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4, TN =1 = (Vaccinium spp.) « 7 A~V — (Rubus spp.) 7% & D/NE

BHEOBREIEBSINTEY), 82, 2793 )97 L A3 75 (Lonicera caerulea
var. emphyllocalyx) &, HERIZB W TIZILHEBEIZHE L TV B854 /N R & L
TEHENTE TS, JUI VI TALANTF5EAA4 AR BT HEARNY
AEWEHT, TE, TNV, AxFvVh, RONY 7, hERILEZ EICH
ELTWwb, JLlEENTIZELREE, RIFEE 2 EOEES LOER L, AL,
HEWRZ EOFBIFICBEAE L, S pb0BHE SN TE (#E, 1985) o i
Fy COREOMLIamDFEME LTARTED, HE LS EADOH Y, HEE
HAEB L UEEEPEML:, BETIE, LEENICBVWTHRESA TV A /AE
BOH THRRDEM T HOTWEDY (BHKERRERZREMIEXE, 1999) |
AW RIEENIEETLATEH T, BEREE L CHEEEHINTWEDIE
W) &HDT (F4. 1. 16. #3033%) —mEDOATHY (HHS, 1991)
BERAEOIEL L ORELR S PICHTEOBERAL N TV S,

LiEED X 9 2EEGHIZHBT 5 RAEREE Tld, LFOKEI R, L <, B
I IZ BV T L —30CHRIEDRIRICERTLZ D LITLIEH Y, HENLHL,
B eim il BrIER, R EAREL B D R, BT, NEBTIER
DI ERVHIE L THN S, VbW B EMNBRISFEET L% &, BHRICKE %
BEZ2 55 EPRERORAOELRY), BB - AEA T L K& RERL 2o
TWh, L7zdto T, RIRICH T2 EBOMEZ M5 2 Lk, HEFHEER
REDHTHRE EARTHLDA TR, BEOEIZEWTY, HEEPEOE
AR EEELREE2R-TIDEEZONS, BELXHIEL, BEHIZBIT S/
ABOBRE RS EL720121F, MRE O HMEEBEEICOVTIIET 52




EARTRTDH B,

WEWDAA 7 X5 (Lonicera altaica, L. caerulea, L. kamschatica, L. stenantha
% E) ODIEB I RFEIZ, 72 5 & %EEHE National Clonal Germplasm
Repository CATHN TV 5 & DD, FHEFFMERLREFICHKICE T 21 Th T
W, B 7HMETIX, TEMEDRA # AT (L. altaica, L. edulis, L. pallasii,
L. regeliana, L. turczaninowii’z &) A% LVWWINRES L L CIEE &, ffEEhTw
% (Plekhanova, 1988 ; Plekhanova, 1990) o H&RIZBWTIZ, 7 a3 /s A
AR 7T OEEH, FERFEBLUBEMEICE T A28HE1EH 5D (5 - #8, 1984 ;
fcig, 1985 ; HH 5, 1994 ; HH, 1996) . EEHHIZBIFE 703 )74
BT T DREENEEL L OHREMIK AR T L2EOEERSM L 2 %D
WTIE, SNETIEFMEZHMENALNLZVDT, INLDEIZOVWTHRE TS
VENDHDLEEZ BND,

DENZ, MEWOBEIEILE < I REDOERBIEICONVTAL L, B bAI(C
P TORm DT IS L THEYMBBAN TERLE»RI - TB Y, KR
ft - TR OBRR L EMET S 7201208, FEEILICHED REW AR O W) g £ 3t
DAL, TN ZHE L TWHEMAZHLLENH Y, 0 L) REBKES
BT LI LE, MELRBBREEMABET L L THRICEETHLEEZS
5,

T WEHHBZELIIOWTAL &, KRBIMLIZES T, B, A RAKWHE,
N7 HE, IBEFOMEB L UEEICEIEALNL L OHEIH S (Sakai -
Larcher, 1987) o X7z, TV 7V D HERHET Vo — VIZEAL L, MKEOE EffiA
WM RBZEPHMOENTEY (Sakai, 1962) . LICEH SN LHEOHE X, HW

ICEX o TRLBE, AZHO—A, FIWZ b =R, 974 AL ETHiLLEBE

SN TV 5 (Sakai * Yoshida, 1968 ; Hinsley &, 1992 ; Wiemken - Ineichen,




1993) o 2&IZ, AEFEWHEIIOWTHA DL E, WHEESEL 2L E L L ICABA
HHEIN$ A2 & (Chen 5, 1979) . ABAZNE T A E Y VN ERFTEINS

Z & (Dallaire 5, 1994 ; Welbaum &, 1997) . & 52, WEMEOE T 1 12Xt
LT YIREOHIE L OCMBRED ) IR EEIRER ORI LSS 5 =
L7 EOFRBIDHRE SN TS (Yoshida - Uemura, 1984 ; Palta &, 1993) o
oK, RinEE, KIEIML, WHRMEOZER SIZERBET TEFT LTV A
MAETEZ > TVELEERTHALD, INLEMNEMNGE LT, EBRNICERT S
Walid, RUEORE. BROPE - BITICEHELED Ze8 %0, DL H%
ZENS, MBREERIIBVTHLNIEREWEREZ HVHETbhTEBY
(Chen - Gusta, 1983 ; Gordon-Kamm - Steponkus, 1984) . HARRTE I > Tw
HAEA DBREWRIGE & BHTHICIERT 2 -0 ICEF A R HETH 5, Mk
BAEEIZL o TR EZHEEOMEICHWAS Z LR EE LT, BEEHIC
bIRBEMFIZOWVWTOHILE LM Z/RALI LV TELZ L, BH5TICAAN
B (REBILLEESE) 255 T, BEENBWI LT N5,
JRIVITAANTTIZOWTIE, BA»SHEML2ETH AW TRRE#E
ITH)ZEICL Y, BRHICEEREMILTE 5130, BEAR 2 - 25E LT
MRRERETH) T LICL D, DEWEHBRLTEPTEETDH Y, BRI EROMESR -
WAL ETESL (KD, 1987) o

REFZEIZ, BN TEBFTLTWAZOI )9 FAADTFIZRETAHEE|IZON
THBFENICHE T2 L L b0, ZEHZHAVWC, WHEMEOZLH., SKEKE LU
WY E OB EIZOWTHARZIED, in vitrols R FHWTHRIEL, 703/
TITAANT T ORERMEL X OB IEET L0, WEEGLM T E
MY BB EICHRUIOEHRNERERAEL, HRLREL-2bDTH 5,




1B OIS AANTTOET L it

JUI )T TARANT T OREMBEILKRT H720121%, WEREICOWTRE
LTEBCILPRETHL, CITIE, BEHBIBIS 203 /07420 T
TREOEBE L AWEEDELIZOVWTRET L L &I, EFHISIC L AT
HEDOERIZOWTIKRE L7z,

£ 1HE AHHEE RO LA

KEITIE, bl ENSHTEBFT L TWSLE 2O )97 A4 AN T IDOMENEE #
DOHIK OB RIFEIZOWTHTEL 72,

1. #EB LUk

(1) ME ORI

1998F10H 2519994 3 AIZH) T, AL (AbEE RFRA MR 23) .
FMAT (ACHEEZARFERERYy) | BRI (UM K5 R 5 50 B 6 A ) 1|
HWOTEEAR) . K (F%) B X UENME (BREE) oZTEFLTY
5703/ A AN T (Lonicera caerulea var. emphyllocaryx) 7°5, #lgZ
IS5 R, TNENOB DO BE T 4 KT ORI 72 BRI 728,
FX10~20cm, EE2 ~4mmT, JEFBLIOWFELX6 ~10M [3~ 58 (f4) ]

b oL DTH A,
(2) Sind L UCHEFBEROBIN & £5t
19984FE10H 7°519994F 3 A £ ToOALIRM . EMET, ERFIFF. KB XL

O /NET I B 5 BRSSUR., HIRIEAURS £ OMBROZE IOV THAT,




COHE. [IFITDT AT AL AT =72 FW225, fLIRHTOKIRIZDOWTIE,
LEERFRFEHR RS ICB T 2 8U0ME (JbilE RS BE MR 2R S B
HEIZLD) wHW,

(3) TaR{EDRA

GG - BEIL, Fig - USRLZZAEIZED, —10, —20, —30B X UF—40T
D4BEBICIREZHELZ7) —F—FTHE L-DE, 0OCTRMELL, 70
%, MEHNICBWT, 50mBE=ZA7 I ATOHIIANZ10mIOERZAKFIZ, HO
THA1emZRETALIICLT, KIFLETo7, 4 BMRIC, BHFERZHN
Hldbll, BMEAREEZNEL 2. FOETRDOHEIZU o TiZ, BEL
FEEHFLTWDEDIDE LT, BFE (%) = (BF L2EE /MR L 7285
X100DKICEoTHE LA, T4, ERERHEOWEICITES(EEER
(HORIBA, B-173) &M\, B EHRHTIL, Evert - Weiser® H{E (1971) 12
Lo THER L, WHEEIZ, #HAFABO0%VEF L TWEE XDRELRT
LT,, (lethal temperature of 50% survival) (Bittenbender + Howell Jr., 1974) %
R L LCEHMli L7z 2B, 10ABIUTLLAICERE L 2B DWW T, KIEZ
R 5720, 5 CI4BAMBWZO L FRELE 21T 5 72,

(1) |iEB L CHFE

FLIEHIIE T3, Fig. 1-210R L2 & 912, RESEIZIIBICZ > THhLELIC
T2, 1IAEMICIEO0OTCUTICZA2Hb D), 12052 HETOMIZ, —10
CLUTIZZBEHMZ <, 19994 1 A28H 113 —15.1CE %2 o7z, FHFIEIZ, £
FITIE—4CHLICLTEET 525, 3AUREICZSL10CLLEICERTAH
b ol LRI T, 11AFHICREXALN, EERIZ, F4E 1 Hhanr
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Fig. 1-1. Diagram of freezing-thawing
procedures. C.O. means onset of cooling. Solid
lines represent temperatures and durations that
treat plant materials; dotted lines, transferring
the materials to the temperature.
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Fig. 1-2. Changes in daily maximum or minimum air
temperature and depth of snow cover at Sapporo
from October, 1998 to March, 1999.




