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Abstract Oilseed rape (Brassica napus L.) is an important
crop due to its high oil content in the seed. Recently, the
demand for the improvement of crop for biodisel energy
source is increased as oil prices in the world has increased
dramatically. Until now, oilseed rape breeding was carried
out by cross-hybridization between different varieties and
related germplasms. However, like as many other crops, the
application of tissue culture and gene transformation
systems has been introduced into oilseed rape breeding
program including the development of transgenic canola
plants.

In this study, we reviewed a history of tissue culture and
genetic transformation research in oilseed rape plants and
indicated some important aspects for the production of
transgenic oilseed rape plants.
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+ cotyledons (Sharma et al. 1990; Hachey et al. 1991; Ono
et al. 1994), hypocotyls (Yang et al. 1991), peduncle (Eapen and
George 1997), leaves (Radke et al. 1988), roots (Xu et al.
1982) 12] 1L protoplasts (Glimelius 1984; Spangenberg et al.

Table 1 Characteristic of cultivars of oilseed rape plants (Brassica napus L.)

Cultivars Breeding Year Irigﬁl)lt (E;/tf(;l;) (?/11) Olei(o;) ;mid Eruc(l(;0 )acid Glucc()f/it;olate
Yodal 1969 148 242 45.0 10 56 11.12
Neahan 1980 146 275 43.0 59 0 1.03
Youngsan 1980 143 289 439 69 0 0.42
Chungpoong 1983 183 412 445 65 0 1.79
Halla 1985 157 279 45.0 65 0 1.51
Tamla 1991 156 300 45.6 56 0 2.69
Tammi 1996 125 287 452 62 0 2.30

TP gste] 2SR AE (http://www.nics.go.kr/CropWebzine/main.asp?m=8&s1=52&s2=233)
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1986; Hu et al. 1999) 59 thFst 222 F3A 4

A Lol e AT BaE vk k. 1 ATE Aujw
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2 Yely o™ (Ravanfar et al. 2009), ‘Brassica. campestris
cv. MBI’ o A A E3-g0] 16% = HiLE Hf 9Jth (Miyasaka
and Fujii 1999). Brassica. juncea®| A= 7.1%2] A &3S
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of o3} Brassica. campestrisO| A A L3} "I =7} 70~100%
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Table 2 A wide range of regeneration efficiency in Brassica

napus L.
Explants Cultivar  R.E.*(%) References
Hypocotyl Canola 96.0 Khan et al.
(2002)
Hypocotyl SLM 460 32.8 Jonoubi et al.
(2004)
Hypocotyl, cotyledon Cyclone  78.0 Ali et al.
(2007)
Star 82.0
Westar 67.0
Hypocotyl, cotyledon, Sarigol 51.6 Kamal et al.
root (2007)
Quantum  68.8
Option 500 62.5
Hypocotyl, cotyledon NL-611 21.2 Burbulis et
al. (2008)
NL-662  25.6
NL-685 13.1
Thin cell layer Jumbo 46.7 Ghnaya et al.
(2008)
(derived hypocotyl and Drakkar  32.2
cotyledon) Pactol  11.0
Cossair 6.0
Microspore PF704 68.0 Haddadi et
al. (2008)
Hypocotyls Dunkeld 41.7 Munir et al.
(2008)
Oscar 70.8
Rainbow  45.8
Cotyledon PF 79.0 Uliaie et al.
(2008)
Cobra 18.0
Okpi 7.0
Stem Siska 87.3 Burbulis et
al. (2009)
Insider 86.7
Casina 28.0
JW celsius 24.0
Liprima  40.7
Hypocotyls Cyclone 5.0 Khan et al.
(2010)
Star 29.0
Westar 8.7
Cotyledons Cyclone  20.0 Khan et al.
(2010)
Star 15.5
Westar 32

