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More than cell wall hydrolysis: orchestration of cellular

dynamics for organ separation
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Plants’ ability to cope with the ever-changing environment is
one of the hallmarks that distinguishes plants from animals.
Plants stationed in one place have evolved to remodel their
architecture in response to the environmental factors by
continuously creating new organ systems and removing
existing organs through abscission. Herein, | provide insights
into developmental plasticity of plants, focusing on the exit
strategy (abscission). When plants start developing organs, the
elimination tactics are also established in the form of abscission
zones (AZ), that is, specialized cell layers for organ separation.
Herein, recent advances in understanding the spatial regulatory
mechanism of AZ in terms of cellular dynamics, coordination,
and reconfiguration of the physical barrier of the cell wall to
achieve precise abscission are discussed.
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Introduction

Plant cells are surrounded by and attached to a rigid
cellulosic extracellular matrix, the cell wall, which pro-
vides structural support to cells and tissues and plays an
integral role in cellular processes, such as proliferation,
differentiation, and defense [1,2]. Recent studies in floral
organ abscission in Arabidopsis have provided insights into
how the specific architecture is associated with cellular
function and how local cell wall modification could be
achieved [3°°,4,5°]. Abscission occurs at a specific site,
the abscission zone (AZ), which is generally established at
the time of organ formation. When abscission is activated,
the dissociation of the cell wall takes place in the AZ,
resulting in organs’ separation [6]. Moreover, abscission
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has been adopted in the processes of flower fall and seed
or fruit dispersal, making abscission an important aspect
in human food supply and plant fitness [7-11]. This
review focuses on the recent advances in mutual relation-
ship between cellular function and architecture using
organ abscission as a model system.

Main text of review

Coordination of layer-specific functions

Forward and reverse genetic screens using Arabidopsis
have helped identify the signaling components of abscis-
sion including plant hormones ethylene and auxin, pep-
tide ligand (IDA), receptor-like kinases HAESA (HAE)
and HAESA-like 2 (HSL2), and mitogen-activated
protein kinase cascades [12-16,17°°], which were well
summarized in recent reviews [18-20]. Compared to
the well-identified signaling components that regulate
abscission in a timely manner, our understanding of the
cellular features and spatial regulatory mechanisms of
abscission remain limited. How several layers of cells
in AZ coordinate to dissolve middle lamellae and achieve
subsequent organ separation, how the specificity of each
layer is assigned, and how the cell wall remodeling is
restricted to a specific area remains unelucidated.
Recently, Lee e al. [3°°] provided clues about layer-
specific coordination of cellular dynamics and cell wall
remodeling for precise abscission. In Arabidopsis, cell
separation occurs between two adjacent cell layers, result-
ing in an even surface on the plant body after abscission.
On the basis of the separating layer, AZ cells could be
distinguished into cells that remain at the plant body after
abscission and those that are attached to the shedding
organ, which were defined as residuum cells (RECs) and
secession cells (SECs), respectively [3°°]. SECs and
RECs behave differently, presenting cell-type-specific
gene expression, ROS distribution, and cell wall modifi-
cation (Figure 1). Molecular mechanisms for these layer-
specific effects are not fully understood, but the research
has pointed out the importance of spatial regulation in
abscission and the necessity for investigating the layer
specificity of the abscission process.

Lee et al. [3°°] suggested that cell-type-specific ROS
distribution plays an important role in maintaining spec-
ificity of abscission layers. The two neighboring cell
types, RECs and SECs, show different accumulation
patterns of ROS, high accumulation of superoxide
(OZ._) and hydrogen peroxide (H,0,), respectively.
When this ROS pattern is disturbed in wevershed (nev)
mutants, cell-type-specific activity is also affected [3°°].
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lllustrations of layer-specific cellular features and developmental transition of the abscission zone (AZ) in Arabidopsis flowers.

(a) A drawing of the floral AZ in Arabidopsis. AZ cells attached at the ‘cut surface’ of the abscised flower (secession cells, SECs) are distinguished
from AZ cells remaining at the receptacle (residuum cells, RECs) in terms of lignin formation and ROS distribution. H,O, preferentially accumulates
at SECs, whereas superoxide accumulates at RECs. Lignin in SECs provides a physical barrier to confine the diffusion of cell wall enzymes, while
the cuticle on the RECs protects the exposed surface.

(b) A schematic model for developmental transition of AZ cells in Arabidopsis flowers. Activated AZ cells present layer-specific cellular activities
and architectures, though it is unknown as to when and how RECs and SECs are specified. Activated RECs undergo longitudinal expansion,
which may contribute to reducing the rigidity of the xylem by inducing stretching and rupture of the lignified structure. After abscission, RECs
become the outermost layer responsible for protecting against water loss and pathogen infection. Instead of forming protective layers associated
with periderm, RECs of Arabidopsis flowers protect the surface by transdifferentiating themselves into epidermal cells and sealing the surface with
cuticle.

