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There are several reports on chrysanthemum meso-
phyll protoplast culture, even though their regenera-
tion frequency is lovv in general. In addition, the

cultivars in which plant regeneration from protoplasts

has been achieved are restricted to specific cultivars,

Shuho-no-chikara [1-4] or clone, No. 42 [5]. There-

fore, there is an expectation about further improve-

ment of plating efflciency. This paper reports the
physiological conditions of protoplast donor plants

and several factors in the primary culture media
intended to improve the isolation and plating

efiiciency in the chrysanthemum mesophyll protoplast
culture.

Two kinds of cvs., Shuho-no-chikara (strain No 4)
and Kayo-no-sakura, grown i~ vitro were used. Cv.
Kayo-no-sakura, which regenerates plants easily

from i,~ vitro cultures of stem segments [6], was used
to investigate varietal difference from cv. Shuho-no-
chikara. The first to third fully expanded leaves v~'ere
chopped into I to 2mm wide strips. The leaf tissue
(1 g fwt.) was incubated in the dark for 4h at 25'C
without shaking in 10 ml of an enzyme solution which
consisted of 2% Cellulase Onozuka RS. 0_5% Cellulase
Onozuka R 10, 0.05% Macerozyme R 10, 0.02%
Pectolyaze Y 23, 0.1% MES and 0.5 M sorbitol at pH
5.8. Thereafter* it was incubated for 30 min. on a
reciprocal shaker (25 rpm). In the primary culture,

isolated protoplasts were suspended in a IVIS Iiquid

medium modified to contain one-fourth the normal
strength of NH+N0= (pH 5.8) supplemented vvith 2mgl
lNAA, Img/1 BA, 0.41 M sorbitol and 10 g/1 each of
sucrose and glucose. In the subculture, the composi-

tion of the medium was the same as primary one
execpt that 10 g/J glucose and 0.41 M sorbitol were
modified to 5 g/1 glucose and 0.2 M sorbitol as os-
moticums. 2.0 ml of this modified medium was added
to every 6 cm Petri dishes four times at one week
intervals after plating. Purified protoplasts were cul-

tured in 6.0 cm Petri dishes with 2.5 ml of mediun per
dish and were plated at the density of Ix 10=/ml. The
cultures were maintained at 25"C in the dark for one
month, then transferred to continuous illumination

(2,500 Iux) conditions. Because of aggregation of divided
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protoplasts in liquid culture it was difficult to examine

% colony formation (CF) per protoplast, so the % CF
per plate was examined after Otsuka et al. [1].

A*_ for the test plants, the young and old phases of

axenic plants were examined ;the former after 30-45
days of subculturing, and the latter after 70-90 days.

Four kinds of strains of cv. Shuho-no-chikara that

differed among themselves in their morphological and
ecological characteristics were used.

In both the isolation of protoplasts and plating

efliciency, the young plants proved superior to old

ones for both cultivars. There were particularly

remarkable differences for the percentage of normal
protoplasts and plating efficiencies- In addition,

sufflcient results were obtained in cv. Shuho-no-chi-

kara but not in cv. Kayo-no-sakura (Table 1. Fig. 1).

On the other hand, when we used the greenhouse-

grown plants, the normal protoplasts were scarcely
isolated and their percentage was under l% for both
cultivars. As for the age of test plants, Ostuka et al.
[l] used fully expanded leaves of axenic plants grown
for about fifty days after shoot-tip culture, and

Sauvadet et al. [5] selected the fourth uppermost fully

expanded leaves of axenic plants subcultured every
six weeks. However, Fukai et al. [2] and lwai [3] did

not refer to the relationship between the age of axenic

plants and protoplast isolation.

