediated by bacterial symbionts. Proc. Roy. Soc. B. 277: 2311-2319. Mapes, C.C. and Davies, P.J. (2001). Cytokinins in the ball gall of Solidago altissima and in the gall
forming larvae of Eurosta solidaginis. New Phytologist. 151: 203-212. See also Stirk, W.A. and Staden, J. (2010). Flow of cytokinins through the environment. Plant Growth Regulation. 62: 101-116. Photo credit: SriMesh



http://rsbl.royalsocietypublishing.org/content/3/3/340.full
http://rspb.royalsocietypublishing.org/content/277/1692/2311.full
http://onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.2001.00158.x/abstract
http://link.springer.com/article/10.1007/s10725-010-9481-x
http://en.wikipedia.org/wiki/File:GoldenRodGallSk.jpg
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Koshihikari NIL-Gn1

Ashikari, M. et al. (2005) Cytokinin oxidase regulates rice grain production. Science 309: 741 — 745, with
permission from AAAS;



http://www.sciencemag.org/cgi/content/abstract/309/5735/741
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Ariel, F., Brault-Hernandez, M., Laffont, C., Huault, E., Brault, M., Plet, J., Moison, M., Blanchet, S., Ichanté, J.L., Chabaud, M., Carrere, S., Crespi, M., Chan, R.L. and Frugier, F. (2012). Two direct targets
of cytokinin signaling regulate symbiotic nodulation in Medicago truncatula. Plant Cell. 24: 3838-3852; Ruffel, S., Krouk, G., Ristova, D., Shasha, D., Birnbaum, K.D. and Coruzzi, G.M. (2011). Nitrogen
economics of root foraging: Transitive closure of the nitrate—cytokinin relay and distinct systemic signaling for N supply vs. demand. Proc. Natl. Acad. Sci. 108: 18524-18529.



http://www.plantcell.org/content/24/9/3838.short
http://www.pnas.org/content/108/45/18524.full
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Reprinted by permission from Macmillan Publishers, Ltd: NATURE Wolters, H., and Jiirgens, G. (2009). Survival of the flexible:
Hormonal growth control and adaptation in plant development. Nat. Rev. Genet. 10: 305-317. Copyright 20009.


http://www.nature.com/nrg/journal/v10/n5/full/nrg2558.html

Ol CKs gAeyyouv tn popdoloyia
romato TWV GUAAWV

Leaf 6 Leaflet Leaf 6 Leaflet Leaf 6 Leaflet

Augnueva etmritreda CK ota trepibwpla
TOU UAAOU aucavel TNV TTOAUTTAOKOTNTA
TWV QUAAWYV

Shani, E., Ben-Gera, H., Shleizer-Burko, S., Burko, Y., Weiss, D., Ori, N. (2010) Cytokinin regulates compound leaf development in tomato. Plant Cell 22: 3206-3217.



http://www.plantcell.org/content/22/10/3206.abstract

Ol CKs eAgyxouv TNV avamtuén touv aywyou
OUOTAMATOC TNC PLIOC

2T0 JETAAAayaua
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O€ TTPWTOCUAWUC

1 Protoxylem
Bl Metaxylem
] Phloem

[] Intervening

Pericycle

&= Protoxylem-associated
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From Mahonen, A.P., et al (2006). Cytokinin signaling and its inhibitor AHP6 regulate cell fate during
vascular development. Science 311: 94-98.Reprinted with permission from AAAS.


http://www.sciencemag.org/cgi/content/full/311/5757/94

H CK epumobilel ta kUTTOPO VO
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Adapted from Mahonen, A.P. et al (2006). Cytokinin signaling and its inhibitor AHP6 regulate cell fate during vascular development. Science 311: 94-98.


http://www.sciencemag.org/cgi/content/full/sci;311/5757/94

OI1 KUTOKIVIVEC EVEPYOTTOIOUV TNV
EKTTTUCN TWV TTAAYIWYV OPOAANWY

Auxin
Ol augiveg
KATAOTEAAOUV TNV
| EKTTTUEN MECW
AXR1-AFB Bud outgrowth

KATaOTOANG TNG

= BloouvBeoncg
KUTOKIVIiVNG OTO
OnMEio TNG EKTTITUONG.

\
Cytokinin
production

Reprinted by permission from Macmillan Publishers Ltd from Damagalska, M. and Leyser, O. (2011) Signal integration in the control of shoot branching. Nature Reviews: Molecular Cell Biology 12: 211-221.

© 2013 American Society of Plant Biologists


http://www.nature.com/nrm/journal/v12/n4/full/nrm3088.html

H augivn Kal KUTOKIViVN EAEyXOUV ATTO KOIVOU TN
AEITOUPYIO TOU OKPAIOU HEPICTWHATOG TNG PICOC
aBopIoUOC TNG METARATIKNG
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zone=cell 7 1 KUTTAPIKN OlagpopoTToinon)
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QTTOKPION au&ivng
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* H aucivng trpodyel TNV KUTTAPIKNA
dlaipeon avaoTEAAOVTAC TN
BloouvBeon KUTOKIVIVNG

« EAegyxocg Tou peyEBoucg Tou
MEPIOTWMATOG TNG PifaC Kal TOU
TTOAAATTAQCIOOPOU KAl
d1aPOPOTTIOINONG TWV KUTTAPWV

Reprinted from Del Bianco, M., Giustini, L. and Sabatini, S. (2013) Spatiotemporal changes in the role of ctokinin during root development. New Phytol. 199: 324-338.


http://onlinelibrary.wiley.com/doi/10.1111/nph.12338/abstract
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H KuToKIvivn Kal augivn aAANAETTIOpOUV
Yia TN pUOMION TNG OnMIoUpPYIag TTAYiWV

pICWV
Cytokinin
\/ H KuTOKIViv KOTOOTEAAE
PIN " PIN | NV ékppaon Twv PIN1
‘ i ‘ ' yovidiwv oTa KUTTOPa TOU
T Auxin B "\ Auxin: B 'ITEpIKEJK)\IOU TTOU
1N il B\ VEITVIGZOUV TWV KUTTAPWY
¢ - \ NG KATABOARC TNS TTAGYIAC
—— | — piac Kal €701 dNUIOUPYEITal
i ~ Mia BaBpidwaon kal onueio
| ] i UEYIOTNG OUYKEVTPWONG
e | | aucivng oTa KUTTapa TNG
: i | KOTABOAAC
Protoxylem ‘LR Mature
pericycle initiation LRP

Reprinted from Perilli, S., Moubayidin, L. and Sabatini, S. (2010) The molecular basis of cytokinin function. Curr. Opin. Plant. Biol. 13: 21-26, with permission from Elsevier.


http://www.sciencedirect.com/science/article/pii/S1369526609001423

Aunuéva eTITTedA augivng o€ Eva HovadIiKo
KUTTOPO TOU TTEPIKUKAIOU ETTOPKEI YIA TNV

gTapyxn TAaylag pidog

DR5::GUS).

