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Cross Compatibility of Intersubgeneric Hybrids of Azaleas on Backcross

with Several Evergreen Species

Kenji Ureshino'*, Yoshiko Tashiro', Yuka Takeda', Takeru Itabashi',
Ikuo Miyajima® and Masaru Akabane®

!Faculty of Agriculture, Iwate University, Iwate 020-8550, Japan
’Institute of Tropical Agriculture, Kyushu University, Fukuoka 812-8581, Japan
3Yasuzuka, Mibu-machi, Tochigi 321-0201, Japan

For the reduction of several undesirable traits, such as deciduousness and weak heat tolerance, of
intersubgeneric hybrids between interspecific F; hybrids of evergreen azaleas and a deciduous species
(Rhododendron japonicum f. flavum), back cross with evergreen azaleas was conducted. Though pollen of
the intersubgeneric hybrids was highly sterile, fertility was restored in a tetraploid plant (9027-5). Unilateral
cross incompatibility was observed between the intersubgeneric tetraploid hybrid 9027-5 and evergreen
azaleas, i.e., progenies obtained only in the cross with the tetraploid plant 9027-5 used as a pollen parent.
Leaf color of most of the progenies was green, and hybridity was confirmed by isozyme analysis. PtDNA
of the green progenies inherited from the seed parent (evergreen azaleas), and plastome-genome
incompatibility between the plastid genome from evergreen azaleas and nuclear genome from R. japonicum f.

flavum was not observed in the back cross.
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Introduction

The creation of yellow flowered varieties is one of
the important breeding objectives in evergreen azaleas.
To achieve this, many intersubgeneric crosses between
evergreen azaleas belonging to the subgenus Tsutsusi
and a yellow flowered deciduous species, Rhododendron
japonicum f. flavum belonging to the subgenus
Pentanthera, have been conducted by previous workers
(Akabane et al., 1971; Noguchi, 1932; Yamaguchi et al.,
1985). However, most of these crosses failed because
of cross incompatibility and/or albinism of progenies.

We previously reported that: 1, unilateral cross
incompatibility existed in the cross, and seedlings were
obtained only when R. japonicum was used as a pollen
parent (Ureshino et al., 2000), 2, the albinism of seedlings
was caused by plastome-genome incompatibility be-
tween the plastid genome from evergreen azaleas and
nuclear genome from R. japonicum f. flavum, and green
plants were obtained only when the plastid genome of
seedlings inherited from R. japonicum f. flavum was
used as a pollen parent (Ureshino et al., 1999). We also
reported that three-way cross of interspecific F; hybrids
among evergreen azaleas X R. japonicum f. flavum was
useful for reducing the appearance of albino seedlings,
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and many viable green progenies were obtained
(Ureshino et al., 1998). These green progenies had pale-
yellow flowers containing 3-carotene, which is the main
pigment of R. japonicum f. flavum (Miyajima et al.,
2000). But several undesirable traits such as deciduous-
ness, loosely branched shrubs, and a weak heat tolerance
inherited from R. japonicum f. flavum remained
(Kobayashi et al., 1996). To eliminate such undesirable
traits, a further cross as F, or back cross to evergreen
azaleas was required. In this study, we conducted several
back cross combinations of intersubgeneric hybrids
between evergreen azaleas and R. japonicum f. flavum
to evergreen azaleas, and their cross compatibility of
them was evaluated.

Materials and Methods

Pollen fertility

Intersubgeneric hybrids from a three-way cross
between evergreen F; hybrids and Rhododendron
Jjaponicum f. flavum were used (Table 1). Pollen tetrads
were stained with acetocarmine solution. Microscopic
evaluation was carried out by counting the number of
stained (viable) and not stained (sterile) grains in each
tetrad. The evaluation of pollen viability was based on
the calculation of the percentage of viable pollen grains
in the total pollen grains. From each flower, 300 tetrads,
i. e.,, 1200 pollen grains, were examined with three
replications.
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Table 1. Pollen fertility of cross parents and the F; plants.

