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Studies on Cryopreservation of In Vitro-

grown Apical Meristems of Wasabi

(Wasabia japonica MaTsumura)
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Fig.1 Cryogenic strategies for survival of cultured cells and meristems cocled to -186°C. (Sakai, 1993)
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Z ENAARTH L (Sakai - Yoshida, 1967)
Dize, HN - A OFERAKEH L LT
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DRI ER D (Fig 1) (FdE, 1991).

1. BB BT AL (Slow-pre
freezing method)

2. EE—HUEROK 2 A5 (Simple

freezing method)

3. BElAK . #5 Ak Vitrification
me thod)

4., 8 a, P (Air drying method)

b, € Xk (Encapsulation-

dehydration method)
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) = VEOHREFMATH S CHHLE
L, #AEmEE 535, ko, -TCRHiEET
WHIL 72 & 22 Tl AR BE O I L HER & 4T
o TERH S, 2ohoXES N ERS %
HIEHE, FNT, TassAT7Y ——%
AWT-0.3~0.5 T/min?DEETYW->L Y&
AT FTHHTRE, FORBTHEADR
WARBERR) 2T ERT D EHTES,
ZAS Y, EEREFRPIC RS ET A LT
BRSPS & BT X 2 (EJF, 1987).
2. MEHREETE, R THEHEA DL
w LB RSO R - R EEE-30CH7 ) —
W IR L, FICH L BV, i
FREFIHEATL, C0BE, EEEOAR
BB AR L, ETESIEs R
CHEEHAK SN A (Sakai 5, 1991b ; Nishizawa
5, 1992).

3. WAk T, EESFERIAEI0TC
DIRIE % 7T ZERICRET 5 L TRERK

L, ERILE0THoEE, EEREDICE

WwH L TR CEEE TS A{LsE s
(Sakai %, 1990).

4.%@&Mé%mzﬁﬁmﬁwgﬂ&.f@,;ﬁ
Z, e e roE im%é“\i“éﬁiﬁéﬁi“

T, 77 Y M (Dereuddre &, 1990;
Fabre - Dereuddre, 1990; Shimonishi &,
1991; FHok - W, 1994) %% (Uragami &,
1990) TREBER M 2S5 LT YUY ANV E
Ty ) R F TR E L FETH S,

H9)—oid, EEEFTAFVBEOSVE—R
Bl # 0.8 M O 3 R L
WEE LT, Y- AHOEREETBOLRN LM
BABERKT ATV BY - XEBRETH
B, WENROHHETHEKRE 20~18% (FV) i
FE TR LR, BERESEREMIIANRTR
15,

INEOHFETHRBLTWLZ LI, FhE
NI & 0 Bk U th, WRER
ANDZETRMIGHENS, FOME, Mz
R A D KA P B AL A bR S, IR PN AT
AT B 720, H9AEBELTOBKRT T
AR E D, B, EEHHAEOREZ
OB KERY 2R ICHHT LA T
(—10C/minkl ) #N 5 1E-T0CLLT £ TES
ST A A, #-110C TR S E O BER T
HHHT A (glass solid) iR T L. 20
WERE G AT, AT AL (Vitrification) T 5.
ZOMEROBEL NI AEBEILEY, 20
BB S vy, LaL, ZoFs
ARBEDERE iR A8, F 7 AWMEBA Y L
6] 2 IR T HOWMRICZ o 721, #-70T
THS BRI E TN AR HE 2 HET 5
(Fahy %, 1984). L& L, ZOFRERETO
s, A7 A LR S BT 40 C iRk
AR A R o CHBTES, =
o OB, ML - AT s S
U Tamic gk L7z, M EP TaEmA
LCHIN - M%7 5 AME S5 2 L CaEC
LAafEELEHTEL, T LT, TALEFS
AR T ORI IR B 2 LT, Em
R IR LB,

GO MR T RBRTIRIE, B ERE RS I
B EOL, BlE T 0SS 87—
—EREES S M, 1987, 5512, coK
BCRIERRIE L ETHE, FBRTH LR
. .

ARSI T
R R S A
.;:"1980; Towill, 1984,



AR U YRR THORBILEREICE T AT 4

1988). + Z°C, ETHETIE, # 7 2{hik(Sakai
5, 1990; Yamada®, 1991}42 K& AiRER AT
Tk T VX EBRY — A2 (Dereuddre b,
199010 £ 2 G T, ERF LB OTTHFIZ
WAL Tar b EARZERPICRBGHIT 28 L
HEFEESN. S0 FEOREIIL -
T, BMIRREF S ooz, #L
B 7o (GEH, 1996).

T OB LA KBEEEEAd oW
TIREZLOMEITHH (W, 1986, MK,
1986, 1988; a4 - LA, 1987; Ad%, 1988;
LH - FA, 1992), = ORI & v TG
vy — R RESIE IR I L AN
2iToTWwWA, ZHIZE, WHAEEYT-Tw3
FHREFNOWBEBRT FREIY DL 2 8% { EH
MHERRES A LA RN RELR L, F42, &
DIERIEDO S VI REEFRLTW 2 ED
BHRE LG, WECROELRTL 0100 %
COFBEME - BRI L T LEXD
B, UHED L hREBEEMEY OB EERE
ke LT, BRERAE SR b E L2 B
B EShhTwa (3, 1996).

WHEDE A, THEHETICBTLBERERG
FifAd 5 8E (B - Sathiyamoothy, 1990)
& A A, U EEEOBERAEORIIEE
ERATHIMESE v, #2C, AFERT
B EEEETHY B THREL2 T O
TR W TS LA,

AL AR T 5 0h 0, #E R ERIE L
ARFAH IS oY R 28841 -
foo F Az, AR R R NEEAL S R g A,
F#d EHEEE- LS E oy L e s
o7,

REFFEDOBRITICH Y, AEERFEREHE
G TR R AARE & Y G R B S
RN LIRE, BUnTIHE, S 5KAERILOR
B % Mo 72, PR AR A I E I A
BAEMEBIEICR LT, 7, ERREREHE
E RS L, RIS AR I A T A
FafE T oMo B LTI 2R 1 R THW
yAR

BRRFEX AR, FREALC
ML, mEELF L, FR s,
i AEE N L, ERAEZEL, BIORSH

BEAGEIER L (BRI BRI R E), |
HIK 22 B s A I R 1 (B BAR IR B e ey
FEMRE), TERRRESDRSGZIURE S
+, BMOKER B BRI R L
FEREREIELICE, WEET L, BELDS
LR -,

S RIS BB R I T B AL (R
TEFENT B RS SR, RO
W&o, T, ERBENILEERK, &Y
LEERHE A A AT AR ISR L o -
1, EEhEEWD, 362, &2 THERTE
W BHEAMAEE, F2LARK, M8
NBERFRICEAECHS LM IETHE, $/-,
il [H BT {2 R R AR A T IR R Y T
FHHEAE & LTo 2EMIZE DI % TH
7-.

BB, RO, FEIFEEN,L 5y
R, BMOKEA SN T s 0V —EH
bR EEE [BETHOMLEOM L& 7
FEARIZ X BRIHMFET AR Y A7 A 0% 12
X BBhE R IERL 7s.

