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74 ¥ (Fasabia japonica NATSUMURA) &, 77 5 + %8 (Cruciferae) IZIRT %Ik
OEBREBHEET, BPETRAMISILBEEICESFHOMMOERICHE > THELT
W5, ZOAEFIR, DEROZVIERELERETS, £EHERER 8~I18CTREHOREN
18°CLL FIc 2 L BHBEPLRARPEM T S72%, HHPORERBEINCUTICTROLE
BHB. —RIZTFEELERINZ LOIRBRIVEEMTI Y ED 2EEADHLH, TOKX
MK LOBNTH->T, MHENICRAETHS. LHL, TORERRECRELD,
RIFERZENES> TS,

THEDERKIZ, TUADLS LiEERETIHEREOIS LEHTHY, 7HE
2TDEALIOMMNAE T Ik - THEHR (nyrosinase) OFEMICKDMBENIZSH S
o UIMECHER (sinigrin) KRB TERIN S ONE 1981 . 79 ER, RE
WEHBRADRELEL AN CEES 1995 , L UTHRESMA L, HELH
TA%E0FERELTHERBITERSZIEDTEROWEETHS. £z, E7FELLT
BmlHEOLIEN TS0, AP OERVCERT7YEERTELUTHHEZN, PO %
ERELTHMEIATWS., o1, EAEELELTONEL DD, TORERMITE-T
Ja—<F, HREOHALHELTHO NS,

THEOERAERIEY, #H, BRTHO, EENIZOPILHMIISI L HED
BEMENL TS, RIVEORBEHEEFTICHLL, SOICEEREBDRAVICHIE
BAEL. L7ah-T, THEHN, FHEVNTEIGR TS, BHOTHAMLGENEE
25, LhL, BERBKEZORKCIZ VY EHOBREDE, /2, AN, WEK,
EHBFOTHFESRKKHILLZMBEOBMARE, HH50E7 A NVAKRICEILINERT &5
AEANERAMEL TS

TYHEDOMAEER, K MATICIIEXBREMRUOELEKMTITON T L. HKal)

Hl, VANVAREPBAFEOHA L EERENERLL T, HERLEL. i,



EEEWTIEGHRENEN EICEXAREOSBIME LS. 22T, Rk
HEAFB UBBEIEAINS LD ITH - TE (3 1986, MAS 1986, 1988, A4 -
1A 1987, K¥% 1988, UM - HA 1992) . ZOHETIIR, HEEIMBD TH O EIT, £
WHERBICIDIANVZAT Y — L RAFICTRETHS. LK -T, EERRKOT T EORE
RN o— oINS, EERHORTOIEPSHEFMOBEMERD I
ERMFETES.

X, 7HERTEICLAMBINBTRRIITOATOADN -, EF, KEFHEOH
FREH SN, 1996410 K28, BEZE O2FENFILKEREDSmER
Baxhic., THhoGHEEREHRIITIT) kdITid, B2 BREEZFEOLOFEEM D
BETHE. BREEMOBREFEELT, BTRELREARRELISS. 055, BT
TORENRBELRDSBENREEELTEHE M STbOATELY, ZOEEEHEZRNIK
BEICEZAZ-DICR, T2 BEMCEEXEE I EBRTRELS. LrL, 24D
KEWRBNZ I THA LI, RBEHBOHYBEESINATORLIONIFLALT
HL1, HTITOREOBRERIBOTRHBTHS. 51X, 7¥9E, 7Y, TA4NLFT
4R, =AY Y%ED recalcitrant FFERE N2 MrEEHE I, BEOHETRRE
T&M (PA & Sathiyamoorthy 1990, =4+ 1993a,b,1994) . L7ch-T, TH5ODH
B ERBEATREINSD, ThRBEASREICLSRE, BREWNET ToORE
LHRE, RUHBEBIILIREOIBMAOHENEZAONS.

BB HRHEIC LD RER, BEREEZRIIEPOZOEABOAMTHTELTOIHIETH
. UlehoT, BETESHEBIIBRODPSZLEYTERBEEOREPKKEFOHRK
ETEEIEB L, BELHRZEENERTIRREEICF > TS,

BEHETTORER, =730l BEENAINCEENORIFARBERETE
WHEREIZLDTANZATY) —THFINT S, MEOREKREBESXDEL. ULy
L, hifl, TOHHIZAIEIERBTLOEAD, REMPEIREZINS.

BHBIC, MBERCLIBEBEARGETHEY, EFONATFI7HEICIOVBARZ LS
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HEHEL, FEALFORY TEHERRADIHIALINTVS. Lich-T, BEANTREL
TS HNEMELFEIS LTI Y, #ETHIE0TES. CHhEBRETOREFELR
C<BEHHET CHFINGD, REVEIHEEICHNHKRENEETHLLHREX
R=ZAPHBICNIK R I ENRERA) v FTHB. LT, 137K
KETIREIZA IS ZTNRIGEUTELI BRI EDSERANBREERE LI, 2L OXRE
REBEEORZOFETHREIN TS, LIL, THAIRBERNSEMEHRNALXRT
HLIHZTNICETH I OGB|ETEDT L. 51T, REFEPICERLIEFIEALE, L8E
EVRBRIBTOEDERD, X5, REAR-ARKGRINHS. T, #HRABEEIEHIC
bled s, a7 ITHBBENSLZIETTREEHNERORERAEGERTEACNS.

ZIT, BFE, MYOREMBOHREEHN-I50CUTORETREHRETAIBEERE

(cryopreservation) WEHINT &, ZOHER, RENENIBDT/NIVLILDHEX
R=ZMEPRFICETIRBEORBOTREELD, I SICEKET TRAMENIEHRNZ
EAEBEIET A RETOARY, BEMEANR/NNRICWZ 50 5 (EH 1992).

M OME - BT HRAERBETAEFEIRSZCHINE, BEAZREE~OEEHH T
KR AHIEMTMRAEEER TSI ENARGTRTHS (Sakai & Yoshida 1967) .
ZDY, Ml HEZ S S UDBEKETHBALTES ZENLETHS.

BARRRAEERZTORKGEICED, RO4DITKEIEN S GEH 1991 .

OuiAE Bk - 8B T fis BiA5 % (Slow-prefreezing method)

@@ FE-HAEBK : 5 HE % (Sinple freezing method)

@BRBEMBK : HF 4L (Vitrification method)

@ . a, ¥4 (Air drying method)

b, ¥ — X# ik (Encapsulation-dehydration method)

IhSDORFEDEFEMEF, Fig. 1-1 TR,

OBAEFMASEL, £9, XH, fSER, A2, BBEARSE (UT, XE%S) 27

Yy, VAFINANEKRFYF (DMSO), = F UL 7Ya— )VEOHEBFHEFTH S
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MPUHABL, BEMUEZMSTS. DXL, -TCHETHSHIREDOEBITHIKEIT -
THBEIE, HIRAEKEERIIES. 0T, 70773470 —F—2HHT 0.3~
0.5C/minDEETW - D EAVCETHANTSE, TOBBRTHMINOHEL K (HHK)
ZHAICBARTEIENTES. Zhitd), REZRPICAEDA TSI &L THIAWYE
MR EEZOHTES GEHHE 1987).
QG HEEEZ, TR THEVHF TLRBINIMIE - HOFEKE-0COT Y —HF —
(KM WEEBL, TJICH]1IEEBOL %R, BEERICBATS. 04, #Mik-
AR DOF RSB ZEIL, MR- AR HRASE CEERKIN S (Sakal 5
1991b, Nishizawa & 1992) .
@ﬁ-’jxkiﬂi, XHEXZRENCBOCORBERHT T AMBITBRET S Z ETRERK
U, Z2RERIFOCHoEE, REERTIEIASHAUTHRREVCEREZN S 2LxE 3
(Sakai & 1990) .
OEBERIISIC2HBICSY O, HBEZOTIRALIEIHHBRER, 77V VM
(Dereuddre & 1990, Febre & Dereuddre 1990, Shimonishi & 1991, sk - th)il 1994)
P (Uragani & 1990) TEBEMEEMFS L TLS Y Y AFNVERIB I Y — R U FTE
BEXEBLHEE, ) DEMABETIVF UBOSLVE -G L, 08 M oL &
BERICRELUACBRICRTZ LT, E-XHOMBEZSORISHBERERKTZTILF
YBE-ZXEBRENRSDL. TN OLFIETOSEKE 20~18% (F¥) BEZ THRKLZE,
BHRERICEATS.
CNoDHETHBLTWE I LR, ThThoRMIZK ) +aRKE, BEEZRICA
BBHINBEIEICE-T, MIERPCHMIMIBNESZERLTHS AT 20, HI&
BRTICKBHA®ROEFTES. ik, #1524 (Vitrification) &, HMM P CHENHA
AOBRBHEDOEOKERIZSEICHHTZE (10°C/ninl k) , -TICUTETERIC
BWEAL, # -LI0CTIRKBEDH T R (glass solid) ITHERTS. JOREEHS

ZAEBEEZT, COMHEBEBIZBLTRKBEIERIALL. UL, ZoFS242H5E

_4_



THH, FSREBETHSHOBEIZE >E, # -T0CTH I XALBEPICETEN S K
NEMEZME S 5 (Fahy & 1984) . U2 L, FESETOHEBEREIT S X% 40°CoOHEKY
TREICEHA I EICL-THETES. ZWoDBEKEBREETIE, MR- HiZ2 T
Tk Urctk, MARERFITHDL TR - 8275 ALXETEFSE, 206
) -I50CUTOH I REBELUTOREICHELT, RENTREZEZLS.

