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Fig. 1. Appearance of encapsulated shoot apices
of black chokeberry. The intervals
between scales represent lcmm in length.
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Fig. 2. Plant regeneration from surviving shoot
apices of black chokeberry excised from
in vitro-cultures and cryopreserved in
liquid nitrogen (LN) using vitrification
(A, B), encapsulation-vitrification (C, D)
and encapsulation-dehydration (E, F),
thawed and cultured. Photographs
were taken after 14 (A, C, E) and 30 days
(B, D, F) of culture.
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Fig. 3. Effects of PVS2 loading time for

vitrification and encapsulation-
vitrification on survival of black cho-
keberry shoot apices with or without
immersion in LN. Values represent
mean=+SE of three determinations.
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Fig. 4. Effects of silica gel desiccation time for
encapsulation-dehydration on survival of
black chokeberry shoot apices with or
without immersion in LN. Values rep-
resent mean+SE of three determina-
tions.

Mo EZ T (E LIz, Tkbb, FZE0
~ IR E T 0% TH > EFERE, 2D
RUE U, H2M 6 AL C 71 1% O fE %
AU, bI WK T L, 2055, ©—
REKRFHRELEIL, BYKIT0%LL LT
B o7 E— XEKEKIL, HZEEALIRI X D WL,
EFEEENMESEOND X 51075 I LB 4 RERELL
B, 30%LATORERWEE o7z, 2T, 4fF
EEREDI21E, E—XEKEE 0% AT ICE
TIRLILERDLEEZOND, iz, LHE
SR B 2 EFR UL 5 B DIRE T L
7z Eid, 5 FFEL L OB X D MBS
BEEZTLEHRENRDHE I EE2RLTVDS,

P EDOFER»S, 7o=7EEREREYE—-X
ﬁ"l&'ﬁ(ﬁki D B ERTE 3 5 56 O B BRZ R RFE

X, ERERFEROEFERIRLEL, BBMD
HZBR PR S AR O G ERE /NS v, 6 KFHT
b5 AW LTz,

L2 3 DOEFBREEE, wWIh b B
TTO0%A EDOEFRZRL, ERHLLE S
N REEFEHBOEREREEICENTH S 2 &H
S MZ ol L L, A7 Z{bEB L U E—
AR 7 ZMEFEC BT 5, PWHEEOREL L O
PAEDEMET D 5 15, 72 & ONZ Fig. 2 OB5%E 14
HgosEERIZR N2 X 51, PVS2 THULHE



FRARY | SR OB ARR 2 O 7 BRI BAR OB % & VB IREFR OB ERIIRIC B 0 2 RIGER RO 7

U 7o BB R OFHABT AR Th % ik
HFELLRW, TOEKRT, 7= 7E#EEKE
JEHOBRBEFEICIIE— R EESEH L TWw5 &
FEZH6N5,
B2l E—XEZRENURICL DEHFEN
mL
BIHEIZBWT, 7u=7EEEEHEHOBHRS
REFECE, BEOEEESZE LI EFEOE
BP S, B — XFEEENIMEN TV S Ll L 72,
U LAEFERIIR 1% &, EFRCET+57%
fETH %, Matsumoto and Sakai'? IF E—X
(TIVEVEEF M) Y AERE L UL vy
TABIR) a—T 4 RIS )R VR
s 22T, WERFROEFEEIA L
ZEEHEL, ChEBEEC-—XEEE
(Modified encapsulation-dehydration) &
FELTWB, Z 2T, RIETIE E— ARZHEEIC
B 2EBFEROA L E2HIEL, BIEE— iz
HBIZCOWTHRE LTz,
B L O
(1) ekt
WEIAMENE, BIECHELC T, (KREAbED 7
O = 7 EEEARORETEE R L7,
(2) HiEG#E
MEO BRSPS 27201z, BEICHE
UT, #Ee QTERmEs#z fv CrissE %
1772,
(3) B - mlfELE
BAE - BRI, BITEO Y — REZEERICHET S
FHETITo 1z RETIE, UTFIZRT 3DODIHE
HIiZOWTHRE Lz,
a) MHBOERCRIZTTE—RAB Lo —
F4 v TEADT ) Y
wno
VY 1.0MEZHRML 72 E—X M8
PHRHATLX, V) 1.0MERMNL 72
O—5 4 Y I TE —X % 16 B 0 158 AL
L7238 & UM OUNE 2175 Ko 3 UK %
e, 2, E—XBIP0—T 4 ¥ IEKD
WA Z VXY YRHRML 2R ERT, X
& LTz, MR, #EE ) 27 VT 6 Kl
BEALER L, LN ~EEA L7z, LN dic 1 BeERE
L7zttt ze, 72 94 44 7 2 &, 1Kk (38°C)

WCANDFEIZED, 2UHERL 72,
b) MROEFCKIET VU ) VEED
e

E—Xtu—74 Y JROMBFZT) )~
205 1.0BXU2.0MINZTE—X % /EH
L7z, DM ME, AEHa) LRETH 2,

C) MO EFITRIT T E— R
-2

V)XV CHRINC & - T, BB R
WCEEEPERFT B, E—Xta—
TAYITROBHWZ 7V LY > 1.0M ZEM
U7z, ALEEER, 2, 43 X006 KL %
ML, LN ~NEA LTz, 2 DD &1, A a)
LRBETH B,

(4) Hi&

RS, A - FE1HEEFAKTD 5,

(6) F#&E

¥E3OHZE, REE5mmMEDya—1»
2T AR R LA FEEAE U THEL,
EREREPER L. BB, 1Rb7-0 15 XER
RV 2 EER A NI 3 BTV, KSR EFHE+
SE T&H L7z,

FERB L UHE

EIE © — XEZHRERIC B 1T 2 kO 17 I BUE
TE—XEhBFa—T4 Y ITHEADT V&)~
WO E % Table. 1 1ITRT, E—XI7 ) %
) v EEIMLUTZKX (Table. 1A, 55.6%) O4TF
g, SRR D Z I TER 5 2D L,
O—F 4 7RI )Y CERERMLERO4E
I, 86.7% EMBX LV Er o7z, 51T,
E—XBr0a—7F 4 YO HIZZ) Y
YEREHMUIKIZEB Y 2 EFFRE, 95.5% &
bEWHEER LI, ZOfEIF, BiIETRL®E
HWOE—AH 7 AMLETH L NI EFERORE
BEKEL kA>T, 6o T, ©—XREEEER
AT 7a=7BEREEL2HERET 2485
&, E=Xtu—F 4 Y ZROWHICT) &)
YERININT S 2 EERITH D I EDHHS T
olz,

RIZ, WNT 270D vOEBIZOWTHR
L7z (Fig.5)o R, 7)) Y ORE
WWhoTZEMEL, 7V k) > 1.0 MBmIMRAE
el ol



8 JLHERFREBE RO F29% $F15
Table. 1. Effects of glycerol added in beads 100 b
and/or loading solution on survival of ¥
black chokeberry shoot apices cryo- = 80
. . e B a a
preserved using encapsulation- < — a
dehydration. Tg 60 Lk
Addition of glycerol* s 2 |
Treatment Sur(});\)ral 5 40
Bead Loading solution” o 20
A + - 55.6+89a
B — + 86.7£0.0 b 0 L . L
0 0.5 1.0 2.0
+
C + + 95.6+2.2b Glycerol (M)
Control — - 66.7t3.9a
. ) ) _ Fig. 5. Effects of concentrations of glycerol
gi}iiﬁéelmented with (+) or without (=) 1.0M added to both beads and loading solution

¥ Encapsulated specimens were dehydrated for 6
hrs on silica gel.