BIE MHEEARFRICMELATY
ERMEOEEEY

1 MHEOBEE
FEfoMEME L LT, 7Y ‘BRI E
Al LTHW: 5, o, Il
M- FARNZ)DELGIHEL T Fig. 2 T/RT
FMTIr o7, Thbb, YHBGEON T 2l
BENTHERTOMS §RBELLEEFie O
W x Avy, TEEO—-8% 7722 a9k
Wik, 0%y TR, 5610 aWNE
F 1 %R EEE M) Y AR TSRS
LTEMBEREIT -2, KiC, BEATS3 T
TWTEhLIEE T B Y v A F TR T v E S
T L' /2ZHR L Z-Murashige & SkoogEiil
(1962) (LA, 1/2 MSH I VT 5o
(BA) 0.1 mg/URINML, 0.2%%7 9 v H 4L THE
b L2 mA ARHAEE (HRLS m) lZEFR
L7

BERRESRIE, 20, 60umol m2 o1, 16BN
A& L, 35~40H MR TLEORE TR
BEiTo/2. 308 BRI, B0~



5] BIRIR R EXBIGHIEME 8325 (1999)

Axillary bud

7 - s =
IAAAAAAANAS AmrAn ] e

o — LR

\ / % / __ A )
Shoot regeneration

i T 2
——e =

Axillary bud

Fig.2 Procedure for mass propagation of wasabi shoots in vitro. (Yamada - Haruki 1992, modified)

//L\\

- B

Approx. 1.0 mm —— !

Fig.5 Longitudinal section of an excised apical
meristem of wasabi.
L: leaf, M: meristematic dome, LP: leafl
primordia. (A) upper and (B) lower ends of an
excised apical meristem.

Fig. 4 1In vitro-grown shoots of wasabi.
Developed shoots cultured on 1/2 MS medium
supplemented with 0.1 mg/¢ BA after 30 days
of culture.

50 micERELZ-T7HED Y 2 — 1+ (Fig.4) %
B, BRI ~ 3R THF OETLEH
MAEAEY lm, S3H1ImORS S ISR L
T(Fig.5), UTOXRHITICZE T S BEERS
FERIZAENL 72,

2 HBEBBREFEERICERLA 21— M2 S5DIE
WEEE C Rk
FNEFROFETHAESEHERGF LCETRIT,
A E R R UR OB RS IcE
s E, EROEMHTHI0HEIZELS ~10
m, BEF2HBEO Y — MIBELE. 2
nbDya— bIMREZRESEE0D, &6
2930 H B, LERiSfF TR L2, Balss
WmARE I oflcya— M, SVEY 71—
D172 MS ERE#ET0 m A 72200 mezs A
YOy 7T AICHBELT, #AEELFR—
SPET30~40BMBEELL. 79Iz o
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THEHIZHERTE, THLRREL - - 5hEY
ffid, N3 F 254 b ARLESEICHEL
TIAET0% T22°C, 60xmol m? s 128 H
E, BRTCITCOEFETHILE Sz, 798
BEWOMLIE RN ES T, BI3ETHNNS
T&E. MIAMOIEILAET Lz 7Hy UHE
HTARERICEL, BHELFELLRWE
S L T25~16°C TR U 7o,

BIE HZXMEFICEB 7Y EESE
EBOBRBRTE

Y OBERRAER, ME TR L)
WA FETATECOESNG., ZOFER,
EEE L HEHEFTH LTS ALEICRET
HI I, MBRRICHT T 2% H BHIEE
Bk S, WSRO kEBREL, B
ERPICAND Z ETRHEGH L TH S AL E
W5, H7ALETREECAERE LM
oG AHIERETERE L0 T TR K
TE, LPOFERGBRIVLEE Linwa &k
5, |, % OB TRIPIESE STy
A (FH, 1996). ZofHiEE, NEERHE
BVEDEHET, BERDOY 2 P BREL BN
TENREREMTH L, FIT, UG VRE
EHT VT, 9 A LHEC £ 2 BERAFE
D E LR G % #8RT L 72,

b. Loading

a. Preculture

' t
Selidified 1/2 M5 medium

incleding 0.3 M sucrose
for 16 hr at 20°C

1.8 ml eryotube
for 20 min az 25°C
(2M glyceral + 0.4 M sucrose)

g. Plating

o e

Fresh medium Solidified 1/2 MS medium

Table 1 Compenents of PYSZ solution.

Glycerol 30% (w/v)
Ethylene Glycol 15% (w/v}
DMSO 15% (wAv)
Sucrose 0.4 M
Dissolved in MS liquid medium (pH 5.8)
(Sakai et al., 1990)
1. EBAE

1) #HZMEEOREFIE
THEEELEICBY AF I A{bER

Fig.6 CRT LR T OOFNEFH 5.

(@) 0.3 MO a iR E11/2 M S BT

D20C, 60pmol m2s-1O 3 AET,

#1605 O FTES 2 (P B9 72 K BF o

)

ZMZ )R 0.4 MY a EORESHT

25°C, 203 Mou— 54 ¥ 7 WE (B

TEDH 5

(c) PVS2iic & 525CE 7212 0 CTOEB A

(FER ORFT)

MAEBERTCORENH F7 21k, 1

R DL 1R A

40 CHLA T O ZuEMIE (R A 24k)

1.2 MV a B X 28200 ok -

FTR(Tva—F g vy W7 A4 OR

F & BRI X A S dE o [EHE)

(g) FEs#E

(b)

(&)

(e)
(f)

¢. Dehydration

d. Rapid Cocling

A

i
g

Cooling rate
{280°C/min)

-
z

fer 10 min at, 25 -196°C

1. Unioading %‘&

N
t;‘\' &
& a. Rapu:i Warmzng

Warniing rate
(300C/min)

Fig. 6 Procedure for vitrification of wasabi meristems.
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PV S 2iEid, Sakaisd (1990) o 9 2 (b
% w7z (Table 1). PV S 23124 5Bk
i, L8 wErZr 744 F 2 — 7 CIMROETE
AN, FUZ 18 O PVS2#ENT
Tofz, & 1A, FHEFLP VS 2938,
ATE DR B BRI L 72, F0%, FILWPV
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/min). BFMEE, 794 FF2—7%40C
D7k = F = NATEHEAN T - 72 (F i
BE #9250 /min). 2RiZ, BAO.1 mg/f& 3%
vEaEEREDL/2 MSEEEICEETER
L, WBHEOERMETEEL, BEAHLEIE
WLz kb, Ya— FEEEE, BRE2H
BICFERE LYy a— M EERLAZEEY, UL
REBOENRTELL. KEHEED, 1K10
EHASHL, 3~4BELL.

2) WIESEEGOEE

BRI B 2@ Y s fRErHL 03
Az, 172 MSEBEMIIRRZBED Y 3
walinl, 77 Ak THREREE IS
L72EED Y 2 — FEREZ IR LA, &8,
ARFERCIE, 2MZURY 0.4 MY o #Ei
TR —74 VUL, PVS 2 fMHEME
0C, 50 E L7z,

3) A—TF« » TEEOHKE
RLEDHO—T A Y IHEHNT, Fhoogh
Erthi L. FRAL-O—F7 1 ¥ 7
Table 3T/RT EBY, 0.4 MY s, 1M
UL 404 MY aliE, 2MZ k)

Table 2 Effects of preculturing and loading on the
shoot formation of wasabl apical meristems
cooled to -196C by vitrification.