53 A X T80cmAIR THR L 72,

EIEHIB TIE, Fig. 1-3IIRL72LH 1T, REKIRIZILAICR > T2 641
TH0. 11AE@IZIZ0OCUTICZZ2H SO, 12062 AFTOMIZ. —10
CUTICZBHPE <, 199942 A 3 HIZIZ—23.6C LA o7z, FHRAIZ, &
FIZIE—6 C2HFLICLTEE L, EBR#MIHICBNTIE, 11 LAICEE T A

AEEFERIZ, BFE LA LS 3 HTHE T100emA 5 150em O i HH T4 &)
fants

FE RIS OWTAL L, Fig 1-41IR L7z X910, RIESKEIEZ, 1081
WAIIZTAD, I0OHTHIZIZ0OCUTICRZ2Hb DY), 12A256 2 ToOM,
—15CUUTIZR 5 BHZ <, 19992 A19HIZIZ—26.3C & o7, FHRRIT
AFIE—T7TCT2HRLICLTEEL, SHFIZDO0TCTEZBZ B HIZA o7,
FFFHIZOBEFRIZ, 11APHIC100emZ R, HAICHELS 2D 3 H12H 1
1£239cm & 7% o 72,

R #Is Tld, Fig. 1-51ZR L7 & 912, REFKIRIZ, 11AICZ > ThLiRA
IZTFA), 1IARAICIE—10CUTICZ2A2H DY, 12A256 2 B TOMIX
—15CLLTFIZ72 5 HA% <, 199942 A15H 1213 —23.6C L ko7, FHFRIT
AZFIZE, —TC2HLICLTEET 525, 3AURICIZOCULEICEATAH
bH ol REHIBIZBWTIZ, 11 LHICEEFALN, HERIZ, B4E 1A
EAIH» S 3 B F T40emBiE THR L 72,

BN HIF NI DOV T A B L, Fig 1-6IRL72L)IC, RERREIZIIAICZ -
THOHFEAICTA2D, 1IARAIIIZOCUTIZZ2HHY), 12HA052HET
OiEfE, =10CEFRZZ2EPS <., 199942 B3 BICE~143CER ok, #
WERIE, &FE, —3CE2HROICLTCEET 52 2 AURICIZ0CTLL RIS
FRTAHHO Do, T2, TOHBMTIIREERL L TREBEEINDITEDOHEEFIZ
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Fig. 1-3. Changes in daily maximum or minimum air
temperature and depth of snow cover at Bibai from
October, 1998 to March, 1999.
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Fig. 1-4. Changes in daily maximum or minimum air
temperature and depth of snow cover at Otoineppu
from October, 1998 to March, 1999.
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Fig. 1-5. Changes in daily maximum or minimum air
temperature and depth of snow cover at Taiki from

October, 1998 to March, 1999.
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Fig. 1-6. Changes in daily maximum or minimum air
temperature and depth of snow cover at Tomakomai

from October, 1998 to March, 1999.
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TOLNL o7z,

(2) WHREDEH)

10H TAIZEREL L 72RIC DWW T A B & | ALRTHRILL 728012 —10C O BERE# I
HEAFALBEF LA, —40COEBRIIIFFL LD DDA SN, FRFHF THRIL
L7z#iE, —40COFEFEHZRTLIELDLDEF L (Fig 1-7) - 123 THIC
5 &, ALIRRID S D TiE, —40COHMERICHFE L7z (Fig. 1-8) o B4 2
ATAETIE, ALBRRIDOBIE — 10 COFEAERICITHZF L7225, —30COHEMHITIX
Mz oNzrolz (Fig. 1-9) o L2 L. E/MERIO b D TIE—40C O HAE %

O:Q‘SK/\T %)t’i—:‘ﬁ Lf:o
HFERIZE DB T EDONHEEDEENIIDOWT AL L, Fig. 1-10l127R

il 3 R
L72& 912, WMEREIZIOA TAPLS12H THOMIChTNICELS 2, BE2 A
THICIE, EFHIBICLA2ENREDO LNz, T2bb, REB L OE/METIE
BEDEVE TSN T oIz LT, LR, EHEB L OFETHF Tl
WA 2 o 72,

DX, BMEREEICIDHE LLWREDOEFIZOVWTALE, 10HTH
PHIZHTHETIIEVEZII L AERLE T, BF2 A TWICHEEFIIRE D LI
(Fig. 1-11) o ZO¥E, EBHIBIC L 2ZEFBD LN R 0o 72,

B2HT SRS - R ORAHBRICHE T B HE OB B

ARE T, BFEEMETAWBRICLY, B - MEgos7u )74 A
717 T KRR BT AEREFERIICOWT, MHEREMICBIZE L7,

1. MEBLOHE

e
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Fig. 1-7. Sprouting of dormant buds of L. caerulea twigs
frozen and thawed. Samples collected from Sapporo on
November 4 (A and B) and from Otoineppu on
November 6 (C and D). Freezing temperature is -10°C
(A and C) or -40°C (B and D).
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Fig. 1-8. Sprouting of dormant buds of L. caerulea twigs
frozen and thawed. Samples collected from Sapporo on
December 23. Freezing temperature is -10°C (A) or -

40°C (B).
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Fig. 1-9. Sprouting of dormant buds of L. caerulea twigs
frozen and thawed. Samples collected from Sapporo on
March 1 (A and B) and from Tomakomai on February 25
(C and D). Freezing temperature is -10°C (A and C), -

30°C (B) or -40°C (D).
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Fig. 1-10. Seasonal changes in freezing
tolerance of twigs evaluated by bud sprouting
in L. caerulea. ®, Sapporo; M, Bibai; O,
Otoineppu; [, Taiki; A, Tomakomai. LTso0
means the

(lethal

temperature 50)

temperature at which 50%
survive, and is evaluated by Bittenbender
and Howell Jr.'s method (1974).
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Fig. 1-11. Seasonal changes in freezing
tolerance of twigs based on electrolyte
leakage in L. caerulea. ®, Sapporo; B, Bibai,
O, Otoineppu; O, Taiki; A, Tomakomai. LTso
was elucidated in Fig. 1-10.
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Ll ERFRFHMBEREGOBEL CTEET L TV 2HK0 O RES 1 Hi & Rk
REREILL ., R UG - L 21T/, ERIZ 0 b—ABXUHTI 2 HW»
THBEZERL, BRFBLIUCEXOWMHAOBEZ1To2, HEOREEIKFL LV
EOBEREIZL N HE L7,

2. fER

11H FPAOWEFEDOHEEIZIDWTA L L, —20COHEME TIIRRO LN h o 72h5,
—30C2 5 —40CIZPITTEDREDHLR L7 (Table 1-1) » 12 H THHFND
bOTIE, —40CICBVTHIHEEZIZEAEALN L o72A%, 3 A EAICIE,
—30CUTCHEZFICRDONz, 118 LI L 7ZHEFIE. —10COBREBERIC
BWTH, REMDOD D LRI, EFNIREBETH o720, —30 CTIIMKSFD
WAL L7z (Fig. 1-12) o 12ZRTHICR D &, HHERIZBWVT L REHE DY
ELFERRICFEEEZEL TV (Fig 1-13) o 3 B LATIE, —20CHEMERTHRE
B CIENDRD H NP, —30CH M ITBWTIE, WEOLK, B X KB
L L7 (Fig 1-14) o

DOXIZ, FIZDOWTHRSLE, Table 1-1IIR L7z & )12, BREF & FERICHEDH
n, B BB ALNT, Tbb, 11BEAICRBE, —20CTIIHESE
IO SN oD, —30CTHLTRICALN, —40CTIERED LMHEE R
WEBIZHIT COBENKEDP o7z, 12HTHATIE, HFRZEBLAEALN -
72h%, 3 B EAICIE, —30CLUTCHEEVHEEICHN . 11H EAICHRILCE
X, REFHEO DO LFAKIC, —10COHME TIERIRKETHo72H, —30
Tl b L ERBO—EHH, —40CTIEEBORITVB|EL 2 (Fig. 1-15) o 12
ATHOb DT, —40CIEBVTHREMICHREEEL TV BEERLLA
h o7 (Fig 1-16) o 3 B LATIX, —20CTHEEVB/EL., —30CLTII%

9
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Fig. 1-12. Longitudinal sections of nodal portions of L.
caerulea twigs collected from Sapporo on November 4.
A: Nonfrozen, B: frozen at -10°C, C: at -30°C. Bar = 1

cm




Fig. 1-13. Longitudinal sections of nodal portions of L.
caerulea twigs collected from Sapporo on December 23.
A: Nonfrozen, B: frozen at -10°C, C: at -40°C. Bar = 1

cm
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Fig. 1-14. Longitudinal sections of nodal portions of L.
caerulea twigs collected from Sapporo on March 1. A:
Nonfrozen, B: frozen at -20°C, C: at -30°C. Bar =1 cm
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Fig. 1-15. Cross sections of L. caerulea twigs collected ‘ -,
from Sapporo on November 4. A: Nonfrozen, B: frozen
at-10°C, C: at -30°C, D: at -40°C. Bar = 5 mm :

24




Fig. 1-16. Cross sections of L. caerulea twigs collected
from Sapporo on December 23. A: Nonfrozen, B: frozen
at-10°C, C: at -40°C. Bar = 5 mm
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LeEEBBXUMERERENFEHZE L (Fig. 1-17) .

% 3 HET AHRR R O B &= R

AREITIEZ, TTCETTEIZLY, 2703 )9 74 AB XV FTHBOWEEIZOWT
BeEt L7

1. MBS LS

19994F 3 A 1 HIZdbilFE R ZRFIMMBE RGO B A 3R L . REE 2/ &
FRROHETHAE - AL B SR 2R L, |12,35- M) 7225 b5
V') 7 A (2,3,5-triphenyltetrazolium chloride ; TTC) RICHEEIZ L W BB L 72
(Towill » Mazur, 1975) o TTCEITIEIXLLTOFIETIT- 72,

1) 0.6%TTC% & 50 mM') ¥ ER#EME#E (NazHPO4-KH2PO4, pH7.5) (ZHHMEA
2R L e

2) KRTAEL—F —THRAL7zDL, 26 COREFT C15REMARR L 72,

3) BUSEIT, R A ZRR KT 2 BIgEE L7z,

2. FEE

KBFAEB L - 10CHE B RO, BMFOEH S L OEOTRE LA %
L, EELTVWAZ LR SINS (Fig. 1-18) o —20TCHMBEHTIE, BFET
IR 2o 72h3, EHREBORBREEIZFEC . BRFOEFTIIRLRBEILL 72,
—30CIC %5 &, KiIxten T T, BFOETHIIHEALL., FMINIINES 5%
REO—HIRCEBOETHIEL TVEHZ EAbh o7,

DX, ZOBMHICOWTAL E, REMBL P -10CHERERD S DT,

26




Fig. 1-17. Cross sections of L. caerulea twigs collected
from Sapporo on March 1. A: Nonfreezing, B: frozen at -
10°C, C: at -20°C, D: at -30°C. Bar = 5 mm
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Fig. 1-18. Longitudinal sections of nodal portions of L.
caerulea twigs collected from Sapporo on March 1.
Red-colored parts indicate tissues survived and reduced
by 2,3,5-triphenyltetrazolium chloride. A: Nonfrozen, B:
frozen at -10°C, C: at -20°C, D: at -30°C. Bar =1 cm




MEFREREB I VEREOETARE E L > T (Fig, 1-19) . LH#L. =20
CTBLU-30CTHBELLZDDIZBVTIE, KE»OHEEREEE T TEE
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B Tld, RimAME < & SRR RIEKIRAT—20C %2 TREZ B2%h o 72,
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WRDBIREM L SR WA 2O ), 10 FTa2S11H8 AL 2B O
M o720 KT T (Populus gelrica) B XUV FF (Salix sachalinensis)
BT, WHEZFEOLDICHRWNRIREDOHFRET A EFbIroTHEY
(JBH:, 1964 ; Sakai, 1966) . ZOI VI FTA AR T ITIZBVWTHZED L) %
RERAH ), ZOHBEICA > T HIETEE LT\ /2 b O TR <
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BAPFICHEZELTBY), EPSEOEREEH, BOEELZPT L7720 (TR -
B, 1975)  MEMEIIBBICL > THWHERARAALERENPOFOLNT VS

A,




Fig. 1-19. Cross sections of L. caerulea twigs collected
from Sapporo on March 1. Red-colored parts indicate
tissues survived and reduced by 2,3,5-
triphenyltetrazolium chloride. A: Nonfrozen, B: frozen at
-10°C, C: at-20°C, D: at -30°C. Bar =5 mm
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E. 203 )9 TARI T TOEPKEPLELFTIINITTHREEZHE L, MFEE
2RO TWVEEHERING,

118 EAICHRELL 72 RZFE T, —30CTEBPBEL. —40CTEDEEDSH
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Fig. 2-1. Anatomized shoot
apex of L. caerulea. sa, shoot
apex; st, stem. Bar =1 mm
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Fig. 2-2. Seasonal changes in daily
maximum and minimum temperatures at
Sapporo from April, 1993 to August, 1994.




