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Abstract

In vitro flowering system may minimize the confounded .influence of
non-floral meristem parts of plants in studying the relationship of a
given treatment and flowering responses. We have induced flower buds from
plantlets regenerated from zygotic embryo-derived somatic embryos of
ginseng, which circumvented the normal Z-year juvenile period before
flowering. The result suggests that the adulthood of ginseng root
explants in the experiment previously conducted by Chang and Hsing (19803
Nature 284: 341-342) is not prerequired to flowering of plantlets
regenerated through somatic embryogenesis. We have also induced flower
buds from elongated axillary branches from cotyledonary nodes by culturing
ginseng zygotic embryos, seedlings, and excised cotyledonary nodes. It
was found that 6-benzyladenine (BA) supplemented to the medium was
essential for flowering, whereas abscisic acid (ABA) was inhibitory.
Gibberellic acid(GA=) was also required for flowering when ABA was present
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with BA in the medium. The results suggest that cytokinins, gibberellins,
and inhibitors play primary, permissive, and preventive roles, respective-
ly, in the induction of flowering of ginseng.

Tran Thanh Van (1980; Int. Rev. Cytol., Suppl. I1IA: 175-194) has
developed the "thin cell layer system” in which the induction of shoots,
roots, or flower buds from epidermal layer explants were controlled by
culture conditions and exogenous growth regulators in the medium.
Utilizing the thin cell layer system, Meeks-Wagner et al. (1989; The Plant
Cell 1: 25-35) have cloned genes specifically expressed during floral
evocation. However, the system is too tedious for obtaining a sufficient
amount of plant materials for biochemical and molecular biological studies
of flowering. We have developed a garlic callus culture system and one
obvious advantaging over the thin cell layer system is that an abundant
cells committed to develope into flower buds proliferate. When the above
cells were compared by two-dimensional gel electrophoresis with those
which have just lost the competence for developing into flower buds, a few
putative proteins specific to floral evocation were detected. The garlic
callus culture system can be further explored for elucidation of the
molecular biological mechanism of floral evocation and morphogenesis.
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Auk 60 Adre) fEEFR ) 8% ¢ @S dFE ks 22 FAV 258

o] Fo] $rHBernier et al., 1981) :

1. JEERV BES 22 BZ AR 4T 24

2. "1"ell gt fEFWROl HER S0 FEHA] @2 AEY FB
21 florigen (fE5t T2 )9 ol F} &1l

3. Y% 4 EFEHI(plant growth regulator : PGR)2) Aol 93 ==,

ol¥ AT A, AES B BFAx Y3l fEFEHRS  RIESE(compe-
tence)o] AAH THA [ 4 HI(juvenile phase)] & AA LDEEE WA [ RE#
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(adult phase)] = LEhchs 0] RHEAQ] AMME AAFHAeL, ET FFI0
g3 fEFEel ZAHE AEAAT 4o FF70 ulet florigeng YA sH=
Aol TEIRZHE M (apical meristem) o] o] Z2EQ] ZAR(receptor site)
g2z A& e Zeevaart, 1976). Florigenol 93+ fE%EHELS 2Fo tisty
Ao T8 5oligol gy v A #(Chailakhyan, 1937) & F5) o)y A% B,

&l AR FgH ol st vi(Chailakhyan et al., 1974), &FAAE
(promoters; florigen)=} X sHA|=(inhibitors; antiflorigen)$] AFzt8-of 2
ste] o] FojAle Ao ® R 9Arh(Evans, 1969; Bernier et al., 1981). =)t
florigens 32 o2 9% g glen gk o)y EFo] APl
ol tHTt BE|SHA]. T2 ®bg BRI glrh(Zeevaart, 1976).

fEF Rl B3 dAtolq szt st 8 e -

1. g0 T

Ze YAR BEHE vFhEY #9;

2. Florigen®] 3}%h4 9;

3. fERA = oiste] iR HMMS BTA 3 LAY ERA WIY F
H SolthZeevaart, 1976 ; Bernier, 1988).
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AENY e NTY Ak BAAE G v)a0 o] BT EHER
poll thA] feedback B 22 oiw 8 A9 wWilo] )3 FEHFERR o
=709 A FHE At M= AE Y (correlative influence) S 3