Period of preculture Loading Shoot formation
day) (% + S.E.)

10.0 1.4
73.3 .
61.2
100
26.1 7
40.0 7

Apical meristems following preculturing and loading
were dehydrated with PVSZ for 10 min at 25%C and
immersed in LNe. Preculturing: 0.3 M sucrose at 20T ;
loading: a mixture of 2 M glycerol and 0.4 M sucrose
for 20 min at 25°C. Material : Shimane No.3.
Approximately 10 meristems were tested for four
replicates.

Q2L bt bt |
+ 1+ A+
i HHH
P bobs
-3

Y404 My afig, 2MZ7UE) Vi, L5
M #J%)r+1.56 M DMSO+0.4 M ¥
o JERE, 40, 50, 60% PV S 20 S DR
T, FRFRDY 2~ PBRELZ L.
B, MEEOYaBREEX 03 M L, P
VS 2 oM g&M43425C, 1040 & L.

4) H7 Z4birdigEt

ETEH0.3 M3 2 BEHLC20°C, 16BFM DR
HERUY2MZ) ) 40,4 MY a #5% T
25C, 208 Mon—F1 v 7mE Lk,
Table 4 IR§ 7 FifEDO 7 A{bH T, 257,
107 B ORI & B ARMM L 7, 20, &
LiliiksE P cadumi L, wEsEERT

Table 3 Effect of loading treatment on the shoot
formation of wasabi meristems cocled to
~196C by vitrification.

Shoot formation(%£S.E.)

Loading solution

0.4 ¥ suc! 20.0% ¢

0.4 ¥ suc +1.0 M gly? 40.0% 5.8
0.4 M suc +2.0 M gly 86.3% 3.2
0.4 Msuc +3.0 M gly §93.3% 3.3
0.4 M suc +4.0 M gly 86.74 3.3
2.0 M gly 46.7+ 8.8
40% PVS2# 50.0k11.5
50% PYS2 80.0% 5.8
60% PY52 33.3414.5

0.4 Msuc +1.5 M gly +1.5 MDMS0  80.0%& 5.8

Precultured meristems with 0.3 M sucrose for 16 hr
were loaded with wvarious seolutions for 20 min at
25°C before being dehydrated with PVS2 solution for
10 min at 25T prior to a plunge inte LN..

Shoot formation (%): percent of meristems that
produced normal shoots 21 days after reculture.
Material: Shimane No.3. Approximately 10 meristems
were tested for four replicates.

U sucrose, ¢ glycerol, 3 40% of the stock PVSZ
solition.

Tabhle 4 Effect of vitrification solufion of wasabi
meristems cooled to -196°C by vitrification.

Shoct formation (%+S.E.}

Vitrification solution

0.4 M sue!
+H40% gly* + 20% EG 76.7 £ 3.3
0% gly  + 15% BC 30,0 £10.0
+35% gly + 20% EG 53.3 = 3.3
+20% gly + 40% EG 76.7 £ 6.7
+35% gly + 15% EG + 5% DMSO 50.0 = 5.8
+30% ely + 15% EG + 15% DMSO (PVS2) 92.5 £ 2.5

40% suc + 40% gly {FVS3) 30,0 =0

Precul tured meristems with 0.3 M sucrose for 16 hr
were loaded with 2 M glycercl plus 0.4 M sucrose for
20 min at 25°C before being dehydrated with various
vitrification solutions for 10 min at 25C prior to a
plunge into LN

Shoot formaticn (%) . percent of meristems that pro-
duced normal shoots 21 days after reculture.

Material : Shimane No.3. Approximately 10 meristems
were tested for four replicates.

' sucrose, ? glycerol (w/v%), *ethylene glycol (w/v%)
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Fig. 7 Effect of preculture by different concentra-

tions of sucrose on the shoot formation of
apical meristems cocled to -196°C by vitri-
fication.
Apical meristems were precultured on
selidified 1/72 MS medium supplemented with
varicus concentrations of sucrose for 16-20
hr at 20T, then loaded with a mixture of 2
M glycerol and 0.4 M sucrose before
dehydration with PVS2 at 0C for 50 min.
Sufficiently dehydrated meristems were
plunged into LN.. Material: Shimane HNo.3.
Approximately 10 meristems were fested for
four replicates. The vertical bars represent
standard error.
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Fig.8 Effect of exposure time to PVS2 at 0 or 25T
on the shoot formation of apical meristems of
wasabi cooled to -196°C by vitrification.
Apical meristems were precultured on solid-
ified 1/2 MS medium supplemented with 0.3 M
sucrose for 16-24 hr at 20, then loaded
with a mixture of 2 M glycerol plus 0.4 M
sucrose for 20 amin at 20°C before dehydration
with PVS2. Material: Shimane No.3.
Approximately 10 meristems were tested for
four replicates. The vertical bars represent
standard error.
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Fig.9 Apical meristems cooled to -196°C by vitrifi-
cation 3 days after reculture.
Material: Shimane No.3. Bar = 2 mm.

i ‘E%-——;

Fig.10 Shoots developed from apical meristems
cooled to —196C by vitrification 21 days
after reculture.

Material: Shimane No.3. Bar = 10mm.

Fig.11 A plantlet developed from an apical meristem
cooled to -196°C by vitrification 60 days
after reculture.

Material: Shimane No.3. Bar = 10mm.

Table 5 Shoot formation Qf vitrified apiqal meristems
from four cultivars of wasabi cooled to

_196C.
© Cultivar ~ Shoot formation
% x 5.E)
Shimane No.3 92:2 & 1.7
Twami 78.5 + 2.9
Sanbe 81.8 + 2.7
Rakan No. 2 84.9 + 2.

Precultured meristems with 0.3 M sucrose for 16 hr
were loaded with 2 M glycerol plus 0.4 M sucrose for
20 min at 25C before being dehydrated with PVS2 for
50 min at 0C prior to a plunge into LN2. Shoot
formation (%): percent of meristems that produced
normal shoots 21 days after reculture.

Approximately 10 meristems were tested for four rep-
licates.

#5325 (1999)

Table 6 Effect of glycerol concentration in combina-—
tion with 0.3 M sucrose on the shoot
formation of wasabi meristems cooled to
-196C by vitrification.

Glycerol conc. (M) Shoot formation

(%=S.E.)
0 55.0%5.0
0.1 65. 02£6.5
0.3 76.7£6.7
0.5 88.3£4.8
1.0 82.56%7.5

Apical meristems were precultured on solidified 1/2 MS
medium supplemented with 0.3 M sucrose plus various
concentrations of glycerol for 16 hr at 20°C, then
dehydrated with PVS2 for 10 min at 25°C without
loading treatment. Sufficiently dehydrated meristems
were plunged into LN:.  Shoot formation (%) : percent
of meristems that produced normal shoots 21 days after
reculture.

Material : Shimane No.3. Approximately 10 meristems
were tested for four replicates.

Tahle 7 Effect of sucrose concentration in combina—
ion with 0.5 M glycerol on the preculturing
of wasabi meristems cooled to -196°C by
vitrification.

