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Plants may initiate adventitious root growth from non-
root organs (Bellini et al.,, 2014; Druege et al., 2019). In
Arabidopsis thaliana, adventitious roots form either from
hypocotyls, contributing to the root system architecture,
or from wounded organs during regeneration (Bellini
et al., 2014; Xu, 2018). Jasmonate (JA), a wound-induced
hormone, regulates adventitious rooting from hypocotyls
and wounded organs. Interestingly, JA plays opposite
adventitious rooting-associated regulatory roles at dif-
ferent stages and from different sources through cross-
talk with multiple hormones. In this issue of the Journal
of Experimental Botany, Dob et al. (2021) show that the
crosstalk between JA and cytokinin regulates adventi-
tious rooting from hypocotyls.

Adventitious roots are initiated from non-root organs. In
Arabidopsis, hypocotyls can form adventitious roots to re-
plenish the root system architecture, and wounded regions of
detached leaves can also form adventitious roots, termed de
novo root regeneration. Auxin is the central hormone in rooting
(Thimann ef al., 1934). In each of these Arabidopsis adventi-
tious rooting processes, auxin is the key hormone that controls
the initiation of the adventitious root primordium. The auxin
signalling pathway can directly target root cell fate-controlling
genes, such as WUSCHEL RELATED HOMEOBOX
11 (WOX11) and LATERAL ORGAN BOUNDARIES
DOMAIN 16 (LBD16) (Liu et al., 2014; Sheng et al., 2017),
as well as targeting the Gretchen Hagen3 (GH3.3, GH3.5, and

GH3.6) genes involved in JA homeostasis (Gutierrez et al.,
2012; Lakehal et al., 2019a). Other hormones, such as JA, cyto-
kinin, ethylene, gibberellin, and abscisic acid, also play roles in
regulating the efficiency of adventitious rooting (reviewed in
Druege et al., 2019). In addition, many hormones are sensitive
to, and regulated by, environmental signals, thereby linking en-
vironmental conditions to root organogenesis.

JA serves as a negative regulator of
adventitious rooting from hypocotyls

In this issue, Dob et al. analysed the crosstalk between JA and
cytokinin during the inhibition of adventitious rooting from
Arabidopsis hypocotyls. Cytokinin has inhibitory roles in ad-
ventitious rooting from hypocotyls. The authors found that
the cytokinin free base content decreases during adventitious
rooting from hypocotyls, which might be caused by the down-
regulation of cytokinin biosynthesis and the up-regulation
of cytokinin inactivation pathways. They further show that
the JA-MYC?2 signalling pathway represses the expression of
CYTOKININ OXIDASE/DEHYDROGENASE1 (CKX1),
which is responsible for cytokinin degradation, thereby
inhibiting adventitious root formation. Additionally, JA and
cytokinin may synergistically activate the RELATED to
APETALA2.6 LIKE (RAP2.6L) [also known as ETHYLENE
RESPONSE FACTOR (ERF) 113] transcription factor gene,
a negative regulator of adventitious rooting. Overall, the cross-
talk between JA and cytokinin is essential for the negative
regulation of root organogenesis from hypocotyls.

Previous studies from this group also suggest that JA inhibits
adventitious rooting from hypocotyls through multiple mo-
lecular pathways. The expression of ERF115 is activated by
JA, which promotes cytokinin biosynthesis to inhibit adven-
titious rooting (Lakehal et al., 2020). In addition, JA promotes
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the expression of the DIOXYGENASE FOR AUXIN
OXIDATION 1 (DAOT) gene, which regulates the feedback
of the auxin—JA crosstalk (Lakehal et al., 2019b). Therefore, JA,
auxin, and cytokinin are involved in the complex regulatory
network controlling adventitious rooting from hypocotyls.