%ol @ Warvt gk, In vitro MG E AEN HAH, B 7

r

= AAT HEA, 53 718, 23 Loptde AZ £ 484A
RE ut2 wolA sGE 4 YoBE AP Hxo) ule} BPgY &F
€ BT MB(explant) E wdBT o] HKE 54 BH =B8NP
EA BFAA} ANF MRS EFER oMY BAE 2o} A
23] F¥E ¢+ YrHNitsch, 1972; Scorza, 1982);
Microsystemo) 22 M@ t]zQl, W& HA], |79 HE 59 §o]
st B Ee F¥E in situ AlAEETE BR FHEA SHE
Ak
In situ Al&RolA FEFHERS AHEHNY 53 $219 e ST,
R o] fEFFolA  IRImRAFMM] AR BHE 32 1ol ul2]R] X}
B2 FEmAEAMCIA dolvie HEA WA 32 AAHCE B
7Fs Bt in vitro Al&HAAE A R2ACZRE AW 2 [
E 5 HEAoR @2 =9 TEFY de novo Figo) 7EIER o)
E232 R 55 gA0] o]FoA 4 Urh
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Fig. 1. Somatic embryogenesis from mature zygotic embryos of ginseng. A,
Globular to torpedo-shaped somatic embrycs derived from cotyledonary
tissue of zygotic embryos. B, Multi-cotyledon- ary somatic embryos. C, A
plantlet converted from a somatic embryo. D, A flowered plantlet. E,
Flowers with well-developed anthers. F, An immature fruit. (Lee et al.,
1989a).

—217—



BE #HTHpS AdAoRE HE Y & 9 BHE AAA He
dl olg¥ /)7l Y AEMBREEH FHE MHEINY WHHFERE BT B
olt}. Changst Hsing (1980) 63489) A% ol B2 AHLE g3ty
PR S @len) o] EmfARlA TEY SRRl TEHTT B8 A
g BANTE,  ABEL BHIAM 292 GBS IRER o)A LEmiast
HFES XY & AYT AL BRI 6449 BEH o FelelAd /=
3 B 2N BLEg7) mEd RAolete FEE WA sk ulEbd M
o] Qe WelZRE SEF MEYRAMET TEHFERO] T x| AR T
g F-o] AAIH YK Scorza, 1932).
YAEL LED 9ES HAsTA BEAES AN T2 e sl
7191 ZA e 2R FTE MMMEEEIA U e TEFREol
1% A o B-E 2ASITHIee ef al., 198%). 2 A3 AR T o)A

r{u

b

o
fr

A2 gajaoA FEE fEHREAA SEt SiEmEE 638 AZE Felda
gt SEYEEe IR RS WEe fEFERC] Zhestalvk(Fig. 1).
mbetal Chang}t Hsing(1980) &) fEFE AT B 234 L HHEE AMEsan
ol FEHHAC] e XA ke EHFAA Atk AZES AAH] L
HIRS 2d0) ohvgl 5 F& 1 ol o rke ZAF] ZEITE (W]

58

A 74e BA & GAsoll 93t Mfgikol Z{o] ofiietH).

I

a.  HAREEGHIL 1CFHK

In vitro TE3ERANA 718 B AT77 5010 AL 9% DGRY TEFMA

)2 ol BT Aolrk.  Zzre} PR Ao iyt FET =9 H7lAA
T AR fith 21g7h2) o)Fo1R &% PGRY AMel WY st e )
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& =7 A7t hEH T ek :

1. 9% DGRe] 7EFAe Qo9 @RS E7s| kel 2l (pharmacolo-
gical)?) WAHOEG WolFoln oMY AFE TFMRY HIhIE

¢]

T A =gg FA getty £rHef. Teevaart, 1976);

2. Florigene ¥x712] LA A= A&k PGRY 3h} &2 F74 o]z
o] Fox AL HI 9% PGR Hzlol A% FEHFWH EHT in vivo
ol Y Aeleha WA FYsictn B AoltHEvans, 1969). olmig)
EAALS FY PORO) FY AEA WolA xubAA w2 ged #ag
ZFA Hrke AS g LorEol7] ofE-eu, =29 7
utet Y PGR7F TEFHEE FX F2 Xsistc Fahe Ao
gojstx] gdrhe Aojuk, vt Fhilel AH(PRIE A =&

