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Summary

The inheritance of morphological characters and RAPD (random amplified polymorphic
DNA) markers among the intersubgeneric hybrids of (Rhododendvon kiusianum Makino x
R. indicum (L.) Sweet) xR. japonicum (A. Gray) Suringer f. flavum Nakai was investigated
to clarify the usefulness of RAPD markers in the breeding program of yellow-flowered
evergreen azalea (Akabane, 1993).

Tree forms of the hybrids were similar to R. japonicum f. flavum . Leaf morphology of
the hybrids was intermediate to that of the parents. Microscopic observation of foliar
trichomes revealed that all the hybrids had long hairs similar to those of R. japonicum {.
flavum . The short hair trait of R. japonicum f. flavum . was observed in some hybrids.
The degree of defoliation in winter varied among the hybrids.

Seven out of 16 primers, generated a total of 28 RAPD bands. The hybrids and their
parents could be distinguished by band patterns. Inheritance of RAPD bands was con-
firmed by Southern hybridization.

Variations in morphology and polymorphisms of RAPD pattern among the hybrids
were attributed to the heterozygosity and the phylogenetic distance between the parental
species. The hybrids that had more paternal RAPD bands tended to exhibit more patri-
lineal morphological characters. This suggests that some RAPD markers and morpholo-

gical characters may be linked.

Introduction

Azalea breeders have always dreamed of pro-
ducing yellow-flowered evergreen azalea (Noguchi,
1930). There is no yellow-flowered azalea in the
subgenus Tsutsusi which includes the evergreen
azaleas ; therefore, the yellow color trait must be
introduced species of other subgenera
through interspecific hybridization. Rhododendron
japonicum (A. Gray) Suringer f. flavum Nakai in
subgenus Pentanthera (Yamazaki, 1989) is a de-
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ciduous azalea that produces vyellow flowers
attributable to the presence of a carotenoid (Speth-
mann, 1980). Thus, this species is promising as
one of the parents for breeding yellow-flowered
azaleas. Hybridization of this species with ever-
green azalea has been tried, but the few progenies
obtained were albino (Akabane, 1971; Noguchi,
1930, 1932).

Recently, Akabane (1993) succeeded in obtain-
ing intersubgeneric hybrids by crossing white-
flowered hybrids, R. kiusianum Makino cv.
‘Shirobana-miyamakirishima’ x R. indicum (L.)
Sweet cv. ‘Hakata-jiro’ of subgenus Tsutsusi, with
yellow-flowered azalea (R. japonicum f. flavum ).
The morphological characters of these parents are
obviously different, so that their hybrids are ex-
pected to show a wide range of morphologic and
genetic variations.
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This study was conducted to investigate the in-
heritance of morphological characters including
tree forms, leaf morphology, and defoliation in in-
tersubgeneric hybrids of Rhododendron. RAPD
analysis was used to disclose the complicated
genomic constitutions of the hybrids and the in-
heritance patterns of the RAPD markers.

Materials and Methods

Plant Materials

In this study, we used 10 hybrids of ‘9129’ line
(‘Hybrid No. 1'xR. japonicum f. flavum ‘No. 1’) and
5 hybrids of ‘9137 line (‘Hybrid No. 11’ X R.
japonicum f. flavum ‘No. 1’) which were obtained
by the crosses conducted in 1991 and planted in
‘the following year (Akabane, 1993) (Table 1).

The maternal plants, ‘Hybrid No. 1’ and ‘Hybrid
No. 11°, are white-flowered F; hybrids derived
from the cross between R. kiusianum ‘Shirobana-
miyamakirishima’, a white-flowered cultivar, and
R. indicum ‘Hakata-jiro’, a white-flowered cultivar
of unknown garden origin.

The pollen parent is R. japonicum f. flavum ‘No.
1’ which is a yellow-flowered selection of this pre-
dominantly orange to orange-red flowered species.

Morphological analysis

Tree form, plant height, numbers of branches in
primary and secondary branching, leaf size, and
leaf shape of each plant were investigated in early
November, 1994. Defoliation was observed at the
end of December, 1994. Microscopic evaluation of
foliar trichomes was made in early June, 1995.
The leaf width/leaf length ratio (W/L) was calcu-
lated.

