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Fig. VI-1 Carrot cells at each step of treatment for encapsulation
vitrification method (1).

a: Cells filtrated for cryopreservation; b: Precultured cells;
¢: Precultured and osmoprotected cells (plasmolysed).
Bars : 10pm.

Fig. VI-2

Carrot cells at each step of treatment for

encapsulation-vitrification method (2).

a: Dehydrated cells with PVS2 solution (plasmolysed);

b: Cryopreserved cells by encapsulation-vitrification method
(plasmolysed by 1.2M sucrose);

c: Cells grown in beads 10 days after plating. Bars a,b: 10 um,
c:5 mm.
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Fig. VI-3 Effect of preculture period on survival of encapsulated-vitrified carrot cells cooled to —196 °C.

Single cells and cell clusters of 45-75 pm in diameter (fine cells) were collected from 5-day-old cell
suspension by filtrating it through three sieves (pore diameter, 500, 75 and 45um). They were centrifuged
(about 700 rpm, 30 sec) and the supernatant fluid was removed. Then, the mixture of 2% sodium alginate and
0.4M sucrose was added to the precipitate at a final cell density of 20 ul/ml packed cell volume. They were
encapsulated in 0.1 M calcium chloride and 0.4M sucrose. These encapsulated cells into alginate beads were
precultured at 25 °C for 0 to 72 h in MC medium containing 0.3M sucrose and 0.2 mg/l 2,4-D. These
encapsulated cells were osmoprotected with 2 M glycerol plus 0.4 M sucrose at 25 °C for 30 min before
dehydration with PV S2 solution at 0 °C for 1 h (orange bar charts). Gray bars indicate the cell survival which
were precultured in MC medium containing 0.058M sucrose. Blue bars (control) indicate the survival of cells
without any treatments except encapsulation. Treated and control beads were incubated on MC medium
containing 0.058M sucrose, 0.2 mg/l 2,4-D and 2.3 g/l gellan gum at 25 °C for 24 h. Survival was determined
using FDA staining and expressed as the percentage of FDA positive cells of the total number of cells (over
400). Material: carrot cultivar gosun. The bars indicate standard error.

Table VI-1 Effect of osmoprotectant on survival of encapsulated-vitrified cells of carrot
cooled to 196 °C.

Osmoprotectant Survival (% + SE)

+ Liquid nitrogen Control
None 05+ 05 460+ 15
0.4M sucrose 64+ 52 460+ 15
0.8M sucrose 19+ 1.0 547+ 26
0.4M sucrose+2M glycerol 148+ 11 460+ 15
0.8M sucrose+2M glycerol 71+ 36 547+ 26

The mixture of 2% sodium alginate and 0.4M sucrose was added to fine cells (45-75 pm in diameter) at a final

cell density of 20 pl/ml packed cell volume. They were encapsulated in 0.1M calcium chloride. These
encapsulated cells into alginate beads were precultured at 25 °C for 24 h in MC medium containing 0.3M sucrose
and 0.2 mg/l 2,4-D. and then treated with each osmoprotectant at 25 °C for 30 min before dehydration with PVS2
solution at 0 °C for 1 h. Control: cells without any treatment except encapsulation.
Treated and control beads were incubated on MC medium with 0.058M sucrose, 0.2 mg/l 2,4-D and 2.3 g/l gellan
gum at 25 °C for 24 h. Survival was determined using FDA staining and expressed as the percentage of FDA
positive cells of the total number of cells (over 400). Material: carrot cultivar gosun. SE stands for standard
error.
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Fig. VI-4 Effect of exposure time to PVS2 solution at 0 °C on survival of encapsulated-vitrified carrot cells
cooled to -196 °C.

The mixture of 2% sodium alginate and 0.4M sucrose was added to fine cells (45-75 pm in diameter) at a final

cell density of 20 pl/ml packed cell volume. They were encapsulated in 0.1M calcium chloride. These

encapsulated cells into alginate beads were precultured at 25 °C for 24 h in MC medium containing 0.3M sucrose
and 0.2mg/l 2,4-D and then osmoprotected with 2M glycerol plus 0.4M sucrose at 25 °C for 30 min. They were
dehydrated with PVS2 solution at 0 °C for:various lengths of time prior to a plunge into liquid nitrogen (
+LN). -LN(- - -): same treatment without cooling to -196 °C.

Treated beads were incubated on MC medium containing 0.058M sucrose, 0.2 mg/l 2,4-D and 2.3 g/l gellan gum
at 25 °C for 24 h.  Survival was determined using FDA staining and expressed as the percentage of FDA positive
cells of the total number of cells {over 400).

