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Abstract  This study includes the transformation of genes
such as ORE?7, the increase of gene expression, and the use of
the bar gene as a selectable marker that shows herbicide
resistance with Agrobacterium tumefaciens using hypocotyls
from the oilseed rape “Youngsan” cultivar. To establish an
Agrobacterium transformation system for the production of
oilseed rape with a high-yield trait, infection time and
co-cultivation period with Agrobacterium were tested.
Therefore, when hypocotyls from the oilseed rape “Youngsan”
cultivar were infected with Agrobacterium for 20 min and
co-cultivated for 3 days, approximately 32-36 putatively
transformed hypocotyls with shoots including roots survived
from 100 inoculated hypocotyls after 4 weeks of trans-
formation on a selection medium containing 20 mg/L. of
phosphinothricin (PPT) as a selectable agent. Additionally, a
PCR assay was performed to confirm the insertion of target
genes and showed the presence of the ORE7 gene as a
high-yielding trait and the bar gene as a selectable marker.
Treatment with 0.5% (v/v) Basta solution as a selectable
agent for 6 days with leaves from transformed oilseed rape
expressed the bar gene. Therefore, this study can contribute
to the development of special oilseed rapes containing agri-
culturally useful traits such as herbicide resistance, drought
tolerance, high yielding traits, and high oleic acid content.
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= A 22 A S 2 AlA ZHA] o A d 2] Al B oby
2 o & 47 9k E(ton) 0]/ 8HE| 3L, 5007 7= o] Aol A A
A A 0 7 o] &&= 25 o] th(Kahrizi et al. 2007). F, Z 2.
HEEZo] AlA 3 4] AE% shu= A A= 715 4
Aol A Al A = AR o] EE g ol w, s U ofl A = 1962
UHE faAEEN 24402 Al =il o]ﬁ}(BurbuliS et
al. 2008). T35t A Ao A 7} =23 AIEA] 9 1811
2 35 59 shuho| th(Jonoubi et al. 2005). 2 of| | 7\]
Ao 2H A 7 -2 of whef uko] « of A A of] Th gt
Hooral Y=t & Hio] @t g AHEof B
] 1l FT} FARHE, FAHE Y] AR A o] § 5 oY
Aol gt il o] F7Fskar Qlrk. Hpol 2
28 Xmih T2 3, A4, sirtetr] 5ol AR E
T A AE F ARl 7MY W oY ekt
FAshE AEol ARt A8 0 &2 S840l &, 7159
AtRE ARG E B2 off L& o] A (agflation) $]F 5 T
o] QItH(Kim and Lee 2006). “L2| 1} -2 = ol H]sf 21}
O] A} =038 ~ 45%9] 02 2 §HO5} 71 9] 31, 2090 35~
W% OO R g 2 Wolol §ARE N e
SO YRR AG FSRT 94 25 F BART 27, of
29 52 el gl Aol | 2 2 chefel A ALl 7159l
CH= S AT 90l B8] A $HE ol 21 ¢l
2252 Zfu)skar 9l th(Kim and Lee 2006; Kim et al. 2010).
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| A EF ] Aol et LT EE F7bsha gl Aol
o o] i3t 4710 Wof AEKT L o o] A EY
A7 4% o §7 AFF L0l tha A7k e 3 9)
hASF AT S 0 FHA o] vm wE
B 9e fARE BT 5 e B glof o o] 3
SA19) AEE Aol et A7k B S g

