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HBLTHBISEEY v 2 R4—F 7 555 1988
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Table 1. Varietal differences in survival and rosette formation of apple leaf bud apices fro-
zen in liquid N,, thawed and cultured.?

Survival of shoot apex

Rosette formation of shoot apex

Cultivar -

Surviving/treated % Rosette-forming/surviving %
Fuji 12/12 100 2/12 17
Spartan 12/12 100 2/12 17
Mclntosh Red 12/12 100 1/12 8
Starking Delicious 12/12 100 2/12 17
Cortland 11/12 92 1/11 9
Summerland 12/13 92 1/12 8
Summerred 9/ 9 100 0/ 9 0
Mutsu 14/14 100 2/14 14
Empire 13/13 100 0/13 0
Spencer 11/15 73 1/11 9
Kitakami 8/ 8 100 0/ 8 0
Imperial 15/15 100 0/15 0

2 Survivals were defined after 1 month of culture ; rosette formations, after 2 months.
distilled water +8% DMSO +30g/! sucrose.

medium +1mg/! BA +30g/! sucrose +7 g/l agar; pH,5.7.

Freezing solution:

Prefreezing : cooled down to —40°C at 0.5°C/min.
Thawing : ultrarapidly thawed by immersion into a warm water at 38°C. Culture medium: MS
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C

Fig. 1. Plant regeneration of apple leaf bud apices frozen in liquid nitrogen, thawed and cultured in vitro.
A, a leaf bud apex survived (after one week of culture); B, a rosette developed from an apex
(after one month of culture) ; C, shoots formed from a rosette (after two months of culture); D,

roots formed on the bottom of shoot (after one month of subculture).

lected from ° spartan.’
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RK&L, B E 0CETHRA LA 2R 2N
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b. WRRUEZE

W - LAEERREE 1 AR T CIITNT
BEXEL, ZERBZV-TRY 100%TH - 12,
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Length of the largest leaf (mm)

Fig. 2.

Number of leaves

Fig. 3.

10F

unfrozen 0 —10 —20 —40 —196

Freezing temperature (C)

Effect of freezing temperature on the
length of the largest leaf developed from
apple leaf bud apices frozen in liguid nitro-
gen. Stained and non-stained bars repre-
sent the culture duration of one and two
months, respectively. Vertical lines repre-
sent SD. “Unfrozen” means a normal
culture of shoot apices.

" unfrozen 0 —10 —20 —40 —196

Freezing temperature (C)

Effect of freezing temperature on the num-
ber of leaves developed from apple leaf
bud apices frozen in liquid nitrogen.
Stained and non-stained bars represent the
culture duration of one and two months,
respectively. Vertical lines represent SD.
“Unfrozen” means a normal culture of
shoot apices.

50
40r
o
S
a 30 P
S g
s 8
$45 0r
S o
£ 5
S é 10
a8 :
0 7 i B
unfrozen 0 —10 —20 —40 —19%6
Freezing temperature (°C)
Fig. 4. Effect of freezing temperature on shoot for-

mation of apple leaf bud apices frozen in
liquid nitrogen. Stained and non-stained
bars represent the culture duration of one
and two months, respectively. “ Unfr-
ozen” means a normal culture of shoot
apices.
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6)o Tr¥s, ZIZTHWi TDZ DEEW, HBHGLD
BEIEXBEC L TREBOEREYAVTT- 1 F
BRBOBRLLRELLLDTH B, HHELIX
TDZ %\ T s = — F DEDAFES 7 b BR
Ty a— b RBREIRTR), BEROZE2LO
BOEBLECS ZOHERr RV HRTELLOL
Ezibhd,

50
] 40
2
j=}
< wr
5 9 30 -
%4
E¥ 20
o g
[3] I
AL
10 =
0 - l I
BA-added TDZ-added
medium medium
Fig. 5. Effect of the kinds of cytokinin added in

culture media on shoot formation of apple
leaf bud apices frozen in liquid nitrogen.
BA-added medium: a plant-regeneration
medium containing MS medium, 30 g//. su-
crose and 1mg/! BA (observed after 2
months of culture under light). TDZ-
added medium: a plant-regeneration
medium containing MS medium, 30 g// su-
crose, 1 g/l casamino acids, 0.1mg/!
NAA and 10°M TDZ (observed after 2
months of a BA-added medium-using cul-
ture under light, which follows 2 months of
a TDZ-added medium-using culture in the
dark).

Fig. 6.

A

Plant regeneration of apple leaf bud apices
frozen in liquid nitrogen and cultured on
the TDZ-added medium. A, multiple buds
formed from leaf bud apices (after 2
months of culture in the dark); B, shoot
elongation from multiple buds (one month
after the transfer from the TDZ-added
medium to the BA-added medium); C,
shoots proliferated on the BA-added
medium (two months after the transfer to
the BA-added medium). Plant materials
were derived from ‘spartan.’
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100‘=/-
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Freezing temperature (C)
10074, u
OXI —
| S
[ ]
g Jo o
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=
5
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070 =5
Freezing temperature (°C)
Fig. 7. Effects of freezing temperatures and

DMSO concentrations in freezing solution
on survival of pear leaf bud apices frozen,
thawed and cultured. Marks represent the
concentrations of DMSO: A, 0% ; @, 4% ;
B 8%, A, 12%; O, 16% ; [, 20%.
Samples were collected on 7th September
(upper) and 29th March (lower), respec-
tively. Surveyed after 4 weeks of culture.
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Table 2. Seasonal, varietal changes in survival and rosette formation of pear leaf bud

apices frozen in liquid N,.%

Survival of shoot apex

Rosette formation of shoot apex

Shoot apex- Cultivar

collecting time” Surviving/treated % Rosette-forming/surviving %
21/Jan. Chojuro 14/14 100 4/14 29
Mishirazu 16/16 100 2/16 13
Flemish Beauty 14/14 100 1/14 7

Bartlett 2/16 13 0/ 2

Brandy Wine 2/14 14 0/ 2
18/Feb. Chojuro 12/12 100 4/12 33
Mishirazu 13/13 100 4/13 31
Flemish Beauty 12/13 92 2/12 17
Bartlett 1/12 8 0/ 1 0
Brandy Wine 2/13 15 0/ 2 0
9/Mar. Mishirazu 15/15 100 1/15 7
Flemish Beauty 15/15 100 3/15 20
Bartlett 2/14 14 0/ 2 0

Brandy Wine 0/14 0

16/Mar. Flemish Beauty 8/13 62 1/ 8 13
7/Apr. Flemish Beauty 9/16 56 1/ 9 11
Brandy Wine 3/16 19 0/ 3 0

ZConditions of freezing solution, prefreezing, thawing, culture medium and observing time are the same

as in Table 1.
Y Plant materials were collected in 1987.
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Fig. 8. Plant regeneration of pear leaf bud apices frozen in liquid nitrogen, thawed and cultured % vitro.
A, a rosette developed from an apex (after one month of culture) ; B, shoots formed from a rosette
(after two months of culture) ; C, roots formed on the bottom of shoot (bottoms of shoots were
treated with 100 ppm IBA and then set in vermiculite, after one month of culture) ; D, a regenerated
plant in a pot. Plant materials were derived from ‘ Flemish Beauty.’
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Table 3. Varietal differences in survival, shoot formation and rooting of sweet cherry leaf
bud apices frozen in liquid N,, thawed and cultured.”

