61

Original Papers Plant Tissue Culture Letters, 5(2), 61-65 (1988)

Numeral Stability and Morphological Instability of Chro-
mosomes in Spore Calli of Osmunda japonica, a Fern

Masahiro TAKEI

Biological Institute, Faculty of Education,
Oita University, Oita, 870-11 Japan

(Received September 4, 1987)
(Accepted June 24, 1988)

Karyotype analysis was performed on spore calli of Osmunda japonica on MS media con-
taining 2, 4-D and kinetin in order to clear up the cytogenetical behavior of callus cells from
the haploid cells of a fern.

The spore calli showed a fair stability in haploid chromosome number (n=22). However,
these calli showed a remarkable variation in karyotype as follows. The normal karyotype
corresponding to that of the sopre donor was observed only in a few callus cells. The other
karyotypes in many spore calli were multiple, and not systematically consolidated. These
karyomorphological aspects were concluded that gross rearrangements of chromosome structures
with maintaining a fair stability in haploid chromosome number are associated with spore
cultures of O. japonica as a nuclear response to callus induction and to established culture
condition.

It has been reviewed that chromosome variabilities in number and/or in structure are frequently
observed in anther or ovary cultures in many angiospermous species.!”® For example, some callus cell
lines in ploidy, namely, haploid maintaining a stability in chromosome number for a long term, di-
ploid by doubling chromosomes and mixoploid of haploid and diploid have been derived from isolated
pollen cultures of poenies.¥ In the culture of Brachycome dichromosomatica, gross structural rear-
rangements without changing chromosome number from the original number in explants were observed
in the C-banded chromosome complements of callus cells.® Sacristan® has shown that haploid cultures
of Crepis capillaris produce a higher frequency of chromosome rearrangements than a diploid culture.

In ferns, karyological investigations in haploid tissue cultures have been performed only on callus
cells from gametophytes of Osmunda cinnamomea.” This investigation showed that the chromosome
number, 7=22, of a callus cell from the gametophyte is equal to a half the chromosome number in a
sporophyte used as a spore donor. However, it has not been determined whether cultured cells from a
fern gametophyte are stable or not in karyotypic feature.

The present author has been carrying out to induce callus cells from a fern gametophyte into haploid
sporophytes. In this paper, the karyotype analysis was performed on callus cells from spores of
Osmunda japonica in order to clear up the cytogenetical behavior of the haploid tissue cultures.

Materials and Methods

The karyotype analysis was made on spore donors and spore calli over six months old induced by
the sporangium culture of Osmunda japonica. The procedure for the present culture was followed
by the steps as shown in the anther culture of Nicotiana tabacum.®

Some of sterilized sporangia were planted onto the half-strength Knop media with 8 g/! agar for
determining whether the spores were damaged or not by the sterilizing treatment, and it was made sure
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that these spores had the normally germinating ability into the native gametophytes as shown in Fig.
1A. The other sporangia were planted onto MS media containing 1mg/l 2,4-D, 0.5mg/! kinetin,
30 g/ sucrose and 8 g/l agar for the spore callus induction (Fig. 1B). These cultures were continu-
ously illuminated by a fluorescent lamp in an incubator at 25°C.

Preparations for karyotype analysis were followed by the aceto-orcein staining and squashing method.
The spore calli were fixed with a mixture (alcohol 6: acetic acid 3: chloroform 1) at room tem-
perature, but they were not treated with 8-hydroxyquinoline and 1~ HCl. On the other hand, root

i

Fig. 1. Photomicrographs of gametophytes and haploid calli from spores
of Osmunda japonica. A, normal gametophytes growing on half-
strength Knop medium. B, spore calli propagating on MS medium
with 1mg/l 2,4-D, 0.5mg/! kinetin and 30 g// sucrose.

Fig. 2. Photomicrographs of somatic chromosomes at metaphase in a root tip cell
of a spore donor and in spore callus cells of Osmunda Jjaponica (2n=44).
A, a root tip cell. B, a normal haploid callus cell with 22 chromosomes.
C, a hypo-haploid callus cell with 19 chromosomes, showing a fragment

chromosome (arrow). D, a polyploid callus cell with over 44 chromosomes.
Bar: 10 ym.



