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1. &
7 ¥ 4 (Beta vulgaris L)%, T —10 v /3% s
W2, dek, v 7 AR S NCIbiE S TIL S EEE SN
THY, EMHFCERESNLBHEEROK 3% 5
DT 5 (B EERPUERE [TAaBMRER] . &
HENZ BT HEETIXEPERE D 8 FILL AT 3
A RN RS SN B (TAZERESEAER, 2011), &
MENZ B 2 7 7 4 OFE L ACEE O J b 12
B TRERRIHAGAE N TITONRTE ), HIR
WITBEBEER Z I OB T 2R DL, HMOT
HELEWE o> T0 b,
JLHETOT v A HEEBEDO L 25 9EH DL
PRMFE Tdh D (TAHEERS, 2011). 1 ~2
AMRENTERTAZEICXY, oL uiidsE
MR TEH DD, LiFEDT ¥ A PEDH
MELEMMIRKRESHEML TS, LYLAEDS,
LSHBESNIMAT VAL OESFEZE 2N
X, KT R MEIZK & {HFS-T & LR A
RCTH5bo
LN BV CTIERRFES &2 WS L Cw 2 [T
D—o2L LT, HEHROMFAENHITONL, T~
YA DOEPEM T, HHEROFIEPRM L 72EEZD
4 H P25 5 H EANIHT TORINCA IR
TeRBIENDENPOBBETREZY, B
BT LK o THH A - MiZELTL T ) 720,
BEELPLELLR2L50H 5 (AW - FH,
2009) o Z OREICK T B YR E L Clit skt o &
WO BERAFET 5N LD, ZhF CICisitd
FEAST N2 2 Lide v, 7 v A AN RS
SNBHYTIEZR VD, FAEICIIHEILZERT S Z
En b, MKIREMERE OB EORRTICE S S
% 2 & XD, HE A 5T 5 HE)) (THOMASHOW,
1999) 2 b D2 ENELRINL, LELEYS, T

[

PR244E 6 A22H B
JeifEE REEWT e > & —  FEHA AT FE A

YHAIZBWTE, EHEIC W T I D s
BHbHDHKRTH Y (WooD et al, 1950 ; WooD,
1952), i OIS 2 AREEI LI B L C A Bl
BRARRESRTWRWw, 22T, 734 Diif
S % 6O 2 Hiflr 2 PSS9 5 7290 1213 W) o KRS
BT BN T — 7 2 EWMTLLEND L L
ZZbNb,

IO #FE Tlx, EIZT 5B (VOGEL er al,
2005 ; HANNAH et al., 2005) R fC# (Guy et al.,
2008) 12K & BRBALAAL, Fhick b ko T
& D ZAL(UEMURA and STEPONKUS, 1994 ;
UEMURA et al.,, 1995) R 7K 55 s DK T (KACPERSKA,
1993), 7w ) Y07 I 7 B EEE o BN
(ALBERDI and CORCUERA, 1991) &\ o 7:$i% < @
ZALA &R &b, NS ITMIEsbkE I X %
Wy BRI 5 D AR K ) FAC@) < & S,