Shoot formation (%£S.E.)

glycerol concentration (M)

Sucrose conc. (M) 0 0.5
0 3.3+ 3.3 10.0£ 5.8
0.1 20.0£11.5 26.7t 8.8
0.3 50.0+ 5.8 82.01 4.8
0.5 3383+ 3.3 46.7x£12.0

Apical meristems were precultured on solidified 1/2 M5
medium supplemented with various concentrations of
sucrose and glycerol for 16 hr at 20°C, then dehy-
drated with PVS2 for 10 min at 25°C without loading
treatment. Sufficiently dehydrated meristems were
plunged into LN:. Shoot formation (%) : percent of
meristems that produced normal shools 21 days after
recul ture. Material ! Shimane No.3.  Approximately 10
meristems were tested for three or four replicates.

Table 8 Effect of different cryoprotectants in com-
bination with 0.3 M sucrose on the shoot
formation of wasabi meristems cooled to
-196°C by vitrification.

Shoot formation (%=+S.E.)

Preculture time (hr)
4 16

Cryoprotectants

0.3 M suc + 0.5 M EG 3:3438.3 23.3+14.5

0.3 M suc + 0.5 M DMSO 26.7+3.3 56.7+ 8.8

0.3 M suc + 0.5 M gly 30.0+5.8 80.0+ 5.8

0.3 Msuc + 0.5 M gly 33.3+3.3 56.7t18.6
+ 0.5 M DMSO

Apical meristems were precultured on solidified 1/2 MS
medium supplemented with 0.3 M sucrose plus cryo-
protectants for 16 hr at 20T, then dehydrated with
PVS2 for 10 min at 25C without loading treatment.
Sufficiently dehydrated meristems were plunged into LN..
Shoot formation (%) : percent of meristems that
produced normal shoots 21 days after reculture.
Material :Shimane No.3. Approximately 10 meristems were
tested for three or four replicates.

4 v PR T Y 2 — MEHEI60~70% T
Holh, INL2OOWNEEHT S &
100% & 7% o 7= (Table 2).

RIS, THEERDY 7 ALHIZ BT 5 BIE
BRSBTS 50— 71 VoM 247
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Table 9 Effects of preculturing and loading treat-
ment on the shcoot formation of wasabi
meristems cooled to -195C by vitrifica—

tion.
Precul ture Loading treatment  Shoot formation
(%+5.E.}
0.3 M suc - 61.2+£2.7
0.3 M suc + 0.5 M gly — 85.0£2.9
0.3 M suc + 97.5+0.4
0.3 Msuc + 0.5 M gly + 83.3+3.3

Precultured meristems were loaded with a mixture of
2 M glycercl plus 9.4 ¥ sucrese for 20 min at 25°C
and treated with PVS2 for 10 min at 25C prior to a
plunge into LN:. Material; ecv. Shimane No.3.
Approximately 10 meristems were tested for three or
four replicates.

420

380

Cencentration (x mol g}

SuGrose Fructose Gluzose Glyoarot

Fig.12 Sugar and glycerol contents of meristems pre—

cultured with 0.3 M sucrose ([1), a mixture of
0.3 M sucrose plus 0.5 M glycerol (@) for 16
hr at 207C. (¥): non—precultured.

Sugar and glycerol concentrations were ex-

pressed with a fresh weight basis. Material:
Shimane No.3. The vertical bars represent
satndard error.

1000

600

400}

Censentration (g mel/g)

200}

Fructose Glucase Gfycaraf

Fig.13 Sugar and glycercl contents of meristems

precultured with 0.3 M sucrose {(), a
mixture of 0.3 M sucrose plus 0.5 M glycercl
(@) for 18 hr at 20C. )t nonprecui-
tured.
Sugar and glycerol concentrations were
expressed with a dry weight basis. Material:
Shimane No.3. The wvertical bars represent
standard error.
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Fig.15 Encapsulated wasabi meristems into alginate-
gel beads. Bar = 10 mm.

' ;-,ggﬂﬁﬁﬁje

Fig.16 Method of dehydration of alginate-gel beads.

Fig.17 Encapsulated meristems into alginate-gel
beads after dehydration.
Bar = 10 mm
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Fig.18 Effect of water content on shoot formation of

alginate-coated meristems cooled to -1967C.

Apical meristems precultured on solidified 1/2

M3 medium supplemented with 0.3 M sucrose for

16 hr at 20°C were encapsulated into alginate— .
beads and then treated with 0.8 M sucrose . '~

solution for 16 hr at 20C before dehydration:
Material:. Shimane:No:3:: Approximately::10
. meristems were tested for four repiicates: LN
- means:, treated: control:without:cool ing: ta: LN

“The: vertical:bars réprese tandard ‘errok

20T, #16WRETEE Lz, Table 10T
T LA, mhE VY 2 — PR (68%) i,
0.3 MY aiRETRIKE L -EETHLN
7o L, 0.5 MELE®D 3 = g s TR B2
L72XETHO Y 2- PEFSEIMET L, U
Mg THITE L Az

R, X OEE T O H16EEE O RT
MBI BT A v s R #0.6, 0.8, 1.0 MT

Vitoz— MR (H6R%) L, 0.8 M a T

Table 10 Effect of preculture on shoot formation of
encapsulated dried meristems cooled to

-1967C.
Conc. of sucrose Shoot formation
{% & S.E.)
Non-treated 0
0.3 M 67.7 £ 10.7
0.5 M 46,6 £ 18.5
0.7 M 12,5 + 3.5

Precultured meristems were encapsuiated with
alginate gel heads with 0.4 M sucrose, then treated
with .8 M sucrose for 16 hr at 20T before dehydra—
tion and cocling to -196°C. Shoot formation (%) :

percent of meristems that produced normal shoots 21
days after reculture. Material: Shimane No.3

Approximately 10 meristems were tested for four
replicates.

Tahle 11 Effect of sucrose ireatment on shoot for-
mation of encapsuiated dried meristems
cooled to -196T.

Conc. of sucrose Shoot formation
% + S.E.)
Non-treated 0
0.6 M 17.5 = 3.5
0.8 4 68.3 £ 10.4
1.0 M 25.0 £ 7.1

Precultured meristems were encapsulated with
alginate gel beads with 0.4 M sucrose, then treated
with various concentration of sucrose for 16 hr at
20C before dehydration and cooling to -196%.
Shoot formation {%): percent of meristems that
produced normal shoots 21 days after reculture.
Material: Shimane No.3. Approximately 10 meristems
were tested for four replicates.

Table 12. Shoot formation of four cultivars of wasabi
cooled to -196C by encapsulation/dehydration.

Cultivars 000 o
L (% + 5.5.)

. Shimane No:3 67.1 £ 8.9
“Daijin Noi2 . 755 + 8.7
azums: 75.0 = 5.0
62.5 = 7.5

LS were encapsulated with
ads with 0.4 ¥ sucrose, then treated
derosefor 16 hr at 20T before
e Shoot formation
"LlStems that produced normal
51¥retulture. Approximately 10
d-Tor four replicates.
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Fig.19 Three days after reculture of the encapsulated
dried meristems cooled to -1967C.
Apical meristems precultured on solidified 1/2
MS medium supplemented with 0.3 M sucrose for
16 hr at 20°C were encapsulated into alginate-
beads and then treated with 0.8 M sucrose
solution for 16 hr at 20C before dehydration.
Material: Shimane No. 3. Bar = 5 mm.

