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Abstract Plants shed organs by abscission, removing leaves, flowers or fruits when the organs are senescent, damaged, 
diseased or mature. Abscission also affects agriculture; for example, abscission of fruits or cereal grains can significantly 
reduce crop yield. Abscission of organs typically occurs in a predetermined tissue region, the abscission zone (AZ). Organ 
abscission can be disturbed in two ways, inhibition of AZ differentiation in the organ or suppression of abscission processes 
in AZ cells. Recent studies, mainly in Arabidopsis (Arabidopsis thaliana), rice (Oryza sativa), and tomato (Solanum 
lycopersicum), have identified many genes involved in regulation of AZ differentiation and activation of abscission of flowers 
or floral organs, seeds, and fruits. In this review, we discuss the functions of these genes, the developmental regulation of 
AZ tissues, and the signaling pathways that induce abscission. We also discuss the emerging concept that the regulation of 
abscission involves many of the same regulators that function in determination of shoot apical meristem cell fate.
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Leaves, flowers, fruits and other plant organs drop from 
the main body of the plant when they become senescent, 
mature or unneeded. This developmentally programmed 
abscission occurs within a specific tissue, the abscission 
zone (AZ), which forms at the junction of the organ and 
the main body of the plant. For wild plants, abscission 
of fruits or seeds from the main body is essential for 
dispersal of offspring. By contrast, for crop production, 
abscission of cereal grains or fruits is generally an 
undesirable trait, resulting in reduced yield as grain or 
fruit falls to the ground. Indeed, during domestication of 
cereal crops such as rice (Oryza sativa), maize (Zea mays) 
and wheat (Triticum aestivum), our ancestors selected 
plants with reduced abscission, which significantly 
improved yield (Doebley et al. 2006; Li et al. 2006; Lin et 
al. 2012). Abscission traits remain important in modern 
agriculture; for example, tomato (Solanum lycopersicum) 
mutants that do not have a pedicel AZ (Butler 1936; 
Rick 1956) have replaced abscission-competent tomato 
varieties for industrial processing of foods, such as 
tomato puree or juice. At harvesting, the tomatoes 
lacking an AZ detach without the stems and sepals, 
which remain on the plant; this results in reduced labor 
and time to remove the green tissues from the harvested 
fruits (Zahara and Scheuerman 1988). The tomato 
pedicel AZ-deficient mutations are called “jointless.” 

Abscission is also important for other fruit crops. For 
example, fruit trees such as apple (Malus×domestica) 
abscise some of their young fruits in the so-called “June 
drop,” because the trees usually bear too many fruits to 
support. However, too much fruit abscission causes lower 
yields, below the tree’s yield potential; thus, balanced 
control of fruit-bearing is required for the highest yields. 
Moreover, strong winds in the harvest season can also 
reduce yields. For example, in Japan, typhoon season 
occurs at the same time as the apple harvest season. 
Strong typhoon winds often drop large numbers of 
apple fruits from the AZ, resulting in severe reduction of 
yield. Thus, resistance to dropping of fruits may decrease 
weather-related crop losses.

Abscission is an organized, regulated developmental 
process consisting of a few discernible steps: 
differentiation of AZ tissue, acquisition of competence 
to initiate abscission, and activation of abscission leading 
to cell separation. All of these steps are critical for the 
fate of organs that will be shed (Patterson 2001). The 
AZ tissue is composed of small, isodiametric cells with 
dense cytoplasm; these AZ cells bear some resemblance 
to undifferentiated or meristematic cells (Addicot 
1982; Sexton and Roberts 1982). When physiological 
changes such as senescence or maturation occur in 
organs, abscission is induced through reduction of 
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auxin level and induction of ethylene signaling (Meir 
et al. 2010; Taylor and Whitelaw 2001). Abscission is 
carried out by activation of cell wall degrading enzymes 
and remodeling proteins, including β-1,4-glucanase 
(cellulase; Cel), polygalacturonase (PG), xyloglucan 
endotransglucosylase/hydrolase (XTH), and expansin 
(EXP), resulting in breakdown of cell adhesion (Cai 
and Lashbrook 2008; Lashbrook and Cai 2008; Meir et 
al. 2010; Roberts et al. 2002; Tucker et al. 2007). These 
events are well conserved in different types of organs and 
in divergent plant species.

