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The world population now is 6.7 billion and is predicted to reach 9
billion by 2050 [1]. Such a rapid growing population has tremendously
increased the challenge for food security. Obviously, it is impossible
for traditional agriculture to ensure the food security, while plant
biotechnology offers considerable potential to realize this goal [2].
Commercial cultivation of genetically modified (GM) crops started
in 1996. Since then, cultivation of GM crops has rapidly increased and
the total cultivation areas of GM crops had reached 134 million ha
by 2009 [3]. Over the last 15 years, great benefits have been brought
to sustainable agriculture by commercial cultivation of genetically
modified (GM) crops [2]. Further development of new GM crops will
with no doubt contribute to meeting the requirements for food by the
increasing population [3]. In vitro plant cell cultures have been for
a long time used for producing natural products including proteins
[4]. Expression of foreign gene (s) in plant cell cultures by genetic
transformation, which enables production of recombinant proteins,
i.e. molecular farming [5], opened a new avenue for production of
therapeutically valuable proteins and over the past three decades
great progresses have been made in the said subject [4]. To date,
molecular farming products are already commercially available or in
more advanced clinical stage [6].

Cryopreservation refers to storage of living cells, tissues or organs
at ultra-low temperatures, usually that of liquid nitrogen (-196°C)
[4]. When stored at such a low temperature, cellular divisions and
metabolic processes of the living cells arrest and therefore, plant
materials can be conserved for an indefinite period of time, while
maximally maintaining their genetic stability [7]. Furthermore,
cryopreservation occupies little space, eliminates contamination and
demands only maintenance. Therefore, cryopreservation has been
considered an ideal means for safe and long-term storage of plant
germplasm [7,8].

Safe maintenance of transgenic materials has been a serious
problem, especially in developing countries including China.
Transgenic materials are frequently maintained either in vitro or
in vivo before being analyzed, evaluated and finally released for
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commercial production. Maintenance of transgenic materials by
repeated subculture is time-consuming and labor-cost, and may cause
culture loss due to contamination or human error. More importantly,
in vitro or in vivo maintenance may create an extra risk of transgene
loss or gene flow [9]. Therefore, establishment of safe and long-term
preservation technique of transgenic materials, which is capable of
ensuring genetic integrity of transgenes and avoiding gene flow, is
of significant importance. The first study attempting to cryopreserve
transgenic rice (Oryza sativa) with NPTII and GUS gens was reported
by Meijer et al. [10]. Since then, there have been a number of studies
on cryopreservation of transgenic materials containing different
target genes and including field crops like Oryza sativa and Triticum
aestivum, fruit crops such as Carica papaya, Citrus sinensis and Pyrus
pyrifolia, ornamental crops like Betula pendula, and medicinal crops
like Papaver somniferum [9]. Successful cryopreservations have been
reported for transgenic cell suspensions that expressed human serum
albumin (HAS) in Nicotiana tabacum [11], Escherichia coli heat labile
enterotoxin (LT) protein in N. tabacum [12] and hCTIA4Igin O. sativa
[13]. All results obtained so far all indicate that cryopreservation does
not affect expression of foreign genes in transgenic materials and the
productive ability of cryopreserved cells containing recombinant
proteins was similar to that in non-cryopreserved cultures [11-13],
thus allowing transgenic materials to be stored in a safe manner
before being analyzed and evaluated and establishment of stable
seed stocks for commercial production of homologous proteins [9].
Results obtained so far all indicate that cryopreservation does not
affect expression of foreign genes and allows transgenic materials to
be stored in a safe manner before being analyzed and evaluated [6].

With a motive of preservation of plant germplasm, the first report
on successful cryopreservation of plants was published in 1960 [14].
Since then, various cryopreservation techniques such as droplet,
droplet-vitrification, vitrification, encapsulation-dehydration and
encapsulation-vitrification have been successfully developed for
almost all economically important crops including woody and
herbaceous plants ranging from tropical to temperate regions [7].
The main limitation involved in cryopreservation techniques is a
strong genotypic response. Nevertheless, wide application of cryo-
techniques to transgenic materials helps ensure their maintenance

[9].
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