Wl
W

Fig.20 Developed shoots 21 days after reculture of
encapsulated dried meristems cooled to -1967C.
Apical meristems precultured on solidified 1/2
MS medium supplemented with 0.3 M sucrose for
16 hr at 20T were encapsulated into alginate-
beads and then treated with 0.8 M sucrose
solution for 16 hr at 20°C before dehydration.
Material: Shimane No.3. Bar = 5 mm.

Fig.21 A plantlet regeneration from alginate-coated
dried meristems cooled to -196C.
Apical meristems precultured on solidified
1/2 MS medium supplemented with 0.3 M
sucrose for 16 hr at 20 were encapsulated
into alginate-beads and treated with 0.8 M

sucrose solution for 16 hr at 20T hefore
dehydration. Material: Shimane No.3. Bar =
20 mm.
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Table 13 Effect of glycerol concentration in combi-
nation with 0.8 M sucrose on the shoot
formation of wasabi meristems cooled to
-196%C by encapsulation/dehydration.

Sucrose Glycerol Shoot formation
M 0

% + S.E.)
0.8 0 64.9 & 7.9
0.8 0.5 65.2 = 2.9
0.8 1.0 79.1 = 4.8
0.8 1.5 74.1 = 6.8
0 1.0 0

Precultured meristems were encapsulated with
alginate gel beads with 0.4 M sucrose, then treated
with sucrose plus various concentrations of glycerol
for 16 hr at 207 before dehydration and cocling to
-186C. Shoot formation (%{: percent of meristems
that produced normal shoots 21 days after reculture.
Material: Shimane No.3. Approximately 10 meristems
were tested for four replicates.

150

g
B —— PAM*
a
- Tz
§ P .
0. 50 -
mmm e
B
L=
'E Warming: 3CAnin
L N S 1
-120 -8 -40 Q

Temperature (C)

Flg 22 Differential scanning calorimetry (DSC)
record warming process of the encapsulated
dried alginate-heads with or without
meristems and the meristems picked out from
the beads of wasabi cooled to -130T
{cooling rate: 5 /min).

Beads containing meristems were treated
with 0.8 ¥ sucrose for 18 hr at 20°C, and
then dried to 18%(F¥) on silica gel prior
to a plunge into LNz.

These dried beads with (BsM) or without (B)
meristems, and the meristems (M} which were
picked out from the beads were warmed at 3
C/min. Tg: glass transition tempera-ture.
Material: Shimane No.3.

EVE F-X - A5EFEICLZT.

HEEROBEERRTF

BRT AR, WS, Y XL,
FAE VY — ZEAREOD 4 O BILRARE
HEOS b, BE, EHOBERRFCEDE &

hoFHEE, 17 ALERDTVF VBE—X
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F e
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R ™
)
0. 50
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R S
(s s M
5
:E .
l s Warming: 3C/min
&=
T A
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Fig.23 DSC record warming process of the encapsula-

ted dried alginate-beads with or without
meristems and the meristems picked out from
the beads of wasabi cooled to -130C
{cooling rate : 5C/min).
Beads containing meristems were treated with
0.8 ¥ sucrose plus 1 M glycercl for 16 hr at
20T, and then dried to 18%(FW) on silica
gel prier to a plunge into IN». These dried
beads with (B4) cor without (B} meristems,
and the meristems (M) which were picked cut
from the beads were warmed at 3C/min. Tg:
glass transition temperature. Material:
Shimane No. 3.
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b. Encapsulation
&
Loading 3% Na-alginate
+2M glyeerol ¢. Dehydration
+0.4 M sucrose

a. Preculture

Solidified 1/2 MS medium
including 0.3 M sucrose
for 16 hr at 20C

+ 2M glycerol
+0.4 M sucrose

f. Unloading e. Rapid Warming

g. Plating

O G

LN Cooling rate
(280°C/min)

= |
Solidified 1/2 MS medium 40°C water

Warming rate
(300 C/min)

Fig. 24. Procedure for encapsulation/vitrification of wasabli meristems

(b) ¥—A@Lu—7 1 > 7RI (2M7)
1 X 40.4 M a8, 257C, 300M) (L
KT PO 5)
(e) PV S 212 X BEEFAK (M ADORRZE)
(d) MEEFTICZRTE FHIEE #280C
/min) (77 246), 1 WMLl EGRAE
(e) 40CHhiAKH TEENMIR (FREE ;| $9300
C/min) (77 21E)
(f) 1.2 M 2 &I £ 2305 HOMMR - Bhis
(T YR=T 4 T T AMEEDIRE L 2 i:'ig. 25 Encapsulated apical meristems into alginate-
BRI kA IEEO M) (t:?i;(‘d é);@d:s 5orflmconlaining a loading solu-
(o) HH

¥ — XD, KOFMETio7. 7,
T AMEETHBE DB -0 —F 1 > 7 (2
MZ U+l 0.4 MY a fEOREH) &Rt
IV hEBEGL/2 MSEEEL3%T
NWERT BT AEBREER L7z RIS, 2
Dz 1w OEFZFRRL, F5sr oML
HLCGEFANZCORICIEOEREE Y -+

AOTARY SHAKER

v MTANRH, 1/2 MSE#HE O —F 1 » e v gen

THWDO A -7z 100 aMIEAL A L 277 A8 E WESCSET

TLTEHEMN3Sm?D ¥ — 2 % fEk L 7z Fig.26 Encapsulated meristems were dehydrated with
) . . e . a 50 m# PVS2 solution at 0T in a 100 w¢

(Fig.25). E—XiZ, 100 waED ¥ — % —T20 beaker at 100 rpm on a rotary shaker.

o ’ 2 B: a 100 ml beaker, P: PV52 solution, M:
~30r Mo EE ey 823, 50 wo PV encapsulated meristems, 1. crashed ice, R: a

veabnarr ehalaaoe
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Table 14 Effect of loading solution on shoot forma-
tion of encapsulated vitrified meristems
cooled to -196C.

Loading solution Shoot formation

(30 min) (% +S.E.)
2Megly + 0.4 Msuc 96.7 = 2.9
2MEGC + 0.4 M suc Th:0 = 5.0
2MEG + 0.4 M suc (15 min) 0
1.5 MEG + 0.4 M suc 0.0 =10.0
0.4 M suc 15,0 == 5.0
Non-treated 0

gly, glycerol; EG, ethylene glycol; suc, sucrose;
Precultured meristems on solidified 1/2 M5 medium
supplemented with 0.3 M sucrose were encapsulated in
alginate-gel beads with each loading solution.
These encapsulated meristems were dehvdrated with
PVS2 solution for 100 min at 0C prior to a plunge
into LN:. Shoot formation (%): percent of meristems
that produced normal shoots 21 days after reculture.
Materials: Shimane No.3. Approximately 10 meristems
were tested for each of four replicates.