In #ev mutants, SEC-specific lignin is detected in RECs  Different types of ROS play distinctive roles. Particularly,
and the protective layer of REC is not formed. NEVisan  transition from proliferation to differentiation is controlled by
ADP-ribosylation  factor-G'TPase-activating  protein  balancing superoxide and H,O, accumulation in both plant
(ARF-GAP) that localizes at the trans-Golgi network and mammalian systems [24,25]. In roots, the consumption of
and endosomes, and mutation in the gene influences  H,0O; by peroxidases, regulated by the transcription factor
membrane trafficking and inhibits floral organ abscission =~ UPBEATI, has been suggested to be important in main-
[14]. Transcriptomic analysis and measurement of the taining the balance between superoxide and H,O, [24]. In
force needed to remove petals suggest that the underlying  AZ, H,0, concentration in SECs is strongly affected by the
mechanisms of the abscission deficiency in zev are distinct inhibition of superoxide dismutase (SOD) activity [3°°]

from those of ida and ae hs/2 mutants [21,22]. Interestingly,  suggesting that the enzymatic conversion of superoxide into
AZ cells of nev are ectopically enlarged, suggesting that cell H,0, is another regulatory point for maintaining ROS bal-
wall loosening is not a factor that inhibits organ separation. ance. Further characterization of peroxidases and SODs
Extensive cell expansion is observed in plants overexpres- ~ would help clarify the different roles of superoxide and
sing IDA, wherein organ abscission is accelerated [23]. H,0,and to understand the molecular mechanisms by which

Disturbed cell-type-specificity in #zev might be the answer  cells maintain the specific balance between these ROS.

to the puzzled phenotype of #ev. Overaccumulation of

H,0; atthe RECs in 7ev may accelerate cell wall loosening ~ Spatial distribution of lignin in abscission

and induction of defense-related gene expression, while  Lignification in and near the AZ has been noted from the
inhibiting organ separation by ectopic lignin in RECs. carliest study [26] and it has been suggested to play a role
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in protecting the area exposed after abscission [27,28].
However, recent studies in Arabidopsis have revealed that
lignin is formed, not at the RECs, but at the SECs, the AZ
attached to the shedding organ [3°°] suggesting a role of
lignin in the process of abscission. Inhibition of lignifica-
tion at SECs by drugs or genetic mutation disturbs the
spatial arrangement of the cell wall enzymes and leads to
their diffusion beyond AZ, which induces random segre-
gation of SECs, delays abscission, and increases the
vulnerability of AZ to the pathogen infection [3°°]. These
results suggest that the lignified cell wall provides spatial
guidance to the cell-wall-hydrolyzing enzymes to restrict
their reaction to a specific site, which is important for
spatiotemporal regulation of abscission and subsequent
surface integrity after abscission. Lignification in SECs
was also observed in cauline leaves of Arabidopsis and
Ginkgo biloba [3°°] and in the fruit of Citrus [4] suggesting
that the involvement of lignin in the process of abscission
is conserved across various plants.

The spatial patterning of lignin is orchestrated by two
antagonistic pathways, the pathway leading to and inhi-
biting lignin formation. Many efforts have been made to
understand the mechanisms of localized lignin deposition
[29]. However, our knowledge of transcription networks
that regulate SEC-specific lignin formation is still

obscure. One clue can be found in the study of the
transcription factor BREVIPEDICELLUS (BP, also

Figure 2
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known as KNAT1), which negatively regulates the for-
mation of lignin at the inflorescence stem [30]. BP/
KNAT'1 has been shown to act downstream of the signal-
ing pathway mediated by IDA and HAE/HSL2 indepen-
dent of SEC-lignin formation [3°%,31,32]. However, REC-
preferential expression of BP/KNATI leaves room for the
possibility that BP/KNAT'1 regulates abscission in part by
modulating lignin metabolism [3°°].