INHDOZALD DB, WEENEOERITILH %A
WHCTHRRINTEY, HHEMEICERE LR D 5
(STITT and HURRY, 2002). % < O¥pfy, HUHIRE
Al LT AZE—R, TFV7 b—=RABRLPICT
VA=A EOMEMHEMRIRICE S5 Eh b T &I
Lo TEMT D, LT LFRELOA AFHCETIX
7 V27 % »(YOSHIDA and TAMURA, 2011) 2%, ¥
O A4 X F XFRMEHH CTH % Distichlis spicata
(Saltgrass), “HCIZT VT 7 V7 75D < A F
BEE, KREMEOBIZS 714 ) =R, A¥ FF—
AREDT T 4 ) — AEA ) THENER L, TRk
HH$ 5 EHNHA SN TS (CASTONGUAY et dal.,
1995 ; KLOTKE et al, 2004 ; SHAHBA et al., 2003).
INHOFY) THIIRELEZMEH T 2 EEHHE L
T, HHVIIERDORER EOE) X 12 X o T
HZE2EDLHEEZ LN TS (LIVINGSTON et al,
2009), F72, UL XF A FIZBVWCTL-TIT—
Y& a2— N95% BMY7 B XU BMYS #Ein+, %60
\Z a -Glucan/Water Dikinase # I — ¥ ¥ % SEXI
MERICDELTEE, Ty 725 LTV
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F—Z2BLXOTIV N+ THZERET LI EDPHS
N T % (KAPLAN and GUY et al, 2004 ; YANO et
al, 2005)s THNHEDINVF—ABIOTIV MFY)
THES A RER L L CoORBESM SN Tw S
(CROWE et al, 1990).

Db X9 7%, HHOREISEE LT—HKHYTH
HUENEOERICOWT, BRI S
WZOWTT Y HAGHTHLENIITHZ L, T~
T A ORIRISE QLA R IERMA L 2D, Th
T TIZHEZ S TV R WATET O IR L e 2 34
T 5 72O DI HMHELE DI S %5 5 & Bt
ENb, €T TARIFIETIE, TEMOT 10
BT BRI EICDOWT, PEERICER L T
L7z
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1. g

Jeigl 2EMEL Y ¥ —CHERINT V1 5%
#t [NK-219mm-O] (BL'F, [NK-219] &#:95) %
AWFZEIH V20 RRFRITER O ANV AEB LU
VA5 DR RTFE D BETI ASHRD TEN T & AT
b, BIRFEAEREZATO L THMED .
¥t (Fhy A—8—3 v 7 2 A) IR, 21T,
I6MF I HE T CHEB L7z, #Hitk 2 B O T30+
SRZERL, 2 OoARESHBIL T e (T30
Wk% 5C, 10C, 15CH L IF20CIRkE L 727
O—2AF ¥ Y N— 2B L CI6H M HET 7 HMF K
L7z

2. FIIAMFEOHE &9

RO BELIE A it U 7oA AR S, L O H (4
W), 1H, 3H, SHAZLWZ7HRIZERE
N3 EED O FREZRIL, FEEOK 5 5o
KEMZTIRHEAA VT 52 &1 X i@ %
i U 720 TR 0 12045um D 2 ) VT 4
Wy —Tlgd L72%, Wi Hwe, €hEtho
P TNVOMBHIZIE, wRI e N7 4 =0
WEREEHEME L LT, 7aEL >y 7y a—)b (R
R 1 mg/ml) 2N L 72,0

RO EEIX, 7V 2 b—A, Fa—X,
THEB X O ) THEIZ DWW T YOosHIDA & (1998) 12
7 % Shodex KS-80238 X IFKS-80374 5 A (Shodex,
Tokyo, Japan) = #i#% L 2@ #ERAK 7 o< b 75
7 4 — (HPLC) T4 L, JEHr=t i THild

% LTI S X OISR L OB ATV E
L7z X0 REMZ 0E oMK S I o v T,
Carbo Pac PA-1 anion-exchange column % 2% L
TSV AT rRua X MYy Z g & waEE A A+
YR a< b7 57 4 — DX 500 (Dionex, CA,
USA) (HPAEC)IZ & U [l L 72o HPAEC @45 H
13150mM NaOH/ FEfR+ b o A7 5T b &
i 1 ml/min THW/z, BEEF MY AT T
¥ MiZ, 0-1min, 25mM ; 1-2min, 25-50mM ; 2-20
min, 50-200mM D@ ) 12T o720 AZ U —RAEX
Vb= ADMEIIE HPAEC % W, &4 ORI,
HPLC Tl L7z 8o & &% HPAEC THlE L7z
A7V —=AERNVI—ADE =7 HEDILTHSL Z
EIZE o TRD2,