DNA extraction

Newly expanded leaves of each plant were col-
lected in early July, 1994 and the samples were
stored at —80°C until needed. Total genomic DNA
was extracted from 150 mg of frozen leaf sample
by a modified CTAB method (Greenwood et al.,
1989 ; Kobayashi et al., 1995 a, b).

After RNase treatment, both quality and quanti-
ty of DNA were determined by a UV spectrophoto-
meter at 260 nm wave length.

DNA amplification

Sixteen arbitrary decamer primers (OPERON

Technologies U.S.A.) which showed obvious poly-
morphisms in cultivar identification of azalea
(Kobayashi et al., 1995 a, b) were used for PCR
amplification (Williams et al., 1990). The reaction
mixtures (10 x!) containing 10 ng genomic DNA,
0.5 4M primers, 0.1 mM dNTPs, 2 mM MgCl,, 1
x the original reaction buffer, and 0.2 unit Ampli
Taq DNA polymerase (Perkin Elmer Cetus-Takara)
were prepared. DNA was amplified with DNA
thermal cycler PJ-2000 (Perkin Elmer Cetus-
Takara) by the following program ; 45 cycles of 1
min at 94 °C, 1 min at 36 °C and 2 min at 72 °C,
and followed by 10 min at 72 °C. The amplified
products were electrophoresed in 1.5 % agarose
gels with 1 x TAE ; the resulting gel was stained
with ethidium bromide and photographed under
UV light. All reactions were repeated at least
twice. The number of RAPD bands was counted
and the proportion of bands inherited from each
parent was calculated.

Southern hybridization

Amplified DNA was electrophoresed as de-
scribed above and transferred to Hybond Nt
nylon blotting membrane (Amersham) using a
transfer solution containing 0.4 M NaOH and 0.6
M NaCl.

The selected two RAPD fragments of the par-
ents were excised from 0.8 % agarose gel, labeled
with ECL kit (Amersham) and used as probes.
Hybridization and washes were performed at 42
°C in a hybridization oven according to the manu-
facturer’s instructions (Amersham). The mem-
branes were exposed to RX x-ray film (Fuji) at
room temperature.

Results and Discussion

Morphological characters (Table 1)

The parents, R. japonicum f. flavum ‘No. 1’ and
‘Hybrid No. 1" or ‘Hybrid No. 11’, were morpholo-
gically different ; their hybrid progenies exhibited
some morphological variations.

In this hybrid population,
shrubs were classified as
densely branched and spreading shrubs similar to
R. kiusianum and R. indicum as ‘hybrid’ type, and
shrubs intermediate to the two forms as ‘in-
termediate’ type. Tree forms of lines ‘9129’ and
‘9137’ varied from ‘intermediate’ to ‘R. japonicum ’

loosely branched
‘R. japomicum’ type,
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types ; no maternal ‘hybrid’ type was observed. Table 2. Sequences of primers that generated polymorphic
Plant height and number of branches varied among bands in this study.
the hybrids. Leaf length and width of the hybrids i
.. . Primer No. Sequence

tended to be similar to their maternal parents,
‘Hybrid No. 1’ or ‘Hybrid No. 11’. Leaf shapes of OPK-11 5-AATGCCCCAG-3
‘Hybrid No. 1’ and ‘Hybrid No. 11’ were elliptic ; OPK-12 5-TGGCCCTCAC-3
that of R. i . £, fi No. 1’ OPK-19 5'-CACAGGCGGA-3’

. japowicum f. aw.,tm 0. was nar.ro.w OPM- 9 5-GTCTTGCGGA-3
obovate ; those of the hybrids ranged from elliptic OPM-11 5-GTCCACTGTG-3"
to narrow elliptic. Leaf W/L ratio of the hybrids OPO- 6 5'-CCACGGGAAG-3’
was equal to the midparental average. Microscopic OPO-19 5'-GGTGCACGTT-3’

observation of foliar trichomes, revealed that
‘Hybrid No. 1’ and ‘Hybrid No. 11’ and their pa-

Table 3. Survey of 28 RAPD bands in this study.

