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Abstract

Phytohormones and their interactions are critical for fruit development and are key topics in horticulture research. Auxin, together
with gibberellic acid (GA), promotes cell division and expansion, thereby regulating fruit development and enlargement after
fertilization. Auxin- and GA-related mutants show parthenocarpy (fruit formation without fertilization of the ovule) in many plant
species, indicating that these hormones and possibly their interactions play a key role in the regulation of fruit initiation and
development. Recent studies have shown clear molecular and genetic evidence that ARF/IAA and DELLA proteins interact with one
another and regulate both auxin and GA signaling pathways in response to auxin and GA during fruit growth in horticultural plants
such as tomato (the most studied fleshy fruit) and strawberry (the model for Rosaceae). These recent findings provide new insights
into the mechanisms by which the plant hormones auxin and GA regulate fruit development.

Introduction
The plant hormone auxin, acting together with other
plant hormones, is a key regulator of various develop-
mental processes in plants. Hormonal control of cell
division and expansion is especially important for early
fruit development in horticultural plants. In 1788, Joseph
Gaertner defined a fruit as a seed-containing structure
derived from a mature ovary [1]. Fruits are often accom-
panied by accessory fruits, which contain other parts of
the floral tissue [2, 3]. During flower development, the
floral tissue (typically the gynoecium) that will develop
into a fruit, is only a small portion of the floral organ.
After flower opening, fertilization triggers the enlarge-
ment of this tissue, first through the action of auxin [4,
5]. The auxin signal can also promote the biosynthesis
of other plant hormones such as gibberellin (GA), and
the interaction of auxin with other hormones then coor-
dinates fruit growth and development [6–9]. Auxin and
GA promote cell division and expansion during plant
development in many plant species [6–9]. Because of the
diversity in the structure of floral organs or morphologi-
cal features, fruits in different horticultural crops are not
anatomically identical organs. However, it is interesting
that the growth of these anatomically different fruit tis-
sues is controlled by the same plant hormones auxin and
GA and that only fruit tissues in floral organs have strong

competence for enlargement in response to these plant
hormones. Therefore, plant hormones such as auxin and
GA are major regulators in controlling the enlargement of
fruits of different plant species. Where (in which tissue)
does auxin come from to promote fruit growth? Are the
key players in the signaling cascades of these plant hor-
mones conserved in anatomically different fruit? How
are the functions of auxin and GA coordinated during
early fruit development? In this review, we discuss how
auxin and GA act coordinately to initiate fruit develop-
ment and to promote fruit growth, focusing on the model
plant Arabidopsis thaliana and two horticultural plants,
tomato (Solanum lycopersicum) and strawberry (Fragaria
vesca), as excellent examples of molecular genetic stud-
ies on fruit development. The role of GA in partheno-
carpic fruit development is especially important in grape
production, and we discuss the potential mechanism
revealed by expression analysis in grape.

The anatomy of fruit and the functions of
auxin and GA in fruit initiation and growth
The fruits of the angiosperms are derived from the gynoe-
cium after fertilization of the ovule in the carpel [10–
12] (Fig. 1). Fruits can be classified into dry fruit and
fleshy fruit. Arabidopsis fruit is an example of a dry
dehiscent fruit from which seeds are released when ripe.
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Figure 1. Schematic representation of longitudinal sections of flowers and fruits. a The Arabidopsis fruit is a silique formed from fused carpels. After
fruit maturation, the valve margins differentiate into a dehiscence zone for fruit opening [13, 14]. b The tomato fruit is a fleshy fruit, a syncarpous
gynoecium of several fused carpels with many seeds embedded in a fleshy mass [14–16]. c Strawberry has many individual pistils in a single flower,
and the fleshy part of the strawberry is the receptacle (accessory fruit, which is the tip of the stem). The true fruit of the strawberry is a dry
indehiscent fruit, the achene (the true fruit, which contains the seed) on the surface of the receptacle [17]. d The grape berry is a fleshy fruit, a
syncarpous gynoecium of fused carpels. The ovary wall becomes the pericarp, which is composed of the skin, mesocarp, and endocarp [18].