Survival of shoot apex

Shoot formation N}?' of No. of
Cultivar 2 weeksY 1 monthY :pioc%ts plants1
Surviving/Treated 9% Surviving/Treated % Shooting/Treated 9%  rooting potte

Napoleon 16/16 100 5/16 31 0/16 0 0 0
Wase-hokkou 11/13 85 0/13 0 0/13 0 0 0
Jabouley 13/13 100 1/13 8 1/13 8 0 0
Hokkou 12/12 100 5/12 42 1/12 8 0 0
Sato-nishiki 9/10 90 7/10 70 0/10 0 0 0
Redglory 13/13 100 5/13 39 0/13 0 0 0
Seedling 14/14 100 9/14 64 6/14 43 2 1
Mazzard 15/16 94 12/16 75 2/16 13 1 1
Ulster 13/15 87 5/15 33 0/15 0 0 0

2 Freezing solution : distilled water +8% DMSO +30g// sucrose. Prefreezing: cooled down to —40% at
0.5C/min. Thawing : ultrarapidly thawed by immersion into a warm water at 38°C. Culture medium :
MS medium +1mg/! BA +30g/! sucrose +7g/! agar; pH,5.7. Shoot apices were collected on 20th
Feburary or 4th March, 1987.

¥ The duration of culture.

Fig. 9. Plant regeneration of sweet cherry leaf bud apices frozen in liquid nitrogen, thawed and cultured in
vitro. A, a leaf bud apex survived (after 3 weeks of culture) ; B, elongated shoots from a rosette
(after 2 months of culture) ; C, roots formed on the bottom of shoot (after three months of cul-
ture) ; D, a regenerated plant of ‘ Mazzard’ (left) and a seedling (right).
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Table 4. Effects of freezing temperature, freezing solution and plant material-collecting
time on survival and shoot formation of blueberried honeysuckle leaf bud apices
frozen in liquid N,, thawed and cultured.”

Rate of surviving (shooting) apices¥

Shoot apex- Freezing Freezing temperature (C)
collecting time solution - 20
_ —40—>—196 +20——196
~5 -0 -2 40 aN) AN
1987
20/M 30 g/! sucrose 8/ 8 8/ 8 8/ 8 8/ 8 6/ 7
ar. +8% DMSO (100> (100) (100D (100 ( 86D
15/0ct. 30 g/ sucrose ?/lg) (()/13) ((]/1(2))
30 g/! sucrose 5/12 1/12 2/12
+89% DMSO (42 C 8 1D
30 g/! sucrose 0/12 2/12 1/12
+16% DMSO Q) 1D )]
30 g/ sucrose 1/12 2/12 1/12
+249% DMSO C & 1D C &
5/12 3/12 2/ 9
11/Nov. water (4 (2 C o
1990
11/12 12/12 12/12 10/12
12/Jan. water Co  Taod Qo ('83)
s v sy
11/Feb. water 5()/1%)

Z Defined after 1 month of culture.

¥ Surviving (shooting) apices/treated apices; Values in parentheses show percentages of the rates.
X« —-40 ->—196 " represent that the sample apices (contained in straws with freezing solution) are
precooled down to —40°C and then immersed into liquid N,.
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Fig. 10. Plant regeneration of blueberried honey-
suckle leaf bud apices frozen in liquid
nitrogen, thawed and cultured i witro.
A, a rosette developed from an apex
(after one month of culture); B, shoots
elongated from a rosette (after 2 months
of culture) ; C, roots formed on the bot-
tom of shoots (after 3 months of culture).
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Fig. 11. Effects of freezing temperatures and har-
dening on survival of blueberried honey-
suckle nodal segments obtained in tissue
culture, frozen, thawed and cultured.
Hardened at 5C. Control represents the
materials treated with freezing solution
for 2 hours and unfrozen.
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Fig. 12. Effects of freezing temperatures and har-
dening on survival of blueberry nodal seg-
ments obtained in tissue culture, frozen,
thawed and cultured. Stained and non-
stained bars represent ‘ Concord’ and
‘Rancocas’, respectively. Hardened at
5C. Control represents the materials
treated with freezing solution for 2 hours
and unfrozen.

Fig. 13. Plant regeneration of blueberry nodal segments frozen in liquid nitrogen, thawed and cultured iz
vitro. A, expanded leaves derived from survived tissues (after 3 weeks of culture) ; B, elongated
roots derived from the bottom of shoots. The cultivar was ‘ Rancocas.’
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Fig. 14. Effects of DMSO concentrations and kinds
of sugar in freezing solution on survival
of asparagus nodal segments frozen in lig-
uid nitrogen, thawed and cultured.
Marks represent the kinds of sugar
added: @, no sugar; A, 0.2M glucose;
V, 0.2M sorbitol; [, 0.2 M sucrose.
Cross represents the plant material unfr-
ozen.
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Fig. 15. Effects of DMSO concentrations and kinds
of sugar in freezing solution on shoot for-
mation of asparagus nodal segments fro-
zen in liquid nitrogen, thawed and cul-
tured. Marks are the same as in Fig. 14.
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Fig. 16. Effects of DMSO concentrations and kinds
of sugar in freezing solution on root for-
mation of asparagus nodal segments fro-
zen in liquid nitrogen, thawed and cul-
tured. Marks are the same as in Fig. 14.
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Fig. 17. Effect of sorbitol concentrations in freez-
ing solution on survival of asparagus
nodal segments frozen in liquid nitrogen,
thawed and cultured. DMSO (8%) was
added in freezing solution uniformly. A
datum of mark @ is referred to Fig. 14.
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Fig. 18. Changes in the number of shoots derived
from asparagus nodal segments frozen in
liquid nitrogen associated with culture
duration. Marks are the same as in Fig.
14. Broken line represents the plant
material unfrozen. Vertical lines repre-
sent SE. Surveyed on shoot-forming
plant materials.
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Fig. 19. Changes in the length of the longest shoot
derived from asparagus nodal segments
frozen in liquid nitrogen associated with
culture duration. Marks are the same as
in Fig.14. Broken line represents the
plant material unfrozen. Vertical lines
represent SE. Surveyed on shoot-form-