size Code #7 of the parents and their hybrids

Primer (bp)
P 1 2 3 6 7 8 9 10 11 12 13 14 15 5 4 16 17 18 19 20 5
OPK-11 1200 -7 - - - - - - - 4+ - - - - + - - - - + - +
700 + - - - - - - - - = = - - - + -+ + + - -
650 - - - + + + + + - + + + + + - + + + - + +
600 + + + + + + + + + + + + + - + + + + + + -
570 -+ - - - - - - 4+ - = - - - + + + + - + -
500 + + + - - - -+ + - - - - - + + + + - + -
450 + - + + + - 4+ + - 4+ + + - - - - - - - = -
OPK-12 1000 + - + + + + + + - + + + + - - - - - - = -
950 - + + + -+ + + - 4+ - + - - - - - - - = -
750 + - + + + + + + + + + + + - + - - + + + -
700 - - - + + + + + + + + + + + - + + + + +
OPK-19 930 + - + + - -+ + + - - - + — + + - - - - -
850 + + + -+ + - - -+ + + - - + -+ + + + -
700 + - + + + + + + - + + + + - + + + + + + -
600 - - - + -+ + - 4+ - + - - + - + + + + + +
500 - + + + + + + - -+ - + + - - - - - - = =
400 + - + -+ + - -+ + - - - - + -+ + + + -
OPM-9 1450 - - - + + + + + + + + + + + - + + 4+ + + +
950 + - + -+ + + - + + - + + - + - - 4+ + + -
550 - - - + + + + + + 4+ + + + + = + + + + + +
OPM-11 800 - - - + + + + + + + + + + + - + + + + + +
700 - - — + + + + + - + + + - + - + + + + + +
OPO-6 700 + + + + + + + + + + + - + - + + + + + +
650 - - + - -+ + - - - - + - - - - - - - - -
550 - = - + + + + + + + + + + + - + + + + + +
OPO-19 1000 + - + - -+ + - - + + + - - + + + + - - -
850 + + + - - - - - 4+ - - - - - + -+ + + - -
800 - - - + + + + + + + + + + + - + + + + + +
Total number of bands 14 8 16 18 18 21 21 17 16 20 17 19 15 10 13 16 19 21 18 18 10

z

Code # corresponds to Table 1.

¥ +means present, —means absent
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rents which belong to subgenus Tsutsusi had seta
hairs, whereas R. japonicum f. flavum ‘No. 1’ had
both long and short hair. Most hybrids had long
hairs similar to R. japonicum f. flavum ‘No. 1’ ; a
few had short hairs. No seta hair was observed
among the hybrids. The degree of defoliation also
varied among the hybrids. These hybrids have not
yet blossomed.

The heterozygosity and genetic distance between
the parents can account for these morphological
variations among the hybrids.

RAPD analysis

Out of 16 primers tested, 7 primers (Table 2)
generated a total of 28 RAPD bands ; all hybrids

and their parents used in this study could be dis-
tinguished by their band patterns (Table 3).

RAPD patterns of R. japonicum {. flavum ‘No .1’
were quite different from those of the other pa-
rents, whereas R. kiusianum and R. indicum had
several common RAPD bands (Table 3, Figs. 1-A,
2-A) which reflect the genetic distances among
them.

The presence or absence of each RAPD band
varied among the hybrids. RAPD markers are
known as mostly dominant genetic markers. inher-
ited in a Mendelian fashion (Williams et al., 1990).
The inheritance of RAPD markers has been re-
ported in several field crops and arboreal species
(Carlson et al, 1991; Harada et al, 1993; Heum

Fig. 1. A; RAPD pattern of parents, ‘9129’ and ‘9137’ lines generated by primer OPK-11. Lane No.
corresponds to Code # of Table 1. Lane M is a molecular weight marker (Hind [ digested-
lambda DNA).
B; Southern blot hybridization of RAPD pattern in Fig. 1-A with a labeled 600 bp RAPD frag-
ment (Fig. 1-A, arrowhead).
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and Helentjaris, 1993 ; Hosaka and Hanneman,
1994 ; Roy et al, 1992 ; Tinker et al., 1993). In
this study, most of the RAPD bands in the hybrids
were confirmed to follow this rule, although a
570-bp product of ‘9129-6" generated by primer
OPK-11 and a 650-bp product of ‘Hybrid No. 1’
generated by primer OPO-6 were the exceptions.
Polymorphisms among the hybrids may suggest
the heterozygosity of their parents (Williams et al,,
1990).

