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Effects of GA: and ABA on Endogenous Starch Content during
Shoot Differentiation in Cymbidium spp. Protocorm
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(Department of Biology, Hallym University, Choonchun and *Department of Biology,

Yonsel University, Scoul)
ABSTRACT

Changes in starch content and activities of ADPG- and UDPG—starch synthase and @ — and,
.B—amylasc were studied in order to investigate eftects of gibberellic acid and abscisic acid on
endogenous starch content d-ur'mg shoot differentiation and protocorm propagation m Cymbi-
dium spp. (Jungfrau) protocorm.

Shoot differentiation was promoted during the degradation of endogenous starch and
protocorm propagation was promoted during starch accumulation in protocorm. The activitdes
of ADPG- and, UDPG-starch synthase and @— and f-amylase seemed to be related with
starch content. Shoot differendation and protocorm propagation were slightly inhibited in
protocorm explants treated with 100 M gibberellic acid. The explants treated with 10 #M
abscisic acid lost the capacity for shoot differentiation and protocorm propagation, and that
could not be overcome by 100 #M gibberellic acid added to culture medium.

Starch content fluctuated as the control even after 10 2z M abscisic acid. None the less, the

treatment completely inhibited shoot differentiation and protocorm propagation.
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protocorm £ T FAl Yol ARo] HA 8 f2A0] =l (Nagletal, 1972) o] A2 2
3 callusél S-4F8et (Wetmore and Rier, 1963). Thorpe (1980)+= o] #lEe] Hx F3}4
energy®h BtA F7-2 FF3H (Thorpe, 1982), A-FE4A] (Brown ef al., 1979) 2= 4185
ot skl

chf o] B2 23 cllust ¥E3} callusoll =18kl Aly A B9 starch synthasest
Q-cnzyme?] 242 A9 AxAodlA 2 AE L3 T4 R-enzyme? @ —amylase?] T4
o B2} B3l wloF F]dlul $7}5tE= 2 (Thorpe and Meier, 1974), B& 3ol wh-&
A2 ek Aol ol F T4 AATE ¢ 5 drh

#2k2] gibberellic acid (GAs, 10 mg/1)= 24 callus # oF<] starch synthase®| 42 oA
32 @—amylase®4-2 £A13ked (Sasaki and Kainuma, 1984) A+ #4-5 AA3H= (Thorpe
et al., 1986) 3% 85 A 5w (Murashige, 1961), Cymbzdrum-*] 3 9-%. o) e} fFAFsled
pl‘OCOCOIm-@‘] 24 gt 25}2 AR5t B3ls oS BuWEA 7l el (Fonneshech, 1972). &,
abscisic acid (ABA)E @-amylase®] ¥4 (Tittle and Spencer, 1986)3 5% 32 ol #| Fh=
(Barros and Neill, 1987; Douglas, 1985), ¥j*4-& Z21%tt} (Raiasckaran et al., 1987). ©]*]
% GAs2F ABAE AW AR Fekst Balel e} 2R Cymbidium protocorm®| 54 7 B3
Bl T o3-S v|H FoZ FAsh

Cymbidium®) protocorm-& 2. F4 3k Falokat o #ll £-8k4 F4 o] callussh fAbeb F4 3t
Rz B35 o)zl webs L AFL o] protocorm?] 54E o] &3t Ex £E-e)
protocorm A4 duksiel A AL el 2 GAsF ABAS FeE AR slastglct

Mz oo

Protocorm® ®7| % Wi Cymbidium spp. for. ‘Jungfraw’s Lindeman 5 (1970)3
Churchill % (1971)¢] ubal & .83} 1 /.IM naphthalene acetic acid$} 0.1 # M benzyladenine
O AT MS Y AR JF 7 24 A (Percival ol A protocorm% 71, #Hek, &
247 the, A& sl A hormoneo] A7IEA = MS R4 7R wix]E 254217, 120
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£ gl F AY AR Ak
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o] &0 M2, Protocorm @ EHE A £ F&, FA A AL Mangat & (1985)
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A40 4 532 T4 9SS AR A4 &, elass microfibre filter (GF/B,4.7cm) 2 < 3t
afe] A 2 5le 5-10 mg?l thixotropic gelatenizing powder (Packard)7F & (OQu-Lee and Scttcr,
1985) 10 ml toluene/Triton X-100 (2:1) scintillation cocktail &2 el] 2o} (Setter and Meller,