Dubrovsky, J.G., et al., (2008) Auxin acts as a local morphogenetic trigger to specify lateral root founder cells. Proc. Natl. Acad. Sci. 105: 8790-8794,
copyright © by the National Academy of Sciences.

© 2013 American Society of Plant Biologists


http://www.pnas.org/content/105/25/8790.abstract

OL KUTOKLVLVEC Kal ot avéivec Spouv

OVTOYWVLOTLKA
CK Auxin T ——
[Mpoayel Tn [Mpoayel Tnv 1, SIakAGdwon
SloTipNoN TN €TTapxXn o10 BAACTO
KUTTAPIKAG opYAvwY OTO N 1 AVOAGTEME
TAUTOTNTAC OTO  AKPQIO ~ ™
aKPaIo HepioTWuA TOU \ LA oo BIOKAGBWON
uepioTwpa Tou  BAacToU apical ~y " Tou BAacToU
BAacToU meristem
AVOOTEANAEI
Mpodyer T Aiatnpei TV m
SiagopoTtroingn  KUTTAPIKN Mpodyel TN OIOKAAOWOT
OTO OKPaio rautotnTas oTo SlakAGdw TS PICAS
yepioTwpa g AKPAIO on oTn
oicac UEPIOTWHA TNG oila
picag

Reprinted by permission from Macmillan Publishers, Ltd: NATURE Wolters, H., and Jiirgens, G. (2009). Survival of the flexible:
Hormonal growth control and adaptation in plant development. Nat. Rev. Genet. 10: 305-317. Copyright 20009.


http://www.nature.com/nrg/journal/v10/n5/full/nrg2558.html




MpBpepeAAivec

Gibberellin A4 (GAy)

Gibberellic acid (GA3)
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B_akan ae ouTapiou”
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Photo source: Nigel Cattlin, Visuals Unlimited, Inc.



http://www.photoshelter.com/image/I00009vim7uoLT7Y

EvOoyevelc napayovtec avénonc

[Mpodayouv Tnv
ETTINAKUVON TOU
BAaoTOU KaI TNV
eEKBAGOTNON TWV
OTTEPUATWY. 2€ KATTOIA
PUTA TTPOAYOUV TNV

| avBion kal TNV
QAVATITUCN TWV KOPTTWV

Ta vava @utd

Tou Mendel

KOPTTWV

Xwpig
OTTEPMATA

ME
gpapuoyn
GA

Lester, D.R., Ross, J.J., Davies, P.J., and Reid, J.B. (1997) Mendel's stem length gene (Le) encodes a
gibberellin 3[beta]-hydroxylase. Plant Cell 9: 1435-1443; Wheat mage courtesy of Mary Burrows,
Montana State University, Bugwood.org; Clementine photo by Azcolvin429.


http://www.plantcell.org/cgi/content/abstract/9/8/1435
http://www.forestryimages.org/browse/detail.cfm?imgnum=5394452
http://en.wikipedia.org/wiki/File:SUC59773.JPG

QDuoloAoyikec dpaoeic yiBBepeAAVwL

e Kuttaplkn olaipeon (LEpLOTWHATWY —KAUBLO,
nooyxoAlaio/ evéldpeoa)

e Kuttaplkn avénon (emipnkuvon kat xaAapwon
KUTTOPLKWVY TOL{WHATWV

e Avénon pH, evOOKUTTAPLKNC CUYKEVTPWONG
Ca+2, kaApodouAivng, KukAlkou GMP

e Avénon a-apuiaonc, RNaonc kt.A



2€ eninebo opyavwyv Kat UTWYV
eEkBAadotnon omopwv (SLakomn
AnBapyou)

* [MapBevokapria

* [poaywyn tn¢ avoiong

e ATIOKPLON OE KOTOLTIOVIOELC

e AvaotoAn dnuoupyiac kKovOUAwv
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*Emipikuvon pecoyovatiwv
*AvOoyeveaon ko
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Kuttapikn avénon kat dtaipeon
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KUKAIVWV

/cvn

e
division

Cell N\

expansion

Cell

expansion
q

Ol GAs 1rpodyouvTnv
ETTINAKUVOT TWV KUTTAPWYV
ME XaAGpwWOon Twv
KUTTOPIKWYV TOIXWHATWYV
MEOW TNG OTABEPOTTOINONG
TWV MIKPOOWANVIOKWV



[epipepPEIOKD
opyavwaon Twv
UIKPOOWANVIOKWYV
ETTAVEI TNV
ETTIMAKUVON

(INENAa

Uniconazole Uniconazole

(GAsynthesis | ga
Control  inhibitor)

o o o
H tTTapeptrodion TNG ouvBeong
GA dlatapaocaoel TNV opyavwaon
TWV UIKPOOWANVIOKWV

Inada, S. and Shimmen, T. (2000). Regulation of elongation growth by
gibberellin in root segments of Lemna minor. Plant Cell Physiol 41: 932-929, by
permission of the Japanese Society of Plant Physiologists.


http://pcp.oxfordjournals.org/cgi/content/abstract/41/8/932

Ot GA kat to ABA 6pouv avtaywVvLIoTIKA 0Th
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EkBAGoTnoN
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|

Kivntotroinon
aATTOBEUATWY

Kuttapikni
ETTINNAKUVON




Kota tnv ekPAaotnon, ot GA
npoayouv tnv ekbpoon evUUWV TIOU
Klvntomolouv BpemTika

amylase

¥

sugars®= starch

Embryo

Endosper Aleurone

Images by Prof. Dr. Otto Wilhelm Thomé Flora von Deutschland, Osterreich und der
Schweiz 1885 and Chrisdesign.



