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Abstract An interest in the production of seed-oil based
fuel and raw materials, which comes from renewable
plant sources, has been intrigued by the phenomenon of
global warming and shortage of fossil fuels. Rapeseed
(Brassica napus) is the most important oilseed crop,
which produces seeds with 40% oil. It is desirable to
develop genetically modified rapeseed producing oils,
which can be easily converted to biodiesel. As an initial
step for development of genetically modified rapeseed
for the production of biofuels or bio-based materials,
Korean rapeseed cultivars, Nachan, Youngsan, Tammi
and Halla, were analyzed. Four Korean rapeseed cultivars
produce 32 to 40% oil of seed dry weight, which is rich in
oleic acid (more than 60 mole%). The cotyledonary petioles
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of rapeseed cultivar, Halla, were transformed using Agro-
bacterium tumefaciens strain GV3101, carrying the uidA
gene encoding f-glucuronidase (GUS) as a reporter gene
and the phosphinothricin acetyltransferase (PAT) gene
as a selectable marker. The stable integration of PAT gene
in the genome of transgenic rapeseeds was confirmed by
PCR analysis. Expression of uid4 gene in various rapeseed
organs was determined by fluorometric assay and histo-
chemical staining. Transformation efficiency of a Korean
rapeseed Halla cultivar was 10.4%. Genetic inheritance
of transgenes was confirmed in T, generation.
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& Rysk, SYAIE AAT I E o2 F (fatty acid
methylester, FAME)7} A A &, Z|8}AF B g ol AE = H}
oot YRz AFEE 4= Ut} (Durrett et al., 2008).

A (Brassica napus L.)= ¥} (Brassica)®|| <3}=

sl el G o Mts s
BREL §R) S 4% 715S B as
*Eﬂ T OAfES 3538% o] o R W =2 ¥
aEnE 2 §% WS o gehel Aue thep
A EFoRRE dold 4 0L A8 FUE
cloFstA 8% a1 It} (Scarth et al. 1988; Riicker and
Robbelen 1996). 12U}, £&- Ol"l 7hs gt Aol At
S} 9l Aol EASA g Az e FAL =t
1:-” u} w7 /\]7]-01 uI—o] 74941— u}x4 o] olr/} o]e{s} = ]
S HBASIAA}F Agrobacterium®] Ti-plasmidE ©]-&s}7 4
(Moloney et al. 1989), H1E] & S+-§5}x] &2 DNAE 4AE
Ao A e E viol mA|F=AAIZ|AY (Neuhaus et al.
1987), A7 HAFHOoE ZgtAu|= DNAE A AA 9
L= ¢ A] 7]+ (Chapel and Glimelius 1990) ' & o|&35}
o] §A AEAY] FUMT A7t Ao Sk 1
U dd= AR &oldd A AEAY A&
|9H& = 4. tumefaciens®] Ti-plasmidS o]-8gF A%t
wpwo] olubH o2 o] 5T 9tk E e Tiplasmid %
Y YA B AAHE AAST, A2 Y
A W 2A st FAAES f‘éé‘ﬁ?} AR E
A =T = Qe EliEi FAAES =YT disarmed
Ti-binary vector system©| 7} %] H 4| Agrobacterium% o]
&3 FEAL A7 7HESFE QAT (Horseh et al. 1985;
Klee and Rogers 1989).
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hygromycin phosphotransferase (HPT) 53} A%

glﬂ

ol

i

O
6

N
o

.

[e
]

J

S

neomycin phospho-
A st
A A3
SR}, phosphinothricin acetyltransferase gene (PAT) 59|
e AHEEo ok 59 iLlﬂoﬂ/ﬂ% AzA We= 2t
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Brassica napus)~= W3k, G4t gn|, St
A ubfo] @ oY A Z-EANE (http://www.nics.go.kr)
o ot Aol ALgsteleh $4) FAHe 397
4Co A A At o2, & A4S st 0%
ethanolof| A 5E7F A X|8F & 20% sodium hypochlorite©f] 20
58 AYstglon, Bu = 5~63] A| A5Gt At
H 225 1% sucrose2} 0.4% phytagelo] H71% 12 MS Hj
Z| (Murashige and Skoog 1962)¢] }&3}e] 23 £ 1C o %
oA 44z wiFstsict FAAS] AHEE dHA =
wolgh 44 A4S rlRe 2R e ALga

