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ABSTRACT : This study was conducted to introduce phosphinothricin acetyl transferase (PAT) gene, resistant to basta
which was non-selective herbicide, into balloon flower (Platycodon grandiflorum A. De. candolle). Seeds were germinated on
MS medium, and 10-day-old immature cotyledon explants and 30-day-old leaf explants were cocultured with Agrobacterium
tumefaciens strain MP 90 (pBinSyn) on 1/10 MS medium for 48 hours in the dark at 25°C. The cultures were transferred for
selection of kanamycin-resistant shoots to the MS medium supplemented with 0.2 mg/f NAA, 1.0 mg/f BA, 3% sucrose,
100 mg/¢ kanamycin, 500 mg/f carbenicillin. Shoots were obtained from 10-day-old immature cotyledon explants after 4
weeks of culture. The shoots were subcultured twice every 4 weeks on the same medium for growth of transgenic shoots.
Successful transformation was confirmed by histochemical GUS assay, PCR analysis, RT-PCR analysis, 10 mg/¢ phosphi-
nothricin treatment and 0.3% basta spray. The basta-resistant transgenic plants flowered normally.
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=2KA) (Platycodon grandiflorum A. De. candolle)= $-2]
vghe] Ak} EollA] &3] AlEhe 25Ee] thdRga 24
7w ZAsted fEjuEle] o= Aot AujE = Yl
o, B E 27 @l 3t s, A, 71B3AE 5l &
o] 3lo] ok8 o= gy o]&Fn S 4802 Jy| o
L5= FHEolt}. EEkK]9] BElelli= platycodind} platycoside
gl= AlEdo) gheslo] QT (Sacki e al, 1999), B4 A
AE AAKE SOD E44¢] A, #HEA 3gEo] vt T
o] 9t} (Lim et al., 2004).

=K1 Aufel] JoiM UYR-E T (Kang e al, 2002)
3+ Ak v)Ee] AlH] W (Seong ef al, 2004) 2] Auj
Moz 38 sty F2E AL 5 UA Azt

43] Aol AZ2AAE ok 37| wiiel ool wE JAAMTt
Bo] &9¥o] £ABo] Wolxe QRlol =i Utk A|zA]
A PAAFE A E el AZRAE 13 X
Aoz AzAYE vAA HEE AR =YE A Y F
AE Zlolth.

AzA Y FAAT S WEe7] ehAM bar gene
ol2}i YR Streptomyces hygroscopicuso|X F2FE 3
A7} Bo] ALEEo] $ko}t (Woo et al., 2001; Yang, 2001;
Ha et al, 2003; Cho & Kim, 2004), £ A-FoA & bar
FAAY] GCEEFo) 68.6% (White ef al, 1990)S1 Z-&
49%=2 ¥ F 4 PPT A3 74 (NCBI GenBank,
Nucleotide Accession Number A02774)2 ARE-31SiTh

E Aol A ARESE A &A= bialaphosZA4] ‘HEAEPE AF
FHoE djsy glom, vMeido|d ] A4 F Az &
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2] ERE 70% olghgol 30327 AR5l 7|1 EE A|A
1o Hageol 287F AlE3 3 3% Aolgadt YEF 15
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B2 A3 LI BEFE 28, SR 1587F 33 Al
A & MS iRl SpFdled FgHod doprzlen IF
F 10d € vls A9 d5ds FENE ARE AR
dct.
2. SETSZ PAT TR 2 Agrobacterium {2

£ ATolM AR AzA A FAAE bar 324
GC FFo] 68.6%2 AL 4% W Q1% §4 PPT A%
A 3} (NCBI GenBank, Nucleotide Accession Number
A02774) 2, phosphinothricin acetyltransferase -+3A} (13}
‘PAT #-34=} F7))elt}.

PAT -+A 2= 358-35S T2 X E|2} Tnos Akolol X5,
Ak ¥A $AAE NPT 9 GUS §2427F 39 binary
vector?! pBinSyn (Fig. 1) Z3gin YHF w52 FE
Rokwrol Agrobacterium tumefaciens MP 90¢ T3 -

Kpnl
BamH |
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RB 355/35S
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GUS:NPTH
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Fig. 1. Structure of the T-DNA regions of pBinSyn.
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50% SeAE Yol 80Tl Basirh

