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Abstract �e interspeci�c hybrids were successfully obtained from di�erent cross combinations between 12 cultivars 
(8 diploids and 4 tetraploids) of Begonia semper�orens (section Begonia) and B. pearcei (section Eupetalum) by in vitro 
culture of mature and immature seeds on MS medium (Murashige and Skoog 1962) containing 30 g l−1 sucrose, 0.1 mg l−1 
α-naphthylacetic acid, 0.1 mg l−1 6-benzyladenine, 2.5 g l−1 gellan gum, and 10 mg l−1 gibberellic acid. Although all the cross 
combinations yielded plantlets at the plantlet yielding e�ciency of 0.1–2.6/ovary in the culture of mature seeds, some cross 
combinations gave higher plantlet yields up to 5.7/ovary when immature seeds of 12–16 days a�er pollination were cultured. 
�e plantlets obtained were con�rmed their hybridity through �ow cytometric analysis and random ampli�ed polymorphic 
DNA analysis. In the crosses using diploid B. semper�orens hybrids with normal genome combinations (SP genome) and 
chromosome doubled hybrids with SSPP genome were obtained, whereas only normal triploid hybrids (SSP genome) 
were produced from the cross with tetraploid B. semper�orens. Some �owered hybrids of SP and SSP genomes showed 
intermediate �ower colors between the parents such as apricot, cream and light yellow colors, suggesting the expression of 
yellow �ower color of B. pearcei. Although the pollen fertility of those interspeci�c hybrids was sterile, they are expected to 
utilize as the important breeding materials to produce yellow �ower cultivars of B. semper�orens a�er restoring the fertility 
by chromosome doubling treatments.
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Begonia semper�orens Link and Otto is the most popular 
member of cultivated begonias, widely used in the 
horticultural business according to the advantages such 
as dwarf plant height with a maximum of 30 cm, nice 
branching characters, strong disease resistance, and 
perpetual �owering expect for the season with frosty 
weather. B. semper�orens was ranked as the fourth largest 
bedding plant in the United States in 2009, following to 
pansy (Viola×wittrockiana Gam.), impatiens (Impatiens 
wallerana Hook. f.) and petunia (Petunia×hybrida 
Vilm.). Its total output value reached 36 million U.S. 
dollars (USDA 2010). Although B. semper�orens has red, 
pink, and white �ower colors, it lacks yellow and orange 
colors to date despite of its long history of breeding. B. 
semper�orens has been considered to result from the 
interspeci�c crossing between B. cucullata Willd. and 
B.schmidtiana Regel within the same section Begonia 
(Dewitte et al. 2009; Horn 2004; Tebbitt 2005). Moreover, 
Hvoslef-Eide and Munster (2006) also indicated that 
the B. semper�orens might be resulted from the crosses 
with other wild species, which is unclear. However, B. 

semper�orens is still di�cult to cross with other wild 
species, which contain yellow or orange �ower color.

In the genus Begonia, some species such as B. pearcei, 
B. lutea, B. xanthina, and B. �avi�ora have yellow �ower 
color (Tebbitt 2005) and they have been importantly used 
for the breeding of many cultivars. �e most famous 
instance is B. ‘Tamakihada’, which is the progeny of B. 
‘Orange Rubra’×B. pearcei, being the uniquely cane-
like type with the yellow �ower color (Tebbitt 2005). 
In addition, many tuberous begonias contain the 
consanguinity of B. pearcei which has yellow flower 
color. �erefore, B. pearcei seems to play a critical role 
to create novel cultivars with yellow �ower colors. B. 
pearcei is a native species to South Africa and belongs 
to the section Eupetalum (Tebbitt 2005). Since B. pearcei 
belongs to tuberous group and is not tolerant to a humid 
and sultry weather, it becomes weak, non-�owering, and 
dormant during such an unfavorable weather season. In 
contrast, B. semper�orens could be a potent germplasm to 
improve the disadvantageous characters of such tuberous 
begonias through interspecific hybridization since it 
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contains excellent characters such as short internode, 
nice branching, resistance to diseases, tolerance to hot 
weather and continuous �owering.