S HAAZE 2 Agrobacterium tumefaciens W) 71 & 2
A%} 7] H 7} particle bombardment S ©]-&3}0] G2 LA o] ¥
3H(Knutzon et al. 1992; Voelker et al. 1992, 1996; Wang et al.
2005)9} A Z=A| A3/ (Cegielska-Taras et al. 2008; Kim et al.
2010), 3f}=#]3}d(Wang et al. 2005), B}-o] 2] A #]8+4J(Lehmann
etal. 2003) W U] A (Wanget al. 2016) 5 2] F AU LS 53
o2 dhe AF7E A= of ek 1 ¢ phytate S A&
ol FAAMF 47 ABA AHE 8T hLi et al
2020). A P AAE Aol AL HHA = 751 vy
Z=(Radke et al. 1988), A} & ¥ (cotyledonary petioles)(Moloney et
al. 1989), = 7| A #(stem segments)(Fry et al. 1987), 2~ 3 ZH{(Pechan
1989), ¥& A A (protoplast)(Thomzik and Hain 1990) 5& A
UA 2 o] §-3to] 23 = At T4 352 lauric acid & Z ¢
3}= ‘Laurate canola’ 32 2] 7|22 (Voelker et al. 1992, 1996)
A2 O g2 2] JLA] o] ] 3} (Knutzon et al. 1992), A A *]3}
AJ(De Block et al. 1989), 3] == #] 3} Al (Stewart et al. 1996)0]] T+
3t A rEo] W I Qlth Agrobacteriums ©]-&35 §-3 2]
2| 2 9] P A2 A7} Radke 5-(1988)f] &f 3] 23z o] 2|
2 Cardoza®} Stewart(2003)°]| 2] 3} ‘Westar’ &% 9] ]| =& 0]
3] GFP §- 8717 = E BAABAE Aol it 2
7k e 9L 0.0] 2wl of 24128, B w0} 48412 A 2 el
9 A9 1 L GRP QN B ES G A4
B4 % AR BA o)A 25} BAeo] vl 1
A19) S 0] AH§315.00 48 414k I (kanamycin 200
mg/L)= A A} 2] escape ' AY & of ek A 0 &2 Hojo Huj
FA Y= 249 YAE L FAAS R S-S FEA
ohal B sl SRR N 2| 57k o A A A S HH
Ao AR F = 7hutol Al AR, Al 2 A A4
Y AT FAA =Y ol hFF AL =
Hho] & tjA-g -2 o] A of] #ofst= 78 FAAT =Y
H 5A g tf gt Bl o wju) gt A olct. w}
2hA] 2 Ao A= Bho] Lo | A A-E 24 G2 9] &4

Table 1 Compositions of the media used in this study
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A% of| A = =+ A] gk ulah-) (National Crop Science Institute)

S} vFo] .o A ] A Al Ef of| A -oF WS FAREE 2] /]
Aol ol A7) i3 S AA 2 ALg STk B4 A5
™ A 70% EtOHO] 287} 2 A & t}A] tween-20 1 ~24-&
A7}t 2% (v/v) sodium hypochlorite -84 of] 2057} W HE
of #HS AT A E FA = B E 33 A3
& Hatd filter paperof A A3 F ARESEHAT: HiF
(hypocotyl)> A5 FAHE GEMH] Z] o] 2]43}of 25+ 1°C,
3 270 164178, F 271 8AI7H2 2 vjokatol A4 5.7~ 10
U A A O A Wap B 915 oF lem#] Aokl v
2 BE ek BE 7| RS 255 1°C, 16412 $77]]
B = 282,000 lux 27 shof| A =351l k. i A g of| A A
S-3h 2] &] 24J-2 Table 1] 7 2|3}t

Sl rlo Ky 2= rr

FAHTG A A& gdstr] fls A
AT E APS Yo 2 AP oA A of A2
AF8-3F PPTE S = 3(0, 5, 10, 20, 30 mg/)= Zhzh 224
GEMH| 2] 12|31 w32 SIMuf ] of 4 7}5}o] wfjof 45 &
AN Z&S =459t Basta?] 7% 0,0.01,0.03,0.05 2 0.1%

Agrobacterium strain

2 A1E o] A = A = u}¢l(Genomine inc.)ol| A A5 452
| A ZHORE 7)E £33}l phosphinothricin (PPT)of # 3¢

Media Components

GEM MS (including MS vitamin; Murashige and Skoog, 1962), Sucrose 20 g/l , MES 500 mg/I

WM MS, Sucrose 30 g/l, MES 500 mg/l, BAP 0.5 mg/l

SIM MS, Sucrose 30 g/l, MES 500 mg/l, AgNO; 5 mg/l, Zeatin 0.5 mg/l 2,4-D 2 mg/l, BAP 2 mg/l, GA3 0.01 mg/l
RM 1/2MS, Sucrose 10 g/l, MES 500 mg/l,NAA 0.02 mg/l

GEM: Germination medium, WM: Washing medium, SIM: Shoot induction medium, RM (Rooting medium)



