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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.
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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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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)
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Encapsulation- _‘g -
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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
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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).

1%, dt¥EICHAET 5 XA 2 X 7R ORET,
7 A4 X RO < A & R EE B LR R
ELTHIHLTWI: Z EDRHIS T W ST,
JIWBETIIRENY v A, Ya—R, V4B
JFUETZEDFEEE LTHHESNTEY, —
MR e B e LTEEL Twd, £/, HpE
HH QW5 £ 0, REICHEREERSVES
ZEENTLEZENHSERD, BERMN
DEEE L TEEZED TV, JLREZEEM
R TIE, NAA Y FOMMEER 2R L,
in vitro TO 7 0 — > KESETERAT 2 HESL L7z
030, )L F I X0 EEEREE I b
B U729, 2o OREEMEREEIL, KRR L5
ET20EOEEEME L TRKEEETHLK
M, HENL SEELR LT ILPTVOT,
REEHE O B IRTT 5 2 HEEOMENLHYE < 3K
HHENTW» 5D,

NGy THBRO BREREZ, R0 258

FEERIEC LD, LFCHI e oI 72X
TEEAWTHEIILI208, BB EEETIHIZEA
CEFFEERE NG o 2 EBREL T
%, LoL, KB ORFBRAZETE 28 &
LT, b »EFAREZERL THWEILh
5, WEREES L UHIE O ke TRT R
E, EFEVEE DML D 5,

%z ZTCARHITIX, #7AbE, E—XAAT A
ILEB L O E—XEE R W TR v 71
FEREEOBRERERM O 2R LTz, 2
DIGE, HERICFITTAH T AL,
¥ A FOVEZ RV B X O EKRDEE R
M35 e di, HBROEFICRITT a—
T4 Y TWANDZ ) &) IO E 2 E L
720 MIZ T, Bernald et al.’® O =% 2,
O —5 4 ¥ ZIRADY ) FOVEETINO 28 % i
Lz,

F1IE FSUVEBTERAEIRT 2K - AL
DOIRET

RIETE, NAD Y TR O SRS RTE
Bt OWESL % Bz, SRS S Ll 3 D
BAEIRFEOERMEIC D W THRET L2,
MRl & 05

(1) Y

JEREZFRE TR - ERF S LT 20
A Ay 7O 1 2 B DR % 5°C, KRt
T 2 ERMEEEIMEE, 2 — b SEumEhh o s
BEARER T CBEANICRH U 7c 2 TH (B 1
mm) KL E U7z, REFER L, SR 59 D
Ffev, MS Bt EBEE B L U7 3 /B-E
ZIUOEEE /2 CHER LD (LI 1/2
MS & %:50) 12 BA10.0 M, gibberellic acid
(GA;) 1.0 M, ¥ a3 %BLUVFEKXK.7%
BEIIU B2 (pH5.7) 2w, 25°C, 1
H 16 FFEEREH (B EHET, 60 wE/m?/s) D5
BT TITo 72,

(2) mHiissE

HiEEEEIE, AZE - 5 1Ho0% 1H & FRRIC,
MEOBFEIRTITE 25 5 72012, 1/2 MS 5
Hicy aBE0.3M B X UOFEK0.7%2EHMML 72
K% (pHb5.7) 2w, 25°C, BEART, 24
1T 720



FRARY | SR DR ARR 2 ) 7 BRSO B & VR IREFR OB ERIIRIC S 0 2 RIGERZ O 13

(3) A - mbfEALEE

B - B (77 2Mbik, ©—X 47 A bk
BLUE—XARZEEEE) X, WINbLE 16 -5
1B ERBO K ETIT 2, 1212L, E—XH
7 ZMbFEB L O E = XA C B 50 —T 4
YWD Y 3 PEREELX 0.75 M IZERE LTz,

(4) Hr&

TEVMETRE D72 ORFEIE, AEDICFEEL 2
B3 L Rl — 08B X UL TlT-
72o

(5) P

a) AR

H T ZbEEB & OE — XEEEREE I B WL TR
30 HRIC, E— X4 7 AbRIZ B CIIRE
60 H#ZWZ, RS 5mm U EDY 2 - 2HFT 5
FAEMYA 2 EF AR U CREL, £ERE
BHHUZ, 8, 1KHD 10 XEHE2HWEE
B N7 3 [|IfTV, SR 2 EHIELSE TF
L7z,

b) E—X&KkX

' — REZEER T, 2B O ©— X EKE
REAE L, PAEIE, F1E -1 HICHET S
TIETIT o 72 BRI DV T E— X 20 i %
FlV 2 I 207 3 BTV, FEEEFHE+
SE THR L,

WEB L UHE

# 7 2bEB L U — R B Y 5, &
FEEIZ, ¥E5 HRE» sFewzfbl, 5%
HIUUHBELO Y2 — MNEEEHA L, &5
1z, B3 30 HERICIE Y =2 — MM 2 cm & T
ElL7:o —H, E—XF 7 AMbETIE, §52#E 30
H# F TICEKEBD 7V AW X 1L, 555 60 H
BIZEANVAD SN EFHEVPHER I T
(Fig. 1),

H T 2EB L E — XA 5 ALk THikE L
TR D BT RIT T A T 2L (PVS2 #) 4L
HEFR OFE ® Fig. 12 1R T, HERERD
EERIZ, Wb PVS2 WALEIC X h#gRL
72o ZOHE, HEFERIZ PVS2 WALEERE D%
BRI, #7AEETIE 1 RRLE, ©—X
H 7 AMLET I 4 FRELE R OB TR EE
(7 Atk 50.0% ; E—=X 4 7 2Lk,
28.9%) ERL, ORI 2, Frig, #7

%ﬂ

14 days e 30 days
‘ T
Witrification \ &
r i
F D
Encapsulation- ' '? !
dehy dration )
- .
30 davs B0 days

" E .
Encapsulation- ’ S % :
vitrification ,+ii'ifii

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.