In tomato, AZ develops at the midpoint of the pedicel
where the vasculature is heavily lignified (Figure 2). AZ
development is directly linked to the suppression of
lignification at the vascular tissue surrounding AZ, ensur-
ing that AZ is a lignin-free area. Mutations in the MADS-
box transcription factors, such as MACROCALYX,
JOINTLESS, or MBP2], suppress the development of
pedicel AZ, which in turn leads to continuously lignified
vascular tissue and inhibits abscission [33,34]. Similarly,
repression of lignin is observed in rice seed AZ (Figure 2).
Seed shattering in rice is directly linked to grain yield, and
the degree of grain shattering is greatly reduced during
crop domestication. In the current rice-breeding pro-
grams, the seed-shattering habit is still a target, especially
in indica cultivars that generally display a more easy-
shattering phenotype than japonica cultivars [35]. In rice,
the AZ consists of a few layers of cells between the grain
and the pedicel, where epidermal cells and the scleren-
chyma of vascular tissues are heavily lignified [9,36]. One

Abscission zone in Tomato

Abscising allele Non-abscising allele

Jjointless

Shaterring cultivar Non-Shaterring cultivar
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Repression of lignin at the AZ in tomato and rice.

lllustrations display lignin distribution around the AZ of abscising alleles and non-abscising alleles in tomato and rice. Lignified cells are marked in red.
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lignin-free layer is a predominant cellular feature of the
pedicel AZ in a shattering-type /ndica cultivar, ‘Kasalath’,
contrary to the continuously lignified sterile lemma and
rudimentary glume, which connect at the pedicel AZ in
the moderate-shattering ‘Dongjin’ and the non-shattering
‘llpum’ (japonica cultivars) [36]. The OSH15-SHS5 com-
plex regulates lignin biosynthesis in rice directly by
repressing the expression of CADZ, encoding one of the
lignin biosynthesis enzymes [5°,36]. OSH15 is preferen-
tially expressed at the AZ during spikelet development,
while downregulation of OSH75 in cv. Kasalath fills the
AZ with lignin and reduces the seed-shattering pheno-
type [5°]. These results suggest that securing a space
devoid of lignin in the AZ is critical in species in which
tissues are heavily lignified, and that a lignin-free layer is
achieved by actively repressing the production of lignin.
Specific functions of plant cells are often associated with
local lignin formation [37-39], and understanding the
regulatory mechanisms underlying the distribution of
lignin around the AZ should provide additional insights
into the roles of lignin in plants.

Cell expansion and mechanical signaling during
abscission

One of the notable features of RECs is longitudinal
expansion, though the biological relevance of this phe-
nomenon is not well understood. The longitudinal expan-
sion of RECs is prominent during abscission, but is also
noticeable before abscission [40]. Recent studies on
lateral root development provide an evidence for the
biological function of such volume changes [41°°,42].
Initiation and growth of lateral roots are controlled by
mechanical communication between pericycle and endo-
dermal cells involving volume changes on both sides of
cells and auxin signaling. Initial swelling of the lateral root
founder cell acts as a mechanical stress for the overlying
endodermal cells, which in turn induces controlled vol-
ume loss of endodermal cells providing room for emer-
gence of lateral roots [41°°]. These findings show the
ability of plants to use turgor and/or volume change for
cell-to-cell communications [38], which might be wide-
spread in cellular responses including abscission. Inter-
estingly, the IDA-HAE/HSLZ signaling module that
activates floral organ abscission also mediates auxin-
induced cell wall remodeling of overlying cells during
lateral root emergence [43°]. A deeper understanding on
mechanical communication in abscission would provide
more complete picture of the signaling networks of cell
separation. Further investigation is needed to address the
open questions, including whether swelling of AZ cells
causes mechanical stress, if so, how the mechanical stress
is perceived by neighboring cells, and how it acts as an
upstream regulator of IDA.

In the 19th century, mechanical pressure derived by the
expansion of AZ cells was regarded as a primary cause of
cell separation [44,45]. This theory was forgotten once the

effects of cell wall hydrolases on abscission were demon-
strated, and it is now widely accepted that cell wall
hydrolysis is the cause of cell separation [19,20]; this
has left the cell expansion feature an ‘orphan’. Even after
the middle lamella has dissociated, the leaves remain
attached due to the vascular strands, which are believed to
be easily broken due to wind or self-weight. Although
widely believed, how easily lignified xylem can be broken
due to external factors remains unclear; moreover, it is
unlikely that the plant would rely exclusively on external
factors for the final step of separation. Previous studies
provided a different view on the same. Wiesner [46]
showed that, when all the tissues except for the xylem
of the petiole AZ were cut, the leaves did not fall off due
to wind or weight. This implies that wind and weight
cannot shed leaves without reducing the integrity of
xylem. Sexton and Redshaw [47] revealed the stretched
and ruptured spiral structure of xylem vessels on the
fracture face of AZ in Impatiens sultani leaves and sug-
gested the roles of cell expansion directed along the axis
of the petiole during abscission in the rupture of the last
remaining xylem vessels. Recently, Patharkar and Walker
[48] provided evidence supporting this hypothesis. The
authors demonstrated that water stress induced the
abscission of Arabidopsis cauline leaves, an effect which
occurred only after the plants were re-watered [48]. This
suggested that water is an essential element in the abscis-
sion process. Although the authors did not provide a direct
link between rehydration and cell expansion, it would be
a reasonable assumption that rehydration leads to the
expansion of AZ cells, which in turn promotes abscission.
If so, SECs, which are bound together by lignin, would be
the solid foundation against which the expanding RECs
could press.