J Plant Biotechnol (2023) 50:063-069

65

3 UEt o] A F- AR A = bar A AW
A2 Z3st= pCAMBIA3301 vector (CSIRO, Canberra,
Australia)ol| Agrobcterium tumefaciens AGL1 55 AH8-5}
& th(Fig. 1). Agrobacterium2- 200 ml Arz}& 2} A F o YEP
vl ] 100 ml2} 4 stock 120 plE 2 718t 2 190 rpm, 28°C, & &
710 2 Z0ghuloF 5}tk 40 h 3 ODgg 0.6-1.0 AFo] &} o ulj &F
o 30 ml S 50 ml tube]] 2223} 3,000 rpmo]| A] 10571 $141
=] 5to] A5 A e A Al pellet= 425FaL pelleto]] MS
O 48} 4 10mI 21 7}eo] el 4 eo] A 31 5ich. Aol
A28} Hl) 2 2 22 filter paper 9]0l 22 % pellet &S 6ml
wstol 5, 10,15, 2087 1% 5, B sl Al0] A4k}
0] 25°Col A 1,3,5 9 77 QF 2710 A BE U S A48
At 35 T WMI (WM + cefotaxime 500 mg/I) o]l 4] 130
rpm© & 28°C2} 71 of A] 44| 7t 5 ¢t A 3 WMIT (WM +
cefotaxime 250 mg/l)ol| A 44| 7F5-QF 130 rpm, 28°C 2] A o]
A EAIEEATE A & ot 2 18] Al A 5Fal Bt filter
papero]] &8 FE3] X T AF o A&

M xhzat

GAt EF O ALHFAREEH FEE v Fo] ol L2ubg| g
&S o] 85to] F A AS Z PPT20 mg/l 7} 3 71El GEM Hjj 7]
o A 477 A& AAsE T T & AAETE WA= PPT S
J7hl SEMHI| 2] of| A 22} Al 455 9F A A 8FA
J23 /A= PPT7F A 7hE] 2] 32 RMEf A 2
AT RM ) 2| 2 &4 el & 9 xalgich L E 7|y
A2 25 + 1°C, 16A17F F3=7] 22080l A =331
ok AEE TR AR ES 2717F10~ 15 em A &= AHebE &
S-S AA 719 2000 483 2AZ o] 45T

Polymerase Chain Reaction (PCR) 4]

PPT A& Hol= AR =4 MA=9 2 H44
Yo FE &elstr] §1sko] PCR 45 A A5G PPT
AR S 7HA AT A2 9] 912 50 mg 23 5he] Bt
Apapirel o4 A 20k MES B 93 B4 2 ¥ DNA
extraction kit (Genomic DNA mini kit, Real Biotech corporation,
Taiwan)& ©]-&5}9] genomic DNAS =513 th. & A3 o
A= ORE7 G- 2}936 bp) 2] =4 &-2135}7] ¢3) forward
primer 2 4] 5°>-ATGGAAGGCGGTTACGAGCAAG-3’, reverse
primer= 4] 5°- TTAAAAAGGTGGTCTTGAAGGTG-3’& 9]
&5to] FAA FH& Y F AL, bar gene (522 bp) 2] =Y

ORE7 pm ~ BAR | e

2 &QI35}7] 93) forward primer= 4] 5>-TCAAATCTCGGT
GACGGGCA-3’ 18] AL reverse primer 2 4] 5°-ATGAGCCAG
AACGACGCCC-3" 0] 859 th. PCR products = A1 =5} 10
x PCR buffer 2 pl, Taq polymerase 0.2 ul, INTPs mix (2.5 mM
stock) 0.8 pl, primer Forward 0.5 pl, primer, Reverse 0.5 ul, DNA
Sul, 35 1 plE gof HF 20 pl= o3& $PCRS A
A3}t PCR 2 A-2 98°Cof| 4] 5 min 1 cycle, 98°Cof 4] 30
sec, 64°Cof| A 15 sec, 72°Cof| 4] 30 sec 30 cycle, 72°Cof| 4] 5 min
1 cyclez2 Al8Y3}¢ch PCR products= 0.7% agarose gel
(Duchefa. Haarlem, The Netherlands)¢f| A1 3 ul (PCR products
2 ul+ 5X loading buffer 2 ul)&] E3=3}31 50V, 60 min 7] 45
A 2] 5tof bar 5l ORE7 gene®| =912 2215t it

A zA A7/d(Basta) A7

FAAS FHA Y A2 A5 1em®] 3 2 =2 A F{ 5} A
Z A IS 22l5)7] 915197 0.5 % Basta 8-l (Bayer Crop
Science, Korea)2 A8} 91T} Basta 8- 9Hof| A 2] & 6U 7<)
of v 9l 3] 4 S AT T,

A%

BE AT 21007 2 BB S ALgsHgom, o1
2ute|e g 2AAY L 4 U2 SAsTh BE A4
= SPSS 23 (SPSS, Chicago, IL, USA) 2. & ANOVA A4 3, &
21tk 4 H(DMRT)Z 535}t