For the breeding of important �ower crops like as 
rose, chrysanthemum, carnation, lily and orchids, 
interspeci�c hybridization has e�ciently been employed 
to create abundant varieties in addition to intraspeci�c 
hybridization. Although interspecific hybridization 
can increase the variations in some crops, it always 
encountered to the barriers like as failure of fertilization 
and embryo abortion in conventional breeding method. 
To solve the latter problem, embryo rescue technique 
has efficiently been employed to increase the chance 
to obtain the hybrids. Recently, successful results on 
interspeci�c hybridization have been reported in some 
flower crops such as Hemerocallis (Li et al. 2009), 
Hydrangea (Reed et al. 2008), Chrysanthemum (Sun et al. 
2010), Primula (Amano et al. 2006; Hayashi et al. 2007a, 
2007b, 2009), Dianthus (Nimura et al. 2003), Lilium 
(Chi 2000), Melaleuca (Liu et al. 2006), and Chocolate 
cosmos (Oku et al. 2008) with the aid of embryo rescue 
techniques. In the present study, we report the usefulness 
of embryo rescue technique to obtain the hybrids 
between B. semper�orens and B. pearcei.

Materials and methods

Plant materials
Twelve cultivars of Begonia semperflorens belonging to the 
4 series of cultivars, which are described in Table 1, and one 
strain of B. pearcei were used in this study. Nine single �ower 
type cultivars of Begonia semper�orens were kindly provided by 
Sakata Seed Co. (Yokohama, Japan). �ree double �ower type 
cultivars of B. semper�orens and B. pearcei were purchased from 
a local market. During the experimental period, all the plants 
were cultivated as pot plants in the greenhouse, which was kept 
under natural light conditions, whereas the temperature was 

kept higher than 18°C but below 30°C.

Interspecific hybridization
In this study, twelve cultivars of B. semper�orens were used 
as maternal parents, and one clonally propagated strain of B. 
pearcei was used as pollen parent. In B. semper�orens, all the 
male �owers were removed before anthesis and female �owers 
were covered by para�n paper bags to prevent unexpected 
pollination. Dehisced anthers containing fresh pollen were 
harvested from the male flower at anthesis and directly 
pollinated by touching the stigma of female �owers at the day 
of anthesis of the maternal parent. �e pollinated �owers were 
then covered again with the bags. All cross-pollinations were 
made during the winter of 2009–2010.

In vitro seed sowing and embryo rescue
In the initial experiment, mature ovaries were collected 30 
days a�er pollination (DAP) before dehiscence. In the embryo 
rescue experiment, the immature ovaries at di�erent DAP (4, 
8, 12, 16 and 20 days) were used to determine the e�ciency 
of interspecifc hybridization. The mature/immature ovaries 
were surface-sterilized with 70% ethanol for 1 min and then 
with 1% sodium hypochlorite solution for 15 min containing 
two drops of Tween 20, followed by 3 times of rinsing with 
sterile distilled water. A�er surface sterilization, ovary walls 
were carefully removed with the tip of forceps and the placental 
tissues with seeds/ovules were carefully excised from ovaries. 
In the case of mature ovaries harvested at 30 DAP, seeds were 
released from placental tissue onto the medium by rolling 
the placenta on the medium, a�er which the placenta was 
removed. In the culture of younger ovaries (4, 8, 12, 16 and 20 
days), however, it was di�cult to release all of the seeds and 
hence the placental tissue was kept on medium for the culture 
of attaching seeds/ovules a�er the rolling treatment with the 
released seeds/ovules. Irrespective of the di�erence in releasing 
treatment, they were cultured on embryo rescue (ER) medium, 
which consisted of full strength MS medium (Murashige and 

Table 1.　�e e�ciency of progeny production among di�erent cross combinations between B. semper�orens and B. pearcei by culturing mature 
seeds in vitro.