Material: carrot cultivar gosun. The bars represent standard error.
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Fig. VI-5 Effect of growth stage of culture on survival of encapsulated-vitrified carrot cells cooled to ~196 °C.

Fine cells (45-75 pm) were collected at 5, 10 and 15 days after subculture, respectively. The mixture of 2%
sodium alginate and 0.4M sucrose was added to them at a final cell density of 20 pl/ml packed cell volume.
They were encapsulated in 0.1M calcium chloride. These encapsulated cells into alginate beads were precultured
at 25 °C for 24 h in MC medium containing 0.3M sucrose and 0.2mg/l 2,4-D. and then osmoprotected with 2M
glycerol plus 0.4M sucrose at 25 °C for 30 min. They were dehydrated with PVS2 solution at 0 °C for 1h prior to
a plunge into liquid nitrogen. Blue bars (control) indicate the survival of cells without any treatments except
encapsulation.

Treated and control beads were incubated on MC medium containing 0.058M sucrose, 0.2 mg/l 2,4-D and 2.3 g/l
gellan gum at 25 °C for 24 h. Survival was determined using FDA staining and expressed as the percentage of
FDA positive cells of the total number of cells (over 400).

Material: carrot cultivar gosun. The bars represent standard error.
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Fig. VI-6 Effect of sucrose concentration of dilute solution on survival of encapsulated-vitrified carrot cells
cooled to -196 °C.

The mixture of 2% sodium alginate and 0.4M sucrose was added to fine cells (45-75 um in diameter) at a final
cell density of 20 pl/ml packed cell volume. They were encapsulated in 0.1M calcium chloride. These
encapsulated cells into alginate beads were precultured at 25 °C for 24 h in MC medium containing 0.3M sucrose
and 0.2mg/1 2,4-D and then osmoprotected with 2M glycerol plus 0.4M sucrose at 25 °C for 30 min. They were
dehydrated with PVS2 solution at 0 °C for 1h prior to a plunge into liquid nitrogen. After cryopreservation,
they were rewarmed in water bath at 38 °C for 1-2 min and washed by dilute solutions containing various
concentrations of sucrose twice each for 10 min before incubation. Control indicates survival of cells without
any treatments except encapsulation.

Treated and control beads were incubated on MC medium containing 0.058M sucrose, 0.2 mg/l 2,4-D and 2.3 g/t
gellan gum at 25 °C for 24 h. Survival was determined using FDA staining and expressed as the percentage of
FDA positive cells of the total number of cells (over 400).

Material: carrot cultivar gosun. The bars represent standard error.

Table VI-2 Effect of osmoprotection on survival of encapsulated-vitrified embryos at different stages of
carrot cooled to -196 °C.

Osmoprotectant Survival (%+ SE)

Globular Heart- Torpedo-
shaped shaped
None 52.8+ 6.7 70.5+ 13.8 59.3+ 3.0

0.4 M sucrose 39.4+ 3.1 446+ 95 69.5+ 3.9
0.4Msucrose+2Mglycerol 42.8+ 1.7 62.3+ 8.0 60.9+ 8.0

Cells under 100um in diameter were washed with 2,4-D free MC medium for 3 times and suspended in the
same medium. They were cultured at 25 °C for 10-14 days to induce embryos. Globular, heart-shaped and
torpedo-shaped embryos were selected and encapsulated. These encapsulated embryos were osmoprotected with 2
different solutions at 25 °C for 30 min. They were dehydrated with PVS2 solution at 25 °C for 1h prior to a
plunge into liquid nitrogen. Treated beads were incubated on MC medium containing 0.058M sucrose and 2.3
g/l gellan gum at 25 °C for 7 days. Survival was expressed as the percentage of embryos which grew normally of
the total number of embryos.

Material: carrot cultivar gosun. SE stands for standard error.
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Fig VI-7 Effect of exposure time to PVS2 solution at 25 °C on survival of encapsulated-vitrified carrot embryos
cooling to -196 °C.

Cells under 100um in diameter were washed with 2,4-D free MC medium for 3 times and suspended in the
same medium. They were cultured at 25 oC for 10-14 days to induce embryos. Globular, heart-shaped and
torpedo-shaped embryos were selected and encapsulated. These encapsulated heart-shaped and torpedo-shaped
embryos were osmoprotected with a mixture of 2M glycerol and 0.4M sucrose at 25 oC for 30 min. The
encapsulated globular embryos without osmoprotection and encapsulated and osmopotected heart-shaped and
torpedo-shaped embryos were dehydrated with PVS2 solution at 25 oC for 1h prior to a plunge into LN. Treated
beads were incubated on MC medium containing 0.058M sucrose and 2.3 g/l gellan gum at 25 oC for 7 days.

