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Signalling in phototropism 
Oat seedlings were placed in a dark box with a window for light 
entry. Seedlings bend towards the source of light. Simple 
experiments demonstrated that site for reception of the 
environmental stimulus was distant from the site of action. This 
implied the existence of a mobile signal.



3

Characterisation of the 
chemical signal in plant 
tissues, named auxin



Auxin and apical-basal polarity: 

Apical-basal polarity and the 
coordination of indeterminate 
growth and branching in plants 
is maintained by traffic of 
growth regulators.

These are not passive 
gradients, but are the product of 
active cellular transport.  



Auxin is synthesised from the amino acid 
tryptophan in two steps

Auxin Biosynthesis



HA H+ A-

The pathway of auxin traffic through the plant is 
determined by the activities of influx and efflux carriers.  

Anionic trapping



The aux1 mutant 
confers resistance 

to the herbicide 
2,4-D, an auxin 

mimic 

WT WTaux1 aux1

2,4-D
1-NAA

Auxin influx carrier: AUX1



Active auxin importers:  
the AUXIN1/LIKE-AUX1 (AUX/LAX) family 



WT pin1





(upper cell)

(lower cell)
(cell wall)

PIN1 is plasma membrane localised  
with a polar distribution within the cell
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Figure 3
Inward- and outward-facing conformations of PINs. (a) Side view of the PIN dimer with M1–M10 labeled and colored by domain in
monomer A. The central crossover is highlighted in red in monomer B, with the transporter domain in green, and the scaffold domain
in blue. The cytosolic vestibule entrance is shown in yellow with the binding chamber in red. In the outward-open state, the binding
chamber opens up directly to the noncytosolic side. The (long/short) cytosolic loop of PINs could not be resolved and is shown as a
dotted line. PIN8 is used here as the representative structure since it was the only structure solved in both inward- and outward-facing
conformations. (b) Membrane topology of the PIN monomer shows the inverted repeat of 5 transmembrane helices and their relation
to the transporter and scaffold domains. (c) View of the crossover formed by M4 and M9, the position of IAA, the support site (light
blue) with central residues highlighted, and the binding chamber (light red) in the PINs. Residue numbers correlate to PIN8 sequence.
The crossover helix dipoles are highlighted in red and blue. Abbreviations: IAA, indole-3-acetic acid; PIN, PIN-FORMED.

inward-open conformation and are very similar,with a root-mean-square deviation (RMSD) of Cα

atoms of only 1.0–1.2 Å between them. Interestingly, PIN8 was also solved in an outward-facing
conformation in the substrate-free and IAA-bound states, providing the other central confor-
mation found during transport, and this data allowed for a detailed description of the transport
mechanism (139).

The PIN1, PIN3, and PIN8 structures are all homodimers in which each monomer comprises
10 membrane helices with two inverted repeats: M1–M5 and M6–M10 (Figure 3a,b). The long
loops of PIN1 and PIN3, as well as the short loop of PIN8, were disordered, and the structural
data and analysis are focused on the transport mechanism of the transporter and not its regula-
tion by the loop. Each of the PIN monomers can be divided into two: the scaffold domain and
the transporter domain (Figure 3a,b). The scaffold domain is formed by the !rst two helices of
each repeat (M1–M2 and M6–M7) and forms the interface of the homodimer. The transporter
domain comprises two three-helix bundles (M3-M4-M5 and M8-M9-M10) with helices M4 and
M9 disrupted in themiddle of themembrane around a conservedmotif, leading to two interrupted

196 Hammes • Pedersen

PINs proteins are a family of integral membrane proteins 
found in the plasma or ER membranes



PINs form dimers at the membrane to export auxin
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Figure 3
Inward- and outward-facing conformations of PINs. (a) Side view of the PIN dimer with M1–M10 labeled and colored by domain in
monomer A. The central crossover is highlighted in red in monomer B, with the transporter domain in green, and the scaffold domain
in blue. The cytosolic vestibule entrance is shown in yellow with the binding chamber in red. In the outward-open state, the binding
chamber opens up directly to the noncytosolic side. The (long/short) cytosolic loop of PINs could not be resolved and is shown as a
dotted line. PIN8 is used here as the representative structure since it was the only structure solved in both inward- and outward-facing
conformations. (b) Membrane topology of the PIN monomer shows the inverted repeat of 5 transmembrane helices and their relation
to the transporter and scaffold domains. (c) View of the crossover formed by M4 and M9, the position of IAA, the support site (light
blue) with central residues highlighted, and the binding chamber (light red) in the PINs. Residue numbers correlate to PIN8 sequence.
The crossover helix dipoles are highlighted in red and blue. Abbreviations: IAA, indole-3-acetic acid; PIN, PIN-FORMED.