In this review, we summarize current knowledge 
on genes involved in regulation of AZ development 
and activation of abscission in various organs (Figure 
1). We also examine the emerging idea that regulatory 
mechanisms for organ abscission may be shared with 
regulation of shoot apical meristems (SAMs).

Floral organ abscission
In flowers, AZs develop at the bases of floral organs 
such as petals or stamens; when the flower becomes 
senescent, abscission processes are activated in the 
AZs. In Arabidopsis (Arabidopsis thaliana), an AZ for 
floral organ abscission is composed of two to six layers 
of small cells (Cho et al. 2008). The double mutation in 
BLADE-ON-PETIOLE1 (BOP1) and BOP2 blocks the 
differentiation of AZs and thus the mutant never sheds 
the sepals, petals or stamens, even after senescence and 
wilting. BOP1 and BOP2 both encode BTB/POZ domain 
and four ankyrin repeat-containing proteins, and this 
double mutant phenotype indicates that they redundantly 
control the differentiation of floral organ AZs (Mckim 
et al. 2008). The tobacco (Nicotiana tabacum) homolog 
NtBOP2 also regulates the differentiation of the AZ in 
corollas (petals) (Wu et al. 2012). The cells in the corolla 
AZ are shorter in length than the cells of neighboring 
tissues. Suppression of NtBOP2 activity by over-
expression of the dominant-negative form of NtBOP2 
in tobacco BY-2 cells makes those cells elongated, 
suggesting that NtBOP2 controls cell growth within the 
AZ tissues (Wu et al. 2012).

Once AZ tissues have formed, the tissues appear 
to remain in a quiescent or idling state. If abscission is 
triggered by an initiation signal, organ detachment is 
immediately carried out, but if there is no trigger, the 
tissues remain in the idling state and hold the organ 
on the plant indefinitely. Recent detailed investigations 
have identified a number of factors regulating the onset 
of floral organ abscission in Arabidopsis. Mutations 
inhibiting floral organ abscission have been identified 
in many genes, including those encoding the small 
secreted ligand peptide INFLORESCENCE DEFICIENT 
IN ABSCISSION (IDA) and its probable receptors, 
leucine-rich repeat receptor like kinases (LRR-RLKs) 
HAESA (HAE) and HAESA-LIKE2 (HSL2) (Butenko 
et al. 2003; Cho et al. 2008; Jinn et al. 2000; Stenvik et 
al. 2008). Mutant analysis suggested that the IDA-HAE/
HSL2 ligand-receptor interaction likely activates the 
mitogen-activated protein kinase (MAPK) cascade 
composed of MAPK kinase 4 (MKK4) and MKK5, and 
the subsequent MAP kinase 3 (MPK3) and MPK6 (Cho 
et al. 2008). The activation of MAPK cascade signaling 
is predicted to suppress the KNOX family transcription 
factor (TF) gene KNOTTED-LIKE1 [KNAT1; also 
called BREVIPEDICELLUS (BP)], which is a negative 
regulator of the onset of abscission. KNAT1/BP restricts 
the expression of KNAT2 and KNAT6, which positively 
regulate abscission processes (Shi et al. 2011). In 
addition, floral organ abscission requires NEVERSHED 
(NEV), which encodes an ADP-ribosylation factor 
GTPase-activating protein (ARF-GAP), which acts as a 
membrane trafficking regulator (Liljegren et al. 2009). 
The nev mutant blocks floral organ separation and 