Survival was expressed as the percentage of embryos which grew normally of the total number of embryos.

Material: carrot cultivar gosun.

d : torpedo-shaped embryos

O : globular embryos
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Fig. VI-8 Direct shoot formation of carrot embryos
cryopreserved by encapsulation-vitrification.

a: Encapsulated and vitrified torpedo-shaped
embryos of carrot;

b, ¢: Shoot formation from heart-shaped embryos 7
days after incubation.

White bars in a,b indicate 1 ¢m, white bar in ¢

indicates S mm.
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Selecting fine cells

5-10 day after subculture
451075 um

‘Subculture

Every 14 days to MC medium
with 0.2 mg/l 2,4-D at 25 °C,
continuous light, 90 rpm

ecery gt h
MC medium with 0.2 mg/l 2,4-D

¢

Washing

1.2 M sucrose
2 times for 10 min

Rapid warming
at38°C : ' ?
Cryopreservation.

atleast1h
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Preculture of fine cells

1 day in MC medium with 0.3 M
sucrose and 0.2 mg/l 2,4-D at

25 0C, continuous light, 90 rpm

Suspending in beads solution
Fine cells in beads solution (2%
Na-Alginate, 0.4 M sucrose in MS
inorganic compornents without
CaCIZ) at PCV 20 p l/ml

v
;

Encapsulation and
Osmoprotection

30 min at 25 °C, MS
medium with 0.1M CaClp,

0.4M sucrose and 2M
Glycerol

Dehydration

1 h at 0 °C with
PVS2 solution

Fig.VI-9 Scheme of encapsulation-vitrification method for cryopreservation ot carrot cells.
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Selecting small cell clumps

Subculture 10 day after subcuiture
. under 100 um
Every 14 days to MC medium v
with 0.2 mg/1 2,4-D at 25 ©C, Washing and culture
continuous light, 90 rom 3 times with 2,4-D free MC medium

incubating 25 ©C, continuous light,
90 rpm in 2,4-D free MC medium

Recovery growth
MC medium without 2,4-D

Suspending in beads solution
Embryos in beads solution (2%
@ Na-Alginate, 0.4 M sucrose in

MS inorganic compornents
without CaClz)

@E Washing

1.2 M sucrose

2 times for 10 min

at 38 °C

Encapsuiation and Osmoprotection
30 min at 25 °C, MS medium

with 0.1M CaCliy, 0.4 M sucrose,

2 M Glycerol

Dehydfaﬁdn
1 h at 25 °C with
PVS2 solution

Cryopreservation
atleast 1 h

Fig.VI-10 Scheme of encapsulation-vitrification method for cryopreservation of carrot embryos.
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Table VII-1 Optimal conditions of encapsulation-vitrification method for all crops tested in this study.

Crop name Preconditioning Preculture Osmoprotection PVS2  No. of tested
(25°C) (0°C) cultivars
(cultivar)
Mint Cold hardening None 2M glycerol +0.4 M sucrose 3h 3
(Spearmint common) (4 °C, 2weeks) (60 min)
Potato None 0.3M sucrose 2M glycerol +0.6 M sucrose 3h 14
{(Danshakuimo) (23 °C, 16 h) (+PGRs)(90min)
Strawberry Cold hardening 0.088M sucrose 2M glycerol +0.4M sucrose 2h 6
(Kitaekubo) {4 °C, 2weeks) (23°C, 16 h) {60 min)
Chinese yam 0.3M sucrose None 2M glycerol +0.6M sucrose 4h 3
(Nagaimo, tokachi) (25 °C, 7-10 d) (+PGRs)(90 min)
Cassava None 0.3M sucrose 2M glycerol +0.6M sucrose 4h 2
(AMM22) (25°C, 16 h) (+PGRs)(60 min)
Carrot cells None 0.3 M sucrose 2M glycerol +0.4 M sucrose 1h 1
(Gosun) (25°C, 24h) (30 min)
Carrot embryos None None 2M glycerol +0.4 M sucrose 1h 1
(30 min) (25°C)

