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SUMMARY

In order to establish a genetic transformation system, one of
major key techniques, for rapid development of new varieties and
functional genomics, the regeneration response of cotyledon and
hypocotyl explants and Agrobacterium-mediated transformation of
hypocotyl explants were studied in an old local variety of rape
(Brassica napus L.), an economic crop.

Regeneration responses of hypocotyl explants harvested from in
vitro germinated seedlings to the combination of NAA and BA were
investigated. Hypocotyl explants showed the highest regeneration
efficiency of 25.0% in the combination of 0.lmg - L' NAA and 1.0m
g - L' BA. However, any adventitious shoot formation was not
observed for cotyledon explants.

Resistance of hypocotyl explants to kanamycin was evaluated in
order to determine the proper concentration for selection of putative
transformants. The adventitious shoot formation on cutting edges of
hypocotyl explants was partially inhibited at 20mg - L' and the
adventitious shoot formation and callus development was almost
completely prevented at 50mg - L kanamycin.

To develop the putative transformants with GUS gene and citrus
phytoene synthase gene, hypocotyl explants pre-cultivated for 2 days
were inoculated with Agrobacterium LBA4404, co-cultivated for 2
days, and cultured on MS medium supplemented with 0.lmg - L!

NAA, 10mg-L"' BA, and 50mg - L! kanamycin for 4 weeks.



Adventitious shoots obtained from selective regeneration steps were
transferred to shoot elongation and rooting medium for getting rapid
plant growth and development, and then putative transformants were
confirmed by GUS assay and PCR analysis. The results indicated
that the efficiency of Agrobacterium-mediated gene transfer for

hypocotyl explants of rape was estimated at about 8.0%.
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oA ol Bl AEA ASFS FEsA

Fig. 1. 7-day-old seedlings of in vitro germinated rape
(Brassica napus L.).
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I i eFeE AEAe A shuls 2A o2 REH HIHI dAAE
a-naphthalene acetic acid (NAA)®} 6-benzyladenine (BA)”7} #H7}¥
MS wj Aol xdete] AEst wgS AbsA T AFEAAAd NAAS
BAE 27+ 0, 0.1, 0.25, 0.5, 1.0mg - L' 2 0, 0.5, 1.0, 1.5, 2.0mg - L "¢}
prwor z3 Adsdr. AEs W% 24+1T, 30umol - m - s <]
16412 FF7] 270X FRHAT F 457 & APA 9 AQNEsE&S

3. AMA

FAASAE A= FAAY AA FEE AAST] st
kanamycin®ll thsle] el S 229 AR WS BT AT
= (MS + 0.Img - L' NAA + 1.0mg - L' BA)ol H7}g kanamycin]
FEE 0, 25, 50, 75, 100, 125mg - L '] 65702 A Aststh.

7ol A=A 9] s 2AS 06cm el AV|E HAHg %
AE AFZAAZE 7 MS wj A (Table DellA dwjFst & dA

T2 wjgst Agrobacteriumes FEst FEATS G oA tHFig.
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3)(Gallois 5, 1995). A& dHEA el Au]FS 24+1C, 30umol - m > -

s 9] 16417 B3] 2700 A 2U3 S

Table 1. Composition of medium used in the transformation of rape.

_1 (mg :
L)
Media Shoot

Media Pre-cultivation Co-cultivation Regeneration elongation MS liquid
components &Rooting

Salts MS MS MS MS MS
Sucrose(g - L™ 30 30 30 30 -
NAA 0.1 0.1 0.1 - -
BA 1 1 1 - -
GA - - 0.1 0.1 -
Kanamycin 5 3 50 - -
Carbenicillin 3 = 500 500 -
Charcoal 3000

o] TF+E plasmid pBII21S ¥*331 U= Agrobacterium
LBA44045 AF&3tAth. T-DNA 992 Fig. 29 2t} Plasmid pBI121
o] T-DNA 949 CaMV35S promoter®t Nos-terminator® W& o] =
A% = reporter gene?l GUS -+ A¢F Nos—promotor®} Nos-terminator
2 XA 5+ selective marker gene?l NPT E Xgees FA 5o Q)
t}H(Fig. 2A). Plasmid pBI1212] T-DNA <% plasmid pBI121(B)2]
GUS F3dA7F 25279 phytoene synthase® wha| & o] A4 = Ah
(Fig. 2B).