Prof. Dr. Otto Wilhelm Thom%C3%A9 Flora von Deutschland, %C3%96sterreich und der Schweiz 1885
http://openclipart.org/media/files/Chrisdesign/5564

2& MEPIKA QUTA, ol GAS OUVEIOPEPOUV
OTOV EAEYXO TNG AvOIoNng

AvaoToAn
aveiong
AIBUAEvIO
|7 Kartartrovnon
DELLA TTpwrTeiveg

ETraywyn
aveiong

CDwTOTrap|060g

© 2013 American Society of Plant Biologists



Lolium temulentum
Annual temperate grass
Yes

Beta vulgaris Malus domestica Arabidopsis thaliana
ienni i Annual
Biennial Perennial
Yes No

Short Days Long Days
Yes No

Photos courtesy of Plate 271 from Anne Pratt's Flowering Plants, Grasses, Sedges and
Ferns of Great Britain ¢.1878, by permission of Shrewsbury Museums Service; David
Kuykendall ARS; Vincent Martinez; Takato Imaizumi.



http://www.darwincountry.org/explore/004716.html?sid=
http://www.ars.usda.gov/Main/docs.htm?docid=16027
http://www.botanical-online.com/flormalusdomesticaangles.htm
http://www.biology.washington.edu/news/aut09/Imaizumi.html
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H BioouvBson GA | |
Bloouveeon O1 GA oT0

KATAaoTEAAETOI OTO ? . )

AKPQIi0 JEPIGTWHA TOU e s s MEpiOTwpa NG pidag

BAAOTOU GAAG e PUBUICEl TO pEyEBOC
TOU

TTPOAYETAI OTIG
KATAPBOAEC TV QUAAWV

Reprinted from Jasinski, S., Piazza, P., Craft, J., Hay, A., Woolley, L., Rieu, ., Phillips, A., Hedden, P. and Tsiantis, M. (2005). KNOX action in Arabidopsis is
mediated by coordinate regulation of cytokinin and gibberellin activities. Curr. Biol. 15: 1560-1565; Ubeda-Tomas, S., Federici, F., Casimiro, 1., Beemster,
G.T.S., Bhalerao, R., Swarup, R., Doerner, P., Haseloff, J. and Bennett, M.J. (2009). Gibberellin signaling in the endodermis controls Arabidopsis root meristem
size. Curr. Biol. 19: 1194-1199 with permission from Elsevier.



http://www.sciencedirect.com/science/article/pii/S0960982205007645
http://www.cell.com/current-biology/retrieve/pii/S0960982209012962
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Image courtesy of Abdelhafid Bendahmane, URGV - Plant Genomics Research INRA


http://www.versailles.inra.fr/urgv/bendahmane.htm

H auéivn kat ot GAs €mayouV TNV KUTTAPLKN
Sdlolpeon KAl oVATTTUEN TWV KOPTIWV

Napaywyn W /‘ ‘
ACTIEPHWY {/Auxin + GA |

KAPTTWV UE

epapuoyn GA
n/kal augivng

Photo credits: Grape flowers by Bruce Reisch; Strawberry flower by Shizhao



http://www.nysaes.cornell.edu/hort/faculty/reisch/breeding/crossing2.html
http://commons.wikimedia.org/wiki/File:Strawberry_flower.JPG
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Nobel Laureate
Norman Borlaug 1914-2009

Photos courtesy of S. Harrison, LSU Ag center and The World Food Prize.



http://www.worldfoodprize.org/borlaug/borlaug-history.htm
http://www.lsuagcenter.com/en/crops_livestock/crops/wheatoats/diseases/wheat+diseases.htm
http://www.worldfoodprize.org/borlaug/borlaug-history.htm
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Kende, H., van der Knaap, E., and Cho, H.-T. (1998). Deepwater rice: A model plant to study stem elongation.

Plant Physiol. 118: 1105-1110.


http://www.plantphysiol.org/cgi/content/full/118/4/1105

BioouvBeon GA ko opolootaon

H epapuoyry GA utropei va
«dlaowaoel» vava
METOAAQyuQTO Zea mays
(B.O. Phinney, 1956)

O KaBopIouog Tou
BloouvBeTIKOU

4 L@} oiad  povotraTiot Tou GA oTa
wild type Wild Warf- dwarf- (PUT(’] éYlVS |Jé0'(}.)

type + 1 1+ - ,
GA GA TETOIWV VAVWYV PUTWV

Phinney, B.O. (1956). Growth response of single-gene dwarf mutants in maize to gibberellic acid. Proc.
Natl. Acad. Sci. USA 42: 185-189.


http://www.pnas.org/content/42/4/185.full.pdf+html
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MetaAAaypuata anwAelac Asttovpyloc yio CPS i KS

EVaL vava
( N
GGPP __, CPP __. ent- Wild-type and dwarf
kaurene mutant rice
CPS KS
\ /)

Ta evCupa auta
KWOIKOTTOIOUVTAI ATTO £Va
N Alya avtiypaga
YOVIOiWV

oscps-1 osks-1

WT oscps-10sks-1

Sakamoto, T., et al. (2004). An overview of gibberellin metabolism enzyme genes and their related mutants
in rice. Plant Physiol. 134: 1642-1653.


http://www.plantphysiol.org/cgi/reprint/134/4/1642

Opoilwc yia ta petaAAaypata twv KAO kot KO

LH yovidio Tou
uTTICEAIOU
(o¢eiddon Tou
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MTTICEN -kaurene
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Davidson, S.E., Elliott, R.C., hemwern, C.A., roole, A.T., and Reid, J.B. (2003). The pea gene NA encodes ent-kaurenoic
acid oxidase. Plant Physiol. 131: 335-344. Davidson, S.E., Smith, J.J., Helliwell, C.A., Poole, A.T., and Reid, J.B. (2004).
The pea gene LH encodes ent-kaurene oxidase. Plant Physiol. 134: 1123-1134.



http://www.plantphysiol.org/cgi/content/full/131/1/335
http://www.plantphysiol.org/cgi/content/full/134/3/1123
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Imaage courtesy of M. Matsuoka. Sasaki, A., Ashikari, M., Ueguchi-Tanaka, M., Itoh, H., Nishimura, A.,
Swapan, D., Ishiyama, K., Saito, T., Kobayashi, M., Khush, G. S., Kitano, H. and Matsuoka, M. (2002) A

mutant gibberellin-synthesis gene in rice. Nature 416, (6882) 701-702.


http://www.agr.nagoya-u.ac.jp/english2/outline/dept4-5.html
http://www.nature.com/nature/journal/v416/n6882/abs/416701a.html
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Lester, D.R., Ross, J.J., Davies, P.J., and Reid, J.B. (1997) Mendel's stem length gene (Le) encodes a
gibberellin 3[beta]-hydroxylase. Plant Cell 9: 1435-1443. Chiang, H.H., Hwang, I., and Goodman, H.M.