Recently, it has been shown that the explosive seed
dispersal in Cardamine hirsuta relies on the hinged geom-
etry of lignin in the endocarp 4 cell layer [37], showing
elaborate utilization of lignin in cellular mechanics. Even
in non-explosive fruits of Arabidopsis thaliana, precise
patterning of fruit tissues is critical for seed dispersion,
with the lignin arrangement at its core [49]. Differential
mechanical properties of lignified and non-lignified tis-
sues generate tension that triggers the opening of the
fruit, and details of the molecular mechanism for this can
be found in recent reviews [50,51]. Considering the
genetic networks shared by seed abscission and fruit
dehiscence, Balanza e a/. suggested that fruit dehiscence
may have evolved from the mechanisms controlling seed
abscission [52]. Further understanding on similarity and
difference between seed abscission and fruit dehiscence
could bring deeper insights to the evolutionary variation
to drive morphological and functional innovation.

Protective layer formation
RECs form the outermost cell layers after abscission,
suggesting their critical role in protecting the cell surface.

Current Opinion in Plant Biology 2019, 51:37-43
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During abscission of woody plants, the protective layer
and the periderm (associated with the periderm of stem)
form underneath the separation layer [6,53]. These layers
are suberized and provide a protective barrier, which is
similar to the wound-induced periderm that is followed
by suberization and lignification [54,55]. Intriguingly, the
formation of a protective layer in floral organ AZ in
Arabidopsis differs from these periderm-associated pro-
tective layers in that the remained AZ cells after abscis-
sion are converted directly into an epidermis-like protec-
tive layer [3°°]. In most eudicots and gymnosperms,
periderm arises during secondary growth and replaces
the epidermis as the frontier tissue, a phenomenon which
is also observed in Arabidopsis hypocotyls and roots
[56°°,57]. However, no periderm formation has been
reported in the Arabidopsis stem, even in the stem of
six-month-old plants of the soc/ fu/l double mutant that
have undergone extensive secondary growth [56°°,58]. It
is intriguing how protective layer formation would occur
in tissues where the process of periderm formation is not
inherent, such as in Arabidopsis stem. A recent study
showing cuticle formation on the newly exposed cell
surface following the abscission of floral organs in Arabi-
dopsis suggests transdifferentiation of AZ cells into the
epidermis as an alternative way to form protective layer
without periderm-associated cell division [3°°]. Further
investigation of the molecular mechanisms of transdiffer-
entiation in AZ cells and the comparative analysis of
wound healing and programmed abscission would provide
a broader insight into protection mechanisms in plants.

Conclusions

Abscission is an important element in the strategy that
enables a plant to adapt to the environment in a way that
continuously creates new organs. Recent studies have
shown that precise and complex signaling processes
and remodeling of cellular activities and architectures
are involved in this process, suggesting AZ to be an
attractive model system to study cellular dynamics and
cell wall remodeling. Abscission is directly linked with
crop yield and has been an important trait in plant
biotechnology in various crops including rice, tomato,
legume, cassava, Citrus, and sugarcane [4,5°,59-63]. A
multidisciplinary study using AZ as a model system would
contribute to understanding the basic principles of plant
cells, which can be applied to various fields of application.

Conflict of interest statement
Nothing declared.

Acknowledgements

We thank to Y.S. Shin (Seoul National University) for critical reading of the
manuscript and H.J. Kang (MEDART) and H. Jung for illustrations. This
work was supported by Research Resettlement Fund for the new faculty of
Seoul National University (grant no. 0409-20180189) and by the BK21
Research Fellowship from the Ministry of Education, Science and
Technology, Republic of Korea.

Cellular dynamics for organ separation Lee 41

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

e of special interest
ee Of outstanding interest

1. Chebli Y, Geitmann A: Cellular growth in plants requires
regulation of cell wall biochemistry. Curr Opin Cell Biol 2017,
44:28-35.