JA serves as a positive regulator of
adventitious rooting from detached leaves

In addition to its inhibitory role in adventitious rooting from
hypocotyls, JA functions as a positive regulator promoting ad-
ventitious root organogenesis. Detached leaves can regenerate
adventitious roots upon wounding, and JA has an important
promotive role in this regenerative process (Zhang et al.,2019).
The JA level is highly induced in detached leaves within
10 min of wounding. The JA signalling pathway then directly
activates ERF109, which in turn promotes the expression of
ANTHRANILATE SYNTHASE a.1 (ASA1), a tryptophan
biosynthetic gene. Tryptophan is the amino acid precursor
that can be converted to form auxin. The quick activation of
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ASA1 by ERF109 is dependent on the deposition of H3 ly-
sine 36 trimethylation (H3K36me3) on the ASA1 locus by
SET DOMAIN GROUPS (SDGS8) histone methyltransferase.
Thus, JA may act as a wound hormone to promote adventi-
tious rooting by up-regulating the auxin level. However, con-
stant long-term JA signalling is harmtul to root organogenesis.
The leaf explant turns off the JA signal partly through the
interaction of ERF109 with JASMONATE-ZIM-DOMAIN
(JAZ) proteins to block the ERF109 activity.

The JA-ERF module is also regulated by the age develop-
mental pathway in Arabidopsis (Ye et al., 2020). As plants age,
the adventitious root formation capacity from detached organs
gradually decreases. In Arabidopsis, the miRINA156 (miR 156)—
SQUAMOSA PROMOTER BINDING PROTEIN-LIKE
(SPL) pathway is the key regulator of ageing, in which miR 156
directly targets the mRNAs of the SPL transcription factor
genes for mRINA degradation. With ageing, the miR 156 level
decreases, while the SPL mRNA level increases. In adventi-
tious rooting from leat explants, SPL2, 10, and 11 are the key
negative regulatory genes. They negatively regulate ERF109
and another ERF gene, ABSCISIC ACID REPRESSORT1
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Box 1. The molecular network of jasmonate (JA) and other hormones in adventitious rooting.

JAplays dualroles in the regulation of adventitious rooting. During adventitious rooting from Arabidopsis
hypocotyls, there is crosstalk among JA, auxin, and cytokinin, thereby forming a molecular network
that inhibits root organogenesis. During adventitious rooting from detached leaf explants, JA acts as a
wound signal that up-regulates auxin biosynthesis to promote root organogenesis and is regulated by
the ageing pathway. The opposite roles of JA in the two adventitious rooting processes may indicate
that JA acts in a strict spatial and temporal manner to regulate adventitious root formation.
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(ABR1), resulting in the restriction of auxin production for
rooting. Therefore, the JA-ERF pathway is highly sensitive to
the leaf explant age.

Perspectives

The roles of JA, both positive and negative, in adventitious
rooting have been observed in Arabidopsis and many other
plant species (Ahkami ef al., 2009; Fattorini ef al., 2009, 2018;
Gutierrez et al., 2012; Agullo-Antén et al., 2014; Lischweski
et al.,2015; Park et al., 2019; Lakehal et al., 2019b; Zhang et al.,
2019; Alallaq et al., 2020). Presently, it is hypothesized that JA
serves a dual role in adventitious rooting (summarized in Box
1). On the one hand, JA inhibits root organogenesis through
crosstalk with cytokinin and auxin. On the other hand, JA
serves as a wound signal that promotes auxin production to
activate rooting. Therefore, the rigorously controlled JA level
and its spatial pattern may be important for adventitious root
formation.

Many important questions regarding the role of JA in ad-
ventitious rooting remain unanswered. For example, in ad-
ventitious rooting from detached leaf explants, a constant
JA treatment blocks the rooting process (Zhang et al., 2019).
Whether the inhibitory role of JA in rooting from detached
leaves and its role in rooting from hypocotyls share the same
mechanisms is not clear. Additionally, the endogenous JA
levels must be rigorously controlled in different stages of ad-
ventitious rooting and in different organs that produce ad-
ventitious roots. What is the mechanism that spatially and
temporally regulates JA levels? Further studies on JA in
the adventitious rooting of Arabidopsis and other species
will shed light on the complex regulatory network of root
organogenesis.
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