BER DB E T kS L QT IREVHEME TR D, 20 L, GBS0/ SLT7 ) —
Y- pEETSH (BH 1987) . ISHWXHTE, TOHETHBREREEITHNT S &
HNZALL, IR ZBET LI ENZ 0D, BLHEREZLEUCPTOVEEND
-7z (Haskins & Kartha 1980, Towill 1984,1988) . %I T, XHTI, # 7 ALk
@ﬂﬂé;W%,hmwéawM)K&é@ﬁ%*itﬁ?wﬁy%E—fﬁﬁ&(%~
reuddre 5 1990) XX 2% T, FREFALRZOCTHAIBMAKLTHhSBRER P ICEHE
BHTIZHLOFEPRHIEINIL. T LT, ThoDHEOHREICK - T, BERREX
NIEYOHIBEHAFEMICELCHML 2.
THEOMMBMERICL A REHMEMICODOTEEZOMENHD (i 1986, #MAS
1986, 1988, #A& - AR 1987, KK 1988, WM - FAK 1992) , ZoHMmEHOTHEEtE
v —PREMCETEMMBERICIIFEMMEZIT > TS, ZhiTR, EAZThOEM
WHET A7V EDONME - RV LBERLLHEERBREILZTHDOHIEL, ZhoExX
RIELZIENRCENHMFRIFET LI IENIARTXRENLS. o, LOBHMMED &V
mEEBER LTSI EDERENLY, GEUBRDORELRTSDICLE{OEERME
WETLILENSHD. BEDEIAH, BEERFENINSOHMZEZEKRT 2 DIZK G H
LicBHIRFILEEBAONS. BIEDOEZ A, THERBFILB I I2BERREICHT 5 H
A (P & Sathiyamoothy 1990) & dH 528, 73 EDXHOBIKERE ORI HIEE N
THMENE R0,

ZIT, AMMRTR IV EERZELIAOTHENLBE 7Y EOBKBREEICODVTH

AU, TOME, WRULEDY 2 - FMERENIBONLIH I AMLIEPEHERETIVF VB



E—ZXIBE UTHS ZALBETHKTAE -4 T 262 L. HE, SRARE
BIERINKHDEIZE - L0 0B BBEHELTOLE I EEREN, £/, LEHR
EDEHLRDDORBEERTHS _RIRHWOEFERUVPCRICEBEDNALVXRILTOHED

R, BEMNERORLEBRD SN T.
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+0.4M sucrose dehydration [’ 1
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,.. OO —b \',\ Thawing
G O D ity !
26°C 10 min —30°C 1 hr : Vitrify :
3 : i Slow
- COMPLETE Highly concentrated ; | Ranid
VITRIFICATION with PVS2 i | Ropi
ONE-STEP 25°Cor0°C | ! @
:> \:\~ Warming
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Cells : Vitrify :
¢ 2M glyceral Dehydration | 1
+0.4M sucrose i ! i
TWO-STEP p with PVS2 : | Rapxd
1
.w —**— p— o D
11 v - Warmin
Cells 26°C 10 min 0°C, 10-15 min | Vitrily \ arming
4. AIRDRYING or 25°C, 3-5 min
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@ &
“A

Drying

water content
dependent

Encapsulation
0.56M sucrose

Y
Y
A@&l
Y
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16hr

|
|
|
[
[
{
|
: Survival:
1
|
I
|
|
1

Fig.1-1. Cryogenic strategies for survival of cultured cells and

meristems cooled to -196°C. (Sakai 1993)

A: alive; K; killed.



B2E MBREIRERICERLUICT Y EMEMEOAEE R

D# O HHE AL

ANFROERMEBELT, VHE ‘BHR3T Z2FELTHOK. £79, HBOEFHL
&, WE - FK (1992) OBMEICHELT Fig 21 KFTFIETIT-%. $4b5, YRR
BOAIARMENTEHERTO/RI DA UiEX (Fig. 2-2) OlFERL, LX0 %
fFH e REFZ 2Kk, 0% 28 /) —)VTIRME, XSICENER 1 YORMIEER T
MY DLBETIAMBELUCERREEZ T -7, RIZ, BEKT3IETTOTHOKEFS
WRAYTLEWHBRT Ve L%1/2ICHR U/ Nurashige & Skoogigihh (1962)(LITF
I/AMS)ZR YD T 37 FY > (BA) 0.1 mg/LEM L, 0.2% Gellan gunTHEAL L7
B AN CEBRE (8L o) ISEK Uk, B#EFHE, 20°C, 60unol n ?s™!, 16K
HEEL, 35~40HMBTLEOREMTHINERE1T- 7. 300 M ORMLRE, Bk
~50mmICEE LIV ED a2 — b (Fig. 2-3) 6, BERE1 ~3KEMYLEHFOXE
HEBZEZRH 1mm, BIH1mOKxIIHFHB LT (Fig.2-4) , UTOXRHEIZE TS
BRRAFLAEICHA L.
DBEREREHRICERLUI.Y 2 — Mo OWMMEFA &AL

ENTNOHETHREZRRFULCEXHEIEREAGBMICBRT S &, LROEHETH
OABITEL S ~10 mn, BENZ2HEEO Y2 — MIEAELL. Zho0ya—MRHE
ZREXEZ 2D, IOICH0EM, M4 TRAEELL, BEXH 20 mi2EIE-
feva—bMiE, KUVEVTZY—-DI/IMSEREH#Z T0 n1 Ahiz 200 0l XY roy
T7IRAAICHBMLT, MRERBEFA-FEHETIH~0AMBERL. 7HERIOLETE
BICRRTE, TAUIRBICR TOMPERBAN—IF2 70 PEANKCEBHAICHZ T
22°C, @RET0%, 60umol m *s ' OI2BMAELHT TR/ SE. 74 EHBEHOIEL
BURNEL T, FIELTHIEETER. PIOBHEDIRLEILRT LcHEHEHRH S AR

FARBEEIN, EFAAPYELSR K IERL T2H~15CTHE L .

_8_
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Fig.2-2. Flower stalks of wasabi with axillary buds.



Fig.2-3. In vitro-grown shoots of wasabi.

Developed shoots cultured on 1/2MS medium supplemented
with 0.1 mg/l BA after 30 days of culture.

- 11 -



i« Approx. 1.0 mm ——>!

Fig.2-4. Longitudinal section of an excised apical meristem of wasabi.
L: leaf, M: meristematic dome, LP: leaf primordia.

(A) upper and (B) lower ends of an excised apical meristem.

- 12 -



HWSE HI2EINLBTVYERBEHOBKARSE

BYOBEREEEE, #HATEXLIIICHKFETIBRECAHEINS. JOHE
13, ZASEHEHEATHLIH T RMBICBET S EICLD, MBRICH S 2LlZE
HAREEBXYE, AFCHROBELEKEREL, BEAERTICAEFALTH I AL
3. AT AMLETRERCAEREDO S MM S B 5 EHRERRE 2B 0CTHKIC
BATE, ULOhOBHRABEANELLBLIENS, ik, £ DEMTEIIFINHE
XHhTE., TOHFER, LBEMNECRENERT, REROY 2 - MEEERLRL
CENKIUBETHE. ZIT, VHEEBEXEEAVT, 47 RMLEICX 5 BEIER

RO BB A AR L1,

1. EBFG &
1) HF 2O RIEFIR
THERBEHEICEITZ AT 2LikiE, Fig 3-1 RKATLIKRD T OOFIHI 5K 5.

(a) 0.3 MO U ¢ A4 1/2MSEREMTD20°C, 60umol n’s 'O 8KHMHEHET, ¥
16 M ORI E (THEBTBRKTEDHS)

() 2MZ Yty E 0.4 MU BEORAIHET25C, 200D —F 4 > 70 (ki
o5

(¢) PVS 2#iIck525CERIZOCTORERK (HREEKDEE)

(d) BWEBEBRF~NDORESRH (FFR1L)

(e) 40°CiR/KkTOREMEB (BA 5 M)

&iLzML;%%K&%%~%%%@%@-%%(77n—¥4y7;ﬁ5xmm®%
* E BB ERIC X 55 E D)

(g) HE#

_13_



i, RS ME 20°C, 60umol m %s™!, S EFRIRBEITI6HR, o—F 4 /OB
95°CT205 M, PV S 2MOMIEEIL 0°CEi325°C Tl BT »7c. Fiz, TV
O—F 4 V70225 CT202R4T-72. PV S 2#iE, Sakai s (1990004 5 XMLk % H
c\}: (Table 3-1) . PV S 2#ick BMABREE, 1.8 nlES T4 F 2—TKIED
XHEAN, THiT L8 nlOPVS 2HAEMA TiT-7c. &% 10, BFEEZBICKEL,
PR OERIB KM L. 20%, HrLWPVS 2% 1nlicEHEZRE L TEHEREKERTD
AL, AEEH U GEHERE : #4280°C/nin) . 2FMER, /75344 Fa—T%
0CDYT =& —NZICHBEANTIT - (FREE : $250°C/nin). 2T, EXHE,
BA 0.1mg/1&£3% Ladzadl/2MSHEEEMBICERL, BEORHTEEL, BH
B UCEHIC B U, 55, Ya— MBS, BREIBRICEESTY 2 — b EEK
LzXE%, AOKEHOFHARTE UL, £ERIZ, 1X0XHZEMEHAL, 3~40K

'L

2) Bk &M OB

MR HIARBL L MEELYOMITEH, [/IMSEHEZEICRZIZBEDL
cHAERML, 75 AMCETHREEZREECANINLERD Y 2 — MEREN LB S Q
. fib, KEBRTE, 2MZUw)LE 0.4 MUsBETO—F 4 Y /RBL, PVS

2B EHIZ0C, 0FME L.