4 2Ree 54 YAL oY

1984) scintillation counter (Packard Tricarb 4530) % ul2}
o},

Amylase HHT £H, @, B— amylasei4 %
(1979)2] il A ko] A8} 0 E b B4 -2 Bernfeld (1955)
A (Beckman DU 8B)E 540 nmoll 4 322 233led §4 BHL F3-¢ch,
= F4stivt

o spol whe} 43 Be

whl A gheEe Lowry & (1951)9] sbwie

Fig. 1. Appcarance of Cymbidium spp. protocorm after 20 days in liquid culwure in the dark. (la)
Protocorm on control throughour the culture period. Note the protocorm propagation and

shoot differentiation at high levels. (Ib) Protocorm on 100 #M GA; medium throughout the
culture period. Note the protocorm propagation and shoot differentiation at lower levels. (ic
1d) Protocorm on 10 #M ABA medium (1¢), and mixture of 100 #M GA; and 10 M ABA
(1d) throughout the culture period. Note the inhibinon of protocorm propagation and shoot

differentiation and protocorm is quitc neerotic.



252 Korean J. Botany Vol. 31 No. 4
e 2
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27 A protocorm®| F4 U BZS| Esfe} 4abe| shak A=, W oF 108 & A st
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Fig. 2. The effects of 100 M GAs and 10
#M ABA on starch content in
Cymbidium spp. protocorm during
shoot differentiation. Control,

o L 5 - 35 25 0:GAs, [J;ABA, &;GA:+

TIME OF CULTURE( days) ABA, O .
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FAo s HEL uf| ekel 7 mlel] wE protocorm"ﬁ ADPG, UDPG-starch synthase gl
a, B-amylase@Ael )2 E GA2t ABAS] d&kd ZAskglel 2T 749 (Fig. 3), H
ok 10 742 &= WA & ADPG-starch synthase} UDPG-starch synthase—or] Ao elubs] E71
el oo, ok 1590 & F H4 25 vht 2Alo] zhAdtgich i of 154 7hx] UDPG-starch
synbthase.t} ADPG-starch synthase?| #Ajo] vhi Egtouth, 209 73k Foll= ADPG-
—starch synthascZ4-& 528 57155 o

st | a-amy]asegl- ﬁ—amylaseﬁ] gL ek 159 74x| starch Synthaseil"}- =7}Z0] o
vh 208 o] E tlA ghAslg s, AubH o2 foamylased] Aol a—amylase® H Eol

1) GAs8] o3k, GAA 2| 7ol 4 £ ADPG-starch synthase$t B —amylase?| 4 w3l oF
Aro] f-4tslgd el (Fig. 4). ADPG-starch synthase®} UDPG-starch synthase®| 42 Z-zh uf
oF 10 5 159 ol 7}3F FobA 88% 9t 104%7h=] &4 3 571814l vh. ADPG-starch synthase#
A2 wloF 1596 FA5 Fastd od, 2090+ AAs Fobstelsl 2096l vhk 4
7S ¥eim, B-amylase@A-2 whok 10940 100%7H=1 235 TrHer ¥, A4 49 3t
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Fig. 3. The activitics of starch Fig. 4. The effects of 100 4M GAs
synthase and amylase on on starch synthase and amyl-
control in Cymbidm spp. lase activities in Cymbidium
protocorm during shoot spp. protocorm during shoot
differentiation. ADPG- differentation.  ADPG-starch
starch synthase, synthase, O ; UDPG—starch
O ; UDPG=starch synth- synthase, ® ; @-amylase,
ase, ®; @ —amylase, [1; 8 O, B-amylase, H

—amylase, W
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2) ABAS 3k ABA | el = AE T4 E49] ADPG-starch synthasc2l UDPG-
—starch synthase= 24 @3} of4to] fabslgler, AF 3 T4 a—amylasedt B
—amylase® E4] sl okato] f-418l9l vl (Fig. 5). ADPG-starch synthase %412 viok 159
b= 2 W Ekrt ¢l ebr) w ok 2090 thd F7HELS 2., UDPG-starch synthase+= e ok 104 7}
2 Sebd S74ar 3, & A3 gedeh e—amylaset f-amylase A& W gleid
gt Boamylases 913 d Z Fo 7 Zhadlgd)

