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ABSTRACT

Optimal regeneration conditions of ginseng transformants were studied. It has been
known that Ferritin Light Heavy Chain (FLHC) gene remove the several heavy metal by
combination, store and transport. To obtain the ginseng tolerant to heavy metal, binary
vector was introduced in Agrobacterium by tri-parental mating and then Agrobacteirum
tumefaciens MP9O/FLHC was selected on the AB media and MS media containing
kanamycin. Explants were co-cultured with Agrobacterium tumefaciens MP9O/FLHC, which
contained NPT II as a selectable marker, tadpole ferritin heavy chain (FLHC) gene and
human ferritin light chain gene and then a number of embryos were induced. The induced
embryo transferred to shooting media consisting of MS medium supplemented with GA 10
mg/L. As a result of examination that induced the normal growth of transfomants,
transformants showed the equivalent growth in both root and shoot on the media containing

the 1/3 MS.
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Azt o
o] cloning¥ % 2.9, cloning® 7 2}
promotor2 A 23 ¥ A B A Fd] &
2A AZLE AEAE ALt Ut
A A = methicillin resistant gene,
dihydrolipoamide dehydrogenase, angiotansin I-
converting enzyme gene 5°| /| &= o (Huraki
1993 ; Jolley et al., 1996 ; York et al., 1996;
Hiraga et al., 1996), @5 &H FAA For 5%

et al.,

S.of i g}t = HHY o 2 metallothionein, ferritin 5 2]
gl A g st ol & B A S Bt A T 5

)-011_7_]

&7 2%, A% Z st 758 A1 5 e A
o2 o4& 9t} (Laulhere et al., 1988; Price et al.,
1983).
A EAME H 2 ferritino] F A, A5} Ho F=
ol A H &k 2 n FEEE 7&?5}71%01 L3
5] o] ik AFsbE(F(ID, FA)# 2 A& 50]
2 Bol femiting WL o] A AFs] BE
éﬁi 3t 7] T FRtstod A FFdteE 7153 Al
o o AL F 8o 44 < metal-binding
protein (cytochromes, nitrogenase, ribonucleotide

T3]

reductase, hemoglobin) 5ol co-factor2 & 3

=AY, 24949 93 Axe 153 4hskd
o o8] A= &= OH-, O 53 Z-2 radical 54
F=3} ste ol 583 715 S Y} (Price er al.,
1983; Zhou et al., 1981). T3}, ferritin2 Fe*, Cu*,
Zn*, Pb>, Cd>, Be*, AlI* 59 5%

ot invitrod M= 2T F 3l °l§ FFF ©f
E9 FEIAEZAG TS FAL T US AR
B3 53 9t} (Price et al., 1983; Sczekan et al.,
1987). T3t ferritinol] o g+ 7|2} &l 2H-& Fof ¥al 3
© ™ (Price et al., 1983), Maize, peca & soy bean®] &
A2 5 ferritine] El5o] S0l AFHIU
(Laulhere et al., 1988; Sczekan et al., 1989), Maize, pea

=35 in vivo
KX

-
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2 soy bean®] seed 2 H-E] ferritine] ¥2]H o] &4 o]
A A ¥ 9 ew (Laulhere, 1988; Sczekan, 1989)
Arabidopsis 2. 5-E] metallothionein 7 2}7} cloning
%] o] functional homologyE X .31 (Zhou et al., 1994)

sk 2 9 3lo.

watbA] 2 A F & human ferritin light chain
gene(HFLO)E o) $-3te) 914te] FAABS A =5}
2 4249 AREHS Fo2A F2 A
& ol ot Fe ol & 4 LT
vector®] A %3, @A A S systeme] &% 18l 3§
g% A5 B4 47 49 A9 6L )
o AFUAEE /A Aakel AL, 4, KA
89 ARSAAEALATE Sl ARFE =
2 S e A AR A FA o] FEF 2
g b A oz Aitstaa .
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AZHAAHRE kAo Q=27