Maternal donor No. of �owers 
pollinated

Fruit set  
(%)a

No. of ovaries 
cultured

No. of ovaries 
yielding plantletb

No. of plants 
obtained

Plantlet yield 
e�ciencyc

Pollen 
fertilityd

‘Monza–Pink’ (2x) 21 100 21 5 47 2.23 91.2a
‘Monza–White’ (2x) 20 90 18 4 14 0.77 85.8b
‘Monza–Salmon orange’ (2x) 19 100 15 2 5 0.33 86.6b
‘Monza–Apple blossom’ (2x) 20 100 20 2 15 0.75 83.3bc
‘Sprint–Pink’ (2x) 22 100 20 9 40 2 70.3c
‘Queen–Pink’ (2x)e 26 54 14 8 37 2.64 —
‘Queen–White’ (2x)e 13 54 7 2 15 2.14 —
‘Queen–Red’ (2x)e 10 40 4 2 5 1.25 —
‘Monza–Coral’ (4x) 23 100 23 2 33 1.43 46.3de
‘Varsity–Pink imp’ (4x) 24 92 20 2 4 0.2 17.9g
‘Varsity–White’ (4x) 22 100 21 4 13 0.61 49.0d
‘Varsity–Bicolor’ (4x) 22 100 22 1 3 0.13 23.1f
a Percentage of capsules obtained a�er 30 days. b Each ovary was inoculated on a plate individually. c No. of plants obtained/No. of ovaries cultured. d Means with the same 

letters in a column are not signi�cantly di�erent by Duncan’s multiple range test at 5% level. e Double �ower cultivars.
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Skoog 1962), 0.1 mg l−1 α-naphthylacetic acid (NAA), 0.1 mg l−1 
6-benzyladenine (BA), 10 mg l−1 gibberellic acid (GA3), 
2.5 g l−1 gellan gum and 30 g l−1 sucrose. Seedlings showing 
abnormal growth obtained by interspeci�c hybridization were 
transferred onto root induction medium, which consisted of the 
full strength MS medium with 30 g l−1 sucrose, 2.5 g l−1 gellan 
gum and 0.1 mg l−1 NAA. �e pH of media was adjusted to 5.8 
with KOH before autoclaving. All cultures were maintained 
at 24±2°C with 16 h photoperiod provided by cool white 
fluorescent tubes (35 µmol m−2 s−1). The progenies were 
acclimatized and transferred to the greenhouse to investigate 
the morphological traits during the summer, 2010.

Measurement of relative nuclear DNA content 
using flow cytometry
Relative nuclear DNA contents were compared between 
parents and progenies by using flow cytometry (Partec 
GmbH, Münster, Germany). Young leaf segments (about 
0.5 cm×0.5 cm) were chopped with razor blade in 200 µl 
Solution A (Plant High Resolution DNA kit type P, Partec 
GmbH), then added with 1 ml DAPI solution [10 mM Tris-
HCl, pH 7.5, containing 50 mM sodium citrate, 2 mM MgCl2, 
1% (w/v) PVP K-30 (Polyvinylpyrrolidone K-30) (Wako Pure 
Chemical Industries Ltd.), 0.1% (v/v) Triton X-100, 2 mg l−1 
DAPI (4′,6-diamidino-2-phenylindole dihydrochloride)] and 
incubated for 1 min to stain the cell nuclei. �e well-mixed 
solution was �ltered through 45 µm nylon mesh to remove the 
debris and used for the analysis. A�er preliminary con�rmation 
of chromosome numbers in several cultivars of B. semper�orens 
‘Sprint–Pink’ was selected as a diploid cultivar and used as an 
intrernal standard for �ow cytometric analysis of the parental 
plants and interspeci�c hybrids. Peak position for nuclear DNA 
content of ‘Sprint–Pink’ was adjusted to channel number 50, 
relative DNA contents of other cultivars of B. semper�orens 
and B. pearcei were determined as relative values provided that 
nuclear DNA content of ‘Sprint–Pink’ was 2 units.