2. Zamil MS, Geitmann A: The middle lamella-more than a glue.
Phys Biol 2017, 14.

3. LeeY, Yoon TH, Lee J, Jeon SY, Lee JH, Lee MK, Chen H, Yun J,
ee OhSY, Wen Xetal.: Alignin molecular brace controls precision
processing of cell walls critical for surface integrity in
Arabidopsis. Cell 2018, 173:1468-1480 e1469.
The authors demonstrated that the AZ can be defined as two different
layers depending on the position after abscission, which show differences
in gene expression profile, cellular activities, and cell wall architecture.
Layer-specific lignin is shown to provide a physical guideline for localizing
the cell wall enzymes, and transdifferentiation has been proposed as a
method for achieving surface protection.

4. Merelo P, Agusti J, Arbona V, Costa ML, Estornell LH, Gomez-
Cadenas A, Coimbra S, Gomez MD, Perez-Amador MA,
Domingo C et al.: Cell wall remodeling in abscission zone cells
during ethylene-promoted fruit abscission in Citrus. Front
Plant Sci 2017, 8:126.

. Yoon J, Cho LH, Antt HW, Koh HJ, An G: KNOX protein OSH15
. induces grain shattering by repressing lignin biosynthesis
genes. Plant Physiol 2017, 174:312-325.

This paper demonstrated the molecular role of the BEL1-type homeobox
gene SH5 in seed shattering in rice. SH5 is highly homologous to gSH1,
the major domestication factor behind seed shattering inrice. The authors
revealed that SH5 forms a dimer with OSH15, a KNOX protein, and
controls the degree of seed shattering by negatively regulating lignin
formation.

6. Addicott FT: Abscission. Berkeley: University of California Press;
1982.

7. Avni R, Nave M, Barad O, Baruch K, Twardziok SO, Gundlach H,
Hale I, Mascher M, Spannagl M, Wiebe K et al.: Wild emmer
genome architecture and diversity elucidate wheat evolution
and domestication. Science 2017, 357:93-97.

8. Doebley JF, Gaut BS, Smith BD: The molecular genetics of crop
domestication. Cell 2006, 127:1309-1321.

9. LiC, Zhou A, Sang T: Rice domestication by reducing
shattering. Science 2006, 311:1936-1939.

10. Lv S, Wu W, Wang M, Meyer RS, Ndjiondjop MN, Tan L, Zhou H,
Zhang J, Fu Y, Cai H et al.: Genetic control of seed shattering
during African rice domestication. Nat Plants 2018, 4:331-337.

11. Li LF, Olsen KM: To have and to hold: selection for seed and
fruit retention during crop domestication. Genes Evol 2016,
119:63-109.

12. Cho SK, Larue CT, Chevalier D, Wang H, Jinn TL, Zhang S,
Walker JC: Regulation of floral organ abscission in Arabidopsis
thaliana. Proc Nat/ Acad Sci U S A 2008, 105:15629-15634.

13. Jinn TL, Stone JM, Walker JC: HAESA, an Arabidopsis leucine-
rich repeat receptor kinase, controls floral organ abscission.
Genes Dev 2000, 14:108-117.

14. Liljegren SJ, Leslie ME, Darnielle L, Lewis MW, Taylor SM, Luo R,
Geldner N, Chory J, Randazzo PA, Yanofsky MF et al.: Regulation
of membrane trafficking and organ separation by the
NEVERSHED ARF-GAP protein. Development 2009, 136:1909-
1918.

15. Santiago J, Brandt B, Wildhagen M, Hohmann U, Hothorn LA,
Butenko MA, Hothorn M: Mechanistic insight into a peptide
hormone signaling complex mediating floral organ
abscission. eLife 2016, 5.

16. Stenvik GE, Tandstad NM, Guo Y, Shi CL, Kristiansen W,
Holmgren A, Clark SE, Aalen RB, Butenko MA: The EPIP peptide
of INFLORESCENCE DEFICIENT IN ABSCISSION is sufficient

www.sciencedirect.com

Current Opinion in Plant Biology 2019, 51:37-43


http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0005
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0005
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0005
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0010
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0010
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0015
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0015
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0015
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0015
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0020
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0020
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0020
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0020
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0020
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0025
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0025
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0025
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0030
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0030
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0035
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0035
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0035
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0035
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0040
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0040
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0045
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0045
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0050
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0050
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0050
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0055
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0055
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0055
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0060
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0060
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0060
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0065
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0065
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0065
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0070
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0070
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0070
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0070
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0070
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0075
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0075
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0075
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0075
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0080
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0080
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0080

42 Cell signalling and gene regulation

to induce abscission in Arabidopsis through the receptor-like
kinases HAESA and HAESA-LIKE2. Plant Cell 2008, 20:1805-
1817.