Cross parent and combination

Individual number  Ploidy level

Fertile pollen (%)

Pollen fertility (%)*

Dyad Tetrad
Seed parent
(R. kiusianum #1 X R. eriocarpum #1) 1 2x 92.0+1.4 0 100
(R. kiusianum #1 % R. indicum #2) 1 2x 90.7+6.6 0 100
Pollen parent
R. japonicum f. flavum 2x 98.0+1.7 0 100
R. japonicum f. flavum 2 2x 98.4+1.9 0 100
F
(R. kiusianum #1 X R. eriocarpum #1) #1 1 2x 0 0 0
X R. japonicum f. flavum #1 2 2x 0 0 0
3 2x 0 0 0
4 2x 0 0 0
5 2x 0 0 0
6 2x 0.1+0.3 100 0
7 2x 03+0.3 100 0
8 2x 03+0.3 100 0
9 2x 1.0+£0.7 100 0
10 (“9027-5%) 4x 75.0+12.3 0 100
(R. kiusianum #1 X R. indicum #2) #1 1 2x 0.2£0.3 100 0
X R. japonicum f. flavum #2 2 2% 03+0.6 100 0
3 2x 0 0 0
4 2x 0 0 0

* Mean+ SE (n=3).

Table 2. Capsule set and number of seeds per capsule in the cross with intersubgeneric hybrid 9027-5 as a pollen

parent.

Seed parent

Capsule set” No. of seeds per capsule?

2x
R. indicum #1
R. eriocarpum #1
R. eriocarpum #2
(R. kiusianum #1 X R. indicum #2) #1
(R. kiusianum #1 x R. eriocarpum #1) #1

3x
R. indicum #3

4x
R. indicum #4
R. indicum #5

5/6 82.0+£45.7*
3/3 244.0+£48.0
717 174.9+24.0
4/4 99.5+35.0
6/6 116.8+14.7
3/4 180.0+31.9
11/11 190.3+£37.0
1/1 66.0

* 90 days after crossing.
¥ 180 days after crossing.
X Mean+SE (n =3-11).

Cross compatibility

Among intersubgeneric hybrids, a tetraploid plant
(9027-5) was used as a cross parent. 9027-5 was derived
from the cross between a F; hybrid (diploid) of R.
kiusianum #1 x R. eriocarpum #1 and R. japonicum #1
(diploid), which was considered to be the unreduced
gamete origin of the parent. Reciprocal crosses between
9027-5 and diploid, triploid, or tetraploid evergreen

azaleas were conducted respectively from May to June
2003. Cross combinations are listed in Table 2. Capsules
were harvested at 180 days after crossing, and derived
seeds were used for in vitro sowing.

In vitro seed sowing
Seeds were soaked in 50 mg-L™' GAj solution for 24 h,
and sterilized in 10% sodium hypochlorite solution for
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15 min followed by three washes in sterile distilled water.
Seeds were then sown on Anderson rhododendron
medium (pH 5.0) (Anderson, 1984) with 30 g-L~! sucrose
and 3.5 g'L! gellangum. The cultures were incubated at
25°C in a growth chamber with light (ca. 44.73 umol-
sm?) at a 16h day length. After one month from
primary culture, the percentage of germination seeds
germination and leaf color of the seedlings were
observed.

Isozyme analysis

Isozyme analysis was conducted for clarifying the
hybridity and nuclear genome construction of the
seedlings. Isozymes of glucosephosphate isomerase
(GPI, EC 5.3.1.9), phosphoglucomutase (PGM, EC
2.7.5.1), and isocitrate dehydrogense (IDH, EC 1.1.1.41)
were analyzed using the procedures described in a
previous report (Ureshino et al., 1998).

