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During repeated subculturing, many plant tissue cultures show changes in morphogenetic potential,?’
productivity of useful chemicals, and genetic characters.® Cryopreservation of cells in liquid nitrogen
is one suitable method to resolve these problems.>®> One of the most important points for successful
cryopreservation is the exclusion of freezable water from the cell before cryopreservation. Amorphous
freezing substances like DMSO, glycerol, enthyleneglycol and others, and drying methods have been
used for this purpose. However, there are only a limited number of papers on the drying methods.”"®
Kaimori and Takahashi® showed the successful retention of differentiation potentials in carrot callus
dried to equilibrium at room temperature. In this paper, we report that the dried callus can be preser-

ved by direct immersion in liquid nitrogen.
Materials and Methods

Callus was induced from hypocotyls of domestic carrot, Daucus carota L. cv. Super Ogata Gosun
Ninjin, on Murashige and Skoog’s agar medium containing 5X107¢m 2, 4-dichlorophenoxyacetic
acid (2,4-D). The pH of the medium was adjusted to 5.7 before the addition of agar (9 g/l). Cul-
tures were maintained at 27°C in continuous light (about 200 lux) from cool-white fluorescent tubes.
They were subcultured every 4 weeks in the same medium for 3 months. Actively growing embryo-
genic calli were used for the experiments 2 to 3 weeks after subculture.

Calli of approximately 15 mg fresh weight were placed on a filter paper disc (Toyo Roshi No. 2)
in a 15X 15 mm petri dish, which was set in a larger (6060 mm), tall cylindrical dish containing
15 mg of activated silica gel. The petri dish, silica gel, and filter paper were sterilized by heating at
160°C for 1 hr. Calli were dried for 6 hr at 27°C and stored in this state for 6 hr by sealing the
dish with parafilm (American Can Co.). Water content of dried calli was calculated from the difference
in weight before and ater drying for 24 hr at 80°C.

The dried calli were put into the cryotubes, and fresh calli were also attached to the inside of the
cryotubes. They were immersed directly into liquid nitrogen. After 30 min of preservation, they were
pulled out and placed in a room at 25°C for 1hr, and then they were transferred to the Murashige
and Skoog’s agar medium?® in 18x 130 mm test tubes and incubated under maintenance conditions
described earlier. Regrowth and the differentiation of embryos and plantlets were examined under a
stereoscope.

Results and Discussion

Table 1 shows survival rate of calli as determined by embryo and plantlet differentiation. The fresh
calli, not dried, preserved in liquid nitrogen were pale yellow but none of them produced any embryos
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Table 1. Survival rate of calli as determined by embryo and plantlet differentiation.

Treatment No. of calli Calli regenerated embryos and plantlets
examined 7 days 10 days 14 days
+ ++ H + +H HH + H 42
No drying and LNP 50 0 0 0 0 0 0 0 0 0
Drying and LNP 60 0 0 0 20 23 15 0 0 60

* +, 1-3 embryos or plantlets; +, 4-10 embryos or plantlets; 4}, more than 10 embryos or plantlets.
b liquid nitrogen.

Fig. 1. No embryo formation of fresh callus preserved in liquid nitrogen
at 14 days (a) and 21 days (b) after culture.

Fig. 2. Many embryos differentiated from dried callus preserved in liquid
nitrogen at 14 days (a) and 21 days (b) after culture.

Fig. 3. Many plantlets grown from dried Fig. 4. Many plantlets grown from dried
callus preserved in liquid nitrogen callus not preserved in liquid nitro-
at about 2 months after culture. gen at about 2 months after culture.
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in 14 days of culture (Fig. 1), and they did not show any growth even after 6 months, although one
callus did produce embryos after about 2 months. On the other hand, all dried calli were yellow and
differentiated many embryos after 14-21 days (Fig. 2). These embryos developed into plantlets after
2 months (Fig. 3). There was no difference between dried calli preserved and not preserved in liquid
nitrogen on the differentiation of plantlets (Fig. 4), which was similar to that of fresh calli without
treatment of drying and preservation in liquid nitrogen.

The water content of the dried calli used here was 3%. The present results demonstrate that dried
calli with water content as low as 3% could be frozen directly in liquid. nitrogen as suggested by
Kaimori and Takahashi.® ,

Nitzsche® showed that dried carrot callus survived at 15, —40, and —80°C for one year. However,
it was not clear whether the callus maintained the differentiation potential or not, because embryo or
plant formation was not observed. In the present experiments, all dried calli survived and retained
totipotency even after direct immersion in liquid nitrogen. The calli dried by the present simple me-
thod should be preserved in liquid nitrogen for a long time like seeds of many plant species.!?

We are grateful to Prof. Aiya Ishihara (Iwate University) for his valuable suggestion.
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