ing plant materials.
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Fig. 20. Plant regeneration of asparagus nodal
segments frozen in liquid nitrogen,
thawed and cultured iz wvitro. A, sur-
vived lateral bud (after 2 weeks of cul-
ture) ; B, elongated shoots derived from a
survived lateral bud (after 1 month of
culture) ; C, white roots emerging from
the bottom of shoots (after 3 months of
culture). The cultivar was ‘Mary Wa-
shington 500 W.’
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Fig. 21. Effect of preculture on survival and organ
formation (shoot and root) of asparagus
nodal segments frozen in liquid nitrogen,
thawed and cultured. Bars represent the
shape of plant materials: stripe, short
segments (2 mm) ; non-stained, long seg-
ments (5 mm) inoculated on the media
horizontally ; stained, long segments (5
mm) inserted in the media vertically.
Unfrozen plant materials which was
precultured were transferred to regrowth
media immediately. Glucose (30g/!)
was added in preculture media uniformly.
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Fig. 22. Seasonal changes in freezing resistance

and survival rates after freezing in liquid
nitrogen of pear leaf bud apices excised.
Symbols represent cultivars: @, Pyrus
communis L. Flemish Beauty’; V, Pyrus
communis L.' Bartlett’; A, Pyrus ussur-
iensis MAXIM var. sinensis KIKUCHI ‘ Mi-
shirazu’; O, Pyrus pyrifolia NAKAI var.
culta NAKAI ‘ Chojuro.’
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Fig. 23. Seasonal changes in survival rates of pear
leaf bud apices frozen in liquid nitrogen,
thawed and cultured. Symbols represent
cultivars: O, Pyrus communis L. Flemish
Beauty’; A, Pyrus ussuriensis MAXIM
var. sinensis KIKUCHI ‘ Mishirazu’; [,
Pyrus pyrifolia NAKAI var. culta NAKAI
¢ Chojuro.’
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Fig. 24. Seasonal changes in plant regeneration of
pear leaf bud apices frozen in liquid nitro-
gen, thawed and cultured. Symbols are

the same as in Fig. 23.
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Fig. 25. Seasonal changes in survival rates of pear
leaf bud apices stored at 0°C and frozen
in liquid nitrogen, thawed and cultured.
Symbols are the same as in Fig.23. An
arrow indicates the date (February 27,
1988 of collecting twigs for storage.
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Fig. 26. Effects of freezing temperature and har-
dening on survival of blueberried honey-
suckle nodal segments obtained through
tissue culture, frozen in liquid N,, thawed
and cultured. . ¥
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Fig. 27. Effects of freezing temperature and har-
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frozen in liquid N,, thawed and cultured.
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Fig. 29. Effects of freezing temperature and
preculture on survival of blueberry nodal
segments obtained through tissue culture,
frozen in liquid N,, thawed and cultured.

The cultivar was ‘ Rancocas.’
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Fig. 30. Effect of DMSO concentration added in
preculture media on survival of asparagus
shoot apices frozen in liquid N,, thawed
and cultured. An open circle represents
the rate for non-precultured and frozen
apices.
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shoot apices frozen in liquid N,, thawed
and cultured. Control represents the rate
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Fig. 32. Effect of glucose concentration added in
preculture media on survival of asparagus
shoot apices frozen in liquid N,, thawed
and cultured. An open circle represents
the rate for non-precultured and frozen
apices.
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Fig. 33. Seasonal changes in water contents of
pear leaf bud apices. The cultivar was
‘ Flemish Beauty.’

GRERRD, SRKBLEHL

2) WEEORW BWEF TV Iviae
Cae 7 e by P ROETI T —ev A
v, BRF v BT BORFEF - ORE L H
EIXND BN & 2806 Table 5~9 IR T4
EE A ETA4 200 mg (Rl & @) YD HIiL

‘D%, 0.2 NBERR2ml, B B200mg XOH

IEREHE L LTT 7 b — A 20 umol T EIrEW 1
mlxHEML, 0OCTHH#EZAVCHAET=F 4 X
Lic, 6T, ZOHMBEERHUKIm/ Tt
L Chilgminz, 4°C, 14,000 rpm T 5 7L
SEEL, EBWARBAES Vv 4 (KHCO,) B3R
TpH4 HFE L, Wi, 20 LBRYEERR
LCO0.5ml ML, BUBRLIELL L
BRAPREE Lic, SHAEEES]R I n <77
4= (HF AT H T A JRALHE NH,P—
50>, WK C75% 7 b =+ Y, BEHIEE I RE
JEHTERET (BIZ L-3300 FD) #H\, 30C (A7 4
4 — 7 v (A3 L-5020 B ) ¢fT o, 1EID
SR ORI 104l & L1

3) WEET I /BoAt L& REOERE .
i Table 10 B ¥ Tablell R T4 LB B IcXE
200mg (Riaf &R 2WbiiLcob, 0.2NB

7.08

10.82 Fructose
11.68 Sorbital
13.38 Glucose

17.43 Sucrase
19.46 Lactose

Fig. 34. An example chromatogram of sugar anal-
ysis on pear leaf bud apices. The
cultivar was ‘ Flemish Beauty.” Plant
materials were collected on 31st January,

1991.

Table 5. Seasonal changes in sugar contents of ‘ Flemish Beauty ' pear leaf bud apices.

Sugar contents (gmol/g fw)

Sugar Collecting date
25/Sep. 4/0ct. 25/0ct. 6/Nov. 23/Nov. 9/Dec. 16/Jan. 31/Jan.
Fructose 21.8 32.8 42.0 55.5 85.2 52.0 63.7 65.3
Sorbitol 43.5 67.9 76.0 112.2 113.3 102.9 155.7 149.6
Glucose —* — — 10.1 9.0 6.3 8.6 11.0
Sucrose 6.8 21.5 21.0 33.1 37.6 38.6 39.5 65.1
Total 72.1 122.2 139.0 210.9 245.1 199.8 267.5 291.0

Z Nondetected.
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Table 6. Seasonal changes in sugar contents of
‘ Bartlett’ pear leaf bud apices.

