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Strigolactones (SLs) regulate diverse developmental phenomena. Rice SL 
biosynthesis and signaling mutants have an increased number of tillers 
and a reduced plant height relative to wild-type (WT) rice plants. In this 
study, we tested the effectiveness of gibberellin (GA) on restoring more til-
lering phenotype and dwarfism observed in both SL biosynthesis and sig-
naling mutants. The application of GA to these mutants rescued the tiller 
bud outgrowth; however, the sensitivity to GA was different between the 
WT and the SL biosynthesis mutant.  © Pesticide Science Society of Japan
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Introduction

Shoot branching, an important agronomic trait that determines 
crop yield, is primarily controlled by plant hormones. Auxin and 
cytokinin are major hormones that control shoot branching. 
Strigolactone (SL), a member of a new class of phytohormones, 
is also known to control shoot branching.1,2) The relationship be-
tween the two classical hormones (auxin and cytokinin) and SLs 
in the regulation of shoot branching has been actively discussed 
with regard to rice, Arabidopsis, and pea plants.3–5)

SLs are branching inhibitors biosynthesized from beta-caro-
tene by beta-carotene isomerase (D27), two carotenoid cleav-
age dioxygenases (D10 and D17), and P450s (Os01g0700900 
and Os01g0701400) in rice.6,7) The SL signaling component D3 
encodes an F-box leucine-rich repeat (LRR)-containing pro-

tein, which functions downstream of this branching inhibitor.8) 
After the discovery of SL as a branching inhibitor, a rice mutant, 
d14/d88/htd2, which encodes the SL receptor, has been reported 
to be defective in novel genes that transduce the SL signal.9–11) 
The d14 and d3 mutants are insensitive to exogenous SL ap-
plication and contain higher levels of SL than wild-type (WT) 
plants.9–11) Rice mutants defective in both SL biosynthesis and 
signal transduction also exhibit partial dwarfism.12)

Gibberellin (GA) is a crucial plant hormone that regulates 
developmental processes throughout the life cycle of plants.13) 
Plants defective in both GA biosynthesis and GA signal trans-
duction show typical phenotypes such as dwarfism; small, dark 
green leaves; prolonged germination dormancy; retardation of 
root growth; suppression of flowering; reduced seed production; 
and male sterility.13) Although it is reported that GA-deficient 
rice plants also exhibit early and increased tillering and dwarf-
ism,14,15) there have been no reports of the relationship between 
GA signaling and SL signaling in the tillering and dwarfism of 
rice plants. This report investigated the relationship between GA 
and SL in controlling tiller bud outgrowth and plant height.

Materials and Methods

1. Plant materials
The wild-type rice varieties (Oryza sativa) used in this study 
were Shiokari (d3-1, d10-1, d14-1, d17-1, and d27-1)9,12,16) and 
Nipponbare (d10-2).17)

2. Rice hydroponic culture
Rice seeds were sterilized in 2.5% sodium hypochlorite solu-
tion containing 0.01% Tween 20 for 30 min, washed with sterile 
water six times, and incubated in sterile water at 25°C in the 
dark for 2 days. Germinated seeds were transferred into hydro-
ponic culture media2) solidified with 0.6% agar and cultured at 
25°C under fluorescent white light with a 14-hr light and 10-hr 
dark photoperiod for 6 days. Each seedling was transferred to a 
brown glass vial containing 12 mL of hydroponic culture solu-
tion with or without GA3 or GR24 (synthetic SL analog)18) and 
grown under the same condition for 7 days. Plant height was 
measured from the ground to the tip of the longest leaf of the 
plant.

For prolonged cultivation, 2-week-old rice seedlings were 
transferred to a new vial containing 12 mL of hydroponic culture 
solution with or without GA3 and grown under the same condi-
tion for 7 days.

Results and Discussion

The growth of second tiller buds in SL mutants, such as d3-1, 
d10-1, d14-1, d17-1, and d27-1, was observed when 2-week-
old rice seedlings were grown hydroponically, but those of WT 
plants remained dormant.2) To assess the role of GA in SL mu-
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tants, we first examined the effect of GA3 on the outgrowth of 
second tiller buds and the plant height of mutants defective in 
SL biosynthesis (d10-1, d17-1, and d27-1) and signaling (d3-1 
and d14-1). Two-week-old WT rice ‘Shiokari’ did not show elon-
gation of the second tiller as previously reported.2) On the other 
hand, following application of GA3 but not SL, the outgrowth 
of second tiller buds in all of the mutants was significantly sup-
pressed, and plant height in these mutants increased. The ap-
plication of GR24 suppressed tiller bud outgrowth in SL biosyn-
thesis mutants (d10-1, d17-1, and d27-1) but not in SL signaling 
mutants (d3-1 and d14-1). In addition, GR24 treatment did not 
produce any increase in the plant height of these mutants (Fig. 
1A and B).