(1995). Isolation of the Arabidopsis GA4 Locus. Plant Cell 7: 195-201.


http://www.plantcell.org/cgi/content/abstract/9/8/1435
http://www.plantcell.org/cgi/reprint/7/2/195
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YT1rapxouv dIa@opPETIKEC GA20XS UE

TTpoTiunon o€ GAs kai Ta

GAZox TTPOdPOUa POPIa TOUG- BIAPOPETIKA
schompyy AVOTTTUGIOKG ATTOTEAECUATA

(2003). Overexpression of a novel class of gibberellin 2-oxidases decreases
gibberellin levels and creates dwarf plants. Plant Cell 15: 151-163.



http://www.plantcell.org/cgi/content/full/15/1/151

...N N GA- peBuAtpavodepaon

Varbanova, M., et al. (2007). Methylation of gibberellins by Arabidopsis GAMT1 and
GAMT?2. Plant Cell 19: 32-45.


http://www.plantcell.org/cgi/content/full/19/1/32
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PUOuon tnc BroouvOeonc

e ATTO T oL TaL popLa YIPRepeAAVWV
(feedback & feed-forward regulation)

e aTtO MEPLPAANOVTIKOUC TTAPAYOVTEC
(dwg-avgnon petaypadng GA3ox,
dwtomnepilodoc, BOepuokpaoia)
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Thomas, S.G., Phillips, A.L., and Hedden, P. (1999). Molecular cloning and functional expression of
gibberellin 2- oxidases, multifunctional enzymes involved in gibberellin deactivation. Proc. Natl. Acad. Sci.
USA 96: 4698-4703 Copyright 1999 National Academy of Sciences, USA.


http://www.pnas.org/content/96/8/4698.full
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Proebsting, W.M., et al. (1992). Gibberellin concentration and transport in genetic lines of pea : Effects of
grafting. Plant Physiol. 100: 1354-1360; Katsumi, M., et al. (1983). Evidence for the translocation of
gibberellin A3 and gibberellin-like substances in grafts between normal, dwarfl and dwarf5 seedlings of Zea
mays L. Plant Cell Physiol. 24: 379-388 Copyright 1983 Japanese Society of Plant Physiologists, with
permission.

© 2013 American Society of Plant Biologists


http://www.plantphysiol.org/cgi/reprint/100/3/1354
http://pcp.oxfordjournals.org/cgi/reprint/24/3/379

Metadopd yiBepeAAVV

e JUvBeon o€ akpoia HEpLoTWHOTA Ko veapd pUAAa aAAd Kal pila
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Metadopd HEGW TOU NOUOU (Kat EVOLAMECSWVY TIPOTOVTIWV)
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Ecdysone signaling. Plant Cell 14: S97-110.

Bishop, G.J., and Koncz, C. (2002). Brassinosteroids and plant steroid hormone


http://www.plantcell.org/cgi/content/full/14/suppl_1/S97

1941: yUpn 1970: brassin

Control Gibberellin Brassinosteroid

Reprinted by permission from Macmillan Publishers

Mitchell, J.W., and Whitehead, M.R. (1941) Responses of vegetative A aas
parts of plants following application of extract of pollen from Zea Limited, Nature_. Mitchell, JW., Mapdava, N.,
. Worley, J.F., Plimmer, J.R., and Smith, M.V.
mays. Bot. Gaz. 102: 770-791 . -
(1970). Brassins - a new family of plant hormones

from rape pollen. Nature 225: 1065-1066, copyright
1970.



http://www.jstor.org/stable/pdfplus/2472323.pdf
http://www.nature.com/nature/journal/v225/n5237/pdf/2251065a0.pdf

1979: kaBoplopoc tnc SouNc

)

brassinolide
(1979)

Brassinolide

Reprinted by permission from Macmillan Publishers Limitﬁ]ﬂ)e: Grove, M.D., Spencer, G.F., Rohwedder, W.K., Mandava, N.,
Worley, J.F., Warthen, J.D., Steffens, G.L., Flippen-Anderson, J.L., and Cook, J.C. (1979). Brassinolide, a plant growth-promoting
steroid isolated from Brassica napus pollen. Nature 281: 216-217; copyright 1979.


http://www.nature.com/nature/journal/v281/n5728/abs/281216a0.html
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H aucivn etrayel Tn BloouvBeon Twv BR

Ta BR evepyoTrolouv YeTaypPAPIKOUG
TTAPAYOVTEC TTOU ETTAYOVTAI ATTO auivn Kal
TNV EKPPACN YOVIOIWV TTOU CUUMETEXOUV
oTn onuartodoTnon aucivng

H augivn kai Ta BR gvepyoTroiouv
TTAPOMOIEG OAAG PN-ETTIKAAUTITOUEVEG
OMAdEC YOVIQiWV TTOU TTPOAYOUV TNV
KUTTQPIKI ETTIUAKUVON

See Chung, Y., Maharjan, P.M., Lee, O., Fujioka, S., Jang, S., Kim, B., Takatsuto, S., Tsujimoto, M., Kim, H., Cho, S., Park, T., Cho, H., Hwang, I. and Choe, S. (2011). Auxin stimulates
DWARF4 expression and brassinosteroid biosynthesis in Arabidopsis. Plant J. 66: 564-578; Vert, G., Walcher, C.L., Chory, J. and Nemhauser, J.L. (2008). Integration of auxin and
brassinosteroid pathways by Auxin Response Factor 2. Proc. Natl. Acad. Sci. USA 105: 9829-9834.


http://onlinelibrary.wiley.com/doi/10.1111/j.1365-313X.2011.04513.x/abstract
http://www.pnas.org/content/105/28/9829.abstract

Ta BRs gmrnpealouv 1o pubuod auénong
TNG PiCag, TOU BAAOTOU KAl TWV @UAAWYV

Exogenous BL:
0 0.004nM 0.04nM 04nM 4nM

bri1-5 BRI1-Flag BRI1(Y831F)Flag

BR deficiency or insensitivity leads to reduced
leaf growth, and an amino acid substitution in the

BRI1 receptor can enhance leaf growth

A small amount of exogenous BL stimulates
root growth, but more is inhibitory. BRs
affect cell cycle persistence and meristem
size, as indicated by arrows in the lower
panel