D o—TFT 1 v r%BOKE

BRRB0—F4 vJHERCT, ThoOoHRE®BR L. EHLLD—T 1 VBRI
Table 3-3 T4 &HH, 0.4 ML K : 1, 2M Z7Y+Y > + 0.4 M LB ;
2MZY Y ;1.5 M 7YYy + 0.4 M Laet + 5% DMSO#® ; 60, 50, 40
%YPVS 2D 8EBOBKT, Th¥ThDya— MEREBEZLERL. 4k, WHERO

LatimEE 0.3 M &L, PVS2HKOMEEHIE2C, 102E& L.

_14_



4) /5 XD E

Table 3-4 IR 7THEDA S AMLBEERAL, ZTHOoORICHEBEERS o —F 1+ V74
BHOEHEA5°C, 0AMAELLE, BREZERPICBHL, ThEhoYa— MEKE
AU, 5k, MEBEL L HEEERZ 0.3 M, o—FT4 v KEE2MI7 Y Y V&

0.4 MLz BEOREGBRER .

5) PV S 2 KD %MD e
0.3 MU BETRIRELALE, 2M 7Yty & 0.4 M LxBORABKT2CT2R
BMo—F4 v 0B UM%, PVS2HT2HBCTO~304M, £/2E30°CTO~600HED

BEBALE G, REMEHEE RS

6) A5 RLEDRERICKIIZ ) Y VHMBHR

HSAEELBOTH Y 2~ MEREEBZ1DIC, JVBRODHIMERFHER
mkab;ﬁ&7UtUy@ﬁéﬁbﬁ%&ﬁbt.

=9, 0.3 ML aHEE 0.1, 0.3, 0.5, 1.0 MOEXZBZREDO/ YV &) VEZHFRMUKEHE
BT I EEXHEEZ0CTHIONRN, EBL, HIAMETHREERBARD Y 2 —
FMEREELBE L. Bb, 0—F4 /AR ETHLT, PVS 2HAEEZHIE, 25°CT
10430 & U7z, F/, RiKERLUBEREIZODHLTH 0, 0.1, 0.3, 0.5 MTZhE£h0.5
MZ7Y) &Y VEMAEDYE, REFHEERIT LK.

ST, 0.3 M Ua#l, £/130.3M L+ 0.5 M 7YY VHRMFRTI6NHE
MERLUAZEE ROCHEBELZLOEXHEICOOVT, BEI7o<v b/ 7710k b ETHMARKIC
SEhAEETSV LY VEEOERET - . EHR, ThThogcy)vozTicH
UTEKL, BHONELH SO ERLTOAEROREE 0.2~0.3 mm O
YR UK. OFIC, MEOXHIHHELIHAE, FHCEZOEBKEMATREY S

AP —THRL. X517, BOOMRICZOEEX0.45un OHPLCHZ o< b7 4

_15_



27 THEBL, ZEKTERLUTCRRBEL®ICL, AT FVELR. BE70<
b7 570, MILLIPORERID Waters 410, # 5 L dFIoLiiZE% o VAKOPAK 10186 (FS3s#IW
akosil 5NH:) , MBI 7 & b= b YL /EEK (75:25) (v/v) ZRHOTHE 1nl/
min OEBETHET k. BH, FREGHNIGT4RKET, BETV Y VidHHEE
FhEEWELDOENBETEL, EHEIEDOXTEZES0°CTHIORMELE L TX

Hic.

2. KR

Fig.3-2 3, /5 AMLETHABRIIBHINIC TP EZHD Y 2 — MERBICRIET
WEEL BREORBER L bOTHS. L s Wl 0. 3MTHHREL LK TR
Wi a— MERE, W% NE o, £, EEHRNSBEMICEEE Y 2 — MER
BAWMWMEDETF U7 (Table 3-2) . 0.3 ML s ORI RK, @3 2M7ykY V&
0.4 ML 2 EORBMICE B0 —F 4 Y/RBR TR Y 2 — MEREIZE0~T0%TdH -7
2, ThoS2o0RBEHMT S E100% &78 - 7 (Table 3-2) .

SEI, VHEEXHEON S 2Lk B2 BRERFIRIBETI20-T 1 VRO
HEFo7, 0%FENY 2— MERENESNIDIE, Table 3-3 X3 d LI, 2M7
Je)vE 0.4 MUGBORABBTABE LR TH-%. L -T, ZOBESHHALKL
D—F4 V7 BELTRBETHALIENHOMEL ST

MEE, o0—F4 V/RBLAEBRO7 Y EXHRC TEEONT I AMEBTHRAKZEZTY, &
bMTHH T 2L ERE L. Table 3-4 TRTLIIZ, BEERICHHRIZOXU L
DY a— MEKRBENEONIA T ZHIZ, U HEREN. 4 MOKEITIEIPVS 2HO
ATH-I.

PVS 2k} 38 CHLUL0CTORELEHBAEKRIT Lz, Fig.3-4 TRT LD
iIZ, 25°CTIX104+F, 0°CTIZ30~602MTIBLU LDE VY a— PEKRELF LN,

BAERICKAE, BFEBUCEHZZEZ2ANREEZMFE L (Fig. 3-5) , #PNITAE

_16_



Bz Ud7e. HERANHRICIEEN 2KEBER SN (Fig 3-6) , 608 ®RICIIRALMAH
MHRICEE LR (Fig. 3-T) . ChoRBEEIKAEFL, FRNEZREZBEINE I - k.
mEREEZRE TS0, KERTHOL 'BR3E UM AN, ‘Lbdh
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Table 3-1. Component of PVS2 solution.

Glycerol 30% (wW/iv)
Ethylene Glycol 15% (wiv)
DMSO 15% (w/v)
Sucrose 0.4M

Dessolved in MS liquid medium (pH 5.8)
(Sakati et al. 1990)
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Table 3-2. Effects of preculturing and loading on the shoot formation of wasabi apical meristems

coled to -196°C by vitrification.

Period of preculture Loading Shoot formation
(day) (% * SE)
- - 10,0 £ 1.4
- + 73.3 £ 2.4
1 - 61.2 = 2.7
1 + 100
3 - 256.1 £ 2.7
3 + 40.0 = 2.7

Apical meristems following preculturing and loading were dehydrated with PVS2 at 25°C for 10

min. Sufficiently dehydrated meristems were plunged into LN, Material: Shimane No.3.

Approximately 10 meristems were tested for four replicates.



Table 3-3. Effect of loading treatment on the shoot formation of wasabi

apical meristems cooled to -196°C by vitrification.

Loading solution Shoot formation (%+S.E.)
0.4 M suc! 200 0

0.4 M suc + 1.0 M gly? 40.0+ 5.8

0.4 M suc + 2,0 M gly 86.3% 3.2

2.0 M gly 46.7*+ 8.8

40% PVS2s 50.0+11.5

50% PVS2 80.0% 5.8

60% PVS2 33.3+14.5
0.4Msuc+ 1.5 Mgly + 1.5 M DMSO 80.0£ 5.8

Precultured meristems with 0.3 M sucrose for 16 hr were loaded with
various solutions for 20 min at 25°C before being dehydrated with
PVS2 solution at 25°C for 10 min prior to a plunge into LNz. 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. !sucrose, 2 glycerol, 3 40%
of the stock PVS2 solution.
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Table 3-4. Effect of vitrification solution of wasabi apical meristems cooled to -196°C by

vitrification.

Vitrification solution

Shoot formation (% =S E.)

0.4 M suc!
+40% gly2 + 20% EGS3 76.7 £ 3.3
+40%¢gly + 15% EG 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%¢gly + 15% EG + 15% DMSO (PVS2) 92.5 * 25

40% suc + 40% gly (PVS3) 30.0 £ 0

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 25°C before being dehydrated with various vitrification solutions at 25°C for

10 min prior to a plunge into LN,. Material: Shimane No.3. Approximately 10 meristems were

tested for three or four replicates. !sucrose, 2 glycerol (w/v %), 3 ethylene glycol(w/v %).