Ao gt ThAE EHEE Y d4 FHE R oE

o8 EstE Fo] Alzgtld PRE ME ohE sty #4g =78

¥ Aol /5@ 4 drh. T, JEFEHANA chEAATE dEH 9
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Tl B35 oW 5% 4 PGR7E AR AAR 2Estal UM TEHF7L

HAE R Z3he AL 9% PGRE Ao ¢3te] fEFE Ml Bt
= Hrl A3#0) AME Ytk Bernier et al., 1981; Bernier, 1938).

olzgh 9% PRI oI%t in sity H& in vitro 7EFFRES ATE T PGR
2 A A7 Rl I3 QFOIH 25F o) PRS AE IAS
ghel T RlctH(Scorza, 1982). WAFEE @A A HEHIMEC)A WU i
WISERE (EEMRO) Jissthe ANY) Yol BART BFY EAEOIA
16 Hme) 7He R 2| Rl thetel obwy) Astol 22 5 ulel BA, G,
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ABA, indole-3-acetic acid(IAd) T 4% 72 ¥ PRY HITALL 2A3H9t)
(Lee et al., 1989b).

BEEE MHZ SiE W BASl o8 fEFEEC] JHsstEAT ABASE ¥
TABHA B JEFERE dohvix] stk @ o7)o) (AL E HAARE
B TEFWE 5ol FEFo] BA, BA + GAs, BA + GAs + ABAS] 33 2] F-oll A
fesm el olFoixch. vt ABA: #BAMS #F AAE MaHsigenz
el nale 98¢ 22Y = drh. M EAKEE  White(1943)
HzlolA 15U Tt BFAID SEMEE MR st EFERE 2AE 2
A3 (Fig. 2), BBAE T=O2 ATSIRE B -9olv Wil 4380 JA=

Fig. 2. In vitro flowering of ginseng seedlings. A, A seedling employed as
explant. B, A seedling bearing flowers (arrows). C, An umbell with 8 flowers.
D, Immature fruits from flowers. (Lee et al., 1989Db).
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o] fEFHRE Loiviz] gtet, ke Mz Pl BHFEHR Fue EaRE
HEZ 8t9& 259 oiariajolgl et BA + ABR M2 PN E TEFHRC] 7Ts
shgich. AEAY @, ¥el 9 o 71Pol FHFE wAE BE ITE
F017] sty {EFE B4 72 UeE BFE 71 FE drdAd F#
g AAN A(FE ue] #) S AR E dolle BEEY 3¢9 nhRvA]
% BA, BA + GAs, BA + GAs + ABAS) 32| FolA FEHFR Ol 7153t HrH Table
). AEAY %L #HAKES SEYHEE ME2 SRS B9, Gl 23td

Table 1. Interactions among BA, GA3 and ABA on flowering. of ginseng of

cultured seedling and cotyledonary node explants. Presence of any one
hormone of 5 pM is designated as '+ and its absence as '-'

Treatment Percentage of flowering explants
BA GAs ABA Zygotic embryo Seedling Cotyledonary node
4+ 80.0 + 23.9 80.3 + 14.2 74.0 = 20.0
+ o+ - 80.5 = 24.8 84.4 £ 16.7 100.0
+ - 4 0 56.0 = 20.7 0
+ - - 78.0 = 20.0 84.0 = 12.7 54.0 = 17.7
-+ ¢ 0 0 0
-+ - 0 0 0
- - % 0 0 0
- = - 0 0 0

( + standard deviations) (Lee et al., 1989b)
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Z2% 3 BACl ot & L3 AtE & UAUATE ABAC] sto] A sHE
Act. FE S MHHE AHEIRE ZLdE LEEO flx FAEY ZE
AN EAZ zpsiclk. 2vh EFRRS Rl 37H] #EelA AY vt =
g Bylen, 535 FE o] #E9 Z9- BA + (As XelTe)A 100%2] TeFRAL