Agrobacterium tumefaciens MP 902 YEP ZLA|w]A|
(10g/ £ trypton, 10g/ £ yeast extract, 5g/{ NaCl, 2g/ ¢
D-glucose, pH 7.2; 12% agar, 25ug/mé kanamycin, 25
ug/ml gentamycin)ell HE3t] 28Tl 37k vt &
d F2YE YEP IR (10g/£ trypton, 10g/ £ yeast
extract, 5g/£ WNaCl, 2¢g/£ D-glucose, pH 7.2; 25 ug/mé
kanamycin, 25 zg/mé gentamycin) 5 mé o] ZE3}] 28 Col| A
200 rpme. = 24117k uiokst T, kel B¢ Agrobacterium
500 15 1710 MS AR (3% ¥ 20 o)) 3]435}e] §
FAFE- 02 A8
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o, 25CE fA=EE WFdelA 3,000 ux® 1677+ vi%Fs}
Bk AR oA PHE RAols ME A AR
23] &AM s, AduhiR|o) ] AEIL 2xE B ¥

o]

48 MS WK1 mg £)2 &4 o] IS fEsich

==
kLS

. s 24

(1) Bglucuronidase (GUS) 4

GUS #Ax] = 2 I3L Jefferson (1987)2] wHel
we} AAlsdnh & dk =Ekx| o} FAAEA 9 S
100m¢ X-Glue &9 (250 ugmé X-GleA, 13.8 mg/mé NaH,PO,,
0.05% Triton X 100, 20% Methanol, pH 7.0)° A|d}xL
37CoNA 24| 7F HESAIZ] & o] Z HO|=F 95% ollet

Lo 24N7F BV 454 AASHE, ARE ZYsIith
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(2) PCR 2 RT-PCR 24

=2kR] FAASA ] Al Wl PAT, NPT 2 GUS 522
7F AYEREAE R3] S8k FHEA 93 vE
33Tt GUS BkelM oz I1d FEH3 mepA| ¢}
At w2lx|9] -2 ]3] DNeasy Plant Mini Kit (QIAGEN,
Cat. number 69104)Z AF&-3la] genomic DNAE F&3I3 T}

PCRE TGradient Thermocycler (Biometra*hy2 AR5},
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Table 1. Primer pairs designed to amplify internal PAT, NPT, and
GUS fragments by PCR and RT-PCR

s o
Forward CTACAGTGAACTTTAGCACAGAGCC
PAT Reverse GTAACTGGCCTAACT GGCCTTG
NPT I Forward GAGGCTATTCGGCTATCGACTG 200
Reverse ATCGGGAGCGGC GATACCGTA
aUS Forward CGGGCAACGTCTGGTATC s

Reverse TTGCAAAGTCCCG CTAGTG

HotStart PCR PreMix (Bioneer Cat. number K-5050)° 20 ng
DNA (24), forward$} reverse Z&}olw] Ztz} 20 pmole
Qu) 2 FFF 1445 F7hetd % 204 2 ST

AHe-" primer®] sequence™ Table 13} 7t} PCR &7
95Co|A] 15%7F HotStarTaq DNA PolymeraseS 43117
3 94ToA 30%, 60CoA 30%, 72TCoA 187 ¥H-2
3538] wkEsigom, 72CHA 1087 SFA1Z{th PCR W&
o] Bd ¥ A" AE 34E 1.2% T 1.5% agarose
geldlA 100 V2 45%-7F A7|953kaL, Syto 60 (Molecular
Probes Catalog No. S11342)2. 2 30%7F G418 & FFpel
1587 @7hA 2453, Odyssey (LI-COR| Infrared
Imaging System)Z AR #adsle] f27E 4] A5-F ER11
ShsTt.

DNA® FA%NE 457t 23] fside RNAR A
AHE § O SRR RS gl R wdse e AXA 2
t}. DNA7} RNAZ AAEJA=7E ERlsk] 918l RT-PCR
RS o838t

GUS yHollA o= Eld FAHEA o dnt meiA
(thz7)9 42 3] RNeasy Plant Mini Kit (QIAGEN,
Cat. number 74903)2 ARGl Total RNAS F&315ch
RT-PCR2 RT/PCR Premix (Bioneer Catalog No. K-2055)
£ A8t 3] tubetellA one-stepo 2 FRIE YT

HA 4ng®] F3 RNA @)} reverse Zehold] 20
pmol (2 )& BFHE tubedl EFE F, o] EFAE 70T
Al 587 REAIA & el B Sle RNAE #HFa, ¢
2o S8 FATACE EFY 6 4L 9} forward T}l 20
pmol (2 /4£)2 RT-PCR Premix tube®] %3, 0.1% DEPC
water 12 45 o] F% 20 L B B3t}