*Regeneration efficiency (%)
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St K Hof BA A7t Ay Aot Axg o J3F
2 D]?ﬂl’/}_w__’. H 1359t (Khan et al. 2009a). o] Qjof =
TDZ (thidiazuron)2} BAS] 8% 29 A 35 3213}17] 9
3l ‘SLM 640" £F9] v E-E o] §3to] A x4
7 32.8%9) AES &S EHttr Ri5F ) (Jonoubi
et al. 2004). A E3}F LS =o]7] 95 ABA Ao T
3 A= APl o™ Kamal et al. (2007)2 'Quantum'
FTY AdS ol 83 AEIFA ABAE H7s e A
A E3F-E-0] 68.8%A 100%= ALt H 135S
o} o]l AFA oA RIS 4= Q%o A 24
ok 5o wE duAet 3= 24 9 A3
H A eF AAZE Bastrpal wekE

Z & particle bombardmentZ o]-&3F -4

[e)

A0 2 =Q3l= WHo|y Agrobacteriume: ©|
ot FAMAY TS EHE sto] MY 583 F
d3tA 7= RS dete PR o|FoA gt
(Table 3). 71 = Agrobacterium-2 W7} 2 st & A A 3HalH
o] @ol o] &xm, dHA Y FxHol et ohFstA o
7t A Y= At shfS& o] &3k F AL A ‘Brassica
napus cv. westar’ & ARESF] T 71X 9 GFP 8- A 9}
npt 15 =903 FAHASAE A2t OPOJI GFP 71 2}of| A
ZYZy 17%, 25%9) A A3a &S B2y (Cardoza and
Stewart 2003), I ThE AL A oA = ‘Brasszca napus cv.
PF7045/91‘ & AF-8-3to] GUS AR} npt [E =3t &
AAZA S YA 11.8%9 FAAS g8 Hist

w«w

At} (Jonoubi et al. 2005). ‘Brassica napus cv. Sarow-4,
‘Semu-249’0] GUS GARLe} npt 17} =Y E & 2 A 3HA|
A|Zo] o] FojH o o] & FpR| FFo A ZH2 31%, 27%
o] FAMTAES B HT} (Moghaieb et al. 2006). Wang et
al. (2005)9] Ao = FE2A A AFHAAE &
5}oy ‘Brassica napus cv. maplus’ =20 A npt /9} KCS &
ARE =Y, 37019 independent F A A3 AFS
spelalelnh. 420 AR AuniA 2 coke A
A $AAE ol gelizn] 919 B8 ATEE A4
B kanamycino] A& 27| 3= neomycin phospho-
tranferase 7 (npt )& F2 AMEsFE 1 Qo= &2
AUAE o 87 FAABEEE FHA1Y] U3 ol
AFIFNA Bzt gigot, FAAS W 7Rz
AL gttt e, ARHeRE SHo EE0)
L} selection marker, BjFZ A 4 vz 2 A S0 A 2polr}
Q1A T} (Damgaard et al. 1997; Haddad et al. 2002; Khan et
al. 2009b; Kong et al. 2009).

A 7HA] HE 521 2] hypocotylsS ©]-835}o] Agroba-
crerium & 0|83 WAAT W} L here] AWEE, 4
SH 44 FAREY S2ES U alus $E A
AN HAA P 717E S8 callusE F=3teh e 4
gk A 7|7ko] X3P E F-of Agrobacterium 8ol 3
ot FEuieF Al o] % FAAZF SHE iAol
A ufFste] A2 =gy = shoote HrtHl
A2 &AH AWSAZIth (Cardoza and Stewart 2003; Jonoubi
et al. 2005; Khan et al. 2009a). A7) Y&£&5& EEHE 2
gk BAoA Fastetl A= HES i, A
A2 A AE FEst7] 9% 226 iiﬂ‘%“loﬂ =
w2 24 o] vl golth. O =4 WA xS BH
2,4-D9 T@=4 8| (Cardoza and Stewart 2003), 2,4-D2} BA
9] 842 (Moghaieb et al. 2006) 5= ©|&3}1L glon

Table 3 Genetic transformation of oilseed rape plants (Brassica napus L.)