== Lo X =271 o=
52 3 A A3 Redke S(1988)0] 23] A& B i1H o] =

2745 2 ol 12Ut 2] - %2 o] §5to] Says o)A
ek ol 23 § AT /1ol §4) S5 FF A 22
o 2§5)7] a4 B 2 A vof 3 A7} 2o
of g th(Leeetal. 2010). 22 poi] 9lo] 4] A Heke] HRA
o E% o BuA, ABYFRAA FR} = 19
51 87 471 o] ukef ehebzl chiLee et al. 2010). £ 617
A ALET GA EFL Lo QUAHE 6% 36331 o]
M H 3 B TLeeetal. 2016), 2 21 9 AP AT
2 %3 A ole] 55 2 Ao R SR04 AP
£o ANE et gl on], F4, 49 2wl % F o] = Ao

Mos L
Poly-A B

Fig 1 Schematic diagram of pCAMBIA3301: ORE7 harboring bar and ORE 7 genes in T-DNA region (ORE7, NOS: nopaline
synthase promoter; NOS: 3’ signal of nopaline synthase; 35S: Cauliflower Mosaic Virus (CaMV) 35S promoter
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Fig 2 Effect on the different concentrations of PPT and Basta
for the frequencies of withered plants (Brassica napus L. cv.
Young-san) (Data were collected 8 weeks after cultured on basal
medium supplemented with different concentrations of PPT)

Ao A Ao 2T A AR T Az o] 7
AR YUY SS HHA 2 gAdSAd S 5
Al = ATHE 2 1] A A]). AHG ] =0 -4 B A A
of He|stA AHEE= dHA Ao® B BiE §)
(De Block et al. 1989; Moloney et al. 1989; Zhang et al. 2006). ©]
Qo) = v 0] AA g7 ol mutE Y g te] JFEAES =
o] 2t A5 | 31(Cardoza and Stewart 2003)7} 91 S A 9k & &
TFol A= AA Y Bk gle A o= WEEATHA T v A A).

AT oA ARG E B A4 4 AR ALY S 4 9

o A¥hS-HA}2 A PAT (Phosphinothricin-acetyl-transferase)
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L .3} A PPT7} 324 5 21 Bialaphost} Bastao]|
Al =)= bar - AAE AHE-517] o] PPT Y Basta
o] L = 7} Auto]] & Q12| 2 otob i 12} A
3t A 3}, PPT+= 20 mg/l 12 27 Basta+= 0.05% 5%
100% of| 7F7he- ALARE S B0 =}l Th(Fig. 2). o] & 7] %F
0 2 1A} A2 PPT 20 mg/l 2 3}l o] o] X = 22} Al Hhof A
=Smyl AL 2 WEo] At &35 A A Ao 3}
B O Z o] A5} T of| = Ay o] 2 Basta 0.03-0.5%%= AFZ 5}
01] 7\1 A AA L 439519t} Boszoradova $-(2011)8] 2 11
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ljX}(le etal. 2007)3 o}
7 % oA FAol =dst= A
Z—;‘_ﬂ, é%—ﬂlﬂ" 204+ 123l 55 Hl
A JEES Z 4% 53638719
PPT A &4 7HA1 & 54% e %&” E}(Table 2). Egt o R
pa o g OJ iﬁgzzm 1% A2 JZ

F-ef v s = 2po]7f
Az}el Zo] 397re) 5]
ok 71 7&5 24%35_} ﬂ;% Zhang £(2000), Lee £{(2016), Wallbraun
5(2009) % Kim(1997)&] fA-Fof| A= Hars vp glck v
Cardoza®} Stewart(2003)2] &0l A= 24, 48 & 724 7+2] A
A 2] v F 7)1kt 24, 48 W 2417 0] S F i SF 713 AN E
Trg5k= A A, 2A7HY] A g v ekE AR AL YA
481170 B 71708 7HA = Aol A 25%2) A A
3} Fo] WA TFAL K15} 11, Wang 5(2016)2] A
A E2UZF AR 2] 7|7 T 2d7 e TEH|oF 7| 7HS A4
A HHA FAE 7HEs ok 3 Kim 5(2010)2] A+

Table 2 Effect of infection time on the transformation efficiency of Agrobacterium-mediated transformation in hypocotyls from the

oilseed rape “Young-san” cultivar

Infection time

*# of PPT resistant shoots with roots

% of putative transgenic plants with

(min) /100 inoculated hypocotyls* overgrowth**
5 6.5 £ 2.2%*c 1.5
10 9.5 + 3.6¢ 2.4
15 19.7 + 4.3b 33
20 36.1 + 6.6a 3.1