A4 2¥ & promoter= M BAF =T 5L
355/35S/AMV promoter2} T4 33S promoterE A&
3} 1 terminator™ Tnos& A& 3%t} (cassette
EANE 382 A 32 binary vectore border
sequence= 7}X] 1L 91 pRD400 binary vectorE Af
2359 31, QA A A 3ol A& Agrobacterium-
disarmed Ti-vector® 7}x| 311 Y&
tumefaciens MP 902 A1-83} 44 o}

vector). 21 &
Agrobacterium

Binary vectord]] 2]3} 32 A3t
A4tel FH AES STHAI 7] A A LotH

ol gate] 4B

Ao A= F2E 2 A%
¢} 2-D 1 mg/L7} A7Fg MS x| AL 35S
FAYEl ol B3 H &S S4B gt AT

A A7tsled G Wl E RFEAA BAHA e E
7t Aoz 23rbed & ARSI T 471 Aw
P S Ao e o] &5t Ql4te] FAASE Hsl
X Agrobacterium= o] & o]—O:] HFELC §4d }% Az

o} Z promoterE ©| &



A4kl FAAZL A7) AEsjA o Flmfo]
213} carbenicilling 3 718te] FA WA S A23)
A, FF HEE Aaadu e Juidel 2 AR
= FE37] HaiA A PBA 2 GAE A ste] &
AgA4e] By LS 95k

Aage $EE RE AT AN 328N E
Ao AAE F=stdh

Ferritin light heavy chain -§-d=}2] 31023

+82 % 4} (Panax ginseng C.A. Meyer) 225
2o oF 383t FAA st A AR F thA 4
T WAnd &4 AL Agsted FH e gAIH
o Q1A Akl 8] g Eo] oF bmmeo]F o2 FE-9
A&atd g v Wit B 2 ALY QS
%k 70% AL L AL & 187 AN S 2%
Aotd 2t HEF O 2 F 3080 2EAL s E
TE FHFE FAIAY. 4 28T wjd As
€ AP FA e Ad &AM AA T A/
=AM dE Z2EE HMEA €& MS
{(Murashige and Skoog, 1962) uj X o] 5% sucroseE 3
7}g A WA & AHE-3H AT

PA AFS YA E FLHC FHAE 43t
& Agrobacterium tumefaciens MP9O/FLHC S 14+
A3 MS A WA o) A 2441 2 BEF W I TH
A4t A9e FFE Qe HolF o] &efgo} W]
WA 2 AAG e ARZAAT BHA g
5% sucrose”} F 718 MS 7] Eul R o) 323t A vk
Stk A Mg F A iR =4 MS 713& vjA] o
250 mg/1 A X413} 100 mg/l 7}vlo] A8 A 713t
AR AAAFE KA F 142 FHo =R
Al Fet Fol AAAGe2HE FEAAE E A
Al Zuf o] FAWES ZAFSHA T

2 AgHAG T FHEH e AT Agd

EE 27 AAA AEAQ] HEAR ASEZA

2 AA T E A ol 25H o2&
tch EFAQ o zpuj o) F 28 A= Hl
MEE 434 £ A Agste o] e,

ﬂllo i“
poMA

AN og do 82 o
e
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Ferritin Light Heavy Chain #2327} =%
AN AAGA o] TS E3 2] EA 9] 7IuE

oS A A FTA 9 2 MS 712w A of v <
AT o] ZRE Aozl g AAE wjE dot
N 7171 e A A2 1 mg/l, =& 2~4 Tl A A
2 A gl stod oA Z ). dotE A X 2HE 4
EA9 AL 2417171 falA 12, == 1/3 MS
v 2] off &3 .

Ferritin light heavy chain 33 =} #el

3 AEE A2 EA A NPT F-1 79 &
AARZ 8l35l7] 934 PCRE 483ttt} PCR
< 918 DNAZ= 24P & Edwards 5 (1991)9] |3
o 8t F3st o PCRZHE 96T A 28
7} predenaturation 3t 2=, 94°C ol A 303, 60°C ol A] 30
Z,72Co A 2822 3} 36cycled HHSA| o
o]o] X 729l A 158-7F post-extension A] Z] T}. o] off
Ab & & primerd & 7] A 4 & 5
GTGGAGAGGCTATTCGGCTA-3" 5 -
CCACCATGATATTCGGCAAG-3’ & A}-&-3+9t}.

27 o

nE
Ferritin light heavy chain(FLHC)&#H=}¢] 324
g 2wk Azy

At A A HHAH F-AXE cloningst=H] A
o] A A8FHBE 7|&E K ® d5#AYE &
AL Foll A QAo = et7] $eke) %44 FLHC
A5 o] &3t QlikS A AR/ It FA
£ vectorE A %3 A Th AFE S FLHC f4 %
2] & &3 8 promoter?] 35S promoterZ Al&

terminators= Tnos& AF&3t o N EA) EE 2

2L o
O ke oo o A

-

2,

%} binary vectorE 47| cassette vector?} A Z %}
)] $ <k F 3l ™ border sequenceE JFA 1 UE
pRD400 binary vectorE A3l HFAH o072 7
nlo] 4l WAl 74 ZH(NPT II gene)$} tadpole ferritin
heavy chain gene 2 human ferritin light chain gene&
TRt U=
vector®] Agrobacteriumo| =% & tri-parental mating