Table 2-1. Seasonal changes in survival rates of L. caerulea shoot apices frozen
at various temperatures?.

Sampring date

Survival (%)

Non Freezing temperature (°C)
frozen 5 49 45 20 -30  -40
1993, 23 Apr. 100 -y 75.0 50.0 66.7 0 -
27 Jun. 33.3 0 0 0 0 0 -
20 Aug. 100 100 0 0 0 0 -
29 Sep. 100 83.3 33.3 0 0 0 -
31 Oct. 100 100 33.3 66.7 33.3 16.7 0
28 Nov. 91.7 91.7 - - 2§ (Y 75.0 25.0
16 Dec. 91.7 91.7 - - - - 1A
1994, 24 Jan. 100 91.7 - - - - 58.3
18 Feb. 91.7 91.7 - - - - 66.7
16 Mar. 100 100 - - - 91.7 66.7
19 Apr. 91.7 91.7 41.7 41.7 0 0 0
17 May 0 0 0 0 - ’ "
21 Jun. 50.0 0 0 0 - - -
19 Jul. 100 0 0 0 - - -
23 Aug. 100 100 0 0 - - -

?Freezing solution, distilled water; cooling rate, 0.42/min; thawing, at 38°C in
water bath. Data base on 12 shoot apices.
YNot tested.
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W, FERIBIZBITALT, DfE%ZKD7: (Fig 2-3) o LT ld, 1993F 6 H~ 9
BBLU1994F 4 F~8 RiCid., — 5 CULOBEELZRLZA, 19934108
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DEIZ, —196 COHME - MBEROETHOEFRIIOWVWTAL L, LT, DIED
—175CUT L %R 10AbREIAETTOEFRIL, 500%. 75.0%.
53.3%. 83.3%. 91 7% B X UBIBB EWMORERL LT, 920 Bolk4d
Bz, EFEKIHELONZ» o7 (Fig 2-5) o

MRS, BHALOR L2 a3 )y A A TS ETHOMWE M, B
I, SHDPSIIARDITTERAICET ), LFBIIHVIREZ MR L7214,
ERICBBRIVETTLIEPHLLIC o7z, T2, WEESEVEG (108 2
LEAE 3 H) OXETEIZ, —196COHKE I 2 7245, WEHEIEL25E (4 H)
—196COHMEICTHZ 6N b I LD o7,

EOH TTCERITCEIC I > TEMLA-ETHB L XD &H DAL

KETlE. TICETTEYHWAZ LIZEY, 203 /) oA AT 70ETEE
L OEOMEMEDOLEENZ DWW T HEBMET L 72,
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Fig. 2-3. Changes in survival rates of shoot
apices of L. caerulea after exposure to various
freezing temperatures. Typical patterns in
shoot apices harvested from twigs on March
16, April 19 and July 19 are shown. Survival
rates were determined by a regrowth test.
Percentage of test apices survival from n=12.
RT, room temperature.
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Fig. 2-4. Seasonal changes in LTso0 of shoot apices from
field-grown L. caerulea twigs. LTso (lethal temperature
50) means the temperature at which 50% of samples
survive, and was evaluated by Bittenbender and Howell
Jr.'s method (1974).
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Fig. 2-5. Survival rate of shoot apices from field-grown L.
caerulea twigs after exposure to -196°C. Samples were
cooled down at 0.42°C/min to -40°C and immersed in

liquid nitrogen.
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Mt SR 14 DO FFAM L. Spearman-KérberiEIZ & o TRD LN /ZLT, HfREE L7

(Bittenbender *+ Howell Jr., 1974) .
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Fig. 2-6. Changes in daily maximum and
minimum temperatures at Sapporo from
September, 1996 to April, 1997,
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Fig. 2-7. Seasonal changes in LTso determined
by TTC reduction test in shoot apices from
field-grown L. caerulea twigs. LTso was
obtained similar with Fig. 2-4.
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Fig. 3-1. Seasonal changes in water content

of shoot apices of L. caerulea.
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(HITACHI, L-6200 Intelligent Pump) « & 7 &% — 7 » (HITACHI, L-5020
Column Oven) . # 7 4 (SHODEX, NH2P-50 4E) . #&{i#s (HITACHI, L-3300
RI Monitor) . &EEHR (75% 7k b= FVJJ) | f# (0.7ml/min.) . @ (30

T) BLUH Y 7FvE (10p1) o

a3 )Y TA AT IEENPOIISEEOME, $hbb, JVJ bR, 7
VaA— R, AZBA—RA, 974/ —ABLUPRY ¥+ —ArBHE Nz (Fig 3-2) o
BOBRERIZOWVWTASLE, 4 BI213105.0x mol/g FWTdH 27245, 6 A 21
324y mol/g FWIZIEA L, &H12, BAPOLRELIAITHWLT, 112
164.3 y mol/g FW DB WEEZ R L72e £D%5 A T THi L T78.3 umol/g FW IZ

%0, BOHEAML T8 AIZiZ157.8 umol/g FW & 2 572,

ORIz, BOMBIZIOWTHABLE, VI P —ABLT IV I-ADEEITF
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Fig. 3-2. Seasonal changes in sugar content in shoot
apices of L. caerulea. Fru, fructose; Glc, glucose;
Suc, sucrose; Raf, raffinose; Sta, stachyose; Total,

the sum of these sugars.
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EEbIT AR, BEOBEBS/NE o/, AZ720—X, 9747 —ABIV
AZFA—ADGERFHICI D RECEB L, A7 0—Rid, WEEAREE
OHTHRLZSEIN, EORETEDNS0%71590%% O, ZOXBEIIEOK
EEDEBELEFEMRTH o7, Thbb, 4A2L6 AL LI-0L, BE]LH
FCHEL., SHETHRMLT, BUBHIETEM LA, 974/ —XABLUR
yxA—AE, 1I0A»LH\INL. 11A2584E3 AETiE, BIE TIZ9.0 « mol/g
FW~29.4 umol/g FWDHEHIZH V), HF TIX7.1 g mol/g FW ~9.5 4 mol/g FW D

HHEICH > T, WIFNLLBWEZHMER L7z,

3 EANEHICBUALAEET I VBOMEKBIUVEEOFHNE
1k

KETIE. BNLOR L2203 ) 974 AN 7 SETHOMHEMEIZRITTH
SRS B DI OWTHRETT 5720, HBAEREY I VBReEETHIE L,

1. HRB L OHE

(1) MEOFE

Fig. 3-3, Fig. 3-48 X UFig. 3-5ICRTERWBIC I UI VI TA AN T T D
BRI L, AEE 1L FEROAETERZR) ML THA L L7

(2) WwHET I/ BoOWE

1) FEMESLE

MR 200mgls. WP (30~50 % v 2) 200mg., 0.2N@IEHERMK 2mlB L O

MERE R & L 0.25mM DL- / vaA4 vy ImlxEMLZzDL, 0 COFLEE

FCERE L7, Z OIS HIA 1 ml TRV LAREZ N, FEGHE LT




wEkE (HITACHI, 20PR-5) ZHWT, 4 C. 14,000 XgT 5 50708 % 1T\,
FiEEREAE LT,

2) 73/ BROWE

73/ BROGHTIIOWTIE, BT I /EREEOHTE (HITACHI, 835) % H\,
KOGEMHTITo720 7T A (4mmX250mm (#2617) ) | #i#® (0.275ml/min.) .
BEHE (2B FY 2,

2. FEA

W7 I BOKE® ETERIERINICASL &, 4 HiZ37 umol/g FWTH o 72
25, 6 HIZIE5 pmol/g FWICETHWA L, 9HIZR A E11 gmol/g FWE THEIIL
72 (Fig. 3-3) o L& L, HEOBELIZELRD, 20k, 10A»HHF 1A
T, WEREDOZEALE —HT 5 L) 2EBEREOLNT, 7I /BROKEIILTO
FIORET2HETTT ~9 umol/g FWDIRNEEMERE L 72, 2Dk, 3 A (18
pmol/g FW) BL U4 H (36 mol/g FW) ICHEIL 72, 5 A 121324 4 mol/g
FWERA L7z 6 BBLX7HICIZ6 yxmol/g FWB L V7 pmol/g FW DR WE
FRL72A%, 8 HIZiZ16 1 mol/g FW E NI L 72,

Be D7 I )RIZOVWTALE, FLAZ Y BLITLY VITEEIN AL NLIZH,
SAMS 5 AICT CORFICHEML, ZOMORIAICIIENELIEA LN LD -
7z (Fig. 3-3) o 70V Y&EIX. 3A»H 4 BIWINL, 1.4 xmol/g FWA*53.6

pmol/g FWE 2 ), XZFBFWINL ol T2, THWF=VIIDOWTADL L,
FHWEHTIIEAERO SN o7 (Fig 3-4) o 2EIT, TIhVF= ¥ LAtk
CEEET I VB THAILATF IV BIT) VIOV TALEE, EAFIVVIE
3ANSL 5 AT TORICHhTMICHML A, ZOMORICIIERTLHZ L
B, VY VIETMF SV ERABICEHNER R RS ko, BUET I VBT
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Fig. 3-3. Seasonal changes in free amino acid
content and the total content of amino acids in
shoot apices of L. caerulea. B, threonine; @,
serine; O, proline; O, the total content of amino
acids.
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Fig. 3-4. Seasonal changes in contents of
acidic and basic amino acids in shoot
apices of L. caerulea. M, aspartic acid; @,
glutamic acid; O, lysine; O, histidine; A,
arginine.