HE Olo[f

B0l AHE 42 e wEE YA
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(NPT I7) gene, AAZ o] & A4 AHS gt A=A
A8 A phosphinothricin acetyltransferase (PAT) §-H=F 1
2] 2] ¥ (reporter) FAARZE Bglucuronidase (GUS)
AAE §H5-5F= pCAMBIA3301 H g (Fig. 1) freeze-thaw
U S 0] 8519 Agrobacterium tumefaciens GV31010] &
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0.2 mg/L NAA, 0.01 mg/L GAs, 500 mg/L carbenicillin, 4 mg/L
phosphinothricin ©] H7}¥ shootE FE3}+= HjX| o] %A
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WA RS0 E shootTHS A Ts}o] phosphinothricin
F=7F 8 mg/LQl Al R o A AHESE o] 172 MS Hl A
o Img/L IBA, 500mg/L carbenicillin 7} 3£3t% Ha G
v zjof| A Bej o] gde stk Bt W
A= Eoko @ 974 23+ 1°C, Al 27 (16hr day/shr dark)
oA =3FAF T

DNA &#2| ¥ PCR Z3

AEA WO 9l gene =P FE FIsty] s A
Hj Z]of| A} A E3}E] 7l A 2 5E] DNA extraction buffer (Weigel
and Glazebrook 2002)E ©]-&3}¢o] genomic DNAE H |5}
31, PCRE premix kit (Intron Co., Korea)E AF-&35}%i .
PAT G- A}of tjst PCR primer2 4] 5°-ATGAGCCCAGAA
CGACGCC-3’= forward strand-&, 5-TCACATCTCGGTGA
CGGGC-3’+= reverse strand-8-© & ZH|3}o] 550 bp 7] 9]
DNA7} &= & 5}9lch PCR ¥Hg-2 94 Cofl A 4E7F
Hz WA B0 94T A 30%, 58T A 30%, 72 Cof A
5022 % 303 WhgA|7| 3, vpR|u 12Co A 782 FE |
5 AFA 7 e 2R SHelet) o9 SBH PR
AHE2 1% (w/v) agarose A of| Al 7] g-gdto] &elstairt.

B-glucuronidase (GUS) &8 =4

FAAL A=A oA GUS 45 #A41517] $18ko] his-
tochemical staining assay 2} fluorometric assay % (Jefferson
et al. 1987)% o]-&35Gich ALE A A <, £, T4
£ Zrg} GUS staining buffer [50 mM NaH,PO4 (pH7.0), 10 mM
Na2EDTA, 0.5 mM potassium ferrocyanide, 0.5 mM potassium
ferricyanide, 0.1% (v/v) Triton X-100 and 1 mM 5-bromo-4-
chloro-3-indolyl-glucuronide (Gold Bio Technology, Inc)]of 4]
37C, 16~24 A17F 5F BHGAIFTE GX o] B 242
N o] §sto] ¢AFor GEAS LA AATH

. ¥4 (DFC 280, LEICA, Germany)©.2 #2-5}%c}.
Fluorometric assay Wi SFxpAMEFS o] &slo] Awke
NAY AL A H$ B GUS extraction buffer [50 mM
NaH,PO; (pH 7.0), 10 mM Na4,EDTA, 0.1% SDS, 0.1% Triton
X-100, 10 mM (B-mercaptoethanol] & # 7}5}o] w2 3}A]7]

T QARE (13,000 pm, 108, 4C)) 2Jafo] 450l
ol 34000 0| 85195 A5 ANe] TUAE 10 ugo 2
a5t 3, GUS assay buffer (10 mM 4-methylumbelliferyl-
D-glucuronide in extraction buffer)@} GUS extraction bufferS-
W11 37C, 308 ZoF uhSA| 7 0w o]o] A stop buffer (0.2
M Na,CO3)E #H7}slo] ¥ R A|Z T} Fluorescence
9] =4 9J5}o] FLX800 Fluorescence Microplate Reader
(BioTek Instruments Inc., USA)E AF-&5Fch AR &z