3) GAs ABAET xe]9 3. GAl ABA ¥ el 79 B4 24 e 5
B4 3T obx F71% 745 9 eb(Fig. 6). ADPG-starch synthase$t UDPG-starch synthase
% ADPG-starch synthase®4] -2 ok 5d¢ll 59% F7Fat &, wi of 209 oll = vhi 2h4dhdeh
3, @-amylasclt f-amylase®| A2 ok 108 74=] F4 3 Srteled 727 93% 2k 18% 5
7Fetgl ot @ —amylases 1569 742 2 HEL7)l glubsb vha zh4A g dbdd, f-amylase= = o 10

oF A3 g4 o) Fo 2 dshrb gt

25F 425 25k 28
20r ™ 720 LS a——0O +20
,4[1 'z E: \ iy
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Fig. 5. The effcets of 104 M Fig. 6. The effects of mixture of
ABA on starch synthase 100 4M GAs and 10uM
and amylase activities in ABA on starch synthase
Cymbidium spp. during and amylase activities In
shoot differentiation. Cymbidium spp. pro-
ADPG-starch synthase, tocorm during shoot dif-
QO ; UDPG-starch synth- ferentiation. ADPG—starch
ase, @ ,; ¢ -amyase, synthase, ©; UDPG
[1; A —amylase, L. —starch synthase, @ @

—amylase, [J; f—amy-
lase, W
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Calluss B2 23} 2] 27 Wio| 2o| cha 2455k L2 Lxjol o
#HBo 7:}‘ =t (Thorpe, 1982), Cymbtdmmf] protocorm.= o] &} FA}a} okAk
Bz B3h T A% 249 Asela uolE oA, B
3k Eal el WA ek skede] ot (Thorpe, 1980). =ebA Al24] 4l = 23

a [}

| Heg e 4 s 23 T 4] 52 338 7

7Zk219] 27 (Obata-Sasamoto and Suziki, 1979), << (Boyer and Preiss, 1979; MacDo-
nald and Preiss, 1983, 1985)%} ¥ (Akazawa et al., 1964; Tanaka et al., 1967)2] ¥} f-&} Zro| %

:i]—z Z‘O] obyl A 2EZ A 2] srarch synthaset B2 oko] A E® =l ”3’5] o] ¢le}, EIL amylase
2eiy Agse] gle %W (Tanaka et al, 1987)¢] & Ao 2 el vl i & 4
BN 2EA LA SATAA, A6 5% A8 N Ee 34 25 %

T g4 af Eal ob Beolghe] Zkekdt Ao vh (Harrison, 1977). €A 2.2 A #4419 FE4

= ADPG-starch synthaseq] 222 253 9l 2t (Preiss and Levi, 1980), Sasaki®} Kainuma

(1980)¢] 43 #3223 E & ADPG-3} UDPG-starch synthase™ 55 55 ZAbstgl=vl,
Cymbzdmmfl protocorm RE £EH4] of iz UDPG-starch synthase”} v 338 #22 vielyt
=10

GA; el 7 72§ sl callusoll A= BE7F 2385 A g2 Asbe 22 (Murashige,
1961), Fonnesbech (1972)2] 43 A ¥ ol = (Fg la)Brle ¢Rat BF B3le) g
protocorm = 54 ) ol = (Fig. 1b), o] AL callusele ez A B2 41231 protocorm 2} ol
ZA sty A&zl wfof 27]2] dA ]l AL T (Fig. 2)¢k alo] vtz A xc)
. Fig. 28] A8 ghek e B AAY BF 239 protocorm S48 g 772 GA,
2 Foll 4 = wlma shadlgdnl Azke #2], ABARMS A2 T (Fig. 1) ¥ GAsl ABA E3
el T (Fig. 1d)ell A= 531 dxzstddedl, ol=lst A ake| Hals A4 249l ADPG,
UDPG-starch synthasc @ @, S —amylase®| ¥4 H3lef] 23] 3 ukal gel (Figs. 5 and 6).
wbuls] ] B -4 T4 9] starch synthased 42 QA 83 (Sasaki and Kainuma, 1984), A& 2
8 §49l amylase—q] 442 Z2%lc} (Leung and Thorpe, 1985; Tittle and Spencer, 1986)=
A4 3h 44 A 3hek 137} protocorm®] 4 - B el o gl dA gk Ae] &S
¢ + ook

