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Shoot tips from i vitro-grown seedlings of kiwifruit (Actinidia deliciosa(A. chev.)C. F. Liang et A. R. Fer-
guson var. deliciosa) were successfully cryopreserved by the encapsulation-dehydration technique.

Shoot tips cold-hardened at 5°C for 6 weeks were progressively precultured on agar media with increasing
concentrations of sucrose (0.1 M, 0. 4 M and 0. 7 M) daily at 5°C. The cold-hardened and precultured shoot tips
trapped into alginate-coated beads containing 0. 5 M sucrose were treated in a medium supplemented with 1. 0
M sucrose for 16 hours at 5°C. Beads containing one shoot tip were then dehydrated by up to 299 of their water
content (fresh weight basis) on sterile dry silica gel in a desiccator at 25°C.  After dehydration, about 10 dried
beads were placed in a 2-m/ cryotube and then immersed into liquid nitrogen (LN). The average rate of shoot
formation after rapid warming was about 809%. This method will be useful for the long-term storage of

kiwifruit germplasm.

Introduction

Cryopreservation of tissue-cultured plant cells, meristems and organs is an important method for
long-term storage of plant genetic resources using a minimum of space and maintenance. Recent-
ly, vitrification!®, simple freezing® and air drying®® methods have been presented to simplify the
complicated procedures conventionally used for cryopreservation. Since alginate encapsulation-
dehydration technique was first reported by Dereuddre ef al.”, there have been several reports of
successful cryopreservation of alginate-coated shoot tips of pear”, grape®, potato®, mulberry'®,
apple!” and sugarcane'? after dehydration. . The technique of alginate encapsulation is easy to
handle and simplifies the dehydration treatment.

In this method, resistance to dehydration and deep freezing was induced by preculturing encap-
sulated shoot tips in a medium enriched with sucrose before dehydration. The sucrose molarity
increased markedly during the drying process and reached or exceeded the saturation point of the
sucrose solution, resulting in glass transition during cooling'®!¥, Sufficiently dehydrated samples
easily vitrify during rapid cooling in LN. Vitrification refers to the physical process by which a
highly concentrated cryoprotective solution supercools to very low temperatures and solidifies into
metastable glass when undergoing crystallization®®.

Kiwifruit (Actinidia deliciosa(A. chev.)C.F. Liang et A.R. Ferguson var. deliciosa) is a dioecious
woody species of Actinidiaceae. It originated in China and was introduced into New Zealand at the
beginning of the 20th century. Kiwifruit is an important horticultural cfop plant that is widespread
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around the world. There have been a few reports!®~'® on the storage of kiwifruit germplasm. In
this study, we report a successful cryopreservation using the encapsulation-dehydration technique,
and discuss the preculturing method to induce dehydration tolerance.

Materials and Methods

1. Plant materials

Seeds collected from fruits of kiwifruit plants (cultivar; Hayward, obtained from the field of
YAMABUN-YUHOUEN, Higashiyamanashi, Yamanashi 405, Japan) were sterilized in 709 (v/v)
ethanol for 30 sec., and then in 0. 5% (w/v) sodium hypochlorite for 10 min., followed by four rinses
with sterilized water. The seeds were then placed on the Murashige and Skoog medium'® (MS
medium) with half strength inorganic salts except for iron salts, containing 1. 5% (w/v) sucrose at
pH 5. 8 and solidified with 0. 2% (w/v) gellan gum in Petri dishes (9 cm in diameter), and germinat-
ed at 25°C under white fluorescent light (40 gmol m~?s™*) during a 16-hr/day photoperiod, for 40-50
days.
2. Pretreatment

Seedlings of 2-3 leaves growth stages were cold-hardened at 5°C for 6 weeks under an 8-hr/day
photoperiod. Shoot tips of about 2 mm in length were excised from cold-hardened seedlings.

Preculture was performed at 5°C by successive daily transfer of the shoot tips onto MS media
supplemented with sucrose at various concentrations (0.1, 0.4, 0.7 and 0. 9 M) under an 8-hr/day
photoperiod.
3. Alginate encapsulation

Shoot tips were encapsulated in alginate beads as previously described'?. Shoot tips were
suspended in calcium chloride (CaCl,) -free MS liquid medium containing 3% (w/v) sodium alginate
and 0. 5 M sucrose at pH 5. 8. Alginate beads were obtained by dispensing the suspension into 50
m! of another MS liquid medium supplemented with 0. 1 M CaCl,, 0. 5 M sucrose and were held for
30 min. at 25°C. Beads of about 5 mm in diameter containing one shoot tip were treated in MS
liquid medium supplemented with 1. 0 M sucrose at pH 5. 8 for 16 hours at 5°C.
4. Dehydration by desiccation with dry silica gel and cryopreservation

