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Callus with multiple buds (CMB) consisting of callus and many buds in which the multiplication
of buds was associated with callus growth was induced from the sections of twigs on an agar
medium in an ornamental conifer, Chamaecyparis pisifera, var. finifera Beissn. A devised me-
dium containing half strength of Murashige and Skoog’s minerals, vitamins, inositol, amino acids,
sucrose, 1mg/l BA and 0.3mg// IAA (SF-medium) was favored to induce CMB. CMB is able
to be subcultured on SF-medium without a decrease in capacity to form buds for more than 5
years. Buds in various developmental stages were observed in CMB depending on the length of
culture period. Buds with scale-like leaves in CMB were observed in the regular subculture cycle.
Needle leaves appeared in the buds of CMB with prolonged culture more than about 2 months
on SF-medium without regular subculture. Buds developed into shoots when buds were isolated
from CMB and cultured on SF-medium with low concentration of NAA or IBA, 0.03-0.1mg/l.

Organ formation in iz vitro culture of gymnosperms was observed in various isolated organs such as
cotyledons,'® embryos®~?, hypocotyls,®” needles®!® and vegetative buds'?’ in several species. Those
experiment were observed in primary culture, whereas organ formation in the callus culture was marely
observed in Sequoia sempervirens.!® Tissue cultures which consisted of callus like mass containing
embryoids were recently induced from isolated embryos in Picea,®'¥ which were subcultured and
regenerated organs such as embryos.

In this experiment, we induced bud forming tissue from twigs of an ornamental conifer tree, Chamae-
cyparis pisifera, var. filifera Beissn. in which callus growth was associated with the multiplication
of buds (CMB), and CMB was subcultured for many passages without a decrease in the growth rate
and bud multiplication.

Materials and Methods

Twigs used in this experiment as starting materials were collected in early August from a tree of
Chamaecyparis pisifera Sieb. et. Zucc. var. filifera Beissn. et Hochst. which tree was established by
planting a cutting about 30 years ago and grew up in a garden in Saitama prefecture, Japan. Collected
twigs were surface-sterilized with 3% sodium hypochlorite for 15 min and rinsed with sterilized distilled
water for several times, and then cut into sections (5 mm long). Twig segments were placed horizon-
tally on agar medium and cultured under continuous light (3,000 lux) at 27+1°C.

Basal medium was made up of half strength of Murashige and Skoog’s minerals,' 1 mg// thiamine
HC], 1 mg/! pyridoxine HCI, 4 mg// nicotinic acid, 0. 1 mg// biotin, 100 mg/¢ inositol, 2% sucrose. An
amino acids mixture contained 2mg/! each of L-alanine, L-valine L-isoleucine, L-leucine, L-serine, L-
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Table 1. Morphogenetic response of twig sections to various media containing
1mg/l BA and 0.3 mg/l TAA.

Basal medium Responses
BM 2 or 3 buds sprouted (90%) and no response (10%)
BM +amino acids (SF-medium) 2 or 3 buds sprouted (43%) and CMB induction (57%)
2 BM 2 or 3 buds sprouted (88%) and no response (12%)
2 BM +amino acids 2 or 3 buds sprouted (91%) and no response (9%)

BM represents a half stength of Murashige and Skoog’s minerals, and 2 BM represents full strength of
Murashige and Skoog’s minerals. Each medium contained vitamins and 2% sucrose described in Materials
and Methods. Values in the response show the average of three replicates. Twenty sections were used
in each experiment.

threonine, L-proline, L-tryptophane, L-aspartic acid, L-glutamic acid, L-glutamine, L-methionine, L-phenyl-
alanine, L-tyrosine, and L-histidine and 5 mg// glycine. Various concentrations of BA and TAA were
added to the basal medium. The pH of the medium was adjusted to 5.7-5.8 with 1 N~ NaOH or 1 n
HCI, and 7 g/l agar was added to each medium and dissolved in water bath. A 20 ml of medium was
dispensed to 50 ml Erlenmeyer flask, and autoclaved at 121+1°C {for 15 min.

Full strength of Murashige and Skoog’s minerals was also used in combination with vitamins, amino
acids and various concentrations of BA and IAA as a control experiment.

Result

Induction and subculture of the callus with multiple buds (CMB) from the twig sections

Twig sections were cultured on the agar media containing 1 mg// BA and 0. 3mg/l IAA (Table 1).
CMB was initiated only on the basal medium with amino acids (SF-medium) (Fig. 1). Two or three
buds sprouted in the sections on the media other than SF-medium. CMB was green and friable, and
contained many bud primordia. After a month from the inoculation, CMB grown up was divided into
small pieces (Fig. 2), which were transferred to several different media described in Table 1. Vig-
orous growth of CMB was observed only on SF-medium (Fig. 3). After determination of suitable
medium for subculture, CMB was regularly subcultured on SF-medium every month for more than
about 5 years without decrease in both the growth rate and multiplication of bud primordia.