o] o she] Sastol ABHIX| 9 huukolal g

binary vectorZ A} Z %3} < v}. Binary
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Table 1. Frequency of putative transgenic somatic embryo formation according to with/without co-cultivation on the
media with growth regulator from cotyledon explants of ginseng after Agrobacterium-mediated transformation on

selection medium with 100 mg/l kanamycin

* Somatic embryo formation

Treatment

from total explants

No. of somatic embryo

per explant

without co-cultivation
With co-cultivation
Re-culture of putative transformants

on the kanamycin medium

0
12

66

0
2

12

f B A ol A disarmed Ti-vector® 7}A| 11 Y=
Agrobacterium tumefaciens MPOO/FLHC & A1 ¥h51 9]

.

Ferritin light heavy chain-3=}e)) 2] &k Q1 Abo] 3]
AR g

A4 AQE FLHC #AAE #4stn &
Agrobacterium ¥\ J‘& FAAZ} f=d
A= MS7|ZufA] ol of 33t AHuf FF o5 250
mg/l Al 2547} 100 mg/l 7hutete] il & H7Hg wj
Aol A AAE ] THE 2AEIATE FF )
FoA && A BFE 100% ZF ZAEE A0

AA L 7L SR A ek or, HE 2] ofdw
Ao} A Lo 7E TAAE FE AL BASA R

3 Z2AEAY. a8 35 MEd AEe AS oF
12%2] AAALF el A EAAZ A AL 7F LAY
o™ (Table 1), o] & 63%4_{13& A Lo & oA S

9 Fhsiol alo] ArbE A2 & W o] $7A Az
B2 2AG A o 66%71 A o 4EHAT

(Table 1). 18} A H A FE = A EFT 2 Ho|
A7HE WA oA FAHJY] Wi Eel R e s
FAsA Kot o] 2RH AEIE2E FHI WA
oA ol ZuiE Y& F& MA LM f=rt Hast
ok w2t 4 Ez 2 2ol A wiA A F =
FAXF AN AFLF, e AAHA A E
A2 A&H=A Fote vP A AA T 2574
tA| FLHC 327} &6-4 oAl & st &
2= o] A A Zul & AYAska

¥ B2 HB
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Fig. 1. Transformants induced from the binary vector
containing ferritin light heavy chain gene on the
medium supplemented with GA; 10 mg/L.

sl Aol H4ud FLHC § A4 @+
Agrobacterium tumefaciens MP9O/FLHCE ©] &3} a]
i) PAALY YA T E FEEF e Fxd
embryoE-2 GA 10 mg/L7} 718 wjA]of| A FR-E

sk (Fig. D).

FLHC f3d#te] 3378 embryos g Fe =2 &
=3h7] AsiA 4 A dal7-8L o T2 A 3
of 11 742 347042 A A eld S48 ¥4
g QAR AFEIEon, GA 10 mg/L7} H78
w A o A 1L 3T v v Fete] 2FF o) oF SmmA =
277} AR S W AA o] A ABE2E 2}
MS 8l x] o] 250 mg/19] M E &4 100 mg/Le] 7t
nlol Al S A 7)ste] FLHC 444 8 21284
7 g% binary vectorE -3t Agrobacterium< o] &
ghol AWl oS ARFIABE RESE

0 =



Fig. 2. Transgenic ginseng plantlets in the soil. (A)
FLHC gene transgenic ginseng plantlet developed
normal shoot and root. (B) Multiple propagation of
plantlet. (C) Plantlet transfered to the soil. Arrow
indicated plantlet was undergone water stress in vitro
previously.

o} of o ¥ PAE AN Euj 2 58] Lol E K=
7} 814 MSH}A] o) 10 mg/l GAs7} 78 i =] o
22T ¥4 AN EH 9 AN WAL &&=
a7) A& wA e 7/ 2 24 S D sei(MS, 12
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Ferritin Light Heavy Chain +4d&7t =1€
it A AgA el AUduT AL B3 A EH e FIUFA

A3} x| 3R] o] FdA BAe e AFS B
of, Wrolg Al EAE 1/3 MS WX & F-& 100 ml g
zt ZetaAd A A EA Y AR B w8
FEhe, Helet 27 2 Egd o Tom9 74
E4 (Fig. 2A)8 HZFo 2 F24| 3o (Fig. 2B), =}
o Fol 112 T8 Ed 3} 53] FAAS
AMNFAEA Y F EHIFE SANE T3
Aeto] AIAE MiA, Ecke 32 ¢E°ﬂ
871 Y&, Bk ojaEtr] A 7
o] SR I 2EHAE T F
A THFig. 20). 23} Eokol oA A EA &= A
Bel7F 9 FA Fot ASAHN 4@} At &
T}