HOETANTFUVBRBIUVU TNV I VRIZOWTALE, MBFLHO6ABIUT
Blzigd L, KEPOLLFIINIT T2 pmol/g FWRITROMEZ R L2k, EFILH
4 pmol/g FWIZHEIM L7z 7TV, NV, AV BA T BITOAL ¥ VIF,
HEZ IR RWHN L 72 3 EOREICIZIEE A LTI L 2072 (Fig 3-5) o 77V
S TARFA o RF R TR B LR SN T S AR N,
B ENLEPBOTAH %L, FHHEBSIILALROON Lo/ (BFR
B o

PLEDEREPS, B2 L2203 )97 A A7 SEBIZEINET
IBDOELDDDOTIR, EEFEFICHEMT 525, FOMORIZIIRE 2K
BHIR & T, EREOEBIME ) MBI 2 ZLIZRRO bk o7z,

A EITEOZE

(1) EKRIzoVWTARLE, 7UI )Y TAAATSEETIE, 5A”L6
B2 T COEKRPEHEBHECZ L2 TH D, ITEEIEHV10H 2 6 3 4F
SHIZT COEKRIMOBHOZN EURTRSERTLZ EVHLNE RS
7o AREENLICAE NS KZEAME T 5 2 & ASAANEY, YR T »$ (Opuntia spp.)
hrlzonwTHEsShTH Y (EH:, 1957 ; Goldstein * Nobel, 1994) . AWf5E
THWEZ703 )9 74 A7 1BV Th, BEEPLAFII,IT TORREIML
HICEKESMETLTBY ., &KROET &Mt & OMBIZITHEEL L
DOO5ND, B, 1993 9 A5 WNIC1994FED 4 H, TRABLU 8 HOEETI
it s AR < (LTs0=— 5°C) . 19944F 2 A 8 L 183 H OZETHTIXM R IEA T\
(LTs0= —40T) b 2hb 5T, GAFEIVT IS 60%HIRO LEE/NS W E

Thoty SO LiZ, TNSOBHIZBVTIE, EKEIUSNOZER DI HRPEIS
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EEmLERIZLTVEHDLEEL LN D,

(2) 2FIZ, EORSEIZOWVWTAL L, 1993FE 8 AN LRE 1 H ¥ Tl
L7=0bmA L, 4 B2 5 6 BIZhFT TXERWE THR L 72, AR O
RERD Y NIZBWTIELAFICBEHEOREGENEMNTAZ EPBRESINTSE
) (Sakai, 1962, Sakai - Yoshida, 1968 ; Rogersb, 1975) , 7 a3 /w74
AANTFIZBNTEH, HEOREEIL, B L THEEORVEIICIZA % < T8
BOBWEAIZIZZS o TWwz, LA L, MEEOR LI EEELES LT
WhEWETAEEELDHY (Fryb, 1991) , 7BV ITAAANTFIZBVTDH,
8 H~10H DHEDKEED100 umol/g FW A E EAFDZN L FARIZEZ VI D
rh b, FORBOMFEIIEL ., HORERERLONLOATHRMEDLE) %
HHTHI LN TELRVEELHL I L Dol
WEEBROLEIIOWVTHBMENICEE T ERDE I 2E, T VI—-ABL
TNy F—RiE, BHICEBZEEBIZLEALERWI ENL, 7O TT4 A
A7 FETBICBVTIEMEEICESG L TWwWinbDeEI bbb, A7 10— AR,
AR 6 BICTTHA LR, RETHEITHEEL, SHETHRLT, &
R8BI L7 £FICAZU—RAEGEVHEMT A EPERDUN
(Eremochloa ophruoides) THE SN TBY (Fryb, 1993) . 7u /v 74
AN T FIEONTIE, AZO—AGELEOREELFAKIC, BEF L) HLAFI
Shote LrL. 8ANSHI0HDAZ O —AE&ED 100 mol/g FWLLE & &%
YEBEIZZVIZL b b, FORHOMEEIZEr o7, 2O ENL, 1E
DBEEOBA LRI, A7 0 —-AFED, WREOHERIZERIZETF L Tw
HEFMTLOMETE 2\,

B S e B LEPATFET ALV TAS EY IOH2BEIML. 11

EhbBEIHIT, BWEEHER L, 20 XH 2, DR (5 T5) &7




BHENLET T4/ —ABLUVRY X+ - ADEEDVL R & T MEA B EE

Y RBOTELS LT 3747 -ABIUPAIFF~RDEI BT T4/ —
AFDPMNHEEICEEG L Twb T 5#HENSH Y (Hinsleyd, 1992 ; Wiemken -
Ineichen, 1993 ; Castonguay, 1995 ; Flinn -+ Ashworth, 1995) , KRB TH,
ZOMERDEEE IZFEO b N2/, HMYMBOWHEEm LE T 714 ) —AFHED
HICAT S D OBERDH LS D LHEEI NG,

RB. SRIE. WHREORELHEL OBEIZOWTIE, REE T EENE
EOVTIUIZBWTY, ZORRICBIT2TBEEEOEEDOATEL, V7=V
BIURIF o R EOBEDEZ D EOTILBT A2 ULENH L LEZ DL,

(3) Sagisaka * Araki (1983) &, RAHY DT I /BREEZBDFHZILIZD
WTHEL., WHEHEOEL 2 A4FTIZ, OTVF v OAPERENRL LD, @
T VOARDBERENLZID, Q7 VFo L7y U AE/REENL LD
AL TWS, BFROMSRE L2203 )9 54 AR T FI2BVWTIE, 70
Ny BIPTVFZVOLAFOERIIBOONT, WTHIZHDEI NG P o7,
LA e v 2z Do b lFaly, iy, BAF V. TANITTVE,
TIVEIVBREDEL DT I JBRIZOVWT, EFEOEREISALNT, /2, &
NoED7 I BRIZIAOKO Y AIZhbTrelo®mLz, ZoZerb, 7u3 )/
YA AN T FEBEICBWTIE, 4 BICERBENTIVBRIE, 5ABLU6H

DHMEOERICHA S, 9 ICERSNZT I/ BIZ, EEMBOFTERILH
SAEDT-DIZBEREINTVE D LHER SN, WHRELEZENICEEL TWLHE
ftcidwtBbhsd, LAL, ZEEHMEAKLAEIELZ LITLY, HENICHT
MU RIS L TWA EEZ LN, SHBELIRETILEND L,

Doz s, 703 ) 974 X077 OFNEHOMHEEERICEST 5
ERE LT, EBAIICBITEEKEOET, BEEDHEM, WREOWARBLU
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BEDOEAADPBO TEIL —H LD T T4 ) —AFHOEEDOWRE I O3 )W
FAAN T TETEDMNEEE R EFBEICEEL TWwA EHEIXNS,




HBABE Invitro BERICEA272U9I )9 T4 AN T IEMRD
R GIE

AR, REEAEY RO - ML % v TfT o ZAARIREIS 12D W T OBFZE RS A
e SN T 5% (Chen - Gusta, 1983 ; Gordon-Kamm - Steponkus, 1984 ; Orrb,
1985 ; Leborgne®, 1995a) o REEMEWAEOMMEZ H\ 2058 Tld. B oM %
FRAVAEGEICHRT, B—2 B EBRICEL, BURWIES TH L2 ED
FImd BT oNb, 703 074D 75 EFREY RO MK O B A % )
E&EDICiE, MW EORIBLEL X O EIRE ORI X 5 RE ORiRE%E
AT S EDVERIRNTH H L OHEVHSH (85KS, 1992) o In vitroki 3R TH
R 2EEEWERL, BNOBREET CHEET WAL T, MBS
b NS - RO E B L BT R 2 230 0 H 5 A%, KEEiEwA
FRk & BPOL 2 SEREL L7z L oo db@E L 723 REM 2T 2 52 LI12L D,
M PEICS 3 2 BERERET LR RME L 2 )85,

ARETIX, 703 )T 74 AN T T in vitro¥s B RICB W TR S NL2HWAED
Mk L U VA% T, RIRBIMULEE B X OB BICALE 2 17V, AL |
PE ) T SEPE DB DWW THRET L 72,

B1HE REEMYAEL X OCH VA ORIEEIELEIZAE D Wt aR 40221t

AEITIX, RIRECARE IR D B SREDZELIZ OV TIHRDL 720, KiFfw A

DOETEBYIR . MEIHUAE BL I N AR EHWT, Hi - BB RICBIT 2 EHERD
FAEB I OTTCEICIC L AMEEOKREZ T2 72,
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1. MEBIUHE

(1) B RO/ES

L E R FERETHBREBICBESNTWA IO )9 T A AT T TN, 5
2EBIMEFKONETEEHLHE L 0L, MWEAEE AR (MSE#ho4
B 1/28 LICHEHIZ, GA3 1 uM, BA1 uMBLUP R u—230g/1 %N

L. pHS.7IZFHHE L 72D b, R 7 g/1ZdiML7zb D) ITERL, 25T, 16F:H
HE (H@®EEET. 4,0001x) OG- T THELL (MAKEE) , o&12, W
B TRONIEEEEYARY = — b OEER A & MIARE R & FAR D&M T TREARE
EBTHIEICIVEHEZHBEYRL, REOEEEWARZEBLZIENPTE, T
509 6, R4 A Z R LERL T RE SEERICHV 72 (Fig. 4-1A) .

