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Abstract

The immature seeds were harvested from self - pollinated miniature rose cv.‘Shortcake’. When the
immature seeds were cultured on the Murashige and Skoog’s (MS) medium without phytohormone for 3
months, the pale vellow and friable embryogenic calli were induced. The calli were subcultured on the
MS medium with 1 mg 1~ 6-benzyladenine (BA) every 2 to 3 weeks for 3 months, many adventitious
shoots were differentiated and average number of shoots per callus was 7.7. These shoots were easily
separated and rooted on the half strength MS medium with 0.25 mg "' IBA.

It was clarified that both original and regenerated plants were tetraploid by the chromosome
observation and ploidy analysis. All regenerated plants showed genetic variations from the original
plants, such as flower size and color, petal number, simple leaf shape and prickle number. Polymorphic
DNA differences were also observed between the original and regenerated plants by the RAPD analysis.
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The direct and/or indirect plant regenerations
from various organs of genus Rosa have been
studied, such as leaf or petioles (Lloyd et al., 1988;
de Wit er al., 1990; Routet al., 1991; Toyoda et al.,
1993; Fukui and Imaida, 1996; Kintzios er
al.,1999), filament (Noriega and Sondahl, 1991),
stern internode or pith tissues (Jacobs er al., 1968;
Ishioka and Tanimoto, 1990; Rout et al., 1991; van
der Salm et al., 1996), meristems (Fukui and Imai-
da, 1996), root tips (Matthew ef al., 1991; Mottley
et al., 1996; van der Salm et al., 1996; Yokoya et
al., 1996) and immature seeds (Burger et al., 1990;
Kunitake et al, 1993; Visessuwan et al, 1997).
Main plant materials of those studies were wild rose
and R. hybrida. In the present paper, miniature rose
cv. ‘Shortcake’ was chosen for the plant material,
because it might be expected ir vitro that the growth
rate and plant regeneration potential of the minia-
ture rose is higher than that of wild rose and R
hybrida, due to the small size of the plant.

The organogenesis (Burger et al., 1990} and the
embryogenesis (Kunitake er al., 1993) of the imma-
turc embryos of rose plants have already been
reported. Present paper describes the plant regen-
eration from the embryogenic calli derived from

adventitious shoot, embryogenic callus, Miniature rose cv.‘Shortcake’, ploidy analysis,
RAPD analysis, somaclonal variation.

immature seeds of the miniature rose ‘Shortcake’,
somaclonal variation, cytological study and RAPD
analysis of the original and regenerated plant have
been carried out.

Plants of miniature rose cv. ‘Shortcake’ [Rosa cv.
Polyantha (R. multiflora * R. chinensis ) x R. chi-
nensis var. minima | were obtained from Keisei
Rose Nurseries (Chiba, Japan). These rose plants
have been cultivated in a green house for 3 years.

After 3-4 weeks of the self-pollination, devel-
oping hips (~10x15mm}) were harvested. Intact
immature seeds (3-5mm) excited from hips were
sterilized with 15% (v/v) NaOCI for 5 min, rinsed
twice with sterilized water, then longitudinally cut
by a scalpel into two pieces. Half-divided embryos
of intact immature seeds were placed onto the
medium consisted of Murashige and Skoog’s min-
eral salts and vitamins (Murashige and Skoog,
1962), 3% sucrose, 0.25% Gelrite (Merck) (here-
after referred to as MS medium) with no phyto-
hormone, and cultured at 25°C under 16 h light/8 h
dark condition for 3 months without any subculture.
The induced embryogenic calli were transplanted
onto the callus proliferation medium consisted of
the MS medium with 0.25 mg1™' 6-benzyladenine
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(BA) and 0.5mgl ' 1-naphthaleneacetic acid
(NAA), subcultured every 2-3 weeks at 25 °C under
dark condition,

