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Introduction
Cryopreservation techniques have been developed for long-term conservation of
more than 100 plant species cultured in vitro as protoplasts, cell suspensions,
calluses, shoot apices, or somatic and zygotic embryos (Kartha and Engelmann
1994; Engelmann 1997). Cryopreservation is employed for conservation of plant
genetic resources, but it is also applied to the conservation of biotechnological
products, inc1uding metabolite-producing cultures and genetically engineered
œIl strains.

Although cell suspensions are a material of choice for genetic transformation
experiments, so far leaf disks and calluses only have been transformed in the
case of strawberry (James et al. 1990; Nehra et al. 1990; El Mansouri et al. 1996).
Transformation from single cells is highly desirable, since this pathway
overcomes the possibility of regenerating chimeric plants. awing to the
difficulty of obtaining transformed material, it is important to develop
cryopreservation protocols that allow conservation of the transformed ceIllines.

This paper summarizes the protocol developed for the cryopreservation of
strawberry cell suspensions (Wu et al. 1997) and highlights the effect of several
parameters within the freezing process on the viability of the cell suspension
cultures.

Materials and methods
Cell suspensions were obtained from callus induced on leaf explants of
strawberry (Blando et al. 1993) and cultured on a rotary shaker (90 rpm) at 25°C
under a photoperiod of 16-h light/8-h dark, and a light intensity of 37 pmol m'

2

S'l. For cryopreservation, cells were sampled 5, 10 or 15 d after the last transfer to
new culture medium and pretreated at O°C for 60-180 min in PYS3 vitrification
solution consisting of 50% (w Iv) and 50% (w Iv) glycerol (Nishizawa et al. 1993),
with or without the addition of DMsa at 5%, then cooled at O.5°C/min down to
temperatures ranging between -35 and -45°C and immersed rapidly in liquid
nitrogen. Thawing was performed either at room temperature or in a water-bath
set at controlled temperatures between 20 and 40°C. Cells were then plated on
standard solid medium and observed for regrowth.

Results
In the case of strawberry cell suspensions, pretreatment with various
combinations of sucrose and DMSa did not ensure survival after
cryopreservation (data not shown) and high survival rates (around 80% of
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unfrozen control) were achieved when using the PVS3 vitrification solution,
modified, or not, by the addition of 5% DMSO.

The influence on cell survival of two parameters, the effect of thawing regime
and the effect of the duration of the last subculture was studied.

No viability was observed when rewarming was carried out in air at room
temperature or in a water-bath at 40°C (Table 1). However, thawing at 20 or 30°C
permitted high levels of viability with both cryoprotective solutions employed.

Table 1. Effect of thawing reglme (in air at raom temperature (RT) or ln a water-bath
thermostated at 20, 30 or 40°C) and of cryoprotective solution employed during
pretreatment (MPVS3: PVS3 + 5% DMSO) on the vlability (%) of cryopreserved
strawberry ceU suspensions. CeUs were pretreated at O°C for 1 h, then cooled at
OSC/min down to -40°C before rapid immersion in LN. (Adapted fram Wu et al. 1997,
with permission).

Pretreatment
PVS3
MPVS3

RT
o
o

87
89

Thawing regime

83
87

2
2

The viability of pret!~ated, prefrozen and cryopreserved cells decreased
drastically with increasing duration of culture after the last transfer into new
medium (Table 2).

Table 2. Effect of culture period (days) after last subculture on the viabllity (%) of
pretreated, prefrazen (-LN) and cryopreserved (+LN) strawberry ceU suspensions. CeUs
were pretreated with MPVS3, cooled at OSC/min down to -40°C before immersion in LN, then
thawed in a water-bath thermostated at 30°C. (Adapted fram Wu et al. 1997, with permission).

Daysaftersubcuhure
Pretreatment
pretreated
-LN
+LN

5
100
91
77

10 15
87 27
60 1.3
53 0.1

Discussion/conclusion
This study represents the first report of successful cryopreservation of cell
suspension cultures using pretreatment with vitrification solutions followed by
slow, controlled cooling.

The experiment on the effect of thawing procedure generated some
interesting results. Total loss of viability after thawing samples in air at room
temperature was probably due to recrystallization and ice crystal growth during
the ensuing low rewarming rates. However, such dramatic differences in
viability after thawing cell suspensions at temperatures in the range tested here
have not been reported previously. A precise analysis of thawing rates and
thermie events taking place during rewarming of the strawberry cell suspensions
should be performed.
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The importance of using cells during their exponential growth phase ta
achieve high viability, as notably demonstrated by Withers (1985), was re­
emphasized during this study.

In conclusion, additional experiments will be necessary ta determine optimal
conditions for regrowth of cryopreserved cells and reinitiation of cell
suspensions.
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