inward-open conformation and are very similar,with a root-mean-square deviation (RMSD) of Cα

atoms of only 1.0–1.2 Å between them. Interestingly, PIN8 was also solved in an outward-facing
conformation in the substrate-free and IAA-bound states, providing the other central confor-
mation found during transport, and this data allowed for a detailed description of the transport
mechanism (139).

The PIN1, PIN3, and PIN8 structures are all homodimers in which each monomer comprises
10 membrane helices with two inverted repeats: M1–M5 and M6–M10 (Figure 3a,b). The long
loops of PIN1 and PIN3, as well as the short loop of PIN8, were disordered, and the structural
data and analysis are focused on the transport mechanism of the transporter and not its regula-
tion by the loop. Each of the PIN monomers can be divided into two: the scaffold domain and
the transporter domain (Figure 3a,b). The scaffold domain is formed by the !rst two helices of
each repeat (M1–M2 and M6–M7) and forms the interface of the homodimer. The transporter
domain comprises two three-helix bundles (M3-M4-M5 and M8-M9-M10) with helices M4 and
M9 disrupted in themiddle of themembrane around a conservedmotif, leading to two interrupted
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Figure 1
Schematic representation of three categories of substrate-concentrating mechanisms. (a) Primary active
transport exempli!ed by an ABCB transporter (using analogy to the animal PGP exporter). In the
ATP-bound state (T) the transporter is outward open and can release substrate (red sphere). ATP hydrolysis
causes the rearrangement of the transporter into the inward-open con!guration in which ADP (D) is still
bound. Substrate binding triggers the exchange of ADP for ATP to form the occluded state and transport
the substrate to the outside, thus completing the transport cycle. (b) Coupled transport. Symport and
antiport catalyze the movement of a primary substrate against its ECP through a series of conformational
states. Symporters and antiporters can support the movement of a primary substrate by utilizing both the
!! and the energy gained by moving protons down their !pH toward the cytosol (in). In symport,
substrates are moved in the same direction. In antiport, substrate movement and proton movement take
place in opposite directions. (c) Uniporters only move a primary substrate. If the substrate is charged, the
membrane potential can result in increased substrate concentration. [S], H+, and ! are represented
schematically to the right. The DF that is used to concentrate the primary substrate is indicated for each
example. Abbreviations: ABCB, ATP-BINDING CASSETTE group B; ADP, adenosine diphosphate; ATP,
adenosine triphosphate; D, ATP; DF, driving force; ECP, electrochemical potential; [H+], proton gradient;
PGP, P-glycoprotein; Pi, inorganic phosphate; [S], substrate concentration; T, ATP-bound state; "pH,
concentration gradient; !!, membrane potential; !, electric potential.

188 Hammes • Pedersen

Structure and function of auxin transporters, Hammes & Pedersen, Ann. Rev. Plant Biol. 75:185-209



Feedback through regulated expression and localisation of PIN genes 



Asymmetric localisation of the PIN1 auxin efflux transporter is a 
dynamic process and requires the maintenance of polar secretion.

Brefeldin A treatment causes rapid loss of PIN1 localisation.

Brefeldin AX



Brefeldin Ax
xAuxin





Auxin traffic is determined by the the balance of 
activities of influx and efflux carriers. 

Influx: 

AUX/LAX 
family 
Diffusion

Efflux: 

PIN family 
ABC transporter family



How is auxin flux or accumulation 
converted to states of gene expression?



Auxin responses are mediated by a set of positive 
and negative gene regulators, the AUX/IAA and  
auxin response factors (ARFs) 

negative regulation

positive and negative regulation

target genes



Auxin molecules trigger intracellular binding of 
AUX/IAA proteins to an F-box protein, TIR1







SCF complex 
SKP/ASK1 
Cullin/CUL1 
F-Box/TIR1

The transient TIR1-AUX/IAA protein complex targets the 
AUX/IAA protein for degradation in the 26S proteasome 
via ubiquitination



The transient TIR1-AUX/IAA protein complex targets the 
AUX/IAA protein for degradation in the 26S proteasome 
via ubiquitination



negative regulation

positive and negative regulation

target genes

The auxin-mediated loss of AUX/IAA proteins 
derepresses ARF functions

auxin response factors



PP67CH21-Wagner ARI 8 February 2016 14:18

Arabidopsis

Rice

Physcomitrella

Marchantia

Green algae
(e.g., Spirogyra)

ARFAux/IAATIR1/AFB

? ? ?