Oh, M.-H., Sun, J., Oh, D.H., Zielinski, R.E., Clouse, S.D. and Huber, S.C. (2011). Enhancing Arabidopsis leaf growth by engineering the
BRASSINOSTEROID INSENSITIVE1 receptor kinase. Plant Physiol. 157: 120-131; Gonzalez-Garcia, M.-P., Vilarrasa-Blasi, J., Zhiponova, M.,
Divol, F., Mora-Garcia, S., Russinova, E. and Cafio-Delgado, A.l. (2011). Brassinosteroids control meristem size by promoting cell cycle
progression in Arabidopsis roots. Development. 138: 849-859 see also Hacham, Y., Holland, N., Butterfield, C., Ubeda-Tomas, S., Bennett, M.J.,
Chory, J. and Savaldi-Goldstein, S. (2011). Brassinosteroid perception in the epidermis controls root meristem size. Development. 138: 839-848.


http://www.plantphysiol.org/content/157/1/120.full
http://dev.biologists.org/content/138/5/849.short
http://dev.biologists.org/content/138/5/839.short

Ta BR gival amapaitnta yio tnv
OLVATTTUEN TOU OTAMOVO KoL TG yUPNC

EmpAkuvon AvarrTugn EmpAkuvon
OTriMova yupne YUpEOoowARva

Image credits: Safro; Graham Matthews; Szumlanski, A.L., and Nielsen, E. (2009).
The Rab GTPase RabA4d regulates pollen tube tip growth in Arabidopsis thaliana.
Plant Cell 21: 526-544.



http://www.havlis.cz/karta_en.php?kytkaid=174
http://www.gpmatthews.nildram.co.uk/microscopes/microplants.html
http://www.plantcell.org/cgi/content/full/21/2/526

Ta BR eAéyxouv T0 HEYEDOC TWV CTTEPUATWYV

KOL TO OXALOL TOUG

CYP90B overexpression causes larger
seeds and higher yields

Through fine-tuning BR
production and response, there
are may opportunities to modify
plant architecture to optimize
yields

Maternal
tissues

BRs affect
many
transcriptional
pathways that
affect
integument,
endosperm and
embryo
development

N

\ |

Integument
cavity

Endosperm size and
embryo development

}

Seed development and
seed size determination

Wang, J., Wan, J., Zhai, H., Takatsuto, S., Matsumoto, S., Fujioka, S., Feldmann, K.A.,
t Cell 20: 2130-2145. Jiang, W.B., Huang, H.Y., Hu, Y.W., Zhu, S.W., Wang, Z.Y. and

sis. Plant Physiol. 162: 1965-1977.


http://www.plantcell.org/cgi/content/full/20/8/2130
http://www.plantphysiol.org/content/162/4/1965.abstract
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Symons, G.M., Davies, C., Shavrukov, Y., Dry, I.B., Reid, J.B., and Thomas, M.R.

(2006). Grapes on steroids. Brassinosteroids are involved in grape berry ripening. Plant
Physiology 140: 150-158.


http://www.plantphysiol.org/cgi/content/full/140/1/150
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Choe, S., et al. (1999). The Arabidopsis dwarfl mutant is defective in the conversion of 24-methylenecholesterol to campesterol in brassinosteroid biosynthesis.
Plant Physiol. 119: 897-908; Hong, Z., et al. (2005). The rice brassinosteroid-deficient dwarf2 mutant, defective in the rice homolog of Arabidopsis
DIMINUTO/DWARF1, is rescued by the endogenously accumulated alternative bioactive brassinosteroid, dolichosterone. Plant Cell 17: 2243-2254; Nomura, T., et
al., (1997). Blockage of brassinosteroid biosynthesis and sensitivity causes dwarfism in garden pea. Plant Physiol. 113: 31-37.
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http://www.plantphysiol.org/cgi/content/full/119/3/897
http://www.plantcell.org/cgi/reprint/17/8/2243
http://www.plantphysiol.org/cgi/content/abstract/113/1/31
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Reprinted from Ohnishi, T., Godza, B., Watanabe, B., Fujioka, S., Hategan, L., Ide, K., Shibata, K., Yokota, T.,
Szekeres, M. and Mizutani, M. (2012). CYP90A1/CPD, a Brassinosteroid biosynthetic cytochrome P450 of
Arabidopsis, catalyzes C-3 oxidation. J. Biol. Chem. 287: 31551-31560.


http://www.jbc.org/content/287/37/31551.abstract
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TRENDS in Plant Science

1. Trends Plant Sci. 12:


http://dx.doi.org/doi:10.1016/j.tplants.2007.07.001
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Azpiroz, R., Wu, Y., LoCascio, J.C., and Feldmann, K.A. (1998). An Arabidopsis brassinosteroid-dependent
mutant Is blocked in cell elongation. Plant Cell 10: 219-230; Choe, S., Dilkes, B.P., Fujioka, S., Takatsuto,
S., Sakurai, A., and Feldmann, K.A. (1998). The DWF4 gene of Arabidopsis encodes a cytochrome P450
that mediates multiple 22a-hydroxylation steps in brassinosteroid biosynthesis. Plant Cell 10: 231-244.



http://www.plantcell.org/cgi/content/full/10/2/219
http://www.plantcell.org/cgi/content/full/10/2/231

To DE-ETIOLATEDZ2 kwOiKoTmoLel yia pia 5a-reductase
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Chory, J., Nagpal, P., and Peto, C.A. (1991). Phenotypic and genetic analysis of det2, a new mutant that affects light-regulated
seedling development in Arabidopsis. Plant Cell 3: 445-459; Nomura, T., et al. (2004). Brassinosteroid deficiency due to truncated
steroid 5a-reductase Causes dwarfism in the Ik mutant of pea. Plant Physiol. 135: 2220-2229.



http://www.plantcell.org/cgi/content/abstract/3/5/445
http://www.plantphysiol.org/cgi/content/full/135/4/2220

>Ta OLKOTUAQL

HOW.,
cypssal>  HO.

