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ABSTRACT One-node stem pieces ca. 1 cm in length containing a axillary bud and a fully expanded leaf were
obtained from in wvitro plants of potato (Solanum tuberosum L.). Leaves were removed and the nodes were
cultured on the MS medium to investigate the effects of temperature, day length, sucrose, and CCC in
microtuber formation and development. The fresh weight of microtubers after 80 days increased significantly
at 8% sucrose and 20C compared with 28°C. The tuberization and develpment were reduced at 28°C except
short-day treatment of 8 hours at 8% sucrose. The fresh weight and diameter were increased on the culture
medium added CCC 500 mg/L. The potato tuberization was promoted under short daylength, and it showed
great effect by treatment with the CCC. Though the tuberization was promoted at low temperature of 20°C
in a histologic change of an axillary bud part cell of a potato, the cells were able to observe the swelling
growth. Swelling growth of tissue was stimulated in the darkness and was more remarkable by addition of
CCC. In particular, in the visual ratio of cell division for each position in the tissue, the cortex part showed
larger ratio of cell expansion than that of the pith part. The effect of CCC was identified at 8% sucrose in
the darkness. The effect of CCC was not showed in sucrose 3% under long daylength of 16 hours. As a result,
the fact of a substance with AGPase important for starch composition was certified by the result with the
increse of AGPase activity on high concentration of sucrose, CCC, and dark treatment by which tuber
formation and development are promoted.
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WA mEA| MekRolA] AgASo] HXHT AR
Tl HRol B AT 2T 22 FEL8
Qo] 2Hgshm, Azt o] AFY4ol $EE) ojzie
2= Aste] TEH L 4oz E8ste] 2L A
22 A% 2Ry 9Yat 22 I3 frxdA
E54S geo] D742 Y457 98 ¥F grix) A
sfolM Aait 227 Hael us TuAe] Aol
AAEL 4= (pith)oF 9 F9] AE7 FHELE sl v
347] ok Fo Zun) (perimedulary region)o]
Y= AESS 448 A4z4el Aogd Yoz v
olalA Egstar u|tha) 74t} (Jackson 1999). o] wf 79
FAfEde #7329 Bi ohvzt A2 EEAY]
Q= Akt GEAQ 20| NP4 S5 I
739} g ABAS A 5= gibberellino|t}. Koda2} Okazawa
(1983)= E2EZ Y AR Hdj7|o] dAERE &A% A3}
28749 4137)0] QoIAE WA GAlike B9} 40| %
AT, EHO] H|ZE] A3 o] A o] A
Sk st Wb GAZH Aol STl 11749
AL JAIsHE 7150 ZEE anti-gibberellina 77} Ql=
CCCrt 77 B749) WAt vt XA} & Ao
QI =it (Dyson 1965, Menzel 1980).

72 Zpletol ) EE) o] HAET, o] T2
739 AetRolA ¥7ge] F4E of e ey Wadd=4d
40| ¥ n|Ae AL, L7 29 F Y WA A S
3] Sl 21749) Bl RTEe 9T 2E B9 Bz
743, sucrose?] 5%, CCC 52 theFst vjogbg ol A 714
N BAYFE ARSI okg] 237 FA4HA A9
N Z22S 28l AW ADP-glucose pyrophosphorylase 2]
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AR RS Fdte] oA LAV (Solanum tuberosum L.
cv. Superior) fFAEAIE AR AED ] H7HHA] g2 MS
(Murashige and Skoog 1962) 7] Eujx]ojA] 25C 9 16A|7F
o guzAoz A7HES del YRR o|3isct

71W wRAEAE X&AQ AR Fa5& At 25 ¢
Aoz A7t Aduidke 3tk ARE FASH] A
7] 7k Fofle 7739 PAJo] Kol ygten, Ayl =
AAJol| &AL 2lol & efdte] ARl AN ottt
Ao 802 sucrosed] ¥, 2%, YA D 2-(chloroethyl)
trimethylammonium chloride (CCC)&} 2|7} 7HATH 3
Aol mx)= gkt 37 FAapgol el HERAS TEsIC.
o, o] ZAolA] A ADP-glucose pyrophosphorylase (AGPase)
o] &R E XA