17. Schardon K, Hohl M, Graff L, Pfannstiel J, Schulze W, Stintzi A,
ee Schaller A: Precursor processing for plant peptide hormone
maturation by subtilisin-like serine proteinases. Science 2016,
354:1594-1597.
The authors revealed the maturation mechanisms of IDA, a peptide ligand
that controls floral organ abscission in Arabidopsis. They identified that
floral organ abscission depends on the activity of subtilisin-like protease,
which is responsible for processing the IDA precursor to produce the
mature and bioactive form of IDA.

18. Patharkar OR, Walker JC: Advances in abscission signaling. J
Exp Bot 2018, 69:733-740.

19. Estornell LH, Agusti J, Merelo P, Talon M, Tadeo FR: Elucidating
mechanisms underlying organ abscission. Plant Sci 2013, 199-
200:48-60.

20. Aalen RB, Wildhagen M, Sto IM, Butenko MA: IDA: a peptide
ligand regulating cell separation processes in Arabidopsis. J
Exp Bot 2013, 64:5253-5261.

21. Liu B, Butenko MA, Shi CL, Bolivar JL, Winge P, Stenvik GE,
Vie AK, Leslie ME, Brembu T, Kristiansen W et al.: NEVERSHED
and INFLORESCENCE DEFICIENT IN ABSCISSION are
differentially required for cell expansion and cell separation
during floral organ abscission in Arabidopsis thaliana. J Exp
Bot 2013, 64:5345-5357.

22. Taylor |, Walker JC: Transcriptomic evidence for distinct
mechanisms underlying abscission deficiency in the
Arabidopsis mutants haesa/haesa-like 2 and nevershed. BMC
Res Notes 2018, 11:754.

23. Stenvik GE, Butenko MA, Urbanowicz BR, Rose JK, Aalen RB:
Overexpression of INFLORESCENCE DEFICIENT IN
ABSCISSION activates cell separation in vestigial abscission
zones in Arabidopsis. Plant Cell 2006, 18:1467-1476.

24. Tsukagoshi H, Busch W, Benfey PN: Transcriptional regulation
of ROS controls transition from proliferation to differentiation
in the root. Cell 2010, 143:606-616.

25. Sarsour EH, Venkataraman S, Kalen AL, Oberley LW,
Goswami PC: Manganese superoxide dismutase activity
regulates transitions between quiescent and proliferative
growth. Aging Cell 2008, 7:405-417.

26. Lee E: The morphology of leaf-fall. Ann Bot 1911, 25:51-U17.

27. Hepworth SR, Pautot VA: Beyond the divide: boundaries for
patterning and stem cell regulation in plants. Front Plant Sci
2015, 6:1052.

28. Roberts JA, Whitelaw CA, Gonzalez-Carranza ZH, McManus MT:
Cell separation processes in plants—models, mechanisms
and manipulation. Ann Bot 2000, 86:223-235.

29. Barbosa ICR, Rojas-Murcia N, Geldner N: The Casparian strip-
one ring to bring cell biology to lignification? Curr Opin
Biotechnol 2018, 56:121-129.

30. Mele G, Ori N, Sato Y, Hake S: The knotted1-like homeobox
gene BREVIPEDICELLUS regulates cell differentiation by
modulating metabolic pathways. Genes Dev 2003, 17:2088-
2093.

31. Patharkar OR, Walker JC: Floral organ abscission is regulated
by a positive feedback loop. Proc Nat/ Acad Sci U S A 2015,
112:2906-2911.

32. Shi CL, Stenvik GE, Vie AK, Bones AM, Pautot V, Proveniers M,
Aalen RB, Butenko MA: Arabidopsis class | KNOTTED-like
homeobox proteins act downstream in the IDA-HAE/HSL2
floral abscission signaling pathway. Plant Cell 2011, 23:2553-
2567.

33. Nakano T, Kimbara J, Fujisawa M, Kitagawa M, lhashi N, Maeda H,
Kasumi T, Ito Y: MACROCALYX and JOINTLESS interact in the
transcriptional regulation of tomato fruit abscission zone
development. Plant Physiol 2012, 1568:439-450.

34. Roldan MVG, Perilleux C, Morin H, Huerga-Fernandez S,
Latrasse D, Benhamed M, Bendahmane A: Natural and induced

loss of function mutations in SIMBP21 MADS-box gene led to
jointless-2 phenotype in tomato. Sci Rep 2017, 7:4402.

35. Konishi S, Izawa T, Lin SY, Ebana K, Fukuta Y, Sasaki T, Yano M:
An SNP caused loss of seed shattering during rice
domestication. Science 2006, 312:1392-1396.

36. Yoon J, Cho LH, Kim SL, Choi H, Koh HJ, An G: The BEL1-type
homeobox gene SH5 induces seed shattering by enhancing
abscission-zone development and inhibiting lignin
biosynthesis. Plant J 2014, 79:717-728.