DNA extraction and random amplified 
polymorphic DNA (RAPD) analysis
Total DNA was isolated following the protocol of Kopperud 
and Einset (1995) which was applied previously for isolating 
begonia DNA. Brie�y, about 2 g of leaf tissue was ground into 
a fine powder by using liquid nitrogen, transferred into a 
centrifuge tube, added with 25 ml of T10E10 washing solution 
(10 mM Tris-HCL, 10 mM EDTA, pH 8.0), vortexed for 10 s, 
and centrifuged for 10 min at 8000 rpm at 4°C. A�erwards, 
the supernatant was discarded, and the DNA was extracted by 
CTAB method (Murray and �ompson 1980).

Among the arbitrary oligonucleotide 10-mer primers 
of Operon Biotechnologies (Tokyo, Japan), OPE-03 
(5′-CCAGATGCAC-3′) was used for amplification by 
polymerase chain reaction (PCR) by 39 repeating thermal 
cycles (4 min at 94°C, 30 s at 94°C, 30 s at 35°C, and 1 min 
72°C). A�er completion of ampli�cation, the ampli�ed DNA 
mixture was loaded on a 2% agarose gel in TAE bu�er, and run 

for 50 min at 100 V. �e gel was photographed under UV light 
to compare the RAPD patterns of the putative hybrids with 
maternal and pollen parents.

Morphological comparison and pollen fertility
�e leaf and �ower characters were measured to compare the 
di�erence between both parents and hybrids. Pollen fertility 
was assessed by staining with aceto-carmine on at least 200 
pollen grains in each observation for every genotype with 5 
replications. �e results were analyzed with Duncan’s multiple 
range test to compare the signi�cant di�erence at 5% level.

Results

Fruit set and cross compatibility of B. 
semperflorens×B. pearcei
In the interspecific crosses with B. pearcei, using 12 
cultivars in four series, all the single �ower cultivars of 
B. semper�orens used as female parents including 2× 
and 4× ones showed 90% or higher ratios of fruit set 30 
DAP, whereas 3 double �ower type cultivars belonging to 
‘Queen’ series gave around 50% of fruit set ratio (Table 
1).

When the mature ovaries collected 30 DAP were 
cultured on ER medium, most of harvested seeds with 
the crimpy seed surface did not germinate during the 
culture period. In contrast, well-developed seeds with 
plumpy surface germinated within 2 weeks, in which 
the radicle emerged through seed coat primarily and 
the cotyledon grew later. All the 12 cultivars consisting 
of 8 diploids and 4 tetraploids yielded plantlets with the 
e�ciency of 0.2–2.64 per ovary (Table 1). Among single 
flower type cultivars, ‘Monza–Pink’ gave the highest 
e�ciency of plantlet yield (PYE), 2.23 per ovary, followed 
by ‘Sprint–Pink’, and ‘Monza–Coral’. On the other hand, 
3 double �ower type cultivars showed higher e�ciency 
of plantlet yield than single �ower type cultivars with the 
highest PYE in ‘Queen–Pink’ (2.64).

Since 30 DAP seemed to be late for rescuing 
abortive hybrid embryos, we chose four cultivars of B. 
semperflorens ‘Monza–Pink’ (2x), ‘Varsity–Pink imp’ 
(4x), ‘Sprint–Pink’ (2x) and ‘Queen–Pink’ (2x) for the 
cross with B. pearcei and tested the PYE by culturing 
ovaries of 4, 8, 12, 16 and 20 DAP (Table 2). In all the 
four cultivars of B. semper�orens used, the highest PYE 
was obtained at 12–16 DAP, whereas PYE was reduced 
in the ovary culture with 20 DAP in all the cultivars. 
Although PYE obtained in the culture of 12–16 DAP 
for both tetraploid ‘Varsity–Pink imp’ (2.66) and diploid 
‘Sprint–Pink’ (5.66) was higher than that of 30 DAP, 
other two cultivars, diploid ‘Queen–Pink’ and diploid 
‘Monza–Pink’ gave slightly lower PYE in the culture of 
12–16 DAP (Tables 1, 2).