190 T.C.(-LN) 100
wouea, R el

Qa0

T.C. (-LN)
o0 .,

s,

80
LN

60

40

Shoot formation(%)

20

[} 30 60 ] 50 100 150 208
Time(nin) Time(min)

Fig.27 Effect of exposure time to PV52 at 25C or 0

C on the shoot formation of encapsulated
vitrified apical meristems of wasabli cooled
to -196C. -
Apical meristems were precultured on
solidified 1/2 MS medium supplemented with
0.3 M sucrose for 16 hr at 20°C, and then
encapsulated and loaded with a mixture of 2
M glycerol plus 0.4 M sucrose for 30 min at
20C before dehydration with PVS2. Material:
Shimane No.3. -LN means treated control
without cooling to LN. Approximately 10
meristems were tested for four replicates.
The vertical bars represent standard error.

Table 15 Effect of vitrification solution on shoot
formation of encapsulated vitrified
meristems cooled to -196°C.

Vitrification solution Shoot formation

(%=+ S.E.)

PVS2 93.3 £ 5.8
PVS3! (50% gly +50% suc)gw/v%) 93.3 = 5.8
PVS32(40% gly +40% suc) (w/v%h) 97.5 + 2.5
60% EG +60% suc (w/v%h) 0

50% EG +50% suc (W/V%g 61.7 £31.8
40% EG +40% suc (w/v% 80.0 +16.3
40% EG +15% sorbitol +5.5% BSA® (w/w%) 53.3 £15.3
50% PG +0.4M suc (w/v%) 0

12: PYS3 (Nishizawa et al., 1993),

3: Langis and Steponkus solution (1991).

Precultured meristems on solidified 1/2 MS medium
supplemented with 0.3 M sucrose were encapsulated in
alginate-gel beads with a mixture of 2 M glycerol
and 0.4 M sucrose for 30 min and then dehydrated
with each vitrification solution for 100 min at 0C
prior to a plunge into LNe. Shoot formation (%):
percent of meristems that produced normal shoots 21
days after reculture. Approximately 10 meristems
were tested for each of four replicates.

53275 (1999)

Fig.28 Encapsulated vitrified meristems cooled to
-196°C 3 days after reculture.
Material: Shimane No.3. Bar = 5 mm.

Fig.29 Shoot formation from encapsulated vitrified
meristem cooled to -196°C 21 days after
recul ture.

Material: Shimane No.3. Bar = 5 mm.

Table 16 Shoot formation of four cultivars of
wasabi meristems cooled to -196C by
encapsulation/vitrification.

Cultivars Shoot formation
(% + S.E.)
Shimane No. 3 93.3 = 5.8
Mazuma 93.3 = 5.8
Sanbe 86.7 £ 5.8
Daijin No.2 93.3 £ 5.8

Precultured meristems on solidified 1/2 MS medium
supplemented with 0.3 M sucrose were encapsulated in
alginate-gel beads with a mixture of 2 M glycerol
and 0.4 M sucrose for 30 min and then dehvdrated
with PVS2 solution for 100 min at 0C prior to a
plunge into LN.. Shoot formation (%): percent of
meristems that produced normal shoots 21 days after
reculture. Approximately 10 meristems were tested
for each of four replicates.

S2iilcEEMz, 25CTO~T04F, 0CT
0 ~1500MRERK L. B, ¥—ZXDA
> ¥ —H—I%, 100 rpn® fE[AHE & 5 K3
FlIcEE, 200%ICH LWP VS 2 & 25 L
7-. 0 CTHMETLEEIZ, Fig. 260k -
29y aTA R ANTERLIRE DS
LiciEE, E—XEPVS 2D Ao7-¥—%
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—WKXTVIFTELE L TRLFORBIZARNR
7o, RIZ, L8 mBOD 7 T A& T oSk
BOIWHOLE—XEHLWP VS 2H40.7 mt
A, BHREFRCHBLHHEE B
280C/min). AEINRIE, 7944 F2—7%
LCTOT 5 — & — N AEBEANLTT - 72 (F
A D 250T/min). KIZ, EHIEE, BA
0.1mg/ 2 & 3%afEr&del/2 MS BB
HICER L, BROFEGTEZEL, BHH LY
B oA L 2o, B, Yo MRS, @&
RHB2IHBICIEE v a— P E2RKL-XE
T, HWERHoGaEcklLl. b, £F
B d, 1XI0EEZ A, 3 ~4REEEL:.

2) PV S 2BOMNIEEMDEST
0.3 MY aBCHiREE L2, 2MZ7 Y &)
eG4 MY 2 BEORGHTHT 055 My —
T 7ML R, PV S 2§TBTTO~
7098, F/20TTO~1500MoRERK
BATV, R AL [ & ke Lz

2.8 H

Table 14|23 L9, HE LA 5 EHOO
=4 YT TE2MZ Y 0.4 MY =
WORSHTRELBE VY 2 — MR (96%) %
AL Lanl, ZUEedroffbicnd L
YO VTR L AEE, Ya— MEEER
BT5% T L, $720.4 MY a0 s Tk
5% & E6 vy o — MEEEERLZ. L
oz Eds, V=X - H5AETE, U
TA ST A LEORE LR, 2M
) k0.4 MY a QRSO T —F 4
Y TRBFE VY 2 FREEEE R S &5
Bkl ot

Kiz, ¥—=X - H5 LB BT H2BCTES
Z0CTHP VS 2 O RFEATER K 2 E L
7z, 25°C G304, 0TTIR 80~1305 Mo
PV S 2 CHME L -EETIE, 90%LED
a— MEREIER S (Fig 27).

V=2 5 240 B b LA 5 AR
IR L 7oRE S, 00% L B Y o — NIERERIE,
PVS2WMMAEUPVS 3# (Nishizawab,
1994) T L - ETECH#H b7z {Table 15).
L, TFL 7 )a—LarfgRrdaH5

AL 7)) EERET LT T AL
By a— MERESEL, LabZFofEo
BEWPRE o,

V2 - 2B E— XDk E X
(EfESmE 3m) & &2 — FEBEOMRICD
WTHRE L7, PO, bmOV— X P
S AL L -ETHE, -196Tic ey HEDY 2 — b
TEEREIHEE% T, ZE3mDY —X0Es
Dy a— FEBEERI90%) kD L 25% TR
Ko7z (7 FEBE). &8, SmdY¥—XAiF
AR R EE, 40CE CORBRICEY—
A DHE S HIERE L7,

ol TR L, BASEZIOmEE, AR
L7-ZETHIE, 79 AbEoBRE& L AT
HIEBCBRIOBTHRELTHRELTV
(Fig.28). Zhbid, ANAEEETLIER
CEEDSEEY 2 — PERE L (Fig. 29).
FD%, RNVELT)—D1/2 MSETEREHIZ
i, TEASETOYa— FRIRLCE
ERAEWEC Y, S S RER LT /.
F 7, FA LRI B A RN R i R
Shied oz,

AR RIS D720, AEBRTHWE
‘B3 E PAic TBEFE OCCIAN K2
B AT, bl O E RIS T T AL
Bz L 5 BERETZITo7. Fho0ia—
MEBSERGHEIC LG TOREAD LN
DD, WTRBNREHETH -7 (Table 16).
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ME Tk L9, BERRTE A
EWZX DWW oo fERIZar o b ds, Bk
Wi 2 53 5 HE L AT EOBWIC L
B¢ 5 02— PREEICENTLLEEZD
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HETHAERTHA L -ETHOBERR, 15

ROV TRE B T2 NS L

THELE,

1. REAHZE

1) 4FBHEOEL 3 BEKBREFEADLSE
BERIERREFEE, 2 EONRH L TIT- 72,

(V)HFF ALk a—F4 »ZRE(2MZ) &

) +0.4 MY 3R, 25°C, 204 MALEE),

Fixation
For 16 hratr.t.
Tixative: 3% Glutaraldehyde solution

Washing

3-4 times for 1 hr, respectively.
1/15 M Phosphate buffer (pH 7.2)

Dehydration
50,60,70,80,80,100% Et-OH for 10 min, respectively.