Figure 7
The evolution of the auxin response pathway, showing the distribution of genes encoding TIR1/AFB,
Aux/IAA, and ARF proteins in published plant genomes for several plant species. These species represent
eudicots (Arabidopsis), monocots (rice), mosses (Physcomitrella), liverworts (Marchantia), and green algae
(Spirogyra, as an example of charophytes). The tree on the left-hand side indicates the divergence order but is
not drawn to scale. Protein abbreviations: ARF, AUXIN RESPONSE FACTOR; Aux/IAA,
AUXIN/INDOLE-3-ACETIC ACID; TIR1/AFB, TRANSPORT INHIBITOR RESISTANT 1/AUXIN
SIGNALING F-BOX.

directly represses ETT. ETT in turn directly represses WUS. The ETT-bound site at the WUS
promoter is close to a region occupied by AG, and ARF3 binding to WUS (but not to a previously
defined ETT target) was shown to be dependent on AG (110, 112). Hence, AG modulates the
activity of this repressive ARF.

Auxin Response During Gynoecium, Ovule, and Pollen Development
Local auxin maxima and auxin responses play important roles during the formation of the male
and female reproductive structures (reviewed in 83, 103, 163). The female reproductive structure,
the gynoecium, consists of multiple tissue layers with distinct functions, such as the gynophore at
the base, the two valves with the transmitting tract and ovules arising from the valve margins, the

www.annualreviews.org • Transcriptional Responses to the Auxin Hormone 21.21

Changes may still occur before final publication online and in print
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3. Selective activation of genes by ARF binding to auxin responsive 
promoters





The protein structure of ARFs. 
DBD, DNA-binding domain; CTD, C-terminal dimerization domain; MR, 
middle region; RD, repression domain; AD, activation domain;





topless (tpl) mutant





PB1 PB1 PB1 PB1

PB1PB1PB1PB1

Protein Binding domains (PB1) are found on AUX/IAA and ARF proteins 
and allow formation of protein complexes 



Recognition of composite AuxREs and recruitment of tetrameric TPL/TPR corepressors 

AuxRE

AuxRE

4x TPL/TPR corepressors

2x ARF
2x ARF

AUX/IAAs



Recruitment of Switch/Sucrose Non-Fermenting (SWI/SNF) and Histone Acetyl 
Transferase (HAT) complexes for remodelling chromatin



Copyedited by: OUP
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genes. Rather, like many eukaryotic transcription factors 
(Amoutzias et al., 2008; Kribelbauer et al., 2019; Sloan et al., 
2020), ARFs bind DNA as dimers, and can homodimerize via 
their DBD (Boer et al., 2014), and additionally through their 
PB1 domain (Han et al., 2014; Korasick et al., 2014; Nanao 
et al., 2014; Kim et al., 2020), to bind tandem repeat motifs of 
TGTCNN elements. The nomenclature of these tandem re-
peat is as set by Freire-Rios et al. (2020), with inverted repeat 
(IR), everted repeat (ER), and direct repeat (DR) depend-
ing on the orientation of two TGTCNN elements and the 
number of bases between the individual motifs (Fig. 3A). For 
example, when two TGTCNN elements point in the same 
direction (direct repeat) and are spaced !ve nucleotides apart, 
this is a DR5 motif. Given that A-ARFs are auxin-depen-
dent activators and B-ARFs are auxin-independent repressors 
(Tiwari et al., 2003; Kato et al., 2015, 2020), having unique 
motif preferences could dictate certain target genes free from 
A/B competition, and are therefore either generally activated 
or repressed.