Table 3-5. Shoot formation of vitrified apical meristems from four

cultivars of wasabi cooled to -196°C.

Cultivar Shoot formation
% * S.E)
Shimane No.3 92.2 = 1.7
Iwami 785 £ 29
Sanbe 81.8 £ 27
Rakan No.2 849 £ 26

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 25°C before
being dehydrated with PVS2 at 0°C for 50 min 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 replicates.
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Table 3-6. Effect of glycerol concentration in combination with
0.3M sucrose on the shoot formation of wasabi meristems
cooled to -196°C by vitrification.

Glycerol conc. (M) Shoot formation
(%xS.E.)
0 55,0£5.0
0.1 65.0£6.5
0.3 76.7+£6.7
0.6 88.3£4.8
1.0 82.5+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 at 25°C for 10 min without loading treatment.
Sufficiently dehydrated meristems were plunged into LNs.
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.
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Table 3-7. Effect of sucrose concentration in combination 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 10.0x+ 5.8
0.1 200115 267+ 8.8
0.3 50.0£ 5.8 825+ 4.8
0.5 33.3+ 3.3 46.7x12.0

Apical meristems were precultured on solidified 1/2 MS medium
supplemented with various concentrations of sucrose and glycerol
for 16 hr at 20°C, then dehydrated with PVS2 at 25°C for 10 min
without loading treatment. Sufficiently dehydrated meristems
were plunged into LN2. 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.
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Table 3-8. Effect of different cryoprotectants in combination with 0.3 M

sucrose on the shoot formation of wasabi meristems cooled to -196°C by

vitrification.
Shoot formation (% *S.E.)
Cryoprotectants Preculture time (hr)
4 16
0.3 M suc + 0.5 M EG 3.3+3.3 23.3+14.5
0.3 M suc + 0.5 M DMSO 26.7£3.3 56.7x 8.8
0.3 M suc+0.5M gly 30.0x5.8 80.0+ 5.8
0.3 Msuc+0.5M gly 33.3£3.3 56.7x18.6
+ 0.5 M DMSO

Apical meristems were precultured on solidified 1/2 MS medium
supplemented with 0.3 M sucrose plus cryoprotectants for 16 hr at 20°C,
then dehydrated with PVS2 at 25°C for 10 min without loading
treatment. Sufficiently dehydrated meristems were plunged into LNs.
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.
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Table 3-9. Effects of preculturing and loading treatment on the shoot formation of wasabi apical

meristems cooled to -196°C by vitrification.

Preculture Loading treatment Shoot formation (%*+S.E.)
0.3 M suc - 61.2+27
0.3 Msuc+0.5Mgly - 85.0x2.9
0.3 M suc + 97.5%£0.4
0.3 M suc + 0.5 M gly + 83.3£3.3

Precultured meristems were loaded with a mixture of 2 M glycerol plus 0.4 M sucrose for 20 min at
25°C and treated with PVS2 for 10 min at 25°C prior to a plunge into LN,. Material; Shimane

No.3. Approximately 10 meristems were tested for three or four replicates.
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Solidified 1/2 MS medium
including 0.3 M sucrose
for 16 hr at 20°C
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Procedure for vitrification of wasabi meristems



100

< 80 S
5 NN
+ 60
=
$y
Q
40
+
Qo
Q
el
v 20
N N
0 Cont. 0.3 0.4 0.5 0.6 0.7

Sucrose concentration éM)
Fig. 3-2. Effect of preculture by different concentrations of sucrose on
the shoot formation of apical meristems cooled to -196°C by vitrification.
Apical meristems were precultured on solidified 1/2 MS medium
supplemented with various concentrations of Sucrose for 16-20 hr at 20°C,
then loaded with a mixture of 2 M glycerol and 0.4 M sucrose before
dehydration with PVS2 at 0°C for 50 min. Sufficiently dehydrated
meristems were plunged into LNa. Material: Shimane No.3.
Approximately 10 meristems were tested for four replicates. The

vertical bars represent standard error.
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Fig. 3-3a. Sugar and glycerol contents of meristems precultured with 0.3
M sucrose (), a mixture of 0.3 M sucrose plus 0.5 M glycerol (M) for 16
hr at 20°C. (%): non-precultured.

Sugar and glycerol concentrations were expressed with a fresh weight
basis. Material: Shimane No.3. The vertical bars represent satndard

error.
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Fig. 3-3b. Sugar and glycerol contents of meristems precultured with 0.3
M sucrose ((J), a mixture of 0.3 M sucrose plus 0.5 M glycerol (H) for 16
hr at 20°C. (#%): non-precultured.

Sugar and glycerol concentrations were expressed with a dry weight
basis. Material: Shimane No.3. The vertical bars represent satndard

error.
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Fig. 3-4. Effect of exposure time to PVS2 at 0 or 25°C on the shoot
formation of apical meristems of wasabi cooled to -196°C by vitrification.
Apical meristems were precultured on solidified 1/2 MS medium
supplemented with 0.3 M sucrose for 16-24 hr at 20°C, then loaded with
a mixture of 2 M glycerol plus 0.4 M sucrose for 20 min 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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reculture.

Material: Shimane No.3. Bar =2 mm.



Fig.3-6. Shoots developed from apical meristems cooled to -196°C by

vitrification 21 days after reculture.

Material: Shimane No.3. Bar =10 mm.
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Fig.3-7. A plantlet developed from an apical meristem cooled to -196°C

by vitrification 60 days after reculture.
Material: Shimane No.3. Bar =10 mm.
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Table 4-1. Effect of preculture on the shoot formation of encapsulated

apical meristems cooled to -196°C.

Conc. of sucrose Shoot formation
% £ S.E)
Non-treated 0
0.3 M 67.7 * 10.7
05 M 465 £ 18.5
0.7M 125 £ 3.5

Precultured meristems were encapsulated with alginate gel beads with
0.4 M sucrose, and then treated with 0.8 M sucrose at 20°C for 16 hr
before dehydration and cooling 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.
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Table 4-2. Effect of sucrose treatment on shoot formation of encapsulated

dried meristems cooled to -196°C.

Conc. of sucrose Shoot formation
% + S.E)
Non-treated 0
0.6 M 175 = 3.5
0.8 M 68.3 = 104
1.0M 25.0 = 7.1

Precultured meristems were encapsulated with alginate gel beads with
0.4 M sucrose, and then treated with various concentrations of sucrose at
20°C for 16 hr before dehydration and cooling 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.
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Table 4-3. Shoot formation of four cultivars of encapsulated dried apical

meristems of wasabi cooled to -196°C.

Shoot formation

Cultivars

% t SE)
Shimane No.3 67.1 = 8.9
Daijin No.2 75.5 + 8.7
Mazuma 750 = 5.0
Sanbe 625 = 75

Precultured apical meristems were encapsulated with alginate gel beads
with 0.4 M sucrose, and then treated with 0.8 M sucrose at 20°C for 16 hr
before dehydration and cooling to -196°C. Shoot formation (%): percent of
meristems that produced normal shoots 21 days after reculture.

Approximately 10 meristems were tested for four replicates.
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Table 4-4. Effect of giycerol concentration in combination with 0.8 M
sucrose on the shoot formation of encapsulated dried wasabi meristems
cooled to -196C.

Sucrose Glycerol Shoot formation
M) M) % *= S.E)
0.8 0 649 = 7.9
0.8 0.5 65.2 £ 29
0.8 1.0 79.1 £ 4.8
0.8 1.5 74.1 = 9.8
0 1.0 0

Precultured meristems were encapsulated with alginate gel beads with
0.4 M sucrose, and then treated with sucrose plus various concentrations
of glycerol at 20°C for 16 hr before dehydration and cooling 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 [or four replicates.

- 44 -



gr -

a. Preculture

i e | ©

J

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

g. Plating

GHIEINE.

]

Solidified 1/2 MS medium

Fig.4-1. Procedure for encapsulation/dehydration of wasabi meristems
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Fig.4-2. Encapsulated wasabi meristems into alginate-gel beads.

Bar =10 mm.
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Fig.4-4. Encapsulated meristems into alginate-gel beads after
dehydration.

Bar = 10 mm.

- 48 -



Treated control(-LN)
100 .’o......o..
O..O..-O. .'.o

[+ ]
=

=
=

Shoot formation (%)
[ p]
=

oo
[=}

0 30 25 20 15 10
Water content of beads (% FW)

Fig.4-5. Effect of water content on shoot formation of alginate-coated
meristems cooled to -196°C.

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 20 C  before dehydration. Material: Shimane No.3.
Approximately 10 meristems were tested for four replicates. -LN
means treated control without cooling to LLN2. The vertical bars

represent standard error.
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Fig.4-6.Three days after recultue of the encapsulated dried meristems
cooled to -196°C.

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 20°C
before dehydration. Material: Shimane No.3. Bar =5 mm.

- BO =



Fig.4-7. Developed shoots 21 days after reculture of encapsulated dried

meristems cooled to -196°C.