Infiltration
For 10 hr at r.t.
Infiltration solution:
HISTRESIN™ Embedding Kit, Jung, Germany

Embedding
FOR2hratr.t.
Embedding medium:

HISTRESIN™ Embedding Kit, Jung, Germany
Y
Sectioning
2-3 u sections were cut on digposable steel knives by

a microtome.
¥

Collection

Float on distilled water at r.t. Collect onto clean
glass slides. Dry on a hot plate.

3

Staining
l By 0.1% Toluidine Blue.

Histological Observation
By using a light microscope

Fig.30 Procedure for histological observation of
meristems.

BRI RERBESTEHE 5325 (1999)

PVS 2 (25°C, 1045 fuLz).

(2) 7 V¥ VB Y — WS RN
(0.8 M3 a HHET20°C, 168FMME), ¥ —-X
DERE #19% (FW).

(3) B B ¥ — Xzl | wim e 5 (1 M2
) IO 0.8 M3 2 BB T20°C, 16 KRR
), ¥—XDEKRE #22% (FV)

(DH¥—A - F5 AP PVS 2iHEM0AE
(0T, 100%3-fHMLEE),

Fig.31 Shoot developed from a meristem cooled to
-196°C by vitrification .
1 day (A), 7 days (B), 14 days (C) and 21
days (D) after reculturing, respectively.
Bars indicate 2 mm in A and B, 5 mm in C and

Table 17 Shoot formation, shoot length and time used for dehydration of wasabi meristems cooled to -196°C by

four different cryogenic protocols.

Cryogenic protocol

Shoot formation

Shoot length Time used for

(%+S.E.) (mm) dehydration (min)
Vitrification! 975 =% 1.0 10.6 + 4.0 10 at 25C
Encapsulation/Dehydration? 67.1 + 8.9 6.3 £ 3.6 420 at r25"C
Revised Encapsulation/Dehydration2* 79.1 + 4.8 9.0 £ 2.6 420 at 25C
Encapsulation/Vitrification? 96.7 == 2.9 12:2 34 3.6 100 at 0C

I: Precultured meristems were loaded with 2 M glycerol plus 0.4 M sucrose for 20 min at 25°C, and then dehydrated

with PVS2 before cooling in LNa.

*: Precul tured meristems were encapsulated with alginate gel beads, and then treated with 0.8 M sucrose or plus 1
M glycerol® at 20C for 16 hr before dehydration and cooling to -196°C.

Shoot formation (%): percent of meristems that produced normal shoots

Material: Shimane No. 3.

21 days after reculture.
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Fig.32 Longitudinal section of wasabi meristems cooled to —196°C by vitrification. ) )
Impediately after thawing (A7, 2 days (B}, 4 days (C) and 6 days () after reculturing, respectively.
M. meristematic dome, LP. leaf primordium, L: regenerated leaf. Bar = 0.5 mm.
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Fig.33 Longitudinal section (0.1 mm) through the
meristematic dome of vitrified (A) and
encapsulated dried meristem (B) 1 day of
reculture stained with fluorecein diacetate
and phenosafranine.

M: meristematic dome area. LP: leaf primo-
dium. D: dead cells area. Bar = 0.2 mm.

Widholm(1972) @ Fi:ic#E LT, 0.1% 7 V3 L
+A4 I TFE7T—= b EFDA)RY 0.1% 7 =/
772 (PS)ICE) 2EAEREAEL, ES
#0. 1 omOHEMTED F % FERL L C S OEIREE T8l
B/ B, FDATISEMERENZ L &
MR X, P S TIIIEMEII A
BENSL, T, EHOBEMABOBEIZ2W
TOMBOEE, #EUE, FERUTTLNT
— b OfEREE, Fig.30 TRTHETITo 7.

2.4 R

1) 4ABHEORL 2 BERREFED LS

#HT 2 bk, TUF rBY— Xk, R
Ve ZERER Y — X - 7 Ao 4 &84

DHETHEERRITHH L EHD Y 2— ME

B2, Table 17 W3 X912, 77 AbiE
EE—X - 7 AEETHIT% L k572D IZHF
L, ¥— X Tidi67% & 30% 13 iR o
2. LaL, 1MZUtY) A F&ML7A0.8 MY
SFET T L -0 B Y — AR CIE Sy 2 —
MEREFI2%E B, #79%I2k o7, F

Fig. 34. Shoot developed from a meristem cooled to
-196°C by encapsulation/dehydration.
1 day (A), 7 days (B), 14 days (C) and 21
days (D) after reculturing, respectively.
Arrow: A, B; meristem. C, D; shoot
formation. Bar = 5 mm.

7z, ERTEE (BRI OWTIE, #F A
LD 107 ERb L, RATL0THED ¥
—X K9 MUET, TLFVEE—AERE
24200 E RO EDP -2, — T, BRLAY
22— FOEFE, AEEORGEEDH L, T
b E—X - 7 ALEPFRE TR R
{, ROTHRY - Xk, 7LF>
WY — AR BT A AEBIRLEEBTH-
7z, Zhiz2owTid, B2 oEEHRTH
W EERT b R ER D bz (IRAR b,
1996).

2) ETBONFIEMEC & 5 RPN

H 7 AEEIC & ) SR TR L ETH
IZ2oWT, £ OFAREE ERFNICBR LS
BH% Fig 3USRL7:. FEE,S 1 HBOE
HiR, BERARSEIRETERLTEY, &
hlca—MEREzRGLZ. 3612, £H
b0y 2~ F OFHME & T ORI CH
BLALIA, HVAREET A L% L

BEEY - FEEERLTWAZ LWL

bl o72(Fig.32). /-, HEE1IHBROEE
#FDAEPSTHEL, ZOMKTIRE %8
SHfMEECEHE L& ZA MW E D AEENRD
L, EHEDIZTEEPEFL TWEZ L0
a7z (Fig.33). —h, HREBINLHHE
M T TH o7
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Fig. 35 Longitudinal section of wasabl meristems cooled to -196% by encapsulation/dehvdration.
Immediately after thawing (A}, 2 days (B), 4 days {0} and 6 days (D) after reculturing, respectively.
M: meristematic dome. LP: leaf primordium, L regenerated leaf. Bar = 0.5 um.

TF Y — AERETIE, Fig. 34 Tn s T D AREEATELD 578, Fhlsto
T L, BEENS 1 DETEEBORELTI L gfﬁﬁﬁﬁ%rhﬁ%ﬁwwsﬁt (R
Wtitm ;@b LS OO R (Fig.33).

