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Application of grafting-induced flowering to
the breeding and seed production of
cruciferous crops

Ko Motoki
(Course of Applied Plant Science)

Grafting-induced flowering has the potential to be
applied to plant breeding and seed production, to shorten
the time needed for floral induction, and to expand the
environment in which seed production is possible. However,
it is difficult to induce flowering by grafting in some crop
species, which currently limits the use of this technique to
specific plant species. We have established a technique for
inducing flowering in cabbage (Brassica oleracea L.) by
grafting, which had hitherto been considered difficult, by
clarifying the causes of different flowering responses caused
by various rootstocks. This article introduces the key factors
for the floral induction of cabbage by grafting and its
potential application to the breeding and seed production
of cruciferous crops. It was observed that cabbage grafted
onto B. oleracea rootstocks did not flower at all, while
cabbage grafted onto some accessions of Raphanus sativus
rootstocks did flower. Furthermore, the ability of R. sativus
to induce flowering of grafted cabbage varied even within
the species. Inmunoblotting analysis of the FLOWERING
LOCUS T (FT) protein, a main component of florigen,
revealed that floral induction was quantitatively correlated
with the level of accumulated FT protein in the grafted scion.
It was concluded that increasing the total amount of FT
protein produced in the rootstock is important for the stable
floral induction of the grafted cabbage, and this can be
accomplished by increasing FT transcription and the leaf
area of the rootstock. Field cultivation experiments with
cabbage progenies obtained by the grafting method indi-
cated the direct applicability of this method to breeding and
seed production in cruciferous crops.
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Fig. 1

Non-vernalization flowering and seed production of cabbage by grafting onto a bolting radish rootstock. (A) A typical radish

rootstock. (B) Rootstock and scion immediately after grafting. (C-F) Time-course pictures of non-vernalization flowering of
‘Watanabe-seiko No.1’ cabbage grafted onto radish, (C) 25 days after grafting (DAG), (D) 53 DAG, (E) 57 DAG, and (F)
close-up picture of (E). (G) Seed pods and seeds produced by non-vernalization flowered cabbage. (H) Germination of the
seeds of (G). (I) Normally-grown seedlings of the seeds of (G).

[Cited from Motoki et al. (2019) Frontiers in Plant Science. 9, 1967.]
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Relationship between FT protein accumulation and the flowering response of the grafted cabbage scions. (A) Representative

pictures of grafted cabbage scions showing different flowering response by rootstocks. (B) Accumulation of the FT protein in
the grafted cabbage scion at 35 DAG. Results of the statistical test for the difference among the rootstocks are shown in the
graph. (C) Difference in the accumulation of FT protein in the scion at 35 DAG by the floral status at 63 DAG. Results of the

statistical test for the differences among the floral status are shown in the graph.

(D) Relationship between FT protein

accumulation in the scion at 35 DAG and the number of days to flower bud appearance. The linear correlation coefficient is

shown in the graph.

[Modified from Motoki et al. (2022) Plant and Cell Physiology. 63 : 1230-1241.]
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Conventional vernalization method

Warn/LD — Vernalization treatment ~ Warm/LD —
20~25°C, ~8 weeks 5~10°C, 8 weeks~ ~2 weeks

cwowe - dp ~ gz BT -

Non-vernalization grafting method (NV grafting method)

Warm/LD —
20~25°C, 3~4 weeks Warm/LD —

- ® o o
Cabbage ey Jp - W-EEC
2R WY,
v

2°C dark Warm/LD —
1~2 weeks 3~4 weeks

[ J
Radish _®®e— Grafting -6 weeks
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= after grafting

Fig. 3 Outline of the conventional vernalization method and non-vernalization grafting method for the cabbage seed production.
[Modified from Motoki et al. (2023) The Horticulture Journal. 92 : 66-76.]
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