Figure 1. Genes regulating organ abscission. Genes for floral 
organ abscission in Arabidopsis, pedicel abscission in tomato, and 
grain shattering in rice are classified into four physiological steps: 
differentiation of the abscission zone, phytohormone regulation, 
initiation and activation of abscission, and cell separation. Several TFs 
that determine the fates of cells in SAMs and AMs may regulate the 
initiation and activation of abscission, but the functions of these genes 
in abscission remain unknown. Genes of Arabidopsis (green), tomato 
(red) and rice (purple) are shown. Genes that are commonly activated 
in the cell separation step in all organ abscission processes are shown in 
black letters.
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displays defects in Golgi apparatus structure, alteration 
of trans-Golgi network localization and accumulation 
of vesicles between the plasma membrane and the cell 
walls. Screening for mutations that suppress the nev 
mutant phenotype identified three genes, the receptor-
like cytoplasmic kinase gene CAST AWAY (CST), and 
two LRR-RLK genes EVERSHED (EVR) and SOMATIC 
EMBRYOGENESIS RECEPTOR-LIKE KINASE1 (SERK1) 
(Burr et al. 2011; Leslie et al. 2010; Lewis et al. 2010). 
The CST protein physically interacts with EVR and HAE 
at the plasma membrane (Burr et al. 2011). A current 
model suggests that CST, EVR and SERK1 block IDA-
HAE/HSL2 activity by modulating the localization of 
HAE/HSL2 at the plasma membrane and controlling the 
movement of the receptor to the trans-Golgi network 
and early endosomes (Burr et al. 2011; Liljegren 2012). 
In addition, floral organ abscission is delayed by a loss 
of function mutation in the chromatin remodeling factor 
genes ACTIN-RELATED PROTEIN 4 (ARP4) and ARP7 
(Kandasamy et al. 2005a; 2005b).

The initiation of floral organ abscission with the 
appropriate timing requires both positive and negative 
regulatory mechanisms. After initiation of abscission, 
transcripts of abscission-related genes, such as genes for 
cell wall hydrolysis enzymes and remodeling proteins 
(for example, PG, Cel, XTH and EXP), commonly show 
striking increases in different abscised organs (Belfield 
et al. 2005; Cai and Lashbrook 2008; Kalaitzis et al. 1997;  
Lashbrook and Cai 2008; Lashbrook et al. 1994; Meir et 
al. 2010; Tucker et al. 2007). Simultaneously, cell death 
is observed in tomato leaf and pedicel abscission and 
LX ribonuclease is up-regulated (Bar-Dror et al. 2011). 
Several TFs suppressing the activation of abscission 
have been identified. For example, overexpression 
or constitutive expression of Arabidopsis TF genes 
FOREVER YOUNG FLOWER (FYF), AGAMOUS-LIKE 
15 (AGL15), Arabidopsis thaliana DOF4.7 (AtDOF4.7) 
or ZINC FINGER PROTEIN 2 (ZFP2) caused retarded 
separation of floral organs (Cai and Lashbrook 2008; 
Chen et al. 2011; Fang and Fernandez 2002;  Wei et 
al. 2010). AtDOF4.7 inactivates the expression of the 
PG gene PG ABSCISSION ZONE ARABIDOPSIS 
THALIANA (PGAZAT) by binding to its promoter. 
Protein interaction assays using yeast two-hybrid system 
and bimolecular fluorescence complementation (BiFC) 
indicated that AtDOF4.7 and ZFP2 can form a complex, 
suggesting that these TFs may be activated via complex 
formation (Wei et al. 2010). Overexpression of FYF 
inhibited floral organ abscission and also decreased the 
expression of genes encoding the abscission activators 
IDA, BOP2 and genes involved in the ethylene signaling 
pathway, clearly indicating the negative regulatory role 
of FYF in abscission (Chen et al. 2011). To maintain 
the pre-abscission quiescent or idling state, the negative 
regulators may suppress expression of abscission related 

genes. Following perception of an abscission initiating 
signal, the negative regulation appears to be cancelled, 
allowing the positive regulators to sharply up-regulate 
genes required for abscission.