8] I E veEhch BE Ffoll Aol fEHFTF FHHEE AR Mol &7
gol FM Rl vle} FUALE. #) AR AHEE MREE AT Ac)ls YA
WA BAC] St [EFV FEHAAVL GAx7h H7Pge uel I ol
F1=9ch  #EEEY FE o) S ARET Z 9ol BAVE Qlth st €= ABATL
TEH B 78] Mzt oA GAzol A3ty dE o+ ATk Tt
higtnEsel M = ABAZE Qlrt sttiElE GAs 9 E=&¢lol BATTOE FEHFWMAl 7Hs
k. FE oit]E MEE st BU1% A¥olM 2™ BA, GAa, ABR A2l
INE o H7HAA 1AR7} TEFHRC] wale T3 AR vt IAAE fE3FW
ol obRR FTE MR Frew FEFWES 1A SASE BAIglol BA,
BA + GAs, BA + GAs + ABAZ EiFets 6709 HelFold olFojzich ob&w
IAA7} A BA2) AZE AAAZIE ABAol tHEHo2A A EAMZT A2 B
£ @ Ao 7stRnt ABAE IRAY] EAficl A@glo]l MEANS HFE HA
ST
=3 ER(apex)(Zol : 46 mm)E MERZ WA A9 UyA™" BA, (A,

ABA, IRAE AMz|st] FEFER AFE ZARIASH BT AgolA TEHFHAO]
o] R ]2 grom AHE FEHE ol vk EIT AZS EEAA 1¥EA
MNE o E¥stE EEEOlA JEFETF BE8EA o2 ALE Ho} 718 EHI)
EFE d3te 2ol obd S & 4 k. 2 HrubE FE uin)el SA43te Y
AR ERNA TEFHRC] o] Fo K Th

A5 ANEQ feFFElT BAZF A olek, R BAS A& ¥ AP
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BEol 29 w7 o W3 FAHeE o UYE ALE Kot (Asv fEFERY
BRA] A%E st Ao Atgdcth. vl BASH U4 ABAZY ExER 7
ol E AMEZR SIEE Ffolle fEFERe] ¢33 dAHAHEAKEE HEE
9l wis B3 A7} =R gkorth). ABAQ] olE{3F Aey L2 GAso o
of AfHo SHACE ol# ¥ Ao AZe] TEF Al 9io1A cytokinin

2 FH(primary) QTS 3ty, BBAT A M(preventive) 2L 345, gibbe-

rellin ABAS] A&} #-8-& FE3}H cytokining] 2H8-& & -&8+=(permissive)

ATE Prhe 7S ThA Dk bRk ol2%t Jhdol Fyshed Beirt He

AS P BAE HEZ QT Zolth F, B 9o MM} T EAE
I BT8R ROl Jhsslscke dolth e o7 oA Wighle
A b 44 Ae T oS @Rl fik gibberelling AE

J_:r:l__
Ik B QlelA Aelsted & ABAE 9]%9] gibberellin A&7} glgls

2
I

o

o
i)

[>

1

22 =55% 4 At By sE ),

Olfl 7hd & fETS B BAs: 4ARFEH F gibberellino] B
FH(primary) ¥ 8137, #oix(inhibitor)+ A &(preventive) ZH&-& &hx)
Tk, cytokinino}l A MY ZB-E& FHIe] gibberellin®] ZALL L=
(permissive) HEE +HPTIE Khan(1971) & 714 vimstd B 4 ok, i@
T BFONA = gibberellinol, AZS FWeifolM+ cytokinine] 38 4%S
313, T BFNAE cytokininol, FEFEHHN AT gibherellino] Z+zd s
Ao ZaE AT AL oigs] FoiEch olAizkA] RaE ARl

= F% E£RHEAGHE A3
SHRE B AEDY FAE FEE F7F ek Miginiac
and Lacombe, 1973), & AolAeh-Zol 3FF olAe ARMEHE 12510
TEFE AAM AEDNY) BAE FET Rae o1z gt
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o
M
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TP AR SR GAs7) AMANES AEANS EF FEA T8 4%E T
rhx gdelA @edl(Bvans, 1971), = A4E AAE R:7F TEHFERY 3
A910] ohuEl JEEe wgd TS & 2249 Ao FHEPche Lang
(1965)¢) o]2& Hwastgirt. Cytokinine W& 2R TEFEFR AWM
y42AQ a9lew ®B%Ew JrkNitsch and Nitsch, 1967; Wardell and Skoog,
1969; Srinivasan and Mullins, 1978; Scorza and Janick, 1980). Iz} Hef
(Wardell and Skoog, 1969)v} Passiflora(Scorza and Janick, 1980) A By&izl
wie}l go] R 22 e gl PEHe 232 o2 R EH = cytokinine] R-E
sizlolN fEFERCl E7bs starh.  whebd 2 A3 cylokininoll €3he]
L MBERE EFE Bl FET HEL iV 2 & & Aotk o]
Wreto] auxine AES &R FEFER 24 a3 Bt A 23] W