By contrast, tomato and grape are fleshy fruits. Seeds
of tomato and grape are embedded in jelly-like tissue
and endocarp, respectively [13–15]. Strawberry fruit is
composed of a dry indehiscent fruit (the true fruit called
the achene) and a receptacle (a large portion of the edible
part) located at the base of the flower (the stem tip)
[17]. It is well known that auxin from the achene pro-
motes receptacle fruit growth after fertilization in straw-
berry. However, fruit development and enlargement can
occur independent of fertilization and embryogenesis in
a process known as parthenocarpy. Parthenocarpy is a
valuable and important trait, especially in horticulture,
because edible but seedless fruits attract consumers,

and its underlying mechanisms have thus attracted a
great deal of attention. In general, auxin and GA pro-
duced in developing seeds are important for early fruit
growth [19–24]. It has also been shown that auxin and/or
GA treatment promotes the formation of seedless fruits
(parthenocarpic fruits) in many plant species [25–30].
Similarly, the defect in receptacle enlargement caused by
the removal of achenes can be rescued by the application
of auxin in strawberry [19]. How are these anatomically
different fruit tissues controlled by the plant hormones
auxin and GA during fruit development? Part of this
question can be answered with molecular and genetic
evidence from recent research on fruit development in
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different plant species, including Arabidopsis and the
horticultural plants tomato, strawberry, and grape.

Lessons from molecular mechanisms of
auxin and GA signaling in model plant
species
The molecular mechanisms of the auxin and GA
signaling pathways have been well studied, especially
in model plant species such as Arabidopsis. Auxin
and GA are perceived by receptor proteins to regulate
their downstream pathways. The regulation of gene
expression by auxin is directly controlled by ARF (auxin
response factor) transcription factor proteins. In the
absence of auxin, ARF function is restricted by the direct
binding of the repressor protein IAA (INDOLE-3-ACETIC
ACID INDUCIBLE) through its domains III and IV. Once
auxin is perceived by the nuclear auxin receptor F-box
protein TIR1/AFB (TRANSPORT INHIBITOR RESPONSE
1/AUXIN-SIGNALING F-BOX), ubiquitination-dependent
IAA protein degradation occurs, leading to the activation
of ARF proteins (Fig. 2a) [31–34]. The ARF proteins form
large gene families in higher plants and can be divided
into three subgroups, types I, II, and III. ARFs from
different subgroups act as activators or repressors of the
transcription of their target genes [35, 36]. Interestingly,
the Arabidopsis recessive arf8 mutant (ARF8 is an
activator ARF) exhibited fruit growth independent of
fertilization signals, indicating that the activator ARF8
negatively regulates fruit initiation and development in
Arabidopsis [37, 38].

The molecular basis of the GA signaling pathway
is also well characterized in model plant species. GA
signaling is negatively regulated by the master repressor
DELLA proteins, which interrupt transcription factors
such as PIF4, encoded by PHYTOCHROME INTERACTING
FACTOR 4, by direct binding [39–43]. The proteasome-
dependent degradation of DELLA protein is enhanced
by the binding of GIBBERELLIN INSENSITIVE DWARF1
(GID1) and DELLA protein in a GA-dependent manner
(Fig. 2a) [44–46]. It is known that five Arabidopsis DELLA
proteins have functional redundancy to suppress GA
signaling. Analysis of a quadruple DELLA mutant showed
that RGA (REPRESSOR OF GA), GAI (GA INSENSITIVE),
RGL1 (RGA-LIKE 1), and RGL2 are important for the
suppression of GA signaling in fruit initiation and
growth because of the strong parthenocarpic phenotype
of the mutant [7, 47]. Interestingly, significant fruit
growth can be further promoted by GA treatment in the
quintuple DELLA mutant (lacking all five DELLA proteins)
in specific cell layers [47]. The DELLA-independent
GA response requires the GID receptor and the 26S
proteasome [47]. This result revealed the role of the
DELLA-independent GA response in fruit development.
The DELLA-independent pathway depends on the basic
helix–loop–helix transcription factor SPT (SPATULA) [47].
The biological role of the DELLA-independent pathway in
fruit growth has not been shown. However, the authors

Figure 2. A model of DELLA and ARF/IAA function. a DELLA protein
negatively regulates GA responses. In the presence of GA, the formation
of a GA-GID1-DELLA complex leads to degradation of the DELLA protein
by the 26S proteasome pathway, which promotes the expression of
target genes (top panel). In the presence of auxin, the formation of an
ARF-IAA complex leads to degradation of the IAA protein by the 26S
proteasome pathway, which regulates the expression of auxin response
genes (bottom panel). b The regulation of fruit growth by DELLA and the
SlARF7/SlIAA9 pathway during tomato fruit development. DELLA and
SlARF7/SlIAA9 regulate the GA biosynthesis pathway antagonistically.
The additive regulation of fruit growth–related genes by DELLA and
SlARF7/SlIAA9. 1, Protein–protein interaction between DELLA and
SlARF7/SlIAA9. 2, GA treatment significantly reduced the enrichment
of SlARF7 at the EXP5 locus. c DELLA and FveARF8 function in
strawberry accessory fruit development. FveARF8 inhibits the
expression of FveGID in strawberry accessory fruit development.