Seed abscission
Seeds of specific plants such as soybean (Glycine max), 
pea (Pisum sativum), and Brassicaceae species, including 
Arabidopsis, are set within siliques or pods, a capsule-
like fruit (Ostergaard et al. 2007). A stalk, the funiculus, 
supports seeds at the edge of the siliques and pods; 
AZs differentiate between seeds and stalks to allow the 
release of seeds (Leslie et al. 2007). An Arabidopsis seed 
AZ is composed of a few thin layers of small cells that 
differentiate after fertilization. Investigations of seed AZ-
deficient mutants revealed that differentiation of the AZs 
requires the MADS-box TF gene SEEDSTICK (STK) and 
the bHLH family TF gene HECATE3 (HEC3) (Ogawa et 
al. 2009; Pinyopich et al. 2003). Seeds of the plants with 
loss-of-function mutations in STK and HEC3 lack AZs 
and thus remain attached to the pods even when the 
seeds are fully mature. This trait may be favorable for 
agricultural production because tight attachment of seeds 
to the fruit reduces yield loss during harvesting. In pea, 
the development funiculus (def) mutation inhibits the 
differentiation of the seed AZ, but the gene has not been 
identified yet (Ayeh et al. 2009).

Pedicel abscission in tomato
A pedicel is a stem or stalk that connects an individual 
flower or fruit to the inflorescence main stem. 
Solanaceous plants such as tomato and tobacco 
differentiate AZs within the pedicels to drop unfertilized 
flowers or mature fruits. The tomato pedicel region 
containing the AZ is morphologically distinct, 
displaying a knuckle or joint-like appearance. Tomato 
flower pedicels have long been used as a model system 
to investigate organ abscission (Jensen and Valdovin 
1967; Meir et al. 2010; Roberts et al. 1984). Pedicel AZ 
defects have been found in tomato in the spontaneous 
mutants jointless (j) (Butler 1936) and lateral suppressor 
(ls) (Roberts et al. 2002). The jointless phenotype was 
also found in a related species, S. cheesmaniae, which was 
discovered in the Galapagos Islands. The S. cheesmaniae 
jointless trait has been introgressed into domesticated 
tomato cultivars by interspecific crossing; this locus is 
called jointless-2 (j2) (Rick 1956). The j and j2 mutations 
completely block the differentiation of the AZ and thus 
mutant plants develop AZ-less pedicels. The ls mutant 
was originally found as a lateral shoot-lacking plant, 
and was also found to develop incomplete pedicels 
(Nakano et al. 2012; Roberts et al. 2002). Molecular 
cloning revealed that JOINTLESS encodes a MADS-
box TF and Ls encodes a GARS family TF (Mao et al. 
2000; Schumacher et al. 1999). Meanwhile, the genomic 



212 Molecular mechanisms of plant organ abscission

region around the putative j2 locus has been sequenced 
but the gene has not been identified yet. Among the 
several genes identified in the sequenced region, a gene 
for C-terminal domain phosphatase-like1 (ToCPL1) 
is a candidate for the j2 gene (Yang et al. 2005). In 
addition, a recent study using antisense suppression 
showed that MACROCALYX (MC), a tomato APETALA1 
family MADS-box gene, is also required for pedicel AZ 
formation (Nakano et al. 2012). The study also found that 
MC and JOINTLESS can form a heterodimer that binds 
to a DNA motif, the CArG-box, which is known as the 
target of MADS-box TFs, suggesting that MC regulates 
pedicel AZ differentiation via forming a MADS-box 
complex with JOINTLESS.