AN B#{AN fEFBRAM = 7€ EFV BFE A¥HE Aol ohviel FHE
ubrlofl A e HEF7F A S BEFIF FA =HIAww, o He B
279 194 Sy e 2% AR g3 Kik(quiescent) AeiE o)
ooy 2 A olFo) ARG MAEA He AR FHHcE T 2 A7 A2
ool & ol AZo] BBl HBH T TEFWELE SHA EIh AL AA
cytokinino] F-E-5b2] Z3h7] widolela & = Uk (LA oA &
&3t uiel Zo) A gibberellin® HTE A0IZE ABASH ZHE AT T E o)
3 JEFWEC] dAETHE JHE S BHED] g, (ytokininZ $E B
oA BPBHETHE A7 FW S ARAE LI Avke AE ALTTIB(Lethan,
1978) 4iHl Tt AZES ¥o)7t AokA TEkE cytokining F£9] BT 5]
X fEFE Bk Z¥vix ¥ 4 itk ZHMEYY Sinapis albats
&H Azl A% e FE 24004 F218 Bl cytekining] o] F7)
staichs Re(Lejeune et al., 1983) AZES] fhEHiel oy & A9 49 &
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T AEY Fe ERAA F27 dEstE cytokining F23 A SHA
B3 o] cytokinine] F¥ wirlel $1x1%F kb BEiS) KEFY AAe 318
fEF7) Bd=Es AL Agdch I8 BAE 713 wizlolM EIRRLZRH
a7y =R ok AL AEY JEFER cytokinin ol ThE 8.<10]
ARH o g Foista g AP, oy g dFAbEol cytokinind TE
FHEol Bosts BY a9 29 iR otz v AT BE Zo] |rt
(Cleland, 1978; Scorza and Janick, 1980).

3.  pedEE A% (Thin Cell Layer System)

mIo
ilN

In vitro FEFEE A1L€ Folid SEF #4E €4 st A2 Tran Thanh
Van(1973, 1980)% =2 F % &(Cousson and Tran Thanh Van, 1981 ; Tran Thanh
Van and Trinh, 1986)¢l @13t /Rd MiER Al2dolch olA2 ERMMet
Zo) AEE WIE AZER MlERERERME O 52 &Mk 94 €

£ 2659 NZE 2 S KERoN fEEAM I1XSm F21X 10 mE B

A

RS 2A)(Tran Thanh Van, 1973) &2 A A(Cousson and Tran Thanh Van,

1981) BRR1ol A erstaithFig. 3). o] AAHANE

1. MREYeE 23y €7, P, % &L 2o LE 24 s 243
o FEG ¢ flon;

2. WRFH o B FEwiEdol YAy Alzie.g., 409 Brh HA g2 AT
(e.g., 12¢€)0] 2az;

3. ¥ ZHel T wAT w¥ss 7189 £7 s wen(e.
50 7E3£/1 X 10 mm 4%k ¢ 500-600 2/ 1 X 10 mm #98);
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Fig. 3. Thin cell layer system (K. Tran Thanh Van, 1980). A, Lengitudinal
section showing composition of thin cell layers Nicotiana tabacum (epidermal
layer, subepidermal layer, and a few parenchyma layers). B, Flower formed
directly - without intermediate callus - on the epidermal surface of the
explant.

4. BhF 27)0) BE MEE 62 A Qem= wete] vlmE FEmoIY;
b, e BHo] AoE 2 A4 PGRY ¢x OUHE Auizn B 4 glcl.
BT AP H2HY 0NY 54 Wi R A2YE ol GelE 2A7e) W
kol WA SR WAy P9 Bt 27¢ wr 483 AUY
QA k.