(A)

(B)

<RE

RB

Fig 2. Structure of the T-DNA regions

ATG
Hind Il Sma | TGA
Nos-| NPTIl | INOS-| | CaMV 35S | | - | _|NOS-[ LB
pro | (Kan R) ter Promoter B-glucuronidase(GUS) ter
Bam H1 EcoR I
Sph I Xba I
Hind Il
Hind IlI Xbal Sac |
ATG / TGA
Nos—| NPTIl | |NOs-]]| cCaMv 35S Citrus phytoene synthase| | NOS-
pro | (Kan R) ter Promoter (1.5kb) ter

of pBI121 binary vectors including B

-glucuronidase (GUS) (A) and Citrus phytoene synthase (B). RB, right border;
Nos-pro, NOS promoter; NPTI (Kan R), neomycin phosphotransferase gene
(kanamycin resistance); NOS ter, NOS terminator; LB, left border.

Table 2. Composition of YEP medium

Media components

Amounts(g - L)

Yeast—extract

Peptone

Sodium chloride

10
10
5)




& kanamycin 50mg - L '& #7}8 YEP 1A 8] %] (Table. 2)d =
Zsto] 28ColA 29 &<t wigstdtt @Y F2YE FH 38kl kanamycin
50mg - L'e] 78 5mLe] YEP A wiA 2 &7 28T, 120rpmel 4] 2
AZE F Aol A wigFeAh ol 5H 50uLE FHotel LI Fo F
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Seed germination (7 days)

]

Explant preparation

(hypocotyl with the size of 0.6 cm)

}

Pre-cultivation (2 days)

Agrobacterium incubation
(ODgo 0.6~0.7)

Inoculation (10 min)

|

Washing (10 min, 2 times)

|

Co=cultivation (2 days)

)

Regeneration (4 weeks)

i

Shoot elongation & Rooting (2 weeks)

)

PCR & GUS analysis

|

Acclimatization

Fig. 3. Schematic overview of the procedure for Agrobacterium-mediated

transformation of rape.



1) GUS #4

FAAG AEs MAe GUS &4 Jefferson(1987)¢] wWHel| whe}
T, FAASARE FAHE AEAY 2 dAHSL 15mL
microtubed] %71 ¥ 1mg9 5-bromo-4-chloro-3-indoly-B-glucuronidase
(X-gluc) A& H(Table 3)= H7FsH tha 37CelA 2447F 5t bl

% stk FAel GUS B Betdn shold wAsd

Table 3. Composition of GUS expression solution.

Reagents Added amount
N, N-dimethyl formamide 1 ~ 2drop
5-bromo-4-chloro-3-indosyl-B -g/ucuronidase Lmg
(X-Gluc)
0.1M phosphate buffer(pH7.0) 980uL
0.2M KH2PO4 87mL
0.2M KoHPO4 122mL
Distilled water 209mL
5mM potassium ferricyanide 10uL
5mM potassium ferrocyanide 10ul
Triton X-100 1 ~ 2drop
Total Volume 1mL

2) PCR &4

PCR #£41& 93 DNA =< CTAB " (Gawel, 1991)S& o] &3t
o A EA 24 1gs HApAbEe Yu AAALE HIbst whdst &

6mLe] CTAB extraction buffer(1%
CTAB(1% CTAB(Hexadecyltrimenthyl ammonium bromid) 100mM

_10_



Tris-Cl(pH8.0), 1.4M NaCl, 20mM EDTA((pH8.0), 1.4M NaCl, 20mM
EDTA(pH8.0), 0.4% B-mercaptoethanol)®} 120uL2e] B-mercaptoethanol-<
A7vstar 65Tl 30w7F WHEAIZ T &% chloroforms 3 7}st<]
AT A 15%7F 12,000 rpmo= AR & A As Hl FF
isopropanol® 400uL2] 3M sodium acetate(pH 5.2) & A&t -20C 9l
A 3AIZE B9 HAAAIAY. Hd 4Tl A 156827 12,000rpme.2 ¢4

TYd U5 AAAS ve JAES gt AxAH. 33 d@i

$13 5 %2] phenol/chloroform(l : 1)-& & #7}s}

al
AAs At 5% chloroformeS Yol Y&t AAAS 3t

FAA FZS 93 PCR ¥Fg92 template DNA 1pL(4pg- pl™)
primer(10pmol - uL™") ZFZ} 1ul, 10x PCR buffer 5ul, 25 mM dNTP
mixture Sul, Taq polymerase(Takara, Japan) 0.5pLel] E¥ 32 S5+
T2 Hrletel F S0uLE st AR TE primer®2E  &FU 7t
phytoene synthase +#zte] djste] 5'-TTTCTTTACCAACATCAAA-
CCC-3'% 5 -GAGCTCATCTGTCCTCCTACAC-3'& A}&3Fsitt. PCR
Hhg-2 95TolAl 5% 3 HE  denatruationAl 1 F  94TCelA 183
denaturation, 52 Coll A 1%7F annealing, 72Col A 187t extension¥ 4 &
303 dkE3E F 72TelA 1023t HE extension PO Gt
¥ DNA ¥Wi=9] =ZA7|&= 450bp=A A9 EtBro] H7FE 1%

agarose gelol A X 7]d-53ste] gl

ol\
e

_11_



ol
3

o
7l
il
30

N

j—

<
I

)