Sugar contents (xmol/g fw)

Sugar Collecting date
25/0ct. 23/Nov. 9/Dec. 16/Jan. 28/Jan.
Fructose 35.3 80.0 100.4 78.9 74.4
Sorbitol 62.7 146.9 156.1 244.4 218.5
" Glucose 20.2 20.3 14.9 33.1 28.2
Sucrose 35.5 49.8 48.0 62.3 57.5
Total 153.7  297.0 319.4 418.7 378.6

Table 7. Seasonal changes in sugar contents of
‘Chojuro’ pear leaf bud apices.
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Table 8. Seasonal changes in sugar contents of
‘ Mishirazu ’ pear leaf bud apices.

Sugar contents (umol/g fw)

Sugar contents (umol/g fw)

Sugar Collecting date Sugar Collecting date
25/0ct. 24/Nov. 11/Dec. 3/Feb. 25/0ct.  24/Nov. 11/Dec. 28/Jan.
Fructose 42.0 102.5 101.1 90.7 Fructose 32.9 62.3 58.7 77.8
Sorbitol 56.5 118.8 126.0 143.5 Sorbitol 71.2 104.0 143.0 150.8
Glucose —z — 4.5 - Glucose —z - 3.4 5.9
Sucrose 18.9 39.3 65.0 63.5 Sucrose 10.0 40.3 52.1 50.3
Total 117.4 260.6 296.6 297.7 Total 114.1 206.6 257.2 284.8
Z Nondetected Z Nondetected
Table 9. Varietal differences in sugar contents of pear leaf bud apices collected in winter.
Sugar contents (umol/g fw)
Sugar Cultivar and Collecting date
Flemish Beauty Bartlett Brandy Wine Chojuro Mishirazu
Jan. 28/]Jan. 5/Feb. 3/Feb. 28/Jan.
Fructose 65.3 74 .4 98.7 90.7 77.8
Sorbitol 149.6 218.5 229.1 143.5 150.8
Glucose 11.0 28.2 19.6 —z 5.9
Sucrose 65.1 57.5 64.7 63.5 50.3
Total 291.0 378.6 412.1 297.7 284.8

Z Nondetected.
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Table 10.

Seasonal changes in amino acid contents of ‘ Flemish Beauty ’ pear leaf bud apices.

Amino acid contents (nmol/g fw)

Amino acid

Collecting date

7/Sep. 27/Sep. 5/0ct. 8/Nov. 13/Nov. 30/Jan.
Asp 302 538 561 1,317 1,623 2,271
Thr 292 304 324 2,939 2,802 648
Ser 1,196. 1,261 1,820 2,951 3,666 . 762
Glu 642 730 847 1,707 1,536 2,555
Gly 173 126 263 169 182 78
Ala 293 235 348 407 297 279
Cys/?2 89 104 118 149 92 111
Val 100 109 140 841 899 231
Met —* — — — — —
Ile 35 39 558 407 477 113
Leu 41 51 62 153 197 114
Tyr 44 30 60 37 17 . 30
Phe 24 45 54 57 57 131
Lys 39 35 47 40 49 127
His 46 40 75 288 435 281
Arg 32 63 33 909 2,356 1,552
Pro — — — 57 42 —
Total 3,348 3,710 5,310 12,428 14,727 9,283
NH, 1,209 1,148 1,315 824 714 821

Z Nondetected.
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Table 11. Varietal differences in amino acid contents of pear leaf bud apices collected in winter.

Amino acid contents (nmol/g fw)

Amino acid Cultivar and Collecting date
Flemish Beauty Bartlett Brandy Wine Chojuro Mishirazu
31/Jan. 28/Jan. 5/Feb. 3/Feb. 28/Jan.

Asp 2,271 ) 843 589 3,051 2,055
Thr 648 621 288 1,267 727
Ser 762 393 79 233 127
Glu 2,555 1,544 967 1,819 1,621
Gly 78 118 37 70 69
Ala 279 260 125 239 227
Cys/2 111 79 73 124 113
Val 231 193 113 188 168
Met —z 18 — 23 —
Ile 113 104 22 121 89
Leu 114 96 28 69 79
Tyr 30 48 39 26 —
Phe 131 153 112 67 124
Lys 127 145 25 81 88
His 281 60 41 174 117
Arg 1,552 491 342 844 301
Pro — 42 — 113 48
Total 9,283 5,208 2,880 8,509 5,953
NH; 821 799 679 707 1,566

Z Nondetected.

T4, BT ROEARME, BEEOE
N=bPU Yy N RBTSUF - e v VI HRT
TARSFVBBOINE I VBBEENED - T,
LhL, Thbo7 /By, BEZEOMM I
BET 20 THLLENISHE LB L
nilfebinv, ¥, £F0L7 I VBEBRES
CHENTHEABNES - Lo b, £F0EHIES
CENTHBABEL T30 EELILRS,
UEkoX 5w, ZEEOESKEORA L O RS
BOERE7 3/ BaRE ot S 0B EMo
EmE DA, EHOMEMEHAO—HETHIHLELL
s, LalL, WHEEOEV AS-trvy VRO
TIVF— e vV OBEEIHERE OB S
DERCERE» T X 51, BEEOK/INIHHE
HORELHBTE5-20ERTH - T, “hTT
NTEHAETIERE LD DEEL LR,

2. NRAVTERIZBIT2HNERSOEEN
T
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BELTCHB~RAD v 7 IEROFR F 1 MRIERE ©
s b, 1991428210, 6 H25 XU 10 A
16 HIZ¥E 200 mg (X 1~1.5mm, ZEFE6E
BEZHET D50 150~200 BI8%) #9pHL,
NNCTIAMERLLDL, £FERUVEEDOE,D
GREXUEL, SRELEH L, KEE, 28
BU6 Ap3MmE, 10 BA2EE LT,

