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Special Issue Editorial

Auxin research: creating tools for a greener future

Amid the delays due to the global pandemic, in early 
October 2022, the auxin community gathered in the idyllic 
peninsula of Cavtat, Croatia. More than 170 scientists 
from across the world converged to discuss the latest 
advancements in fundamental and applied research in 
the field. The topics, from signalling and transport to plant 
architecture and response to the environment, show how 
auxin research must bridge from the molecular realm to 
macroscopic developmental responses. This is mirrored 
in this collection of reviews, contributed by participants 
of the Auxin 2022 meeting.

The plant hormone auxin is a master regulator of plant devel-
opment. Discovered more than a century ago, the organizing 
power of auxin lies in its transport and dynamic distribution. 
Central to polar auxin transport (PAT) are membrane auxin car-
riers, which facilitate the influx and efflux of auxin across the 
membrane (Han et al., 2021). In particular, the membrane-local-
ized efflux carriers of the PIN (PIN-FORMED) family play a 
critical role in determining the direction of the auxin flow. PIN 
polarization in the cell membrane is very dynamic, and changes 
in response to various environmental and developmental cues 
(Friml, 2022). However, efflux carriers are not only found on 
the plasma membrane—members of the non-canonical PIN-
FORMED and PIN-LIKES auxin transporters are localized in 
the endoplasmic reticulum (ER) membrane (Ung et al., 2023). 
Mutants in the ER-localized PINs show subtle phenotypes in 
root architecture and pollen development. ER-localized PINs 
are believed to mediate auxin sequestration to the ER lumen, 
which is rich in auxin conjugate hydrolases. The conjugation of 
auxin is an important mechanism to fine-tune the plant cellular 
auxin levels, allowing for auxin detoxification and storage in a 
non-bioactive form. Regardless, whether at the plasma mem-
brane or at the ER, PIN protein structure and the mechanism of 
auxin transport had remained one of the most eagerly awaited 
advances in the field, finally provided by an independent effort 
of three groups just before the meeting (Hammes et al., 2022).

In the cell, the pathways mediating the auxin response are 
complex and still not fully understood. According to the ca-
nonical nuclear auxin pathway, auxin stabilizes the interaction 

between the TIR1/AFB F-box proteins and the Aux/IAA tran-
scriptional co-repressors (Del Bianco and Kepinski, 2011). This 
interaction prompts the degradation of Aux/IAA via the pro-
teasome, allowing the auxin response factor (ARF) transcrip-
tion factors to mediate the auxin transcriptional response. This 
pathway has been known for almost 20 years, but there are still 
many biochemical and thermodynamic details at the molecular 
level that are still being elucidated (Ramans-Harborough et al., 
2023; Wójcikowska et al., 2023). This seemingly simple pathway 
can elicit context-specific responses thanks to the specific ex-
pression, interaction, and DNA binding abilities of the sev-
eral members that constitute each protein family (Del Bianco 
and Kepinski, 2011; Rienstra et al., 2023). MONOPTEROS 
(MP)/ARF5, one of the most studied ARFs, is a prime ex-
ample of the versatility of the components of the nuclear auxin 
pathway (Wójcikowska et al., 2023). MP/ARF5 regulates many 
aspects of plant development, including embryogenesis, mer-
istem activity, and leaf and vasculature organogenesis, via the 
modulation of gene expression. By constituting a still poorly 
characterized protein complex, MP/ARF5 and its isoforms 
regulated numerous targets in an auxin concentration-depen-
dent manner. Naturally, mp mutants show pleiotropic pheno-
types, from severe developmental abnormalities to sterility, that 
vary according to the allele.

In addition to the canonical nuclear auxin pathway, an 
increasing body of evidence is gathering regarding new signal 
transduction cascades. Indeed, many responses elicited by auxin 
are too fast to involve a transcriptional response: changes in 
plasma membrane potential, cytosolic calcium spikes, apoplast 
acidification or alkalinization, and endomembrane trafficking. 
Originally, it has been generally assumed that these responses 
are too fast to be mediated by the TIR1/AFBs transcriptional 
pathway and, therefore, additional auxin perception and sig-
nalling mechanism were invoked, for lack of better candidates 
focusing on the ABP1 (Auxin Binding Protein1) and its in-
teraction partner transmembrane kinase TMK1 (Fiedler and 
Friml, 2023). However, the important subset of these rapid 
responses underlying the root growth inhibition was convinc-
ingly attributed to a non-transcriptional action of TIR1/AFBs, 
in particular AFB1 (Fendrych et al., 2018; Chen et al., 2023; 
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Dubey et al., 2023). This motivated a search for additional func-
tionalities of TIR1/AFBs leading to an unexpected identifica-
tion of adenylate cyclase (AC) activity, which seems to be an 
evolutionarily conserved feature of these types of receptors (Qi 
et al., 2022). Nonetheless, the TIR1/AFB AC activity and its 
product, the notorious second messenger known from animals, 
cAMP, seems to be somehow involved in the transcriptional 
pathway, thus leaving the non-transcriptional branch of the 
TIR1/AFB pathway still elusive. On the other hand, the other 
rapid auxin responses related to plasma membrane ATPase ac-
tivation, subcellular trafficking, and feed-back on auxin trans-
port has now been linked to TMK1 and ABP1 (Li et al., 2021), 
which recently emerged from one of its many controversies 
as an established auxin receptor for auxin canalization under-
lying vascular tissue formation and regeneration (Friml et al., 
2022). One of the main recent surprises in the field was that 
auxin induces an ultrafast, global phosphoresponse, which is 

also downstream of the ABP1–TMK perception mechanism 
(Friml et al., 2022). It is likely that mining this rich resource of 
new auxin targets will reveal other physiological and develop-
mental roles of the ABP1–TMK pathway including cell wall 
remodelling (Jobert et al., 2023).