(2) HWVADOFES L UHER: - 1E5H

Affi (1) THEOLNZZOI )T AN T IREEWERD» S, iz b
L. ZWVAERHSE EYWEBEASEHOGAS 1 uMBLUBA 1 1 MEZRE,
BA 10 4 M3 & Unaphtaleneacetic acid 10 g MEZEML72d D) IZER L. AH
(1) LtEBOEHETTEETAILICIVINVAZFHEL:, 2¥IC, B5h
P2 NVADY R 2 ANV AERARERIZEKR L., FROFET THAEESTLZ L
S MRS IR, SROLDHINVADI L, BHEZLIPAEREBLEZLO

Bz (Fig. 4-1B) o

(3) HERAEMAB L OV A OKIREIE % & OVTREY AL o F 3

EEMEYAOKEBEIE., BEAHFTLS5TC, SHHMHE (BRI,
4,0001x) DEHFTICBLTCT7THHEAL T2, E6I1I20TC, SRHHEDEKN
TICBL, 13HMEETL I LICLDITo/z, dIRE L THAUHREE & AARD &AM




Fig. 4-1. Growing plantlets (A) and
proliferating calli (B) of L. caerulea in
culture system. Bar =5 mm




T (25C. 16BFFE HE. 4,000lx) THEEIHEZIDOZHW, b OREENE

MAED Y 2 — MO 2 o2 g CEEHUA (KEH5mm) B X UEHMEHO A
(& 5mm) 2PV EY, EEBEMEE Lz, $72. A VAOEKEBIMLIZ, 7
ABEERHILLSTC, SHMHEORAETICB L C20HMITo720 ZOH VA
6, F3mmILFICHBE L2 DRI AWz, 2, AIVRIZOWTIE, #
F-BMEOBELRICEHETTEELLIOZXNRE L,

(4) FHEEICXBWEEORE

1) sfsB L URAEO TR

B AL L o B ) & i sR 1S & ORHEIZ DWW T ORAETIE, EEU A, &
IR BL I NAE—75CETHEHL (FHRERIZL > TZOEE L THH
THIEDBEYTHALZLEHBELTNS) | 305MEREFEL, 72, KRB
T THRICBIT DI EMEIC D W THRE L7 E1213, Fig 4-5. 4-6B X U4-7TIIR T
RBRELITEHEHL, TNENORE T30 MREF L7z, £OMORE - RlifEZL &
DFMEIZ, 552 FH 1 H L AROFETIT2 72

2) BEB L URE

I ICoWTIE, BEFEIPL V2 - IR LZDDEEFELHELT, X
DRI L DV EFREZEH L7

IR A OEFER (%) = (a— MERUA B HHIAE) X100

HEERT A IZ oV TIE, PVAERPRBO LN b0 EFLHEL, UTO
RIS & ) ANVABIER &R L7

HFEREIF I BT B2 H VAR = [ (D—C) / (B—A) ] X100

A LB ORERIICBITAEE
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B HEHENEY R OREERICBIAERINVA 2E4EE
C . BB R OREZERNICBITAAE
D BELEYREOEZERICBIIAERI VA 2ELS4EE

ANWVAIZDWTIE, BEEBRICBITLZINVAOHEBEICLIVAFLZHEL, UT
DRI L Y v ABEfE S B L7,
71V AYEE RS = [ (d—¢) / (b—a) ] X100
a | EEFGENLEE S )V A OREEFICBIT A EE
b . MEHAEMEE S )V A DREFERIIB T HEE
c . HAEALE A VA DBEERIZBIT HEE
d . FAEE S VA DRERBICBIUHER

2B, RTINS EERMG 6 HARRICIT 272,

(5) TTCEITEZ X AiTE MO T4
02C/ DB HEETEEIL (—3CTHK) . IEDBRETHYE L, #
Oz, 2 EBE 2B E RO T ETITo 72,

2. fER
(1) BEERYAERE XUV A O s K3 {EmBIl LA i o 528
1) RIESMEAAE 217 o 72X (DU ERBIMEALELX ) OEiEY) A B L UMK Sl

fLALEE L Tz WX (BLFXIRIX) OFIERYI A 2 BT, BI L WLEE A i & i o 4
(—75CIZBITLERER) LOMEICOWTRARSERESFig 4-212R L1z, X
BEOAEFRIZ, WHEBOBEFEIZEHLLT 0% D521 % EIEWETH 72012
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Fig. 4-2. Effect of cold acclimation duration on survival
rate of L. caerulea lateral buds that were excised from
cold-acclimated or nonacclimated plantlets growing in
vitro, frozen, thawed and cultured. O, cold acclimation at
5°C for seven days and sequentially at 0°C; @,
nonacclimation. Nodal segments with lateral buds were
frozen at -7.5°C. Survival rate means the ratio of shoot-
forming segments to all segments used. Vertical bars
represent standard errors.




o U KimBIfCLER X TIALE AR 5 8 B E TIZ27% T &Ko 7225,
ME12HBELUETIISSW U EEE L {FEL o7,

2) DEIT, FHIMYAIZOWTAS L, Fig 4-312R L7z &) 12, BB LAL
B CIHBEFEY R C 25 I2o0NWEME (VAR & 0 3F M) Ak
L. ANVAEBRIERIZ12HEB L 16 HETIRFH50L 2D, 200 HEICIE7312% -
72o =iy NEEX DA IV AFEIEEIZIOUT &, HEMBEHEICL 5 F/h3 v
FHR L7,

3) ANVADOKREIMELEIC X B sk (7 )V ARFEIREIC & D 3Fl) %A
#Fig. 4-41R L7z, MERXTIE, WHEFGBR?S 20H% $ T, 7V AMIERRE
3B 7T ENSWETH 7200 L, EIRHILALE X TIix, BEBAAGRE 2 5 4
HEBEFETIZ4 LD o720H, 8 HEICE6EFEL K& 2D, 12H#%I121385,
16H&T69. 20HEIZIZE8E o7,

(2) {RIESILALE L 7- 553 AR B £ O )V A Dt s D ZEAL

1) FAEEICE ) WM 3 L 72356

i) FARICE > TEHll L 7-EiE R O &fFE (22— MEERERIC L Y EHME) (12
DNWTHhDE, Fig. 4-5I1R L7 L DI, KELHERBKBI4HZICBWTIE, xR
(EEEBI b)) X T, 0 CULEOBENRERIZBWTI00% %R LAzd D
B, = 5L TIERTE%., =780 T30%. = I0CL LR G 2ER L Elbnlas — A,
KIRPMEMEX T, —5CICBVTHUBDEFEEXRL, —7.5CTT85 %,
~10CHBLUP-125CTH67%E%EN, —5C~—125TCOHBATD HWMEZR

Lrres

i) DXIZ, MO IZOWTAS L, Fig 4-61IRL72E DI, MHEI4H &
ICBUT AWM (F oV AREIERIC & 0 EF ) X, HERIXTIZ, WENRE 0 CTUL
LOREBTHNVARBEERS AL LEREDP o2 DD, 0T L NERWEEST
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Fig. 4-3. Effect of cold acclimation duration on callus
formation index of L. caerulea internodes that were
excised from cold-acclimated or nonacclimated plantlets
growing in vitro, frozen, thawed and cultured. O, cold
acclimation at 5°C for seven days and sequentially at
0°C; @, nonacclimation. Internodal segments were frozen
at -7.5°C. Callus formation indices were calculated by the
equation described in Materials and Methods. Vertical
bars represent standard errors.
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Fig. 4-4. Effect of cold acclimation duration on callus
proliferation index of L. caerulea callus that were excised
from cold-acclimated or nonacclimated calli growing in
vitro, frozen, thawed, and cultured. O, cold acclimation at
5°C for seven days and sequentially at 0°C; @,
nonacclimation. Callus segments were frozen at -7.5°C.
Cullus proliferation indices were calculated by the
equation described in Materials and Methods. Vertical
bars represent standard errors.
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Fig. 4-5. Effect of cold acclimation on survival rate of L.
caerulea lateral buds that were excised from cold-
acclimated or nonacclimated plantlets growing in vitro,
frozen, thawed and cultured. Nodal segments with lateral
buds from nonacclimated (®) or cold-acclimated (at 5°C
for 7 days and then at 0°C for additional 7 days) (O)
plantlets were cooled down to the temperatures indicated
in abscissa. Survival rate means the ratio of shoot-
forming segments to all segments used. Vertical bars
represent standard errors.
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Fig. 4-6. Effect of cold acclimation on callus formation
index of L. caerulea internodes that were excised from
cold-acclimated or nonacclimated plantlets growing in
vitro, frozen, thawed and cultured. Internodal segments
from nonacclimated (®) or cold-acclimated (at 5°C for 7
days and then at 0°C for additional 7 days) (O) plantlets
and cooled down to the temperatures indicated in
abscissa. Callus formation indices were calculated by the
equation described in Materials and Methods. Vertical
bars represent standard errors.




RSN S SR, -5 CBEF-7.5CT17. —10CUTTIR1IUTTH-
7o SHUSXT L, REBIMUALEE L7-8fIE, —125COGHIBE#HE T CEFEL
JoA A 2B ). — 5 CTH VAR IEE6E5, —7.5CT63, —10CT47, —12.
5T 33 Thol.

iii) HIWVAIZDWTAB E,| Fig 4-7IZRL7ZEI 12, WRRIZBWTIE, 5T
THIVABEIETRE94. 2.5CT100, 0CT81E, HWHIRE 0 CU LOBE TIZ
REWVWEZRLLED, —5CTik3, —75CUTTC1IUTE, 0Tk yEVIRE
HTERBISED Lz, —F, REIMELERXIZBWTIZ, — 5 CTH I ABEGEE
o BRI e Sk b SR 2 S e IO o8 Bt e e 6 5 o I
— 5T —75COHEPEATREIVEZR L7,