2) WEHERUHERET I /BoOSR EREAU
EHRARA—OFEREH» L EH200mg (ER
150~200 Y I b M LMH & L, SR
BIOERROCOWAER, A-lor v 0Bas LR
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[BlE Lz,

b. BREUEE
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Bwiss & 0% Ec#EimL, oo 10 B Y
BT 5 EmBdbRte, LichisT, £EB0E
JHOMFEE A GCERE LT, MlaROEKEH D
Tt EhELZLRD,

wic, EEBTOTHDE (Tableld), ~ %
Ay 7EENNCRETERER IS/ PR, 0
A—ARVBARZ7 e —203BETHD, TR
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757 = ARV A2 - 2 GBI S TH
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EREDLAN, Thbb, £F 2H) 160
umol/g fw b bofcrArz7 v —2EG58E, EE (6
H) iz k20 umol/g ftw 2 THEA L, #ZF Q0
B UL T 90 gumol/g fw LA L& 7o 5 72,
BEEOBTROCEXRNCEBMEHRET S &,
2HM0.34M, 6 B2R0.06 M &inh, £FDEIF
NEFCERELLIBREMAE -7,

Rz, 73 "BEEOCEHFNEH YR D &
(Table14), #v LEFRIC~ A B v 7B WTh
BFELITARTFVBROI L2 $ VEREENE
oteidh, 77 =VvERBbEhoT, ¥, &7
IUBEBTHERL L, £FREF0OH 3 fSoE
R LT,

hoXsw, ~2py 7OEETH L EE
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a. MERUFE
1) BKBOBITE in vitro TR « HEHEAED

BLTWBETARNTHAAY =72V F V500 W

Dy a—t+ BREH2HAXELELED) 25

HEE (B X #9 1 mm) B OSSR L (& 249 5 mm)

Table 12. Seasonal changes in water contents of
blueberried honeysuckle leaf bud apices.

Collecting date Water (%)?

21/Feb. 61.2%+1.7
25/Jun. 70.6x£2.7
16/0ct. 64.84+2.3

z Average + SE.

Table 13. Seasonal changes in sugar contents of
blueberried honeysuckle leaf bud apices.

Sugar contents (u mol/g fw)?

Sugar Collecting date
21/Feb. 25/Jun. 16/0ct.
Fructose 7.5£5.1 10.5%2.5 25.6+15.8
Glucose 26.8+3.6 11.6+4.4 26.3+20.2
Sucrose 163.3+4.8 20.0%6.0 93.7+35.2
Total 207.7£5.4 42.1x7.1 145.6+0.7

Z Average * SE.

Table 14. Seasonal changes in amino acid contents
of blueberried honeysuckle leaf bud
apices.

Amino acid contents (n mol/g fw)?

Amino
. Collecting date
acid
21/Feb. 25/Jun. 16/0ct.

Asp 3,070+ 752 432+ 57 2,414t 339
Thr 779+ 154 829+285 1,290+ 191
Ser 43+ 43 399+ 31 174+ 174
Glu 3,893+ 758 813+ 49 2,397+ 683
Gly 26+ 13 50+ 12 58+ 8
Ala 1,232+ 93 325t 35 632+ 185
Cys/2 304+ 33 171+ 86 127 18
Val 209+ 24 232+ 74 269+ 52
Met —Y 37+ 37 18+ 18
Ile 36+ 18 79+ 20 102+ 18
Leu 58+ 5 67+ 16 95+ 42
Tyr — 42+ 21 25+ 25
Phe 151+ 61 143+ 90 54+ 25
Lys 148+ 34 28+ 16 141+ 60
His 317+ 137 92+ 28 62+ 21
Arg 837+ 207 20+ 11 162+ 91
Pro 208+ 48 104+ 50 9%+ 26

Total 11,312+1,680
NH; 1,040 319

w

,862+543  8,113+1,973
671225 609+ 90

Z Average = SE. &
¥ Nondetected.
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£200mgxI oL, 70CTIHMERELLDD,
EBEROBEEDE,LEAELHEL, EXKELE
Wli, REGESIc7E, HETCIEE L,

2) WEEERUEET I/ EOD D ELREO
S 200 mg RO B LTV, OB ofER
BUgHokl, V-A-1 LEBETH D, EBRIT,
R CHIER e 2T A5 BT O REL, £0
FENSET ¢ VBROBEOCBEXEE LI,

b. BRRUEE

T AT AREEE Y 2 — b ORI KE O HIETE
Brpo7 2 BEEY Fig. 35 R L, BB &
WieT7 2 2B, WTholicks\vwTd 17EER
Thote (ZDFHLYATA VIZ2HFIEELT
PRFVELTHHEENRELD, Cys/2 EFERLT
H5H), HHLHETEERETSE, WThoT7
IVBEovTLERREMoSBEHEESL b E
Drotr, BRENKE DX, KNS ECE
FRTWATRrRYVETAF=VT, BogsE L
MEEHDO LN HN2~3ETH o7 BHEZIh2
&7 i VBREBECHEL TY, TRl
N 2ETH o, MEMEOBHENERHIN T
578 ) VRUOTAF = v REMRILEL ST h
Tl &, BisoMiaosg EiEEFE & 0B
BETRBL T35,

iz, Fig. 36 CHIH RO HETERF OB EE
RL, ARBRCHRHTEBEERD 2 EHIL S
S =R, Fra—ARORR7a—2D 3EHET
Bote THLOEEE, TR EE O AR
L bEs T,

* e, MR CHESAKOEKRI-TRE
SORFETEL WERXRD AL -7 (Table
15),

UEoksw, SEEBTOERET 1/  BEUKE
DEETHRRICERTE L, BTEEIRELR
EMbECABRTEREIh WD EELLR
b, Tihbb, Milg-ERoFEEFYYEDHE
Ho—o& LT, M- B+ o TSRS DRBE
MR ENREZLRD, LichoT, MlaRomy
BUNEOEEEX A AABNICED LI ENTER
i, BRAS BB OMEBOEEREYEDAZ L LT
BehsbDrELLRD,

C. AEEICHINERDTDEE)
IV.EBWT7 A5 2B ZNIKOXTES 1=

° .
8 1.0
g
<&
8% s
s 3
£ E
5 ER) :%z%:%[%[%
~ Try Met lle Leu Phe Cys/2 Lys Gly Val Asp
2] Amino acid
g
g 10 g 50
S 3 S
o
g - S 30
s 2 5 o &
e 3 2L 9
£ E SE [‘_‘%
£ =3 e 3
< ~ 0 S E 0
Ala Ser Glu Thr Pro 5 3 Arg tota)
Amino acid Kind of amino acid
Fig. 35. Amino acid contents in nodal and inter-
nodal tissues of asparagus shoots
obtained through in witro culture.
Stained and non-stained bars stand for
nodes and internodes, respectively. Ver-
tical lines represent SE.
50 [~
2 40 I~
g =
é Y
g 30
L O
SRS -
%5 20
U
10~
0 fructose glucose sucrose
Sugar
Fig. 36. Sugar contents in nodal and internodal

tissues of asparagus shoots obtained
through ix witro culture. Stained and
non-stained bars stand for nodes and
internodes, respectively. Vertical lines
represent SE.