Through its transport and response pathways, auxin regulates 
many aspects of plant development in a robust yet flexible way. 
Following the formation of the zygote, auxin acts as a special 
cue to guide patterning: from the embryo to inflorescence de-
velopment, from meristem activity to vasculature differentia-
tion (Möller and Weijers, 2009; Smith and Nimchuk, 2023; Sun 
et al., 2023; Wakeman and Bennett, 2023). Extensively studied 
in the model plant Arabidopsis thaliana, recent efforts have been 
made to understand if and how these responses are relevant 
for cereal development (Cowling et al., 2023; Wakeman and 
Bennett, 2023). Notably, cereals carry grass-specific clades of 
PIN transporters and auxin biosynthesis and signalling genes, 

Fig. 1.  Auxin is the master regulator of plant adaptation to its environment. There is great potential for applications of auxin research in climate-resilient 
crop breeding; however, a holistic approach is needed to balance positive traits with possible negative effects. Central to future crop improvement efforts 
will be, therefore, the study of genes and pathways that fine-tune the auxin response. These genes could represent powerful tools for crop improvement 
through genetic manipulation. New targets could be also identified through the study of the genetic variation in the auxin pathway and response, not only 
in model systems, but also in crop species.
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with altered expression and function compared with their 
counterparts in Arabidopsis (Wakeman and Bennett, 2023). 
Grass-specific PINs are conserved in other grasses and prob-
ably involved in determining shoot architecture, although it 
is still unclear whether their function is linked to their struc-
tural alterations. Also in cereals, auxin crosstalks with other 
phytohormone inputs to regulate the immune and drought 
responses, root growth, shoot formation, and leaf morphogen-
esis (Cowling et al., 2023).

The auxin system acts as a hub to integrate biotic and abiotic 
stress in plant growth and development. Auxin is also involved 
in the responses to temperature, salt stress, and drought. Salt and 
drought stress have been shown to act on auxin responsiveness 
via the post-transcriptional regulation of ARFs (Verma et al., 
2022). Temperature modulates cell growth by inducing auxin 
biosynthesis in the cotyledon, from which it is then transported 
to the hypocotyl and the root to trigger the appropriate devel-
opmental response (Jing et al., 2023). This is accompanied by the 
regulation of a great number of genes, the regulation of protein 
stability, and the integration of different hormonal pathways via 
protein–protein interaction (Bianchimano et al., 2023). From 
the point of view of biotic stress, auxin interacts with jasmonic 
acid (JA) and salicylic acid (SA) to initiate the plant defence 
response (Van der Does et al., 2013). Auxin signalling has also 
been implicated in priming the plant defence in a phenomenon 
called induced systemic resistance (ISR), where the exposure to 
one stressor enhances the plant resistance to subsequent infec-
tions (Romera et al., 2019). However, in some cases, pathogens 
and parasitic plants can take advantage of the auxin signalling 
and manipulate it to promote their own growth and infection 
(Kunkel and Johnson, 2021; Kirschner et al., 2023). However, 
similar processes become beneficial while favouring positive 
plant–microbe interactions (Spaepen and Vanderleyden, 2011)

Understanding the complexity of auxin signalling is essential, 
not only to elucidate the fundamental mechanisms behind plant 
growth and development, but also to create tools for applica-
tions in agriculture and horticulture (Fig. 1) (Del Bianco and 
Kepinski, 2018). Researchers continue to study the elements of 
auxin transport and signalling to better understand how plants 
adapt to their environment and to develop new strategies for 
crop improvement. Indeed, the knowledge surrounding the role 
of auxin in plant development and response can be a valuable 
tool to help scientists and breeders develop crops that are more 
efficient, require less water, nutrient inputs, and energy, and are 
better equipped to withstand the challenges posed by climate 
change, thus ensuring the security and sustainability of food 
production in a rapidly changing world. However, while the 
potential applications of auxin research in climate-resilient crop 
breeding are promising, their feasibility must be carefully con-
sidered. Indeed, auxin is a powerful regulator of plant growth, so 
its manipulation in the context of the regulation of, for example, 
plant architecture needs to take into account secondary effects 
on the plant growth and fitness, which could affect the overall 
yield (Wójcikowska et al., 2023). Another complex example is 

during plant–microbe interaction, where auxin can favour the 
establishment of positive associations, but can also be exploited 
by pathogens and parasitic plants (Spaepen and Vanderleyden, 
2011; Kunkel and Johnson, 2021; Kirschner et al., 2023). Central 
to future crop improvement efforts will be, therefore, the study 
of genes and pathways that fine-tune the auxin response. These 
genes could represent valuable targets for the creation of pow-
erful tools for crop improvement through genetic manipulation 
and the identification of useful genetic variation. The study of 
the auxin pathway and response not only in model systems, 
but also in crop species, could help identify new targets though 
the identification of the molecular mechanisms that underlie 
phenotypic variation. Moreover, different local environments 
pose specific challenges, which will require the development of 
tailored crop ideotypes. Together, these efforts can create a plat-
form for crop improvement that leverages the power of decades 
of fundamental auxin research with our rapidly increasing 
knowledge of crop genomics, genetics, and precision breeding 
techniques, something that will be required if we are to meet 
the grand challenges of the coming century.
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