During the embryo rescue culture, germination of 
immature seeds occurred a�er 15 days of culture (Figure 
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1A), but they developed into abnormal cotyledon-
less seedlings 30 days a�er inoculating on ER medium 
(Figure 1B). From the top of these abnormal embryos, 
rosette shoots initiated to regenerate 45 days after 
inoculating on ER medium (Figure 1C). Then, those 
small shoots were separated from the top of abnormal 
embryo and successfully rooted on root induction 
medium (Figure 1D). About 2.5 months, these putative 
hybrid plantlets were transferred to greenhouse after 
acclimatization, in which they grew normally (Figure 
1E, F) till �owering.

Confirmation of hybridity by using flow cytometry 
to measure the relative nuclear DNA content
Totally 163 progenies were obtained from all the 12 
cross combinations between B. semperflorens and B. 
pearcei. �ey were subjected to �ow cytometry analysis 
to evaluate the relative DNA contents of both parental 
donors and their hybrids (Table 3, Figure 2). �e relative 
DNA contents of B. semperflorens diploid cultivars, 
tetraploid cultivars, and B. pearcei were 2, 4 and 8.97 
units, respectively. In the cross combinations between 
diploid cultivars of B. semper�orens (SS genome) and 
B. pearcei (PP genome), 7 cross combinations yielded 
only the expected progenies with the intermediate value 
of DNA content between two parents as 5.48 units (SP 
genome, Figure 2A). However, cross combinations 
using ‘Queen–Red’ yielded both 2 normal diploid plants 
and 3 unexpected plants with twice the DNA content 
of the normal hybrid presumed to be chromosome-
doubled hybrid with SSPP genome (10.97 units, Figure 

2B). In all the 4 crosses using tetraploid cultivars of B. 
semper�orens (SSSS genome), all the progenies displayed 
the intermediate value (SSP genome, Figure 2C), ca. 6.48 
units.

Hybridity analysis by using RAPD markers
Among the 16 randomly selected primers tested, OPE-03 
was found to give the speci�c bands for B. pearcei and 
each cultivar of B. semper�orens. When RAPD analysis 
was performed for the randomly selected progenies 
by using both diploid and tetraploid cultivars of B. 
semper�orens as female parents, all of them showed the 
speci�c bands for both B. pearcei and B. semper�orens 
by using the primer OPE-03. �us, the hybridity of those 
progenies were con�rmed (Figure 3).

Morphological characters and pollen fertility of 
the hybrids
Leaf characters of B. semperflorens, B. pearcei and 
their putative hybrids are summarized (Figure 1G). 
Comparing with the green leaf color of female parents: B. 
semper�orens, B. pearcei used as a male parent had a dark 
purple color on the undersurface of the leaf. On the other 
hand, all the putative hybrids obtained deep green color 
on the surface, but dark purple on the undersurface, 
which is more similar to the leaf color of the B. pearcei. 
In contrast, the length and width of leaf, and blade aspect 
ratio of the hybrids are more alike B. semper�orens (data 
not shown).

A�er transfer the putative hybrids to the greenhouse, 
some of them produced �owers. In the hybrids between 

Table 2.　�e e�ect of di�erent DAP on the embryo rescue between B. semper�orens and B. pearcei.