Table 15. Water content in node and internode of
asparagus shoots obtained through in
vitro culture.

Tissue Water (%)?
Node 78.9%+0.5
Internode 80.4+0.6

Z Average + SE.

IRy FEEE Y 2 — F O DBt cER
LTk, BiEE®T5 2 & CTHROBBEER IS
FBHTLEFMLMIC LI, 2T, V-C TS
EHEE: - MR oBEEFEAED 2ERYHL
ot Hicd, HIEECHES BEMMRAERS LD
D THF~T e,
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1. PANSHREFZMIBERORERICS!T
BSRERRDEE)
a. MRRUHEE

1) MROEE 1914828 BHBERUIA2H
CEBIVERLIC AV -7+ V50W O
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10 ATHESE» b Y EF B LRBEATM
BLEEIRLEENS, 11ABHERC22THKE
ZEEFER UM E Uiz,

2) ® ¥ BE MHo—FowT, WiEEY
fiote 8H 28 HRU9A 2 HDHIEREIL, IV-B
QOB RYEE L TMSEMH, Y 1ra—2x0,
0.6 % U'1.0M, £XT7g/l % & % (DMSO £ %
I, pHS.7TZHABR L 3BEOKEEL L AL,
25C, 4,0001x, 1 A 16 KRB OLH T2 B
fTotee %, 11 H25 AR U27 H ORIEEE L,
LR ABOERESREL B sz —2%0, 0.5
FO1T.OMEG OXRECAEYEX, Lo
HXEBERTHHET2 BT -7

3) BEERUWET I /BOSMT @oiLe
EH200mg 5K & Lz, &, BIEEY
fToRZBHEOWTL, BEEXIVROELALEE
OFBEEREKT?2, 3E%E LEVICARTKY
PYot-Db, £F200mg #BE LAV,
SRR OERE NCER O T 3 VB oS Ak
X, V-A-1 07+ D& ERIBETH 5,

4) EKEORIE EH200mg % 70C T3 HHE
HRELDL, FERUEEOCENLLESKEXHE
L, BKEXEHLL,

b. BRRUEBE

8H 28 HIEIRL MBI BEHIIZLALR
H&hish -7 (Tablel6), —JF, BIEEEZT-
REEOS B/ V2 — REBEMOBM TRIEEY
FT-eZEM LS, BHIELALRE I -
o, Ao — AR TR YT - b DOh
LIBEBED /v a - AR S hi, Lt
T, BRI X W EEIEREFO I
a— ABRRINLA-b D LHM S hi, i, BigE
BOEREOESBIERETOBEBREOYE LT
B, Zaa-x L.OMEGEHCHiEREL T
HODHH, 0.6 M USIETH 2 L 7o & i b~
GEENEoT. IORBREIRI BTHET- B
HEBOERENSLEM T Lhi(Table1?), IV. T
BARIE 5T AT HABEOPURZEREZ A

Table 16. Changes in sugar contents of asparagus
shoot apices precultured.?

Sugar contents (gmol/g fw)

Shoot apex after preculture

Sugar Shgg} Oz;gex Glucose concentration in
preculture? preculture media (M)

0 0.6 1.0

Fructose —x — 12.1 50.6

Glucose — — 212.6 428.5

Sucrose — 1.3 95.6 41.1

Total — 1.3 320.3  520.2

Z Preculture : 2 days.
¥ Collected on 28th August.
* Nondetected.

Table 17. Changes in sugar contents of asparagus
shoot apices precultured.?

Sugar contents (umol/g fw)¥

Shoot apex after preculture

Sugar Shoot apex
before
preculture*

Glucose concentration in
preculture media (M)

0 0.5 1.0

Fructose 3.7+3.7 —¥ 245+ 1.2 37.8% 5.3
Glucose  5.0+0.8 5.4+5.4 178.2+ 7.7 424.7+ 5.4
Sucrose  17.7£2.4 6.5%1.1 153.5%+ 1.8 242.3+ 2.4

Total 26.315.3 11.9+4.4 356.2£10.7 704.7£13.0

 Preculture : 2 days.

¥ Average + SE.

X Collected from spears on 27th November elongating on
a crown which was dug up from field and grown in a
greenhouse.

¥ Nondetected.

TRISBE T 5 BEDERD /1 3 — ADFEEIL
0.2~0.6 M TH B2, KAEBOERIEM LD D
1.OM BRI TR BT - b O DA IWEE R
MR &N s T, LT, BEEZFDD
DHZETROBHMEM M A8 5 —2o0HERTH 5 L ThH
W, BEHOBEEEEYED 2 OEFES B
BrLDEELLND,

T, BEEO L2 - 2 Wil X R CRTREER
OEETIX, MBI EASBRBE SR
757 F—ARVA7 v -2 bEEETHREIAL
T e, RIEEEIC X BRI X o R R
THOEIELL TV B DEEZLRD,

Wi, WMEECES EBROBBELRAET A1
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», 11 ADBRE & FTLTEARRLHEL &
R23Tablel8 TH 5, RFBEAMOXZEOEKE
85.8%IC -~ BEERIMOEH CHIEELLLOD
EKEKI2 89 6% ICHEM LTz —FF, /A2 —20.5
MEFAELOMEGEMUA-EHRELCRIREEL M
KOEKRRIBEAT4IBRVT2.8% & ey, RBIE
HROMBIC RS L 0BT BS L, ZDF
KEOFEE L Table 17T W RLEBSECHBEND
HBoRBEMAHEEL, IgECH > BEMOLE
HHRE LR (Table 19), wiEEHORABOHTE
BEMO BRI, fgEEERXF oL e - R BE
DERLBEFFERCHIDZ EAHELMLE -
2o

Ehiz, PR 7 3V BEROTEIICOV
THELLER  Table20th b, ZDHBE,
BeD7 3 /B> C—EOFMIERED B
Dol DTET7 I /VBEBRETKERYRHE LIS
5, RSB OZERIC Y L o — A IO
ETHRBELLEROT I VBESEIZELIETL
Tutz, —J5, 7 n o — ARG L B cRiss
BLEEETE, 73/ BEECKRTEAWNS
Mot, ZOBELELT, 71 a—2RNORATE
IAa—2RRBLCT7 I BOEREPT- T3
7o, Ml CTHEBEINSG 7 i /BEEHRTEX BN,
I Nha— 2EEMORTIR=5AF —FEOr 12—
AP DT I VBEESRT A LN TET,
RN O 7 3 7 BEARHE I N5 D B Ta i 2
BEHLDEELLN D,

BlEnz &nt, BiEENT 25 7 < ETEMARE
DESELEFE LTS HERT, BRELEBORE
i D2 A1 5 Fo R D Bk B OB o RN 7 Rl e
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Table 18. Changes in water contents of asparagus
shoot apices precultured.”