In order to study the effects of cytokinin on the
plant regeneration, the embryogenic calli (about 3 g
per piece, fresh weight) were transplanted onto the
plant regeneration medium consisted of the MS
medium with 0, 0.5, 1, or 2mg1~' BA, and subcul-
tured every 2-3 weeks for 3 months at 25 °C under
16 h light/8 h dark condition. Many shoots formed
on calli were transplanted onto the rooting medium
{Hasegawa, 1980), consisted of the half strength MS
medium  with 0.25mgl”" 3-indolbutyric acid
(IBA), cultured at 25°C under 16 h light/8 h dark
condition for one month. After the acclimation
treatment, the plantlets were transplanted on the soil
in a green house,

Unopened young leaves (~3 mm) were incubated
in 2 mM hydroxyquinolin for 4 h at 20 °C under dark
condition, then fixed and decolorized in the fixing
solution (acetic acid : ethanol = 1:3) for 24h at
room temperature.

The explant was rinsed twice with distilled water,
cut with a razor blade into fine pieces and then
macerated in a 1.5 ml micro tube carring 100 ] of
the enzyme mixed solution consisted of 0.3%
Cellulase RS (YAKULT HONSHA Co., LTD)),
0.2% Pectolyase Y-23 (Kikkoman Corp.), 75 mM
KCi and 7.5 mM EDTA for 3 h at 37°C . The pellets
were rinsed with the buffer consisted of 75 mM KCl
and 7.5 mM EDTA then spun down by a centrifuge
under 700g for 5 min at 4 °C . The pellet was rinsed
twice with the fixing solution, finaily suspended in
100 «1 of the fixing solution again, mixed well with
a vortex. .

In order to spread the pellet uniformly on the
clean surface of a slide glass, 10 ¢l of the pellet
solution was dropped down from about 15cm
height onto a slide glass, and then the slide glass
was dried in a desiccator overnight.

The slide glass was incubated in 2% (v/v) Giem-
sa’s Solution (MERCK) (Darling and Cour 1960,
Ma et al., 1996) and 1/30 mM Na-phosphate buffer
for 1 h then incubated in distilled water for 10 min,
finally dried in the desiccator again. Chromosame
samples were soaked with a drop of xylol, covered
with a cover glass and ready for the observation
with an optical microscope (magnification = 1000).

A young simple leaf (~5x5 mm) of the plant was
placed on a plastic plate, soaked with several drops
of nuclei extraction solution (Partec, high resolution
DNA kit type-P), chopped with a razor blade into
pieces and incubated at room temperature for 3 min.
The collected explant was filtered (30 zm), incu-
bated in 4’-6-diamino-2-phenylindole dye solu-

tion (Partec, high resolution DNA kit type-P) for 3
min at room temperature.

The peak position of fluorescence light intensity
emitted from nuclei in the explant solution was
measured with a ploidy analyzer (Partec type - PA).

Young leaves (0.3 g fresh weight) of the original
and regenerated plants were pulverized in the liquid
nitrogen with a mortar and pestle. The genomic
DNA was extracted from pulverized samples and
purified with a kit (NIPPON GENE, ISOPLANT
I ). The 20 .1 mixed solution consisted of 100 ng
¢17! DNA (from original or regenerated plant) 0.5
©1, 10x buffer (250 mM KCl, 100 mM Tris- HCI, 15
mM MgCl, 1% Triton X-100) 3.2 ¢l, 1.2mM
dNTPs 1.6 1, 10pM ¢l each random primer
(OPERON TECHNOLOGY, OPA-01~20 and OPD
-01~20, in total 40 primers) 1 g1, 5,000u ml™*
rTag DNA polymerase (TOYOBO) 0.1 ¢l and
deionized water 13.6 x1, covered with a drop of
mineral oil (SIGMA) were mixed in 200 ¢1 micro
tubes for PCR. The DNA samples were amplified
with a PCR amplifier (TECHNE, Techgene) under
the heat cycle condition consisted of 94 °Cx0.5 min,
[94 “Cx0.5 min, 40 “Cx2 min, 72 °Cx3 min] x40 cycles
and 72 Cx8 min (Torres, 1993). All amplified PCR
products, 80 products in total, were run in electro-
phoresis at 100 voltage, 1h 20 min on the 0.8%
agarose gel in TBA buffer (Tris 40 mM, Acetic acid
40m M, EDTA 1mM) with 0.8 mg 17! ethidium
bromide. The polymorphic DNA on the agarose gel
was observed under the UV light and recorded with
a CCD-camera (FAS-1 , TOYOBO).