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 20°C
before dehydration. Material: Shimane No.3. Bar =5 mm.
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Fig.4-8. A plantlet regeneration from alginate-coated dried meristems
cooled to -196°C.
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 treated with 0.8 M sucrose solution for 16 hr at 20°C before
dehydration. Material: Shimane No.3. Bar =20 mm.
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Fig.4-9. Differential scanning calorimetry (DSC) record warming process

of the encapsulated dried alginate-beads with or without meristems and

the meristems picked out from the beads of wasabi cooled to -130C

(cooling rate: 5°C/min).

Beads containing meristems were treated with 0.8 M sucrose for 16 hr at
20°C, and then dried to 18%(FW) on silica gel prior to a plunge into LNa.
These dried beads with (B+M) or without (B) meristems, and the

meristems (M) which were picked out from the beads were warmed at 3C

/min.

Tg: glass transition temperature. Material: Shimane No.3.
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Fig.4-10. DSC record warming process of the encapsulated dried
alginate-beads with or without meristems and the meristems picked out
from the beads of wasabi cooled to -130°C (cooling rate: 5°C/min).

Beads containing meristems were treated with 0.8 M sucrose plus 1 M
glycerol for 16 hr at 20°C, and then dried to 18%(FW) on silica gel prior
to a plunge into LNz. These dried beads with (B+M) or without (B)
meristems, and the meristems (M) which were picked out from the beads

were warmed at 3°C/min. Tg: glass transition temperature. Material:

Shimane No.3.
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Table 5-1. Effect of loading solution on shoot formation of encapsulated

vitrified meristems cooled 1o -196°C.

Loading solution Shoot formation
(30 min) (% +S.B.)

2M gly + 0.4M suc 96.7 + 2.9
2M EG + 0.4M suc 75.0 = 5.0
2M EG + 0.4M suc (15 min) 0

1.6M EG + 0.4M suc 50.0 £10.0
0.4M suc 15.0 = 5.0
Non-treated 0

gly, glycerol; EG, ethylene glycol; suc, sucrose; Precultured meristems on
1/2 solidified MS medium supplemented with 0.3 M sucrose were
encapsulated in alginate-gel beads with each loading solution. These
encapsulated meristems were dehydrated with PVS2 solution at 0°C for
100 min prior to a plunge into LN2. 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 repricates.
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Table 5-2. Effect of vitrification solution on shoot formation of

encapsulated vitrified meristems cooled to - 19G°C.

Vitrification solution Shoot formation
% = SE)
PVS2 93.3 = 5.8
PVS31(50% gly + 50% suc)(w/v%) 93.3 = 5.8
PVS32(40% gly + 40% suc)(w/v%) 975 * 25
60% EG + 60% suc (w/v%) 0
50% EG + 50% suc (w/v%) 61.7 £31.8
40% EG + 40% suc (w/v%) 80.0 £16.3
40% EG + 15% sorbitol + 5.5% BSA3 (w/w%) 53.3 £15.3
50% PG + 0.4M suc (wiv%) 0

1,2; PVS3 (Nishizawa et al. 1993), 3; Langis and Steponkus solution
(1991). Precultured meristems on 1/2 solidified MS medium
supplemented with 0.3 M sucrose were encapsulated in alginate-gel beads
with a mixture of 2M glycerol and 0.4M sucrose for 30 min and then
dehydrated with each vitrification solution at 0°C for 100 min prior to a
plunge into LN2. Shoot formation (%): percent of meristems that
produced normal shoots 21 days after reculture. Matrial: Shimane No.3.

Approximately 10 meristems were tested for each of four repricates.
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Fig. 5-3.  Shoot formation of four cultivars of wasabi meristems cooled

to -196°C by encaosulation/dehydration.

Cultivars Shoot formation (% S.E.)
Shimane No.3 93.3 = 58
Mazuma 93.3 £ 5.8
Sanbe 86.7 £ 5.8
Daijin No.2 93.3 + 5.8

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

of four repricates.
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a. Preculture

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

g. Plating

CEIEINIENG.

Solidified 1/2 MS medium

b. Encapsulation

&
Loading 3% Na-alginate
+2M glycerol
+0.4 M sucrose

———- m—————
100 mM CaCl:
+ 2M glycerol
+0.4 M sucrose
f. Unloading e. Rapid Warming
my |

40°C water

Warming rate
(300°C/min)

c. Dehydration

d. Rapid Cooling

2

Fig.5-1. Procedure for encapsulation/vitrification of wasabi meristems

Cooling rate
(280°C/min)



Fig.5-2. Encapsulated apical meristems into alginate-coated beads of

containing a loading solution.

Bar = 5 mm.
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Fig.5-3. Encapsulated meristems were dehydrated with a 50-ml PVS2

solution at 0°C in a 100-ml beaker at 100 rpm on a rotary shaker.

B: a 100 ml beaker, P:PVS2solution, M: encapsulated meristems,

I: crashed ice, R: a rotary shaker.
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Fig.5-4. Effect of exposure time to PVS2 at 25°C or 0°C on the shoot
formation of encapsulated vitrified apical meristems of wasabi cooled to
-196°C.

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 20°C before dehydration with PVS2. Material:
Shimane No.3. —LN means treated control without cooling to LNa.
Approximately 10 meristems were tested for four replicates. The

vertical bars represent standard error.
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Fig.5-5. Encapsulated vitrified meristems cooled to -196°C 3 days after

reculture.

Material: Shimane No.3. Bar =5 mm.
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Fig.5-6. Shoot formation from encapsulated vitrified meristem cooled to

-196°C 21 days after reculture.

Material: Shimane No.3. Bar =5 mm.
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Table 6-1. 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)
Vitrificationa 975 £ 1.0 10.6 = 4.0 10 at 25°C
Encapslation/Dehydration® 67.1 £ 8.9 6.3 £ 3.6 420 at 25°C
Revised Encapsulation/Dehydration®* 79.1 *+ 4.8 9.0 £ 26 420 at 25°C
Encapsulation/Vitrificationa 96.7 £ 2.9 122 = 3.6 100 at 0°C

(a)Precultured meristems were loaded with 2 M glycerol plus 0.4 M sucrose at 25°C for 20 min, and
then dehydrated with PVS2 before cooling in LN,. (b)Precultured meristems were encapsulated with
alginate gel beads, and then treated with 0.8 M sucrose or plus 1 M glycerol* at 20°C for 16 hr before
dehydration and cooling to -196°C.  Shoot formation (%): percent of meristems that produced normal

shoots 21 days after reculture. Mterial: Shimane No.3.
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Table 6-2.  Shoot formation and bulblet growth of apical meristems of lily cooled to -196°C by three

different cryogenic protocols.

Bulblet growth

Cryogenic protocol Shoot formation width length fresh weight
(mm size * S.E)) (mg* SE)

Vitrification! 92.3+1.7 2504 5.2%+0.8 41.2+15.3
Encapsulation/dehidration? 66.7+5.8 2.3x0.7 51%x1.1 36.1+21.4
Encapsulation/vitrification? 93.8t4.8 2.8+0.1 6.2+1.1 41.8%+20.8

Cold-hardening: 0°C for 21 days, Preculturing: 0.3M sucrose for 1 day. 1,2: Loading treatment with
2M glycerol and 0.4M sucrose before being dehydrated with PVS2 for 50 min! or 100 min2 at 0°C

prior to a plunge into LN,. 3: Treatment with 0.8M sucrose for 16 hr prior to air drying for about 7

hr (water content: 24%). Bulblet growth: 50 days after reculture. Material: Japanese lily (L.

Japonicum Thumb.).



Fixation

\

/

For 16 hr at r.t.
Fixative: 3% Glutaraldehyde solution

Washing

1

/

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

Dehydration

50,60,70,80,90,100% Et-OH for 10 min, respectively.

Infiltration

\

/

For 10 hr at r.t.

Infiltration solution:
HISTRESIN™ Embedding Kit, Jung, Germany

\
Embedding

FOR 2 hr atr.t.
Embedding medium:
HISTRESIN™ Embedding Kit, Jung, Germany

Sectioning

\

y

2-3 1 sections were cut on disposable steel knives by
a microtome.

Collection

\

y

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

Staining

By 0.1% Toluidine Blue.

Histological Observation

IMig.6-1.

By using a light microscope

Procedure for histological observation of meristems.
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Fig.6-2. 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 D.



Fig.6-3. Longitudinal section of wasabi meristems cooled to -196°C by
vitrification.

Immediately after thawing (4), 2 days (B), 4 days (C) and 6 days (D) after
reculturing, respectively. M:meristematic dome, LP: leaf primordium, L

regenerated leaf. Bar =0.5 mm.



Fig.6-4. 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 primodium. D: dead cells area.

Bar = 0.2 mm.
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Fig.6-5. 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.
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Fig.6-6. Longitudinal section of wasabi meristems cooled to -196°C by

encapsulation/dehydration.
Immediately after thawing (A), 2 days (B), 4 days (C) and 6 days (D) after
reculturing, respectively. M:meristematic dome, LP: leaf primordium, L:

regenerated leaf. Bar = 0.5 mm.