Analysis of ptDNA inheritance through PCR-SSCP
The rps16 intron region of ptDNA was amplified via
the polymerase chain reaction (PCR). Primer sequences
were 5'-CCCCCTAGAAACGTATAGGA-3' for rps16/
IF and 5'-CGAAGTAATGTCTAAACCCA-3' for
rps16/1R, as reported by Nishizawa and Watano (2000).
PCR amplifications were carried out in a total volume
of 25 uL containing 25 ng of template DNA, 0.5 uM of
each primer, 2.0mM of MgCl,, 0.1 mM of dNTPs,
2.5 uL of 10 x reaction buffer, and 0.5 unit of 7ag DNA
polymerase (Amersham Biosciences). Amplification
was carried out using TaKaRa PCR Thermal Cycler
TP240 (TaKaRa) with one cycle at 95°C for 3 min, 35
cycles of 1 min at 94°C, 1 min at 47°C, 1 min at 72°C,
and one cycle at 72°C for 10 min. One pL of PCR product
was mixed with 4 uL of formamide dye consisting of
90% formamide, 0.5% BPB and 8% glycerin. The
mixture was heated to 95°C for 3 min, and then plunged
into ice. The mixture was then electrophoresed in
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polyacrylamide TBE gel (25% MDE gel solution
(TaKaRa), 10% glycerin and 1 x TBE) for 8 h at 100V,
4°C. After electrophoresis, banding patterns were
detected by silver staining.

Results

Pollen fertility
In diploid intersubgeneric hybrids, the stainability of

Fig. 1. Pollen tetrad of intersectional hybrids in (R. kiusianum #1 x
R. eriocarpum #1) x R. japonicum. A, Diploid hybrid; B,
Tetraploid hybrid. Arrow indicates a pollen dyad. Bars indicate
50 pm.

Table 3. Percentage of seeds germinating and the leaf color of seedlings in the cross with intersubgeneric hybrid

9027-5 as a pollen parent.

Seed parent

No. of seeds

% of seeds No. of seedlings

cultured germinating” G ALY EBY

2x

R. indicum #1 300 8.0 20 0 4

R. eriocarpum #1 283 12.4 34 0 1

R. eriocarpum #2 300 43 13 0 0

(R. kiusianum #1 X R. indicum #2) #1 76 6.6 5 0 0

(R. kiusianum #1 x R. eriocarpum #1) #1 300 13.3 48 0 0
3x

R. indicum #3 250 8.0 20 0 0
4x

R. indicum #4 295 81.7 234 1 0

R. indicum #5 66 27.3 18 0 0

# 60 days after seed sowing.
¥ G: green, AL: albino, EB: adventitious embryo.
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Table 5. PtDNA inheritance of progenies from several evergreen azaleas X intersubgeneric hybrid 9027-5.

PtDNA
Seed parent No. of progeny
Maternal Paternal

2x

R. eriocarpum #1 12 12

R. eriocarpum #2 6 6 0

(R. kiusianum #1 X R. eriocarpum #1) #1 11 10
4x

R. indicum #4 68 68

R. indicum #5 3 3

pollen grains was quite low (< to 1.0%), and stained
pollen formed a pollen dyad (Table 1, Fig. 1A), whereas
that of tetraploid 9027-5 was high (75.0%) and formed
a pollen tetrad (Table 1, Fig. 1B).

Cross compatibility

A capsule set was observed in the cross with 9027-5
as a pollen parent (Table 2), but not capsule set when
9027-5 was used as a seed parent (data not shown). The
number of seeds per capsule was more than 50 in all
crosses (Table 2). In crosses with diploids or triploids,
the germination rate ranged from 4.3 to 13.3%, whereas
it was 27.3-81.7% in crosses with tetraploids. Leaf color
of most seedlings was green except for one albino
seedling in R. indicum #4 x 9027-5 (Table 3).

Hybridity confirmation of progenies

Isozyme genotypes of (R. kiusianum #1 X R.
eriocarpum #1) #1, which was the seed parent of 9027-
5, were df at Gpi-2, ab at Pgm-2, and be at Idh-1.
Genotypes of R. japonicum #1, which was the pollen
parent of 9027-5, were f'f' at Gpi-2, dd at Pgm-2, and
dd at Idh-1 (data not shown). Genotypes of 9027-5 were
ddf'f' at Gpi-2, bbdd at Pgm-2 and ddee at Idh-1, which
indicated that 9027-5 had two sets of the nuclear genome
from (R. kiusianum #1 x R. eriocarpum #1) #1 and two
sets from R. japonicum #1 (Table 4). The genotype of
gametes in 9027-5 was classified into two types:
allosyndetic and autosyndetic gametes. At Gpi-2, for
example, the autosyndetic genotype was df and
allosyndetic ones were dd and ff. In the cross of R.
indicum #1 x 9027-5, the offspring genotype at Gpi-2,
therefore, was theoretically segregated into ddf, ff'f', and
dff. The former two genotypes were derived from
allosyndetic gamete of 9027-5, and the latter was from
autosyndetic gamete. In all crosses, progenies were
confirmed to be hybrid in origin at three loci. Progenies
from allosyndetic gametes were, however, not observed
in all crosses.