* Values represent mean=*SE of three determina-
tions. The differences in any two mean values
labeled with different letters are statistically
significant (Tukey’s HSD at p <0.05).
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72
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Yy (%4 Crataegus  spp., %44 haw-
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chlorosarca Maxim), 727 7 %> ¥y (C.
maximowiczii Schneid) B X UV ¥ ¥y

(C. jozana C. K. Schneid) EX¥HAEL T\ 5,
HATIE, EHEEE L CHHINTHSICHE

(LS) on survival of cryopreserved black
chokeberry shoot apices. All specimens
were treated with LS for 16 hrs desiccat-
ed on silica gel for 6 hrs, and immersed in
LN for 1 hr. Values represent mean=*
SE of three determinations. The differ-
ences in mean values of any two columns
labeled with different letters are statisti
cally significant (Tukey’s HSD at p <0.05).
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Fig. 6. Effects of silica gel desiccation time on
survival of cryopreserved black cho-
keberry shoot apices encapsulated in
beads with 1.0M glycerol. All speci-
mens were cryopreserved for 1 hr in LN.
Values represent mean®=SE of three
determinations. The differences in
mean values of any two columns labeled
with different letters are statistically
significant (Tukey’s HSD at »<0.05).
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14 -I.ll.l}"-i 6l days

IE - :1;
Encapsulation- [ £

vitrification
14 days 54 days

Encapsulation-
dehydration

Fig. 7.

Plant regeneration from surviving shoot
apices of hawthorn excised from in
vitro-cultures and cryopreserved using
encapsulation-vitrification (A, B) and
encapsulation-dehydration (C, D). Pho-
tographs were taken after 14 days of
culture (A, C). In encapsulation-
vitirification, specimens regenerated
shoots after 60 days of culture (B). In
encapsulation-dehydration, specimens
were subcultured into fresh medium
after 14 days of culture and regenerated
shoots 40 days after subculturing (D).
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Survival (%)
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PVS2 loading time (hr)

100
g L
Encapsulation- _‘g -
vitrification - i
2 L
OO 1 2 3 4 5 6 7
PVS2 loading time (hr)
-3~ Control
- Immersed in LN
Fig. 8. Effects of PVS2 loading time for

vitrification and encapsulation-
vitrification on survival of hawthorn
shoot apices with or without immersion
in LN. Values represent mean+=SE of
four determinations.
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Fig. 9. Effects of silica gel desiccation time for
encapsulation-dehydration on survival of
hawthorn shoot apices with or without
immersion in LN. Values represent
mean=SE of four determinations.
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Encapsulation- Encapsulation-
dehydration vitrification
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X
= 60}
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Glycerol (M)

Fig. 10. Effects of concentrations of glycerol
added to both beads and loading solu-
tion (LS) on survival of hawthorn shoot
apices cryopreserved using
encapsulation-dehydration and
encapsulation-vitrification. All speci-
mens were treated with LS for 16 hrs,
desiccated on silica gel for 6 hrs
(encapsulation- dehydration) or loaded
to PVS2 for 4 hrs (encapsulation-
vitrification), and immersed in LN for
1 hr. Values represent mean*=SE of
four determinations. The differences
in mean values of any two columns
labeled with different letters are statis-
tically significant (Tukey’s HSD at p <
0.05).
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Fig. 11. Plant regeneration from surviving blue
honeysuckle shoot apices excised from
in  vitro-cultures and cryopreserved
using vitrification (A, B),
encapsulation- dehydration (C, D) and
encapsulation-vitrification (E, F).
Photographs were taken after 14 (A, C)
and 30 days (B, D) of culture. In
encapsulation-vitirification, encap-
sulated specimens formed callus after
30 days of culture (E) and formed
adventitious shoots on callus after 60
days of culture (F).
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Effects of PVS2 loading time for
vitrification and encapsulation-
vitrification on survival of blue honey-
suckle shoot apices with or without
immersion in LN. Values represent
mean=*SE of three determinations.

Fig. 12.
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Fig. 13. Effects of silica gel desiccation time
for encapsulation-dehydration on sur-
vival of blue honeysuckle shoot apices
with or without immersion in LN.
Values represent mean®=SE of three
determinations.
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Fig. 14. Effects of glycerol (Gly) and/or salicylic acid (SA) added to loading solution on survival of

blue honeysuckle shoot apices cryopreserved using encapsulation-dehydration.

All speci-

mens were immersed in loading solution for 16 hrs, and dehydrated on silica gel for 4 hrs, then

immersed in LN for 1 hr.

Values represent mean+SE of three determinations. The

differences in mean values of any two columns labeled with different letters are statistically

significant (Tukey’s HSD at p <0.05).
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Fig. 15.

Plant regeneration from surviving
shoot apices of cranberry excised from
in  vitro-cultures and cryopreserved
using encapsulation-dehydration.
Photographs were taken after 30 (A)
and 120 days (B) of culture.
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Fig. 16. Effects of PVS2 loading time for

vitrification and encapsulation-
vitrification on survival of cranberry
shoot apices with or without immer-
sion in LN. Values represent mean=+
SE of three determinations.
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Fig. 17.