Early work identi!ed DR5 and IR7 motifs to be e"ective 
auxin-inducible reporters (Ulmasov et al., 1997a, b). In 2016, 
the DNA a#nity puri!cation and sequencing (DAP-seq) 
method was developed for Arabidopsis transcription factors. 
In DAP-seq, genomic DNA is mixed with a transcription 
factor attached to magnetic beads that allows a ‘pull-down’ 
of the most strongly bound genomic regions, which yields 
both the genomic location of binding and the DNA-binding 

motifs for the transcription factor (O’Malley et al., 2016). 
Recently, studies with this method have yielded the !rst 
comprehensive overview of genome-wide DNA binding by 
ARFs, revealing both overlapping and distinct motif pref-
erences for A-ARFs and B-ARFs (O’Malley et al., 2016; 
Galli et al., 2018; Stigliani et al., 2019). In both Arabidopsis 
and maize, A- and B-ARFs can bind IR7/8 motifs, while 
A-ARFs are additionally capable of binding to several DR 
and ER motifs. While there are clear di"erences between the 
DNA binding speci!cities of A- and B-classes of ARFs, rel-
atively minor di"erences exist within each class. One caveat 
is that in DAP-seq, transcription factors are o"ered genomic 
DNA fragments devoid of histones, leading to binding 
events also occurring within regions normally inaccessible 
in a physiological context, highlighted by a low overlap of 
binding events between DAP-seq and ChIP-seq experiments 
(O’Malley et al., 2016). In maize, only 5–25% of DAP-seq 
ARF binding events occur within open chromatin regions 
(Galli et al 2018). However, when combining DAP-seq 
with gene expression data in maize, it appeared that auxin-
activated genes either have a sole A-ARF binding event, or 
shared A-ARF and B-ARF events, but never a B-ARF-only 
event (Galli et al., 2018). This matches with data obtained in 
Arabidopsis, where promoters of auxin-activated genes are 
enriched for both binding events and motifs that are tar-
geted primarily by A-ARFs (see below) (Stigliani et al., 2019; 
Freire-Rios et al., 2020). In other words, genes that are auxin 

TGTCNN...TGTCNN
ACAGNN...ACAGNN

Direct Repeat (DR)

TGTCNN...NNGACA
ACAGNN...NNCTGT

Inverted Repeat (IR)

NNGACA...TGTCNN
NNCTGT...ACAGNN

Everted Repeat (ER)

A

TGTCGGCCTTTTGTCGG
ACAGCCGGAAAACAGCC

DR5

TGTCGGCCAAAGGCCGACA
ACAGCCGGTTTCCGGCTGT

IR7B C

Fig. 3. Spacing motifs determine ARF specificity. (A) Definition of a direct repeat (DR), inverted repeat (IR), and everted repeat (ER), following the definition 
set by Freire-Rios et al. (2020). N denotes A, T, C, or G, while dots represent variable numbers of intermittent nucleotides between two TGTCNN 
elements. (B) Schematic figure representing single-molecule FRET analysis of DNA binding. Arrow thickness represents affinity. A- (green) and B-ARFs 
(red) are competing with each other for DNA binding. Both ARFs have an affinity for IR7 motifs that allows for in vivo competition on the same locus. For 
DR5, both ARFs have a weaker affinity, with B-ARF affinity being so weak that their in vivo binding is likely to be negligible (Freire-Rios et al., 2020; Kato 
et al., 2020). (C) The proposed caliper model (Boer et al., 2014). The A-ARF AtARF5 (green) was found to be able to bind IR5–IR9 motifs, whereas the 
B-ARF AtARF1 (red) was limited to IR7/8.
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become auxin regulated by virtue of their sequence-speci!c 
DNA binding (Ulmasov et al., 1997b).

ARF proteins contain three conserved domains with dis-
tinct functions: an N-terminal DNA-binding domain (DBD), 
a middle region (MR), and a C-terminal Phox and Bem1 
(PB1) domain (Fig. 1) (Ulmasov et al., 1999b; Tiwari et al., 
2003; Weijers and Wagner, 2016). The DBD contains a B3 
domain that allows ARFs to bind DNA motifs called Auxin 
Response Elements (AuxREs) (Ulmasov et al., 1999b; Boer 
et al., 2014; Weijers and Wagner, 2016). Other regions within 
the DBD facilitate homodimerization and heterodimeriza-
tion, imposing an additional layer of DNA binding preference 
towards tandem repeat AuxREs (see further) (Ulmasov et al., 
1997a, b; Boer et al., 2014). Once bound to chromatin, ARFs 
can either repress or activate transcription, through their MR 
(Ulmasov et al., 1999a; Kato et al., 2015). The PB1 domain acts 
as a homo- and heterotypic oligomerization domain, allow-
ing ARFs to homo- and/or heterooligomerize and/or in-
teract with Aux/IAA proteins (Kim, 1997; Ouellet et al., 2001; 
Hamann et al., 2002; Li et al., 2011; Kato et al., 2015).