HTE BRAREINLCEZHLOBHEULHMICH I IBIEHNEEZDOFTHOER

B 2BEARFOBCHERICALTZOMENT I, FITRERGDNA
LRIV TOEAE BN HED L (Benson & Hamill 1991, Kobayashi & 1994, Yo-
shimatsu 51996) . RAEDE A, WEXRFETBRERFSINIHME - ZEL SO HE
MY Tid, BEHERNTOIEXIBOOoNTOLS. KETE, 47 XMETRIEERIC
BRBICHE L7V EORYEIIO>0T, £FRERVC_RRBEY TH S sinigrin
DEBAN TEROREOHEMAHIT Lc. £/, PCR (Polymerase Chain Reaction)
(Saiki 5 1985) RBIZF L NN TOHMEDE N HBWEEICITZ S FETRELS
DHERH LN, FERTRESICEHNHHETHS RAPD (Randonly Amplified

Polymorphic DNA)— P CR (Williams & 1990) 2R T, ZEDOREOHMWERT L.
7%, RAPD—PCRIY /JLLOBEOEERINELEELT, RGNk TF4<—
EFHOAZETERMUPCRYFENEHRLIIENTE, oA TV =F 477

V- LBHBUNDORBAEETHEOHEBEORNSRINTETHS (2105 1995) .

1. EBRA®
D BELAYEMYBEOEETRE
HIAETHREERICHA LY EEH (+LN) , ¥5R{ALABDOATREBHD
XMW (—LN) RUOEALAEDXTA (Control) Z2H/ERL, BALUICHDEKEE 2ETHAN
TeRHETIEMER LU, KIVEVT Y —EBMTISIT60H MR L TRM T RY I,
W—=3IFa274 MIBHE, IS5ICHBMOIALET 7. Cho 2 20RETHREYE, BE
BMERVELICTOWTAETREN TN, BH, BREICESUSFE2 4, BEKHEIZ
TERICEMUCELZHZ, EXBHTHroEDOERETE L.
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2) BEULCTYENERET S 2 RNBED D EEIT

JE/L30R % D7 H E(+ LN, — LN, Control)D BBAEL# D IR 5 cn) D H.Laiim
5N R—F—FHCTEI mOYPRZHE L, Fig. 7-1 TRITXIITFES (1995
OHEICUE LT sinigrin OEBET 7. &Y VG, FHEELFWLIK, 57X
Fyv I Fa—TICANEHL, A— 7 L—TTILC, 07HOBMEEIT . DEFIT,
35 mMD Y VBEEK (pl6.0) ZANTHREDF AP —THHRL, S0 L TEREZR
Elfc. ZoHMHBBICY VBEERZRELUTERICSnLICHEL, 0.456um OHPLC
M7o< b74 R TRHAL, IOinjectionfiy Iz EmERK/ o< b7 57 (HP
LC) oEBMF a—7i1nlA7z. 7k, A#TI3MILLIPORESIVaters LC-Nodel 1, 7
F L 3VWakoBIW35C18(4 mnx 200 mm & AW /o, #F LAREIIIC, HEERIE, 7= b
Y)V/pl 6.00010 MY VEREEK (15:85) (v/v) T 2 nM Tetra-butylammonium
HydraxideZ &M U7z, sinigrin®E&F, WE 1nl/nin , BEKE 226 nm TTL,

Vaters 805 F— % A5F—Ya VY THFLE. ik, BSXELHMEBIKEL K.

3) RAPD-PCRIKKAZEZDHEOMER

s (19990 H85Ic#¥® LT, RAPD-PCRiIZELHD+LN, —LN, Control &7
PEDEYRDPOMBUKDNAZBIKITELSA NNV PNy — KB LK. £7,
sinigrindD BB L FBRAKHOEZ(. SgiCHEL, BHEERTTHHRE, F VMY AF
W7 v ATowA F (CTAB) ik (JEE - A2 1989) ik DDNAZMIE L.
CODNA%2MELUPCRAEZTV, RAPDEICLHELDNAZASK LK (Fig. 7-2) .
PCROKIGIE, ATTOHR ZYNOREACTER . DN A Thermal Cycler™ (Perkin-Elmer)
ZMRNT, Table T-1 TR RISHART, BMEWEBISCOLBE, 7=—1 »7i340C
D14H, MERIGIZT2CO1FHEATYA 7 IVENOTIT>72. D&FIZ, 1 XTAERE
# (0.4 oM Tris-Kef pH 8.0, 10 sMZF L P07 I VUEEEE) 2RO Y% T Ho—

AT NVBRKBICEDPCREMZS#ML, GOV, H1KBM), =F 0757 0<v4 Fick
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LHREBRUBHBRBIICEI T, Ny FRs—vERB L. Bk, 54 <—220@8
DEBRT T A <— (H110, #121, #122, #123, #124, #126, #127, #128, #130, #131,
#133, #134, #135, #136, #139, #140, #141, #142, #143, #144) %, BLREKPBOHFE

< — A —IETOYOBOD 1 KR—Z2 54 —%ZHi .

2. KR
D BELL7YERMBOLETRE

JEE30H & T, ControlXD ¥ o — FOAEHENH 16 mEFESRIFT, —-LNRKTIRIZ
FRBETH -7, + LNXTEControlXD2/3BEDEILTH -7 (Table 7-2) . &

7o, B, REITOWT S IITRRSMERZER Uk,

) BEUKTY EMOENEEST S 2REEY (sinigrin) OB
EHICEEND sinigrin §8F, Table 7-3 TRTHED -LNEIELEL, DT

ControlX T, + LNREWELDHEL N, THOOERZESTEN-T2.

3>RAPD—PCRKJ5%§@%@@%%
LEDWEHDO S5/ <—-ZRHAOTPCREF, BRETERLNNY S —2V%+LN
X, LNXEKUControlR CHE&ELIEZ S, BOEETOTSSA<2—IZA LT/ K88

—VILERFRADONIE I 57 (Fig. 7-3a,b) .

3. kW
HIAEETHREERICBHINCEBAL SOV 2 — MEREZDAETIZ, BOLBX &
E~xEBARRONID, TOERREIHEE-> T, J0IENS, #2 » AOEY

MEPIZR0ZDEEL, 3FHORBIFICEZEOEIMELTAEMICRIZEASLE

PEOSRNHDERDNS. T, THED2KRIKHBENDO—>TH S sinigrin 2o
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Tk, BEhEgEHohib-72. 512, RAPD-PCRICKAHEBEFLNILTHK
HAETFTo1El A, MBOTIAT—THHNFNNF—IZEBRRONIE -T2
Uz EMS, Y EEHIBIKEREICLIAEMEMBEELRIERORKALERZDT L

b LHEEINS.

Table 7-1.  The composition of PCR reaction.

Temprate DNA 1ul
100 # M Primer [T
10 X PCR buffer Hul
25 mM  MgCle bul
250 mM dNTPs 0.25 n |
Tag Polymerase 026 p 1

Add distiled water to {inal volume 50 u 1

(Sugiyama et al. 1995)
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Table 7-2.  Shoot growth of wasabi meristems cryopreserved by vitrification (+LN), treated
control (—LN) and non-treated (Cont.) 30 days after acclimatization.

Shoot length No. of leaf No. of shoot
( mm size)
+LN* 105 = 1.2 6.3 = 06 1.5 £ 02
—LN 145 = 04 8.0 * 04 1.6 £ 0.1
Cont. 1569 £ 04 102 = 0.5 1.8 £ 0.1

*Precultured meristems were loaded with 2 M glycerol plus 0.4 M sucrose at 25°C for 20 min,
then dehydrated with PVS2 before cooling in LN2.  Each value represent (mean = S.E).
Material: Shimane No.3.



Table 7-3. The concentration of sinigrin in the leaves of wasabi

cryopreserved by vitrification (+LN), treated control (—LN) and

non-treated (Cont.) 30 days after acclimatization.

Conc. of sinigrin
(mg/g = S.E)

+LN* 1.99 £ 0.08
—LN 251 = 0.07
Cont. 2.25 = 0.07

*Precultured meristems were loaded with 2 M glycerol plus 0.4 M
sucrose at 25°C for 20 min, and then dehydrated with PVS2 before
cooling in LN,. The regenerated shoots were cultured on solidified

1/2 MS medium for about 60 days, and then acclimated for 30 days.
Material: Shimane No.3.
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Thioglucosidase Denaturation Sinigrin Extraction

Centrifugation
. > ™ Filtration
leaf segment O
(10 mm in diameter)

(For 10 min at 110°C)

e

HPLC Analysis

35 mM Phosphate Buffer (pH 6.0)

Fig.7-1. Procedure for analysis of synigrin by using HPLC.  (Hirasa et al. 1995)

Eluate: (10 mM Phosphate Buffer (pH 6.0) : Acetonitrile = 85:15) + 2 mM Tetra-n-butylammonium Hydroxide;

Column: Wako WS5C18 (4 mm X 200 mm)- )
i s FIOW d: 1 min . o .
Detector: UV 226 nm speed: 1 ml/min, Column temp.: 35°C;



94°C for 45 sec. (Thermal denaturation)

y

40°C for 1 min. (Annealing) 50 times

y

72°C for 1 min. (Elongation)

\

94°C for 45 sec.