Effects of silica gel desiccation time
for encapsulation-dehydration on sur-
vival of cranberry shoot apices with or
without immersion in LN. Values rep-
resent mean*=SE of three determina-
tions.
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Fig. 18. Effects of concentrations of glycerol
added to both beads and loading solu-
tion for encapsulation-dehydration on
survival of cryopreserved cranberry
shoot apices. All specimens were
treated with loading solution for 16 hrs,
desiccated on silica gel for 6 hrs, and
immersed in LN for 1 hr. Values rep-
resent mean+SE of three determina-
tions. The differences in mean values
of any two columns labeled with differ-
ent letters are statistically significant
(Tukey’s HSD at »<0.05).
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Fig. 19. Effects of glycerol (Gly) and/or

salicylic acid (SA) added to loading
solution for encapsulation-dehydration
on survival of cryopreserved cranberry
shoot apices. All specimens were
treated with loading solution for 16 hrs,
desiccated on silica gel for 6 hrs, and
immersed in LN for 1 hr. Values rep-
resent mean®=SE of three determina-
tions. The differences in mean values
of any two columns labeled with differ-
ent letters are statistically significant
(Tukey’s HSD at p <0.05).
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Fig. 20. Varietal differences in survival of cryo-
preserved cranberry shoot apices using
revised encapsulation-dehydration.
All specimens were treated with load-
ing solution supplemented with 0.5M
Gly and 0.05mM SA for 16 hrs, desic-
cated on silica gel for 6 hrs, and immer-
sed in LN for 1 hr. Values represent
meant=SE of three determinations.
The differences in mean values of any
two columns labeled with different let-
ters are statistically
(Tukey’s HSD at p <0.05).
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Fig.21. Plant regeneration from surviving
blueberry shoot apices excised from in
vitro-cultures and cryoreserved using
encapsulation-dehydration. Photo-
graphs were taken after 14 (A) and 30
days (B) of culture.
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Fig. 22. Effects of PVS2 loading time for
vitrification and encapsulation-
vitrification on survival of blueberry
shoot apices with or without immer-
sion in LN. Values represent mean=*
SE of three determinations.
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Effects of silica gel desiccation time
for encapsulation-dehydration on sur-
vival of blueberry shoot apices with or
without immersion in LN. Values rep-
resent mean*SE of three determina-
tions.
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Fig. 24. Effects of glycerol (Gly) and/or salicylic acid (SA) added to loading solution on survival of

cryopreserved blueberry shoot apices using encapsulation-dehydration. All specimens were
treated with loading solution for 16 hrs, desiccated on silica gel for 6 hrs, and immersed in LN

for 1 hr.

Values represent mean*+SE of three determinations.

The differences in mean

values of any two columns labeled with different letters are statistically significant (Tukey’s

HSD at p<0.05).

Tkl e, 7294 F 47V Lk (38°C)
WANDFEICELY, S0REEL 72,

(4) Hr&
BRI, AHi - B 1HEFEKRTH 2,
(5) FAEr

HEINHZKE, EEommULEoya—»
26T 2 EEREYE R S FEEE E U CHREL,
ErERPEH L, 5B, 1RHD 10 XEHE
FAw % EBR 2 N 3 [TV, R A SEE £
SE T#& L7z,

ERB X UHE

WRE— R BT %, HBOEFICK
Fdu—7 4 YZRICEHIMLIE 7)) B &
U ) F VO E R Fig. 24 \WR T, H£FF
i, U FVBERBEMBEIMRKICBWT, &ETH
30.0% & otz —7, 77V &Y HEHEM
X TIIHRE T 60.0% & <, 7V 2Y >~
WM & 2 £FROA LR & iz, & 51,
FVFUEE0.05mM+27 ) ) > 1.0M &b
ALROEERIE, 90.0% &xdEHWEEZR
L, MDA EN TH 2 Z E8bhro Tz,
DEDZ s, 77—~ — B EEEO MR
BREICE, WRE—XEEEIETHY,
B, o—T 4 v 7%I2Z7V ) 1.0M B &
U9 Y FIUi0.05 mM 28U, FZE: 6 KR
MR ZATS FENEL T3 2 LS I
Kolz,

$F31E MoSAELXAV-RRE—XERE
DEMEDIRE

HITHIZBWT, BWRE— Xk 2 W7
U —~Y — ‘Rancoccas’ BFEARZETH D BFS R AF
Fi e LT 2 2 LM TE, UL, Fifio
WA DOV TR TH S, £ I TAIHT
1%, ‘Rancoccas’ iZfNz T ‘Concord” DK% # R
o CEBROBE 217V, SO AN =1
mLLI e,
EE X U HE

(1) tEYrE

NA Ty a7 ) —~_Y — ‘Rancoccas’ B &
U* ‘Concord’” DIEIRBIMEE DR TE 2 #8E
&Lz,

(2) HikEE

MEO BRI 25 ® 572012, AREHi - 5
1HEICHEC T, MRk QiR 2 Hw T
HIEE21To 72,

(3) B - AL

OG- AEE, ARET - 5 1HO E— XRzkak
WCHET 2 TR TIT o 7 M % © — X gt A%,
VX2V r1.0MEBILUY Y FILEE0.05mM
EIIMLIz 0 —7 4 > 7RI 16 RERE L 72,
Z D, ¥V A7 NVT 6 FFEEZEE L, LN A& A
U720 LN HC 1 RERAREE L 7ol 2, 7 9 A4 4
NA TNV K (38C) AN HFkiz LD,
R L 72,



24 JHRERFRFBR ARG CE 298 H1%5

100

80F

60

40t

Survival (%)

201

Rancoccas

Cultivars

Fig. 25. Varietal differences in survival of cryo-
preserved blueberry shoot apices using
revised encapsulation-dehydration.
All specimens were treated with load-
ing solution containing 1.0M glycerol
and 0.05mM salicylic acid for 16 hrs,
desiccated on silica gel for 6 hrs, and
immersed in LN for 1 hr. Values rep-
resent mean®=SE of three determina-
tions.

4) K=

R, AEi-F1HEFRKETH S,
(5) FE

BENHZKE, EE5mmMUEOya—»
®E T L HEEMEE EFEEEE L THREL,
EERPEHB L, &8, 1XKHD 10 XEHE
RV 2 EEE 2N 3[BTV, R % FEE L
SE T& L7,

B L UHE

WHE— X8RI B ) %, EFERO LR
7= % Fig. 25 WW/R T, &£ F I ‘Rancoccas’ 73
90.0%, ‘Concord »¥80.0% L& -7z,
Doz e ky, BECrrbsT7L—~
) —EEREEHOEMRFICIE, 7)) v
T FUVR R LR E— R RESER)
TH»HZEPHSLIZKR ST,

E6HEI H1IEENEE

AEOHMWIE, EREERELREETD -7
S5O LR O EBREEAB MR L L
T, BRI BRERTFEEMENL T2 2L TH S,
AWFETIE, FEFREINTH I LW 3
DFHE (T 2k, E—X4 7 AbEB L0
E— X)) RV, o BEEEBEO