After pretreatment, the surface solution was wiped off with sterilized filter paper and then the
beads were subjected to dehydration in Petri dishes (9 cm in diameter) containing 50 g silica gel
sterilized by heating at 110°C for 16 hours. The Petri dishes were sealed with parafilm and held in
a desiccator at 25°C for up to 25 hours. The final water content of the beads was about 259 on a
fresh weight basis, when determined after drying for 48 hours at 110°C.  After dehydration, approxi-
mately 10 dried beads were placed in a 2-m/ plastic cryotube (Nalge Company) and then immersed
into LN (cooling rate: —375°C/min.), where they were stored for more than 1 hour.
5. Determination of survival and plant regeneration

Beads immersed in LN were warmed by placing the cryotubes in a water bath at 30°C (warming
rate: 860°C/min.). Rewarmed beads were placed on ammonium nitrate (NH,NO;)-free MS
medium containing 3. 09 (w/v) sucrose and 1 mg/! 6-benzyladenine (BA), and solidified with 0. 8%
(w/v) agar at pH 5. 8, and recultured under a 16-hr/day photoperiod at 25°C. The rate of shoot
formation was defined as the percentages of shoot tips that produced normal shoots about 40 days
after plating.

Normal shoots were transferred to a rooting medium of the N6 medium?® with half strength of
inorganic salts containing 1. 5% (w/v) sucrose solidified with 1. 09 (w/v) agar at pH 5. 8.
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Results

Cold-hardening before preculture was significant for shoot tips to survive after exposure to LN
(data not shown). Progressive preculture by transfer daily to MS media containing 0.1, 0. 4 and
0.7 M sucrose led to a high level of shoot formation amounting to about 85% after exposure to LN
(Table1). The treatment with 1.0 M sucrose before dehydration also improved the survival of
cryopreserved shoot tips.

The time course of dehydration of alginate beads containing one shoot tip is shown in Fig. 1.
The water content of the original alginate beads including one shoot tip decreased rapidly from 70%
to 359% within 4 hours, and then decreased siowly down to 25%.

Shoot formation of cold-hardened and precultured alginate-coated shoot tips before and after
exposure to LN following dehydration is shown in Fig. 2. The rate of shoot formation of alginate

Table 1. Effect of preculturing conditions on shoot formation of alginate-coated shoot
tips exposed to LN after dehydration.

Preculturing condition Shoot formation
(sucrose concentration (M)and duration) (% +SE)

With treatment of MS wmedium containing 1. 0 M sucrose

0.1 M(1 day)—0.4 M(1 day) 41.8+1.5
0.1 M(1day)—0.4 M(2 days) 21.0+=4.5
0.1 M(1 day)—0.4 M(1 day)—0.7 M(1 day) 83.5+5.3
0.1 M(1day)—0. 4 M(1day)—0.7 M(2 days) 16. 7+0
0.1 M(1 day)—0.4 M1 day)—0. 7 M(1 day) —0. 9 M (1 day) 16.7+9.8
Without treatment of MS medium containing 1. 0 M sucrose

0.1 M(1day)—0.4 M1 day)—0. 7 M(1 day) 74.4+1. 4

Cold-hardened and precultured shoot tips were encapsulated in alginate gel beads including 0. 5
M sucrose and then treated in MS liquid medium containing 1. 0 M sucrose at 5°C for 16 hours
before dehydration. These beads were subjected to dehydration for about 9 hours at 25°C.
Dehydrated shoot tips placed in a cryotube were immersed into LN. After rapid warming, they
were transferred onto agar NH,NO;-free MS medium containing 3. 094 (w/v) sucrose and 1
mg// BA after exposure to LN. Approximately 10 shoot tips were treated for each of 3
replicates.
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Fig. 1 The time course of water content of alginate beads containing one shoot tip.
Alginate beads were placed on a parafilm-sealed Petri dish (9 cm in diameter) contain-
ing 50 g silica gel were placed in a desiccator at 25°C for varying length of time.
Approximately 7 beads were tested for each of 3 replicates.
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Fig. 2 Shoot formation of dehydrated alginate-coated shoot tips before and after exposure to
LN.
Cold-hardened, precultured shoot tips were trapped into alginate beads containing 0. 5
M sucrose and then treated in MS medium supplemented with 1.0 M sucrose for 16
hours at 5°C. Beads containing one shoot tip were dehydrated at varying water
content. Dehydrated shoot tips placed in a plastic cryotube were immersed into LN.
After rapid warming, the beads were transferred onto agar NH,NO;-free MS medium
containing 3. 095 (w/v) sucrose and 1 mg// BA.
Cold-hardening was carried out at 5°C for 6 weeks with an 8-hr/day photoperiod.
Preculture was carried out at 5°C by successive daily transfer of the shoot tips onto
agar media supplemented with increasing sucrose (0.1, 0.4 and 0.7 M). Approxi-
mately 10 shoot tips were treated for each of 3 replicates.

