
the shoot apex and activates transcription of meristem identity genes 
such as APETALA1 (AP1).10,11 Recent studies from several laborato-
ries have provided strong evidence for the FT protein in Arabidopsis 
and corresponding proteins in other species being an important 
part of the florigen.12-16 These were mainly based on (1) detec-
tion in the shoot apex or its vicinity of GFP-fusion or Myc-tagged 
proteins expressed by promoters with preferential activity in the 
phloem tissues in Arabidopsis and rice,12-14 (2) detection of FT-like 
proteins in the phloem sap from cucurbits,16 and (3) transmission 
of FT:GFP protein through a graft junction from donor transgenic 
plants expressing the fusion protein in the vasculature to recipient 
ft plants with concomitant promotion of flowering.12 Because key 
observations in Arabidopsis12,14 were based on the effect of cumula-
tive expression by SUCROSE TRANSPORTER 2 (SUC2) promoter 
which has strong activity in the vasculature within a short distance 
from the shoot,12,14,17 it is difficult to analyze the temporal aspects 
of the transport and to exclude the possibility of short-distance, cell-
to-cell transport without entering into the phloem. In addition, the 
ability of GFP for long-distance transport via the phloem and a graft 
junction18,19 makes an independent confirmation based on methods 
other than GFP-fusion protein desirable.

Our recent work aimed to resolve these difficulties by the 
combined use of FT-T7 protein, a local transient induction system, 
and a two-shoot “Y-grafting” technique originally described by 
Turnbull and colleagues.20 Since graft-transmission has been an 
important criterion of florigen, we first demonstrated the graft-
transmissible action of FT both from the endogenous gene and 
transgenes under the control of 35S promoter and SULPHATE 
TRANSPORTER 2;1 (SULTR2;1) promoter with preferential expres-
sion in the phloem.19,21 Grafting of a wild-type scion resulted in small 
but significant reduction in both days to flowering and the number 
of leaves at flowering of recipient ft-1 stock plants, while grafting of 
a strong 35S::FT scion caused much greater (more than 20 leaves) 
reduction (Fig. 1A). Even in the latter case, rescue may sound rather 
modest, since the recipient ft-1 stock plants still had 20 more leaves 
than the intact wild-type plants grown in the same conditions.21 
However, given that functional connection of phloem capable of 
trafficking tracer dyes and enhanced GFP (EGFP) were established 
about 2 weeks after grafting, by which time wild-type plants made 
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Day length perceived by a leaf is a major environmental factor 
that controls the timing of flowering. It has been believed that 
a mobile, long-distance signal called florigen is produced in the 
leaf, and is transported to the shoot apex where it triggers floral 
morphogenesis. Grafting experiments have shown that florigen is 
transmissible from a donor plant that has been subjected to induc-
tive day length to an un-induced recipient plant. However, the 
nature of florigen has long remained elusive. Recent studies have 
provided evidence that the FLOWERING LOCUS T (FT) protein 
in Arabidopsis and corresponding proteins in other species are an 
important part of florigen. Our work showed that the FT activity, 
either from overexpressing or inducible transgenes or from the 
endogenous gene, to promote flowering is transmissible through 
a graft junction, and that an FT protein with a T7 tag (FT-T7) 
is transported from a donor scion to the apical region of recipient 
stock plants and becomes detectable within a short period of 24–48 
h. That the FT-green fluorescent protein (GFP) fusion protein 
(FT:GFP) retains limited ability for graft-transmissible action was 
confirmed.