Sucrose, 2T 3 CCCX{z

AARE 2 7IW fAEA Y £718 ol&8to] i
1747} 23k E7hE et 1 em9] Zolz2 sk At
9] 918 AAZ & 3%} 8% sucrose”} F7HE MSH{X| o A]
Aste] 20C 2 28°C & 8047t wiokagic). =3 CCCY &
e 27) $3) MS Zj2HjA] ol 4] 8%9] sucroseE H7I%E
S8uf x| 2}, 8% sucrose U AAAAEA CCCE 500 mg/L
7Fet S8C500u | off Aztuir] 2 A& &4 80 T vt
Atk AFRAL LA A 42~45 pmol-m*+s" 9] 20
239 0, 8, 12, 1647t vl & 431739 FA43 AAF

z2 2N
MRS AR CCC &I WE IEEMel TAE

MS7| 2 A] ol A 257 7iueFst AAte] A 2R
] HolR97t 2gHE|A| 3-4 mmo] Zo|9 nir 2 AHH
3 A7hz2 S S8ulx] W S8C500u A A 0, 8, 164]7F
dFzA0 2 wjofatart. o] i sjokeEE 20T 2 sH3e
o, Az A 28T & Hjet M= HRsHL A
ol 4e] FEL A4 42~45 umol-m” 2 S}9ich A
7hE o] A13te] 9zt v 3L & Hotz e 7ol £3t 9
A9 P A BEAAHL R Alzzze) A 3 ad
FHE AR

U717t BiFst ARE F AT oS Xu 5 (1998b) 9
"ol w2}l 0.1 M phosphate buffer (pH 7.2)01| -2-3l|3 2.5%
glutaraldehyde+2.5% PFA (paraformaldehyde)-&24.0.2 2|7}
ot 114 (fixation) 3}t A4S AR E buffer PO 2 15
24300 A4 AT T T FHST 158428 A
3.30% EtOH, 24)7k; 50% EtOH, 5A)7L 70% EtOH, 1247k
85% EtOH, 1A]7}; 80% EtOH (65)+BtOH (35), 1A17L; 90%



BtOH (451+BtOH (55), 1|7k 100% EtOH (251+BtOH (75),
1X17k; BtOH, 1417k BOH, 14]7k9] 442 4= (dehydration)
W& AZ % paraffin blockZ W50} 15 ume| FAZ &
Btk

Mounting | 2 paraffing A|A3}3, G (stain)S Heidenhain
iron hematoxylin method 2 ({£%F 1972) 3tk 4471 L4
AEE 2.5% iron alumo 2 3A7F ZufAa)st e 0.5%
hematoxylin® 2 16A)7F QM3 3 thA] 2.5% iron alum-8-9Y
o 53087t &A EEA7|I 2% B2 1AZF 4 A vt
2 canada balsam©. & YB3 T AAsIgch

ol

AGPase EMZEA}

A2 €719 vpr] 22 & 1 em 7HE 02 Agsle] BAY
d 220 20C oA Sgufx|e} S3C500u ol £ 0, 8, 16417
QRO R 1597 ekt 12719] wjoF =S AF|5to] Thévenot
5 (2005)] ol w2t AGPase?| activityS RAISHITEH

U 22 Wi 2R JH & A AHLLS T}
HA LR n|AjsHA B4fgt & -180°Cofl st o]
1 g9 A&E AFste] AR FAQ] 447} E=E extraction
buffer (50 mM HEPES-NaOH pH 7, 10 mM MgCl,, 1 mM
Nay-EDTA, 2.6 uM DTT, 0.02% TritonX100, 1% BSA)E 7}
T 4T 2 58 AAEE (15000 x )5 3hoict. YAee] &
33N (crude extract)E B0 AL SAJ3R=t] AME3IATE