The initiation frequency of embryogenic callus
was 3.3% as shown in Table 1. This value was
almost similar to previous report (Kunitake et al.,
1993). The feature of embryogenic caltus was fri-
able, globular and/or leafy structure, so it is easy to
separate them from non-embryogenic callus as
shown in Fig. 1. The growth rate of the embryo-
genic callus was about two times greater than that of
non - embryogenic callus.

Table 1 Frequency of embryogenic callus induction
from immature seeds on MS medium
without phytohormone for 3 months.

. No. of No. of non -
Experiment No. of seeds . .
embryogenic embryogenic
callus callus
1 st. 20 1(5%) 0
2 nd. 20 1{5%) 1(5 %)
31d 20 0 1(5%)
Total 60 2(33%) 2(3.3%)




Fig. 1

Morphological features of non-em-
bryogenic callus (top) and embry-
ogenic callus (bottom) of minia-
ture rose cv. ‘Shortcake’. (bar = 1
‘mm)

Fig. 3
Shoots regenerated on an embryogenic
callus subcultured every 2-3 weeks on
MS medium with 1 mg 1 BA for 3
months. (bar = 1 cm)
-
¥ -
o
-

Flowers (top), adaxial (middle top) and

abaxial (middle bottom) surface of petal and
trifoliate leaves (bottom) of original plant
(left), regenerated plant (right) of miniature
rose cv. ‘Shortcake’. (bar = 1cm)

= ¢

Fig.4 Somatic chromosome configuration of miniature rose cv.
‘Shortcake’, original plant (left) and regenerated plant

(right). (Both plants are tetraploid., 2n =

um)

4X = 28). (bar = 2



The effects of cytokinin, BA, on the plant regen-
cration was shown in Table 2. The number of
adventitious shoots emerged from embryogenic calli
were counted after 3 months from the transplan-
tation onto the regeneration medium with 0, 0.5, 1,
or 2mg 17" BA. The optimal concentration of BA
was 1mg 1!, As shown in Fig. 2, many adven-
titious shoots were come up from an embryogenic
callus. After one month later from the transplan-
tation of shoots onto the rooting medium, 1/2 MS
medium with 0.25mg 7' IBA, 80% of shoots
developed roots successfully. After the acclimation
treatment, plantlets were transplanted onto the soil
in a green house and 70% of them grew success-
fully.

Some morphological variations were observed on
the regenerated plants. For example, the flower size
of regenerated plant was a little bit larger than that
of the original plant. However, the petal number of
the regenerated plant was less than that of the
original one as shown in Fig. 3 (top). The average
number of petals was 17.9 and 25.6 respectively.
The color of the adaxial petal surface of the original
plant is red but the color of the abaxial one is white.
However the white color of the abaxial petals

Table 2 Effects of cytokinin (BA) on plant regene-
ration from embryogenic calli derived
from immature seeds after 3 months
transplantation on MS medium with BA.

No. of shoots

No. of Total no. of per
1 i
BAme1) embcrzl?f: " 1€ Séll?;ied embryogenic
& callus”
0 21 0 0
0.5 21 23 1.1
1 21 161 7.7
2 21 36 1.7
4 21 5 0.2
" about 3 g fresh weight.
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surface of the regenerated plant is almost dimin-
ished, subsequently the flower color is rather bright
pinkish red. The size of petals of the regenerated
plant was a little bit larger than that of original plant
but the petal shape was almost same as shown in
Fig. 3 (middle). The simple leaf shape of regen-
erated plant is rather round, different from that of
the original one which is rather elliptic, as shown in
Fig. 3 (bottom). The mean value of the ratio in
length/width of a simple leaf is 1.22 and 1.75 and
prickle number of regenerated plants is reduced
from 1.26 cm ™' (shoot length) of original plant to
0.22cm ! as shown in Table 3. The comparison of
mean values in Table 3 was studied by using
Student’s test (Brandt, 1970).