BHRERTE RWET LTz,

B—Z, 5HEOMEYME YA RFRIC
FHIL, T2 EUTOLI Kb, NTF
CB/T5270=27BLUTYFyide dbig,
E— XA 5 2 bEEB L O — X R vz
B 62.5~T77.8% D K@ WAEFR 2R L
7zo WUNIRIDAFT, VoTBLUFVT
LHEERTEOMENEATHE 2 Eps, NT
BHEY) S BRI A G e 7 v — 7T
r#Ez2oNnb, AL HXTRICBT 2R
By I E— AR W THEFEZE 93.3%
ZRL, NI ERRCHEBRENES %7
N—TThHbIEeNTFEING, —F, YV
BICBT 22797 0R_RY)—BIVTVL—RY —
i, BRI r2b 5T, Wb kEET
33.3% B LUV 26.T%DIEWEFEERELLHE SN
ozl Ens, VY VRMEYIZ— I Bk
RERH L WINV—FThHEZ ENTFHEHEN
%, > T, AUILABICERT 2B
Tb, BEHEEGEOHA CEZND Y, HYSES
ORI, HEREFEORRIC O FEE R
FIborFEzond,

IS, 3IMEHEHOMSREFEE IS 5 &,
5 FEME D BF AR 38\ TRE L TR
WELNIEDIE, E—RGHRETH>, 2D
B&, HFRICE D B RIZTERAE,
HRERER, T b B BN O EKETH Y,
Wat L7z 2T OMENC BT, &K 20%Hi
BORHICETERSRE L Ko Tz, ZOfEI, E—
REZIEFIC BT B D0 B LU D
il DRZEEIEIC B 1 2 o0 LFEIRRTH %
L5, 20%H1E O BRI BHAERAICE L T
W3 EEZoN%, COEKRE LT, GKkXK
20% Wi OHFEN T1Z, BET 2 IR B
AT AREZELTWS EWIMENDH S &
2 58980 MM NYEIE D 4 5 AMBIZ & - T, fll
W SECIZ &b, BEEENLBR SN
rborEzoNb, UL, HEHEELICL
W7 I YRY—BIOT =Y —iFd L X
D, BRERESHBENES 7 a=7 8B LU0
YOV TH, RO E— XA TIEE
Rt t+omEFEZR LBt ol, %
2T, AW TIRE — X EEOHBIC L > T



FRRY | SR DR ARR 2 ) 7 BRSO B & VB IREFR OB ERIIRIC B 1 2 RIGER R OMYT 25

EHERE2EDLLEND -7,

RSB T 2 MR ORTLERE & LT, fit
¥k, (KEEIE0D, 77y Vg (ABA)® %72
WX E DR & & DR T ORI -50 53
BMTHDZEBHEESN TS, £z, E—
REZEEC BT A2QRFEL LT, E—XBLV
U—7 4 7RI Y Y DY) F)u
5> % K2 BTN L 7c FiENEHE s T
Wb, 7)Y OREHHEZIRIEE L »SH
SNTWT, 7V +& ) VIZEELHEENEYE
LT, BiEmEMbL THEBERFICLCANS
T\ 5 9901919226970) | & f> | & — THZEIRIC B
35792 ) rOrERABIEICEE L, Matsumoto
and Sakai'? i, 7'V &V v —X D%
B &, FZERRFOINGRIC X 2 % - Mo Eas
EREMHIT TS EEML, £/, VYV F
VIR, TEYIRHR O P IR & DR
HTEHRENZ L™, Tasginetal.™ 1%, ¥
FOVEER THLEL L 72 3 A ¥ OZEDTREREEHBEA L
JeZeEWELTWSE, 51, Bernarld et
al.®® 1%, Persian lilac IR#H D FHFERFEIC B W
T, E=XBIPu—7T 1 Y 7HRIZH ) FIVEE
ERINT 228Xk, AHEEREE-IL
BREL TV 5,

AWFETE, ZhoDoHLEr=ZT, ©—XH
BRI B 20 —7 4 ¥ TRICHENEAYE &
LTV 2N 5E L i, oA
MU REHIMEEED B0V FUB R
Lize ZOFER, 7V ) EREY) F R
REITHEIML S8R EEROE L WAL
BEED SNZ B oTe DI L, TR 2R
msszeicky, EEREIRENIC AT 2
ZERRH U, B, [EROFETIRHENE
FERLIEONEPSRY Y IRIOZ 7
D—B LU TN —R) —BEEEHEBRIC B VT
b, SR EDOFWERERLZFHBMER  EHT
5 ENTET,

L Lads, MalEE2ffHT2 281k,
BEINEFEEETCREERNEZ-7OTHS
S YV FNEIE, HEVIRHBOL X b
AEPEHBRCEE T2 EEbNL TV 5D,
O —7 4 ¥ ZHRICEE S Wiy T, M
HARIC A b v AEHESFE SN L I3F 2

W, i, BV FIVEEEZ, AMEOAERER Y
WKERBELLT L, BEETHOIEAICIER
HERT o, EERET2EIFCHMS
FHENTWS, Licai->T, HiiE - ko
RIMEAL Z OB 2 ZL S T 2 aRENE
BHB, £z, 7V ) VIIEAREENEY
BTWEdH 5D, Me,SO % EItbN 3 L EST
THYED R VT2, HRE « R DRBEELE
W ER—DDFETH L, ZhoDRFERER
BLTHERT 2 ZEIcLY, HERET 1Y
MR B 1 2 MR - BEDESEMEH D) F LV
WZE-oTHERL, TORBRZY &) oS4l
NRETE S E1Cny, M- HBOEFEE
DIREHNCE £ > - WTREENE Z 5 b,

F2E FEFRGFROBEEMFICEITIHE
(REIRZR DB & ¢ DIRE DfET

TEIREE O B IRTF L, MY EIRR TR
MDO—2 LTMEMN T SN T WD, ZD0,
WO RBETEFEIL, HERT L HBROER
KrELsy, EMEROHEER2ZED, L
CR—07a—-rEErHBEI®LILTDH
%, TOERDIZDIZ, HRHEEROMEKE XLV
{EEEIME 7% & OBFERTAE I DWW T, BRR 2R
57}753‘??19 n’C % 71': 5)6)19)20)30)47)—50)67)68)70)0 % @f,f%:
B, I 2LERE— gz e, SHBW
SNTWEEBOBRBRTFIESIHELS DI
BolebIE0, HEEEZ 5L, EHFEREDS
DIEFCEHL T, JBFERFEZ TG L 7241
FEMICE L v,