3, Protein–protein interactions between FveARF8 and DELLA.

proposed the possibility that the DELLA-independent
pathway provides additional opportunities for fine-
tuning fruit growth [47]. Both auxin and GA promote
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fruit growth. How do these plant hormones coordinately
regulate fruit growth and development? The basic auxin
and GA signaling pathways and their importance in
fruit development have been studied in Arabidopsis, but
some answers to this question, especially the interplay
between auxin and GA, have come from studies of fruit
development in horticultural plants, as described in the
following sections.

Molecular and genetic studies of auxin and
GA actions in tomato fruit development
Clear differences in the traits of auxin- and GA-
treated fruit have been observed since early studies,
although both auxin and GA promote tomato fruit
development. For example, jelly-like tissue development
was almost absent in GA-induced parthenocarpic fruit,
whereas auxin treatment produced pseudoembryos and
increased the number of vascular bundles in auxin-
induced parthenocarpic fruit [48], indicating different
roles of these plant hormones in fruit development.
How do these two hormones coordinate tomato fruit
growth? It has long been known that auxin can promote
GA biosynthesis in many plant species. Indeed, the
expression of GA biosynthesis genes (GA20ox and/or
GA3ox) is promoted by auxin treatment in tomato fruit
[49–52], suggesting that some aspects of auxin function
occur through GA. Interestingly, initiation of fruit growth
by auxin treatment was not observed in the severely
GA-deficient gib1 mutant background in tomato. This
result indicates that the function of auxin in fruit
growth is GA dependent in tomato [53]. Importantly, the
same phenomenon of GA-dependent auxin function in
parthenocarpy was also observed in Arabidopsis. How-
ever, GA-dependent RGA1 (DELLA) protein degradation
required auxin function in Arabidopsis [54]. If this auxin-
mediated DELLA protein degradation is conserved in
tomato fruit tissue, there must be a hierarchical interplay
between auxin and GA to coordinate fruit development.
The interplay may provide a mechanism to enable
flexible fruit growth in response to the environment.
However, the detailed mechanisms underlying this
interplay remain unclear.

To understand the complex relationship between
auxin and GA in fruit development, the molecular study
of the signaling cascades of these plant hormones is
necessary. The molecular mechanism of auxin sig-
naling during parthenocarpic fruit development has
been extensively studied in tomato as a model for
horticultural plants. Early studies revealed that the
knockout of SlIAA9 and the knockdown of the activator
ARF SlARF7 (SlRNA RNAi: ARF6, 7, and 8; other activator
ARF genes were also downregulated in the line) cause
parthenocarpic fruits, suggesting that SlIAA9 and SlARF7
act as suppressors of fruit growth in non-pollinated fruit
[53, 55, 56]. The negative regulation of fruit development
by these suppressors seemed to be released after the
fertilization of ovules, resulting in the promotion of