Phaseolus?] callus (Abou-Mandour and Harrung, 1980)vF, Hyacinth®l ol (Pierik and
Steeemans, 1975) ¥ 8 =1bF-2] £7] A5 (Barros and Neil, 1987)] ABAE j2]dled B&
2307 455t ABAS A protocorm® LZ2S 13jel 0% U B40] AET (Fig,

yoll wlsbe] AlalaAl A= vl (Fig. 1¢), ©1 -2 protocorm] A& gako] 2] Zr4= )
7] @l 2ol A (Fig. 22 = 3 el GASE ABA £ A2 T ABA 5% A2 74 vhast]
2 protocorm® £4 Y Hx8| Fsle} Urte] 4 '3]'7” A 5 A =d| (Fig. 1d), amylase3d-&
ol A&+ 9t™ starch synthase—cr’] 4L H2lsle] AL ek HaAHd 4 GA2L ABAS] E3)
A8 77 GAs vk5 Mz ol vlshed vh4 #902v (Fig. 2), "3} oF4-E ABA w55 A2l T2
frAbshAl vhEREbeb
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T, FA49 % Hbs =4 ok 209 Ao ADPG, UDPG-starch synthased-4l o] & 5(]-
ol & viebfiwd], ABA &3 A2l Toll A= 4ol S48 A (Fig. 5)¢ uksled GAF ABA &
& ATl A= '17—3"5] Aot (Fig. 6). ¥ybdo2 A €42 auxin 53 2,
4—dichlorophenoxy acetic acid®] <¥o] 5718l vk (Deacon and Rutherford, 1972; Mangat,
1985; Misra et al., 1975) GA:2] <Fo] 71 A = ZrdshEn], o] 42 amylase?] Zrto] 51
Z o] 2}7] R el starch synthased] T4 da] o]l Fal o2 oalx 9o} (Sasaki and Kainuma,
1984). E=3 amylase®] 4ol 23 GA2} ABAS €& A oz olk (Jacobsen and
Chandler, 1987)41 % GAsE amylase?| T4-& Zx]3h ABAE oA 3=6, GA9} ABAS
3 Aelshs %% GAst ABA amylase 4 A A3 E oft gslsbrl & s 2 Esbo)
oAb whebA GAs W A el T 2 GAs2l ABAS B A2 F EFol 4w ok 2026l vheb
o 23 F, AREe] AL of-(Fig. 2)9 & 27812 protocorm®] 34, B9 31 Y we
o] A3 AA = L pecrosis :AF (Figs. 1c, 1d)o] Loluk AL starch synthase®t amylase®4
A3} oF4k (Figs. 5 and 6)°] o Z T (Fig. 3)9} A modsled B o, A8 ghak zhiols o
el ABAC 23t = w2 BF 23 oA Zdgo] gL Aow S,

o] ol A A & Ak Zel protocorm W AL Tk H3E protocorm?] 54
£ f=ske A Alel7l= sh, oloks HES protocorm $4 3 BE 315 #gsls
o= L

Zl#te] g5 AL + ddleh
H 2

Cymbidium spp.2] protocorm E& #3814 protocorm W A& Fek A slel] v]2] = GA:2t ABAL] o 5-%
ol 27) 28kl el wAzl €9 protocorm) ¥ gkl ADPG, UDPG-starch synthase 2 «, 8
—amylach-] B4 A2 Falslg ot

$2 PO 2 1004 M GAs 2]l F£ A& Fol| ul3ke) protocorm®) Z4 2 Bze) Latsh A7)
Azstglonvt B27b Falsl AL of A= o, 104M ABATHS e T ¥ 100 2M GAs2F 10 M
ABA E% He[TT protocorm?| $A411u B2 9] Fglel Hate] L5 o 2 zslod el protocorm *j
Aol Tl E o Zx7t Felslglon AR S £ protocorme] 545 ek GAs wHE H el T o
4 B22] 2319l protocorm®] F4o] oAM=l on, ABA ©E 28 T} GA:2k ABA B | FE &
7“] 5 A= Gk g, ADPG, UDPG-starch synthase$t @, f—amylase®] %4 Wale A4 shak 915

- A-2akdd v, 531, ok F719] starch synthase®] A4S ABA wE Xz TE zh4dl uln, GAsS
ABAEY AMel 7+ Ertatsich oeld o)4he] Aol A Cymbidium protocorm® S4 3 EF Bals

(=T
prorocormM] & g3l oell el =l starch synchase®F amylase®] B4 H3lel] kL wtoo] | o]gl

Q
M= ABAE AL ekt 24 glo] protocorm? S4 3 Bx ¥31E oz|shadnh
¥1E s
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