e

FERN CALLUS TISSUE CULTURE'

G. Morel and R. H. Wetmore

THE FIRST INDEFINITE plant callus tissue cultures
were obtained by White (1939), Gautheret (1939},
and Nobécourt (1939, from tumorous tissue or
from fleshy organs composed for the most part of
undifferentiated parenchyma. Subsequently it proved
feasible to cultivate tissues obtained by the prolif-
eration in vitro of cambium and phloem paren-
chyma of various herbaceous and woody dicoty-
ledons, and more recently it has been found possi-
ble to obtain tissue cultures from monocotyledons
(Morel and Wetmore, 1950).

Vascular cryptogams. and specifically ferns, on
general grounds would not seem to be very favor-
able for tissue culture studies. They are, in fact.
devoid of secondary activity and are almost entire-
ly made up of highly differentiated tissues seem-
ingly unlikely to proliferate masses of meristematic
parenchyma, which tissue is conducive to growth
in vitro. General observations, however, led to the
belief that this problem was not impossible to solve.
For example, in the course of his investigations on
regeneration in ferns, Goebel (1907} and his stu-
dents (Beyerle, 1932) ohserved several times
growth of undifferentiated formations on the peti-
ole and blade of sporeling leaves which he had re-
moved from the plant and maintained on damp
soil. These outgrowths were analogous to callus
of dicotyledons. The early observations of Farlow
(18741, de Bary (1878). Heim (1846). and oth-
ers more recently showed that a similar type of
formation may also appear on the prothalli of cer-
tain species of ferns. However. in these cases the
proliferation was usually followed by the appear-
ance of apogamous sporelings. It was such prolif-
erations as these that we employed to obtain callus
cultures of fern.

Spores of Osmunda cinnamomea L. were planted
in March 1948, on a medium devised by Knudson
(1925} in the course of his investigations on orchid
embryo cultures. They germinated in a few days
and developed rapidly forming thin heart-shaped
prothalli. After 2 months of culture. we observed
on five of these prothalli the spontaneous appear-
ance of undifierentiated calluses. These calluses ap-
peared on the upper surface and were formed of a
mass of greenish cells containing fewer chloroplas-
tids than those of the remainder of the prothallus.
They developed slowlv and by June 1949. were
transferred to the same medium. upon which their
growth continued very slowlv. After 8 months. the
largest had attained a diameter of only 1 em., while
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three of them had died. The living cultures were
then transferred to Knudson’s medium to which
were added certain B-vitamins at the following con-
centrations by weight: thiamin, 10-%: i-inositol.
10=#; pyridoxin. 10-%; calcium d-pantothenate,
10-%; biotin, 10-*; nicotinic acid, 10-%. The effect
of these substances was spectacular. In less than a
month the callus had grown considerably more than
during 8 months on the original medium. The di-
ameters of each of the subcultured fragments mea-
sured more than 15 mm. We propose now to at-
tempt to determine which of these substances are
indispensable for the optimum growth of Osmunda
tissue, the cultures of which now seem stable and
continue to grow actively.

These cultures form tissues which appear to be
of granular and friable masses (fig. 1). They are
composed of parenchyma made up of large cells,
in the center of which meristematic islets are
formed which grow independently one from an-
other forming a multitude of small nodules (fig.
2). In the older parts of the callus certain cells are
transformed into tracheids (fig. 3).

The existence of tracheids in prothallial tissue of
ferns has been peinted oul many times. (See re-
view of literature by Steil, 1939). In all cases, so
far as the authors can determine, this phenomenon
has sooner or later been attributed to apogamy.
The evidence provided, except in the studies of
Farmer and Digby (1907), has not been supported
by chromoscmal studies. In the unusual occur-
rence of tracheids in the prothallus of Psilotum re-
ported by Holloway (1939). Mantoen (1942) has
established the chromosomal complement of the
gametophyte as “not fewer than 100" whereas that
of the sporophyte proved to he “more than 1707
chromosomes. Manton concluded that the gameto-
phytes of P. triquetrum SW. [=P. nudum (L.)
Beauv.], which formed the basis for Holloway’s re-
port were diploid. The single sporophvte from the
same locale proved to be tetraploid.