PCR

o]
=

GUS +4

o)

oH

=
=

Al
2

7F 10w) o]/olal 10cm A= A&t

PN
T

_12_



m. 23 4 n&

PFAHASE AAAA A4 dAJ AEA At S FA67] ¢
ko] NAASH BAS v =2 77 55exo s 23 Adste] F 25 292
AAste] ATt FFs BASEAT st 249 M 457 F
182 Table 49F 2t} BA 10mg - L'2 NAA Olmg L' 9 F3d
1 718 =& 250%9 AEs} wgS Yehflort BA 1.0~20mg - L' 5
Tl A= 719 Aol 7 gl Th

T

>

Table 4. Regeneration efficiency (%)” of hypocotyl explants on MS basal

medium supplemented with BA and NAA in rape (Brassica napus L.).

NAA (mgL™)
» 0 0.1 0.25 0.5 1.0
BA (mgL™)

0 - 1.0£2.0 3.0+£3.3 3.0%£3.8 2.0+2.3
0.5 - 8.043.3 8.0£3.8 2.0£4.0 3.0£3.8
1.0 1.0£2.0 25.0+6.8 2.0+2.3 4.0£5.0 1.0£2.0
1.5 1.0£2.0 12.0+£5.7 5.0+3.8 7.0£5.0 2.0+2.3
2.0 2.0+2.3 18.0+7.7 8.0+3.3 8.0+23 1.0+2.0

? Each value represents the meantSE. The percentage numbers of explants
with regenerants were calculated.

_13_



Khan 5(2003)2 Brassica napus®| 3= ZZ oA FF7F &3}
18-S B89l e, 04mg - L' NAA 9 4mg - L' BA 7} 378 MS
wj 2] A 'Cyclone’ #%°] 92.0%< 7Md =2 A& YRS,
'Rainbow’ 56.6%, 'Dunkled’ 46.2%, 'Oscar’ 26.9%, 12]il 'Ks75
12.0%9] AEst&S yHebdo] F53F A3t vhgol Aol7t F& Halst
At olgk @l E AFolAE NAA 0Img L', BA 1.0mg-L'9
ol A AEsEo] 7MY =i 1 AEE 250% W2 Sk, o=

Aol el EF3E Aelm AZFE AT

os

Fig. 4. Regeneration response of hypocotyl (A) and cotyledon explants (B)
on MS medium supplemented with NAA 0.Img - L' and BA 1.0mg - L'\

ZAz AR Hee AWH A AP Sl E Ao AAAE o]
8399t NAA O0lmg L', BA 10mg- L' F&FoA su3 x40
25.0% el AE3 &S veEbd A= g AY 2 A AR
37} o] Fo] A A ZSh(Fig. 4). NAASH BAS s 2550l A A<

o Aexg PO AxE A8 FAHA Wdrh £ NAA B
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=7F 025mg - L ol el Ada A 3 wert A8
(Fig. 5). °]& Basu 5(2001)°] MS #j#l¢] 05mg - L' BA wtg 743
ZAA B 40 %9 ARstel o] 5(1998)e] MS wixle]l NAA
05mg - L'9} BA 2mg - L' A7 2ol 2 52 %o A&}
WhE = AFolzb AT LY B R FFo] A Aold wheh o] A

Bog 0 AgEAAe U@ AR wgel 27 gl & Adrka W
obzith B Aol A AEF AF AAE B A £He] Az AR
7 A8 o] Fol XA kol WARF AN FF £AWL o] g
sk e}

Callus and reot formation of hypocotyls
at NAA:-BA 0.5:0.5

Fig. 5. Regeneration response of cotyledon explants on MS medium
supplemented with 0.5mg + L' NAA and 05mg - L' BA.
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3t v Ao FAAZ 65T Hibstel Ug 2 HEde BAlsle] 1
A2 Fig. 69l YAt s 249 dAAE 25mg - L 'Y FF
NAFE Az AEs7E JAEATE Bmg - LY FEA Ao 3

A Eded, ARA e Aduuo g weksl A A art G4

o5

HE AErh 50mg - L FEAE Aes Aol A AP

22 AUA FE PR Aol em Frst FobdsE A

-

AE7t Akt aHez A H3A AS 93 kanamycin®] 474 %F
= S0mg - L' FFEoE #aE it o] Cardoza 5(2003)0] Abg-§
200mg - L'¢t Khan 5(2003)°] AH&3% 100~200mg - L', Schroder
(1994) o] Ab&3F 250~500mg - L' kanamycin®l, =9} wlmato] 4
F3] e FREA AR S TR FFY 17 Aol 7]
st o Azte)