37. Hofhuis H, Moulton D, Lessinnes T, Routier-Kierzkowska AL,
Bomphrey RJ, Mosca G, Reinhardt H, Sarchet P, Gan X, Tsiantis M
et al.: Morphomechanical innovation drives explosive seed
dispersal. Cell 2016, 166:222-233.

38. Lee Y, Rubio MC, Alassimone J, Geldner N: A mechanism for
localized lignin deposition in the endodermis. Cell 2013,
153:402-412.

39. Barros J, Serk H, Granlund |, Pesquet E: The cell biology of
lignification in higher plants. Ann Bot 2015, 115:1053-1074.

40. Patharkar OR, Gassmann W, Walker JC: Leaf shedding as an
anti-bacterial defense in Arabidopsis cauline leaves. PLoS
Genet 2017, 13.

41. Vermeer JE, von Wangenheim D, Barberon M, Lee Y, Stelzer EH,
ee Maizel A, Geldner N: A spatial accommodation by neighboring
cells is required for organ initiation in Arabidopsis. Science
2014, 343:178-183.
This paper demonstrates the requirement of mechanical communications
between endodermis and pericycle cells during lateral root formation.
Particularly, the authors revealed that the accommodation responses of
endodermis involving turgor and/or volume loss are necessary even
before the first division of pericycle cells, suggesting active roles of
endodermis in lateral root formation and emergence.

42. Vilches-Barro A, Maizel A: Talking through walls: mechanisms
of lateral root emergence in Arabidopsis thaliana. Curr Opin
Plant Biol 2015, 23:31-38.

43. Kumpf RP, Shi CL, Larrieu A, Sto IM, Butenko MA, Peret B,

. Riiser ES, Bennett MJ, Aalen RB: Floral organ abscission
peptide IDA and its HAE/HSL2 receptors control cell
separation during lateral root emergence. Proc Nat/ Acad Sci U
S A 2013, 110:5235-5240.

This paper demonstrates that the IDA-HAE/HSL2 signaling module of
floral organ abscission is required for lateral root emergence where cell
wall dissolution between cells in the overlaying endodermal, cortical, and
epidermal tissues is facilitated. The authors showed that IDA-HAE/HSL2,
whose expression is regulated by auxin, modulates pectin degradation in
the overlaying endodermis, cortex, and epidermis by controlling the
expression of cell wall enzymes.

44. Fitting H: Untersuchungen liber die vorzeitige Entblatterung
von Bliten. Jahrb Wiss Bot 1911, 49:187-2683.

45. Sexton R, Roberts JA: Cell biology of abscission. Annu Rev Plant
Physiol Plant Mol Biol 1982, 33:133-162.

46. Weisner J: Untersuchungen uber die herbstliche entlaubung
der holzgewéachse. S B Acad Wiss Wien 1871, 64:465-470.

47. Sexton R, Redshaw AJ: The role of cell expansion in the
abscission of Impatiens sultani leaves. Ann Bot 1981, 48:745-
756.

48. Patharkar OR, Walker JC: Core mechanisms regulating
developmentally timed and environmentally triggered
abscission. Plant Physiol 2016, 172:510-520.

49. Liliegren SJ, Roeder AH, Kempin SA, Gremski K, Ostergaard L,
Guimil S, Reyes DK, Yanofsky MF: Control of fruit patterning in
Arabidopsis by INDEHISCENT. Cell 2004, 116:843-853.

50. Ballester P, Ferrandiz C: Shattering fruits: variations on a
dehiscent theme. Curr Opin Plant Biol 2017, 35:68-75.

51. Di Vittori V, Gioia T, Rodriguez M, Bellucci E, Bitocchi E, Nanni L,
Attene G, Rau D, Papa R: Convergent evolution of the seed
shattering trait. Genes (Basel) 2019, 10.

52. Balanza V, Roig-Villanova I, Di Marzo M, Masiero S, Colombo L:
Seed abscission and fruit dehiscence required for seed