ZHEHZ 10 uL &%) crude extractS 33+ & o 7|0
FFFo] 1 mL7} E/%=% reaction mixture (50 mM HEPES-
NaOH pH 7, 2 mM MgCl,, 1 mM Nax-EDTA, 1.15 mM ADP
glucose, 0.34 mM NAD®, 2 units phosphoglucomutase (from
rabbit muscle), ¥ 2 units glucose-6-phosphate dehydrogenase
(from Leuconostoc mesenteroidesys 53t T spectrophotometer
cuvette®]] &7 30°C ol A |Hct 3E7F H2] & 1 mM PPi
(diphosphoric acid)S 713t & 340 nmol|A] 38 7+H o2 5
3]} NAD' reduction®} time-course S UV/VIS Spectorophotometer
(2120UV, MECASYS, Korea)& Alg-3le] Z%J3}o] ‘nkat/g
fresh weight’ (kat = mol-s)2 FA|3}%t}.
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Sucrose, ==& lo] 2J3t 80 Fot ujokzt Ax} 20°C
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2o S8uj R By HE AT FANA 2T H o]
FAER 2T, 3% sucrose F7HOAE H AL AL
U ssufas ulmst o) sjcjazie] DA Aolt mett
(Table 1). 7)ol A&} A} 42317 0] FAJL sucrose®] F=
of whe} 34| J&S o (Xu et al. 1998a), sucrosex= At
9} A7 o] FA ¥l A o)A patatin, proteinase inhibitor II,
2 AGPase 52 $=dle 534S A4S 7= R
a2 A 9t} (Jackson 1999). Sucrose?] =7t 8%91 B A9
A B3R 2779 A= 20C 9 ALz AE o
L YA ML FBsiG o 25]3 dio] FUA FE
gt Aakg Byt 22U 28°C o] u2ujgFol= 8AITH
dz7o 2 sgufRjof A HF3AE HE A st HAH
o2 1A Aot 7t AAEHA AA =SS Ko
FI vk A AP AT =940 BA A lojA A
2o o3t AP Feadrt Wi k= A& ¢ 5
Q1o m, Ewing and Struik (1992)= 722 F]73o 4= W

Table 1. Effects of temperature, day length and sucrose concentration
on tuber formation in vitro node culture of potato for 80 days on
MS medium

Day Sucrose Tuber Tuber
T(eén)p leng){h conen Tuber no. diam weight
(h) (%) (mm) (mg)
20 0 1 1.0 0.6 4
3 2.4 4.2 74
8 2.6 6.1 216
8 1 0.0 0.0 0
3 3.0 5.0 196
8 2.3 7.0 296
16 1 08 2.2 15
3 3.9 43 80
8 42 7.6 355
28 0 1 0.2 0.9 23
3 0.6 40 57
8 1.2 2.0 38
8 1 0.0 0.0 0
3 0.8 2.6 123
8 2.5 6.6 252
16 1 0.0 0.0 0
3 0.2 0.6 12
8 0.6 1.4 51
Temperature(A) e e e
Day length(B) NS NS b
Sucrose(C) .
A X B *hk *k%k kkk
A X C NS kK *kk
B X C NS *kKk kkk
AxBxC NS
NS, *** No significant or significant at P=0.001, respectively.
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Hgo] oA Hel e woln, LEv} dom Astd
shooti= A& 0] HA\E|TL W0 W] AT o] 77