3. JNaA7IT—€ET7vEA

ZNVa7 37— ¥R (100mM FEER - ~ Y >
2 KMl (pH45), 6mg/ml 7 v a7 35— (H
JEAISE T 3E)) LAY v TV 2 E R T ORE
L, 40C CTI5Z MBS L7ze BUSH I LRE & FARLC
HPAEC T4 L 726

m # R

1. 7oA FEQRERE IS U ZFIEMEOE

&

5~ 15COMMIRICNT 5T v L OREr, T
BIZZEINHHEROZIIIER LTHtr L7z, K
ML A 4T R (0 HE) X, T¥Ic&Thrat
PO, AHEE1gdh2) 1 ~2mg LHBDOT
AR, AR IS U TR S EOZL RS
N1, 5TRETIE, TECEINLIIHE
PR BRI L, 7 HE oML D), 09mg/
gFW. 2 5219mg/gF.W. £ T L 720 10CALEE
TIE 5 HH T TI209mg/gF.W. % 514.8mg/gF.
W. FTHMLD, ToRIEEELEMNIA S
lrole B, 5THLUI0CHE TORLERIC
DWTIEREEBRICL ) RO EEZHR TS
(F=F R E%WV), —J, 15CHB L U20CHRET
X, WEMREOSGRITDOTASHMT 25, LS
FIEEA BB ALN o7z (E 1),

15C B L U20C B TIEAREN R R IR 5 1
DEENPR N2, 5CTHBICI0CHHETIX, i
WHRKIZIZEAEERE L o720
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2. BKERECERYSEORTE

RIS & > T v A4 FEICERT 5 TiENE
B DORER K 5 %, HPAEC CTREMIICH X7, 5T,
5 HELEE L 72 7384 » TV o BRI 205 R 2 55 2
MR d o LIRS X » CEREIIMT 5 £ 74
AR (Vs P AB LV a—-R)T
HY, RODIFLEAERIZMETH o720 ZHETIE,
A 70— A3 55.8min (Retention time) &
Y—27 &3NS, 79min IZHHEFELZ Y — 7 2Bl L
725 2B BEWE (B 2MA) L DHBIZED,
79min D¥ =7 IV b =X ThhEHEINS
A3, ARIRAAHIC X o THEMRIZS OV b — A58
LHENIMOTH R, £2T, FETHRIIINE:
79min D¥— 27 B3IV b —ATH LML 15572
B, FVaA7IT—ERIMIEVBEEL 72, 7 v a
TI9—XBE I NVa—=AnTNEELZa -7V
VICHETHa(1-4)BEXWa (1-6) 7)) v NG
ZMARGHT 2T Z RS, T TRV )
THER V3 — RIIHKGIHS %0 VAT I T —
RIS D#ER, 79min D ¥ — 7 ™l Fk L7z, Lz
NoT, TTTHRIBENZTImin D ¥ -7 iZ~< v
b= & HE L7
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F2K =EESAAXHRIOYITZ71— (HPAEC)

C&BT7 o0/ FEICEREL FIIAMEOI T
(A) B, (B) 5C, 5 HIFEALEE L - iko 132
CEFEFnsnEdEosa<x F 54, (CO)7 Va7
I —XYuHE, B)&E—oH% 7 IV%E 3mg/ml 72
7 35—+, 50mM EE:EEF Y AR (pHAS) R T
40C, 155 B U720 Fru, 7V 7 b — Z;Gle, 7 Vv a—
A:Suc, AZwa—X:Raf, 974/ —A:Mal, )V F—
XO