\/
40°C for 1 min.

Y

72°C for 5 min.

\

4°C Hold (Retention stop)

Fig. 7-2 -Temperature conditions for PCR.  (Sugiyama et al. 1995)
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_#110  #121  #122 #123  #124

#126  #127 #128  #130 #131

| i
I \@“HHM‘“ iy
A il

e A e M e . -
i m m i U | :'“;,‘ L o - W (M
O : W

AT T

Fig.7-3a. RAPD bands from wasabi plants non-treated (left lane), treated
control (middle lane) and cryopreserved by vitrification (right lane).
Primer: #110 ~ #131, Material: Shimane No.3.
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#133 #134 #135 #136 #139

R L
I

L il I A O -

I

#140 #141 #142 #143 #144

S

:w“ I
A

Fig.7-3b. RAPD bands from wasabi plants non-treated (left lane), treated
control (middle lane) and cryopreserved by vitrification (right lane).
Primer: #133 ~ #144, Material: Shimane No.3.
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BBE KEEE
1) WY o BERREDFEE & 48
MYOEEMMEREEREE CRE UBEMYEB RO KINZ Nag & Street
(1973) TH 5. HH1F, WAEERREICHEI LY Y v OERMIa, Sl ik% HAE
X¥i. i, ZEHEOBEEMRE T, Seibert (1976) WA —%x— ¥ 3 VTHDTEHIIL,
ZO%, 41 FD, AbA4va, VY% Z{oEPHTHREEINL. LHL, EORD
HBFHBRICLVBARERBHBOXAEF—L0MBREEEZI T, MOMMALDOA X
BolMBENMB U TANVZAERKL, EI0ORMUICAEFEBERT S I &A% Hask-
ins & Kartha (1980) R T* Towill (1984) itk - THE I N, T74bL, HBEULICHED
BRANVZEZEBLTORI LS RIENERORET S WRREDNEH SN, TOD
Chik, ZHOBRKREREFEOWRIZIFIEAETEH IO, TOR&k, 19904 Sakai 5%
H S5 A{bik%, R4EIC Dereuddre SNTNVF VBE — X &BEERELK. T s 5L7
)—HF—EOHMTHEIBBLELBELEOINSOBEZHFIEORARITLD, XTHD
BIEBREORDFINELHEM UL (BEH 1996) . IhoDHEOBERIZ, HMIastE
Btk 5~-40COBRVCEBETERBMNI THERKTZ2D0TAL, ERELIZOCT
MR OEEKkEBRELTHS, THhODOREISEHBREZERFIHALTAH 7 2LS
BBEZETHE. 0k, EEF—L0KBAOMBEIEEEZITANVIZEHLE
WTEEMSGEEY 2 — MEREINS.

BARERRECTEXRALEFEIRILDICE, BRERBE~NOZFEBZHPIZE Z 5 EK
HHMEAEEZOESTZZENLETHS (Sakai & Yoshida 1967) . D7, HilEP
R BRI IRAOEREKE TR OB LENH S (Sakai 1993) . T DKS
Bz, H#3AMBERVZOEBETHEIE—X - H 7 2LETEHEEHHEAO SRER
(H524bH) X BRBWRAT, TVFUBE - XERETRIRBILIZE-XHND
BROBEICHEIBERKICES (Fig.8-1) . UL, ThZThoHkicE@BLTHEZ

EiZ, M MIRESTS A LBEKAEREITERERLBOCTHRALTOSREER
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FILBHRTAIEREVERSICEHOMIEE A5 A&, MM O#S ST
BEFEIEEZIEKHD. TLT, ThoMie - #EAT 7 REBS (PVS 2B TRH

-115°C) UTOBREICROIETETNSDON I ARBEMERFTE, MROEAFNFEMNZ
FEAEELEXES (BH 199D . Led-T, BRARFTRIRETOLEEY, HILH

EANB/NRITHZ 5B, RECRBBORENTE LS.

2) AT x ik

Yamada © (1991) &, PV S 2HERWIA I ZLBIT L 2 BRERE TRBEKERS
HETHEHF-LAMBICEENMIEAERELTT, INVIERATEILLCEEANS
BEV2—MERTIIEEZHSIMI UL, ZOHEZERACT, MPOEHETIE, IV
b (Towill & 1990) , A7 v—/3— (Yamada & 1991) , UV IR+ (Niino &
1992a) , 7 7 (Niino & Sakai 1992) , 7 X/¥5 4 X (Kohmura 5 1992) , 7 (&EH
1992) , 74 ¥ (Kohmura & 1994) , F + (Kuranuki & Sakai 1995) , = =7 (Ni-
wata 1995) , U b7 (EBS 1995) HETHRIIALEBEZ N, /2, TAVADO—
RWRETR, TF V7YV a—-NVeEEELLANFAMMBETA b —ZRHOIGETA
—&—3%i g v (Langis 5 1990) , ¥ +#4 A & (Schnabel-Preikstas & 1992a) , F 7
(Schnabel-Preikstas & 1992b) D RIIFIVHEZI Nz, 2517, KWETR S mBED
74 E (Matsumoto & 1994) , 6FFD 1Y (Matsumoto & 1995a) , 5 GHED R Y —F
Z (Matsumoto & 1996) TEERMREITERINL .

HSZETEHEHABRET TAEFIESHITE, FTEHITHRKSD 5 W IFEET
RHEUI®IC, REVHAAOEREDON S AMBPTUETELEIENERTHS. Z0D
BB, HIBEREHEFAZATICRESI TS LAKRICRERKEES. LT, K
BRERITANTHBEHE HH (10°C/ninkl £) 2 EHHEOR VA T ZLHEIZ#-80°CLL
TETHBH LB, H-11°CLUT THFE (Crystalization) LIEWT, RERDOHN S R

(Vitrification) jkE8 & 725 (Fahy & 1984; Sakai & 1990,199la) . A5 XL TH
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BPVS 2# (Sakai & 1990) F£72i3 PV S 3%, (Nishizawa & 1993) icH T/ Y &
YR ZDERBELTVEDE, 7)) UAHRANICEELIZC DI Er o EENE
ZHIRSWIREBTHRADNETTZDTHS. —FH, =FL 7V a—/eDMS OFH
BAIKEBELRPT LY, ThoZ2ERPETIEREDON I ALK EROCTERTRE
THEEELZELPTV. TORYH, 0CT, LIrbEHHTLARTZHENESNTH
5. Lichi-T, YY) v2FEhELLTT LB, MHMEONT S LB ELTH
HTHHEHMWENS.

PVS2HIIBBICAERTSE, TOPIKEENZKNH-TOCTHERET S Z L THEIC
EHEOHRTEN, BREZRBRELSACOBKPIANTEEIIFRERIESLIERTE-
T, ARBETRIA/BRAFEZZEBTES (Sakai & 1991a) . BRI ¥ DI
PHGETEE, BEE (B T.8M) OFTAMBTUETEERKZI PV APEFITLD
BEEZIFEID, BOAFEL Y. — MEABEIROSNBOBEENE L. InZEE#T
B, 0CITHHUKPVS 2HTURELAYD, PVS2KEBRBIICHED 5HEN
& ohtc (Reinhoud 5 1995) . —7, HIEBRPLEREM#EAICEIS0—T4 2 7AETO
RARVHEEHEDHENREZ SIS, o—F 4 V7B, MKRPEIRENT I AMKIZ
BETIHIZ, bodrLOWES V) VEOHEEHHFAORABE TLE L THELMNE
TEEAEICHE MEEHIBERKLTE. TA/NNFAH XD enbryogenic cell %
AT Nishizawa & (1992, 1993) 2k -To—F4 VJHEMSKRIFEIN, 2MI7Y Y »
E 0.4 MUsBDREBENH I ZAMLETT AT HRAOMBELEFEIEIDIIRELEFOR
BB ER/P SN, X5IKEE, #0853, TRY, vyoAf X FXFEOER
MIBOMBHEEETOIOROAHENH S M (Sakai & 1991a, JI[JR - K H
1996) . AR TIE, XEHEHAOIH I ZALETo—T 4 VIJABIZE T, #IHTTY
E (R , 1Y (6HE) RURFY—FR (55 OBKERRFEICKIIL, Tho
DYa— MEKREZ WBUEICEL. BB, ChoDEHERTHZ2ZMI7YEY V& 0.4

