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ABSTRACT Bet A and Bet B genes related to salt resistance were introduced into Lycium chinense through high
efficiencies of plant regeneration. The explants were precultured on the shooting medium which is consisted of MS
medium added 1mg/L kinetin and 0.05mg/L IBA for 2 days. After pre-culture, they were immersed in LB media
containing Agrobacteria tumefaciens harboring Bet genes, and cultured on the same medium. Putative

transformants could be selected after cocultivation of the explants with Agrobacteria on the shooting medium
supplemented with 30mg/L kanamycin. The presence of both Bet A and Bet B genes from the transgenic plants
were confirmed by PCR amplification with the gene specific primers and subsequent PCR-Southern blot with labeled
Bet genes probe. The expression of Bet A and Bet B genes in the transgenic plants were observed by RT-PCR

method.

Key words: Agrobacterium, Bet A and Bet B genes, regeneration, transformation

M B

F71JZRE (Lyium chinense)= 7¥A 3o &8t 994
FHOE o] ¢ 7}3@4 Fejuiet dellA Aul st
ol A& zpY 0}74‘% é]
F dhutolth Hlel=
a50] IR A 50 %k%}ﬂﬁﬂi*i A}, QH’B}Z}. a
dEeSAE 7HrEo e ow A7FAE
A Foll AWRIES] BAo] ZolRHA

*Corresponding author. Tel 042-866-5434 Fax 042-862-2522
E-mail dcyang@gtr.kgtri.re.kr

TF71AT- =25 HA %7}513’_ A FAolth F7]2t
ol Ao e A7 1984)c] A4, A4, &
W&o 25 e A AE U2, Park 5 (1993)0] +
1A 95 Aeig ?ﬂr‘é o &g AEsE B
g 2o B % ?4;%91 Park - (1995)0] 7
71AFTFSl rolC %%j A 29 ?L/\}éﬂ Jenk By o]
RV B %xdxm £92 olgolA A Ak

WA A8 9F %5 o g}, 5 R AHFAe] M3l
we} Az Wo) HEGE fA57) g U PR B
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3H oy 2F9 nAEL proline, glycine, betaine,
polyols, sugar 5& Aol I F5Ee HF
AE Aoz U4¥HA slow, o] F £ A7l AHEH
glycine betaine2 B Eo| A 2¢A] WS-8 E3) cholineo
A A=Y, 71 R @A E choline dehydrogenase (CDH)
o o8 Euj=| 2 (] ber A : choline dehydrogenase -
Azl o F3), F WA DAZE ber B 3R] HHEQ]
betain aldehyde dehydrogenase (BADH)<l - 2j8] S
Roz 4HA Utk (Apse et al. 1999; Bordas et al. 1997).
WEA FAzRe AZ0 9% 2E#H A tiEo] &Y A
AL JANIIE FE F0 WAL veEie faReld
o}z o)F AMg3std FrIARTe] FFAHE AT A AH
BIE vt gick

b B dpoAdE AEx R AE 58 g 712
< AT F7ARY] HHAE AEsHR A 2FEto
AR ZRE A AZ2E Frde HE o83t A
AL GEA7| A 39, o AESAAE vEeE 7
71T AF FE fAA (bet A, bet B) =S A% &
F4Ql FHFAFANAE A7 TR | 1 BHE
olo] B &= ulojch

e

Aok FNANEG 24 AXE HHS G} HINNEF
o £AE 70% EtOHZ 307k AAAZl £ 2% sodium
hypochlorite &-od] 1587+ R HFS5E 33 F
AstFcy. THAFHE ZRE 3% sucrose, 0.7% agar7} 27}
¥ MS "A] (Murashige and Skoog 1962)¢l X3ttt &
AR= 25£1°C, 40 uEm’s”, 16417 BF719] wiFAolA of
7~109 F<F FopAATH

AlgH Thest 22 2

oF 7~109 B¢+ A2 FAE2AY g = FuUAES
o8 712 FX9 kinetin, zeatin, BA, IAA, NAA, IBA, 2,4-
D, CPA7} H7}E MS7]|Euxd] XAV & 25+1°C, 40
UEm?s", 16217} 237]9) wjakdlol ) A2E Tt AR
sol Q) AR2AA G} 1 B 2HS AEsAh 1 F
S5 Axo) W2e 93 1/2 MSHIA o] IAAS} NAAE
74710,0.1,0.5 2 1 mg/L2 F7kste] AZe] Baobe =
AbstgTh

KanamycinO| 727 |XHHS HEX|of| 0|X= gt

Nz §% =)o) kanamycing 0, 10, 30, 50, 100mg/LE
oA e 9, A S HHE 1-2cmE Fod 208k
Bo& xAeldth vk 43 £ kanamycin FEo] WE ¢
Ao AE, NZIPA FF-E AVt FAARA A