ARFs probably originated in a streptophyte common 
ancestor to land plants and algal sisters, and diverged into 
three phylogenetically and functionally separated classes pre-
sent in all subsequent land plants: A, B, and C (Mutte et al., 
2018). Extant streptophyte algal ARFs belong either to the 
C-class, or to an A/B-class that probably represents an an-
cestral state preceding A/B diversi!cation (reviewed in Kato 
et al., 2018; Carrillo-Carrasco et al., 2023). While algal ARFs 
have not been studied in depth, analysis of the single ARF in 
Chlorokybus atmophyticus suggest a DNA binding preference 
similar to that of land plant counterparts (Martin-Arevalillo 
et al., 2019). This indicates that the fundamental ARF DNA 
binding preferences are probably ancestral and have been 
maintained during evolution. In land plants, ARF transcrip-
tional activities are well conserved between bryophytes and 
angiosperms, and are attributable to the di"erent ARF classes: 
A-ARFs are known to act mainly as transcriptional activators, 
while B- and C-classes function as repressors (Tiwari et al., 
2003; Kato et al., 2015). A- and B-class ARFs are known to 
regulate auxin transcriptional responses in land plants, whereas 

TIR1/AFB

IAA

A B

Aux/IAA MRB3 PB1

DBD

α1 αD AD

A B

TPL

Fig. 1. Overview of the nuclear auxin pathway and the anatomy of an ARF. (A) The minimalistic nuclear auxin pathway. Under low auxin conditions 
(upper panel), both A-ARFs (green) and B-ARFs (red) act as repressors. A-ARFs bind with a repressive cofactor, Aux/IAA (bordeaux), that recruits TPL, 
while B-ARFs recruit TPL directly via their middle region. Under increasing auxin conditions [indole-3-acetic acid (IAA) gold], IAA acts as a molecular glue 
and allows TIR1/AFB to sequester Aux/IAA away from the A-ARFs, which then become transcriptional activators. B-ARFs act as repressors in either 
condition. (B) The anatomy of an ARF. Top panel shows the general genetic sequence of an ARF, the lower panel shows the atomic structure of the 
DNA-binding domain in complex with an IR7 motif (pdb: 6ycq). Domains indicated and discussed in this review are: α1 (pear), the α-helix tethering the 
B3 domain and acting as a molecular hinge; N-terminal dimerization domain (yellow); B3 (green), the domain interacting with the DNA; αD (purple), the 
α-helix and loop that facilitates dimerization; and the C-terminal dimerization domain and ancillary domain (AD, cyan). The middle region (MR, white) and 
Phox and Bem1 domain (PB1, blue) are omitted.
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become auxin regulated by virtue of their sequence-speci!c 
DNA binding (Ulmasov et al., 1997b).

ARF proteins contain three conserved domains with dis-
tinct functions: an N-terminal DNA-binding domain (DBD), 
a middle region (MR), and a C-terminal Phox and Bem1 
(PB1) domain (Fig. 1) (Ulmasov et al., 1999b; Tiwari et al., 
2003; Weijers and Wagner, 2016). The DBD contains a B3 
domain that allows ARFs to bind DNA motifs called Auxin 
Response Elements (AuxREs) (Ulmasov et al., 1999b; Boer 
et al., 2014; Weijers and Wagner, 2016). Other regions within 
the DBD facilitate homodimerization and heterodimeriza-
tion, imposing an additional layer of DNA binding preference 
towards tandem repeat AuxREs (see further) (Ulmasov et al., 
1997a, b; Boer et al., 2014). Once bound to chromatin, ARFs 
can either repress or activate transcription, through their MR 
(Ulmasov et al., 1999a; Kato et al., 2015). The PB1 domain acts 
as a homo- and heterotypic oligomerization domain, allow-
ing ARFs to homo- and/or heterooligomerize and/or in-
teract with Aux/IAA proteins (Kim, 1997; Ouellet et al., 2001; 
Hamann et al., 2002; Li et al., 2011; Kato et al., 2015).