Aol vrgko g2 witke oy B sty ik Vreugdenhll =
(1998)8] Aol A ZA}9] axillary budS ujofat 74-$ ulj#|
of 7= 39 w20 whet Hopg RE o] Eato] Wk
o] i) Lpehit SSpRlo A ootz Rej] 7|2he] et
ol &y A E3H UL, 1% sucrose7} H7HE 3
9ol shoot HBE| ke R 119} o] k2] ohiujer
1A sucrose7} AHAFHoll FLF 2QloR AHEeHS & 4
At} (Sergeeva et al. 2000). MSH| Aol A A7HS 1597 20TC
2 ijF3tiS o ojn] YFACRE Ao A Eol
w2A Z@SEL N 0H, 3% sucroseS H7IgH wlj | o A
& 1] Aol FERAA Hel Aol vlsh Yxo]
Aoja4s 240) HoPHE B 4 AU ol AL Tl
o3t =AFA o 2 HoRek 17y S38Rjofl CCC 500 mg/L
£ Ak ROl BE QoA et 94 A
oA 7|77} Rzt w33t o] 2 Fo] FHH AL B 4
AL BhAC] S8uA] 9] FA 2ol A= AR 7 B2 3]
Aol S4B B 4 ATk 8, 16417 B3 Ao M ]
5% PO 7|RBIE RED AT ek ok 4
FE o Mol F4EE & 5 AN Lt $8C500H
Z| ol A Pl of A= S8l A|ol MKt o ¥FT %
ol FHBL B 4 UL 8, 1647 FIAHE AB7be)
Aol 23] gfgkort SsulAo MRt Hek o} Fa %
33t A 7o) 4= itk (Figure 1).

A 217k AaAol SlojA 2wt YAl 7
Ao, A7), FA ol Ao L& o] fo4o] Q1A H
At 28y 229} sucrose?] =, A3 sucrosed] FE

= 149 4ol 940l AFEA sk, B39
2783 735l ol L= fo0) 1A= it u}
2hA &k, UF, sucrose FEIHY] ABTA = AT 15
off lojA =9l o4 do] A= ATt (Table 1).

ko] 7)efokoll A 1AF Y] P HhE F31A717]
13 Smithe} Rappaport (1969)7} A A}3t anti-giberellin CCC
& H7Hto] wiopsl el u, Figure 10] Ao} 2o] 179 9
MM WF 159 Fol= CCCAHee] a7t ERFATL,
717 58 80Uzt wioket At A4 I v

oA kAol AA|F-2 s8uljz|of|l A Kt S8C500uH 2]
AN el AAHUT} (Figue 2). o] 490 YA =
N7g9 k= Aol L 8 At Ao YRS
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Figure 1. Growth of axillary bud and formation of microtuber
at 15 days in vitro node culture. Day length was set to 0, 8
and 16 hours. The S3, S3C500, S8, and S8C500 were the MS
media containing 3% sucrose, 3% sucrose and 500 mg/L CCC,
8% sucrose, and 8% sucrose and 500 mg/L CCC, respectively.
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Figure 2. Effects of various day lengths of 0, 8, 12, and 16
hours and CCC 500 mg/L on the diameter (I) and fresh weight
(II) of microtuber developed in vitro node culture for 80 days
at 20°C. The S8 was the MS medium containing 8% sucrose
and S8CS00 was containing 8% sucrose and 500 mg/L CCC.
Vertical bars indicate SE.



A sucrose 8% TEA T AE YA ] 2jo]7}t 24
ARHA Rk A AA G Aol g ccco anof
3to] Sharma 5 (19982)S CCCe Alzu ZE A AL
AEFY 78 dAIGtE 4 PAE 2% a stgch
%E3F CCCAZ|o 23} chlorophyll a2} be] kS Z71A]7)
o, A2 vs] AL AFE 1% FojAZicke 3}
. CCCA ol 23t ZA ] Wmuto] 9lo] LEAL

3 MEo2 HBEE sucrose?) ol A2 o) v 2.5u)
7} k= B3 9t} (Sharma et al. 1998b). T3 CCCL
ARAoNA Lol o3t AR ANE Bl 4 Qe 7158
7HA)1L k= B3k it} (Vreugdenhil and Sergeeva 1999).
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Figure 3. Growth of axillary bud at 9 days after in vitro node
culture. Day length was set to 0, 8 and 16 hours in 20C and
0 hour in 28°C. The S8 was the MS medium containing 8%
sucrose and S8C500 was containing 8% sucrose and 500
mg/L CCC.
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7158917} vl Fak A4o] BT AT 149 B4