io-Rad protein assay dye 8- (BIO-RAD, USA)<

B
ol g3kof AFstsich
L /Aol Foi

A7kl s dojdl fA FEAAS AEAY T,
219} 2o ERE B (HEo| B -ALAE 123,
vivivyol| IHE35}e] 23 + 1°C, A %4 (16h day /
/\1 HHO]:O}-O:‘E]- tﬂ—o]_ 3, ok 1001 ?QE HHo @. Al
0.3% H}FAEF WA (Bayer cropscience, Korea)S AF3E5}HS
o, FEAAS AEA Y AL ofFo mepa Al xzA 9

g A oFE s

QEAS N =2

U= HEEo] Wi 10 Ml«] 1H—Hr *F %é], C17 0 TAG
A7Vat ? 95°C ol A 14]7F 305 PHPQA]Z_E}.
5 mlo) 09%4 NaCl |31 2 2 mie)
14 anes oot A 8 20
. ozl S B AuoLE o] Golol kA
A AF methyl estersE SR 31T GC £4-2 DB-23 column
(30 m X 0.25 mm, 0.25 um film thickness; J&W Scientific,
Folsom. CA, USA)o] A= GC-2010 (Shimadzu, Japan)<
ol &8 A £t &4 7| = AF (1 ml/min)S A}
ot AL, splite 130 H=5 stk Z42ho] AHbake
EE A= AF AZEY peak®] WAL BliLslo] ZA
boeh
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Hol el o] drwde Aiste Ae FA2d
e T U ALY FFol Ta3] i 2 dde
st o obA 24 e Witk FAb =, ko] 471
Al fr Al F5] AA o H 2400 Wid 24E 3
St A SAS] AAY SRS 300-400 pg/mg H =
o] (Fig. 1A), AAA A AYAL 240lle FF4 2
Aol g HolA e, I F FH AP At
oln, A FF2 VM FA FFoNA KF 60

3

mol% O/ AHA|eFaL &S EHelskgitt (Fig. 1B).
3] A "ol a2l dtel EFo] g &

aolAke] Bheo] oF 4 molt =8 AL o
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Fig. 1 Fatty acid amounts (A), composition (B) and oleic acid
content (C) of Korean rapeseed cultivars. Fatty acids were extracted
from dry seeds of four Korean rapeseed cultivars and determined
by GC analysis. Each value is the mean + SE of three independent
measurements

o] pCAMBIA3301 W€l (Fig. 2A)7} =% 4. tumefaciens
GV301E AHAZ3 5, AyA S5 T8L ZASYT
w2 Aol AR Hj Ao A T EFF B 1007] o] 4] F
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Fig. 2 Plant transformation vector, pCAMBIA3301 (A) and
regeneration of transformed rapeseeds (B to J). (A) LB: left border,
35S P and 35S PolyA; CaMV35S promoter and terminator, PAT;
phosphinothricin acetyltransferase gene, GUS_1,GUS intron and
GUS 2; uidA gene region of encoding Sglucuronidase (GUS)
including intron; NOS_PolyA; Nopaline synthase terminator; RB;
Right border. (B) Seed germination (C) Co-cultivation (D) Callus
induction (E and F) Shoot initiation (G) Regeneration of transgenic
shoots (H) Selection of transgenic shoots (I) Root initiation (J) A
transgenic plant in the soil

Table 1 Efficiency of callus formation from Korean rapeseed
cultivars

No. of calli with

Cultivars No. of calli PPT-resistance Ratio (%)*
Nachan 560 234 41.79

Youngsan 592 341 57.60
Tammi 719 446 62.03
Halla 224 154 68.75

* Transformed calli per total calli

sto] wrobAlRl th& (Fig. 2B), E7h2& & &
2l 12 mm WS T3 A AW A2 pCAMBIA3301
HE 2 JAAZo] B A tumefaciens GV31013}; & A9
A Fsafstet (Fig. 20). &M FS vhzl £ A4
HHAE F 204 AL FEojR| oA vfjeket 4
I, HEA o A FeloA ATt AU
o} (Fig. 2D). =% A A5 A AHA 25 E £25)
o shoot F-=HjA| oA 25 7HA O 2 34 A= A )y
OFSlH A A= AP A (Fig. ZF)Q]. MYAZHE F
A == shoot (Fig. 2G)2 A 9th FA = shoot= YA
phosphinothricing ©]-&3}o] &2 A2o] & shootE 122
AsGITh FAMEo] o] Fol X7 e AYLes Ax
Al A7 ol AR ET7E ARSEAIRE P A gl |
A Ak 2Ae §Ao ALH O A2AA shootS

e o]
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Table 2 Efficiency of transformation from explants of a Korean rapeseed cultivar, Halla