Teiro i, , EEETHBTHEELE

ﬁ@%@ﬁ,maﬁﬁzﬁw%ﬁ%®@§ﬁﬁ EVIZE £ %=
ENTzOATH o7z, EEOHRYIF OBRE

4, FEEAE4 AT T .gﬁgﬁm@cAa 1 BEYOBRERFORECHE
Rohd, s HETERZOATF AL IHILH MYyOEEHETRAERRECEELEE
L/ (Fig35). F/2, TOia— FEEBE Y S m e ORI L Nag - Street(l?)?S)’C‘
DEEETL, Ya— FPEANAREHRTLIL HAH, ELHIE, MASREEISH L2

%, F—abho@EERML TwAE I &R Y OREAR A SR EFRSE & 71‘,
TE EHOEFHMNE, EEHF-L84T FEIEOMEREE T, Seibert (1976) 254 —
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- a YTHOTHRIIL, FD0&, 45,
KA, Ly FoE, £ OB THRES
7z (3, 1996). LaL, 20EOMEEN
BRI LY, HHERGHBEOEE F— 240
Rl g =% % T, RO oE S5 o 724083
FHELTHANAZEEL, #2450 REIC
TEFEBEEK ST S I LAH  Haskins -
Kartha (1980) & UfTowi 11 (1984142 & » THifk &
Wiz, $hbb, FHELHMBIETA VA ZED
LTCwa Z b BaMERORAET LR
A S Nz, Fold, TRhPE, EEOB
LBETFEOMEITIT L A LTS hi. F0k,
1990442 Sakai &4 5 A4{biE%x, [F4EIC
Dereuddre & 457 v & ¥ BR V- ARk & 53k
Lz, Juay s 57 W —SnEh Tk s
femd U B e U\ I e OEL HEDORE
ik, EEOBRRFEFEORIFAIE L <Y
ML 7= GEFE, 1996). Z b6 O iEO LTI,
A SR L D -5~ —-40C OB WEE TREE
BT TEHERAKTAOTE L, ERETAE
0 CTHIEAN O A O RS *IxE L 71%,
FNHDOREISERRFER ARSI T
Ko AERDIETHL, JRICLY, ETH
F—LOREGOMBIEEEZ TRV,
HWARERTA L EEPOEREY 2 —
MR SID, Uiz o T, HEskoBtibs
FETHE LML L L, 77 A{ikR
U7 VPR — X geih A L 2o il iR

{Vitrification)

BOTERORET DB s
5.
HREERETEHEF A ST L D0,
A2 RO BB EITIC B - B fkre
BIPaifs % M4 2 = & ETH 5 (Sakai -
Yoshida, 1967). # @7z, LA SR
ANCHIER O#EE R T T B CREFD
5 {Sakai, 1993). ZoEAkFEE, I Ak
ERUFOUBRETHDLE X« 5 AET
IZHER RO SRR 7 AL L L AR
EHAT, TAFVERY - AR TR
§ % ¥ — AN OFERORME A D BaEBAKI X
% (Fig.36). Lo L, #hFhokiicdml
TWad I &k, M- Milme 47 AL LELK
SEREFTEREE 0 TTHALTH WK
EETHHTHISE S, TRCL YV EEB LT
LB AL, ORE, FEEHE
RN 2 EBTE 2 2 0MiE % £ 3¢5
ZEDREE L, FLT, FROM - M
2H T AGHE(PVS 2 TI3H-115C) LT
DEWEIREDZ ETENL DT T AR Mk

CTEL, b, WARERESFOBBET T A

i L 7zfifa o AL F R LA SEIL LT
Wa kShna (I, 1991). LizdTo T, #
(KIRARAE TR OB FAY, BEHEI R
AR E BB, TeElil BRI ORI
WEer % hEEZ LTV,

Preculture Loading Dehydration

vypvse [ LN2

_bmm®g_+&mMm_{ Plant
regenaration
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{Encapsulation/Vitrification)

Encapsulation _!
| Leoading

{Encapsulation/Dehydration)
i Encapsulation Pretreatment Air .
: by sucrose drying LNZ

f: '_3'6._:_'Cijy6geflic procedures for wasabi meristems cocled to -196°C
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Yamada® (1991)4%, PV S 2% fva7z o
AL X AR IR SR HB T
bEHF— AMERICEESITL A SFEST,
HNWAEHEHT LI LR (EEISERY 2 —
FAERTAIEEHLMIL ZOHER
AT, WMOFETATIE, 37 b (Towill s,
1990), A2 T— 35— (Yamada®, 1991), 1) >
TR Niino®, 1992a), & 7 (Niino -
Sakai, 1992), 7 As%% # X (Kohnmura®,
1992), %2 (B3, 1992), 74 F (Kohmura®,
1994), F v {Kuranuki - Sakai, 1995), ==
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Summary

In order to establish an efficient and reliable cryopreservation technique for in vitro-
grown apical meristems of wasabi (Wasabia japonica Marsumura) cooled to -196°C, optimum
treatment conditions for 4 different protocols; Vitrification, Encapsulation/dehydration,
revised Encapsulation/dehydration and Encapsulation/vitrification were investigated and
compared. '

1. The optimum conditions for vitrification of in vitro-grown apical meristems of wasabi
cooled to —196°C were investigated. Preculturing with 0.3 M sucrose for 16 hr at 20°C
combined with a loading treatment of 2 M giycerol plus 0.4 M sucrose for 20 min at 25
was extremely effective in increasing the rate of shoot formation (>90%) after being
immersed to LNz. Preculturing with 0.3 M sucrose plus 0.5 M glycerol without loading

treatment increased the rate of shoot formation to approximately 80%.

2. The former method of encapsulation/dehydration for wasabi meristems produced only
about 65% of shoot formation after being immersed into LN.. However, in this study, the
shoot formation was about 15% increased {to 80%) by providing a treatment containing a
mixture of 0.8 M sucrose plus 1 M glycercl for 16 hr at 20°C before dehydration. It was
suggested that the presence of glycerol and sucrose increased the dehydration tolerance

of wasabl meristems,

3. An encapsulation/vitrification method, that is modified vitrification' technique using
encapsulated meristems, was developed. This method provides. two: advantageous First, the
difficulty in switching between mixtures for: eachy treatment phase is virtually
eliminated. Second, this method is extremely effectlve for hand"ng for smaller explants

such as cells suspension and hairy:roots.
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4. The rate of sheootl formation after being immersed into LN:, time required for
dehydration, and recovery speed of regenerated plants among vitrification, encapsula-
tion/dehydration and encapsulation/vitrification were compared. Observations indicated
that vitrification and encapsulation/vitrification methods were superiar to
encapsulation/dehydration in all three areas.

5. The growing processes of wasabl meristems cryopreserved by vitrification and
encapsulation/dehydration was compared by FDA/PS staining and histological observation.
It was observed that shoots formed directly from meristems without intermediarv callus
formation. Nearly the entire area of meristems cryopreserved by vitrification were
revived and eventually produced a high rate of sheot formation. However, the revel of
shoot formation of the encapsulation/dehydration method was about 309% lower than that
of the vitrification method. This is due to the fact that only the meristematic dome
revived.

Therefare, the lower rate of shoot formation of encapsulation/dehydration may he due to
the small size of the revived area after immersion into LN:. '
Vitrification, encapsulation/vitrification and the revised encapsulatio/dehydration
developed in this study were successfully applied techniques for the cryopreservation of
wasabi, iily and statice.