Maternal donor Days a�er  
pollination

No. of ovaries  
cultured

No. of ovaries yielding 
plantletsa

No. of plantlets 
obtained

Plantlet yield 
e�ciencyb

‘Monza–Pink’ (2x) 4 3 0 — —
8 3 0 — —

12 3 2 3 1.00
16 3 1 4 1.33
20 3 0 — —

‘Varsity–Pink imp’ (4x) 4 3 0 — —
8 3 0 — —

12 3 3 8 2.66
16 3 2 7 2.33
20 3 2 2 0.66

‘Sprint–Pink’ (2x) 4 3 1 3 1.00
8 3 1 1 0.33

12 3 3 17 5.66
16 3 3 16 5.33
20 3 3 10 3.33

‘Queen–Pink’ (2x) 4 3 0 — —
8 3 0 — —

12 3 2 6 2
16 3 1 4 1.33
20 3 2 1 0.33

a Each ovary was inoculated on a plate individually. b No. of plants obtained/No. of ovaries cultured.
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Figure 1.　�e regeneration of the hybrid between B. semper�orens and B. pearcei by utilizing the embryo rescue technology with ER medium 
(16th DAP). (A) Embryo generation from the immature seed 15 days a�er sowing. (B) Root elongation from abnormal cotyledon-less embryo 30 
days a�er sowing. (C) Shoot regeneration from the top of abnormal embryo 45 days a�er sowing. (D) Shoots transferred to root induction medium 
a�er separation from the top of abnormal embryo. (E) �e putative hybrid between the B. semper�orens and B. pearcei in vitro. Bar=0.2 cm. (F) 
Compact plant character of hybrid between B. semper�orens ‘Sprint–Pink’ and B. pearcei. Bar=1 cm. (G) �e undersurface characteristics of the 
leaf blade in the hybrids between B. semper�orens and B. pearcei. 1: Female parent: B. semper�orens ‘Sprint–Pink’. 2: Hybrid (SP) between the B. 
semper�orens ‘Sprint–Pink’ (2x) and B. pearcei. 3: Hybrid (SSP) between the B. semper�orens ‘Monza–Coral’ (4x) and B. pearcei. 4: Male parent: B. 
pearcei. Bar=2.5 cm.

Table 3.　Flow cytometric analysis of the ploidy level and genome combination of hybrids in interspeci�c cross between B. semper�orens and B. 
pearcei.

No. of plants obtaineda No. of plants analyzed No. of plants

Maternal donor Expected genome combination &  
relative DNA content (units)b

Intermediate (SP)  
5.48 units

Chromosome-doubled 
(SSPP) 10.97 units

Diploid cultivars of B. semper�orens (2x) SS=2 units
‘Monza–Pink’ 54 8 8 0
‘Monza–White’ 14 10 10 0
‘Monza–Salmon orange’ 5 5 5 0
‘Monza–Apple blossom’ 15 13 13 0
‘Sprint–Pink’ 87 40 40 0
‘Queen–Pink’ 48 30 30 0
‘Queen–White’ 15 12 12 0
‘Queen–Red’ 5 5 2 3

Expected genome combination &  
Relative DNA Content (units)b

Intermediate (SSP)  
6.48 units

Chromosome-doubled 
(SSSSPP) 12.97 units

Tetraploid cultivars of B. semper�orens (4x) SSSS=4 units
‘Monza–Coral’ 33 23 23 0
‘Varsity–Pink imp’ 21 4 4 0
‘Varsity–White’ 13 10 10 0
‘Varsity–Bicolor’ 3 3 3 0

a �e hybrids examined were obtained from mature seed sowing method in the cross of diploid B. semper�orens and embryo rescue method in the cross with tetraploid 
B. semper�orens, respectively.

b Pollen donor: B. pearcei PP=8.97 units.
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B. semper�orens ‘Sprint–Pink’ (Pink, Figure 4A) and B. 
pearcei (Yellow, Figure 4B), �owers of the hybrids showed 
di�erent color variations including light yellow (Figure 
4C), cream (Figure 4D), apricot (Figure 4E), and deep 
apricot (Figure 4F), which are expected to appear as 
intermediates between the �ower colors of both parents 
(Figure 4).

�e average pollen fertility was 83.5% in 5 diploid 
single �ower cultivars of B. semper�orens, whereas only 
34.1% in the 4 tetraploid cultivars of B. semper�orens. 
In contrast, both the diploid hybrids with SP genome 
(Figure 4D) and the triploid hybrid (SPP) had atrophied 
pollen showing no stainability with aceto-carmine.