A3 AREES 2R
AR (NaCl)7t 77| RHAS0 DI |z ZE

AAAQ 7| AR FEH vX s FFEEH A (NaCl)
9] H2YAFEE A HElA Al f% #fA]el] NaCl
£0,1,152%% AFstd 15709 FHE X453k vl
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FAAZ] 222 WY FAA (ber A, bet B)= gly-
cine betaine A, B geneo] $F-F Agrobacterium tumefa-
ciens (LBA4404)E AdATHANA Eopito} A3
FARGEPEL FANR FAEBAY AF (0.5 om)F 8
W& (0.5~1cm)g A2 A3% F precultureE 0, 12, 24,
36, 48, T2A17PE2 3 WA FZ AL MS7)Eu)A], MS+2,4-
D 1 mg/L, MS+kinetin 1 mg/L,IBA 0.05 mg/LZ 1} Hj
okslth oS A. tumefaciens ¥ SF ol 10~1587F Z3u)
oFgte] o] thA] kanamycino] - X FE A uj
Aol $A FRASAA WFATh AR {2 A wfA
A AEBE F7E 685 F U A Wil &A WY
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BHH FARA ber A, ber B f874] £ iR
F25h7) 95l PCRE 435t9ith. DNAE Edward S
(1991 ¢) Wz FE3 o, PCR w27 94CollA
287} pre-denaturation3 §, 96°Coll A 30%7F WAL, 60Co
A 30&7} annealing, 72°Col|4] 1587} post-extension A7]
v 2722 Yk PCR ZZo| AML3E primers bet A
A7H457 bp)¢] FEL 48lM 5 -GAGTTTGATATTCC
GC TGGTGC-3% 5 -GGGTGATGCGAATTGCGTCG-3’
S MBI, bet B -3 AF (335 bp) 9] $&ES A= 5-
GGCAATATCTGACCGAGCATCC-3' & 5 -GTTAGTTT
GCGGATCGAAAACG-3' & ARE3Ith A48 DNA i
E& 1.0% agarose geloll X A719-&3td 271 ERI3IATh
PCR AHE2 A7|9%¥ AL nylonmembraned] blot A7)
A, MegaprimeTM DNA labeling system © & labeling® ber
A, bet B probeE A1-8-3}a] hybridizationg 3515t}



HAHBA ber A, bet B §70) BHoiRE A1)
e WEAE AT 9L @hﬂ 448 A7k
WA w8l & Total RNA isolation kit (Advanced bio-
technologies) & ©]&3le] & RNAE F%3l2 spectro-
photometerg o]-&3}] Xj%fa}iit}. PreMix " "-RT/PCR kit
(Bioneer) & ¢]&3l first-srand cDNAE 43 & He
3t bet A, bet B primerS AR2-3}e] AR2-¢o] Wb oz RT-
PCR #H-8 $38}%t},

OF 7~10¢Y < oA 7l FAEA A BH e 2 &)
&S o8 7R FE9 kinetin, zeatin, BAP& 7%
cytokininF$} IAA, NAA, IBA, 2,4-D, CPA$} 7-& auxin
F2 O . 2478 A7 kinetin?} IBAV} H7kd £44
ol A F71 AEsHgol FaaA AU (Figure 1A,
B). o]oll me} #7)#4e] F-glol] X< kinetind} IBAS] &
HEe & o FAHERE #e1dt7] $5ked kinetin 1 mg/L9}
IBA 0.05 mg/L% JHoE &= 1 2EE AR ALY
o IBA 557t BolHEE 2w {719 JElE shoot
AL RS kinetin®] F7b Fold4E Y £7)9]

HAEo] HolAle 7o) AFEUTE o] 4PE Foa
o] E uf kinetin 1 mg/L, IBA 0.05 mg/L.2] &8 2]ulx]d]|

A ek 10973 71 e dedst AR RejelA et
FEEHA shoot7} E31E 00 MY 20€734ll #3848 shoot
© W 30 Fole B9 5~TAZ AFH 771 27
AEste] 7HF FEF HETEE LS & ATk

Figure 1.
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FTHE T widaAE ZARIA G159 A S
EFE9 ZAE 13 MS Bople] AAksle] o 7~109H
é]gxﬂ.,] Bhal&3 2192 kinetin 1 mg/L, IBA 0.05 mg/L¢]

TE&AA ] A8t 65 Fol| FFEACE FFEEE
ZJ%H.&ﬂ FEANET ALl FESAL WY T H
AL vt A Ax K= F A Ao Hoh wEA)
dolutth (Figure 1). F9E 2 shfSo] Aol Hgted A
w3HEo] @A A ZAMEOH o2 A shull o]
AEA A UM AAHA ARYE ¢ F AN
(Table 1). §¥19] A3 AN F7IAFY] F5E3 HH
A Fol we} auxind} cytokininel] tht wh-g-o] thEA
BFoBE AEA AEstl o F53 4 wet A%
ZAEHY TFSY JAFFEE THY ot dE e
A 7t=] ATk