One-Step RT-PCR =78 47CoA 3087 HRA}
(cDNAZ M) &, 94CollA] 587+ RTaseE EE4431A17]
94TolA 30%, 60ToIM 15%, 72ToIA 4527F W3-8
303 wHESIon, 72CHA 5E2F SFAIAT PAT 32k
£ ZE317] 98] AFS-E primer®] sequences PCR HHg-<]
AH-E 73 2Tk RT-PCRO] €Y ¥ A€ A48 342
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12% agarose geloll loading3l3Z, 100 VE 4587 H719F
3 %, Syto 60 (Molecular Probes Catalog No. S11342)°
2 3087 gAsty FFF 1582 27 g4 6k
Odyssey (LI-COR®] Infrared Imaging System)E ARI-E %
33Tt

5. MI=Hl At 43

GUS B4 5& &3l gAxso] gRlE =2tA|ellM PAT
SRR HF s A5 T QX E FEls] a7
wjoF A} 4] BAIA AzA A3ES AP AT

I SOl E 450 me wiEEe] MS HIXS 100 mé
Ezsle] 373 ¥ 10mg/ £ phosphinothricin(Duchefa Cat.
number PO159)¢} 250 mg/ £ carbenicillinS- H718F & F2A
3 =9 At 2RSS wiA del| olXeka, 337
el AzA Ao b AAF wsE ZARL
224 G E FAAR Eeix e gut ZER|E s
o A& F 03%] HREPE AEA dWe| sty 7Y
ZALskAT

ko3
T

Zip I oz

pi=

=R FAE MS iR #53 F vAds Y B A4
2919] AA| PAT FAAE EFSIZ U= Agrobacterium
tumefaciens MP 902 BFsIal F5ulgst & M=ol ]
dsideh, Aol 4537d vk A3 Asge] e
Agrobacterium® 7353 39 28 AWo] A wjx|oM 2
ol A3 FAzFo] o|Foix]A] ghgton, ulids g A
Hol| Agrobacteriums 3% Zolle M A AW A
Hrlol FAMAN R = Bt FAHEAT Fig. 2).
ol&3t HAols MZ AT Ao 45 7HHOE 23
AdeeFste] Atsle #4E ARen, Fgoks AR
A A Asle] Zhzt 107)] o] AlxE F4FHIAH
A4e Bole] Amrt WA AlE E4o] E7] wiEo] 39
22 (Komatsuda & Ohyama, 1988; Kim ef al., 2004)
2 Zwo] AW (Kim ef al., 2005) 5-¢] AMEE Zo| o]
£50] st} B Aol =X 4&5EE FHHE o
739 A8 FAHS | HA oyt nAds AFE ol

" AE 28T o e 248

. TelX| gEEstie| SRR A

(1) GUS 4

GUS fr3zte] =9 2 1S FRI3p] i8] AauiR]olA
Aukel FAAgA 9} At =EiA]e] A4S A3l GUS &
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Fig. 2. Putative transgenic shoots formed from immature
cotyledon explant of balloon flower on MS medium
with 100 mg/t kanamycin and 500 mg/¢ carbenicillin.

Fig. 3. GUS expression in balloon flower leaves.
A: Non-transgenic leaf, B: Transgenic leaf.
& zALEAT. GUS 37 42
wo] AMgEe R 2
M A kgo] e dojubA] et Aduufx|elx
uE = A WS BTt (Fig. 3). oldd
FA2E Z == FHEHAEE viske Alow,
GUS 4 w2 Hel AEAEC] FHHIAAE Sk
Zolt} (Hoshino et al, 1998; Belarmino & Mii, 2000;
Tsukazaki et al, 2002). AZujR]ol|A] Adtd AZE GUS
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Fig. 4. PCR and RT-PCR analyses of basta-resistant balloon
flower plants.

PCR products of PAT (A), NPT (B) and GUS (C) were 371 bp,
700 bp and 515 bp, respectively. RT-PCR product of PAT
(D) was 371 bp. M: 1 kb DNA ?e/ldder. Lane 1: Nontrans-
genic plant, Lanes 2 to 5: Transgenic plants.