HO.,,

Ho

Lo NA o SN GYPB5AZ or }“ﬂﬂ
H CYPSSAZ or :3> 10 Brassinolide
6-Deoxocastasterone Castasterone

To CYP85A1 trapadyel
castasterone (CS). To CYP85A2 or
A3 uetatpétrel To CS oe BL

Nomura, T., Kushiro, T., Yokota, T., Kamiya, Y., Bishop, G.J., and Yamaguchi, S. (2005). The last
reaction producing brassinolide is catalyzed by cytochrome P-450s, CYP85A3 in tomato and
CYP85A2 in Arabidopsis. J. Biol. Chem. 280: 17873-17879.


http://www.jbc.org/content/280/18/17873.full
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Nomura, T., Kushiro, T., Yokota, T., Kamiya, Y., Bishop, G.J., and Yamaguchi, S. (2005). The last
reaction producing brassinolide is catalyzed by cytochrome P-450s, CYP85A3 in tomato and
CYP85A2 in Arabidopsis. J. Biol. Chem. 280: 17873-17879.


http://www.jbc.org/content/280/18/17873.full
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Nomura, T., Kushiro, T., Yokota, T., Kamiya, Y., Bishop, G.J., and Yamaguchi, S. (2005). The last
reaction producing brassinolide is catalyzed by cytochrome P-450s, CYP85A3 in tomato and
CYP85A2 in Arabidopsis. J. Biol. Chem. 280: 17873-17879.


http://www.jbc.org/content/280/18/17873.full
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Reprinted from Ohnishi, T., Yokota, T., and Mizutani, M. (2009). Insights into the
function and evolution of P450s in plant steroid metabolism. Phytochemistry 70:
1918-1929 with permission from Elsevier.


http://dx.doi.org/doi:10.1016/j.phytochem.2009.09.015
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Turk, E.M., Fujioka, S., Seto, H., Shimada, Y., Takatsuto, S., Yoshida, S., Denzel, M.A., Torres, Q.l., and Neff,
M.M. (2003). CYP72B1 inactivates brassinosteroid hormones: An intersection between photomorphogenesis and
plant Steroid Signal Transduction. Plant Physiol. 133: 1643-1653.


http://www.plantphysiol.org/cgi/content/full/133/4/1643

BlioouvBeon kol opolootoon

Ta petaAlaypata BloocuvBeonc BR eival vava duta. Mo
OlKOYEVELa YovIdlwV Kutoxpwpatoc P450 €xouv Baotkd poAo otn
BloouvBeon toug

Ta BRs avevepyomotlouvtal pe culevén Kot N avooTPEPLUEC
AAAEC TPOTIOTIOLNOELC

Ta BRs ouvtiBevtal paAAov otn O€on dpaconc touc Kat Sev
HETADEPOVTOL OE LEYAAEC OLTIOCTACELC

H BloouvBeon BR puBuiletal peocw avaotpodnc
avatpododotnong, oo 10 Gwc Kol TouC KipkadkoUc pubuouc
KoL TNV aAAnAentidpaon pe AAAEC OPLLOVEC



2 TPLYVOAOKTOVEC

AtTopovwOnke aTro pifeg
Baupakiou (1966) kai N xNUIKA
dour kabopioTnke T0 1972

Cook, C.E., Whichard, L.P., Turner, B., Wall, M.E., and Egley, G.H. (1966). Germination of witchweed (Striga lutea Lour.):
Isolation and properties of a potent stimulant. Science 154: 1189-1190; Reprinted with permission from Cook, C.E., Whichard,
L.P., Wall, M., Egley, G.H., Coggon, P., Luhan, P.A., and McPhail, A.T. (1972). Germination stimulants. Il. Structure of
strigol, a potent seed germination stimulant for witchweed (Striga lutea). J. Am. Chem. Soc. 94: 6198-6199.



http://www.sciencemag.org/content/154/3753/1189.full.pdf?sid=51743c2f-76a6-4acc-a009-daa831f76657
http://pubs.acs.org/doi/abs/10.1021/ja00772a048
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Reprinted from Humphrey, A.J., and Beale, M.H. (2006). Strigol: Biogenesis and physiological activity. Phytochemistry 67: 636-640 with permission
from Elsevier; See also Boyer, F.D., et al.. and Rameau, C. (2012). Structure-activity relationship studies of strigolactone-related molecules for
branching inhibition in garden pea: molecule design for shoot branching. Plant Physiol. 159: 1524-1544.


http://dx.doi.org/doi:10.1016/j.phytochem.2005.12.026
http://www.plantphysiol.org/content/159/4/1524.long

OL OTPLYYOAQKTOVEC €lval amapalTtNTEC yLa TNV
eykaBidpuon tou mapaottikov putov Striga
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Image source: USDA APHIS PPQ Archive



http://www.forestryimages.org/browse/detail.cfm?imgnum=1149186

Witchweed
infestation

B Heavy
B Modera

ﬁtrlga hi Striga
ermonthica asiatica

*Major cereal crops are
infested: corn, sorghum,
millet and rice

*70 million hectares are
infested

*Food productions for 300
million people are affected

*Financial loss is estimated to
be approximately 10 billion
UsD

*No effective control
measure has been developed

w Adapted from Ejeta, G. and Gressel, J. (eds) (2007) Integrating new technologies

for striga control: towards ending the witch-hunt. World Scientific Publishing,
Singapore; Image sources: USDA APHIS PPQ Archive, Florida Division of
Plant Industry Archive, Dept Agriculture and Consumer Services.



http://www.forestryimages.org/browse/detail.cfm?imgnum=1149186
http://www.forestryimages.org/images/768x512/5384179.jpg

O nopooLTIoNOC EpdavioTnKe TTIOANEC POPEC

Basiicc Mimulus Triphysaria Striga Orobanche
guttatus versicolor hermonthica  aegyptiaca

Nutrition Autotrophic Hemiparasite ~ Hemiparasite  Holoparasite

Dependence on host Free living Facultative Obligate Obligate

Genome size (Mb/1C) 430 1975 1672 3900

Chromosome number (2N) 28 22 38 24

Hosts with abundant N/A Arabidopsis, Maize, rice, Arabidopsis,
sequence information Medicago, sorghum tobacco,
(model hosts) tomato tomato

Mim.  Trp. Str.  Oro.