Suzuki et al.?® 1%, FFEHEFHEEEEZHAWT
BRRIE L T2 7 AT H AREEEEE & B4
U7 BT, BAEAUE % S 205 1z
MBOZN LD bFBRESMLL, ZOHBROK
RN 28R % AL, BRRGFHROE
YMEAD AT & B « AfFRAE & OBSEIC DWW T
EkUliz, LoL, HREEEHR KL EFC
BEE 3 2 B« Al OBRE OB IC O W TIEH
EPICENTELT, TOAH=ZALIZONT
bARMBHDE FEREIN TS,

F2ETIRIOMKERL, $3H1HOFE
1EIZBWT, 7 ANT H ABEEMRER 2 R
FIEHRET 2OEEMFIC OV TR TS L &



26 JHRERFRFBR ARG CE 298 H1%5

bz, B X UM EZE 2 TEBREITY,
SRR R S N 2 RRIEERR OB & i
FL LD & LT, XIT, B 1HOF 2ETII,
TS & 2 WD OBEREER (I
AMbiE, ©E— A4 7 AMEES L 'Y — XEZ )
EHAEYEORERE L v Bl » 5 L,
B DHAERFEDOR 2T EICL LD &
Fzl:e ZOHE, HEREROFAEMEYIERC
B DEEEEILZT AT 5 A EE DOBHR D,
H2WIFZENDI ORI HRID S5 5D E
DSEM B EHSPIZT 5728, o QSR
R & > TEFERBEONER—AT T 4
Y a B LT, T AT A L EEE
DR 21TV, Wi % L7z,
F7, F2HICBWT, HEEEEROFELEM
PRI BT % R EAES S % Ml - AL ~ov
THFET 2720, {2 DSFETHEERELT
ANT H AR R E A E TS (Trans-
mission Electron Microscope ; TEM) % >
THEL, SFEMEOMM RS Mz L
ko ek, &51, BIHMTE, HHEEFER
DFAEMEDIRIC R S 1 2 RIEERR 574
VOB E» SRS 27: 0, RERENRS
NIAEE PG B & CRERES R S Lk
Doz ZNPUADKIZBWTHR—ATT 4 ¥ a
EFHBOBRETFHINNY - %2 DNA A 7
a7 v A% (DNA microarray) % V> CHE%E
BN L, % OFHEE BSIR AR & OBET
HEEL L9 &F 27z,
BB, EAFCBWTE 1 Hi~E3HTE
SNIAERIC DO TRATHEE 2N Z 12,
F1H RERGFROBEEMEORRBER
XN

F1EH BEFPRREECREFRELLZTR
NS HABEEMEICE TR
HEIRRORET

KT, B P ARE CHRERE L 72T
AINT K AR & OFAEREYIRIC BT 5 KR
REF RO RS & 2 DFERZHS 2T 5 H
W CHAEIRE, HEEYE O/ R & Ui
fHB L OMERE R 25 2 THRET 21T - 72,

1. BSEEORE
T AT 5 AFRERYRIC R S B iR EE

BRI E R (—196°C) ITKFET 2 D,
B % VIFHAEEBR IR DD 2 D £ v S RIS
DWTIEAHTH 5, % 2T, FEH T B

(—40°C) £ LN Bl 2{Th 3 @l - 5525 1L
7 RICB T 2 HEEMEDOKE %2, LN BEX
DENEHE L2,

(1) ekt

JEREZEFEITEE TR - MR s hTwa 7
ANTH A (Asparagus officinalis L. cv. Mary
Washington 500W) D#kft 3 2> A OBk
Va— o, EEMICYID B L FREY A (R
SH 2 mm) BMEE U7z, ERERE1Z, Kumu
et al.¥ DIREITREV>, MS B2 D SRR D
55, BRSO RE %P0 Ui
kinetin 0.1 mg/l, 1-naphthalene acetic acid

(NAA) 0.1mg/l, Yo 3%B L IEX
0.7% % AU 78585 (pH 5.7) £ F W, 25°C,
1 H 16 FFfHIERA (B s LT, 60 wE/m?/s) O
FHTTITo %,

(2) A - mbfELEE

MO BEAS - Bl IX, Suzuki et al.?® IZHEW,
B TFHEGEEHC T, Thbb, ¥
B& 12% (v/v) Me,SO ¥ Ciiifz L7z 1 ml &
2 b —fERE (RS 12.3cm, OF3.5mm ;
BILFETHEE) 12T OANL, RV E=AT
Va3 —)v (BEE 500) TA b o —fHRE Dl %
HUE, 20CT2REFRE L 72, S 012, ¥
BeA o —BERES L 7054670 —H—

(Cryoembryo-HPA ; & 7 9 > #1) 0¥y _E
WA, 0°CH 5 —40°CE T 0.5°C/min THWH
L7zo 2O, —8°CTHKETTY, —8°Cic
30 SRR L7z, —40°CIE L 72418 2 LN 12
AL, LN Hic 1 RFHESE L7z, g, LN
HOED H LA o —RRE 2EA (38°C)
WAND ZEiC k2, REREEE LT, 25,
A b —NOBEROBREZLIZDOWTIE, #i—
AV RY vy EEXT (Chino #, EB 22005 i&
ERdgkat) 2HWTE=5 Y 7 LT,

KEERTIE, HEXELT—40°CE THRE T
RS LN AL 72 —196°C (LN) XB X
VP —40°CE TR E1% LN A ¥ 37t
fEUBSEE L7z —40°CRD 2 R&EF T2, £z,
B2 B SIS E LR T OR 2%



FRARY | SR OB 2 ) 7 RS RE AR OB & VB IREFR OB ERIIRIC B 1 2 RIGER R OMYT 27

U, MK E L7,

(3) K&

VR RA D72 0 ORI, AREOMEYIME
WCED U 7R E A — DR SMHTfT o 72,

4) W&

R5# 30, 60 B L U900 HRIC, £& 5mm MU
rEHRELLY2a— 26T 2 HAEMY K%
Vo — NMEEERE LUTHEEL, EWEHY
DY a— S PICHRIRELHEEL 2.8,
1 RH7z 0 A8 HOHERYIF % v 5 ERg 2 Il
ST 3 EETV, FEREFEEIELSE TR,
B L UHE

7 AT I A FRAEREYNE D R RIT I BRS
BEOEE % Fig. 26 C/RT, Y=2— i
—196°CRXB LUV —40°CRDOWTNIZBWTD
FERRIZZ L L, 5532 30 HERICIINBEX DO Z h &
ZEb SIgip o Te S, IR LV %D,
R 90 HERWCITHIRX D 2 Fl hofEx L
72o

FRKIF, —196°CR B L U —40°CRDOWTh
b5 30 HERLARE, SR D2 & D b EwE
R L, 5558 90 HER I 3R X o 2 fEofE %z
~L7z,