Nicotiana tabacume] JFEZES] #MijuiEE A e BEE4d ZEIRE 9
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S R AEZAA EFE TR SERLEYES R A HEHA
auxin} cytokinin®l W1 & % B3HEY FFHS & IElx FE, 2%, pH
o} 22 ET)AHQ 89150 AEJA BAstn JFol WA TH, [LES
AWL vidste AR MME(cambial cell)ol A A8} f67F =AW
HBBE uts wol widsid  okzke] WAt fEFZF FAHHEIATE Ridd
#i9 B TF(subepidermal) ME£ vhe 223 £2AZ7E Wivt fe3FHEeol &
A QT BRE 24 HEY ETHES STETE RHERE $Ho HEFHA]
okl o)gkgol AMZE QABIT Yv Z3F AtoldE FEHLE Jold ME

W&ol 9% 2YAGo] 9ol Seixek,

4. TFlorigen© 24 (ligosaccharin

Auxinol} cytokinin 2] PGRS oA w3 A} Zo] ZEBHRAI(pleiotro-
pic)eltt, &, EEEAE ¥ ohvlEh W AeishA Wil Fosti YT
ulebA o]2%F PRE fEk 2159 333 AR Ee de F0 dvkes A
HE 77 AFAEANA BHE F£ 2 F9 shirt vtE oligosaccharine]th
(Darvill and Albersheim, 1984). olA LS WilgEEE Y3 ©rPEd B4R
Easle] €2 oligosaccharide % v ¥ X(e.g., 1 nM-10 aM)elld 2159 &
A 23l 4FEL F5 IFoIth. 0liged 72E VIKEZ 2 FEAC
7o MAE MigEEo] ol2¥ {EAMIF A HAELR EXe AoE U
A Stk uletA o9 A EY U S LAF = ke "o tiEh a2
&% #eta oAx)7 ¥l5  oligosaccharide”} 21 4= Uthe ZAolth,

Tran Thanh Van%-(1985) & sycamore®] #fijE®#< endo- «-1,4-polygalacturo-

nase ® 2218t @2 1-10 pg/mle oligosaccharing fEF7 FEH =5 kine-
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tin# indole-3-butyric acid(IBA)®] PGR=} six12] pHE =43+ N. tabacum®)
fe3e] Mifp@EoN FoMstgey] fEF ol HFF fFEHERe, #EFUP F=
HES 278 & izl FUstie e %7 ¥4Es A2 BASAch

gt sycamored] MifaEts KOHZ JheE9l3te] @& oligosaccharing 3EH7)
FEEEE 20E £ diz]dd A7MERE Wiy E3F i Peirt B

0] =< oligosaccharin®] F /ol utel thE in situ FEREEE4O] A=y W2
Arh.  ERF Huiel TEES MEEES waste Felvt REHES 212 &
vizloff el viekdt wel e}l sycamore M FEAA @ oligosaccharing A 71eled
= W HfgEEY 1 FHA B FHEE HaTee del 714 FHowt
Bl FHEES oA il %€ Frie Aol EaEgick(Eberhard

et al., 1989).

5.  #MfEdEE R MERE(Cell-Specific Competence)

0] W& o™ phytochromeo)] 913t HE=E AZFol il wHgsle] &
i BEE IEE AAHE MENAT SRR A (photomorphogenesis) o] =t
gl olgh Zo] 5 AZoll the) BRERLES VEME €& Nohr(1978) =

RFE#E(competence) o2k T B}t ol SJujollA  JeRREFEE S ¢

1. Phytochromeo} 2120l ojsl ifgieRFERE S HH s A 5, HIE
E{r(pattern specification) gt R3] WIS AH;

2. Phytochrome 9] 21 Zof 95t} ¥ E BB pattern realization) st
9% Wepassl E2EchE Bk
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dark light

epidermis: Y subepidermis:
formation of hairs  “© formation of
anthocyanin
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"""'"‘3‘ cortex;
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Fig. 4. Microscopic sections through the hypocotyl of dark-grown and
light-grown mustard seedlings. Top, cross-sections; bottom, longitudinal
sections through the outer cell layers. These drawings illustrate the spatial
aspect of developmental responsiveness to phytochrome action (pattern
specification), While particular epidermis cells (irichoblasts) are
pre-programmed to form hairs (but no anthocyanin) under the influence of
phytochrome, all cells of the subepidermis are able to accumulate
anthocyanin. Irrespective ol this specific response pattern, the cells of
cpidermis, subepidermis, and cortex respond to phytochrome by an inhibition
of cell lengthening. (P. Schopfer, 1984).

