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Fig. 1v-1 Procedures

method.

of encapsulation-vitrification

a: Shoot tips in the beads solution; b: During
encapsulation and osmoprotection; ¢: Dehydration with
PVS2 solution;

d: Encapsulated shoot tips and PVS2 solution in cryotube
just before a plunge into liquid nitrogen; e: Rapid
warming in water bath; f: Encapsulated and cryopreserved
shoot tips.

White bars (b, ): 1 cm.
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Fig. IV-2 Effects of preculture and sucrose concentration
on the

rate of shoot formation of encapsulated vitrified
axillary shoot

tips of mint with or without cold-hardening.

A: axillary shoot tips without preculture.

B: axillary shoot tips precultured on MS medium
supplemented with 0.088M sucrose.

C: axillary shoot tips precultured on MS medium
supplemented with 0.3M sucrose.

Axillary shoot tips with or without cold-hardening were
precultured at 23 °C for 16 h.  Precultured and
non-treated shoot tips were suspended in 2 % sodium
alginate, 0.4 M sucrose and inorganic compornents of MS
medium (Ca®" free), and then encapsulated and
osmoprotected with 2 M glycerol, 0.4 M sucrose and 0.1
M calcium chloride (for cold hardened shoot tips) or 2 M
glycerol, 0.8 M sucrose and 0.1 M calcium chloride (for
non-hardened shoot tips) at 25 °C for 1 h before
dehydration with PVS2 solution at 0 °C for 3 h
Material: mint cultivar spearmint common. The bars
indicate standard error.
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Fig. IV-3 Effect of cold hardening period on the rate of shoot formation of encapsulated vitrified axillary shoot

* tips of mint cooled to ~196 °C.

Nodal segments were cold hardened at 4 °C under 12 h photoperiod for the indicated periods. Excised axillary
shoot tips were encapsulated and osmoprotected with a mixture of 2 M glycerol, 0.4 M sucrose and 0.1 M calcium
chloride before being dehydrated with PVS2 solution for 3 h at 0 °C. These encapsulated dehydrated shoot tips
were plunged into liquid nitrogen and held there for at least 1 h. Material: mint cultivar spearmint common. The

bars indicate standard error

Table IV-1  Effects of osmoprotectant and cold-hardening on the shoot formation of encapsulated vitrified axillary

shoot tips of mint cooled to -196 °C.

Osmoprotectant Shoot formation (% + SE)

Cold-hardened Non-hardened
None 00 * 00 00 * 0.0
0.4 M sucrose 19.0 * 19.0 16.7 + 16.7
0.8 M sucrose 9.1 + 9.1 56 + 56
1.2 M sucrose 295 + 538 "1 + 77
0.4 M sucrose + 2 M glycerol 87.0 + 8.9 176 + 13.6
0.8 M sucrose + 2 M glycerol 48.3 + 13.0 63.0 + 85
1.2 M sucrose + 2 M glycerol 65.0 + 35 37.2 + 131

Axillary shoot tips excised from nodal segments with or without cold-hardening (4 °C, 3 weeks) were
encapsulated in alginate-gel beads and then treated by osmoprotectant at 25 °C for 1 h. These encapsulated
shoot tips were dehydrated with PVS2 solution at 0 °C for 3 h prior to a plunge into liquid nitrogen. Shoot
formation (%): percent of shoot tips that produced normal shoots 2 weeks after plating.
spearmint common. Approximately 10 shoot tips were treated in each of 3 replicates

Material: mint cultivar
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Fig. IV-4 Effect of exposure time to PVS2 solution at 0 °C on the rate of shoot formation of encapsulated vitrified
axillary shoot tips of mint cooled to -196 °C.

Cold-hardened (4 °C, 3 weeks) or non-hardened axillary shoot tips were suspended in calcium-free MS inorganic
medium supplemented with 2 % sodium alginate and 0.4 M sucrose, and then encapsulated and osmoprotected with a
mixture of 2 M glycerol, 0.4 M sucrose and 0.1 M calcium chloride in MS medium (for cold-hardened shoot tips) or 2
M glycerol, 0.8 M sucrose and 0.1 M calcium chloride in MS medium (for non-hardened shoot tips). They were
dehydrated with PVS2 solution at 0 °C for various lengths of time prior to a plunge into liquid nitrogen( , +LN).
Approximately 10 shoot tips were tested in each of 3 replicates. -LN (- - -): the same treatment without cooling to
-196 °C. The bars represent standard error. Material: mint cultivar spearmint common..
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Fig. IV-5 Effect of sucrose in dilute solution on the rate of shoot formation of encapsulated vitrified axillary shoot

tips of mint cooled to -196 °C.

Non-hardened axillary shoot tips were suspended in 2 % sodium alginate, 0.4M sucrose and inorganic compornents

of MS medium (CaCl, free), and then encapsulated and osmoprotected with a mixture of 2 M glycerol, 0.8 M sucrose
and 0.1 M calcium chloride in MS medium. They were dehydrated with PVS2 solution at 0 °C for 3h prior to a
plunge into liquid nitrogen. Rewarmed beads were washed by dilute solutions containing various concentrations of
sucrose twice each for 10 min. The bars represent standard error.  Material: mint cultivar spearmint common
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Fig. IV-6 Direct shoot development from ecapsulated and vitrified shoot tip of mint cooled to -196 °C.