Discussion

In the present study, we initially analyzed the ploidy 
difference of B. semperflorens cultivars used by flow 
cytometry before conducting interspeci�c hybridization 
with B. pearcei. �e result indicated that they involved 
diploid, triploid and tetraploid as reported previously 

(Horn 2002; Zeilinga 1962). Since triploid cultivars were 
con�rmed to be sterile in our preliminary hybridization 
experiments, only diploid and tetraploid cultivars were 
used for the hybridization experiment. Although both 
tetraploid and single-�owered diploid cultivars showed 
high fruit set ratio (more than 90%), double-�owered 
diploid cultivars showed around 50% of the ratio when 
they were used as female parents (Table 1). However, the 
di�erence in fruit set ratio did not correlate with the yield 
of the hybrid plants and double �ower cultivars produced 
hybrids at almost comparable efficiencies with single 
�ower cultivars (Table 1). �ese results suggest that main 
cause of the di�culty in producing interspeci�c hybrids 
between B. semperflorens and B. pearcei is different 
between double-�owered cultivars and single-�owered 
ones used as female parents: inhibition of fertilization in 
the former and abortion of hybrid embryo in the latter, 
respectively, although the reasons are unclear.

In our preliminary study, we failed to germinate the 
seeds collected at maturity obtained in this interspeci�c 
hybridization or to grow the seedlings in ex vitro 
condition. In the present study, therefore, we applied 
in vitro culture for safely rescuing both mature and 
immature seeds collected at di�erent DAP. In in vitro 
culture of mature seeds, PYE was quite low despite of 
the high fruit set ratio: 0.1–1.4 in tetraploids, 0.3–2.2 in 
single �ower diploids and 1.3–2.6/ovary in double �ower 
diploid cultivars, respectively. Although PYE could be 
increased to some extent in some cultivars such as a 
tetraploid cultivar ‘Varsity–Pink imp’ (2.7/ovary) and a 
diploid cultivar ‘Sprint–Pink’ (5.7/ovary) by culturing 
immature ovules/seeds at 12–16 DAP, other 2 cultivars 
showed reduced e�ciencies. �ese results suggest that 
in vitro embryo rescue culture is useful to obtain the 
interspeci�c hybrids of B. semper�orens with B. pearcei, 
but that optimum timing of the culture should be 
checked for achieving the maximum yield of the hybrids.

Introduction or creation of novel flower colors 
and �ower types is always needed in the breeding of 
ornamental crops such as begonias, and interspecific 
hybridization has been recognized as a useful strategy for 
achieving this objective. Recently, many successful cases 
have been reported in the production of interspeci�c 
hybrids in various genera of ornamental crops such as 
Primula (Kato and Mii 2000; Kato et al. 2001), Kalanchoe 
(Izumikawa et al. 2008), Limonium (Morgan et al. 1998) 
and Chrysanthemum (Cheng et al. 2010). In Torenia 
fournieri (Endo 1962) and Lathyrus odoratus (Brouillard 
1983; Hammett et al. 1994), interspeci�c hybridization 
has also been conducted for producing yellow �ower 
hybrids, which resulted in either intermediate �ower 
colors between the parents or entirely di�erent colors 
from both parents. In the present study, we have 
con�rmed the expression of yellow color of B. pearcei to 
some extent showing new �ower colors such as apricot, 

Figure 2.　Relative DNA content estimated by flow cytometric 
analysis. (A) 1: B. semper�orens ‘Sprint–Pink’ (SS genome). 2: Hybrid 
(SP genome). 3: B. pearcei (PP genome). (B) 1: B. semper�orens ‘Queen–
Red’ (SS genome). 2: B. pearcei (PP genome). 3: Chromosome doubled 
hybrid (SSPP genome). (C) 1: B. semper�orens ‘Varsity–White’ (SSSS 
genome). 2: Hybrid (SSP genome). 3: B. pearcei (PP genome).
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light yellow in all the interspeci�c hybrid plants that 
bloomed already (Figure 4). Therefore, it is possible 
to utilize these hybrids as the breeding materials to 
create yellow or novel �ower colors in B. semper�orens. 
Moreover, we also obtained some interspeci�c hybrids 
between double flower cultivars of B. semperflorens 
(‘Queen’ series) and B. pearcei. Although they have 
not yet �owered, they could also be utilized to produce 
double and yellow �owered B. semper�orens cultivars.

