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Efficient haploid ﬁroduction using the pseudo-fertilized ovule culture and
clarification of the parthenogenesis mechanism in citrus.
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Pseudo-fertilized ovule culture was examined for the production of haploid
in * Banpeiyu” pummelo [Citrus maxima (Burm.)]. The pollen of * Kawano-natsudaidai’ was irradiated
with y rays from 0 Gy to 500 Gy, and crossed with ‘ Banpeiyu’ pummelo as seed parents. Simple
sequence repeat (SSR) analysis proved that the callus was a haploid derived from the egg cell, since

it had only alleles derived from the seed parent. Forty days after crossing pollen irradiated with
y -rays, well-developed embryos were formed in the ovule, which did not differ from those in the
non-irradiated treatment. Therefore, it was inferred that embryo development in pseudo-fertilized
ovule culture progressed similarly to that of the control until 40 days after crossing, but
development ceased thereafter. Overall, we consider the possibility that if ovule culture is started
after 40 days, haploid cells would normally continue to develop.
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Table 1 Fruit sets and ploidy levels of embryoids and calli in the cross of ‘Banpeiyu’ pummelo with “Kawanonatsudaidai’ pollen irradiated

by various doses of gamma ray exposure.

Gamma ray Av. fruit No. of ovules No. of ovules No. of
Cross combination exposure dose ) ) forming callus ~ embryoids X 2X 3X  Unidentified
wt. (g) cultured 4 )
(Gy) (= 5mm) formation
0 83.3ab” 360 7 13 0 9 1 10
100 101.2a 241 4 4 0 3 1 4
‘Banpeiyn’ pummelo x 200 75.0ab 234 0 0 0 0 0 0
‘Kawanonatsudaidai’ 300 61.5b 220 1 0 0 1 0 0
400 60.9b 340 0 0 0 0 0 0
500 87.5ab 250 1 0 1 0 0 0
? Mean separation by Tukey’s multiple range test, P = 0.05.
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Fig. 1. Flow cytometric analyses of the embryoids and callus of ‘Banpeiyn” pummelo after pollination with gamma

ray irradiated pollen of ‘Kawanonatsudaidai’. (A) 500 Gy-1 Callus (2n=x=9%) (B) 0 Gy-1 Embryoids (2n=2x=18)

(C) 0 Gy-4 Embryoid of (2n=3x=27)
2 Tahiti lime was used as a control.

b ‘Banpeiyu’ pummelo was used as a control.
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Fig. 2. The ovule sections in ‘Banpeiyn” pummelo crossed with “Kawanonatsudaidai’ gamma ray irradiated pollen. (A) Undeveloped
ovules with immature development of embryo and endosperm obtained 40 days after pollination with pollen at 0Gy. (B) Undeveloped
ovules (=3 mm) with immature development of embryo and endosperm obtained 60 days after pollination with pollen at 200Gy. (C)
Undeveloped ovules (= 3 mm) with well developed embryo obtained 40 days after pollination with pollen at 200Gy. (D) Undeveloped
seed (>3 mm) with well formed embryo obtained 60 days after pollination at 200Gy. (E) Undeveloped seed (=3 mm) only with
endosperm obtained 60 days after pollination with pollen at 200Gy. (F) Free-hand longitudinal sections of developed seed obtained
after 80 days after pollination at 0Gy. Em. embryo; End. endosperm; I. integument; N, nucellus. Scale bars : A-E= 1 mm; F =5 mm
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Identification of parental genome construction and inherited morphological characteristics in 2021
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