There are no reports of trials ~vith respect to the
difficulty of plating efficiency in the strains of chrysan-

themum. The yield of protoplasts in No. 5strain of cv.
Shuho-no-chikara was about t7vice as heavy as in the
other three strains. However, ~~'e couldn't obtain a
clear difference among the strains in the percentage of
normal protoplasts, plating efficiency or colony forma-

tion (Table 2)_

The effect of primary culture media was examined.

The concentration of NH*NO* in MS standard
medium ranged from one half to zero. The concentra-
tion of dimethylsulfoxide (DMSO) was arranged to be
from O to 1% Four kinds of osmoticums, sorbitol,
mannitol, glucose and sucrose were added after

adjustment to the same mol concentration, 0.41 M.

On the effect of primary culture media, the percent-
age of plating efficiency was related to the concentra-
tion of NH*N0= in MS medium, i.e., that percentage
tended to decrease in proportion to the NH*NO*
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Table 1.

Effect of age of explants on isolation and plating efficiency in chrysanthemum

mesophyll protoplast culture.

Cultivar Age~l Yield*'

(10=/g FW)
(Mean ~:S.D )

% of normal PE(%)oo *2,*4

protoplasts*2,*3 (Mean ~ S.D )
(IYlean i S.D.)

Shuho-no-chikara Young
Old

Young
Kaya-no-sakura

old

4.45iI.94
3OO + 0.44
l.83 ~ 0.56
1.20 :!: 8.63

87_93~ 3.93

44.20~t:23.26

78.75i 3.93

17.28i 9.73

9.86i3.96

O36 ~0.28
5.04~ 0.62
O

* *The materials for cultures lvere used from the hrst to third fully expanded leaves. Young;

sampled 30-45 days after subculturing, Old; after 70-90 days.

*2DMSO was not added to the medium.
** (No of normal protoplasts during purification/No. of protoplasts and cells obtained after

purification) x 100

*+PE ;plating efficiency, (No of protoplasts divided/No of protoplasts obtained after purifica-
tion) x 100, examined 7days after plating.

Fig. 1 Mesophyll protoplast culture of cv. Shuho-no-chikara.
A : Fre*shly isolated protoplasts ;B: Early cell division of protoplasts, 7days after plating.
Arrovv indicates cell division ;C: Protoplast-derived colony, 30 days after plating. Bars=50 ,Im.

Table 2.

Effect of strains of cv Shuho-no-chikara on isolation, plating efficiency and colany

formation of chrysanthemum mesophyll protoplasts.*1

Stram No
Yield (10=/g FW)
(M_ean~S.D )

% of normal protoplasts*2
(lvlean~ S.D )

PE (%)**
(MeaniS.D.) % of CF**

No 4
5
8
9

4.45i 194
9.25 i3 20

440~ I06
480~ I08

87.93i3.93
83 .38i2.83
S7.38i3.22

74 74 il9.71

22.09~7.10

26.42 + 3.75
22 90~3 22

22.77i5 18

80 (28/35)

83.33 (5/6)

100 (7/7)

100 (4/4)

*1 Added NH+NO* to the medium in the conc. of If4 as standard MS medium, 1% of DMSO
and O41 M sorbitol.
*"See the footnote in Table 1.

*3 CF; colony formation, (No of plates colony-formed/No. of plates cultured) x 100, examined
30 days after culturing-

concentration, which went from a maximum in a one-
fourth plot to a minimum in a full plot. Furthermore,
the percentage of plating efficiency in each concentra-

tion of NH4N03, cv. Shuho-no-chikara was higher
than in cv. Kayo-no-sakura (Table 3). The most suit-

able concentration of NH4N03 diffcred from previous
reports by one-half [l], one-eighth [7], one-thirty

second [8] and one-fourth [4]. Under the reduction of

inorganic substances in MS medium to one fourth [2,
3] and the addition of all kinds of micro elements and

vitamins [5], good results were obtained in the culture

on NH+NO,-free MS medium. Putting together the
results in this study and those in the above reports, the

best concentration of NH*N0= for plating efficiency
v~'ould be from one-fourth to one-thirtv second of a
standard lvlS medium
According to previous reports on the effect of

DMSO in mesophyll protoplast culture, it has been
recognized that DMSO promoted plating efnciency
and colony formation in hyacinth bean and soybean
[9], RapJral~us sativus L, and Brassica oleracea L. [10]

and Hibiscus rosa-sinensis [ll]_ In this study, the
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Table 3.