No. of No. of

No. of shoots

No. of plants No. of plants

. No. of . S . Ratio
co-cultivated calli regenerated resistant to containing containing (% )3
explants shoots herbicide' PAT gene2 GUS activity °

580 358 87 43 38 104

" Shoots were survived in shoot induction medium containing PPT 8 mg/L

? Confirmed by PCR analysis
* Transformed shoots per total co-cultivated explants

YAt (Fig 2H). AL AAES U2 A2 &
7 A Weo) AR R HAA F (Fig. 2D

BofoR §7 ¢34 ANY 23 RE AAAN 2L
A 9 A WA, T w welrh g oz Y

ot (Fig. 2)).

TArEESE 24 0 GUS &Y S olgst
slel 2%

og
1]
o
rot

FAMgo] ® f4 HEAE EYeRE &1 F &%
stof A[717] Aol FAAE A oF2 2k Aot Al
Aol W& 2= & 51 WA 9] 4 224 278 genomic
DNAE F&3to] PAT 74 =10l &gt PCR 245
A A}, F 43 A A o7t 27191 550 bp] DNA
band7} EHQlEfof PAT 31 A47F b A o2 = H Qe
& ZASAT (Table 2). 1 5 7 FAAL A it
genomic DNA PCR ZI}-£ Fig. 3A0A HoFal Qleh PAT

SAA7F = E A9 FAAZNAE AL S = CaMV35S
L2 E ] Ot uidd gened THL Folstr] sl
fluorometric assay ®H (Jefferson et al. 1987; Terada and Ko,

1990)0l] 7] 5}o] GUSE A AL 243 A3}, & 43 7|
Ao A 38 A7} GUS BAL zt= Ao g Flolw gt
FA Ao H 7

(Table 2). 71 % 12 240 4] Hoj%
Aot FAAS o] HA ke S YRIE AR5
Ml et o YAl B 43 geke] 2me] 4ol
£ GUS 529 S0 AYHes Fuzgol B oe
WAl Bl B -5 % Hh o, % Aol A= GUS
A7 AE e oI5}ttt (Fig. 3B).
ojgA AdH S“’Hﬂiﬂ 3R 9, &=, aea ddst
= ZZ9 4 1 mM 5-bromo-4-chloro-3-indolyl-glucuronide S
o] &3} GUS & Ao T3t histochemical stainingS A
e A, FAASEA G2 AEAY Aol
ol ofslf da FAo] H A %’%%T— (Fig. 3C), Btdof 7
AAgto] | §A4 A=A ¢, £, 121 Sds=
AN GUS Eavk G HOR FHEE 2E AUsH

olgA A=Y FALE 44 Ao
ot H]ixﬂ ‘41*3 4 GUS a4 Wrddof LAY gkt

TR A EF Ao YARHERE 2AT 23,

o oft N >

%

Dj—
=

Al
™

Co Po 1 2 3 4 5 6 7

10

Relative GUS activity

n

<

Fig. 3 Genomic DNA PCR analysis for PAT gene, and fluorometric
assay and histochemical staining for GUS gene in transgenic rapeseed
plants.

(A) Genomic DNA was isolated from 10-day-old seedlings of
non-transgenic (c) and transgenic plants (1 to 7) and subsequently
used for PCR analysis. PCR products were electrophoresed on 1%
agarose gels containing Ethidium bromide (0.5 pg/ml). p; pCA-
MBIA3301 plasmid DNA. (B) 3-glucuronidase (GUS) activity was
determined in non-transgenic (control) and transgenic plants (1 to 7)
using 4-methylumbelliferyl 3-D-glucuronide (4-MUG) as a substrate.
Each value is the mean 4 SE of three independent measurements.
(C to F) GUS expression under the control of CaMV35S promoter
was detected in non-transgenic (control) and transgenic plant (#3)
using 1 mM 5-bromo-4-chloro-3-indolyl-glucuronide. C and D; leaves,
E; Flower, F; Developing seeds

ala} oafo] FAAT oL oF 104% % UEh}= AL
g}ol3}kiTh (Table 2).