(2) PCR % RT-PCR &4
2] PHEASA ) At =2kR] ] YollA] genomic DNA
S & PAT 34 tigk PCR £4& A8t
IR E EF PAT H3A1e] PCR WI=E 2RI
o, dnt =R dxe WETE AT (Fig. 4,
TS PAT 31719} 2he HHA|o] Eof glom, HA]
AR AHEE NPT §4218F GUS 4218 PCRE #4943}
At AAAE =kl E 700 bpollAl NPT -42+2] PCR
W=t FYAENT (Fig 4, B), 515bpollAl GUS %A1
PCR W=7t 374 =Hlou, 4t Zeijolie WErt 1%L
t} (Fig. 4, C). o1’de] Azjolx FHA% =zl GAA
el =4ekaAt she FRAT 2 AREREe] ER1EAT
DNAY EA%%= 887 Ha=7] 9Jsiie= RNAR A
AR O fRRESE R Hdse B3RS AXA 2
T}, DNAZ} RNAZ AL ERE7HE 318k 938k RT-
PCRE 88 A3} GUS HkgollA] ooz Fole ¥aa
& =EHoME B 371bpollA] PAT R2171e] wi=rt 34
HA o, et ZRje M= Er FA5R] 2t (Fig. 4,
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Fig. 5. Response of non-transgenic (left) and transgenic (right)
balloon flower plants on MS medium with 10 mg/¢
phosphinothricin and 250 mg/¢ carbenicillin  after 3
weeks of culture,

D). °]&% A= 9% #3210 PAT #2417} DNACIA
RNAZ HAEQL-S onjsl= AL R, PAT #3471 =814
o) AFHoR TYHAUSS BRIsks Flojn).

i=]

2. MI=A Xgd HA

GUS F3AF 4 58 3919 &
A AzA AgAd PAT F-3x7T ekgFeg wdl
2 Z3}7] $151 phosphinothricin®]
AzA APE-E AASA

B Ao ALgE A|Z2A|E= bialaphos2A HlAERT AF

Zow =)y e HAEA AlzAlolt). Bialaphose
Streptomyces hygroscopicusZFE] A32d¥ 2849] L-alanine®
2 7AE tripeptide®] 3 phosphinothricin® 2 Z&% glutamic
acid®} -FAFEZo|t} (Kondo et al., 1973). Bialaphos®]
peptidase 712l 28] %% phosphinothricin® glutamine$]
S 733] JASH, glutamine®] Aol AA=H 4
EAE& glutamine®] Aol oFA =i Altiatel] Aol
= AEA ol gRUelrt F3E Axe IAKHA
Ft} (Tachibana er al, 1986). 28} phosphinothricin
acetyltransferase (PAT) -+Z1 2} phosphinothricin®] NH,&
ot gslsle S4ERY] FAHG YAFoEZN AZAQL |t
e A3dS JepliA €t

Hi ol o2k & 6dAFE Ut ZEi|= Yo oF 30%
7t Mo 2 Wl on, o 33Tl A3t E7171 100%
7} 202 Wale] s AR, EAE EEAE
ol Faliglo]l AR AEE AlEdte] A= o] A
H B Aol AEAEHUOH, FHAHE =A|vt
phosphinothricin®] A13M39& 13Tt (Fig. 9).
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Fig. 6. Response of non-transgenic (left) and transgenic (right)
balloon flower plants applied with 0.3% basta.

Fig. 7. Flowering of basta-resistant balloon flower plant under
plastic house.

15em AEZ AT F FFINE AMElY 03%2] vlkiebE
2 EA Aol ARSIt HiAEPE AEsial 7o) AR
% At mekAle Y3t 2717 URE 20 Wl 7o
Ao, BAAS e g 9A &3 AAFEQ
Aeg ASBACE (Fig. 6), ©] ABAE WS¢ 2E &
A Aeiet A= BFH o2 F)stslitt (Fig. 7).

oleid FAHAY Tt FrloIN AdEnkd & Az
2 Al AzA vpiEPE 135] AEske AR AxA
e A HEE =5YS WY & UG RolH, W
EPE Bl gA 2aE] dieel] 3 LFde & 9%
S A & AeZ JviEn.
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2 dopA & 102 E Pds AYH A=l Agrobac-
teriume AL 1/10 MS MR el|A] 48X)7F < 35 Wi
stttk TG F FAot KFEE sl MS AR
©2mg/ L NAA, 1.0mg/ L BA, 3% A%, pH 58; 3g/{
gelrite, 100 mg/ £ kanamycin, 500 mg/ £ carbenicillin}] ]/
alo] ujeket A3} ujds AGe] FHAN FAATA R 3
Hie FAobt FAEHIUR, AduiA]e] 23] Acjulgste] B
ARG FHAE ARSIt o8 st FAAE FYA= GUS,
PCR #4] ¥ RT-PCR 40l o5t FAHASAZ SRIFHNU
o} 3 10mg/ £ 9] phosphinothricin®] -2 wWiX]ol|A] ull
Fotd FAAE AFE RIS, kAl F 03% vk
EPE Axst A3 FARAZ A AZzA AYPS B
Ak vlzEpe] AGAFS Bl T AEAe FAEA A
|5 A&t Jistsisit.
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