BHDELT, 60 uE/m?/s) OFEMTTIT-o 72,

(2) HigsE

BIREER I, AZE -5 1H0F 18 & Fff,
TN—_) — BRI S aBE 0.4 M B & N
KO.T% =ML IEE#ERE (pH5.7) AW,
25°C, WEATTC, 24 K T 72,

(3) B - RbfEALEE

B - B (77 2k, © =47 A{bik
BLUOE—RMEER) X, WIihdbERE-F1
HiOH 1 HE[FRRDSTHETIT o 72,

(4) K&

TYIERBE DT » ORI, AHEQIFEL 72
MR R L R— OB L OB EMTiTo
726

(5) R

a) ek

BEHZKE EE5mmMUEOoya—»
»ET 2 HEEYEE EFEARE UTREL,
EERPEHR LT, kB, 1KHLD 10 XEHE
v 2 SEER 2N 3 EITY, R 2 FE L
SE T#& L7,

100,

D X
(=2

Vitrification

Survival (%)

0 0.5 1 L5 2
PVS2 loading time (hr)

Encapsulation-
vitrification

Survival (%)

o 1 2 3 4 5 6
PVS2 loading time (hr)

—o= Control
— Immersed in LN

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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Fig. 23.

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.

WRETIE, E—RAHEEHWS 2 L TER
A 2GS 2 LIS TE 1208, EERI26.7% &
K<, B3RP LE L5z, HifflizBW»
T, 7V VUBLUY Y FLBERERHAT S
RE—XGEEEHWT, 77 X)) —iE#EK
LTEOWFERIFICEIN L 7o AE T, SR E—
AFERIC BT 5, 0—T 4 Y ITEA~ADTV &
V) B LYY FOVEBINIIDSHERR O T2 S E
TEEZOWTHRE L,

Mk X U5k
(1) fEvrt
TR, BTEICHE U, (RIRSIMER D 7 v —

N —EEFEAROZEER AL

(2) miks#E
MRIOBRIETME 2 E Y 272912, AiEICHE
UC, #Rle Qoiamestz Ay ChiksE %
1T-726

(3) SR - mlfiERALE
BfG - BRI, AIEOE— AHEEICHET 5

HETITolk, ELcE—X %27 ) v ~
(0.5 BLT1.0M) 72139V FLE0.05 B
0.1 mM) EHINLIze—7 4 > 78I 16
EREE Lz £72, U—T 4 Y ZWIZT ) &
VUBIYY FUBERNL WK ZET

SR & Uie, MBtR, >V 47 VT 6 Rz
MIEL, LN ~NEA L7z, LN Huc 1R ERFE L



FRARY | SRV DR ARR 2 ) 7 BRSO BT & VB IREFR OB ERIIRIC S 0 2 RIGER R OMYT 23

100 £
S 80F b
~ b ab
= 60 a
=
g 40F a a a
w2
0
Gly0.5M  Gly 1.0M
Gly Gly SA SA + +
Control 05M 1.0M 0.05mM 0.ImM SA 0.05mM SA 0.05mM

Treatment
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).
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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.
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Fig. 26. Effects of slow-prefreezing with or
without immersion in LN (—196°C) on
the growth of asparagus regenerates.
Slow-prefreezing was performed at a
rate of 0.5°C/min from 0 to —40°C with
freezing solution containing 129 (v/v)
Me,SO. Thawing was made in warm
water at 38°C. Values show mean=
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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.



FRARY | SR OB ARR 2 ) 7 BRSO B & VB IREFR OB ERIIRIC 5 1 2 RIGER R OMYT 29

Washington 500W’ ® & Z#¥k & L CHEHAL T
&7zo L7255 T, ‘Mary Washington 500W’
DAt o i 2 v T, RS RE R O R IE A
REMEZL T, [k, HEHEMZEICDOW
THRMEOMEE LTEEINTWE,227T,
T AT H A DLEDWFEL & R X O
TR % F D THRESR & AR DIRET 21T - 72,
MR X O

(1) ek

L ERFITTEME 7 4 =V FEFE R v
Y —EMEETRES MBI N T 5 15 4F
E£T7 AT H X (‘Gold schatz’, ‘Ruhm von
Braunschweig’, ‘Viking’, @ (Zuiyoh)’)
MR, HERR e & NI ZM1Y 5, XIE%
ERANCHD L, ARH - 5 1HDOHETE R
Lizo BB 1 DABOY 2 — oy H LTz
HiERUI A 2k L Uz,

(2) BRAE - AlFALER

BfG - B FERE, AH - 5 1 HICHEL,
EE TG E AW TTo 72 WX & LT,
HASRAEX (Cryopreserved) DIE 5, fHALE#E

D H T TR 23T 72,

(3) Hr#k

BERLM, A - B 1HEEFAKTH 2,
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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’.
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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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AET 5 Lk bz, MR- MlYs L O0STFAEY
HOFiEEHACT, FROFHEHEL 2,
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.