Hong=% Schopfer(1981) = MAERLE 27 Jui H3ehs F04A Ad 9
5 @79 #% BN BexZo]l U phytochrome A1 3ol 28 A1
Aol wlgt b R B4 de novo ATRFEE ATAHA MY F 2aE
53tk =3 Schopfer(1984) = phytochrome A1 3o 2T+ HFREFEL Q) M X
S M) HANER 22 PR A A= B4 E YT ¥sl
7 g ASE 4 drkw BrkFig. 4). v KFEgEO] M Eo) By=ET
71E M ES geA]A] ekar ok REERES ¥RE TEFEARC] A ESarh
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fek A Zx florigend) 71 7hdsh} Zo] o}z wh&x|z] g2 "Adujd " oy
2 Haztk glo] @8kl PR sh Z& F7) o9 TPEojet & 5 UL
o oh ReES RO EFE 88T & AT RKERE @A e AvhiES
TEseE XHe BE ¢ e Aolch o) THAN  TEFHRC] fEEE
BB KBRS 713) 2 FEEA] @ EF(REC] 24¥)Y B3
2 Aolg wEEL olHF F FFY EFo fEmilZ(e.g., PRIE £ H F

I

¥ BYsY WHE Aol mel 2AVCHE TEFERY AFRIE FEel
uth ATY 4 AL Aotk Teh} E vgesE AW B ER9) HF
AEEE Eool ot BEHABMEGY T Tl Qv AL Bk

s}k,
YASL 2o ohs(Alliun sativum L)) 7639 7EH(perianth) = 2

cytokining 4 71% wWizx]ol A HEF AW Folg BHAE 2,4-dichlorophe-
noxyacetic acid(2,4-D)€ 71 iAoM) 2% wigke] 218t 2 F¢ Ay
ket Foll%  cytokining M71g mix)ol platingsl® A9 A Pajs BH

Table 2. Characterization of florigenic callus on media containing various
concentrations of o -naphthaleneacetic acid (NAA) and BA

BA 0 1 3 10

NAA (mg/1)
(mg/1)
0 D F F F
1 G F F F
3 C F F F
10 C F F F
D : Degeneration
¢ ¢ Callus
F @ Flowering
(Lee et al., 1989¢)
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e YAsS JE F1Be Ay wASH Fee
#7517

#EstHct. a28ut PR

Bix] o)l platingsld 2}2kz] X3tz F9.e9, auxind} cytokinin

o
o>

9] Bl & & vtgstA g Hizlol platingst® cytokining H7Hg Wizl & au-
xin®) £2 fFFe AAgl0]

AE7F SAHEATHTable 2).

{67 BEER,
uteld "Abe B ME(W# A) 7 cytokinin A%

of gt} fEHFRS SteF +HE RIEHES 7Havh 20y 7% femil 2ol

auxin ¥+ A 7MEE v x|l A

rir

R-B

.

getel TEHE BT RFY WHOBEMS EHes FYsti By g
th W olE® shgel AYHLhE AT fEFEAY whiE FEe A%

B Ao Yay 3L FE5 BEY Aol @ Aotk Cytokinin A%

ol S1%te) EHFHME HEH SWY KMEEES 7H W&o cytokinino] 93t

e

L

Fig. 5.
proteins

Silver-stained two-dimensional
from non-florigenic
Molecular-mass markers

gel clectrophoretic
and florigenic
indicated on the left.
compared with each other and the circles

putative proteins specific to f{loral evocation.