PEDZ XY, 7ANT G ABFEMEIED
FREAEAEFR SR IE, —196°CX D A 7% 5 —40°CK
THROONTZ b, TOREHERKIZ
—40°CE COMETHEBOBRRICH L bD L
EzZoHN5,

2. Me,SO OFEEDAIREM: DFRET

R TFI SR T, — MRS L
LTIRAFNVANVEFY R (Me,SO) 3HWS
55, Me,SO ICFFWEELRDH Y, ZhrEy
DEEICEERRIZET I LS N TV 5%,
AHFFE T, BEASEWICEIL 72 Me,SO 235K
FEEERR2E S U REM 2 MEE T 5 /2
®, Me,SO LA DHEHFEME & LT ML
O—ABIVI 74/ —RARZEFEHL, Ihok
F O TR P BRI & 0 B3RS U 7 iR
7%, HAEMEVRORREDZILEZFIEL I,
LB & U5

(1) tEYr

AH B IEICHEL, 7 ANT A AREE
Ya— Moyl HUIHEERTIF 2 E L L

10

Number of shoots

[ R S > e ]

N A O o
S =5 & &8 =

Root formation (%)

o

60
Duration of culture (day)

-8 -196°C (-40°C—LN)
-+ -40°C

---- Control (without freezing)

Fig. 26. Effects of slow-prefreezing with or
without immersion in LN (—196°C) on
the growth of asparagus regenerates.
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rate of 0.5°C/min from 0 to —40°C with
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Fig. 27. Time course changes of the growth of asparagus regenerates obtained from slow-prefrozen
specimens. Slow-prefreezing was performed at a rate of 0.5°C/min from 0 to —40°C with a
freezing solution containing 1.0M trehalose (A, C) or 0.6M raffinose (B, D). Values show

mean=+SE of three determinations.
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4) &

ARHEi-5 1 HICHE L T, 5538 90 HEg ik
BV DY 2 — P B X UOFBERE2FEL 72,
—X b7z v 12 EOEHERYI % v % KB %
ST 3 EETV, FEREFEIELSE TR,
HERB L UBE

BRAGERAT2 O P AEREYIR O BOR i % S B &
UMERER CHLER U 724558 % Table. 2 127" §, Al
MEHI:D DY 2— MR, HRXIZBWT
1.1~4.2 A & G4 FE - lERE 20 & NS BS IR IEX IS
BWT6.0~10.9A& L, B L O T2
Ronin, BERERICE W TR O
2.6~5.5 fEDEZR LTz,

FREY, WEXT2.8~47.2%7% 5 T
EREX T 71.3~100% &, ShFEeMEE T2
Bole W, HEREFX BV THRE D
2.1~25.5 fEDEER LIz,
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Table. 2. Varietal and sexual differences in the growth of asparagus regenerates in slow-prefreezing

cryopreservation.
Cultivar Sex Cryopreservation Number of shoots Root formation (%)*
Gold schatz Male Control 2.6 = 0.7V 16.7 = 8.3¥
Cryopreserved 79 £ 1.7 100 =0
Female Control 2.0 = 0.3 27.8 = 5.6
Cryopreserved 6.7 £ 0.9 90.6 = 3.3
Ruhm von Male Control 24 + 0.2 13.9 +13.9
Braunschweig Cryopreserved 8.4 £ 09 89.8 = 6.5
Female Control 11 + 04 28 + 28
Cryopreserved 6.0 =09 71.3 £ 6.5
Viking Male Control 1.8 = 0.4 472 £ 7.3
Cryopreserved 74 £ 1.6 97.0 = 3.0
Female Control 2.8 £ 04 16.7 = 4.8
Cryopreserved 8.1 £ 0.8 80.5 = 5.4
Zuiyoh Male Control 1.7 £ 0.5 41.7 = 4.8
Cryopreserved 8.7 £ 1.0 100 =0
Female Control 21 0.3 16.7 = 8.3
Cryopreserved 69 = 1.1 95.2 = 4.8
Zuiyoh Supermale Control 42 £ 04 30.6 = 2.8
Cryopreserved 10.9 £+ 3.3 100 =0

“Number of specimens formed root / Number of surviving specimens X 100 (%)
YValues represent mean = SE of three determinations.
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Fig. 28. Sexual differences in the growth of
asparagus regenerates in slow-
prefreezing cryopreservation. Photo-
graphs were taken after 90 days of
culture. Cultivar, ‘Ruhm von Brauns-
chweig’.

P, Ya—MBIUOREBERIZERL TV
(Fig. 28) o

PEoz e xy, SRECHERECERR L, &
RO T AT AR K 5
RERLILZEDS, RERERRIZT A7
AACHBICEADSNIBETH S Z L2'b
Mo Tz,
F 21 RIERTEDEVHBEREYFDORK
RIBEICRIZTEE

HIEIZ BT, Ml PR B = L 7 B
RAED AR DR 2 (BT 2 BIRN T A
NI ATREBRITH S 2 L BHERI NI,
UL, 281 ZECTHRE LB FiEais st
DHFERTFIEDRFOEREZE T 22 D0 T
BRI TH 2, 72, 7 AT HADUSNOH
BHzowTid, ZhE el mprnzantn
BV, FITARETIE, 7 A8T 5 A DI
TR —ATT 4 ¥ a Bk eR e L, fEK
FlsERECNZ T, 7 Ak, E—X45 5
AMEEB L Y — XRZEE R b T RE R
1TV, BHEEDSHAERMEYIE ORI JIE T %
BIZOWTHRET L T2,

1. 7AXRITH A
B & U5

(1) HEwsE

ARHT BT, T R8T ABEERED
Ya—boYlD HUTHEERYIF 2 E L
720

(2) BASERAFE

B PG, &7 Ak, E—XAH 7R
BB LV E—EERED 4 DO 2V
120 F2, HESYIR BRERETE L 2720 OxIR
K& 7z, BREOFMIE, UTO#ED Th
5o

a) MR TR B

AHi - 55 1 HICHEL TIT > 72,

b) # I 2tk

FIEOE 1 -5 1HICHEL TT> 70,
PVS2 BRI, 551 ZEORBERE 2B 2
TI1EFR L L7z,

c) E—XH 7 Abik

EI1EDOE 1 - F 1 HICHEL TiTo 77,
PVS2 EERIE, 251 HOERER 2% 2
TAREE & Lz,

d) E— Rk

BIEOSIH -8 1 HICEL TfTo e, &
D A 7 OVEZIRALBERERS X, 5 1 EOFEERR %
BE 2 COREE LTz,

(3) ez

B, AH -

(4) W&

AT 1 HCHEC T, EMEDHT D DY 2 —
MEB L UORBEREZFEL 7,
EERB L UHE

BREREROLEERE, BHETHEZET
67.4%, 7 ALEET38.1%, E—X# 7 A1k
HET82.5%8 & N E— REIE T 67.5% % R
L, BRERFEICL > TR, Wb
HAEMEIEBIE S N, ZhoHEREDED
Voo — MEB & OFRERIC RIT T RS IR TR D
W R Fig29 T, BETHERKX D
v — MU, BiEE 60 HEE IR O BE X 0 2
nx EEDY, 53890 HRICIE 1.6~1.8 501
ZR LTz, F7z, BEHEREXICE T 5555 30
H#&OFREKIZ, 8~42% %L, ALHEHXEIZ