710 @ 2o] E3F9) auxin £2FF Rty AR}

7398 71&0 EIiHe] Q¥ (Kim et al. 1993; Park et
al. 1995) 42 vjx]2] hormone AL ZAHEE 0, 0.1,
0.5, 1 mg/LZ NAAS IAAQ =52 Yol wjkslsdct
(Table 2). NAAS}H JAA 1 mg/L 52 A3 Ae|qolA
°F 90% ol’¢e] W& vebd vHH XP"-EE’J ﬂﬂ—?"ﬂ*ﬂ
T Ao E ¥ tIES Jepidth 8 REe
TIAAS] 7% 122202 2~314 yHou NAA7} REL]
iR E 12 28 7F 53] AZP e ole TAA AEA|
Az 718l callus AE] 2 2H H]s] NAA A FolA
+ thZe] callus7} B o] dho] AsE Ao g AZHEHA

t}. Hammerschlag £ (1987)2 ¥ Fx9 auxino] A% 7]%

Table 1. Effects of cultivars and explants on the shoot regeneration
of Lycium chinense.

No. of cultured  No. of regenerated

Cultivars Explants

explants shoots (%)
Cotyledon 50 12 (24)
Chungyang 1Ho
Hypocotyl 50 36 (72)
Chungyang Cotyledon 50 24
Jaerae Hypocotyl 50 22 (44)

Table 2. Effect of phytohormone on rooting of regenerated shoots
of Lycium chinense.

hytohormone Concentration Rooting rate No. of root
Y (mg/L) & formation
0 ++ +
0.1 ++ +
NAA 05 - :
1.0 ++ +
0 ++ +
[AA 0.1 - N
05 ++ -
1.0 +++ +++

+ ! moderate, ++ : good, +++ : very good
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of Tl callus® 712 e ohiz AFHE Rele 2
ol FA iy It mebd 7L FE9] auxinol®
R H 02 Bo] B& NAAHNA Thee] callus7h 2l
3 olflo] Wd] RAHOE 483 AOE B 1
A FrIARRERS] e AEET BEFE AR &
W 1 mg/Le} IAA7} H7H8 MSHIRIOIA 7ha okssh)
A=)} (Figure 1C).

KanamycinO| 717 |ALtT ZiHx|e| Aol 0jxj= F&

T2 ZAE 43 S 10 mg/L7HRE A At AAE
o2 FAHUA A7 AEHNOY, 30 mg/LEE = A
Al Aol AL AFe AHASode shufZo] v)s
kanamycind| © Z47de] 733 10 mg/LEE 3 £33t
o] gttt o] AAE B o FHAAHA MLg A3}
kanamycinX 2] 4 L HAHA M Al 30 mg/Ls
EH FRsthy AZEo] kanamycin 30 mg/LEE A
w2 A3} (Table 3).

ARl F7|AE A A 9] kanamycinol )3 A 3=
2}

AFNaC)7t 717 | AH7 BEx|| Mol D|x|= 28

FRIEH S (NaCholl g 713U ARA e 4
A FEE A f3 483 A de3 2t
(Table 4). NaCl 1%= A Ae AAZo®E AAFHI oL
shoot7} 23t%)2] &9tF, NaCl 1.5%FEl= A% Aa v}
shoot7} 32| gom RS FAIY o] A9z F2A
Ao FHEHAA A FEE AT A EF
(NaChA g 93 A= NaCl 1.5%°)H 2=8sicy

Table 3. Effect of kanamycin on the growth of cotyledon and
hypocotyl explants of Lycium chinense.

AtE gt
T (RifRe] EEEE o H2st

Ao} 22 AR 2L vgo R FAARE Fsh
P12 FAEA Y A (0.5%0.5 cm)# 3RS (0.5~1 cm)
AHAE Fadolr st Mg A% T zsudd
bet GAA7} &R Agrobacterium FF FFu%E7] A
o] A F717 iR Zd 0] F71A] ARG ofuw gt
FIS MASAE AP Y5t A Ade O
7t} (Table 5). MS7] 2 A} 2,4-D 1 mg/L7t 868 HiA]
off A Aol MY 717kl Atglel M3 gya
U E7)7F £3kER ¥ 25 Z2EsiAY delEn 7ARE
WA, ARESEA] 2o duiedks ¢ Aeole FHASAY
3% ¢k 109 Fol Ae2rt FEH7] A)FEHA o 455
Foll= shoot7} ©= e 402 AA FA U (Figure 2).