iv) WH14HZOBEIEEX B L O (BRI L) Xo—75C T
HAE L 72 EMEHI BT 558 6 A B OIREL 2 % &, RIBHLEOHERIZ, 3
~T7em®D¥ 22— MEEE LD (Fig 4-8A) |\ MEBX Tk, AEFA LN THEE
L7z (Fig. 4-8B) o {RimBIfLALEE L 7SS0 13, €00 O 6 &2 71 )V
AR Z ), HEE25mgD 5 86mgD A VAR L7z (Fig. 4-8C) o —H.
AR (RS L) KoMYW IL, BE L. ZIVATEBIEAL LD -
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Fig. 4-7. Effect of cold acclimation on callus proliferation
index of L. caerulea calli that were excised from cold-
acclimated or nonacclimated calli growing in vitro, frozen,
thawed and cultured. Callus segments from
nonacclimated (®) or cold-acclimated (at 5°C for 14 days)
(O) calli and cooled down to the temperatures indicated in
abscissa. Callus formation indices were calculated by the
equation described in Materials and Methods. Vertical
bars represent standard errors.
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Fig. 4-8. States in the process of culture of L. caerulea
nodes, internodes and calli that were cold-acclimated for
two weeks before cooling treatment, or nonacclimated.
Cold-acclimated node (A), internode (C) and callus (E)
grew or proliferated. Nonacclimated node (B), internode
(D) and callus (F) did not survive. Bar =5 mm
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Fig. 4-9. Survival of nodal segments from cold-acclimated
or nonacclimated L. caerulea plantlets through TTC
reduction test. Nodal segments from nonacclimated (@)
or cold-acclimated (at 5°C for 7 days and then at 0°C for
additional 7 days) (O) plantlets (growing in culture
system) were cooled down to the temperatures indicated
in abscissa. Survival rate was evaluated by TTC
reduction test after thawing. Vertical bars represent
standard errors.
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Fig. 4-10. Survival of internodal segments from cold-
acclimated or nonacclimated L. caerulea plantlets through
TTC reduction test. Internodal segments from
nonacclimated (®) or cold-acclimated (at 5°C for 7 days
and then at 0°C for additional 7 days) (O) plantlets
(growing in culture system) were cooled down to the
temperatures indicated in abscissa. Survival rate was
evaluated by TTC reduction test after thawing. Vertical
bars represent standard errors.
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Fig. 4-11. Survival of callus segments from cold-
acclimated or nonacclimated L. caerulea calli through
TTC reduction test. Callus segments from nonacclimated
(@) or cold-acclimated (at 5°C for 14 days) (O) calli
(growing in culture system) were cooled down to the
temperatures indicated in abscissa. Survival rate was
evaluated by TTC reduction test after thawing. Vertical
bars represent standard errors.
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Fig. 4-12. Effect of deacclimation duration on survival rate
of L. caerulea lateral buds that were excised from cold-
acclimated or nonacclimated plantlets growing in vitro,
frozen, thawed and cultured. O, cold-acclimation after 14-
day cold-acclimation; @, nonacclimation after
nonacclimation; [, deacclimation after 14-day cold-
acclimation. Nodal segments with lateral buds were
cooled down to -7.5°C. Survival rate means the ratio of
shoot-forming segments to all segments used. The
survival rates at zero-day duration of aftertreatment stand
for values at the end of pretreatment. Vertical bars
represent standard errors.
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Fig. 4-13. Effect of deacclimation duration on callus
formation index of L. caerulea internodes that were
excised from cold-acclimated or nonacclimated plantlets
growing in vitro, frozen, thawed and cultured. O, cold-
acclimation after 14-day cold-acclimation; @,
nonacclimation after nonacclimation; [, deacclimation
after 14-day cold-acclimation. Internodal segments were
cooled down to -7.5°C. Callus formation indices were
calculated by the equation described in Materials and
Methods. The callus formation indices at zero-day
duration of aftertreatment stand for values at the end of
pretreatment. Vertical bars represent standard errors.
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Fig. 4-14. Effect of deacclimation duration on callus
proliferation index of L. caerulea callus that were excised
from cold-acclimated or nonacclimated calli growing in
vitro, frozen, thawed and cultured. O, cold-acclimation
after 14-day cold-acclimation; ®, nonacclimation after
nonacclimation;, [, deacclimation after 14-day cold-
acclimation. Callus segments were cooled down to -
7.5°C. Callus proliferation indices were calculated by the
equation in Materials and Methods. The callus
proliferation indices at zero-day duration of aftertreatment
stand for values at the end of pretreatment. Vertical bars
represent standard errors. Absence of a bar indicates that
the standard error is smaller than the symbol.
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Fig. 4-15. Effect of deacclimation on survival rate of L.
caerulea lateral buds that were excised from cold-
acclimated or nonacclimated plantlets growing in vitro,
frozen, thawed and cultured. O, cold-acclimation at 0°C
for 8 days after 14-day cold-acclimation; @,
nonacclimation for 8 days after nonacclimation; 0O,
deacclimation for 8 days after 14-day cold-acclimation.
Nodal segments with ateral buds were cooled down to
the temperatures indicated in abscissa. Survival rate
means the ratio of shoot-forming segments to all
segments used. The survival rates at zero-day duration of
aftertreatment stand for values at the end of
pretreatment. Vertical bars represent standard errors.
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Fig. 4-16. Effect of deacclimation on callus formation
index of L. caerulea internodes that were excised from
cold-acclimated or nonacclimated plantlets growing in
vitro, frozen, thawed and cultured. O, cold-acclimation at
0°C for 8 days after 14-day cold-acclimation; @,
nonacclimation for 8 days after nonacclimation; [,
deacclimation for 8 days after 14-day cold-acclimation.
Internodal segments were cooled down to the
temperatures indicated in abscissa. Callus formation
indices were calculated by the equation described in
Materials and Methods. The callus formation indices at
zero-day duration of aftertreatment stand for values at the
end of pretreatment. Vertical bars represent standard

errors.
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Fig. 4-17. Effect of deacclimation on callus proliferation
index of L. caerulea calli that were excised from cold-
acclimated or nonacclimated calli growing in vitro, frozen,
thawed and cultured. O, cold-acclimation at 0°C for 4
days after 14-day cold-acclimation; @, nonacclimation for
4 days after nonacclimation; OJ, deacclimation for 4 days
after 14-day cold-acclimation. Callus segments were
cooled down to the temperatures indicated in abscissa.
Callus prolirferation indices were calculated by the
equation described in Materials and Methods. The callus
prolirferation indices at zero-day duration of
aftertreatment stand for values at the end of
pretreatment. Vertical bars represent standard errors.
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Fig. 4-18. Survival of nodal segments from deacclimated,
cold-acclimated or nonacclimated L. caerulea plantlets
through TTC reduction test. Nodal segments from
nonacclimated after nonacclimation (®), cold-acclimated
(at 0°C for 8 days after 14-day cold-acclimation) (O) or
deacclimation (at 25°C for 8 days after 14-day cold-
acclimation) (O) plantlets (growing in culture system)
were cooled down to the temperatures indicated in
abscissa. Survival rate was evaluated by TTC reduction
test after thawing. Vertical bars represent standard errors.
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Fig. 4-19. Survival of internodal segments from
deacclimated, cold-acclimated or nonacclimated L.
caerulea plantlets through TTC reduction test. Internodal
segments from nonacclimated after nonacclimation (@),
cold-acclimated (at 0°C for 8 days after 14-day cold-
acclimation) (O) or deacclimated (at 25°C for 8 days after
14-day cold-acclimation) (OJ) plantlets (growing in culture
system) were cooled down to the temperatures indicated
in abscissa. Survival rate was evaluated by TTC
reduction test after thawing. Vertical bars represent
standard errors.
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Fig. 4-20. Survival of callus segments from deacclimated,
cold-acclimated or nonacclimated L. caerulea calli
through TTC reduction test. Cullus segments from
nonacclimated after nonacclimation (@), cold-acclimated
(at 0°C for 4 days after 14-day cold-acclimation) (O) or
deacclimated (at 25°C for 4 days after 14-day cold-
acclimation) (O) calli (growing in culture system) were
cooled down to the temperatures indicated in abscissa.
Survival rate was evaluated by TTC reduction test after
thawing. Vertical bars represent standard errors.
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Fig. 4-21. Sections of cold-acclimated or nonacclimated
nodes (A, B), internodes (C, D) and calli (E, F) of L.
caerulea that were frozen down to -7.5°C, thawed and
examined by TTC test. A, C, E: nonacclimated; B, D, F:
cold-acclimated. Bar = 300 ym
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sativum) 7 v ¥ v ¥ — 7 )WV — 235 X (Poa pratensis) . ¥ /NH (Brassica
napus) « ¥ ¥ N\ (Brassica oleracca) B L UV EEL EIZBIT 5 ERER

(Fennell * Li, 1985 ; Welbaum %, 1997 ; Gusta®, 1980 ; Boothe®, 1995 ;
4 AL, 1993 ; Arora - Wisniewski, 1995) ([AMkIZ, 2 03I 2974 AH T
T OREMBIDEB LTI NVAIZBNTS, B L) B L 20D
Sebiv, BREMELDIRRI 5 Z LR o7,

(5) 703/ 74 A%NTIEEEYE (BB L UEBRYE) B
ANV AD =75 CHAERIZBITBEFRICOWTCTTCETLEZ BWTHNEZ A,
IR 2 4T > T b OOMMKE - Milgidixto T TH Y, Kimblfba
BICXDMEEIELC R, AHFE LTV - TR BT IR E, £
DEBEDPPFEICAONLZ END, TOHEITIE . TTCRITEIL, FRHEEL ¥
ETLIHEDEREFERTHLZ LWL o7,




WHE JUI/)UTAANT IREEMPYEKIZBITLZNEWHD

PAL )

FL2EBIUFEIETER., BHA» SN L EZHOM RS X CWART OF
HIMEE 2 SIZOoOWTHRAE L, KEHMLE X CHEBEIC oW TEEO M R 5
N7z, ftv T, F4ETIT, BEBEYEARS L O V2 OKREILE X OBEI
LICBT A EBRZER L, W ODOHR B2, WBELFHEEICE 2P O
M EEDZEAICEES T2 B RNEAPEL 2T 572010013, BWRFM2ES (HET
52 EDTE S in vitroRs FA TOMMA D ERZICKITTREBIIOVWTREY 5
ZEDVVETH 5,

AETIE, BEREABRICBTIMHEEOREL LA ENEYEES L DM
HEIZOWT, KRB BB LALEE SEBR R & VTR,

1 EEEWAB IO VAORKEILIZE ) RAEYWE OB
FUOEEDOZE1L

AT, EIERBMLICAE D RO ZAL & WAEWEZL L OBEIZDO W THRE
T 5720, KIEPL L 2B HEWAEB LIV ADEKRE, TEEEEDL L U
7 I BRIIOVWTHAE L, 8512, INVARIZDOWTIE, 7 V37 HOMED
EALIZDOWTHRAEL 7

I WEEEEOMESL L UEEOR

1. MEB LUk




(1) EimBIfbD 5 E & R R o R 3

BAFER 1E L RABROTEIZL o TRIERENAEB IO VA HWT, 14
HHE ORI =47 o 72, RIRBIMLLER I, 554 T 1 & ABOLHET,
Tabb, BEMDRCEEREIL 5T, SHHHEER (BEIEGLT. 4,0001x)
DERAETICBLTIAMKEESE, E5120C, SHMAROLHTICRTZ &

2 D707z T2 ANVADEKIBEILIX, DV AEREERRTE 5T, 8 KR
HEODFRHBTIZRTZLIZLoTToz, 72, ML LTid, BEHYHES X
FANVZADNTNIZBNTH, 25T, 16FFHHE (4,0001x) TEELLIDO%
V72,

(2) Ko&EDOHE

# #%& 100 ~ 400mg = 7K 7 & 1t % & ( Mitsubishi Chemical Corpolation,
VAPORIZER VA-06) OHFIZAN, MiEH Ok eZfLE L7205, BEHEN
KB EZETE (Mitsubishi Chemical Corpolation, MOISTUREMETER CA-06) #* H
WTERAIL LK oEZHlE L., EARELZEIZEKELEL L7,

(3) TEMENEE O oM

MRRAI200mg VT, E3EE 2H L FMROFHETHEOERE X O BT
WEOOM 21T 272,

(1) KGEEDEA

RERRAEYIR Y 2 — MRRO &KL, KIEILLE ORI ZIZ BV THE7% DE
%7~ L (Table 5-1) . fRIRBMLAEDORIRIZE T 5 BFKEOZALIZA LN h >
720 HIVADEKEL, EEIELERT78% ., HKimBI{LALERT77% TH Y |
EARRIIMEIZ L o TIEEAEEIL L 2D o7z (Table 5-1) o

100




Table 5-1. Effect of cold acclimation on water
content in shoots and calli of L. caerulea.