PGRs stands for plant growth regulators.
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Yv I AETCRHEOHMBREARATHTHST, 2 DD,
LSHOv a BEBELZEICEH L, LARMEE L
bk, BEBAWMEMSGAICENETNOXEEERICY
EREYREFAGTEHEEMZ 5 Z itk > TREBH K
fittEx @ 5 2 LR TE e, BERAMMEEZMSET S
B, EYRERTMEEMZ S EoFYMEE, Bl
fEECIHmET R, ZOEABEIRATCHLDL, F
o ARRAE L 22Ny DETEICB W T LS O =
PERELY FFHZ & ¢, KRRLABIGEDNDEIRD
L, BEMAKHERORELZ LT 12b08E,
BRLEORDYILARY 9B EBRRBINT,
FEEHOCEBEERBRFEOERICHVDL DI,
FEY—CAEFTORGHEHE KBEICHEHT LLEN
HY, TOEODRERTFIEOWRILDAARTEHD, K
RERLABICEVEERREL D LoiciE, bk
O JELC B VIR BB & 5 T & | R E R ICIERE
CRETAOXEEZEA LA TEA2LRY, RIFRET
IO LEXEZ REIEH LI 2D, ETHEBEOH
FEGOVEY . HLORHICHEZAALT, FREEE
THZ LIk O MBI 2R L, MBERTEELZGY
W5 HEFESBLHN., THNHLORFDRET D,
TOMEEFAL, BBBCIYBLORZREE
ADOEBRMEHCA W, Ny BITEAEFTHL D
LEiD»D 2 2OWHFEE/L LN TELEDOT, £ D
EREPDRICATI B TE T, LnbHEig®E,
BEINDTTAF v 7 vy — L THBUEEE (50

~100 Hi) TIFH 2 &Itk D, MEOKEIXEEBFD
ARF—=ThENRVB—ICHIZ D N TEZ(KI-2),
Fl, T LEEERICL T, KEOWHFEOT NG
ABEORIGLRMHERLBNT DN TE, HBWVE
EBREE/DL LN TEL, ZOHBERIT Ny DL
ARV vahlICbERATHZERNTEE,

ERICH N REEIEROL F I, No b S
a, Y/ AFEBHEHIEMTH DX v v PN,
HEEHEHZEATHLE, BERCHFE (B@VI-1) 8
EIRARAFE, 60~80% DR WEERRELHLZ &0
TEZ, ZOZEhE, BAHMEIEREERLTCHELR
TERWAROZETEL, BHEED LT LS, BIKE
BHFECHERBVCEERKHEELZE LWL L AR
LTCWD, = VU ERERThHL, BAKHHELTY
HIEBOEME OMEN S VCIRERKHEEL R L &
NH b, EEOSFEMBOMBEX, W—CT, BAKS
AL, MECZER, TOEZEACHEBEIEELT
WIRNWZ e EWERBHATIEEFES S L TED
THEHELEZOND, £, ZHITEYEE ST D
fEhxRL, BEMICEEESE . BFKl (Va1
A7 V1) TELEN. GVREBHATEL FTHE
HNEFS>TWDD, BEYWEEEREEOLDIITE
NI TH D,

BaFE BRI 25 L, PYS2HETHo ik &z
EEHIBEFEERRCEB IR, P72t B, TR
LU RHITRAERERNTLRE LIRECHREFESNRT
BY L PE~2ERRE LT ERERRE TR TR,
FBALFEBEBILRAFERDDOR o T, £, K
FERLHZOXTRIL, DEAROE < DM LA



52 I E LB ERBREWE F99 5
Scheme of successful cryopreservation by

encapsulation vitrification

Inducing dehydration tolerance to
PVS2 solution for meristems

1. Preconditioning

o | Dehydration with
-3 7 ‘ PVS2 solution

Cold hardening
4 0C, 2-3 weeks

2-4hat0°C

ucrose conditioning
7-10 day on medium with
0.3 M sucrose

Successful
cryopreservation

2. Preculture

Shoot tips on medium with 30
g/l or 0.3 M sucrose for 16 h

3. Osmoprotection

1. Rapid cooling

2. Rapid rewarmi
60-90 min. at 25 °C apic rewarming

MS medium with
o @ 0.4—0.6 M sucrose and
- 2 M Glycerol. #

(Plant growth regulators) ReCOVGry growth

Fig. VII-1 Scheme of cryopreservation by encapsulation-
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Summary

Cryopreservation of plant germplasm in liquid nitrogen
appears to be a logical choice for long-term storage of vegetatively
propagated crops with the minimum requirements for space and
maintenance. The purpose of this research is to establish a
practical protocol for the cryopreservation of vegetatively
propagated crops such as mint, potato, strawberry etc.