71&0l HaE FA AgE ol&

= explant & shooting¥l & & A3 a-80|
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Table 3 Segregation ratio for herbicide resistance of T, seedlings derived from independent T, transgenic lines

Segregation of PPT resistance

o value (p=0.05) i value (p=0.05)

Independent plant lines

PPT® PPT® 3:1 15:1
Control 0 138 - -
Transgenic plant #1 123 13 - 1.90
Transgenic plant #2 110 45 1.23 -
Transgenic plant #3 129 11 - 0.47
Transgenic plant #4 121 15 - 4.28*
Transgenic plant #5 118 18 - 5.83*
Transgenic plant #6 114 13 - 333
Transgenic plant #7 105 5 - 0.61
PPT® and PPT® are PPT-resistant and PPT-sensitive, respectively
* p=0.01
Atk (Kim et al. 1997). 2B 2 FAHS aL&oA & FETE |9 AT
23 Aol 5 Hol H), ol 7|E HiloAs Wik &5
o] & Aol et FFol AHRHNER A= o EFer wotEo 4wy RS A 387 3
2 54 3o dizt A 5 &9 Aold Thedol  AA A=A FolA 919 IH 304 AAE T/HA 9
ek E3F 71*«] HioA = FAAE kanamycing A T FAE FFotL ARAS e:‘?ﬁ}"% e Ref =
i ?011 Me AzA AFE A5 A A2 3 Az 42 Fdsd 4 As
St EHT': of FAASA A upA Y Aol ol oA wirk oF 1507441 ¢) FAE TFEkA Uﬂ 2ot 7HX1]E
L KKy E%OH FFE 71A = S Aotk 28] W eR o 3257 Ad H o] 469 A= HA
a2 Aol = AlzA ol il Ziﬂo A=FEAd o 03%91 HFAER A S AFaLsto] Zﬂi Jel ”Ju*éﬂr
grol & KA AEA FolAl PAT A=Yl tizgt PCR AFAES Hole 7HAS &2 HIE AT (Table 3).
BAS 519S mf, 3% DNA bandE 3918 5= Qlle  FAAT AEA 289 Sl &= single copy= A Y= %
U GUS drAEkgo] YehtA] o= 495 3 skole & &8 =/ vEhden, 3888 AE4 1, 3, 17
), olef gt fA FAA A== wiAst] FAME I THE A f-oll= double copyZt AU EH NS FEO] =
agolls A8k gokrh o2t FAE T-DNA =4 th o3t A3 A= = PAT 449 Yol &
Z71o] AEA W2 gened AHET HAEUAY 22 of AEAR AR FAHNES Anlsiy, O 2
278 AFdE e gt ARSI dojubs B0 A gene = WD O A EEueF vl fARRHE 2elskgit
AEI} 2AE Ao g A= (Kim et al. 2008; Schroder-Pontoppidan et al. 2000). 2} A=
A Aol M= S FAAS ] tpeFet AAAE AP mhok oF 150 AN gFP o, Wolska] e FAE
3 Bk AN wojoAe ol 249 dHAE Felskded ole "It Y £d FAE 55
olget A FH *ﬂol Huzb =k 349 st Stof, FF AA7bS FEHA FobA 2 E A
£ o| 83t A% Australian Brassica napus cv. BLN1239 & o 4x Qi
Zo g2 FAHMTA a-&°] 0.9%, Brassica napus Westar = B Lol A AZA AR AR D uidd LA
Z£0 7 04~25%E R (Pandian et al. 2006; Radke et al. EZSPol= WE & QI3 Agrobacteriums ©]-8-3}o] {3
1988), A+ ©]-23t 7S Brassica napus winter rape &% o] FAAZS 3yt Ay}, FAAS SAHYE sy
o7 PAHSA a&0] 001%E UEHH AT (Longdou et T A et =4S FRsIAoH, o]& S Al2A A
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g agol %¢ FFo Hldf vl w2 AL Felskd AP FAAVE B9, 2Ed FAAE fA AeAe
i, o] AL B Aol ARge FAAE Wo] AU A FiolA FEAL o F o] GolstEr WS F3)
=59 A W Agsirt= A S on|gh of Bl A A=A Wol AH&-ste] Aujstoiof st= &
0 fA FFLE Az2A AFAEE FAT 5+ AS A
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