X
X

Origin of
terminal
haustorium

(parasitism)

Loss of
photosynthesis

Origin of terminal
haustorium (obligate
parasitism)

Origin of lateral haustorium

TRENDS in Plant Science

H Striga €ivai
UTTOXPEWTIKO
TTAPAOITO. AgV EXEI
pia aAAa 10 pICIKO
QKPO dNUIoUPYEI Eva
haustorium TToU
dlatrepva 1n pida Tou
QUTOU CEVIOTN

Striga

Reprinted from Westwood, J.H., Yoder, J.I., Timko, M.P., and dePamphilis, C.W.
(2010) The evolution of parasitism in plants. Trends Plant Sci. 15: 227-235 with
permission from Elsevier.


http://dx.doi.org/doi:10.1016/j.tplants.2010.01.004
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Dérr, 1. (1997). How Striga parasitizes its host: a TEM and SEM study. Annals of Botany. 79:
463-472, by permission of Oxford University Press; USDA APHIS PPQ Archive; USDA APHIS
PPQ Archive



http://aob.oxfordjournals.org/citmgr?gca=annbot;79/5/463
http://www.forestryimages.org/browse/detail.cfm?imgnum=1149178
http://www.forestryimages.org/images/768x512/1148124.jpg
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Image source USDA APHIS PPQ Archive
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O1 oTPIYYOAOKTOVEG UTTAPXOUV KOI OE
Bpuo@uTa KOl O& TTPACIVEG AAYES
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Bryohytes Lycopods — Ferns Gymnosperms Angiosperms

G c |- mosses, Club mosses
; V7 liverworts

e

: harales

Plants

Chlorophyce
ae

See Ruyter-Spira, C. and Bouwmeester, H. (2012). Strigolactones affect development in primitive plants. The missing link between plants and arbuscular mycorrhizal fungi? New
Phytologist. 195: 730-733. Delaux, P.M., Xie, X., Timme, R.E., Puech-Pages, V., Dunand, C., Lecompte, E., Delwiche, C.F., Yoneyama, K., Becard, G. and Sejalon-Delmas, N. (2012).
Origin of strigolactones in the green lineage. New Phytol. 195: 857-871. Tirithel; Christian Fischer

© 2013 American Society of Plant Biologists


http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2012.04261.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2012.04209.x/abstract
http://en.wikipedia.org/wiki/File:Alga_volvox.png
http://en.wikipedia.org/wiki/File:CharaFragilis.jpg
http://www.clearwood.co.uk/

PuBuidouv TNV avaTrtu¢n armoikiac Twv Bpuwv

AvaTtrTugn o€
aypiou TUTTOU
QuTa

Avartrtugn o¢
Bpua TToU £XOUV
EANNEIYn SL

O1 SLs dpouv w¢ popia
guorum sensing

Reproduced with permission from Proust, H., Hoffmann, B., Xie, X., Yoneyama, K., Schaefer, D.G., Yoneyama, K.,
Nogué, F., and Rameau, C. (2011). Strigolactones regulate protonema branching and act as a quorum sensing-like
signal in the moss Physcomitrella patens. Development 138: 1531-1539.



http://dev.biologists.org/content/138/8/1531.full

[Tpoayouv TN cupBiwon e HUKOPPIZIKOUC NUKNTEC
(arbuscular myrocorrhizal fungi- AM)

Image courtesy of Mark Brundrett


http://mycorrhizas.info/vam.html

YUUPBLwTIKN oxeon 6evdpoeldwv HUKOPPLULKWV
LUKNTWV

The fungus gets sugars
produced by
photosynthesis

The plant \/

gets nitrogen

and

phosphorus The arbuscule
from the soll provides a large
by way of the surface area for
symbiotic nutrient

fungal /\ exchange

association



OL oTlyyoAaKTOVEC TtpoayouV tn dtakAadwon
TWV LUKOPPLUKWY LLUKNTWV

Time Zero Time 24 hours

Reprinted by permission from Macmillan Publishers Ltd: Akiyama, K., Matsuzaki, K.-i., and Hayashi, H. (2005). Plant sesquiterpenes induce hyphal branching in arbuscular mycorrhizal fungi. Nature

435: 824-827 copyright 2005.


http://www.nature.com/nature/journal/v435/n7043/abs/nature03608.html

SLs, onua yia v £vapgn €ykadiopuong Tng
ouppiwong

Striga seedling Spore

Mutual recognition
‘presymbiotic phase’

/S

«—{ Strigolactone |  Myc factor

Formation of Fungal
PPA penetration

Hyphopodium

Nucleus

Pl

Epidermis

QOuter
cortex

Inner
cortex

Endodermis

Vascular \J
cylinder

Reprinted by permission from Macmillan Publishers Ltd: Parniske, M. (2008)
Arbuscular mycorrhiza: the mother of plant root endosymbiosis. Nat. Rev.
Microbiol. 6: 763 — 775 copyright 2008.



http://www.nature.com/nrmicro/journal/v6/n10/abs/nrmicro1987.html

nature

. 2TPIYYOAOKTOVEG

‘o~" o ‘-‘\I.
e E N
..B.d..d...._..s..,.... Strigolactone inhibition of shoot branching
: Victoria Gomez-Roldan, et al Nature 455

(7210): 189-U22 SEP 11 2008

Inhibition of shoot branching by new terpenoid plant hormones
Umehara M et al Nature 455 (7210): 195-U22 SEP 11 2008



Ol OTLYYOAOQKTOVEC OVALOTEAAOUV TN
SlokAadwaon tou BAaotou



http://www.riken.go.jp/engn/r-world/research/lab/plant/growth/cell/index.html

H aucivn emrayel 1n
BloouvOeon
OTIYYOAOKTOVWV

WT Mutant

Ape

Bud

Auxin - Strigolactone

Lin, H., et al. (2009) DWARF27, an iron-containing protein required for the
biosynthesis of strigolactones, regulates rice tiller bud outgrowth. Plant Cell 21: 1512-
1525.


http://www.plantcell.org/cgi/content/full/21/5/1512

Ol
OTPIYYOAOKTOVEC
EXOUV d1aPOopPOoUS
POAOUG-

Me BTk N
apvnTIKN
emidpaon

Vascular Plant

A Secondary . Axillary Bud
Growth / utgrowth.
t B
SLs SLs
Leaf Adventitious
‘ ‘ Senescence Root Formation
\ 2
g T
SLs SLs
( m Root Hair Chloronemata
Elongation Branching

Primary Root
Growth

Colony
Extension

Seto, Y., Kameoka, H., Yamaguchi, S., and Kyozuka, J. (2012). Recent advances in strigolactone research: chemical and biological aspects. Plant Cell Physiol. 53:
1843-1853 by permission of Oxford University Press.



http://pcp.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23054391

AtakAadwoelc Tnc piloc/BAootou Kol
QTTOKPLoON O€ Katormovnoelc Bpednc

Plant height s

&
-»