3. ERNEICK B FEMEBR RS DEE

5T H L UTI0C I X ) BEhns 2 W EtbhE o %
REROR 53122 C, PR HHUC X 2 21b % 54T L 72
(3. 7V7 F—=ZABLUOZ)IVa—R135 T
PRIRE RIS CCREFISHML, 72 b —AT04
mg/gF.W. 2> 5101mg/gF.W., 7 )V 2 — X TIi305
mg/gF.W. 7 593mg/gF.W. FT¥INLZ. Thb
DOHPELTIEICER L 2B £90% 2 5 o
5o 10CHLFETIX, ZVa—RETNVY F—RAEHE
OWINIEE S HHEFTROON2, ZHETH D
TV h—=2b 270 — AL EBRICS CUETERE
DHEMUZA, RNV —AEGENAT U—AEGED
K2R ThHo72(BBE3M) . —F, 10CTIERMDS5
HTY LV —RERZ7O—AEGRIIWINT LD D
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E3X KEMBICE->TFoHAFECERELE
R ER B S DEL

5T (O, E#) B L UI0T (&, Bk iz k 5T
FEICER LIV N—X, ZFVI—A, AZT—
A, XNV —=RA% 5 H ) THOEREOZLE R
o N— I IREREGRSE (3 HIKR) 2R T,

O, SHE»S7HHOMTIZEA L7z, 4V T
ERIETIC2 HHDEEISHIL 720

N. & =

REIFETIE, FEANOWIEMEHEOERIIEH LT
7 VA W ORIRIS B R R T L2, T v
=R, ZVa—RX, A7ua—R, *IVI—ZABLX
O ) THEOERAIS5 C E10C O ORLEETR &
N7zoIx L, 15CBLV20CTIER N7
1K, £3M). XoT, 741 OYHHKIR
IBET2DIFI5C L) BEVIRETHL EEZEZ LN
5o
HETbRR7z X H1g, KiREIMLREE b O fiiX
—fBIZAZO— A, FIVIA—RA, TV7 b —R%E

i+ s, Thond b, 7y oT3ER, KRT
TIRHEBE(ZVZ b= 7V a—R) BEICEMR
L, &Ko 9ENET S, FLALORYTIZS
NODOHBETMZ, dRRER & LTl < ZHED X
71— ZA2MKIREI L @ TEE T 5 (STITT and
HURRY, 2002). 2 IZMKIEEIE L 72F v XYy D)
WIEAEICETNAIAZU—R, VI —R 50
W7 WVT b —=ZADEFDH 3mg/gF.W. 7 5§18
mg/gF.W. % THIM$ % (SASAKI et al, 1996), 7
4 A FOMKIEINE TITHME & 21310.3mg/gF.W. 2
524.7mg/gF.W. 2313 % (KOSTER and LYNCH,
1992)o 72, YA XFAFE1CTHLTA1H
I OWLPLT b AIREIML 2 R 3725, & ORIl b
w3 5 mg/gF.W. 20 5#20mg/gF.W. ([Z¥ 3
% (WANNER and JUNTTILA, 1999). Ttk 1)
FEMREOBRUIMNC L L L OEZENED S 720
(CHH R LB IZEE L wWAS, 5C, 7 HOME T
YH A DOFEICEETHHENEARIIIASOF
BlEHIETH Y, WEHLEDm FIZH 5 REFS
LTwa EEzbN, SHREBRNIPSPIZT 54
D 5o