Explants Transgenes Method T.E.*(%) References

Hypocotyl gfp Agrobacterium 25.0 Cardoza and Stewart(2003)
Hypocotyl nptll, gusA Agrobacterium 11.8 Jonoubi et al.(2005)
Protoplast npt1ll, KCS Agrobacterium 39 Wang et al.(2005)
Hypocotyl nptll, gusA Agrobacterium 31.0 Moghaieb et al.(2006)
Microspore bar,gusA Agrobacterium 4.5 Cegielska-Taras et al.(2008)
Petiole nptII, gusA Agrobacterium 1.7 Khan et al. (2009a)

Seed nptIl, gusA, ChIFN-a Agrobacterium 16.0 Li et al.(2009)
Embryogenesis bar, gusA Biolistics - Abdollahi et al.(2009a)
Microspore bar, gusA Biolistics 15.5 Abdollahi et al.(2010)
Cotyledon aadA, Trnl-TrnA Biolistics 23.0 Cheng et al.(2010)
Embryogenesis gusA Agrobacterium, Biolistics - Abdollahi et al.(2009b)

*Transformation efficiency
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27t pe 528 240 o) SE8 Aelao AEs @ wAL UF T BENY wAsl FARe] Faw
22 zquool ] EEo Wby mgol TR A QUL vAL AR ol AT Cardoza and Stewart
2 Hawo] I FFof 9HA ARgsfof & Aor oA (2003) & AA 2 717t} FFuiFe] 7] bol wEks A
(Ali et al. 2007). & HAZ Agrobacterium {5 A2 A A A3 ggo] dEtF Lol Bttt npxuto 7 I = uj

Table 4 Comparison of Agarobacterium-mediated transformation conditions for rapeseed plant

Bade et al. (2001)

Konkuk univeristy

Kim et al. (2010)

Cultivar

Westar

Yung-san

Nae-han, Young-san, Tam-mi,

Halla

Basal medium

MS (inculding BS), pH 5.8
+3% sucrose
+0.05% MES

MS (inculding BS), pH 5.8
+3% sucrose
+0.05% MES

MS
+2% sucrose

Germination
Medium(GEM)

MS (inculding BS), pH 5.8
+2% sucrose
+0.05% MES
+0.8% Agar

MS (inculding BS), pH 5.8
+2% sucrose
+0.05% MES
+0.8% Agar

Callus induction
medium(CIM)

MS (inculding BS), pH 5.8
+3% sucrose

+0.05% MES

+1 mg/L 2,4-D

+1 mg/L kinetin

+ 0.8% Agar

MS (inculding BS5), pH 5.8
+3% sucrose

+0.05% MES

+1 mg/L 2,4-D

+0.2 mg/L BAP

+ 0.8% Agar

MS
+2% sucrose
+0.4% Phytagel
+0.75 mg/L BAP
+5 mg/L AgNO?
+0.2 mg/L NAA
+0.01 mg/L GA3z

pre-culture medium  Same as CIM Same as CIM -
Agrobacterium BM BM MS
infection +100uM AS +2% sucrose
. CIM
co-cultivation CIM +100uM AS CIM
MS (inculding BS), pH 5.8 MS (inculding BS), pH 5.8
Washine medium +3% sucrose +3% sucrose )
g +0.05% MES +0.5 mg/L BAP
+500 mg/L cb +250, 500 mg/L cef
MS (inculding BS), pH 5.8 MS (inculding BS), pH 5.8 MS

Selection and shoot

+3% sucrose
+0.05% MES
+0.8% Agar

+3% sucrose
+0.05% MES
+0.8% Agar

+2% sucrose
+0.4% Phytagel

mducpon 2 mg/L. BAP 12 mg/l BAP +3 mg/L BAP
medium +5 mg/L AgNO?
+5 mg/L AgNO? +5 mg/L AgNO?
SIM +0.2 mg/L NAA
+0.5 mg/L ZR +0.5 mg/L ZR +0.01 mo/L GA
+0.01 mg/L GAs +0.01 mg/L GAs 1500 2
+500 mg/L cb +500 mg cef £
1/2 MS (inculding B5), pH 5.8 1/2 MS (inculding B5), pH 5.8
Shoot elongation +3% sucrose +3% sucrose
e +0.05% MES +0.05% MES )
SEM +0.8% Agar +0.05 mg/L NAA
+100 mg cef +0.8% Agar
+50 mg vancomycin +100 mg cef
1/2 MS (inculding BS5), pH 5.8 12 MS
+3% sucrose 1% sucrose
. . 0 0
Rooting medium +0.05% MES Same as SEM +1 mg/L IBA