PtDNA of progenies
From PCR-SSCP analysis, 9027-5 contained the
ptDNA from R. japonicum f. flavum, and the banding

pattern could be distinguished from that of evergreen
azalea species. It was confirmed that the ptDNA of most
progenies was inherited from the seed parent of
evergreen azaleas (Table 5).

Discussion

Marked pollen sterility of intersubgeneric hybrids
between evergreen and deciduous azaleas was found in
the present study. However, in a tetraploid hybrid 9027-
5, pollen fertility was restored. These results indicate
that chromosome doubling to intersubgeneric hybrids is
useful for conducting further crosses.

In the reciprocal cross between the intersubgeneric
tetraploid hybrid 9027-5 and evergreen azaleas,
unilateral cross incompatibility was observed. Capsules
sets were observed only when the intersubgeneric
tetraploid hybrid 9027-5 was used as a pollen parent.
Similar phenomenon was reported in the cross between
evergreen azaleas and R. japonicum f. flavum, and
capsule sets failed in the cross with evergreen azaleas
as a pollen parent because of the inhibition of pollen
tube growth (Ureshino et al., 2000). Inhibition of the
pollen tube growth of evergreen azaleas may be inherited
by the tetraploid hybrid from its parent R. japonicum f.
flavum.

The most serious problem in the cross between
evergreen azaleas and R. japonicum f. flavum has been
the albinism of seedlings caused by plastome-genome
incompatibility between the plastome from evergreen
azaleas and the nuclear genome from R. japonicum f.
flavum (Ureshino et al., 1999). PtDNA of most of BC,
seedlings were inherited from the seed parent, evergreen
azaleas, whereas those seedlings had a green leaf color.
Ureshino and Miyajima (2002) reported that plastome-
genome incompatibility between the plastome from
evergreen azaleas and the nuclear genome from R.
Jjaponicum could be overcome by gene dosage of the
nuclear genome from evergreen azaleas, i. e., the nuclear
genome construction of seedlings was 2x evergreen
azaleas—I1x R. japonicum. Sakai et al. (2004) also
overcame hybrid albinism through an inter-ploidy cross
of 4x evergreen azaleas x 2x R. japonicum f. flavum.
From the results of isozyme analysis in this study, BC;
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progenies from allosyndetic gametes of 9027-5 were not
observed. In the case of 4x evergreen azaleas as a seed
parent, the ratio of the nuclear genome construction of
BC; progenies was 3 (evergreen azaleas) : 1 (R
japonicum f. flavum). On the other hand, in the case of
2x evergreen azaleas as a seed parent, the ratio was 2 : 1.
It was considered that gene dosage of the nuclear genome
from evergreen azaleas results in progeny with green
leaves.

The final aim of the intersubgeneric hybridization
program between evergreen azaleas and R. japonicum
f. flavum is the introduction of a yellow flower trait to
evergreen azaleas. Chromosomal recombination be-
tween evergreen azaleas and R. japonicum f. flavum,
however, seems to be unlikely from the results of
isozyme analysis. The production of progeniy with alien
additional chromosomes from R. japonicum f. flavum
through the continuous backcrossing of evergreen
azaleas, therefore, might be useful for achieving this.

In this study, we obtained various green progenies
from crosses between intersubgeneric tetraploid hybrid
9027-5 and evergreen azaleas. Since the progenies are
growing vigorously, fertility and several morphological
traits such as flower color, deciduousness and heat
tolerance will be investigated in a future study.

Literature Cited

Akabane, M., A. Yamanaka, D. Takashima, T. Nakatsue and
Y. Nakamura. 1971. On the fertility of interspecific
crossing and the growth of F; seedlings in rhododendron
species. Bull. Tochigi Pref. Agri. Expt. St. 15: 95-102
(In Japanese).

