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Gibberellins (GAs) are phytohor-
mones controlling major aspects of

plant growth and development. Although
previous studies suggested the existence
of a transport of GAs in plants, the
nature and properties associated with
this transport were unknown. We
recently showed through micrografting
and biochemical approaches that the
GA12 precursor is the chemical form of
GA undergoing long-distance transport
across plant organs in Arabidopsis.
Endogenous GA12 moves through the
plant vascular system from production
sites to recipient tissues, in which GA12

can be converted to bioactive forms to
support growth via the activation of GA-
dependent processes. GAs are also essen-
tial to promote seed germination; hence
GA biosynthesis mutants do not germi-
nate without exogenous GA treatment.
Our results suggest that endogenous GAs
are not (or not sufficiently) transmitted
to the offspring to successfully complete
the germination under permissive
conditions.

The gibberellins (GAs) are an important
family of diterpenoid compounds, of which
only a few members such as GA1 and GA4,
actively regulate various growth processes
throughout the plant life cycle, including
seed germination, vegetative growth, flow-
ering and fruit development.1 Hence, GA
biosynthesis mutants are dwarfs and late
flowering, whereas GA overdose causes
exaggerated growth and sterility. Therefore
it is essential that plants produce and accu-
mulate appropriate levels of GAs to ensure
normal growth. Biochemical and genetic
approaches have led to the identification of
the majority of GA biosynthesis genes and
regulatory mechanisms controlling the
optimal levels of bioactive GAs for plant

growth.2 Moreover, the movement of GAs
from production sites to tissues and organs
that require GAs for growth may also repre-
sent a level of regulation. Strikingly, several
studies support the idea of a local and long-
distance transport of GAs in plants,3-8

however it remained unclear which form of
endogenously made GA is mobile. In a
recent publication, we addressed this ques-
tion by performing a series of reciprocal
micrograftings between hypocotyls of Ara-
bidopsis wild-type and GA-deficient
mutants altered at specific steps of the GA
biosynthetic pathway.9 In this work we
showed that wild-type rootstocks are able
to restore the growth of kao1 kao2 mutant
scions but not of triple ga20ox1 ga20ox2
ga20ox3 mutant scions, compared to
respective self-grafted plants. Because the
ent-kaurenoic acid oxidase (KAO) catalyzes
the conversion of ent-kaurenoic acid into
GA12, the immediate substrate for GA20-
oxidases (GA20ox),10,11 our results indi-
cated that GA12, the common precursor
for all GAs,2 is the graft transmissible sig-
nal. This assumption was further supported
by the fact that GA12 and all products of
GA20ox activity accumulate to high levels
in GA-deficient ga1–3 scions (mutant
defective in the first committed step of GA
biosynthesis)2 grafted onto wild-type root-
stocks.9 Remarkably, using the same strat-
egy, we found that GA12 can also move
basipetally from shoot to root.9 Thus,
endogenous GA12 has the capacity to move
in both directions in Arabidopsis plants.
Noteworthy, although micrografting pro-
cedure is an excellent approach to study
long-range signaling in plants, this tech-
nique is inappropriate to monitor short-
range cell-to-cell movement of GAs.
Hence, previous works relying on exoge-
nous GA feeding experiments have shown
that other GAs, precursors and bioactive
forms, can also move locally in plants.4,5,7,8
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Plant hormones are small signaling
compounds that often move throughout
the body of the plant via the plant vascular
system.12 Consistent with previous stud-
ies,13,14 our results revealed the presence
of GA12 in xylem and phloem exudates,
suggesting that GA12 is transported from
root to shoot by the xylem and from pho-
tosynthetic source to sink tissues by the
phloem.9 Recently, biochemical studies in
heterologous systems allowed the identifi-
cation of several GA transporters, belong-
ing to the NITRATE TRANSPORTER
1/PEPTIDE TRANSPORTER FAMILY
(NPF).15-17 The NPFs represent a large
family of membrane proteins which trans-
port a wide array of compounds including
nitrate, peptides, glucosinolates and phy-
tohormones.18 Although not demon-
strated, it is tempting to speculate that
these multifunctional transporters may

contribute in the translocation of GA12

from parenchyma cells to the vessels.
Major challenges will be to put these
transporters into a more integrated pic-
ture, and to understand the molecular
basis for their selectivity to so diverse vari-
ety of compounds.