Moreover the prickle shape of the regenerated
plant is thinner than that of the original one. The
cytological studies of genus Rosa have been re-
ported, for instance, R. chinensis Jacq was dip-
loid(Saitoh, 1969), R. damascena was tetraploid
(Tabaeezadeh and Khosh-khui, 1981), Rosa wichu-
raiana Creep x R. roxburghii Thratt. was diploid, R.
hybrida ‘Sunflare’ and ‘Angel Face’were tetraploid
(Ma, et al., 1996), R. hybrida was tetraploid, and R.
rugosa was diploid (Souq et al, 1996) . Photos of
chromosome of the original and regenerated plant of
miniature rose‘Shortcake’were shown in Fig. 4
(left) and Fig. 4 (right). The chromosome number of
both original and regenerated plant was 2n = 28 (at
least 30 cells were observed), therefore the original
and regencrated plant was obviously tetraploid. It
was also studied that the ploidy index comparison of
three regenerated, one original plant with a wild
rose R. chinensis Jacq. (2x = 14), as a reference by
using the ploidy analyzer.

The result was shown in Table 4. All ploidy index
of the three regenerated plants and original plant
was almost same but not just 2. The reason of the
slight index deviation from 2 is not clear but it
might be caused by slight fluctuations of fluores-
cence intensity emitted from nuclei of each plant or
the effect of heteroploid (Saitoh, 1969) however the
ploidy analyzer PA has not enough resolution power

Table 3 Morphological variations (somaclonal variation) in regenerated plants

Plant Flower diameter Petal Simple leaf  Prickle no. per cm
(cm) number LW (shoot length)
Regenerated 5.4 £ 0.69” 179 £27 1.22+0.09" 0.22 + 0.09”
Original 4.6 = 0.57" 25.6 = 2.6" 175+ 02" 1.26 £ 0.53”

"(1/w) = (length/width) of simple leaf
2 g (level of significance) = 0.25
299 ¢ = 0,01



Table 4 Ploidy analysis of an original plant and plants regenerated frorn

embryogenic calli derived from immature seeds.

Plant Index (average * standard error)
Regenerated" R1 1.925 + 0.011
R2 1.927 = 0.019
R3 1.883 = 0.022
Original 1.898 & 0.019
R. chinensis Jacq (2x, wild rose) 1.000

"R1+R2+R3 =10

Fig. 5 RAPD of original and regenerated plant of
miniature rose cv.‘Shortcake’. Lane 1, 3, 5, 7;
original plants, lane 2, 4, 6, 8; regenerated plant,
lane 0; DNA marker, lane 1, 2; OPA-04 | lane 3,
4, OPA-07, lane 5, 6; OPA- 14, lane 7, 8; OPD
- 08, were used as primers.

to analyze the heteroploid.

It is obvious that the somaclonal variations in the
morphology of the regenerated plant have no rela-
tion with the ploidy number,

The results of RAPD analysis of the original and
regenerated plants were shown in Fig. 5. Four
random primers (OPA-04; 5’AATCGGGCTG,
OPA-07; 5’GAAACGGGTG, OPA-14; 5TCTGT-
GCTGG, OPD-08; 5’GTGTGCCCCA) out of 40
(OPA-01~20, OPD-01~20), presented the different
DNA patterns between the original and regenerated
plants, the others showed the same DNA pattern or
no pattern. Some minor variations of the poly-
morphic DNA were observed in several regenerated
plants but the major polymorphic DNA was almost
reserved. The results of RAPD analysis suggested
that the polymorphic DNA variation of the regen-
erated plant was caused by the differences of genes.

The regenerated plant from embryogenic calli
derived from immature self-pollinated seeds of
miniature rose cv.‘Shortcake’ was a genetic variant
which seems to be caused by gene separations,
Burger et al. (1990) reported on the regenerated

genetic variants from the calli derived from cross-
pollinated immature seeds of the several R. hybrida,
which have different petal number from their par-
ent. It requires intensive studies to determine the
genes which were related with a certain morpho-
logical variation, for instance the round shape of the
simple leaf of the regenerated plant from the calli
derived from immature seeds of the miniature rose
cv.‘Shortcake’.

The present system should be available for the
Agrobacterium -mediated transgenic roses to im-
prove their qualitics.
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