*Data were collected 4 weeks after transformation. \

**Values are means + standard devleation (n = 5). Means followed by the same letters in each column are not significantly different

(p < 0.05) using DMRT (Duncan’s Multi Range Test).
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Table 3 Effect of co-cultivation period on the transformation efficiency of Agrobacterium-mediated transformation in hypocotyls from

the oilseed rape “Young-san” cultivar

*# of PPT resistant shoots with roots
/100 inoculated hypocotyls

Co-cultivation period (days)

% of putative transgenic plants with overgrowth
by Agrobacterium

1 12.1 + 3.7%*c
3 38.8 £ 44a
5 339 + 8.4ab
7 24.8 £ 6.4b

24
2.8
6.3
12.8

*Data were collected 4 weeks after transformation.

**Values are means + standard devleation (n = 5). Means followed by the same letters in each column are not significantly different

(p < 0.05) using DMRT (Duncan’s Multi Range Test).

Fig 3 Flowcharts of production of transgenic oilseed rape cv.
Young-san. A) Transformed seeds with Agrobacterium and
cultured on SIM with PPT 20 mg/L, B) Survived plantlets on
SIM 4 weeks after transformation, C) Survived plantlets on SM
(PPT 10 mg/L) 8 weeks after transformation, D) Putative transgenic
plant on SM 16 weeks after transformation

A% G Fek EFHOE 0% BFANB2ULY FF
WoF71 22 A g3 A A AT B9 A A EAHA
wrglon, FAAT HRE 104%S HolFgTh B8
Boszoradova S(2011) A7) 4% w53} 4992 1] w et 2
2} 291718] FFHIF 7122 A §3ho] Feh 39%2] FUA
T EES HolE g AUA vls) v % BHAL 55%
o HERA e PUAT B HolFolth 3 0|4yl
FEUF 71702 H T F S of 1R urE 28 A o
3 2.90] Z7HHS WoiF I E(Table 3)

ol 28 Y 7124S) Aol = B, ok R e 2] & 7
%9 952 Aolek WErEITh FE % F AR
H7he A oA ek 3 7)ok

e

AA 2} B Eo] of1=HH g Zat Fsuf g & A7
FA71E 7440 3 A0S SaAshe Aol B AR
= QI th(Ovesna et al. 1993). whehA] 2 F 51} 9
A 2] 2 o] A 8}A] okl A 7|7 FA 7] & Fof
IS el § AU ARG H0lT

of H£EL Foli= A7/l Wasithn BekEt,

PCR assay, Basta 23 %! FE™2H 4
H A A3 97 A=A = 27| PPT 20 mg/l

EEE]
AA o 47§ o] Aiat 5, 1875 1747)
d(Fig. 3), 015 87442 QO] Aursto]

M PCT 2 3 4 C

cCM 1 23 4 5 67 8 PC

A B

Fig 4 PCR analysis of transgenic oilseed rape (A: bar gene
(552 bp), B: ORE 7 gene (936 bp) (M: marker, PC: positive
control, C: control (non-transformed oilseed rape), lane 1-8:
transgenic oilseed rape lines). Arrows indicate 552 bp and 936
bp, respectively

Control 5

Fig 5 Treatment of transgenic oilseed rape with 0.5% (v/v)
Basta solution. Control: non-transformed oilseed rape, lane 1-5:
transgenic oilseed rape lines conformed by PCR assay

bar §71AH552 bp) £ G5 27] 913 PCR A S 578
& A T A ol 4 ) 0] 2ol 9l th(Fig. 4A). EF 174%)
A % ¢Jo)2 4732 Alkste] ORE 7§ A2H036 bp) 2]
$52 3H21517] 913 POR A4 2T A 44w
Q)5 90l 2ol 5 QirkFig 4B). B3 AUG AR =
Q18] bar § A7 A2 W AUE A 257 913
PCR A& 53] bar 414 = o] 1 171A % 572
919) 2 4145te] Basta 24 2 45+ 2 5%, 27} 4 o] A Basta
0.5% 9ol 7] 6% 7} 0] = Bastac] |5} 5137} 1
AANA A LehbA grskan 1A e A eFzbe] 513
R R I E R S D EE TP 2
Bastao] ©/%k |37} 41517 LebuithFig. ). # Aol A

AZAAE 44 bar A4S AHAAE 513
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