fruit growth. Consistently, the downregulation of SlARF7
expression was observed 48 h after pollination [6, 57,
58]. Both auxin and GA induce parthenocarpic fruit,
suggesting the importance of these hormones in fruit
development [53]. It has been discussed that SIARF7
may function in the interaction between auxin and GA
signaling cascades during fruit development [6]. On the
other hand, other studies suggest that DELLA proteins
are also involved in the crosstalk between auxin and GA
during fruit development. Knockout or downregulation
of a single DELLA gene, PROCERA, leads to parthenocarpy,
as observed in multiple knockout mutants of DELLA
genes in Arabidopsis [7, 9, 59, 60]. Notably, an interaction
between RGA (a DELLA protein) and the ARF proteins
ARF6, 7, and 8 was observed in Arabidopsis [61]. These
results strongly suggested that the complex of ARF and
DELLA proteins acts as a crosstalk point between auxin
and GA signaling. These studies raised an important
question. If ARF and DELLA are in the same complex,
how can the specific roles of each plant hormone in
fruit initiation and growth be achieved? An excellent
publication from Taiping Sun’s group in tomato may help
to answer this question. In addition to direct interaction
between SlARF7 and PROCERA (DELLA), the authors
showed that SlARF7 and PROCERA directly regulate
the same set of genes antagonistically or additively.
Auxin promotes, but GA inhibits, the expression of
GA biosynthesis genes through SlARF7 and PROCERA,
respectively. Both SlARF7 and PROCERA can directly
interact with the promoters of GA biosynthesis genes.
Dual luciferase assays in N. benthamiana showed that
PROCERA can clearly upregulate GA biosynthesis gene
expression, but co-expression of SlARF7 and SlIAA9
significantly suppressed GA biosynthesis gene expres-
sion, suggesting that GA and auxin directly regulate
GA biosynthesis gene expression through these factors
[53]. Interestingly, the authors showed that SlARF7
negatively controls gene expression only when SlIAA9
is co-expressed with SlARF7. Because the negative
regulation by SlARF7/SlIAA9 can be removed by auxin
signaling through IAA degradation (auxin negatively
regulates SlARF7/SlIAA9), auxin can thus promote the
expression of GA biosynthesis genes (Fig. 2b). This result
offers one explanation for why the activator SlARF7 can
suppress gene expression. Furthermore, co-expression
of PROCERA with SlARF7 and SlIAA9 (triple expression)
clearly restored the suppression of GA biosynthesis
genes by SlARF7/SlIAA9. These experiments explain the
relationship between SlARF7/SlIAA9 and PROCERA in
the antagonistic regulation of GA biosynthesis genes
(Fig. 2b). On the other hand, SlARF7/SlIAA9 and PROCERA
additively regulate the expression of other genes, such as
EXPANSIN5 (EXP5), which is important for fruit growth
[41] (Fig. 2b). PROCERA and SlARF7/SlIAA9 negatively
regulate EXP5 gene expression by direct binding to its
promoter [53]. GA promotes EXP5 expression and fruit
growth. GA treatment releases the suppression signal
of PROCERA for EXP5 gene expression by promoting the
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Table 1. ARF and Aux/IAA genes in tomato and strawberry fruit development. ARF genes are classified as activators or repressors
based on their Arabidopsis homologs.

Activator or
repressor

Gene name Biological function (or process) Phenotype References

Repressor SlARF2 Regulator of fruit ripening Delayed ripening phenotype [63]
Repressor SlARF3 Regulator of epidermal cell development Decreased density of trichomes and

pavement cells
[64]

Repressor SlARF4 Regulator of chlorophyll and starch
accumulation in fruit

Dark green and blotchy ripening fruit [65]

Activator SlARF5 Cell division and expansion during early
fruit development

Parthenocarpic fruit [66]

Activator SlARF6 Photosynthesis, sugar accumulation,
and fruit development

Delay of fruit ripening [67]

Activator SlARF7 Auxin and GA signaling response
pathways in fruit development

Parthenocarpic fruit [6]

Activator SlARF8 Auxin and GA signaling response
pathways in fruit development

Parthenocarpic fruit [68]

Repressor SlARF9 Auxin-responsive, cell division activity Small fruit size [69]
Repressor SlARF10 Chlorophyll and sugar accumulation Dark green fruit color [70]
Repressor SlIAA3 Auxin and ethylene signaling pathways Reduced apical dominance, lower auxin

sensitivity
[71]

Repressor SlIAA9 Mediator of auxin signaling in fruit set
and leaf morphogenesis

Parthenocarpic fruit [55, 68]

- SlIAA27 Ethylene and auxin signaling Slightly increased plant size [72]
- FveARF8 Interplay between auxin and GA

function in fruit development
Large fruit size [73]

degradation of PROCERA [53]. Furthermore, the authors
found that GA treatment slightly reduced enrichment of
SlARF7 at the EXP5 locus, suggesting that PROCERA may
enhance the direct binding of another negative regulator,
SlARF7, to the EXP5 locus. Together, these results
provided strong evidence that the interaction between
PROCERA, SlARF7, and SlIAA9 coordinates auxin and GA
functions in fruit initiation [41]. How do SlARF7/SlIAA9
and PROCERA regulate target genes antagonistically or
additively? Further analysis will be necessary to answer
this question. Initially, the direct interaction between
activator ARFs and DELLA was shown in Arabidopsis, but
the biological importance of this interaction was further
confirmed by the study of tomato. Interestingly, it is also
known that cytokinin (CK) can induce parthenocarpy in
tomato. The CK-induced parthenocarpy is dependent on
auxin and GA biosynthesis [62]. This result also suggested
the importance of auxin and GA function in early fruit
development.