Anderson, W. C. 1984. A revised tissue culture medium for
shoot multiplication of Rhododendron. J. Amer. Soc. Hort.
Sci. 109: 343-347.

Kobayashi, N., M. Akabane, T. Handa and K. Takayanagi.
1996. Inheritance of morphological characters and RAPD
markers in intersubgeneric hybrids of azalea, (Rhododen-

dron kiusianum Makino X R. indicum (L.) Sweet) x R.
Jjaponicum (A. Gray) Suringer f. flavum Nakai. J. Japan.
Soc. Hort. Sci. 65: 145-153.

Miyajima, I., K. Ureshino, N. Kobayashi and M. Akabane.
2000. Flower color and pigments of intersubgeneric hybrid
between white-flowered evergreen and yellow-flowered
deciduous azaleas. J. Japan. Soc. Hort. Sci. 69: 280-282.

Nishizawa, T. and Y. Watano. 2000. Primer pairs suitable for
PCR-SSCP analysis of chloroplast DNA in angiosperms.
J. Phytogeogr. Taxon. 48: 63—66.

Noguchi, Y. 1932. Studies of the species crosses of Japanese
Rhododendron. 1. On the crossability between various
species and the cotyledon color of F; seedlings. Japan J.
Bot. 6: 103—124.

Sakai, K., Y. Ozaki, H. Okubo, K. Ureshino and I. Miyajima.
2004. Effectiveness of inter-ploid crosses for overcoming
plastome-genome incompatibility in inersectional crosses
of azaleas. Acta Hort. 651: 47-53.

Ureshino, K., M. Kawai and I. Miyajima. 2000. Factors of
intersectional unilateral cross incompatibility between
several evergreen azalea species and Rhododendron
Jjaponicum £. flavum. J. Japan. Soc. Hort. Sci. 69: 261-265.

Ureshino, K. and 1. Miyajima. 2002. The study on the
relationship between leaf colors and ptDNA inheritance
in intersectional cross of Rhododendron kiusianum x R.
Jjaponicum f. flavum, resulting in an unexpected triploid
progeny. J. Japan. Soc. Hort. Sci. 71: 214-219.

Ureshino, K., I. Miyajima and M. Akabane. 1998. Effectiveness
of three-way crossing for the breeding of yellow-flowered
evergreen azalea. Euphytica 104: 113-118.

Ureshino, K., I. Miyajima, Y. Ozaki, N. Kobayashi, A.
Michishita and M. Akabane. 1999. Appearance of albino
seedlings and ptDNA inheritance in interspecific hybrids
of azalea. Euphytica 110: 61-66.

Yamaguchi, S., M. Kunishige and T. Tamura. 1985.
Interspecific compatibility in Japanese Rhododendrons.
Bull. Veg. Ornam. Crop Res. Stn. Japan, Ser. B, No. 8:
87-97 (In Japanese with English summary).



%4, (J. Japan. Soc. Hort. Sci.) 75 (5): 403-409. 2006. 409

vy BN A TR Y Y DI R UM LT & X ORMEREE

AP« AT - IR - g B - HREAE  RH B

VETRFRYEL 020-8550 &R
MK BB e € v 2 —  812-8581  {RRAT HIX

3321-0201

TR Y Y oMM HBIEE Y v (FL vy Y
v ) L OHBHEAR TE b e HREEE oW, &
FEWSLIEM e EOTEYEE B E LT, Haktk >
Y ONDR UM AR T, HEERRH B S R M
B OTER 3B A FaE 2 7R L2, %00 L 7e Ml {4 9027-
5 OFRMEIXEIE LT ie, &0 9027-5 [ Ok
Yy R TR LI E A, 9027-5 BBl
LB B oREENMESRI., BONIIZEAETN

AR R EART 2R

TORAEDHEOITRETH Y, 74 V¥ A 25T LD
b OMREESHERI N, T, ChbigfasEto
EIFA DNA XFREY v DHETH -2 b, =
NETHERMEY YO EF LY rY Y VORRLTT L E Y
SAEMBOERN TH - IoH it Y v D Hsk DR 7/
KEFVYEY Y OHROKY / AROARRIEMIL,
BC, s T T T2 LB LR -
7.