The ratios of bands inherited from the pollen
parent (R. japonicum f. flavum ‘No .1°) were higher
than those from the maternal ones (‘Hybrid No. 1’
and ‘Hybrid No. 11’) in all progenies except
‘9137-3’ (Table 4). The morphology of the hybrids

also tended to be more similar to the pollen pa-
rent. Hybrid ‘9137-3’, which.had the highest ratio
of heritable bands from its maternal parent (‘Hy-
brid No. 11°), exhibited more matrilineal morpholo-
gy (Table 1). These results suggest that RAPD
markers and morphological characters may be
linked.

Southern analysis

In order to provide further molecular proof of
inheritance of RAPD markers, RAPD products
generated by primers OPK-11' (Fig. 1-A) and OPO-
6 (Fig. 2-A) were transferred to membranes. The
selected bands, specific to each of the parents,
were then labelled as probes and used for South-

Fig. 2. A; RAPD pattern of parents, ‘9129’ and ‘9137’ lines generated by primer OPQ-6. Lane No. cor-
responds to Code # of Table 1. Lane M is a molecular weight marker (Hind I digested-lambda
DNA).
B; Southern- blot hybridization of RAPD pattern in Fig. 2-A with a.labeled 550 bp RAPD frag-
ment (Fig. 2-A, arrowhead) .
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Table 4.

Number of RAPD bands and the ratio of bands in the hybrids inherited from either parent.

Number of RAPD bands inherited from the following parents

Code Parents and hybrids Total number of
# RAFD bands Code#3 Codett4 Code#5 Code$#1 Code$#2
Parents
1 Rhododendyon kiusianum 14 —_— — — — —_—
‘ Shirobana-miyamakirishima’
2 R. indicum ‘ Hakata-jiro’ 8 _— — —_— — —
3 ‘HybridNo. 1" (#1X #2) 16 — — — 13(0.93) 7(0.88)
4 ‘Hybrid No.11' (#1X #2) 13 — — — 12(0.86) 6(0.75)
5 R. japonicum ‘No.1’ 10 — — — —_— —
Hybrids

6 ‘9129- 17 (#3X #5) 18 9(0.56)" — 9(0.90) 7(0.50) 4(0.50)
7 ‘9129- 2" (#3X#5) 18 10(0.65) — 8(0.80) 9(0.64) 4(0.50)
8 ‘9129- 3" (#3X #5) 21 12(0.75) — 9(0.90) 9(0.64) 5(0.63)
9 ‘9129- 4 (#3X #5) 21 12(0.75) _— 9(0.90) 9(0.64) 4(0.50)
10 ‘9129~ 57 (#3X #5) 17 9(0.56) — 8(0.80) 8(0.57) 4(0.50)
11 ‘9129- 6° (#3X #5) 16 8(0.50) — 8(0.80) 8(0.57) 5(0.63)
12 9129~ 77 (#3X #5) 20 12(0.75) — 8(0.80) 10(0.71) 5(0.63)
13 ‘9129-12" (#3X #5) 17 8(0.50) —_— 9(0.90) 8(0.57) 3(0.38)
14 9129-14" (#3X #5) 19 11(0.69) — 8(0.80) 8(0.57) 4(0.50)
15 ‘9129-15" (#3X #5) 15 8(0.50) — 7(0.70) 7(0.50) 3(0.38)
16 9137- 17 (#4X #5) 16 —_— 7(0.54) 9(0.90) 6(0.43) 4(0.50)
17 ‘9137- 2° (#4X #5) 19 e 10(0.77) 9(0.90) 9(0.64) 6(0.75)
18 9137- 3’ (#4X #5) 21 — 12(0.92) 9(0.90) 11(0.79) 6(0.75)
19 9137- 4 (#4X #5) 18 — 9(0.69) 9(0.90) 9(0.64) 4(0.50)
20 ‘9137- 5" (#4X #5) 18 —_— 9(0.69) 9(0.90) 8(0.57) 5(0.63)

z

number of band in the hybrid inherited from the parent

Number in parenthesis ; Inherited ratio of bands=

ern hybridization.