patterns of
of garlic.
The squares mark the
indicate the locations of
A. Total proteins of

callus callus
are

arcas

non-florigenic callus. B. Total porteins of florigenic

the square on 'A'. D. Enlargement of the square on B’
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HE RIERES ZA ER7N EE olv]l RERES IAri7t doHR dais
FE # el (total proteins) S AVIYFoE E2skeict. WA IEF(isoelec-
tric focusing) ZE 2] &3} 4049712 band7t 83t o o] E tiA) SDS-
PAGEZ &TI%+ Z 3 30004789 spot 2.2 viebydch, o] & pl § T8 B8k
42 kDRl #1210 370€] spotol TEFEAE W oMY AEFA EHsIFET oA
= APH EFEE BREREOE(putative floral evocation-specific protein)
olgt MZ¥ &= 9lrHlee et al., 1989¢) (Fig. 5). WAIEL nlmoA i3
BA4 AL 9o cytokinin A1 Fo) 9)ste]  #H(vegetative bud) ¥+ WA 3}

= HERA B A(canlogenic callus)E AR 4 9lezlzty 831 YgEn), o
YA HY TR RFERES 71 EHS kA BE g e ux] B
B 7R EE BBl A1A  MARRL dAE @iled d9g @
sh2|el ATt

2 =

WEHBLES BREEEC Y 4T in vitroolM A2 A auxin/
cytokinin®] W) go] o #Ha|7}t, tow £7)7} WAlste] Fa19] F$ 2,4-D
o 22 ¥ awxindM REE 593 F59 WA [enbryogenic callus)
PGRE 718t &2 WiAZ &ZDo24 FET 4 rte protocolo] B8)E o)
FHAT T7Y HEC st d¥H o8 §AF protocol S A L343 9ot
olH T A|L~H & o]dste} PGRYY YT WEEE L] AN HHR} W
2R o|Fothe FAE R 7t YrHe.g., auxinol 23 ABEE4(rhi-
zogenesis)(Dhindsa et al., 1987). MEMIMAEEE4ES ExMEE0A 9 Wy o7}
L) HEBHEAS TYsTiY 23 9 AN vehlye Bo) iy o
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poly(A™) RNAZ Zro} ol A olefl thEk cDNA clones VER O, WG FAAL
BA 4B 98 78E Alxsted 7hx] ol2: 9lvk(Choi et al., 1987;

Borkird et al., 1983). Z@fv} FEF#A(florigenesis)2 ¥ZE Axteoll ¢fste
A BE = in situ AT AT AEHY T2 WollH dovks AF G w)
sto]  feF 7 FAE T Wina Mol AvAA 2en AEe fA2 gEolet
T T 719047 ohvlel AdEe At F2 oAzl et Hie] el
+2 AEEA Wz 2AEETE AT AL o]Foix]R] E3tar Ytk olFAL
Ao in vitro S¥EEACIV BRMAEEELS 22 PR Held gste] &
WSS RPN IR FEHFYN e KRS AAEE 23T YA BT o

rit

Ul in vitro TEHFEA 71WE fEFER Aol oA HE d¥E €
o|5 &7 Tzl Yol st FF - FEHE FolFA Tk 53] fiE
g A2"2 in vitro TEFEBRA #ste A7 487 R F AE TS
H439 Ad ¢ dom g2 VRS TeFERe] RFICE HoA B I
T3 2tk Meeks-Wagner5(1989)2 N. tabacum®| #ifui#E A2dS o) &

rn[o

stel cDNA library2#E 7E3HR A@0) Sol4oz AANE cloneS g £
Bt olF 3 FHY cloneo] 63 HBIA BWHE AL Rusgch

T MR AeRe £8ste dolE AL Zrl(e., B 27 1x 10

m) el PPRE BEEA EAol 2 S A8 BT FRY T& €77 9]
olyrhe ©AL AT gtk ol¥ WM LED nhed WERE AHAE
ol gt WA ARRE HLEE 16 SREAMAA EFHR 298 B3
Wale) BRe DAL s ¢ Reg AgHrh

TEFgEEO] MAL =59 F3 2 ¥H 2dd g3t o]F vty & Wi JE
FHagd 24 SAAHregulatory gene) 7t #21= Y constitutive promoterell &
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sto] Gt A ZolA YPHEE Fozd 37 =y Brgol TEEI) WA
=5 24Y ¢ AL Aolvh, EFF 24 87219 antisense RNAE WA 7|
e B Hole I¥E 2 94 HHFEH BE AVTosH  TEFER

W7 Ee) EAM BN $40) JksE @ Aolr),
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