LEEHEDTRENEELZORD, Eio, B
ERBEPIEMT 74 2 -2 EHEE (0.4
M) »@RobhiElE LT, BN EEerty
BETsETC, EEREMAEET S L0 ELD

Table 19. Changes in osmotic values estimated by
water and sugar contents of cells of
asparagus shoot apices precultured.?

Osmotic value of
shoot apex cells(M)Y

Glucose concentration
in preculture media(M)

0 0.013
0.5 0.479
1.0 0.995
Nonprecultured* 0.031

Z Preculture : 2 days.

¥ Estimated by the equation of total sugar(uzmol/
g fw)/water(9%) X 1071,

X Shoot apices are analyzed prior to preculture.

Table 20. Changes in amino acid contents of
asparagus shoot apices precultured.?

Glucose concentration Water of shoot

in preculture media(M) apices(%)Y
0 89.6+0.4
0.5 74.3%£0.4
1.0 72.8+1.0
Nonprecultured® 85.8+1.8

Z Preculture : 2 days.

Y Average + SE.

X Shoot apices are analyzed prior to preculture.
Collected on 25th November (see Table 17).

Amino acid contents (n mol/g fw)

. Shoot apex after preculture
Amino

acid Shgg%oz;gex Glucose concentration in
preculture” preculture media (M)

0 0.6 1.0

Asp 2,364 126 677 302
Thr 3,997 617  3.953 2,19
Ser 4,829 390 2,229 2,455
Glu 10,956 286 4,051 2,411
Gly 656 140 505 516
Ala 8,184 175 6,969 5,947
Cys/2 710 120 565 612
Val 4,049 322 1,797 1,431
Met 144 19 84 65
Ile 508 119 338 360
Leu 931 131 601 594
Tyr 357 34 227 307
Phe 939 49 287 393
Lys 897 431 691 652
His 598 32 168 170
Arg 938 360 401 622
Pro 5,803 58 5,000 4,943
Total 46,860 3,409 28,543 23,975
NH, 1,589 1,594 2,297 2,715

Z Preculture : 2 days.
¥ Collected on 2nd September.



xR EEFpABoBERRE BT 5 AR R 201
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Table 21. Changes in sugar contents of blueberried
honeysuckle modal segments precultured.

Sugar contents (ymol/g fw)

Sugar Preculture?
Nontreated Treated
Fructose 16.9 22.4
Glucose 21.8 22.8
Sucrose 36.3 169.1
Total 75.0 214.3

Z Preculture media contains half strength of MS
salts, 5% DMSO, 0.4 M sucrose and 7g/! agar.
Cultured at 25C, 16 hour illumination/day (ap-
ploximately 4,000 1x) for 2 days.
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Fig. 37. Transmission electron micrographs of a
pear (‘Flemish Beauty’) leaf bud apex.
Plant materials were collected on 9th
May, 1991(A) and 10th December, 1990
(B), respectively. lp, leaf primordium ;
am, apical meristem ; ta, tannin cell.

Transmission electron micrographs of
apical meristematic cells of a pear leaf
bud apex. For the cultivar and sampling
dates, see Fig. 37. PLB, protein-lipid
body; N, nuclear; V, vacuole.

Fig. 38.
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Fig. 39. Light microgragh of an apple (‘spartan’)
leaf bud apex collected in winter, frozen
in liquid N,, thawed and cultured for 5
days. Arrow heads indicate the dead tis-
sues caused by intracellular freezing.
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Fig. 40. Transmission electron micrographs of an
apple leaf bud apex collected in winter,
frozen in liquid N,. Cultured for 5 days
after thawing. A, a part of a leaf
primordium ; B, apical meristem. Arrow
heads indicate the dead tissues caused by
intracellular freezing.

Fig. 41. Transmission electron micrographs of an
apple leaf bud apex collected in winter,
frozen in liquid N, (zoomed Fig.40).
Cultured for 5 days after thawing. A, a
part of a leaf primordium ; B, apical mer-
istem; PLB, protein-lipid body. Arrows
indicate the remains of broken nuclears
caused by intracellular freezing.
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Fig. 42. Transmission electron micrograph of sur-
vived cells of an apple leaf primordium
frozen in liquid N,. A fair number of
organellas could be seen in the cells.
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Fig. 43. Transmission electron micrographs of
cytoplasm of an apple leaf primordium
cell survived after freezing in liquid N,.

rER, rough surface endoplasmic
reticulum ; M, mitochondrion; P, plastid;
V, vacuole.
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Fig. 44. Structure of a nodal tissue of an aspara-
gus shoot obtained through iz vitro cul-
ture. A, axillary bud; B, cladophyll; C,
axillary bud and cladophyll.

B'L;

Fig. 45. Structure of an axillary bud of an aspara-
gus shoot obtained through iz witro cul-
ture. A, light micrograph; B, transmis-
sion electron micrograph.

D, BRFILTHAEERELTRDLY, 7r7 7R
F FABEE I hic Fig. 46). —H, b AHERDY
ZoMiavTFhd ke, RRANELIREEL,
ERERI L a v P Y TEDF AT R T FREOR
BT EL T, Fic, EEOHMRWE,
F— a8 oML b KE W) AFEROED
MIBTL 3B/ &, BB TERIAT
By, MRECEGEVLREEL CORNBIEHD
Fv I viBEIn (Fig. 47),
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Fig. 46. Transmission electron micrographs of the
dome of an asparagus axillary bud ex-
cised from iz vitro- grown shoot. A, lon-
gitudinal section of a dome-shaped apical
meristem ; B, zoomed ; M, mitochondor-
ion; N, nuclear; pp, proplastid; V,
vacuole.
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Fig. 47. Transmission electron micrographs of an
asparagus cladophyll cell formed at a
node of #n vitro- grown shoot. A, struc-
ture of cladophyll cell ; B, zoomed figure
of a plastid; N, nuclear; P, plastid; pg,
plastoglobuli ; S, starch; ty, thylakoid;
V, vacuole.
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Fig. 48. Light micrographs of the dome-shaped
apical meristem of an asparagus axillary
bud frozen in liquid N, thawed and cul-
tured. Darkly- and non-stained cells
were survived and died, respectively.
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Fig. 49. Light micrographs of an asparagus clado-
phyll tissue frozen in liquid N,, thawed
and cultured. Darkly- and non-stained
cells were survived and died, respectively.
A, central tissue; B, terminal tissue.