Pedicel abscission in rice grain shattering
During domestication of rice from its wild progenitor, 
reduced-shattering strains were preferentially selected 
for propagation because reduced shattering increased 
grain yield. So far, five rice genes that are required 
for the differentiation of the pedicel AZ have been 
identified: the Myb3 family TF gene SHATTERING 
4 (SH4) (Li et al. 2006), the BELL family TF gene 
qSH1 (Konishi et al. 2006), the AP2 family TF gene 
SHATTERING ABORTION 1 (SHAT1) (Hofmann 2012; 
Zhou et al. 2012), the YAB family TF gene, OsSH1, 
which is a homolog of the sorghum (Sorghum bicolor) 
SHATTERING 1 (SH1) (Lin et al. 2012), and the Oryza 
sativa carboxy-terminal domain phosphatase-like 1 
(OsCPL1) (Ji et al. 2010). SH4, qSH1, SHAT1 and OsSH1 
act as positive regulators to develop the pedicel AZs, 
and OsCPL1 activity represses AZ differentiation. The 
OsSH1 homologs in sorghum and maize are involved 
in the development of the pedicel AZ (Lin et al. 2012). 
Likewise, the wheat Q gene, a SHAT1 homolog, affects 
seed shattering in wheat (Simons et al. 2006). These 
findings suggest that the conserved mechanisms 
regulating pedicel AZ differentiation in these cereal 
species evolved before these species diverged from a 
common progenitor.

The regulatory mechanisms acting in meristem 
cells may also be important for the function of 
pedicel AZ cells
A survey of the genes down-regulated by a defect 
in MC or JOINTLESS (Nakano et al. 2012) revealed 
another aspect of the regulation of organ abscission. 
Intriguingly, the set of identified genes included several 
TF genes whose homologs are involved in meristem 
cell fates, including LeWUS, GOBLET (GOB), Ls, and 
Blind (Bl), which are identical to the genes expressed 
in SAMs of tomato seedlings. These four genes are 
expressed in pedicel AZs, not in the surrounding pedicel 
regions (Figure 2; Nakano et al. 2012), suggesting their 
involvement in AZ function. LeWUS is a homolog 

of Arabidopsis WUSCHEL (WUS), which encodes a 
homeodomain family TF and plays a critical role in the 
maintenance of SAMs (Mayer et al. 1998; Reinhardt 
et al. 2003). Meanwhile, GOB, Ls and Bl are homologs 
of Arabidopsis CUP-SHAPED COTYLEDON (CUC), 
LATERAL SUPPRESSOR (LAS) and REGULATOR 
OF AXILLARY MERISTEMS (RAX), respectively, and 
those Arabidopsis homologs act as regulators of axillary 
meristem (AM) development (Greb et al. 2003; Keller et 
al. 2006; Muller et al. 2006; Raman et al. 2008). Pedicel 
AZ cells remain small until the onset of abscission 
(Tabuchi et al. 2001). This cell property may be caused 
by the activities of Bl that regulates cell size in tomato 
(Busch et al. 2011). In addition, GOB may act to keep 
pedicel AZ cells small as the Arabidopsis homolog 
(CUC2) does (Peaucelle et al. 2007). Similar to SAM cells, 
tomato pedicel AZ cells also are competent to develop 
adventitious shoots (Nakano et al. 2012), suggesting 
that LeWUS activity may affect the fates of the AZ cells, 
acting in a similar fashion to the Arabidopsis homolog, 
which regulates stem cell activity in SAMs (Mayer et al. 
1998). In addition, Arabidopsis KNAT1/BP, which acts 
in SAMs, determines the timing of floral abscission by 
restricting AZ cell size and number (Shi et al. 2011). 
These observations suggest that abscission and SAMs 
share specific regulatory mechanisms. Therefore, 
studies comparing AZ and SAM functions may provide 
insights into the molecular mechanisms governing both 
processes. Moreover, this conservation may extend 
beyond dicots; indeed, our recent experiments revealed 
that rice Ls, GOB and Bl homologs are also preferentially 
expressed in rice pedicel AZs (Figure 2).