GAs control a wide range of growth pro-
cesses by stimulating the degradation of the
DELLA proteins, a family of nuclear
growth repressors.19 Accordingly, reduced
bioactive GA levels cause an increase in
DELLA abundance, which in turn restrains
growth.19 Our results showed that DELLA
accumulation is reduced in shoots of Col-0/
kao1 kao2 grafts in comparison to Col-0/
ga20ox1 ga20ox2 ga20ox3 grafts, hence cor-
relating to some extend to their respective
overall growth phenotype.9 Thus, GA12 is
functional in recipient organs and drives
growth via the activation of the GA-

signaling pathway. Numerous studies
emphasized the importance of GAs in the
adaptation of plants to their surrounding
growth conditions.20 We proposed that
long-distance transport of GA12 across plant
organs enables plants to adapt their growth
and development in response to both
endogenous and environmental inputs.

An interesting issue raised from the
above results is whether endogenous GAs
are transmitted to the offspring, especially
in seeds. It has long been known that GAs
act as positive regulators of seed germina-
tion as exemplified by the phenotype of
severe GA-deficient mutant seeds (such as
ga1–3 mutant) which fail to germinate in
the absence of exogenous GAs.21 Remark-
ably, in contrast to ga1–3/ga1–3 grafts,
the shoots of Col-0/ga1–3 grafts develop
long and fertile siliques without GA treat-
ment, thus indicating that wild-type root-

stocks produce enough GAs to
compensate the deficit in bioactive
GAs in developing siliques of ga1–
3 grafted scions (Fig. 1A,B). How-
ever, ga1–3 seeds collected from
both Col-0/ga1–3 and GA-treated
ga1–3/ga1–3 grafts (sprayed with
100 mM GA3 twice a week until
flowering) failed to germinate
under permissive conditions
(although the seeds were morpho-
logically normal), in contrast to
wild-type seeds collected from
Col-0/Col-0 grafts (Fig. 1C). Fur-
thermore, exogenous application
of bioactive GA3 equally rescued
the germination defect of ga1–3
seeds collected from Col-0/ga1–3
and GA-treated ga1–3/ga1–3 grafts
in a dose-dependent manner
(Fig. 1C). Collectively, these
results indicate that although
endogenous GA12 easily move
throughout the plant and promote
growth of recipient organs, GAs
produced by the plant fail to com-
pensate the germination defect of
progeny seeds deficient in GA syn-
thesis, suggesting that endogenous
GAs are not transmitted to the off-
spring. In this scenario, de novo
synthesis of active GAs is necessary
to stimulate seed germination
under permissive conditions.2 On
the other hand, we cannot exclude

Figure 1. ga1–3 seeds collected from Col-0/ga1–3 grafts fail to germinate without exogenous GAs. (A) Over-
all shoot phenotypes of 5-week-old ga1–3/ga1–3 and Col-0/ga1–3 grafts. (B) Close-up of ga1–3 scion grafted
onto wild-type (Col-0) rootstock. The arrow indicates a fertile silique. (C) Germination efficiency (%) of seeds
collected from Col-0/Col-0, ga1–3/ga1–3 and Col-0/ga1–3 grafts. 150 to 200 seeds per genotype were
imbibed in presence of GA3 at indicated concentrations, in the light at 22�C for 7 d. The values are the mean
§SD (nD3). Genotype notation is rootstock/grafted scion.
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the possibility that small amounts of GAs
transported from maternal tissues activate
some regulatory steps during embryo
development. Determination of endoge-
nous GA contents in ga1–3 seeds collected
from Col-0/ga1–3 grafts should allow us
to address these possibilities.

The recent period has seen many excit-
ing advances in our understanding of the
mechanisms governing GA transport.
Still, multiple questions remain unad-
dressed, such as the dynamics of this pro-
cess and the biological function associated
with this transport. In this aim, the com-
bination of micrografting and biochemis-
try provides a powerful tool to tackle
long-distance signals in plants.
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