Studies in horticultural plants have the potential to
reveal novel molecular mechanisms that can explain the
interplay between plant hormones in fruit development.
In addition, several reports that further support ARF and
IAA function in tomato fruit development are summa-
rized in Table 1.

Molecular and genetic studies of auxin and
GA function in strawberry fruit
development
As in tomato fruit development, auxin plays an impor-
tant role in the initiation and growth of receptacle fruits
in strawberry. It has long been known that auxin from

the achenes promotes receptacle fruit growth after fer-
tilization in strawberry [5]. Compared with studies in
tomato, molecular studies of auxin functions in straw-
berry fruit development are still limited. However, auxin
function and gene expression changes in response to
auxin treatment in strawberry fruits have long been
discussed in cultivated strawberry [74, 75]. Recently, the
diploid strawberry Fragaria vesca has become an exciting
model system for the molecular study of strawberry fruit
development because of its small genome size, short life
cycle, and other traits. Auxin levels and auxin signaling
activity reported by DR5p:GUS expression were shown to
be particularly high in the early stage of fruit develop-
ment after fertilization [8, 76]. In agreement with the
earlier observation that achenes supply plant hormones
to promote fruit growth, auxin and GA biosynthesis genes
were shown to be expressed mainly in an achene tissue
known as ghost [26], whereas the expression of auxin-
and GA-induced genes and signaling genes such as ARFs,
GIDs, and DELLAs (GAI, RGA) was localized mainly in
receptacle fruits [26]. This result is consistent with the
general idea that plant hormones from the achenes play
a role in the strawberry receptacle.

Given the crosstalk of auxin with many different
plant hormones [77], it is not surprising that auxin
treatment promotes the expression of the GA biosyn-
thesis genes FveGA20OX and FveGA3OX in the early
stage of strawberry fruit growth [8]. Both auxin and GA
promote fruit growth, but auxin and GA have clearly
different effects on fruit shape formation and strawberry
fruit development [8, 26]. Auxin treatments produce
round fruit, whereas GA-treated fruits exhibit a longer
shape [8]. These results suggest that auxin and GA have
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different roles in strawberry fruit development. As
discussed above (in the sections on tomato and Arabidop-
sis), auxin and GA signaling pathways are connected by
a complex regulatory mechanism. Detailed molecular
study of the interaction between auxin and GA will be
important for understanding the function of each plant
hormone in fruit development.

As mentioned above, strawberry (receptacle) and
tomato fruit (or Arabidopsis) are anatomically different
tissues, but fruit growth in both species is promoted by
exogenous application of auxin and GA. An interesting
question is whether the signaling cascades for auxin
and GA and the mechanism for their interplay observed
in other plant species are also conserved in strawberry
receptacle fruit development. Recently, an excellent
publication provided one clue to answer the question
with strong genetic evidence. FveRGA1 was previously
reported to be a negative regulator of runner develop-
ment [78]. Zhongchi Liu’s group further showed a role for
FveRGA1 in fruit development. The knockout of FveRGA1
produced a parthenocarpic phenotype, suggesting that
FveRGA1 is a key regulator of fruit initiation in strawberry
[73]. The conserved interaction of FveRGA1 and FveARF8
was also shown in yeast and tobacco cells [73]. Fruits
were wider in a knockout mutant of FveARF8, suggesting
the negative regulation of fruit growth through FveARF8
(the Arabidopsis homolog was originally characterized
as an activator ARF) in early fruit growth. Interestingly,
the authors found that FveARF8 directly binds to the
promoter of GID1c (GA receptor gene FveGID1c) and
negatively controls its expression [73]. The authors
suggested a novel mechanism that coordinates the
interaction of the auxin and GA signaling cascades in
strawberry fruit development (Fig. 2c). The interaction
between strawberry FveARF8 and FveIAA4 was also
confirmed [73]. An FveARF8 knockout mutant did not
show parthenocarpy in strawberry, and other activator
ARFs such as FveARF5, 6, and 7 may have functional
redundancy. Interestingly, the activator ARFs act as
negative regulators of fruit growth in different plant
species, and ARFs/IAA and DELLA proteins may therefore
negatively control fruit growth and development in
strawberry, as in other species. However, the precise
mechanisms by which these auxin and GA signaling
components regulate fruit development and by which
auxin and GA coordinate their specific roles in fruit
development remain to be fully elucidated.