Hormonal regulation of organ abscission
Accumulating data suggest that the timing of abscission 
is primarily determined by the interplay between 

Figure 2. AZ specific gene expression in tomato and rice. Expression 
specificities of LeWUS, Bl, GOB, and Ls in tomato pedicels at anthesis 
and in young seedlings and expression of the rice homologs in anthesis 
flowers were analyzed by RT-PCR. LeWUS, Bl, GOB, and Ls, which are 
specifically expressed in SAMs in young seedlings, are also expressed 
specifically in AZs of anthesis flower pedicels. Expression analysis in an 
indica rice strain (Chinsurah Boro I) revealed that rice homologs of Bl, 
GOB, and Ls are transcibed in anthesis pedicel AZs at higher levels than 
in the neighboring tissues. The rice homolog of Bl is Os02g0786400, 
the GOB homolog is OsCUC3, and the Ls homolog is Os01g0646300. 
Hypo (hypocotyl), SAM (shoot apical meristem), Cot (cotyledon), Prox 
(proximal region of flower pedicel), AZ (abscission zone), Dis (distal 
region of flower pedicel), Pe (pedicel), and Flow (flower).
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ethylene signaling and auxin responses (Meir et al. 2010; 
Roberts et al. 2002; Taylor and Whitelaw 2001); ethylene 
promotes abscission, but auxin inhibits abscission 
by rendering AZ cells insensitive to ethylene. It is also 
proposed that ethylene inhibits polar auxin transport 
or inactivates auxin action (Beyer and Morgan 1971; 
Taylor and Whitelaw 2001). Mutations in the ethylene 
receptor ETHYLENE RESPONSE1 (ETR1) and the 
ethylene signaling gene ETHYLENE-INSENSITIVE2 
(EIN2) delay floral organ abscission in Arabidopsis 
(Bleecker and Patterson 1997; Patterson and Bleecker 
2004). Similarly, a tomato fruit ripening mutation in 
the ethylene receptor gene Never-ripe (Nr) (also called 
LeETR3), which confers ethylene insensitivity, also 
causes delayed flower pedicel abscission (Lanahan et 
al. 1994). Tomato mutations of Nr-2 and Green-ripe 
(Gr), which are allelic, inactivate a subset of ethylene 
responses, resulting in inhibition of fruit ripening and 
flower abscission (Barry and Giovannoni 2006; Barry et 
al. 2005). Studies of an Arabidopsis Nr-2/Gr homolog, 
REVERSION-TO-ETHYLENE SENSITIVITY 1 (RTE1), 
revealed that RTE1 affects ethylene perception, possibly 
by modulating the conformation of the ETR1 ethylene 
receptor (Resnick et al. 2008; Resnick et al. 2006). 
SlTPR1, which is involved in floral organ abscission 
and pedicel AZ development, interacts physically 
with ethylene receptors Nr and LeETR1. The protein is 
proposed to play a role in crosstalk between ethylene 
signaling and auxin responses (Lin et al. 2008). Following 
binding of ethylene to the receptors, ethylene signals 
are relayed to the transmembrane protein EIN2, which 
activates accumulation of the EIN3/EIN3-LIKE (EILs) 
family TFs, which are readily degraded in the absence of 
ethylene signaling (Guo and Ecker 2003). EIN3 positively 
regulates transcription of ETHYLENE RESPONSIVE 
TRANSCRIPTION FACTOR1 (ERF1) by binding to 
the cis-regulatory elements (Solano et al. 1998). In 
tomato, simultaneous suppression of EIN3-like (LeEIL) 
genes depresses flower abscission and also inhibits fruit 
ripening (Tieman et al. 2001; Yokotani et al. 2009). 
Recently we identified an ERF family gene that plays a 
role in flower pedicel abscission in tomato (Nakano et 
al. in preparation). The suppression of ERF inhibits only 
pedicel abscission but not other ethylene responses such 
as fruit ripening, in contrast to many other ethylene 
signaling mutants, which result in pleiotropic effects 
on ethylene-mediated responses. This gene may be a 
promising target to improve fruit harvesting properties 
by controlling pedicel abscission.