Sample Treatment Water content (%)
Shoot Nonacclimation 67.3
Cold-acclimation? 67.0
Callus Nonacclimation 77.6
Cold-acclimationY 77.4

ZShoots were excised from

plantlets that werecold-acclimated at 5°C for 7
days, and then at 0°C for additional 7 days.
YCalli in flasks were cold-acclimated at 5°C for 14
days.

in-vtro cultured




(2) WIvaTEpEHE

REME RO R S 4 HEOE, $hbb, JV7 b—R, ZVa—
A, AZU=ABLUPT T4 ) —ADMHE SNz (Table 5-2) . HHOREREIL,
RIEBICAEIZ L D) ZNIEZEEL L o7z, DEIC, BEHEORENICAS L,
TNV b—=A, FNVIA—ZABLUPAZO—RAEEI21E, EKEILAEIZ L > TK
RREHIRBOON o7, L, 774/ — AL, KIEFMCALEERLS 8 H
o ERE SN, I2HBRICEZFIZHMLZ06, MEIZEKELT, 20 HR&ICIE

2.8 ymol/g FW & 72 o 72,

B ZEHE Yy AR O 5 ] BB AR D R BI LI AL ) "B EEEOEBII OV T A DL
&, Table 5-31Z/R L7z & 912, HHOREEICOW TIEIESIM LA (24 ) BE
REACIIRRO O N o7z, DEIT, HHOBEIZALLE, TVI =R, 7
VIA—ABLIUTA7u—-—20g&E, KESMLLEIZHE S TEL 222720 D
D, T774 7 =AW TIF, KEHMCLEIC X 2 EFRFIA LN, WHEELE 8 H
B H1I6HBZICITTHEML, 20H#12134.4 pmol/g FW & 72 o 72,

HWVAZBWTIE, AZ7O—ABLIT 714 /) — R DWW TRIESIMLALER |24
AEALDIA SNz (Table 5-4) o ThbbH, A7 U0—AEGEITUHEBMIEL 2
LIS THML, 774/ —AZREFKBIZHEPS20HRICERP RO LN
720 VT F—ABLU T NI - ZADEBNIKRE o 72h, KiRBIMLLER IR
EALIZED NG o7z, HEOKBERT, REILLEMM IR 251205

’Cigﬁl] L f:o

I WHEE7 I BROMEE L UEEOZRAL

1. MRS LUHE




Table 5-2. Changes in soluble carbohydrate contents in nodal segments of L. caerulea
nonacclimated and cold-acclimated.

Soluble sugar content (zmol/g fw)

Duration
Treatment (Days)
Fructose  Glucose Sucrose Raffinose Total
Nonacclimation? 0 1212 00x00 14105 00x00 153=x0.8
4 12+12 00x00 23729 00x00 248=%23
8 36£30 2211 31520 00x00 37455
12 32+32 24+13 190x18 00x00 24.7x4.0
16 03+03 00x00 31674 00x00 319%+73
20 0000 10x10 319+£30 00%£00 329%26
Cold-acclimationY 0 183213 24zx24 2390t 0000 276#x20
4 08+08 15x15 274+x12 00£00 29.7x25
8 3625 2121 303x47 01x01 36172
12 1212 00£00 37765 2003 409%6.7
16 09+09 00x00 445+28 2304 476x40
20 0000 00x00 279x19 28x04 30.7x23

ZNonacclimated at 25°C under a 16-h daylength.
YCold-acclimated at 5°C for 7 days and sequentially at 0°C under a 8-h daylength for the

durations indicated above.
XMean (+ SE) of three replications.




Table 5-3. Changes in soluble carbohydrate contents in internodal segments of L. caerulea
nonacclimated and cold-acclimated.

Soluble sugar content (umol/g fw)

Duration
Treatment (Days)
Fructose  Glucose Sucrose Raffinose Total
Nonacclimation? 0 0.7x£0.7% 09+£09 31608 00x00 382x22
4 3232 00x00 263+46 0000 29578
8 00+00 08+08 18757 00+00 194+56
12 05+05 12%+12 156+05 00x00 173+1.0
16 00+00 0000 311+96 00x00 31.1+96
20 00+00 00x00 314x27 0000 314zx27
Cold-acclimationY 0 0000 00x00 334+x24 0000 334zx24
4 43+43 00+00 268+6.1 00+00 31.1+43
8 13+13 0000 370x74 0202 384+7.8
je 08+08 00x00 355+42 13+x03 376+x4.2
16 1010 0000 440x08 3.0x02 480=x0.7
20 12+12 00x00 368+64 44+04 42469

ZNonacclimated at 25°C under a 16-h daylength.
YCold-acclimated at 5°C for 7 days and sequentially at 0°C under a 8-h daylength for the

durations indicated above.
XMean (+ SE) of three replications.




Table 5-4. Changes in soluble carbohydrate contents in callus segments of L. caerulea
nonacclimated and cold-acclimated.

Soluble sugar content (umol/g fw)

Duration
Treatment (Days)
Fructose Glucose Sucrose Raffinose Total
Nonacclimation? 0 209 +46*% 284 + 221 493+50 00zx0.0 98.6 £ 27.9
4 97+58 209+209 458+28 0.0x0.0 76.5 + 13.6
8 150+94 253x246 35420 00x0.0 756 £ 16.4
12 11.8+64 134+121 33215 0.0x0.0 584 +55
16 143+£80 214+163 324+18 0.0+00 68.1 + 8.0
20 13.3 £ 6.9 08+04 327+19 0.0x0.0 46.8 + 9.0
Cold-acclimationY 0 259+62 451 +£387 339=%x1.1 0.0x0.0 1048 = 45.6
4 101 £ 556 7.8+ 1.8 67607 0.0x00 B5.5+ 3.7
8 255191 239+155 808+52 0.0+0.0 1302 +35.7
12 163277 170+£94 105710 04+01 1384+ 136
16 19.7+99 827 +614 1143 + 4.1 0500 2173 +£67.6
20 652552 412+334 1242+74 05+£02 231.1+81.8

ZNonacclimated at 25°C under a 16-h daylength.
YCold-acclimated at 5°C for 7 days and sequentially at 0°C under a 8-h daylength for the durations
indicated above.
*Mean (x SE) of three replications.




(1) BimBIMbDTiEE & ORI EE o 3 3

MAOFRSE L EEIMCAE T, KESE1H I &RKOHETITo 72,

(2) EBET I/ BRODHT

M 200mg = FHWT, 55 3 B 3H & FfRD L THREOER B X Ol 7

I/ BROGTERITo 72,

2. A

BERAEY R ET SR AR D EERE T X/ BRE & % Table 5-5I/R L72, MEEL D
LooxPE (EEEREIfCALEE) X2%198 4 mol/g FW., RIEBIMLALER X 25187 1 mol/g
FWCH D, 7 I /VBROBEEIL, KIEILEIC Lo TEE AL Lo 72,
7I/BOMKDL ., BEEOHE & RIS, RIEMLEIZL > TT L A EZLET,
PLd=v, TOVFZUBLUTVY I VEBRERDLS VOINFHTH - 72,
AR ET A B LT X BoRER IS, KIESLAEIZ X 5T
WAL, XX T179 1 mol/g FW, IR [X T154 4 mol/g FWTad o 72 (Table
56) o 73 /BROEERIALZEZA, TIWFUBLU LI = Y FENMKIR
BILALERR A L7z,

HIWVADERT I JBREEICDOWVWTASL L, Table 5-7IXRL72E ), BEE
RS E, FMIRIXT57 4 mol/g FW, (KImBIMLALEE[X T66 1 mol/g FW TH 1) |
RIEE LB IRl Lz, 73/ BROEEIIALZE Z A, KinBI LB

BRI LA = U EEDTEIL 72,

M %7 EHOMBDZEA

1. MEBIOHE




Table 5-5. Effects of cold acclimation on free amino
acid contents in nodal segments of L. caerulea.

Content (umol/g fw)

Amino acid
Nonacclimated Cold-acclimated?

Aspartic acid 3.0 3.2
Glutamic acid 15.5 173
Lysine 1.4 0.8
Arginine 61.0 50.7
Histidine 1.0 0.7
Asparagine 0.0 0.0
Glutamine 0.0 0.0
Serine 1.0 1.2
Threonine i & & 110.1
Tyrosine 0.3 0.1
Glycine 0.0 0.0
Alanine 0.9 0.8
Valine 0.6 0.4
Leucine 0.7 0.3
Isoleucine 0.6 0.2
Proline 0.1 0.0
Phenylalanine 0.0 0.1
Methionine 0.0 0.0
Tryptophane 0.0 0.0
Cysteine 0.5 0.4
Total 198.1 186.5

ZPlantlets in flasks were cold-acclimated at 5°C under a
8-h daylength for 7 days and then at 0°C under a 8-h
daylength for additional 7 days.




Table 5-6. Effects of cold acclimation on free amino
acid contents in internodal segments of L. caerulea.

Content (umol/g fw)

Amino acid
Nonacclimated Cold-acclimated?

Aspartic acid 2.4 2.9
Glutamic acid 11.2 12.5
Lysine 2.2 1.4
Arginine 87.2 68.9
Histidine 1.1 0.8
Asparagine 0.0 0.0
Glutamine 0.0 0.0
Serine 0.7 0.8
Threonine 70.6 64.7
Tyrosine 0.3 0.2
Glycine 0.0 0.0
Alanine 0.8 0.6
Valine 0.6 0.3
Leucine 0.7 0.3
Isoleucine 0.5 0.2
Proline 0.0 0.0
Phenylalanine 0.2 0.1
Methionine 0.0 0.0
Tryptophane 0.0 0.0
Cysteine 0.4 0.3
Total 178.8 153.7

ZPlantlets in flasks were cold-acclimated at 5°C under
a 8-h daylength for 7 days and then at 0°C under a 8-
h daylength for additional 7 days.




Table 5-7. Effects of cold acclimation on free amino
acid contents in calli of L. caerulea.

Content (umol/g fw)
Amino acid
Nonacclimated Cold-acclimated?

Aspartic acid 2.6 3.5
Glutamic acid 54 57
Lysine 0.5 0.5
Arginine 33.0 35.2
Histidine 0.4 0.4
Asparagine 0.0 0.0
Glutamine 0.0 0.0
Serine 0.8 0.8
Threonine 10.9 17.9
Tyrosine 0.1 0.1
Glycine 0.1 0.1
Alanine 1.6 0.6
Valine 0.4 0.2
Leucine 0.3 0.2
Isoleucine 0.3 0.2
Proline 0.0 0.0
Phenylalanine 0.2 0.1
Methionine 0.1 0.0
Tryptophane 0.0 0.0
Cysteine 0.3 0.1
Total 57.1 65.8

ZCalli in flasks were cold-acclimated at 5°C under a 8-h
daylength for 14 days.