Plant hormone function in early grape berry
development
GA promotes parthenocarpy and is widely used to pro-
duce seedless fruits in many different grape cultivars [27–
29, 79–81]. The expression patterns of GA biosynthesis-
and signaling-related genes in the grape berry have been
well documented [82–84]. Wang et al. proposed that GA
biosynthesis exceeds GA inactivation during the early

stage of development [84]. Consistent with this observa-
tion, a dramatic increase in GA contents was observed
during the green-berry stage. Auxin and CK also pro-
mote parthenocarpy in grape [85, 86]. In addition to
GA, auxin and CK contents are also relatively high in
the early stage of grape berry development [87]. Wang
et al. proposed a potential crosstalk between GA and
other plant hormones such as auxin and CK by precise
transcriptomic profiling [84]. These results support the
important roles of GA, auxin, and CK in early grape
berry development. Furthermore, another transcriptome
analysis also proposed that auxin plays an important
role in regulating cell division and cell expansion in
grape berry development [88]. Interestingly, the grape
berry growth induced by auxin and CK treatment is
also partially dependent on GA biosynthesis [86], sug-
gesting the importance of the interplay among these
plant hormones. Are the molecular mechanisms for the
functions of ARF/IAA and DELLA observed in tomato
and/or strawberry also conserved in grape berry develop-
ment? GA treatment negatively regulates the expression
of VvIAA9 and VvARF7 at the pre-bloom stage in grape
[89]. Furthermore, Wang et al. performed spatiotemporal
expression analysis of VvmiR159, VvGAMYB (the direct
target of VvmiR159), and DELLA genes in early fruit devel-
opment. The authors proposed an attractive model in
which GA-DELLA-VvmiR159c-VvGAMYB is the key signal-
ing regulatory module in grape based on the expression
patterns of these genes in early fruit development [90].
Further genetic analysis will be needed to show clear
molecular mechanisms of plant hormone function and
plant hormone interactions in grape berry development.

Conclusion and perspective
The early stage of fruit development is especially impor-
tant for fruit production. In this review, we mainly discuss
crosstalk between auxin and GA function in early fruit
development of tomato and strawberry. Recent studies
have provided molecular evidence for the interplay
between auxin and GA, supporting basic knowledge
gained in the earlier years of horticultural research.
The many important players in fruit development
seem to be conserved in different plant species. DELLA
proteins, which act as one of the major regulators of fruit
development, play a role as key proteins in signaling
cascades that regulate many important biological
processes, including plant hormone interactions. In this
context, we expect that further study of the ARF/IAA
and DELLA protein complex will be especially important
for further understanding of plant hormone functions in
fruit development. In addition to GA and auxin, DELLA
proteins are important integrators of other plant hor-
mones such as ethylene, abscisic acid, brassinosteroid,
and jasmonic acid [91–93]. DELLAs may be key proteins
that coordinate these plant hormone functions in fruit
development. Tomato has only one DELLA protein,
whereas strawberry has five DELLA proteins, although
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only one has a complete DELLA domain [26, 78]. Because
there is little or no functional redundancy for DELLA
proteins in tomato and strawberry, in-depth studies of
the molecular functions of DELLA in fruit development
in these species may provide important paradigms for
understanding the mechanisms underlying fruit devel-
opment in other horticultural crops. Taking advantage
of this feature in tomato and strawberry, we anticipate
that the investigations of hormonal control of fruit
development in these species will be prolific in the years
to come. Moreover, mechanistic studies of how fruit
tissue (anatomically different tissues in different plant
species) obtains the competence to respond to hormones
that promote fruit tissue enlargement will generate
fundamental insights into the common mechanisms
that underlie fruit development in plants. Genome tools
and basic knowledge obtained in model horticultural
plants have no doubt impacted our understanding of
fruit development at the molecular level. Furthermore,
research on horticultural crops, such as the molecular
and genetic studies of fruit development outlined here,
has the potential not only to improve the production of
horticultural plants but also to build greater and deeper
understanding of basic science because of the diversity
of horticultural plant species. The study of the interplay
between auxin and GA in fruit development is a good
example. The excellent publications discussed here are
initial accomplishments that open the way for future
advances in plant science.
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