OPK-11, a 600-bp product of ‘Hybrid No. 1’
(lane 3), indicated by an arrowhead in Fig. 1-A,
was excised and labelled as a probe. Fig. 1-B
shows that the labelled probe clearly hybridized
with the bands of the maternal parental line (lanes
1, 2, 3 and 4) and all the hybrids of ‘9129’ and
‘9137’ lines (lanes 6-15 and 16-20), but not that
of R. japonicum f. flavum ‘No. 1’ (lane 5). This re-
sult matches the expectation from the RAPD pat-
tern of Fig. 1-A and proves that the 600-bp RAPD
fragment is a dominant marker of the maternal pa-
rent.

OPO-6, a 550-bp product of R. japonicum f.
flavum ‘No. 1’, indicated by an arrowhead in Fig.
2-A, when used as a probe hybridized with the
bands of R. japonicum {. flavum ‘No. 1’ (lane 5) and
those of hybrids of ‘9129’ and ‘9137’ lines (lanes
6-15 and 16-20), but not with those of the mater-
nal parental line (lane 1, 2, 3 and 4) (Fig. 2-B).
This result was expected from the RAPD pattern

total number of bands in the parent

of Fig. 2-A and reveals that the 550-bp RAPD
fragment of R. japonicum f. flavum ‘No. 1’ is a
dominant marker of the paternal parents.

In this experiment, we tried to associate the
morphological characteristics with the RAPD band
patterns among the intersubgeneric hybrids- be-
tween ‘Hybrid No. 1’ or ‘Hybrid No. 11’ (maternal
parent) and R. japonicum f. flavum ‘No. 1’ (pollen
parent). Morphological variations among the inter-
subgeneric hybrids reflected the heterozygosity of
the parents. Using the unique RAPD bands and
the amplification patterns generated from the pa-
rents and their hybrids for genetic analyses, cor-
relations between RAPD markers and morpholo-
gical characters were indicated in this study.

Although carotenoids are generally inherited re-
cessively, we expect some of these hybrids to pro-
duce yellow flowers, because most of the hybrids
had the morphology and RAPD bands similar to
those of the yellow-flowered paternal parent.
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(BfEIVvY=F ) o XT Y F HEH) XFLTXy Y VOMEEEKRICBITLEREL
RAPD ¥ — % — DBEEMEIZDOWT

ANERIRIED - R BT EE ST - SRR
kR ERER 305 EEEO CIEHRER 1-1-1
ZHHARIR TR B A T 2245 2469-5  321-02

]

BAEIVYF Y by ML E oM 2 #
& (‘Hybrid No.1I' BX U No. 11") IZFL >4y oy
‘No. I' # BB ERKEY v VoM % BB L
T-HEEMMTEREG GEL) EMELE LT, BEEY
5 & RAPD = — 7 — OEEMICOWTHRET L 72,

‘9129’ % (‘Hybrid No. I' X ¥ L >4V ¥ “No. 1)
B LU, 9137 % (Hybrid No. 1’ X F L Ay v Y
No. I') &EbHEEOBEEL 7Yy VRIZEDY,
EORE S RHRIIHH O RLEE DI CHEREEE =
ElkkA TH o772, EEEIC L 2EDFE L OB T
TRTCOMBERETL Y Y PHOEEZH LTV
7205, VY VRREDEEIID WL ZE DE D
STHEL7:. WEOKERELSWHEOTH CREGEENR LN
7=,

3

RAPD #FCld, 7 754~ —T 28 KDL
F25g 5, AAFZEICH 72 20 A% < CakBI T
&7 MEBEIAET BN FOIEE A SRBARIICN
YR - SR BB OHBE LT E5IT
FAF AT L DNy FOBIEM T EF L 7.

INL DMIEIIBIT AL REEL R RAPD /¥
¥ — v OLEZ, THONT OMRCEBEMICL 5D
DEBbhs. 72, SERIEHBEDOL V7YY DI
o 72 R T HEEACIEL V7Y Yy VHED
RAPD WY N2 ETHHENE L, #i, BHO
‘Hybrid No. 1I' HR DN FO RN F H H W
0137-3 OWBEREI LYV BHITEVZ EnD B
RAPD v — % — L JERE & DRIEVEATRIE S 7z,
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