In the present study, we successfully produced 
diploid hybrids (SP genome) and triploid hybrids (SSP 
genome) from the cross combinations between di�erent 
cultivars of B. semperflorens and B. pearcei. Except 
for these normally expected hybrids, 3 unexpected 
hybrids showing SSPP genome type were also produced, 
suggesting that spontaneous chromosome doubling 
occurred in these plants during embryogenesis or in 
vitro seedling development a�er germination. Although 

previous report (Dewitte et al. 2009) has indicated the 
occurrence of 2n pollen in B. pearcei, interspecific 
hybrids with unexpected ploidy level caused by the 
fertilization with the unreduced pollen of B. pearcei were 
not obtained in the present study.

In the genus Begonia, numerous cultivars have been 
produced through interspeci�c hybridization between 
relatively closely related species. However, it is rather 
di�cult to produce hybrids between distantly related 
species belonging to the different sections and no 
successful studies have been reported on the production 
of the interspecific hybrids between B. semperflorens 
and B. pearcei. Our present success in this interspeci�c 
hybridization might be due to the application of embryo 
rescue techniques such as in vitro seed germination 
and immature ovule culture. �erefore, such simple in 
vitro techniques may powerfully be utilized to produce 
interspeci�c hybrids between distantly related species 

Figure 3.　RAPD analysis for con�rming the hybrids obtained from interspeci�c hybridization between B. semper�orens and B. pearcei. �e primer 
OPE-03 was used. M: λDNA/HindIII+Φx174/HaeIII-digestion size marker. P: B. pearcei. 2: B. semper�orens ‘Monza–Pink’. 6: B. semper�orens 
‘Varsity–White’. 19: B. semper�orens ‘Sprint–Pink’. 23: B. semper�orens ‘Varsity–Pink imp’. 24: B. semper�orens ‘Monza–White’. 28: B. semper�orens 
‘Monza–Apple blossom’. Q: B. semper�orens ‘Queen–Pink’. �e hybrid of 2P, 6P, 19P, 23P, 24P, 28P, and QP were obtained from di�erent cross 
combinations between B. semper�orens and B. pearcei. ■: �e speci�c band of B. pearcei. ▲: �e speci�c band of B. semper�orens.

Figure 4.　�e �ower characteristics of the hybrids between B. semper�orens and B. pearcei. (A) Female �ower of material parent: B. semper�orens 
‘Sprint–Pink’. (B) Female �ower of pollen parent: B. pearcei. (C)–(F) Female �ower of the interspeci�c hybrids. Bar=1 cm.
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in the genus Begonia. In the present study, our main 
objective to produce interspeci�c hybrids between B. 
semper�orens and B. pearcei is to utilize them as the 
breeding materials to produce yellow �ower cultivars 
of B. semperflorens. Unfortunately, however, all the 
hybrids with SP and SSP genomes so far �owered showed 
no pollen fertility, although varied abilities of seed 
production have previously been reported in the triploid 
hybrids (SSD genome) of Christmas Begonia produced 
by the cross between B. scotrana and B. dregei (Horn et 
al. 1976). �e sterility of the interspeci�c hybrids has also 
been reported in various cross combinations of Begonia 
species (Peng and Chiang 2000; Peng and Chen 1991; 
Peng and Sue 2000; Peng and Ku 2009). �erefore, it is 
indispensable to produce amphidiploids by artificial 
chromosome doubling techniques for restoring the 
fertility. Recently, Dewitte et al. (2010) have succeeded 
to restore the pollen fertility in the male sterile hybrid of 
begonia by the treatment with tri�uralin or N2O. Since 
we have already obtained unexpectedly produced SSPP 
hybrids, it is necessary to con�rm the fertility of these 
hybrids if they attain to the �owering stage. We are also 
trying to induce chromosome doubling in sterile SP 
and SSP hybrids with some mitotic inhibitors such as 
colchicine.
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