In smears of callus tissue of Osmunda cinnamo-
mea, stained with aceto-carmine.” the cells possess
twentv-two chromosomes (fig. 5). By contrast.
smears of root-tips show the sporophvte number to
be forty-four (fiz. 41. These numbers are in ac-
cord with the observations on this species by Ya-
manocuchi (19101, de Litardiere (1921}, and
Okuno (1936,

It is clear from the present study and from that
of Holloway (19391 on Psilotum that tracheids can
occur in prothailial tissue without the presence of

2The authors wish to express their gratitude 1o Mr.
Julian Jafle of the Biological Laboratories. Harvard Uni-
versity. for the excellent preparations of chromosome
smears of root-tip and callus of Osmunda cinnamomea upon
which the chromosome counts here given are based.
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Fig. 4-5. Aceto-carmine preparations of Osmunda cinna.
momea.—Fig. 4. Root-tip preparation showing forty-four
chromosomes. »800.—Fig. 5. Preparation from callus cul-
ture of prothallial tissue showing twentv-two chromosomes.

> 1000.

Fig. 1-3. Callus of Osmunda cinnamomee.—Fig. 1. Cul-
ture of 0. cinnamomea callus, 1 month old, on Knudson's
medium supplemented by B-vitamin mixture. %2—Fig. 2.
Section of callus culture of this species showing general
parenchymatous organization. %40.—Fig. 3. Section of
part of callus culture of the same species showing nest of
tracheids. %230,
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apogamv. The authors t_hereflore suggest that the
existence of tracheids in the independent gameto-
phytes of vascular cryptogams is therefore not by
itself sufficient evidence that apogamy must he an
accompanying phenomenon.

We have tried to induce experimentally the de-
velopment of these calluses on Osmunda prothalli.
In order to do this we planted spores of this fern
on a medium containing strong concentrations Qf
naphthaleneacetic acid (1077 and 106 by weight ).
On this type of medium most of the spores, instead
of germinating to form normal heart-shaped pro-
thalli, developed into undifferentiated masses of
colorless tissue. Nevertheless, these formations
grew very little and when we tried to subculture
them on a medium devoid of auxin thev either
ceased to grow or re-formed normal chlorophyllous
prothalli. '

We then attempted 1o produce small lesions on
adult prothalli and to do this we cultivated colonjes
of prothalli in the Knudson’s medium containing 2
per cent dextrose but not solidified by agar. The
cultures were placed on a shaking machine and
agitated for two months. Previous observations
(Hurel-Py, 1942) have shown that, on other ferns.
the dextrose at this concentration inhibits the for-
mation of sporophytes. But in this case. in a liquid
medium and with constant agitation, sporophvtes
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were formed in a large number on the adult pro.
thalli. At the same time in one case an undiffer.
entiated callus appeared which was analogous o
those previously ohserved.

SUMMARY

Spores of Osmunda cinnamomea 1. germinated
on Knudson's medium developed into the yeyal
heart-shaped. thin. green prothalli. Five produced
green calluses on the upper surfaces after 2 monthe,
These calluses grew slowly or died on this medigm.
When transferred to the same medium supplenient-
ed by B-vitamins in appropriate concentrations the
calluses grew rapidly and continue to do so. The
calluses were of nodular masses of large-celled
parenchyma in the center of each of which is an
islet of meristematic tissue. Certain of the older
parenchyma cells form tracheids. Chromosomal
studies show the prothallial callus to be haploid,
It is suggested that the presence of tracheary tissye
in the independent prothalli of vascular cryptogams
is therefore not by itself sufficient evidence that
apogamy is an accompanying phenomenon. Qnly
one callus has so far heen experimentally induced
on prothalli of Osmunda.
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