Table 1. Number of various ploid cells in spore donors and in spore
calli of Osmunda japonica.

No. (%) of cells observed in
Ploidy Root tips Spore calli
from spore
donors 6.5 month old 8 month old total
Diploid (2n=44) 15 (100)
Haploid (n=19-24)
normal haploid 10 14 24 (77. 4)
hypo-haploid 1 1(3.2)
hyper-haploid 2 2( 6.5)
polyploid or 1 3 4(12.9)
allopolyploid

Fig. 3. Somatic metaphase chromosomes of callus cells from spores of Osmunda
japonica classified by arm-ratio. m, median chromosomes. sm, submedian
chromosomes. st, subterminal chromosomes. t, terminal chromosomes. A,

chromosome complement of a haploid showing an original karyotype; n=
22=0(0) m+1(4.5) sm-+4(18.2) st+17(77.3) t. B-D, chromosome comple-
ments of haploids showing the derivative karyotypes. B, n=22=1(4.5) m
+1(4.5) sm+3(13.6) st+17(77.3) t. C, n=22=2(9. 1) m+ 1(4. 5) sm+ 4(18. 2) st
+15(68.2) t. D, n=22=2(9.1)+2(9.1) sm+3(13.6) st+15(68.2)t. Scale:

5 pym.
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tips from spore donors were pretreated with 0.002 M 8-hydroxyquinoline aqueous solution, at room
temperature for 4 h, and then they were fixed by the same mixture as used for the calli. The fixed
tips were macerated with 1~ HCI at 60°C for 1 min.

For a description of karyotypic features, the metaphase chromosomes of these materials were classified
by criterion on arm-ratio according to Levan ez @l into four types, namely median, submedian,
subterminal and terminal.

Results and Discussion

Karyomorphological features, for example, number and arm-ratio of chromosomes, of the present spore
donors (Fig. 2 A) coincided with those in the previous papers.!®~2> This shows that these features
are cytogenetically common in sporophytes of O. japonica.

In spore calli slowly propagating, cells showed the numeral and morphological features of chromo-
somes as follows.

The spore callus cells of this species showed a little variation in ploidy (Table 1, Fig. 2B-D) in
contrast with the observation in O. cinnamomea.” These cells were classified into normal haploid
with n=22 chromosomes (Fig. 2B), allohaploid (hyper- or hypo-haploids) shown in Fig. 2C, and
polyploid or allopolyploid over diploid chromosome number (Fig. 2D). In the callus cells observed,
the proportion of the normal haploids was about 80%, the allohaploids about 10% and the polyploids
about 10% (Table 1). This observation on the chromosome number concluded that the spore calli
of O. japonica fairly maintains the numeral stability of chromosomes without any apparent influence
of the culture conditions.

In the haploid cells, karyotypes remarkably varied in contrast with the numeral constancy of chromo-
somes (Fig. 3). The regular members corresponding to the half set of the chromosome complement
of a cell of the spore donor were found only in a few cells. These members are shown in the next
karyotype, n=22=0 (0) m-+1 (4.5) sm+4 (18.2) st+17 (77.3) t (Fig. 3A). On the other hand,
karyotypes of almost all of the haploid cells were multiple as shown in Fig. 3B, C and D, and they
were found not to be systematically consolidated. The median chromosomes with or without satellite
in these karyotypes were new members derived from the modification of the original chromosome
complements. In addition to this observation, a chromosome fragment was found in a hypohaploid
callus cell with =19 chromosomes (Fig. 2C). The occurrence of these chromosomes shows that the
chromosome complements in the spore callus cells are remarkably rearranged by the following struc-
tural change of chromosome; fragmentation, translocation, inversion and the other. Therefore, it is
concluded that the present culture conditions for inducing and establishing the spore calli make the
chromosomes structurally rearrange with maintaining the numeral stability of chromosome as shown
in the previous report of B. dichromosomatica.”
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