Branching

Adventitious roots

\\ Lateral roots s

Root hairs sy

Lateral roots el

P (AM fungi) mp (AM fungi

)

Root hairs s

Wild type Strigolactone mutant Wild type in low phosphate,
increased strigolactones

Reprinted from Brewer, P.B., Koltai, H., and Beveridge, C.A. (2013). Diverse roles of strigolactones in plant development. Mol
Plant. 6: 18-28 with permission of Elsevier.



http://www.sciencedirect.com/science/article/pii/S1674205214608777

duTta oTa oTToia
UTTAPXEl EAAEIYN P,
KATaoTEAAOUV TNV
y 2 QvVATITUSN TOU
BAaoTOU KOl
gvioxXuouv Tnv

avarttu¢n TnG pidag

y
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© 2013 American Society of Plant Biologists
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Umehara, M., Hanada, A., Magome, H., Takeda-Kamiya, N., and Yamaguchi, S. (2010).
Contribution of strigolactones to the inhibition of tiller bud outgrowth under phosphate
deficiency in rice. Plant Cell Physiol. 51: 1118-1126.


http://pcp.oxfordjournals.org/content/51/7/1118.short

Kai avaTrtugn TAayiwy pidwyv

"’f

-GR24 +GR24
Low P» SL synthesis

Ruyter-spira, C., et al. (2011) Physiological effects of the synthetic strigolactone
analog GR24 on root system architecture in Arabidopsis: Another below-ground role
for strigolactones? Plant Physiology. 155: 721-734.


http://www.plantphysiol.org/content/155/2/721

40 million tonnes per year of
phosphate fertilizer is mined,
transported, applied to farmlands,
and in many cases run-off to
contaminate lakes and rivers

Image courtesy CIMMYT;
FAO (2008)


http://wheat.pw.usda.gov/ggpages/wheatpests.html
ftp://ftp.fao.org/agl/agll/docs/cwfto11.pdf

ALKTUA OPHOVWV EEUTINPETOUV TLC TOTILKEC KOLL
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AUXIN
Low auxin | High bud H!gh auxin Low bud
Low SL outgrowth High SL
: outgrowth
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E ‘f(i? !
CK SL A \ cK Sl

N-sufficient N-limiting

de Jong, M., George, G., Ongaro, V., Williamson, L., Willetts, B., Ljung, K., McCulloch, H., and
Leyser, O. (2014). Auxin and strigolactone signaling are required for modulation of Arabidopsis
shoot branchina bv nitroaen suonlv Plant Phvsiol 166° 384-395


http://www.plantphysiol.org/cgi/pmidlookup?view=long&pmid=25059707
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Matusova, R., Rani, K., Verstappen, F.W.A., Franssen, M.C.R., Beale, M.H., and Bouwmeester, H.J. (2005).
The strigolactone germination stimulants of the plant-parasitic Striga and Orobanche spp. are derived from
the carotenoid pathway. Plant Physiol. 139: 920-934.


http://www.plantphysiol.org/cgi/content/abstract/139/2/920

Ta B1oouVOETIKA yoVvidia avayvwpioTnKav JE
VEVETIKEC NEBODOUC

dad3

Reprinted from Booker, J., et al. (2004). MAX3/CCD?7 is a carotenoid cleavage dioxygenase required for the synthesis of a novel plant
signaling molecule. Curr. Biol. 14: 1232-1238 with permission from Elsevier; Morris, S.E., et al. (2001). Mutational analysis of
branching in pea. Evidence that Rms1 and Rms5 regulate the same novel signal. Plant Physiol. 126: 1205-1213; Ishikawa, S., et al.
(2005). Suppression of tiller bud activity in tillering dwarf mutants of rice. Plant Cell Physiol. 46: 79-86 by permission of the Japanese
Society of Plant Physiologists. Simons, J.L., et al. (2007). Analysis of the DECREASED APICAL DOMINANCE genes of petunia in the

control of axillary branching. Plant Physiol. 143: 697-706.


http://dx.doi.org/doi:10.1016/j.cub.2004.06.061
http://www.plantphysiol.org/cgi/reprint/126/3/1205
http://pcp.oxfordjournals.org/content/46/1/79.abstract
http://www.plantphysiol.org/content/143/2/697.full
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l Umehara, M., Hanada, A., Yoshida, S., Akiyama, K., Arite, T., Takeda-Kamiya, N., Magome, H., Kamiya, Y., Shirasu, K.,
G0 Yoneyama, K., Kyozuka, J., and Yamaguchi, S. (2008). Inhibition of shoot branching by new terpenoid plant hormones.
X Lc Nature 455: 195-200.; Seto Y, Kameoka H, Yamaguchi S, Kyozuka J. (2012) Recent advances in strigolactone research:
Q\M chemical and biological aspects. (in press). Alder, A., Jamil, M., Marzorati, M., Bruno, M., Vermathen, M., Bigler, P., Ghisla,
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http://www.nature.com/nature/journal/v455/n7210/full/nature07272.html
http://pcp.oxfordjournals.org/content/early/2012/10/09/pcp.pcs142.abstract
http://www.sciencemag.org/content/335/6074/1348.abstract
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max3 max3 WT Scion
WT max3 Root
N

Grafts

Booker, J., Sieberer, T., Wright, W., Williamson, L., Willett, B., Stirnberg, P., Turnbull, C., Srinivasan, M., Goddard, P.,
and Leyser, O. (2005). MAX1 encodes a cytochrome P450 family member that acts downstream of MAX3/4 to produce a
carotenoid-derived branch-inhibiting hormone. Developmental Cell 8: 443-449.


http://www.cell.com/developmental-cell/retrieve/pii/S1534580705000134
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Adapted from Akiyama, K., Ogasawara, H., Ito, S. and Hayashi, H. (2010) Structural requirements of strigolactones for hyphal branching in AM fungi. Plant Cell
Physiol., 51: 1104-1117 see also Boyer, F.D., de Saint Germain, A., Pillot, J.P., Pouvreau, J.B., Chen, V.X., Ramos, S., Stevenin, A., Simier, P., Delavault, P.,

Beau, J.M. and Rameau, C. (2012). Structure-activity relationship studies of strigolactone-related molecules for branching inhibition in garden pea: molecule design
for shoot branching. Plant Physiol. 159: 1524-1544.


http://pcp.oxfordjournals.org/content/51/7/1104.full.pdf+html
http://www.plantphysiol.org/content/159/4/1524.long