Fig. 3 Survival of cryopreserved shoot tips of kiwifruit seedlings encapsulated in alginate
beads at 14 days after reculturing.

beads including one shoot tip after dehydration without cooling to —196°C was approximately 1009
at 34-72% water content, and then gradually decreased with decreasing water content.

Shoot formation of cold-hardened and precultured alginate-coated shoot tips cooled to —196°C
following dehydration increased abruptly with decreasing water content from 36 to 309, and rea-
ched the highest rate of approximately 859 at about 299 water content (duration of dehydration:
about 9 hours). Subsequently, the rate of shoot formation significantly decreased with decreasing
water content due to desiccation injury.

The cryopreserved shoot tips resumed growth in about 3 days after placing on the culture
medium. So the growing rate of cryopreserved shoot tips at 30 days after reculturing was about 3
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Fig. 4 Shoot formation of cryopreserved shoot tip at 30 days after reculturing.

Fig. 5 Plantlet development of cryopreserved shoot tip at 60 days after reculturing.

-4 days later than that of the non-cryopreserved controls.

Figs. 3, 4 and 5 show alginate-coated shoot tips and shoots developed from the shoot tips cooled
to —196°C following dehydration. Almost all of the shoots formed roots after transfer to the root
induction medium.

Discussion

The development of techniques to successfully store apical meristems in LN is needed for
conservation of genetic resources of fruit trees. In vitro-grown shoots are a preferable source for
germplasm preservation. For successful cryopreservation, it is vital to dehydrate sufficiently cells
or meristems to make them survive upon rapid cooling into LN through vitrification?. The
conventional slow freezing method prevents cells and meristems from lethal intracellular freezing
and allows them to undergo vitrification upon rapid cooling in LN. Another simple cryogenic
protocol is to highly dehydrate meristems by air drying®??. However, the induction or enhance-
ment of desiccation tolerance is vital for successful cryopreservation using this method. Dried
axillary buds from iz vitro-grown asparagus were successfully cryopreserved by Uragami et al.®.
In their experiment, single nodal segments with axillary buds were precultured on solidified culture
medium containing 0.7 M sucrose at 25°C for 2 days. During the pretreatment, water content
decreased to about 16.49 and dry matter (mainly sugar) increased approximately 2.7 times.
Alfalfa somatic embryos at the cotyledonary stage of development were treated with abscisic acid
(ABA) to induce desiccation tolerancel?®. Anandarajah and McKersie?® reported that high su-
crose concentrations in the maturation medium of somatic embryos of alfalfa can be substituted for
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exogenous ABA-induced desiccation tolerance of somatic embryos. A high level of sugar!+*2® or
sorbitol?® during preculture was reported to be important in improving survival of cryopreserved
meristems. In the present study, progressive preculture in media with increasing sucrose concen-
trations enhanced dehydration tolerance of kiwifruit meristems.

Recently it was reported that induction and maintenance of freezing tolerance by ABA is
accompanied by the expression of novel polypeptides and translatable RNAs, and that expression
of genes related to sugar metabolism may be required for ABA-induced hardening ?®. Dormant
seeds and young seedlings of wheat tolerate desiccation. A transcript expressed in this desiccation-
tolerant tissue has been cloned and sequenced®”. The proteins abundant late in embryogenesis
accumulate at a late stage of embryogenesis of desiccation-tolerant seeds or seedlings and often in
the cold acclimation process?®?”. These proteins are highly hydrophilic, and may help maintain a
minimal water content during dehydration?—27,

Alginate protects shoot tips from injury during dehydration and freeze-thaw treatments and
alleviates excessively rapid dehydration of the samples. Shoot tips trapped in alginate gel beads
were progressively dehydrated osmotically with increasing concentration of sucrose in the beads.
Thus, the slow dehydration process may allow the shoot tips and somatic embryos to resist intensive
dehydration. During dehydration of the shoot tips trapped in alginate beads, sucrose molarity
increases significantly and the resulting concentrated cell sap may undergo a glass transition during
rapid cooling!®. Thus, drying method using alginate-coated shoot tips is easy to handle and
alleviates the dehydration process™!*%2®  Qur results presented here show that the encapsulation
-dehydration technique is promising as a practical method for cryopreservation of plant meristems.

As far as we know, this is the first report of successful cryopreservation of kiwifruit meristems
by the drying method.
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