=3
E=
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W 2 A 2T & el A W o] A AR AT
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do 14z AR A F 3 BEA 7]z LA
MS 71 Euj =)o) wjkd B A =E A (88%)

oA o]l st A E R o 2] g AHF F 1074
oA 50097l 2] mRlE=e] w7t A = Y TH(Table 2).
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Table 2. Effect of plasmolyzing preagreement (1 M sucrose for 24 hours) on secondary somatic embryo formation from

cotyledon explants of transgenic ginseng somatic embryos

Sucrose

pretreatment (1 M)

Frequency of secondary

No. of secondary embryo per explant

embryo formation (%)

No treatment 47 9
Treatment 88 25

oA AFZTY AR AZAEY 53] A EoA = AA} A £ e 5ol o, uE o
ferritino] A, S48l o F2 Hof A4 F &ut, ferritin® A X UHZ H-& 71849 EA40] gle o
a3 F5459 FErse] B Hol sdth 4t 2 I8 Fed vl¢ a8 8L It (Price et
2 B2 Eof vlaf )z Aol sted R A al, 1983). 224 2 2 FLHC F3 2= EYo] o] 2
A B AT FFY e F =7 v 22 & E ”ﬂ]i EAste ¥ T2 FEEEHAEAN F
ot} T3k, ferriting Fev, Cu*, Zn¥, Pb*, Cd*, Be, 2= A xol & 2 9t 7|%S stk WA Eoke] 2
AP 5o S84 THE invivost in vitrod| M = 2 TFE LEAA ot FEEEGAA FEE
g F 3lo] o] FEEH ol REY FEEAZA Y F UE 715 E AT A A= B stress
AL P T A& A2 By H3 ) (Price E35] E4 dF 94s B4 AYA 55
et al., 1983 ; Sczekan et al., 1987). 3t ] FF 29 EYAv 21eg ¢ dn, dFIHT EYA e o
A Lo H-E& serumtransferrin, lactotransferrin, FRe) B A4 A E dQett. gatA 239
ovotransferrin?} 22 transferrinsol] 2= o] At} (tadpole) ¥ AlZolA F23 FEFEBHFAAQ
o] transferrins = glycoprotein©. 2 1 ¥-2}#-& <k 80 FLHC A A E A A&7 & o] &3] QA2 &
kDao| ™, 27§ 9} 27} A 249} A jto] 758t of Ao =F3ted 7| Rell A Foz AEAE H4abst
transfemnsA Fo7| T AEU H S F&sAY o HggezA o F5 Ad 2 dFACd o3

Hote 98 & . Hol 22 AxY 9 A Aol ad AE ANE & UAS Aoz A}
plasmamembrane©)] §l= & 4=3} receptor @) A o] A BH}
3tel & (ransferrin-complex BB 2 A E o] Eo]7t
t}. o] transferrin receptore= A £ 2] o] F o u}
2} A @t} (Streu er al., 2000). & ATUE FF e
H e ole s o] F4 = pHell of & 2951, Al
F¥YE F59 H-L2 proton motive forceol] 2} 3l Ferritin light heavy chain (FLHC) genet:= 4% =&
cytoplasm7}A] o] EH T 1 & Ho] Add du A &3 A%, A Y gutste] =3 A2 5 g A
A= oA transferrins©] Wi 7)ol o3} H & S48} o2 4# A vt Fe #8 {4 A< FLHCHAA S
7] 93t N 2-& =82 A2 skA = o). gk free iron 21 & 95 & promoter?] 35S promoter2} TnosE A&
o] ME Yo EA3IH o] A2 hydroxyl7] & ©F7] A sto] A2 FAATFL vectorS A 2Tt A&
A A X s F53 A Eo] A} a8z & A ZH A A F & binary vectors 4}7] cassette vector
ol AIX Ul HZE=H /M8 531K &2 ¥ 7} 23 o] v %339 border sequenceE 7}A) 1L

2 3FHolol @tk TREFANE ] B3 3

o] 9] 9 X7} haemoglobint} ©) haeme) 23w,
WREo Unz] AEL Axuel 3 A% gl

ferritinol] A AHt}. o] ferritin 3+ ¥-2F= 450070 2] 2
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913 pRD400 binary vectorE Al&3la] HEZH o =g
7Feto]l Al WA FA & (NPT 11 gene)$} tadpole
ferritin heavy chain gene %! human ferritin light chain
geneS -8k al L binary vectorE A 2§t of
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