+0.01 mg/L IBA
+0.8% Agar

+0.4% Phytagel

MES: 2-(n-morpholino) ethaneslfonic acid; IBA: Indole-3-butyric acid, AgNO3: Silver nitrate, BAP: 6-benzylaminopurine, 2,4-D:
2,4-dichlorophenoxyacetic acid, GA3: Gilberellic acid,
Cb: Carbenicillin, Cef: Cefotaxime, NAA: a-Naphthaleneaceic acid, ZR: Zeatin
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= M=H Mebd /A AT S
gEol gl WEE $A4EA SAE FA0 o
40%2] 7] 5& THotal AFa 35~38% oo 2 vl
> HOoR Hojetd HRE AEE Ao T &
dol Z7hsha ok U §4 NS ATAYL
Kim et al. (2010)0] A ZA] AFAL 7t L SAS 7
@ Ay wasislon 3 g 0ol w0
H}Olioﬂ‘—izl AER AR 252 A
gk, @Ak Em, ehete) 47bA] F5d 57494 s I ey
< ST A et FFolA M =2 FRES R
o FAAS ] TAFolA Wolgt A YL o]&-5t
& Phosphinothricin acetyltranferase (PAT) -2 x}& 323}

+= pCAMBIA3301 W E7} =% Agrobacterium tumefaciens
GV3101 o35 o] &3ttt Atumefaciens % 3 Phos-
phinothricin (PPT)S A 7}s}A] 93l 500 mg/L carbenicillin
g H7ket s oA AHAE FE3 & 4 mg/ll PPT7H
A7k v Aol A shootE =5} Gitt WAYEE shoothe
Atsto] 8 mg/L PPT7} 74 wfA oA B E FE3

F U2 AL 2518 AASL AP EFE
HA AT AL F PPT AGHS ML A2 Y
HES e BEAA B8z 7P ESLo 5] PPT A%

43 GUS &dg Foto] Qe qhehEde IS
£8S oF 104%E ehiteh ol 4 g ol QT
oAM= FAY AHE ol &3 FAAS HAF A AHA
F shoot HHAY & -E0] 17.5%0]H (Kim et al. 1997) o] A+
of M2 b2 FAHB B go| ek olf ALET B
% (W3t stehat Algulz (NPTIL, PAT)Q] Zfojojl A H]
23 Aolgka Bkt

EH A F AL particle bombardment?} Agrobacterium v 7]
FABHE ol g3o] AAAZT 4] HEAE BE
S} T}, Particle bombardmentE ©]-8-3F @A A2 F
17} Zom AAUAES A 2eme] Yo et & ek

ﬁ

¢

Fig. 1 Process of transgenic plants in “Young-san’ seeds using
PDS-1000/He

A. Preparation of explants for bombardment (diameter 2cm),
B. Survived plants on PPT 20mg/L after 4 weeks,

C. Survived plants on selection medium after 6 weeks,

D. Putative transgenic plants growth on PPT 5mg/L medium,
E. Rooting of transgenic plants,

F. Acclimatization of transgenic plants,

G. Growth of transgenic plants after acclimatization,

H. Growth of transgenic plants in the green house
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-
=

Seedlmg ger mmatmn
(5-14 day) Explants preparation rpm 100
— Precultivation
o (0,1,3,5 day)

=7
Washlng

(6hr) Cocultiv atlon
rpm 100) (1,2,3day)

Explants with ‘ |
Agrobaterium (E=E==
solution (20min)

Transfer regenerated

Incubation infected
explants on the
selection medium

(SIM + PPT + Cef) il

regeneration

induction J L

)\, shoots on the new

PRM medium &

induction of roots
'v_

Shoot Identify oilseed rape
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