BREWZ L1, 7 v A4 013035 CoOMRIRIC
INETHIFICEEL TERT L IR 70— X
N, GLAYNVE—ATHLIEDNWLNE RS
72(GE2K, B3, HETHL IV P—AB X
O 7V a2 — A FREZLG U TIRIEFBED G %
RIDIIH LT, ZHTHEAZ7 T —RET I b—
A B L7285, <~V b —ADTA X D ARRICIE
BLTEMT DI LARS NIz, ERMETHHELD
BIXEPIA Vb OD, vV b—RAF Lo —
A & (R ARV SRS PREERD R 0 5 W SRS R & LT )
CEWVIHED H Y (CROWE eral, 1990), KR T
TTF VA TIEICERT 5~V b — 2~
DFGAE, HEELAFFREIEN S NS,
HWIZBWT—RIIZ L s — 23T T D5
RICE o THELLEINTY S, RIRMLILIZISE L
72wV h=Z2BLO<L b)) THEOERIE, Yo
A X+ X+ TH BRI ST 5 (KAPLAN and
Guy, 2004, 2005). B-T3IT—E¥(Fr 7T &5
LTIV —AZALB) %3 — N9 5BMY7 B
XU BMYS BAE TR Y 3 v 7 1T L Ot l=
ML, Zhick b TN b —ADERDIR
515 (KAPLAN and GUY, 2004)., F7:, i &
LNV E—=ADOERICE -7 I T —CHETHIVHEEG
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L Tw5 Z & & RNA interference 2 & 5 BMYS i&
EZFoRBAPHEREL2S S EMN TR TS
(KAPLAN and GUY, 2005). S512, KiRIZL->T
A U B A B EANOREOMIRIZ, EHiED L \ViE
MMV b —ZADOEEPH DB Z LIRS
72 (KAPLAN and Guy, 2005). F 7z, fiBI{Lot
HNEAME T 4 5 STARCH EXESS1 (SEXT) 28 BAK T3,
<V M) THEOERBIEHLZ b Tz (YaNo
etal, 2005, TNHOWMETIX, IV F—RIET
VT VORRICE o THELLEENTV S,
—HT, MBI LHEEPLOINVE—AD
de novo (BBl &1 ix, ALY VY OFEDOART
L #5125 722 o SCHILLING (1982) 12 & - T 2 43
FDa -D-FNVaA—A1-1) VB»rLH 15FDO<N
M =A% denovo BT HXIWV N —AT 7 —Bf
BAHEENT WD, TYyHAL LRI LYY IPN
T e 2R L TB ) M H 2 Bz
ThbIehs, Ty ADFEIIBVTLIIL
F—=AY Y —EREHNT LA REER DD, TV
P AZBIT D Eo< o b — 2R BB OIS
RELIENTAIEICEY, T U A OIS
A2 OPICTLIENTELI0EMEGEN
bo F7z, V= RTUED & AN D
LR AL OFBREHLMICT A EICX
D, BEFHOBREIC X A EIRILRE O G F 2 %
WIRHTRETH %o

V. 1 =

1. 7 79 A D ORISR E DWW T 7 5
REHL720, KRB X > CTFEICERT
B R 2 AT L7z

2. 10C, BXUS5TCTHETIIWHEEREIRAIC
ERL72H, 15CBLU20C TR E A ERES
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F—Z)TH o720
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Summary

In northern regions such as Hokkaido (Japan) ,
sugar beet seedlings soon after germination often
suffer from extensive frost damage in spring,
resulting in serious loss of yield. Enhancement of
freezing tolerance at the early seedling stage is
necessary for sugar beet cultivation. However,
little is known about physiological responses of
sugar beet to low temperatures and the ability of
sugar beet to acquire freezing tolerance. Cold
acclimation is enhancement of freezing tolerance
by exposure to low, nonfreezing temperatures. In
order to investigate the physiological responses of
sugar beet (Beta vulgaris L.) seedlings at the
cotyledon stage to low temperatures, we analyzed

NARO Hokkaido Agricultural Research Center

contents of soluble carbohydrates in cotyledons
during incubation at low temperatures. The total
amount of soluble carbohydrates remarkably
increased during incubation for 7 days at 5T or
10C , though only a slight increase or no increase
was observed at 15C or 20C . Identification of the
individual components of carbohydrates revealed
that the amount of maltose was two-times larger
than that of sucrose in sugar beet cotyledons
treated at 5C . This finding will facilitate an
understanding of the physiological response of
sugar beet seedlings to a low temperature and the
ability of sugar beet seedlings to acquire freezing

tolerance.