AN ZEE 2447 o) AEsi Ao X]dste] Auf g
= AAIG Foll LB wiAoN Ae wjFst Agrobacterium 3%
10~15% 3 33w S §F 7A-9-ollgh A=) ol A EAA
ERE E3} o] FoiFth Ak 48A17k0] e | 7
+20~30%% W) 2 A FEREES EAX 9 9

Table 5. Effect of growth regulators and pre-culture time on the
transformation of Lycium chinense.

KanamycinConc. shoot regeneration
(mg/L) Explants (%)
0 cotyledon 100
hypocotyl 100
10 cotyledon 0
hypocotyl 100
30 cotyledon 0
hypocotyl 0
cotyledon 0
0 hypocotyl 0

Table 4. Effect of NaCl on the inhibition of regeneration from leaf
explants of Lycium chinense.

NaCl (%) No. of explants Shoot formation (%)
0 15 20
1 15 0
1.5 15 0
2 15 0

Media MS MS+24-D MS +kinetin Img/L
Hour Img/L IBA 0.05mg/L
0 — — _

12 - - -

24 - - +

36 - - ++

48 - - ++ +

72 - - +++
-10%,+ : 5~10%, ++ : 10~20%, +++ : 20~30%

Figure 2.
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(Table 5). Z12{v} HujFAIZre] ZAAASE ber A, bet B &
ARl olgt FAATRAY FEE; RANA oln Eipx
Zo] whEo)zl AejeA] kanamycino] H71E Aol Hj
Fatdzlel £t AlE o] RoAHE THsAo]l Y28 = o]
N o B9 EAEY AR ERI0] 87Hh o4
o] Axe F71AY] FAHEE HHEA 7 ZEEE adapta-
tiondle] MEe] E3lzo] ol AL FRE Fof #F3} T2
WS sfopt EAolm, o] WA ] WS
7119 Ao E Azbet

6~83 T AEsIE Alze wufe Aldhste] F2151
I, A8 AEA Y B 159 ¥ bEsen, 25y
ol g2 et 34=Jd (Figure 2). A% FEE &
, X ol & il A& #ae] avHY, HA oy §
AFNWARAAL bet A, bet B §-37}00] 28 AN EA
o] FUNAEAE ZAVT 88 AR Azhdch

1o o
K

ARZE FAEA NEY ber 177 4 o3& Folst
7] 93} genomic DNAE ZZ3o] PCRS 4339tk 1
A}, YAALANNE ber A (457 bp) FAAL ber B
(355bp) HAAE AT 4= AU HAF ABAME o F
A bandT VFERA) stk T3 Vir G (837 bp) primero]
g #H7 FEL B & UYONE o] AR Agro-
bacterium® g9 95 Uehd A7} old-g Folg
AR} (Figure 3A). E71AHES] bet 44AE Probe2 A}
48] PCR 5% DNA ©#ol| )3t Southem blot 24
ANE A7 Y% YRo)4 bandE BT 5 Tt

Figure 3. PCR (A), Southern blot analysis (B) and RT-PCR (C)
from thransgenic and nontransgenic plants. (A) Agarose gel
electropthoresis of PCR product of nontransgenic plants (lane c) and
transgenic Plants (lane 1,2); (B) Southern blot analysis of PCR
products from control (lane c) and Ber A transgenic plants (lane 1)
Bet B transgenic plants (lane 2); (C) RT-PCR product of
untransgenic plants (lane c) and transgenic plants (lane 1,2)

TR A2 o BEEMEE L Y - 5]

(Figure 3B). ©|Z-2 HAAHIA Ax LOZ ber FAA7}
(Ao =YHASS Yehlle Asjoln) 3, FAAS
H FAGFA ber A 2EE lsly] $ls RT-
PCRE 3tk FAASA M= ber A (457 bp) H-A=}
L} bet B (355 bp) §AAE 1T 5 AU HAEA)
ME o™ band® YRR k9tth (Figure 3C). ©]4k9)
AAZ L7 AR 29E ber F AR} o7 U

2 e AE #YE F ATk

q 2

PR B0 ARSEAS o2 AFWYR
ARl Bet A% Bet B #7218 TS ALk 271#}
Y7o AHAE AEEZ kinetin 1 mg/L, IBA 0.05 mg/L7}
H7H MSulA|ol] 297r Aulkst & Agrobacterium=} 2
ZujoF 2 Mumfzjox el wjkO Z kanamycind] WS Z+
© 4822 FAAGAE FE8Th FFAFA = PCR 7]
H 4 Southern blot £4 2.2 Bet AS} Bet B 547 AolE
IR, =UE F4Ae 2E-E RT-PCR W& AHE-3}
of gelatgith
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