The proper protocols for cryopreservation recently developed
by  four  different  cryogenic  procedures, ie. the
encapsulation-vitrification method, the vitrification method, the
encapsulation-dehydration method and the simple freezing method,
were determined to evaluate the rate of shoot formation and
compared by using axillary shoot tips of mint (Mentha spicata L.),
which were mass-propagated by nodal segment culture.

The encapsulation-vitrification method, which showed the best
results with mint, was applied to germplasm of potato, strawberry,
Chinese yam and cassava. Genetic stability after cryopreservation
by this method was confirmed by the direct observation of growth
of cryopreserved shoot tips, and by comparing the growth rates of
cryopreserved and non treated control plants in the field
experiments and by using RAPD analysis of genomic DNA.

1. The rate of shoot formation of axillary shoot tips of mint
cryopreserved by encapsulation-vitrification method was the
highest rate among those of four cryogenic procedures. Because
the alginate gel capsule could protect the shoot tips from rapid
dehydration with PVS2 solution, cryopreserved shoot tips by the
encapsulation vitrification method produced higher rate of shoot
formation than that by the vitrification method. Because shoot
tips treated only with sucrose solution were not sufficiently tolerant
to dehydration, the rate of shoot formation of the shoot tips
cryopreserved by the encapsulation-dehydration method was lower
than that by the encapsulation-vitrification method. There were
no survived shoot tips showed after cryopreservation by the simple
freezing method.

2. The cryopreserved shoot tips of potato and strawberry by the
encapsulation vitrification method produced the higher rate of

shoot formation and the ready recovery growth than those of
cryopreserved by the encapsulation dehydration method.

3. The optimal conditions of each steps of the
encapsulation-vitrification method, such as the preconditioning, the
preculture, the osmoprotection and the period of dehydration with
PVS2 solution, for the shoot tips of mint, potato, strawberry,

Chinese yam and cassava were described in the table below. An
average rate of shoot formation of the 28 cultivars of five crops was
66.3%. The duration periods of cryopreservation, for one hr (all
crops), 6 month (Chinese yam), 1 year (potato and strawberry) and
2 years (strawberry), did not effect the rates of shoot formation.

4. The successfully cryopreserved shoot tips resumed the growth
just after rewarming and the shoot developed directly without
intermediary callus formation. No morphological abnormalities
were observed in the cryopreserved plants in the field.

Little differences were observed between cryopreserved and
non-treated control plants in their plant heights (potato, strawberry
and Chinese yam), tuber weights (potato) and fruits weight
(strawberry) and in their coefficients of variations. The results of
RAPD analysis using 200 primers did not detect any differences
between cryopreserved and non-treated plants of potato, Chinese
yam and cassava. Thus, it is clear that the genetic variations would
not occur in plant germplasm during cryopreservation by the
encapsulation-vitrification method.

5. Carrot cells and somatic embryos of every growth stages were
also successfully cryopreserved by the encapsulation-vitrification
method.

The newly developed encapsulation-vitrification method
proposed in this study appears a promising method for the
long-term storage of not only shoot tips of vegetatively propagated
crops but also cultured cells and somatic embryos.

Table: Optimal conditions of encapsulation-vitrification method for all crops tested in this study.

Crop name pvs2 No. of tested
(cultvar) Precondiioning Preculture (25:C) (C) cufivars
Mint Cold hardening None 2M glycerol + 3

(Speamint common) {4°C, 2weeks) 04 Msucrose 3h
(60 min)
Poteto 0.3M sucrose M + 14
{Danshakuimo) None (23C,16h) 0.6 M sucrose (+PGRs), (90min) 2h
Strawbenry Codhardening  0.088M sucrose M glycerol + 6
{Kitaekubo) {4C, 2wecks) (23C, 16h) 04M sucrose h
{60 min)
Chinese yam 0.3M sucrose None 2Mglycerol + 3
{Nagaimo, tokachi) (25°C.7-10d) 0.6M sucrose 4h
(#PGRs), (90 min)
Cassava None 0.3M sucrose Mglycerol + 2
(AMM22) (25C, 16h) 0.6M sucrose(+PGRs), (60 min) 4h
Carot cells None 0.3Msucrose 2M glycerol + 1
(Gosun) (25°C, 24h) 04Msucrose  (30min) th
Carotembryos None None 2M giycerol + 1h 1
04 M sucrose (30 min) (25°C)

PGRs stands for plant growth regulators.
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