Seasonal flowering is an important adaptive trait in plants for 
reproductive success. Plants monitor day length in the leaf to 
anticipate upcoming seasonal changes and initiate floral morpho-
genesis at the shoot apex by the action of the leaf-generated mobile 
florigen.1-3 FT, a 20-kDa protein, is a conserved potent promoter of 
flowering.4-7 In Arabidopsis, transcription of FT is induced by long 
days in the phloem tissues of cotyledons and leaves,8-10 while FT 
protein interacts with a transcription factor FD that is expressed in 
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floral transition as evidenced by AP1 expression,19 it is diffi-
cult to expect the rescue to the wild-type phenotype. Using a 
transient induction system by a HEAT-SHOCK PROTEIN 
(HSP) gene promoter, we showed that the FT-T7 protein was 
transported from the donor scion to the shoot apical region 
of the recipient stock plants with promotion of flowering of 
the stock plants, and was detectable within a short period of 
24–48 h after induction.21

Because our recent finding that the late-flowering pheno-
type of the recipient ft-1 stock plants was not rescued 
by grafting 35S::FT:EGFP; ft-121 or SULTR2;1::FT:EGFP; 
ft-119 is not in agreement with the previous report of partial 
rescue of ft-7 by SUC2::FT:GFP; ft-7,12 we tried to resolve 
the seeming discrepancy by re-examining our data (Fig. 1). 
In our previous reports, flowering time was measured as 
the “total leaf number” (the number of rosette and cauline 
leaves at the time of flowering) which has been commonly 
used by many researchers, since there generally is a good 
correlation between “the leaf number” and “days to flow-
ering” in intact plants22 and in grafts (Fig. 1C). Grafting of 
either 35S::FT:EGFP; ft-1 or SULTR2;1::FT:EGFP; ft-1 did 
not cause reduction in the number of leaves (Fig. 1A).19,21 
Rescue was not observed in an experiment in which recipient 
ft-1 were grafted onto 35S::FT:EGFP; ft-1 donor stocks as 
in Corbesier and colleagues12 (Fig. 1D). Therefore, reduc-
tion in the leaf number was observed in none of the four 
experiments. However, we found that if the flowering time 
was measured by “days to flowering” (days from germination 
to the time when the primary inflorescence becomes 1-cm 
height in our experiments), as in the previous report,12 partial 
rescue of the recipient ft-1 stock plants with a 35S::FT:EGFP; 
ft-1 becomes discernible (Fig. 1B). For some unknown reasons, 
ft-1 stock plants with a 35S::FT:EGFP; ft-1 scion had more leaves 
than expected from the length of vegetative period measured by 
days (Fig. 1C). Therefore, the discrepancy seems to be due to the 
different measures of the flowering time used by the two groups. 
Unfortunately, a similar analysis of data was not available for the 
other three experiments. It will be interesting to know whether the 
same holds true for results obtained by Corbesier and colleagues. 
These results, taken together, indicate that FT:GFP fusion proteins 
have reduced ability for graft-transmissible action as compared with 
the intact FT protein or FT-T7 protein.

In conclusion, the long-distance, graft-transmissible action of 
the FT protein by transport to the shoot apex within a short 
period of time is well demonstrated by the previous and our recent 
work.12-16,19,21 However, temporal aspects of the transport and 
spatial distribution of the FT in the shoot apex remain to be inves-
tigated. A local, transient induction system by single-leaf blade heat 
treatment to express FT-T7 or FT:EGFP proteins21 will provide 
useful tools.
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Figure 1. Flowering time of the recipient ft-1 plants in various grafts. (A and B) 
Flowering time of the recipient ft-1 stock plants with ft-1, wild-type (WT), 35S::FT, 
35S::FT:EGFP; ft-1, and 35S::FT:EGFP scions. Flowering time is expressed as the 
total leaf number (the number of rosette and cauline leaves at the time of flower-
ing) in (A), and the number of days to flowering (days from germination to the time 
when the primary inflorescence stem reaches a 1-cm height) in (B). Letters “a” and 
“b” above the bars designate p < 0.0001 and p > 0.1, respectively, for Student’s 
t-test with ft-1. (C) Relationship between days to flowering and the total leaf number 
in ft-1 stock plants with 35S::FT, wild-type, ft-1, and 35S::FT:EGFP; ft-1 scions. The 
linear correlation coefficient (r) for the first three graft combinations is 0.83. (D) 
Flowering time of the recipient ft-1 scion plants grafted onto ft-1 and 35S::FT:EGFP; 
ft-1 stocks. (A–C) are based on the same data sets used for Figure 2 and S-Table 1 
of Notaguchi et al.21
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