Effects of the concentration of NH+NO* and DMSO, and the osmoticums on the plating ef~ciency and colony
fcrmation in chrysanthemum mesophyll protoplast culture.

NH4N03 *2 DMSO*+ Osmoticum*5

Cvs *1 Conc *3 PE(%o)*G % of CF*6 (%)
(MeaniS.D_)

PE(%)**

(Mean~ S.D.)
% of CF*6 Name PF(%)*" % of CF*"

(Meani S.D.)

SC. 1
1/2

114

O
K.S. 1

112

l14

O

3.90 :: 1.02

7A1 i 3.99
9.86 i3.96
O72 i0.26
1.36~O.30
3.44i2.10

504~0 62
0.29:1:0.11

O(0/3)

O(0/6)

O(0114)

O(0/3)

O(0/3)

O(0/5)

O(0114)

O(0/3)

a
0.5

1.0

O
0_5

l.O

9. 86i3.96
13 93i4.37

22.09~ 710

5.a4 +0 62
7_08 ~ 199
10.29:t:2.02

O(0/14) sorbitol

40(2/5) mannitol

80(28f35) glucose

sucrose
O(0112) sorbitol

O(a/3) mannitol

O(0114) glucose

sucrose

22.09:~ 7.10

ll.45i 1.16

15 77il3.38

O61 i0.26
10_29i 2.02
3.02iO36
3.73il 05

0.13i0.2-3

80 (28/35)

O (0/3)
3.3(1/3)

O (0/3)
O (0114)

O (O,/3)

O (0/3)
O (0/3)

** S_C ;Shuho-no-chikara (strain No- 4), K.S. ;Kayo-no-sakura
*'0.41 M sorbitol used as osmoticum in the medium.
*3 IVlagnification shows Ias standard MS medium
*+Added NH*NO, to the medium in the conc of 1/4 as standard MS medium and 0.41 M sorbitol.
*5Added NH+NO* to the medium in the conc. of 1/4 as standard lvlS medium and 1% of DMSO. Conc.
osmoticums is O.4 M
*6 See the footnote in Table 2. Examined 30 days after culturing

percentage of plating efiiciency was improved consid-
erably in 1% plots over the control plots for both
cultivars (Table 3). This result agreed ~vith the above

reports. Especially,the percentage of colony formation

was improved in cv. Shuho-no-chikara and was con-
siderably higher (80%) than that obtained in DMSO-
free mediurn [1] (about 66.7%). ~~'e only know of the
report of Otsuka et al. [1], in which the % CF in
chrysanthemum protoplast culture was exhibited.
Therefore, it can be considered that addition of

DMSO to MS medium vvould be effective in improving
plating efficiency.

There are no reports on the effect of different kinds
of osmoticums on the medium in the mesophyll proto-
plast culture of chrysanthemums. It was ascertained
that the percentage of plating efnciency and colony

formation differed among the osmoticums for both
cultivars The best was sorbitol, followed by glucose,
mannitol and sucrose (Table 3). In addition, colony

formation ~vas recognized only in sorbitol and glucose

plots in cv. Shuho-no-chikara. Up to now, mannitol
~vas used as the osmoticum in protoplast culture of

chrysanthemums [2, 3]. It is no~v clear that sorbitol

will be effective osmoticum to improve plating
efficiency.

We clarified various conditions for colony forma-
tion at high frequency on the mesophyll protoplast

culture of chrysanthemum. We now plan to induce

of all kinds of

callus formation from these colonies.
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