HIHEFAKRTD 5,



FRAY | SR OB TR & O 7 R REBAR O I & VI ERRSRER O BAEBIAIC 51 2 BRIEGERR OB 31

-O- Slow-prefreezing
- Vitrification
=~ Encapsulation-vitrification

-+ Encapsulation-dehydration

-=--Control
10
g 8y
'ﬁ .-
5 of
2 4
° - -
g [ AT
Zz 2r ’
O L 1 L
100

S ©
o O

"]
<

Root formation (%)
~
o

o

0 30 60 90
Duration of culture (days)

Fig. 29. Effects of cryopreservation methods on
the growth of asparagus regenerates.
Values show mean+SE of three deter-
minations.
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Fig. 30. Comparlson of the growth of aspara-
gus regenerates in four different cryo-
preservation methods. Photographs
were taken after 90 days of culture.
Slow-prefreezing (A, B); Vitrification
(C,D); Encapsulation-vitrification (E,
F); Encapsulation-dehydration (G, H);
Control (I, J).
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Fig. 31. Effects of cryopreservation methods on
the growth of horseradish regenerates.
Values show mean=+SE of three deter-
minations.
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Fig. 32. Ultrastructural differences in aspara-
gus meristematic tissue cryopreserved |y
using four methods. Photographs Fig. 33. Ultrastructural differences in aspara-

show a tissue just after thawing. Con-
trol represents sample without freeze-
thawing. Asterisks (*) and stars (%)
indicate dead and surviving cells,
respectively.
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gus surviving cells cryopreserved using
four different methods. Photgraphs
show cells just after thawing. Control
represents sample without freeze-
thawing. Arrowheads show vesicles.
P, Plastid; M, mitochondrion; N,
nucleus; V, vacuole.
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(arrowheads)

Fig. 34. Vesicular structures
containing needle-like materials in a
surviving cell after slow-prefreezing
cryopreservation and then cultured for

3 days. P, Plastid.
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Fig. 35. Ultrastructural changes in asparagus surviving cells after slow-prefreezing cryopreservation.

Days show culture duration.

Control represents samples without freze-thawing. ER, endo-

plastic reticulums; M, mitochondrion; N, nuclear; P, plastid; S, starch; V, vacuole.
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Fig. 36. Effects of cryopreservation procedures
on the number of mitochondria and
plastids in asparagus surviving cells.
Values show mean=*SE of three deter-
minations.
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Fig.37. A flow chart of DNA microarray.
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Fig. 38. Color images of gene expressions of horseradish plantlets regenerated after cryopreservation.
Red plots indicate genes that are strongly expressed in treatment compared to untreated

apices.

Green ones show genes expressed higher in untreated apices.

In each treatment,

lower figures are the same gene plots magnified from squares in upper figures.
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Fig. 39. Regulation patterns of horseradish RNA transcrips of regenerates after cryopreservation.

A, Slow-prefreezing; B, Vitrification; C, Control.

Plots out of red obique lines showed that

gene expressions were higher or lower than those of untreated apices statistically (» <0.05).
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Table. 3. The number of upregulated or dow- Slow-prefreezing

nregulated gene expressions compar-
ed with ones of untreated apices in
each treatments.

Total No. _of genes No. of genes with
Treatment  examined without  significant expression alternation
expression
8ENES  lternation  Upregulated Downregulated
Slow- v

. 21,389 11,362 5,191(1,738)*  4,836(2,255)*
prefreezing

Vitrification 21,389 12,864 3,799(1,617)  4,726(2,242)
Control 21,389 12,526 4,020(1,634)  4,843(2,277)

ZThe numbers of upregulated or downregulated

gene expressions are differenced significantly Control Vitrification
from ones of untreated apices at p<0.05 Fig.41. The number of genes that are common
or independent between cryopreserva-
EAE F2ZNDEE tion treatments. Genes of cryopreser-
%2 T3, Suzuki et al®® MERE U 7o Bk ved regenerates were selected from

ones expressed 3 times higher than
ones of untreated apices.
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BIHTIE, ETT7ANTHAMEBERANT BHo»izL&d &Lz, ZO/ME, —400CET
Suzuki et al*® OIEREITV, EHRTPHERE  9EHE, WHEER (—196°C) IR 3 I RlfiE
DEDWEETHEENS SR SN D% L7etehic b lRIEEDPHER S iz 2 L5,
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Fig. 40. Cluster analysis of gene expression patterns of horseradish regenerates after cryopreserva-
tion using slow-prefreezing and vitrification.
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Fig. 42. Pie charts showing the cellular component of expressed horseradish genes that were induced

by cryopreservation procedures.

Genes were selected from ones that were separately ex-

pressed 3 times higher than ones of untreated apices.
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Table. 4. Genes expressed independently at 3times in horseradish regenerates cryopreserved using
slow-prefreezing. Gene annotation and categorization were determined by Arabidopsis

Imformation Resource.

AGI, Arabidopsis Genome initiative.

AGI No. Gene annotation Fold change Cellular component
AT1G03590.1 protein phosphatase 2C family protein 3.6 mitochondrion
ATI1G47980.1 expressed protein 5.0 endomembrane system
ATI1G50460.1 putative similar to hexokinase 1 3.3 mitochondrion
ATI1G55210.1 disease resistance response protein-related 4.5 endomembrane system
AT1G70510.1 homeobox protein knotted-1 like 2 4.1 nucleus

ATI1G70670.1 caleosin-related family protein 3.1 unknown
AT1G74430.1 myb family transcription factor 3.1 nucleus