Kanamycin
(mg'L.™h

Fig. 6. Resistance response of hypocotyl explants of rape to kanamycin

supplemented in regeneration medium.
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ol 79 & A EA ] shulE 22AS dFHEY 06cm Wl A=
APAE Fvlstdth. MS AEsk wj A AellA 293 duj kst
Agrobacterium< JEstE 29 B9re] FEHWIY T 50mg - L
kanamycin® 500mg -+ L™ carbenicilling 37}k &3} w2 ol A 4571

wgatol AR Azs Aua sl

Fig. 7. Adventitious shoot formation from the cutting edges of hypocotyl on
selective regeneration medium explants in rape.

2 wixe]l 0.dmg - L GAE H7kste] Abgskolrt
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Fig. 8. Effect of GA supplemented in shoot elongation and rooting medium
on shoot development. Non-transformant (control, A) and putative
transformant (B) on free GA medium. Putative transformant (C) on medium
supplemented with 0.1mg - L' GA. Arrows indicated the level of internode

elongation.

Mz A4 R e Bge AW AAEES GUS ¥4 % PCR Ao
2 §A4% o3E Fstgth. GUS £ A3 Fig. 99 ehlgith

AL o= 21827 ZAgqME 2=

D
c
D!
Ho
e
R
H
A
i
oft
i
L
rlot
o
fr
o

A Ed FES B8 AEA A FEAA X-Gluc M-8 o3 A

-b -4-chloro—-3-indolyl-B-D-glucuronide 7}
Elvk dAto g GUS 427 35S promoter o 2]l
A=A A FeolA st TS 4 AU o= Khan 5

(2003)°] A2 et FAfsESA T
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Fig. 9. GUS assay of the selected putative transformants A, non—transgenic

tissue B, putative transformant tissue.

MPCNC1 23456 7 8 9

Fig. 10. PCR analysis of putative transgenic plants. PCR bands were
detected for citrus pytoene synthase genes. M, 100pb plus maker; PC,
Plasmid (positive control); NC, Non-transformant (negative control). Lane
1-8, putative transformants. No band represents the non-transformant (lane

9).
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Fig. 11. Acclimatization of putative transformants.

i

Agrobacteriume ©] &% AT AW 72 s A4 AHREs =

A% Z&S Table 5ol Yetlidth sl =29 A4 A3t 4
3= 25.0% Welold ot Agrobacterium 73 &3¢

sk v Aol A 453 vk e we] AEE A== 16.0% WHelE uE

Wil PCR = GUS #A4¢ <% A& 80% Hel= veyw

t}h ol & S5(2001)0] Atdel A Agrobacterium FE A AEIE] oF

50%7F A AR S A= Bt FAFsEA

of!

F A7 278 A
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Table 5. Efficiency” of Agrobacterium-mediated transformation in rape

(Brassica napus L.).

Regeneration without Regeneration with )
. I Transformation
antibiotics antibiotics
25.0 16.0 8.0

“ The percentage numbers of explants with regenerants or transformants

confirmed by PCR and GUS analysis were calculated.

Ft2El=o]l= A3HA Ao A phytoene synthase % AF+= geranyl-
geranylpyrophosphate (GGPP)Z%-E phytoenes 443t WA} A S
Z4d3(Lindgten 5, 2003). =3 GGPP= GAS =49 phytol A&
Fe HAFEACZIE stk B AT7dA 23U phytoene
synthase FAAE =43 AdF A EAEo] W3 = 93 AYS LE
YA th(Fig. 12). ©]& Busch S5(2002)¢] phytoene synthase 2SS
Hjol A ot AAZA A ATELY HAR 954 92 Addd FA

of Aalslo] walA g A de] BTG BE o] Fulg} Aol

ofk
it}
N
%0,
)
rr
f
k]
o L
=
>~
=,
o}
ol
32
o
[
ko)
=
<
3
o
@
=)
15
%
<
o)
=
=
)
0
@
Jo
2
2
N
N

Aoz upAAY GEA ko] 74 L(Shewmaker &, 1999), of 7]
Foll whel abscisic acid®] H#o] F
7hetl ot GASl FAdo] Aol wolrk Add 4 glgo] HaEdT
(Lindgren 5 2003). 2322 2 ATo|x dojx JAASANELS 73}t

FA 94 2 B4 ol B3 pAstel GG gage] AFaA R

o3
=
o
>,
rr
Y
fr
o
ke
o)
Iy
e
oft
1o
ol\
N



Fig. 12. Putative transformant showing abnormal pigmentation and bleaching

of leaves.
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