Twig sections were cultured on SF-medium containing various concentrations of BA and IAA in
order to know the optimum concentrations for CMB induction. CMB was induced only on 1 mg// BA
and 0.3 mg/l IAA (Table 2). Two or three buds have sprouted from the sections on the medium
containing 1 mg// BA. On the other hand, on the medium containing 1 mg// or 3 mg// IAA bud sprout-
ing was inhibited and the callus without bud primordia formed.

Various developmental stages of buds from CMB

Various developmental stages of buds were observed in CMB depending on the culture period on
SF-medium. Bud primordia were scattered on the surface of CMB on SF-medium in regular subculture
cycle (Figs. 2, 4). Scale-like leaves appeared in the bud of CMB shorter than 2 month on SF-medium
without subculture (Figs. 5, 6). Needle leaves appeared in buds of CMB longer than 2 months on
SF-medium without subculture (Figs. 6, 7). CMB as shown in Fig. 7 was cultured on SF-medium
for about 3 months. Further development of buds isolated from CMB was succeeded on SF-medium
containing low concentrations of IBA or NAA (0.03-0. 1mg//) (Fig. 8)

Discussion

CMB in this experiment closely related to callus with buds induced from excised embryos of Sitka
spruce (Picea sitchensis (Bong.) CARR.}'®* and to meristematic nodule of J. Aitken-Christie in Pinus
radiata (cited from Agricell Rep., 9 (2), 1987). Tanaka and Ikeda has also established a multiplica-
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Induction of CMB from the twig sections on SF-medium. Sections were cultured for about one month.
The initial stage of CMB pieces which had been transferred to fresh SF-medium.

CMB which had been cultured on SF-medium for 45 days without regular subculture.

Surface structure of CMB in regular subculture cycle. Many bud primordia were scattered over
the surface region.

Bud primordia developed further on CMB cultured on SF-medium for about 2 month without
regular subeculture.

Bud primordia on CMB cultured for 2 month without regular subculture. Both types of leaves
were observed on the bud primordia.

Buds with needle leaves sprouted among scale-like leaves on CMB cultured on SF- medmm for 3
months without regular subculture.

Shoots which developed from bud primordia isolated from CMB were cultured -on SF- medlum
containing 0. 03 mg// IBA for about 3 months. Needle leaves were observed.
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Table 2. Morphogenetic response of the sections on SF-medium containing various
concentrations of BA and IAA.

BA (mg/l) IAA (mg/i) Response

0 0 no response

1 0 2 or 3 buds sprouted (85%) and no response (156%)

1 0.03 2 or 3 buds sprouted (95%) and no response (5%)

1 0.1 2 or 3 buds sprouted (35%), induction of a small amount of CMB (47%)
and no response (18%)

1 0.3 2 or 3 buds sprouted (38%), remarkable induction of CMB (53%) and no
response (9%)

1 1 remarkable callus induction with 2 or 3 buds sprouted (95%) and no
response (56%)

1 3 remarkable callus (82%) and no response (18%)

Values in response show average of three replicates. Twenty sections were used in each experiment.

tion system of buds in a herbaceous plants by using the Shoot Primordia Culture method on the media
containing particular combinations of plant growth regulators.!” CMB is a strong tool for micropropa-
gation of Chamaecyparis pisifera var. filifera and SF-medium might be applicable to some other
ornamental conifers included in a genus Chamaecyparis for the clonal propagation starting from the
adult plant of particular genotype.

Stability of CMB about growth and of initiation of buds from it was outstanding in comparison with
many angiospermal callus. The rate in bud formation in callus culture gradually decreased according
to the progress of the subculture in general cases. For instance, bud formation in carrot callus culture
completely disappeared after 38 passages,'® and bud formation in tobacco callus culture showed a great
decline in the rate of bud formation in the third year from the isolation.!®> Japanese persimmon callus
which was induced from immature embryos formed buds after the second subculture but ceased after
the third subculture.?”> CMB has continued to form buds for even 5 years after its isolation without a
distinguishable decrease in multiplication rate.

Scale-like leaves from the buds of CMB appeared in the regular subculture cycle or during prolonged
culture for 2 months on SF-medium. Needle leaves were formed in shoots which developed on SF-
medium containing IBA or NAA. Needle leaves are only observed in early developmental stages of
the ontogeny in C. pisifera and scarcely appear in C. pisifera var. filifera under natural conditions.
Therfore, in vitro formation of needle leaves may suggest the occurrence of atavism in the CMB
culture system.
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