AT1G80390.1 auxin-responsive AUX/IAA family protein 3.5 nucleus

AT3G11930.1 universal stress protein family protein 34 unknown
AT3G15990.1 putative similar to sulfate transporter 3.5 membrane
AT3G16330.1 expressed protein 3.5 unknown
AT3G19690.1 pathogenesis-related protein 3.6 extracellular region
AT3G44550.1 putative similar to acyl CoA reductase 3.6 unknown
AT3G61270.1 expressed protein 5.0 unknown
AT4G00150.1 scarecrow-like transcription factor 6 3.3 chloroplast
AT4G10500.1 20G-Fe (II) oxygenase family protein 3.1 chloroplast
AT4G14130.1 xyloglucan: xyloglucosyl transferase, putative 3.4 endomembrane system
AT4G14900.1 hydroxyproline-rich glycoprotein family protein 3.2 unknown
AT4G21930.1 expressed protein 3.8 unknown
AT4G22470.1 protease inhibitor/seed storage/lipid transfer protein 3.1 endomembrane system
AT4G27520.1 plastocyanin-like domain-containing protein 3.9 anchored to membrane
AT4G30140.1 GDSL-motif lipase/hydrolase family protein 4.4 endomembrane system
AT4G31470.1 pathogenesis-related protein 5.6 extracellular region
AT4G32850.1 nucleotidyltransferase family protein 3.0 unknown
AT4G36360.1 beta-galactosidase, putative 3.8 others

AT4G37750.1 ovule development protein aintegumenta 3.8 nucleus

AT5G03840.1 terminal flower 1 protein 3.2 unknown
AT5G16230.1 acyl-[acyl-carrier-protein] desaturase, putative 3.5 chloroplast
AT5G22500.1 acyl CoA reductase, putative 5.4 unknown
AT5G25890.1 auxin-responsive protein 3.5 nucleus

AT5G46710.1 zinc-binding family protein 3.7 unknown
AT5G57390.1 ovule development protein 3.1 nucleus

AT5G58390.1 peroxidase 3.6 endomembrane system
AT5G60200.1 Dof-type zinc finger domain-containing protein 3.6 unknown
AT5G63850.1 amino acid transporter 4, putative 4.2 membrane
AT5G65790.1 myb family transcription factor 3.1 nucleus

AT5G66280.1 GDP-D-mannose 4, 6-dehydratase, putative 44 unknown

A ; Genes involved in auxin activity.
B ; Genes involved in stress response.

C; Genes involved in biological defense.
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Summary

Studies were carried out in order to

obtain data for establishing a routine method

of super-low-temperature cryopreservation

of in

vitro-tissues of some horticultural crops

and to investigate vigorous growth of regen-

erates after cryopreservation.

The results obtained may be summarized

as follows.

1. Establishment of crypreservation method

for in vitro-culture of small fruit trees

1)

2)

Shoot apices of black chokeberry and
hawthorn (Rosaceae) were both suc-
cessfully cryopreserved utilizing en-
capsulation-dehydration and encap-
sulation-vitrification (survival
62.5~77.89%). Further,
markedly increased the survival rate
(black chokeberry, 99.59; hawthorn,
82.5%) when cryopreserved using

rate,
the apices

‘Modified encapsulation-dehydration’
in which glycerol was added into beads
and loading solution (LS).

Shoot apices of blue honeysuckle (Ca-
prifoliaceae) were successfully cryo-
preserved utilizing encapsulation-
dehydration (survival rate, 99.3%). In
addition, it was shown that the 16-hour
immersion of alginate-coated apices in
LS supplemented with 0.5 M glycerol
and 0.1 mM salicylic acid resulted in a
high survival rate (99.3%), and made it
possible to shorten reduce the cold
In this
study, the encapsulation-dehydration

acclimation duration period.

method using glycerol and salicylic
acid was named ‘Revised encapsula-
tion-dehydration’.

3)

Shoot apices of both cranberry and
blueberry (Ericaceae) were unsuccess-
fully cryopreserved (the highest sur-
vival rate, cranberry, 33.39§; blueberry,
26.7%) regardless of cryopreservation
methods. Moreover, the survival rate
did not rise in the case of cryopreserva-
tion using ‘Modified encapsulation-
dehydration’. However, it was shown
that the survival rate remarkably in-
creased (cranberry, 86.7%; blueberry,
90.09%6) when cryopreserved using

‘Revised encapsulation-dehydration’.

2. Vigorous growth of regenerates after

cryopreservation

1)

2)

Vigorous growth of asparagus plant-
in those that had
regenerated from slow-prefrozen nodal

lets was found

segments obtained from i vitro cul-
tures. At first, the growth of regener-
ates slow-prefrozen with freezing solu-
tion containing 1.0 M trehalose or 0.6
M raffinose was compared with that in
the case of 129 Me,SO in order to
study the effect of Me,SO. As a
result, the number of shoots and the
ratio of root formation in regenerates
frozen at —40°C were vastly increased
regardless of the composition of the
freezing solution.

The growths of regenerates from 9
kinds of asparagus plants (4 males and
4 females from each of 4 cultivars; 1
supermale) were compared mutually.
The number of shoots and the ratio of
root formation in regenerates after
slow-

cryopreservation using

prefreezing were prominently in-
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creased regardless of cultivar and sex.

3) The growths of asparagus regenerates
cryopreserved using 4 methods (slow-
prefreezing, vitrification, encapsu-
lation-vitrification and encapsulation-
dehydration) were compared mutually.
In culture after cryopreservation,
regenerates cryopreserved using slow-
prefreezing grew more vigorously than
ones cryopreserved using other
methods and the control.

4) The growths of horseradish regener-
ates cryopreserved using 4 methods
were also compared mutually. A vig-
orous growth of regenerates was only
observed after slow-prefreezing cryo-
preservation in the same way as aspar-
agus.

3. Analysis of the reason why the slow-
prefreezing method induces vigorous
growth of regenerates after cryopreserva-
tion
1) Cells surviving in asparagus shoot

apices derived from cultures after
cryopreservation were observed daily
by transmission electron microscope.
Microscopical observation of cells
cryopreserved using slow-prefreezing
revealed a fair number of small vesi-
cles existing near the membrane (just
after thawing) and vesicular structures
(after 3 days). In addition, the number

2)

3)

of mitochondria increased two-fold of
that of other cryopreservation
methods since 5 days of culture.

Gene expression of cryopreserved tis-
sues of horseradish was examined util-
izing DNA microarray. The number
of upregulated genes and the expres-
sion intensities of slow-prefrozen
regenerates which showed vigorous
growth increased remarkably compar-
ed with that of cryopreserved ones
experiencing vitrification and the con-
trol. However, it was characterized
that the expression intensities of
upregulated genes in slow-prefrozen
regenerates were peculiarly lower than
those of other treatrments, whereas
the gene expression patterns of slow-
profrozen regenerates showed a large
difference compared with those of
other treatments..

In horseradish, the examination of 37
upregulated genes, which were sepa-
rately expressed in slow-profrozen
regenerates and indicated the expres-
sion intensity more 3-times compared
with that of untreated apices, resulted
in comfirming 2 genes relating to
auxin activity, 4 genes to stress
response and 2 genes to biological
defence.