Al vl 2 dEe & 5 Ao, o] =4
C

749 8A17k8] BUZAIIAE CCCO] A7} §50) BAo]
379) 271942 oh9- otk B4 TuAY 7|RA
ol HolA] gl F|Ho| P = o] EH} ‘sessile tuber’
(Van den Berg 1996)7} A== A& &
0T 8 ALZANAE 164170e] FAL 772 HAL
Estid] oA BE BEow, URY 4 FAF 21
IS 2YY CCCet 22 2HEH A
L A= e HYoh

28C &) v A 2ZANME 24A17F A2 AL
A WSS B S8Rl A FEstAl = AN
A Zo] okzte] njrhe} A4 FIE 4= 91SaL, S8C500u)
Aol 7| RREA TR A3 AT wthALS
FRIE 4= §lo] 2o A= FUT CCCE BikAfe]of 2t
YA FARE A7t SR ATE AR A1EA 0 CCC
£ A9 W sucrosed] E3)1}A oA sucrose synthase
o] &Ado] BE Yo X9 acid invertase E/ofl Bl H
¥l =7 LR, alkaline invertase®] B4 w)u]3k¢ k=
uaE 9ot weby CCCE Heigt AAe ZHAAY
HAEO] FHFe F43] Ak, carbong HHZOE AHY
A7lT Wael gHd feelES AR s
(Sharma et al. 1998b). ZFR}F2] I A AT} o| A 7+ acid
invertased] AL 1389 12 7481 vbHo| sucrose
synthase 9] AL 128} Z7131th o] & £ 7}A] sucrolytic
enzyme 2| /40| & zpolof 7HteiA & o, ZFFA A
= cell-wall-bound invertaset} hexokinase?] &Ajo] =x|ut
77 9] BA Foi= sucrose synthase”} sucrose ] E3fo]
-8 wdstcta 2ot (Appeldoorn et al. 1997).

olo gt 2379 Ao AE Figure 4042t o],
20C, SgujRjofl A= dpo] Zojof et EEE A2
A%o] BB ETE Aol o R WgE oS
AT 4= YA BHE S8C500u 2]l Al Gto] Aol o
uheh B AE9] o] AR viegHe R 2]
FEE A 4= Ak 28T gAY FH Lol = S8uj%]
M= AL Aol A HaFe g WEE = Ao
T8k Rl xu] S8C500uf A ol A= 20°C o A2t whE7}
A& Aol 33 uj3A7te] IE o

AGPase= 73AL2] |70l A starch synthesis©] 22 o) key-
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28T
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Figure 4. Longitudinal section of growing axillary bud and
tubers at 9 days after in vitro node culture. Day length was set
to 0, 8 and 16 hours in 20°C and 0 hour in 28°C. The S§ was
the MS medium containing 8% sucrose and S8C500 was
containing 8% sucrose and 500 mg/L. CCC. Bar=0.5 mm.

enzyme &8k 3= 20 2 A] (Vreugdenhil and Sergeeva 1999)
AGPase 9] 4At3}-2H] 24 9o] ABFAYS 2Ash=t) 7Y
gt 8o ZALstcty B3l Qlth (Tissens et al. 2002). &
AE ] A Az gol Al sucrose?] FE2t CCCA o
THE AGPase ] B/9-& A3 A= Figure 59 Z94th 24
A7t gz FAA sucrose®] F=7t 8% Y o ThE YA}
2ol vl AGPase®] Z/do] thE UAFA| 2ol H]3f 3] o]
4 B3R A7)0 CCCE H7ishd &40l B &4
Bbtct 184} sucrose] =7} 3% Y wo= AGPase2] &
gol A9l UehtA] QLokAIRE o] Ao = CCCE H7H8H
< ol sucrose 8%A et T £Eo TS By
CCC7} AGPase®] EAo| 22872 Holk A& ¢ 4= 9)
At 8AI7HS] R A2 A= sucrose 3%1-5 A3t &
2700 v]s] AGPase?] &4do] BASHA HojH oLt 1643t
o] FdzA v L2 £ Ho|il 9Jct Vreugdenhil
5 (1998) = A9 HAAGE thA oA 2] AGPase= =21}
ZEZo|= HolA] gta HA vt st stk 1y