(1) IKBEML L2V ADRSDF 82 GO

EABEE IR EABOFETHELANZAEZMEE LTHW, REBOREICL
UH, BAES 1B EFKOAFET, A NVAIIX UKEE{CUE 21772, T 72,
ML LT, 256C, 16 HE (4,0001x) THREELZANVAZH W,

¥ R EOMBIEIRD LI I To72. HOPLOBRERTMZ THA L2
FLEIZ, INVAEF lgk AN, BRLEOL, ¥ 2287 EHHREH (Table
5-8) 3mlxMMABELL7e TNE 4T, 14,000Xg TI5HMELASBEL, 55
N-LEICABEOT 270, —30CT1 ~2KHGHIL TS ¥ /¥
s BRI ST, O (10T, 3,500Xg, 1047MH) LCEILLAzY v /%2
BOLEIZ, 10mlD75% 7 b2 TI00HMBEL-OL, 75% 7 & b~
Az L7, 512, AEOEATE N Z2IZ2, 100HEBET LI EI2X Dk
Wl OXIC. TEMVZBREL, U 7HOUEBRE KR T AL -7 —%
W TR S,

(2) ZXRITESIKE

EEELBRO D VAP S L7287 V287 BOMB % Z X ITCESIKENIC L Y H
Rlz2e ZRITEBZIKEID—XTCH % OFarrell 5 (1977) O FEIZED W TIEFE
pHABESKE L L, ZXJtH % Laemmli (1970) O AEKIZEDSWTSDS- AR 7
JINT I FOVERKEIE L7,

1) FEFHpHA R ESIKE (NEpHGE)

Witk U727 87 B Ok B & T pHA) B R Sk ED H BB & (Table 5-8)
600 ¢ ICTEME L, =008 (47C, 3,500 Xg, 1070) L TR LMz ERFZ

¥ 7o NEpHGERH ®# )V (Table 5-8) #MfE 1mm, ES11lem DA T AEWIZ
e, ) EIZEEI100x1% AL, 512, €0 EIZEERER (Table 5-8)

10 1% ATz, EEBIKEIE & L C20mM H,PO,. THKEIE & L T100mM NaOH
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ZHV, 500V THRMIKEI L7z, BRIKEIHKTHR, FIXAE» SR LR H
L. ZXTCEDBRIKEZ VICDE, —KRTEDOXKBIKT L7V 2 RET
AIailid, —45CTH ML, RLZVI D ITHBRENICHA L TREL 2.

2) SDS-RY 77 )T I FPEVESIKE) (SDS-PAGE)

FE{LiRE W (Table 5-9) ICRIELFEH I EZ2—RITE D7)V % SDS-PAGE H
DN (Table 5-9) 2D, 0.5% 7 10— AEW (Table 5-9) THEZE L7z, Wk
B H OFEEW & L TTable 5-9IZR L7z D& v, 1HD7 )V (14cmX14em X
lmm) 720 25mATIKEI L7z 7HET 2/ — VT V—0BTX VDTS5
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Fig. 5-1. Electrophoretograms of proteins extracted from
cold-acclimated L. caerulea callus. A: Proteins were
extracted from calli incubated for 14 days at 25°C under
16-h daylength; B: Proteins were extracted from calli
incubated for 14 days at 5°C under 8-h daylength.
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5720, BA4EDMEEDORLIZEOSNT, BHEML L 72EE#|HEMAB L OH L 2
DEKRE, TJEHEEBLOEET7 I JBRICOVWTHRAN, 512, HILVAIIZD
WTIX, 7 NN EDOHEBDEALIZONWT R,

I WEEREEOMESE L UEE0EAL

| 1. ML LOHE

(1) BBt Fd X O£ O 7 5

REF 1 @ CAlRRREI LRI, BB 21T 5 720 BEBIMLALER L,
FABEF2HERMOEHT, Thbb, BMEMUEKBLUN VA ZERERT
£25C, 16FMHE (HBELIT., 4,000lx) OFBETIBT I EICLVITo7,
| BEECALE DI, 4 B 2HOMRN S, BEEMEWATIEIE HM, AV A
| Tix4 HE & L7z,

(2) TEMEHEE DT

HRERI200mg & VT, E3EE2H L AKOHETHBOERE L OO %

'?:]:O f:o

2. HE
R ARB I OO NVADOBEEEEEI RIT TR D ZEEIZ DWW T
BTzl T A, Table 5-11IZ/R L7z & 912, EidiHEMEB L OHIB MBS TIZ, 71

7 FN—AEGBIZITIEALEEIE T, A7 0—-AGEB L UTHEEHORGSEDIR R
WUl T2y 59747 —AiE, RBMEALERIZIZ, MEATRELZE T THA L
72 —H. BIVATIE, VT =R, FNVI—ABLTRAZO— ADEEDIR

ML, FRICHEVREENRY Lz, 774/ — A&, FREMULEER IZI3MRE &
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Table 5-11. Changes in soluble carbohydrate contents in nodal, internodal segments and callus

of L. caerulea deacclimated.

Soluble sugar content (umol/g fw)

Sample Treatment
Fructose Glucose Sucrose Raffinose Total
Node Nondeacclimation? 0.5 0.0 36.2 2.6 39.3
DeacclimationY 1.2 0.0 31.8 0.0 33.0
Internode Nondeacclimation? j 0.0 40.4 J1 452
DeacclimationY 0.5 0.0 370 0.0 37.5
Callus Nondeacclimation* 33.4 46.9 1193 0.5 200.1
DeacclimationW¥ 28.5 28.4 81.5 0.0 138.4

ZNondeacclimated at 5°C for 8 days under a 8-h daylength after 14-day cold-acclimation.
YDeacclimated at 25°C for 8 days under 16-h daylength after 14-day cold-acclimation.
XNondeacclimated at 5°C for 4 days under a 8-h daylength after 14-day cold-acclimation.
WDeacclimated at 25°C for 4 days under 16-h daylength after 14-day cold-acclimation.




NZ2hPro7l,

I EEET I /BROMEB L UEEOZEAL

1. MBI OHE

(1) BB hE:E L Ok O R 3

MR OMRE S L OBBIMELEIZ, KEFE 2 I L RO HETIT- 72,

(2) #8737 BOSHT

R 200mg 2 VT, 53 EE 3H L MO HETRHRBOIER B X U094 %

?:J:O f:o
2. HEE

MERAAR D BERE T X/ BREE DAL KIT T BB CLEE DRI DN T AL &
Table 5-12IZR L7z &)X, TI/VBOREEZHNL &, EHCLEX TIE
181 mol/g W, BiBIMLALEEX T200 1« mol/g FWTH 1) . BEBIMLALBEE 12 R R0 18
M7z 737 BABIZOWTIZ, BEMEAEORIRICB WV CHEICHE® L2 )
DITA LN P12,

RER YRR AR OB 7 X RS R, HEILALBEE R IC e R L,
BB X T154 4 mol/g FW., BEBILALER[X T 187 o mol/g FW & 72 o 72

(Table 5-13) o 7 I /EROEEFI AL A, TVFUVBIP LAY
RV B IZHEM L 72,

HIVADEMT I JBREEIX, Table 5- 1418 L72& )12, BREEZLERL L,
EREEN{LALER X C65 pmol/g FW. BEIMLALEEX T54 nmol/g FW TH 1) . BLBIML
MBIZL->TT I/ BROBIEVRREL L1,




Table 5-12. Effects of deacclimation on free amino acid
contents in nodal segments of L. caerulea.

Content (umol/g fw)

Amino acid
Nondeacclimated? DeacclimatedY

Aspartic acid 3.2 3.1
Glutamic acid 123 15.6
Lysine 0.8 1.4
Arginine 50.1 61.5
Histidine 0.7 1.0
Asparagine 0.0 0.0
Glutamine 0.0 0.0
Serine 1.2 1.0
Threonine 105.9 1134
Tyrosine 0.1 0.2
Glycine 0.0 0.0
Alanine 0.8 0.9
Valine 0.4 0.6
Leucine 0.3 0.6
Isoleucine 0.2 0.6
Proline 0.0 0.1
Phenylalanine 0.1 0.0
Methionine 0.0 0.0
Tryptophane 0.0 0.0
Cysteine 0.4 0.5
Total 181.3 200.2

ZPlantlets in flasks were cold-acclimated at 5°C under a
8-h daylength for 8 days after 14-day cold-acclimation.
YPlantlets in flasks were deacclimated at 25°C under a
16-h daylength for 8 days after
acclimation.

14-day cold-




Table 5-13. Effects of deacclimation on free amino acid
contents in internodal segments of L. caerulea.

Content (umol/g fw)
Amino acid
Nondeacclimated? DeacclimatedY

Aspartic acid 2.5 2.6
Glutamic acid 123 12.1
Lysine 1.5 i,
Arginine 69.8 87.2
Histidine 0.8 1.2
Asparagine 0.0 0.0
Glutamine 0.0 0.0
Serine 0.8 0.7
Threonine 63.9 77.6
Tyrosine 0.2 0.4
Glycine 0.0 0.0
Alanine 0.6 0.4
Valine 0.3 0.6
Leucine 0.4 0.7
Isoleucine 0.2 0.5
Proline 0.0 0.1
Phenylalanine 0.1 0.2
Methionine 0.0 0.0
Tryptophane 0.0 0.0
Cysteine 0.3 0.3
Total 153.9 186.9

ZPlantlets in flasks were cold-acclimated at 5°C under a
8-h daylength for 8 days after 14-day cold-acclimation.
YPlantlets in flasks were deacclimated at 25°C under a
16-h daylength for 8 days after
acclimation.

14-day cold-




Table 5-14. Effects of deacclimation on free amino acid
contents in calli of L. caerulea.

Content (umol/g fw)
Amino acid
Nondeacclimated? DeacclimatedY

Aspartic acid 3.8 2.6
Glutamic acid 5.4 4.9
Lysine 0.6 0.6
Arginine aol 31.3
Histidine 0.4 0.4
Asparagine 0.0 0.0
Glutamine 0.0 0.0
Serine 0.8 0.8
Threonine 17.3 10.8
Tyrosine 0.1 0.1
Glycine 0.1 0.1
Alanine 0.6 1.1
Valine 0.2 0.4
Leucine 0.2 0.3
Isoleucine 0.2 0.3
Proline 0.0 0.0
Phenylalanine 0.1 0.2
Methionine 0.0 0.1
Tryptophane 0.0 0.0
Cysteine 0.1 0.3
Total 65.4 54.2

ZCalli in flasks were cold-acclimated at 5°C under a 8-h
daylength for 4 days after 14-day cold-acclimation.
YCalli in flasks were deacclimated at 25°C under a 16-h
daylength for 4 days after 14-day cold-acclimation.
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Fig. 5-2. Electrophoretograms of proteins extracted from
deacclimated L. caerulea callus. A: Proteins were
extracted from calli incubated for 18 days at 5°C under
8-h daylength; B: Proteins were extracted from calli
incubated for 4 days at 25°C under 16-h daylength after
14-day cold-acclimation.
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MOBRPROONLZ E»b, MEREEAICEY 2 EiEB LB O IX, 1

MFEIC L > TEZLZDDEEbNS, RIFFETIE, FEEERY RO M Ot S &
HiMOZNL) HRRFV LR EHE - HBRICLVITREBICERP DL L, &b
Nz, (EEEI LB S E L 2 A I ON TSR E LT 722 L &0 b,
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LN7zH, ThUT, MREOEREFRIEEL TWAbDLHEEINL, T2,
JUI /) TTARANTT TR, BEEYEOKEILIZIGHUATETL, 2h
(BN DREIRD H IR T CTIRROM I % R 2 OIS LE R M & iz L

TIED PN EDPAS I R o 72, AR AOT Y% EFT 5121%, M
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