Next, we estimated the differences in GA sensitivity between 
WT ‘Nipponbare’ and d10-2 rice seedlings. Two-week-old rice 
seedlings did not show second and third tiller bud outgrowth in 
the WT, but the second and third tiller buds grew out in hydro-

ponically grown 3-week-old rice seedlings of both the WT and 
d10-2 mutants.2) The effects of GA3 were determined by measur-
ing the tiller lengths and plant heights in 3-week-old seedlings. 
In the WT, GA3 treatment suppressed the elongation of the sec-
ond and third tiller buds and increased plant height in a concen-
tration-dependent manner. In the d10-2 mutant, although the 
elongation of the first and second tiller buds and the increase 
in plant height showed tendencies similar to those in the WT 
treated with GA3, its responses to GA3 were weaker than those 
of the WT (Fig. 2). The outgrowth of the second tiller buds was 
significantly inhibited in the d10-2 mutant by treatment with 
10 nM and 50 nM GA3, whereas it was significantly suppressed 
in WT plants with only 1 nM GA3 (Fig. 2). Plant height was also 
significantly increased in the d10-2 mutant by treatment with 
50 nM and 200 nM GA3, whereas it was significantly elongated 
in WT plants with 1 nM GA3 (Fig. 2). In addition, the outgrowth 
of the third tiller bud was not suppressed by the GA3 treatment. 

Fig. 1. Effects of SL and GA on tiller bud outgrowth and plant height in 2-week-old rice seedlings. (A) Lengths of second tillers in 2-week-old seedlings. 
The data are means±SD of six samples. (B) Plant heights of 2-week-old seedlings. The data are means±SD of six samples. * (p<0.05) and ** (p<0.01) in-
dicate significant differences relative to controls.
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These results indicate the existence of novel cross-talk between 
SL and GA signaling in the outgrowth of tiller buds and elonga-
tion of plant height.

GA and SL can reduce the number of tillers or branching. In 
Arabidopsis, it has been reported that both SL and GA regu-
late auxin transport.19,20) It is suspected that both SL and GA 
may play a role in regulating tiller bud outgrowth by regulat-
ing auxin transport. In addition, Luisi et al. (2011) reported that 
the endogenous level of bioactive GA modulates the response 
of decapitated pea plants to SL, suggesting the possible involve-
ment of the auxin transport in SL–GA cross-talk.21) However, 
the ways SL and GA regulate auxin transport appear to be dif-
ferent: SL promotes the accumulation of PIN proteins, whereas 
GA represses the accumulation of PIN proteins.19,20) This may be 
one of the reasons GA sensitivity in tiller bud outgrowth and the 
increase in plant height were different between the WT and the 
d10-2 mutant.

SL regulates various morphological changes, such as branch-
ing, leaf senescence, root hair elongation, and mesocotyl elonga-
tion.1,2,22–25) Because auxin, cytokinin, and gibberellin also con-
trol similar morphological changes with SL, studies of SL-signal-
ing cross-talk with auxin and cytokinin continue to expand. 
However, there are very few reports on the cross-talk between 
SL and GA. Notably, de Saint Germain et al. (2013) reported that 
SL acts independently of GA in stimulating internode elonga-
tion in pea plants.26) Recently, we found two evidences of the ex-
istence of cross-talk between SL and GA signaling. One is the 
SL-dependent interactions of D14 with SLR1, which is one of the 

components of GA signaling in vitro and in vivo.27) Another is 
the GA-signaling-dependent regulation of the expression levels 
of SL biosynthesis genes.28) In the present study, we found that 
the responses to GA in tiller bud outgrowth and plant elongation 
were different in the WT and d10-2 mutants. Our findings indi-
cate the existence of physiological cross-talk between SL and GA 
in not only the regulation of SL biosynthesis but also tiller bud 
outgrowth and plant elongation. Further investigation will reveal 
the important mechanism of SL–GA cross-talk that is useful for 
controlling the morphological changes affecting crop yield.
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