— 100 | — S3
éﬂ ezzzzzz S3C 500
§ 80 s S8
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Figure 5. AGPase activities in axillary buds and tubers
collected at 15 days after in vitro node culture. Daylength was
set to 0, 8 and 16 hours. The S3, S3C500, S8, and S8C500
were the MS media containing 3% sucrose, 3% sucrose and
500 mg/L CCC, 8% sucrose, 8% sucrose and 500 mg/L CCC.

U B Aol AGPase2] o] YA B3] Elrhe
g & Far} 9low, of22] Vreugdenhil®} Sergeeva
(1999)7F Ake] A XM Fejd Heh=
GAol 93] e W=TiT slgiEol YAl GASl B4
olo] Z4ute] A F the WY 2EEE e BA
Wt HEF Fart Yok

H 9

71l A BiFE] L Qli= A} (Solanum tuberosum L.)E
HEl dolot 23] ANE o] FAE oF 1em 27|19 4
b AFHsrgoh A7 & AAT & 25, U, sucrose,
cccel A7t ax7 el g4 vidioll vl FaFo| st
o] EI8}7] fJa MSHjA|olA] uiYES BT

71 2379 Pl 9lo] 20T} 28T o = A7t
o] ik 809 ol FA4H HHY 7| S 2F 28TC
of w3 20C oA FoA U= BIE Eon, iAo
7Fe)= sucrose ] ol QlojA = FEof wE Ao]7} FH
3}ko] 8% sucrose”} 3% Kot ¥ 73 9] w|tjE-8-& &3
Aol AL A9 sucrose?] o L wWol Wk
t}. 20C ofj A<= sucrose”t 8% Y ©f Lol A Glol 772
YPAo| F58tH AT sucrose?] FE7} 3% Y Ao U
I FAIglo] ot A2 Wty a8y 28T 9 11
29]| A= 8% sucrose} 8A17H2] U o ARt 3] 7] H|cfo
a7k gtk CCCol gF Slold A FFL
sucrose %7} 8%2) vjR|AE RE AR oA A2 §
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2 W}l o= CCCE Arist Z2HolA Jad dAt
& BT 5 AdYtk £ 29| wstof lojA wjuFdX]
9%lo] = f2 uf pith, cortex X perimedullary tissued]] §l:
parenchyma M|} =0} 377} F714 202 IAY 4+
ATk B3] 2 A8 ATLAY A oA
pithi# 9| Hr} cortex ol 4] A Zu|F 9] vl go] & Aoz
By

Sucrose, CCC W UAA}olof] wWhE AGPase &4 el #s}o)|
Ao A Zoll A= sucrose FE 3%HETE 8% ¥z}
$22 sucrose 3%, 8% A= 2+ ZF CCCY EHE & 4= 9%
T} 8AIZE A 2o A= sucrose 5= 3% 2Tt 8%0ll A F53}
%L sucrose 3%, 8% A& CCCY a7t vehdz) 99k

sucrose 3% A& CCCo AF7} vtehtx] gk ort 8%
A CCCY aTHE £ = Uit 2202 sucrose?] H=
7} a1, CCCe} A E] Q] Mg Ae) A2 H0)A AGPase
o &/do| F33E & u|, AGPase7} starch FHAJol Fa3H
Edolgk= Aol FAE i)

£ 97t SUE e a7A2Age) @709
stof

dste] +PEAoH Aol FA=HYch
IgE#
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