The initiation of abscission can be inhibited by 
substantial amounts of auxin provided to AZs from 
source tissues such as leaf blades or flowers (Meir et 
al. 2006; 2010). Conversely, organ abscission can be 
activated by auxin-depressing treatments, such as 
removing source tissues or providing inhibitors of polar 

auxin transport [for example, N-1-naphthylphthalamic 
acid (NPA)] (Meir et al. 2006; 2010), indicating the 
importance of auxin in controlling abscission. AUXIN 
RESPONSIVE FACTORs (ARFs) are important 
regulators of auxin signaling, acting by binding to cis-
acting DNA elements that called auxin-responsive 
elements (AuxREs). Generally, ARF activity is repressed 
by the ARF-binding proteins AUXIN/INDOLE-3-
ACETIC ACIDs (Aux/IAAs); when auxin is supplied, 
Aux/IAAs are degraded, freeing the ARFs and restoring 
their activity (Guilfoyle and Hagen 2007). In Arabidopsis, 
a mutation in ARF2 delays the timing of floral organ 
shedding, and the mutant phenotype is enhanced by a 
mutation in ARF1 or mutations in NONPHOTOTROPIC 
HYPOCOTYL 4 (NPH4, also called ARF7) and ARF19 
(Ellis et al. 2005; Okushima et al. 2005). Unlike typical 
ARF TFs, ARF2 may not participate in auxin signaling; 
the molecular mechanisms of ARF2 activity in organ 
abscission remain to be determined (Ellis et al. 2005; 
Okushima et al. 2005), but ARF2 may bind to AuxREs to 
prevent binding of other ARFs (Okushima et al. 2005).

Other than ethylene and auxin, the involvement in 
the regulation of abscission of other phytohormones, 
such as jasmonic acid (JA), abscisic acid (ABA), 
cytokinin and gibberellic acid, has been controversial 
(Addicot 1982; Taylor and Whitelaw 2001). However, 
a recent Arabidopsis study provided new evidence that 
JA and ABA act in the regulation of the floral organ 
abscission (Ogawa et al. 2009). That study found that 
the JA-deficient allene oxide synthase (aos) mutants and 
the ethylene insensitive ein2 mutants showed delayed 
floral organ abscission; moreover, the delay increased 
additively in the ein2 aos double mutants. Furthermore, 
addition of the ABA-deficient mutation aba deficient2 
(aba2) to the ein2 aos double mutant combination 
enhanced the delay of abscission, demonstrating that 
these three phytohormones participate in regulation of 
the abscission activating processes.

Conclusion and perspectives
Recent advances in the understanding of the regulation 
of plant organ abscission have revealed many key genes 
involved in AZ development and activation of abscission. 
Abscission signaling cascades starting from the IDA-
HAE/HAL2 interaction or ethylene stimulation have 
been extensively elucidated, although our understanding 
of the many identified genes remains fragmentary and 
incomplete. Moreover, it remains to be determined 
whether a general regulatory mechanism for abscission 
may exist among different organs and whether the 
mechanism may be conserved in different plant 
species. If a common regulatory mechanisms can be 
found, the applications in a wide variety of crop species 
could accelerate breeding to yield new crop cultivars 
with higher fruit harvesting efficiency, or ornamental 



214 Molecular mechanisms of plant organ abscission

flowers with extended shelf life. The findings on AZ-
specific expression of the genes regulating meristem 
cell fates may provide a clue to the general regulatory 
mechanism of abscission. Our advanced understanding 
of the regulatory mechanisms for SAM functions 
might lead to a better understanding of the roles of the 
genes expressed in AZs. The molecular mechanisms of 
ethylene and auxin signaling have been elucidated in 
various plant tissues and organs, and the accumulated 
knowledge could also provide insight into the molecular 
mechanisms regulating initiation of abscission by 
these phytohormones. Moreover, identification of 
abscission specific phytohormone regulation may 
enable development of methods to control abscission 
in practical agricultural applications, because the 
specific regulation may avoid undesirable side effects 
of phytohormones in non-target organs. For the long 
history of crop domestication, our ancestors have made 
great efforts to develop crops with reduced abscission. In 
keeping with this history, the elucidation of molecular 
mechanisms of abscission may expand potential 
applications for controlling abscission to a wide variety of 
agronomic traits in various crops.
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