Fig. 50. Transmission electron micrograph  of
asparagus cladophyll cell (surface) sur-
vived after freezing in liquid N, N,
nuclear; V, vacuole.

AT HFAROF o BGCTRH LA, BEER
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Fig. 51. Transmission electron micrographs of
cytoplasm of an asparagus dome cell sur-
vived after freezing in liquid N, rER,
rouph surface endoplasmic reticulum; G,
Golgi body; M, mitochondrion; P, plas-
tid ; S, starch.
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Fig. 52. Transmission electron micrographs of
dead cells of an asparagus cladophyll fro-
zen in liquid N,, thawed and cultured.
A, whole cell; B, destroyed structures of
plastid and starch.
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Summary

Studies were carried out in order to obtain data
for establishing a routine method of the super-low
-temperature cryopreservation of tissues (to be
used as genetic resources) of some horticultural
crops, apple (Malus pumila MILL.), pear (Pyrus
communis L., P. pyrifolia NAKAI var. culia NAKAI

and ' P. ussuriensis MAXIM var. sinensis KIKUCHL),

-sweet cherry (Prunus aviwm L.), blueberried honey-

suckle (Lonicera caerulea L. var. emphyllocalyx
Nakan), blueberry (Vaccinium corymbosum L.) and
asparagus (Asparagus officinalis L.).

The results obtained are summarised as follows.
1. Survival and plantlet regeneration of shoot
apices after liquid-N, freezing and thawing

1) Apices excised from winter buds of apple,
pear, sweet cherry and blueberried honeysuckle sur-
vived and regenerated plantlets after freezing (with
a freezing solution containing 8~109% DMSQ) in
liquid N,.
high in blueberried honeysuckle, but low in the

Percentage of plantlet regeneration was

other plants.

2) The media supplemented with thidiazuron
instead of BA increased the plantlet regeneration
rate of apple leaf bud apices frozen in liquid N,.

3) Varietal differences were recognized in the
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survival rates of winter-excised pear leaf bud
apices frozen in liquid N,. The survival rates were
high in ‘Flemish Beauty’, ‘Mishirazu’ and ‘Chojuro’,
but fow in ‘Bartlett’ and ‘Brandy Wine’.

4) Asparagus nodal segments, obtained in sub-
culture and frozen in liquid N, with freezing solu-
tion containing 8~16% DMSO, showed high rates
(70~80%) of survival and shoot formation. In
blueberried honeysuckle and blueberry, an applica-
tion or no application of hardening showed a little
or no survival, respectively.

2. Comparison of ‘freezing resistance’ and ‘super-
low-temperature freezing survivability’ of shoot
apices

1) Discrimination between the two concepts,
‘freezing survivability (FS)’ and the routinely used
‘freezing resistance (FR)’ is necessary, because the
former includes artificial essentials (penetration of
a synthesized cryoprotectant such as dimethy! sul-
foxide, specialized cooling techniques, etc). In this
study, seasonal changes of the super-low-tempera-
ture freezing survivability (SLT-FS) paralelled
that of FR.

2) In apices of apple and pear, the SLT-FS
varied with seasonal changes of the FR, and was
low in summer and high in winter. The SLT-FS of
apple apices was maintained at a high level for a
much longer period than that of pear; varietal
difference in SLT-FS evidently exsisted in pear
shoot apices.

3. Artificial control of freezing resistance

1) In blueberry and blueberried honeysuckle FR
of shoots obtained in subculture increased with a
hardening at 0°C for 1-2 weeks.

2) In blueberried honeysuckle nodal segments FS
became much higher when precultured on the media
containing 5% DMSO and 0.4 M sucrose.

3) SLT-FS increased in asparagus shoot apices
excised from spears and precultured on a medium
with MS constituents and sugar ; in the case of glu-
cose, the optimal concentration was 0.4 M. DMSO
addition to the medium was useless, because of
decreasing the SLT-FS.

4. Water, sugar and free-amino acid contents in
several horticultural plant tissues in relation to
seasons, portions and artificial treatments

1) From summer to winter sugar and free-amino
acid contents of pear and blueberried honeysuckle
leaf bud apices increased with the increase of FR,
but the water content decreased.

2) A comparison of the nodal tissue with an
internodal tissue in asparagus shoots formed
through tissue culture showed that sugar and free
-amino acid contents were higher in the former,
thus resulting in a high level of SLT-FS. Water
contents were slightly lower in the former than in
the latter.

3) Tissues of asparagus shoot apices and
blueberried honey suckle nodal segments absorbed
sugars added to the media and eliminated water for
two days of preculture.

4) In asparagus shoot apices excised from spear,
the osmotic value of cells after preculture approxi-
mately corresponded to an estimated osmotic value
calculated according to sugar concentrations in

‘media. This fact indicates that the osmotic value

increase in the preculture raised the SLT-FS of the
tissue.

5. Histological observations of frozen and / or un-
frozen shoot apices excised from intact plants
or in vitro cultures

1) In a microscopical observation of cells of
pear leaf bud apices, a fair number of large
vacuoles were seen in summer cells, but no vacuoles
and many protein-lipid bodies in winter cells.
Small, uniform cells compactly existed in the win-
ter apices.

2) In apple shoot apices, frozen in liquid N, and
thawed, a mass of cells killed from intracellular
freezing was observed partially in apical meristem
and leaf primordia. Consequently, in apple shoot
apices frozen at a super low temperature, plantlet
regeneration rates were frequently low even in the
case of high survival rates, because the death
mentioned above made the shoot apices lose its
physiological function or structural organization.

3) A high SLT-FS of asparagus shoot apices
derived from the cultures was mainly due to the
high survivability of partial, specified cells in the
apical meristem (dome tissue) of axillary buds or
in the particular portion of cladophylls. It was
noteworthy that those cells were small, filled with
cytoplasm, and showed uncompleted vacuoles.
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Results obtained in this study provide basic efficient, reliable cryopreservation method of vari-
knowledges and facilitate the establishment of an ous clones and / or varieties of horticultural plants.