ARFs probably originated in a streptophyte common 
ancestor to land plants and algal sisters, and diverged into 
three phylogenetically and functionally separated classes pre-
sent in all subsequent land plants: A, B, and C (Mutte et al., 
2018). Extant streptophyte algal ARFs belong either to the 
C-class, or to an A/B-class that probably represents an an-
cestral state preceding A/B diversi!cation (reviewed in Kato 
et al., 2018; Carrillo-Carrasco et al., 2023). While algal ARFs 
have not been studied in depth, analysis of the single ARF in 
Chlorokybus atmophyticus suggest a DNA binding preference 
similar to that of land plant counterparts (Martin-Arevalillo 
et al., 2019). This indicates that the fundamental ARF DNA 
binding preferences are probably ancestral and have been 
maintained during evolution. In land plants, ARF transcrip-
tional activities are well conserved between bryophytes and 
angiosperms, and are attributable to the di"erent ARF classes: 
A-ARFs are known to act mainly as transcriptional activators, 
while B- and C-classes function as repressors (Tiwari et al., 
2003; Kato et al., 2015). A- and B-class ARFs are known to 
regulate auxin transcriptional responses in land plants, whereas 

TIR1/AFB

IAA

A B

Aux/IAA MRB3 PB1

DBD

α1 αD AD

A B

TPL

Fig. 1. Overview of the nuclear auxin pathway and the anatomy of an ARF. (A) The minimalistic nuclear auxin pathway. Under low auxin conditions 
(upper panel), both A-ARFs (green) and B-ARFs (red) act as repressors. A-ARFs bind with a repressive cofactor, Aux/IAA (bordeaux), that recruits TPL, 
while B-ARFs recruit TPL directly via their middle region. Under increasing auxin conditions [indole-3-acetic acid (IAA) gold], IAA acts as a molecular glue 
and allows TIR1/AFB to sequester Aux/IAA away from the A-ARFs, which then become transcriptional activators. B-ARFs act as repressors in either 
condition. (B) The anatomy of an ARF. Top panel shows the general genetic sequence of an ARF, the lower panel shows the atomic structure of the 
DNA-binding domain in complex with an IR7 motif (pdb: 6ycq). Domains indicated and discussed in this review are: α1 (pear), the α-helix tethering the 
B3 domain and acting as a molecular hinge; N-terminal dimerization domain (yellow); B3 (green), the domain interacting with the DNA; αD (purple), the 
α-helix and loop that facilitates dimerization; and the C-terminal dimerization domain and ancillary domain (AD, cyan). The middle region (MR, white) and 
Phox and Bem1 domain (PB1, blue) are omitted.
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Generating diverse patterns of gene expression from a simple mechanism



1. Intracellular binding of auxin
2. Targeted degradation of Aux/IAA 

repressors
3. Selective activation of genes by ARF 

binding to auxin responsive promoter 
elements

4. Recruitment of protein co-factors for 
maintenance of gene expression

5. Cell-cell communication

Regulation of gene expression by auxin
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Arabidopsis
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Physcomitrella

Marchantia

Green algae
(e.g., Spirogyra)

ARFAux/IAATIR1/AFB

? ? ?

Figure 7
The evolution of the auxin response pathway, showing the distribution of genes encoding TIR1/AFB,
Aux/IAA, and ARF proteins in published plant genomes for several plant species. These species represent
eudicots (Arabidopsis), monocots (rice), mosses (Physcomitrella), liverworts (Marchantia), and green algae
(Spirogyra, as an example of charophytes). The tree on the left-hand side indicates the divergence order but is
not drawn to scale. Protein abbreviations: ARF, AUXIN RESPONSE FACTOR; Aux/IAA,
AUXIN/INDOLE-3-ACETIC ACID; TIR1/AFB, TRANSPORT INHIBITOR RESISTANT 1/AUXIN
SIGNALING F-BOX.

directly represses ETT. ETT in turn directly represses WUS. The ETT-bound site at the WUS
promoter is close to a region occupied by AG, and ARF3 binding to WUS (but not to a previously
defined ETT target) was shown to be dependent on AG (110, 112). Hence, AG modulates the
activity of this repressive ARF.

Auxin Response During Gynoecium, Ovule, and Pollen Development
Local auxin maxima and auxin responses play important roles during the formation of the male
and female reproductive structures (reviewed in 83, 103, 163). The female reproductive structure,
the gynoecium, consists of multiple tissue layers with distinct functions, such as the gynophore at
the base, the two valves with the transmitting tract and ovules arising from the valve margins, the
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