MUHBODREBPO—T 4 VVBRELTRETH 7. ZORERIZEIDT—FT 17
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WIS, WEEDRMEVETE, FHRAER, MREENS RMETEFIESCHICLET
Hote, YUY VFZFL LY a—LeDMS O &N, cell suspension T3 &
Uiz oAt (Sakai 1991) , ZEFF L (Sakai 1962) F/cid3TH (Dereudre 1991) %% &
CEBES ETHEBETILMEEREZBOMBRICERTS. AR TE, 168HE, 0.3 M
Laetie 0.5MZ Y &Y U THiEELUCEFRSENICEH 0.28 MoKELE#H 0.4 MO Y
Y UMENENEMULTOS I ENEERIN. Fhe, TIVF U/ BRE-XERIEICLS
BIEBRBFEICBNT, PHEXHERZGH LALE-XE21MIYV LY V288 0.8 ML & ¥
BT UIzEZA, Ya— MERBERZABBABTRE, >0 6RHAETHES
Mot THoDIENS, FWABEFIZIY Y URMBRICHRLZINIRETSIET, &
BHEPHEENEE 3 EHEXINS. LML, BEDEIA, Z0n—TF 1 v JTHBOMF
ABEIZOVLTREBEAERHSMTIN TR,
HREOMESUEM ETOWERE, VI AMMEUNOBRERFETOSECHLS
f, 0.3~0.7 MO U & BERMIBEM TEHES 16~ 240U E S 25 TH %S (Uragami 5
1989, 1990, Towill & 1990, Pence 1991, Kohmura & 1992, 1994, Hatanaka & 1994,
Niino & 1992a,b, Niino & Sakai 1992, Matsumoto & 1994, 1995a, b, 1996, Matsumoto
& Sakai 1995, #& 5 1996b, Suzuki & 1994) . FHRIKBOTIFEXHTRA I X
fLik, TAF¥BYE—XEMEE SIS, Ush 0.3 MTHLI6HEONHENELTHSC
EDVHS N ER -, RBREDOL s MESTCEEEM ETHERT S I LICX D MRAI
BAOSKBICHEMT B (Uragani & 1990, Dereuddre & 1988, Dereuddre 1991a,b) 2%, &
DI AEE BT P HEHEEEDZ2 0O TR, MYEREMEKR - XTHTRIEEA
EEBHMER IO TV, Bk, BSLAHMERKN S LM TRESH 5 1O 5
micohT, H W7V VRUCEQEOHM, ®o/Met, BEFEo%m, 51T
FhoDEBS FREOAEMEIM SN TS GEH 1995) . 4%, BREFELALLK

DX BEBHENTONL I EZHFELTLS.
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3) TIVF VBRE — Xk

HIAbEERBEIL, RESOWMENHSTIVY VBE — XK, Dereuddre 5
(1990) A+ <, Febre & Dereuddre (1990) 25NV A ¥ 3 TORIFIZHE Lok, Nii
no & Sakai (1992) BN&RZMZ 2. Zhitkb, EHOEXEHETRY I+ -7 T
(Niino & Sakai 1992) , 27—t — (Hatanaka & 1994) , 714 7)L— (Suzuki 5
1994) , 7 Z/$5 4 X (Ghosh & Sen 1994) , F#+ (Kuranuki & Sakai 1995, H¥& 1995) ,
Jo R (Fs 1995) , Y (Matsumoto & Sakai 1995) RU' X% —F Z (Matsumoto
5 1996) %, BL OEFINBMEINT VLS. £k, KHMBEAEREZABAZCIHIEE
TERMEEZMFES XS, ERILIHFETADY (THES 19949, A g GBK
)il 1994) HETEHRBNMEIN TS, - XEREOHHKIZ, TIVFUEBEOE
— BB UAEXHEZHEEL MR TAE U CREMEE TR AERIIINT S
MHEEMFETBEIEICHSE. MEEHE LB, E-XERETIRBERTE - X
DOHBENREICEED, PRTHEN, ISICBRMEBEICETS. KT, BEERT
TRHATEIEIK->T, E—ARVZONMOEEEN 7 RLEEB. JDOHEDOEMR
ELTR, BAENKBNERTHD, AFISEBOEHANBTESL8THS. —H, I
KB IZHEBREEL, —RICRERD Y 2 — MEREMEL, I SICEZDOHFAEFEENE
WEWVWIRENRHB. 15E, Dereuddre 5 (1990) &, BWEERERHN SO H LEIR TG
#%, BHICERERL, —HBRIKEFHEEE-IDOSHBLTWS. XRF—FXERTE, E—
XicABUEERBARIZEFE LY 2~ MIZBKBROBENE N 7208, E—
ANOEEZMOBEUTHERBLILE A, ZHOZKFIEFICAEF L (Hatsunoto 5
1996) . L7ed->T, E—XICBHOFETOHRIE, EYOBBILL->TREZOROA
BIRELOEEZIERITURBENS S, THILULHYTREREEZE-XNMSED
HUTHERBITEIENLEENS.
THEEEEAOLERRICENT, TIFUVBE - XREBERERAT S 2k LY 4

— MEREIMEDN - oS, FRUHERIC 0.8 MUBITIMIZ VY VZ2BMLUICBETR
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BLicEl A, BERERBHEO Y 2 — MERENSBUELERED, BELLY2— MO
MPEBENBEOE —XERELVRFTH-7c. Z07 ) ) VHEMILIHRE-X
WREOHRI TV EUNOHY TORRIN, P2 XH (Matsumoto & Sakai 1995) ,
2% —F 2% (Matsumoto 5 1996) T¥a— FMERENES B2l &M@ EZINLTY
3. LU, R¥—FRZEHETIE, 0.5 MO Y &) v OFMMNEL T (RS 199
fa) . Licd->T, 0.8 MU aEIHAMT A2HES ) ) VREBHEIITK > TRIE LD,

COHRBE - XEREE, A% ZOMWTHANETHS LEDNS.

) =X+ H5 2MLik

HS5ZEZHRE U E—X - #5 AET-196CIKBANINTFEXZHRDO Y 2~ b
BRBRIA S 2k & iTREE (WI0%) T, E—XRBIELD IUEERVEZR
Liz. chERBERERN, 22U (BBES 1996b) 22Xy —F XOHKEEXIH (Matsumoto
5 1996) THBONI. TOE—X - A5 ALIETIE, BKKEESH I ALEEICH <,
FABEANCZHOLEENE - XEHELDEL {ED» -7 (Matsunoto 5 1995b) .
i, XHAE-ZXicATEIE—X « H5RMLETE, AHETBRETHLAT 7 AMED
TBNERENS Y, FROERLFAEBIIZIIHICRKTE I ENTREELS. 5
2, E—X « HS5 ZMLETREENE - XITEBINTW S, HI7RLEELRDE L
PVS2HMDEERKIZEZMBADOR ML RARDEL, TOHR, HIAMELDVa
—~ MERBNREL Lo EHEEINS. ZOXHRE-X - 7 ALER, W20 DFH

HEH-TWBIEND, 4%, FETERANRAFEIIRIRBSLEEAIONS.

5 WRERERICEELULEDOBENEL
EERERICHE U ME O - MICAE U BENERORAICHTIMER
MECHEINTOEN, SITRIFCEHEZAVEEAIBREST . —BIC, XHOBIK

BEETE, BELEZUETLABINBEOAEEPL Y 2 — MNERENR oMW ERBIZN
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FRBADOAK L. LHhL, FEYTAETEKABREIN, ¥ a— MEREINI0%L
ToROEAR, XHOBERAVBO TR LB 7HEZCOERBANVALL, Ya—

FAEEBRUAEELGZOAFHNE L EBNRS (Towill 1984) . /2%, BEERREFEIN
REEMSOBREHNERICHL T, BELHTTAENAZHETEBRERESNICHY
WKOWTHET B ENBEEE LN S, Seitz & Reinhard (1987) &, #B&E FIiEmSE
THEBRBRFINILASI R VO VOBEMRICOVT, BEBRERICHBRLZES
A, PitE, EMEICREN LI b EREL TS, Ei, AXFOHERZRIIBNT
3, 7 2ZbiETBERERFEESNICSHEDY) VIRV S mAEDF & (Niino 1992a) ,
135 %m 2 7 (Niino 1992b) , 8 mEDA Y bv (HS 1995a,b) 7 /VF UBE—-X
g THERREI ALY YIRS ¥ (Niino & Sakai 1992) THEBHTEEMEK
BREXNEMo k. Fi, Yamada 5 (1991) &, 3O o/ o—N—XEEH T X
fbiETEERREL, BEAKICBEBHERZRDoNTI -7, TAHE TRBEER
FEINTHHOAEBERERDLZON, EFSRAT S AMETBRERFEINICAS—-F X
XHOAEBREEZB LY, THhooRBBEZLEB LU (HES 1996) . §4bB, X
HMhSHE L&, eSS IABROHIEMETO I OABORETE, 5 X
ICETHAEZRICHHRX, RBHX, BABRIZENT, KR EX, BEKRY EoM
BREBELO4HBIISVLTE, HELZZIZV oL -7, 2 56IT, HAERODIEER, Tt
FORZXRY, LOBRPIEBRICIIERIIEIERD OO, - T2,

BiE, BEAEREINCEBHRPEHICOVTODNALVRILVTOEIDORFNE
HESN TS, Harding (1991) &, BEEREINIANVA 2 DXHEEZRFLP T
WU, R EEXEAE G- EHE L. Kobayashi 5 (1994) &, =L 7 b
DRV—Va VIZXOBEGERUICR—T VALV DOZROIH KO R e & il o 5K
WMEBOMIENT T RET 1ERM, BRESERRE L (EFEH0%) . Fil% h
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Fig.8-1. Cryogenic procedures for wasabi meristems cooled to -196°C
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