Current Opinion in Plant Biology 2019, 51:37-43

www.sciencedirect.com


http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0080
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0080
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0080
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0085
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0085
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0085
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0085
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0090
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0090
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0095
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0095
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0095
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0100
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0100
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0100
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0105
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0105
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0105
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0105
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0105
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0105
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0110
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0110
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0110
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0110
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0115
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0115
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0115
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0115
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0120
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0120
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0120
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0125
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0125
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0125
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0125
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0130
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0135
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0135
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0135
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0140
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0140
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0140
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0145
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0145
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0145
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0150
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0150
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0150
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0150
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0155
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0155
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0155
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0160
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0160
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0160
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0160
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0160
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0165
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0165
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0165
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0165
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0170
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0170
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0170
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0170
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0175
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0175
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0175
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0180
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0180
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0180
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0180
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0185
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0185
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0185
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0185
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0190
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0190
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0190
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0195
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0195
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0200
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0200
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0200
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0205
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0205
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0205
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0205
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0210
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0210
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0210
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0215
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0215
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0215
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0215
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0215
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0220
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0220
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0225
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0225
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0230
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0230
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0235
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0235
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0235
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0240
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0240
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0240
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0245
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0245
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0245
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0250
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0250
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0255
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0255
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0255
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0260
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0260

dispersal rely on similar genetic networks. Development 2016,
143:3372-3381.

53. Biggs AR, Northover J: Formation of the primary protective
layer and phellogen after leaf abscission in peach. Can J Bot
1985, 63:1547-1550.

54. Bruck DK, Walker DB: Cell determination during
embryogenesis in Citrus-Jambhiri .2. Epidermal
differentiation as a one-time event. Am J Bot 1985, 72:1602-
1609.

55. Lulai EC, Neubauer JD: Wound-induced suberization genes are
differentially expressed, spatially and temporally, during
closing layer and wound periderm formation. Postharvest Biol
Technol 2014, 90:24-33.

56. Wunderling A, Ripper D, Barra-Jimenez A, Mahn S, Sajak K,
ee Targem MB, Ragni L: A molecular framework to study periderm
formation in Arabidopsis. New Phytol 2018, 219:216-229.

The authors clearly demonstrated that periderm is also formed in herba-
ceous Arabidopsis, suggesting Arabidopsis to be an attractive model
system for cork biology. Using root and hypocotyl, the authors visualize
periderm growth and define characteristics of distinct stages of periderm
development followed by programmed cell death and abscission.

57. Barra-Jimenez A, Ragni L: Secondary development in the stem:
when Arabidopsis and trees are closer than it seems. Curr Opin
Plant Biol 2017, 35:145-151.

58.

59.

60.

61.

62.

63.

Cellular dynamics for organ separation Lee 43

Melzer S, Lens F, Gennen J, Vanneste S, Rohde A, Beeckman T:
Flowering-time genes modulate meristem determinacy and
growth form in Arabidopsis thaliana. Nat Genet 2008, 40:1489-
1492.

Soyk S, Lemmon ZH, Oved M, Fisher J, Liberatore KL, Park SJ,
Goren A, Jiang K, Ramos A, van der Knaap E et al.: Bypassing
negative epistasis on yield in tomato imposed by a
domestication gene. Cell 2017, 169:1142-1155 e1112.

Couzigou JM, Magne K, Mondy S, Cosson V, Clements J, Ratet P:
The legume NOOT-BOP-COCH-LIKE genes are conserved
regulators of abscission, a major agronomical trait in
cultivated crops. New Phytol 2016, 209:228-240.

Liao W, Yang Y, Li Y, Wang G, Peng M: Genome-wide
identification of cassava R2R3 MYB family genes related to
abscission zone separation after environmental-stress-
induced abscission. Sci Rep 2016, 6:32006.

Estornell LH, Wildhagen M, Perez-Amador MA, Talon M,
Tadeo FR, Butenko MA: The IDA peptide controls abscission in
Arabidopsis and Citrus. Front Plant Sci 2015, 6:1003.

LiM, Liang Z,He S, Zeng Y, Jing Y, Fang W, Wu K, Wang G, Ning X,
Wang L et al.: Genome-wide identification of leaf abscission

associated microRNAs in sugarcane (Saccharum officinarum
L.). BMC Genomics 2017, 18:754.

www.sciencedirect.com

Current Opinion in Plant Biology 2019, 51:37-43


http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0260
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0260
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0265
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0265
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0265
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0270
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0270
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0270
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0270
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0275
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0275
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0275
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0275
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0280
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0280
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0280
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0285
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0285
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0285
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0290
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0290
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0290
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0290
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0295
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0295
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0295
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0295
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0300
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0300
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0300
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0300
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0305
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0305
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0305
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0305
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0310
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0310
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0310
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0315
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0315
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0315
http://refhub.elsevier.com/S1369-5266(18)30164-X/sbref0315

	More than cell wall hydrolysis: orchestration of cellular dynamics for organ separation
	Introduction
	Main text of review
	Coordination of layer-specific functions
	Spatial distribution of lignin in abscission
	Cell expansion and mechanical signaling during abscission
	Protective layer formation

	Conclusions
	Conflict of interest statement
	References and recommended reading
	Acknowledgements