Days on each photo indicate the period of incubation after cryopreservation. Black bars : I mm, white bar: 1 cm,

cultivar spearmint common,
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Fig. IV-7 Rate of shoot formation of encapsulated vitrified axillary shoot tips of three Méntha species cooled to

-196 °C.

Cold-hardened (4 °C, 3 weeks) or non-hardened axillary shoot tips were encapsulated in alginate beads and then
osmoprotected with a mixture of .2 M glycerol, 0.4 M sucrose and 0.1 M calcium chloride in MS medium (for
cold-hardened shoot tips) or 2 M glycerol, 0.8 M sucrose and 0.1M calcium' chloride in MS medium (for

non-hardened shoot tips).
nitrogen.
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They were dehydrated with PVS2 solution at 0 °C for 3h prior to a plunge into liquid
Approximately 10 shoot tips were tested in each of 3 replicates.

The bars represent standard error.
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Fig.IV-8 Vitrified or ice crystallized beads cooled to -196
°C.

Alginate beads were dehydrated with PVS2 solution at
0 °C for 3 h prior to. a plunge into-liquid nitrogen (left
side) or directly  plunged. into. liquid nitrogen without
dehydration (right side).
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Fig. IV-9 Scheme of encapsulation-vitrification method for cryopreservation of mint.
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Fig. IV-10 Procedures of encapsulation dehydration
method.

a: Encapsulated and precultured shoot tips; b:
Encapsulated shoot tips before air-drying; c¢:
Encapsulated and cryopreserved shoot tips. White
bars : 1 cm.
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Fig. IV-11  Change in water content
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during dehydration process.
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Fig. IV-12 Rate of shoot formation of encapsulated-dehydrated axillary shoot tips of three Mentha species cooled
to -196 °C by encapsulation dehydration.

Cold-hardened (4 °C, 3 weeks) or non-hardened axillary shoot tips. were encapsulated in alginate beads and
then precultured in MS liquid medium supplemented with 0.8 M sucrose at 23 °C for 16 h. They were dehydrated
in petri dishes containing 50 g dried silica-gel at 25 °C for 3 h prior to a plunge into liquid nitrogen.
Approximately 10 shoot tips were tested in each of 3 replicates. The bars represent standard error.
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Fig. IV-13 Procedures of simple freezing method and
vitrification method.

a: shoot tips on a tissue paper; b: shoot tips in 2M
glycerol + 0.4M sucrose solution before cooling (simple
freezing method) or dehydration with PVS2 solution
(vitrification method). White bar indicates Smm.
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Fig. IV-14 Effect of exposure time to PVS2
solution at 0 °C on the rate of shoot
formation of vitrified axillary shoot tips of

mint cooled to -196 °C.

Non-hardened axillary shoot tips were osmoprotected
with a mixture of 2 M glycerol plus 0.8 M sucrose at 25
°C for 20 min and then dehydrated with PVS2 solution
at 0 °C for various lengths of time prior to a plunge into
liquid nitrogen ( , +LN). Approximately 10 shoot
tips were tested in each of 3 replicates. -LN (- - -):
same treatment without cooling to -196 °C. The bars
represent “standard error. Material: mint cultivar
spearmint common.
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Fig. IV-15 Rate of shoot formation of axillary shoot tips of mint cooled to -196 °C by four different cryogenic
procedures.

Encapsulation-vitrification: Cold-hardened (4 °C, 3 weeks) axillary shoot tips were encapsulated in alginate beads
and then osmoprotected with a mixture of 2M glycerol, 0.4M sucrose and 0.1M calcium chloride in MS
medium at 25 °C for 1 h. They were dehydrated with PVS2 solution at 0 °C for 3h prior to a plunge into
liquid nitrogen.

Vitrification: Cold-hardened (4 °C, 3 weeks) axillary shoot tips were osmoprotected with a mixture of 2M glycerol,
0.4 M sucrose in MS medium at 25 °C for 20 min. They were dehydrated with PVS2 solution at 0 °C for 100
min prior to a plunge into liquid nitrogen.

Encapsulation-dehydration: Cold-hardened (4 °C, 3 weeks) axillary shoot tips were encapsulated in alginate beads
and then precultured in MS medium supplemented with 0.8 M sucrose at 25 °C for 16 h. They were
dehydrated with dried silica-gel at 25 °C for 3 h prior to a plunge into liquid nitrogen.

Simple freezing: Cold-hardened (4 °C, 3 weeks) axillary shoot tips were osmoprotected with a mixture of 2M
glycerol and 0.4 M sucrose in MS medium and then directly transferred to a freezer at -30 °C.  They were

slowly freeze-dehydrated at -30 °C for 2 h prior to a plunge into liquid nitrogen.

Approximately 10 shoot tips were tested in each of 3 replicates.
mint cultivar spearmint common.

The bars represent standard error. Material:






