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Transfer and Expression of a Tomato Inhibitor I and f-Glucuronidae Fusion Gene in
Flowering Cabbage, Brassica oleracea var. acephala DC.
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The highest transformation frequency was observed when cotyledonary and hypocotyl explants of flowering cabbage
(Brassica oleracea var. acephala DC) "Eunbae’ were cultured on shoot induction medium without kanamycin for 1 day, then
cocultured with Agrobacterium tumefaciens LBA4404:pGA1036 harboring tomato inhibitor Il promoter and f-glucuronidae
(GUS) fusion gene for 3 days. These explants were transferred to MS medium containing 20 mg/L kanamycin, 500 mg/L
carbenicillin, and 1 mg/L BA. The explants were subsequently subcultured every 2 weeks. Incorporation of the GUS gene
into flowering cabbage was confirmed by PCR analysis of DNA. Southern blot analysis showed that ECL-labeled GUS
gene was hybridized to the expected amplified genomic DNA fragment of about 366 bp from transgenic flowering
cabbage. Histochemical analysis based on the enzymatic activity of the GUS protein indicated that PI- I promoter activity
was sysmatically associated with vascular tissue in wonded as well as in non-wounded leaves, petioles and stems, but not
in roots. Partial wounding with razor blade showed not systemic induction but partial induction.

Key words; Agrobacterium tumefaciens, GUS

AeEde 98709 FHFHAAT REdAE
phytoalexin}f F&-F-HAte} AL L A EAS A
Aehe Ak o e B8 3ATHCAM =
F M7 = Ase] ook oldt HEETS M
AR #5358 (systemic induction) o] 2} &} proteinaceous
protease inhibitore} FAHAE FARSo] 27 HolH EHE
EFol EHEE olssy] H& M wel d7HZ U
(Plunkett et al, 1982; Walker-Simmons and Ryan, 1934). &t
AR ELS AR EH- ] HAT Sl Wt AEAY "ol
7123 fREe] a L AAHE ol FEE di-Ee HE
AR EA A EAL n|AEH} FES proteases] T
A& b A1 E2] proteinaseo]| &= A9 A S e
A) ¢komi(Weiss and Bevan, 1991), A] B4 B-2lg ghwlal
FAEL JAELEL o8 39 Hold YolFH o] &4

L of
A~

Ao A& vk ¥ 3(Johnson et al, 1989)7} 91937
wjFolct ol T MKIMES TF lYd= AFet &
A= EHE g odeF dFskd Aol A E &
58 T Reolx Fekl dIsrEz Adxoz o9
A= Z &7 9L Aoz BT g tHGoldburg and
Tjaden, 1990).

ZIAE 3R AR dE> A5 T 9E )
AR FEe sl AA ZHlE dU9-E 9 serine
proteinaseql trypsin?} chymotrypsin®] A EAE Ao HE
o &3 =k Ryan, 1973). o] A EFA= = FH7}
9l=dl L % 3}}el proteinase inhibitor [ (PI-1)¢] 7-$-o)
= monomer2 FA}8Fo] 81003 chymotrypsine]] o 3}ed A=
7ret A& ety trypsine]l 3 AHsE ks
Proteinase inhibitor I (PI-II): ¥x}ek 12,3002} monomere®]
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I trypsin®} chymotrypsinel] ko] 743k A& Yepie
Aoz 9#2 )k Plunkett et al, 1982). 74ke] 7<% o)
AAE A A9kS wE o, 71, FEelA PI- 1 $3A7}
A WA A (Green and Ryan, 1972), 7 ex=
A wE&dHAY 2~5%7t7A A A (Bryant et al,
1976). & 7= dFe] Qe Y8 AAe 5 e
o8 AR as JAERE M slewA b
o] Ut Ef KBS MAEA A AAAN ¢
WAL R GAED o] MBFRMHSE THEHE o2
A ¢lcKRyan, 1973).

2 AP EntEoA EEl® PI-II promoters] f-
glucronidase (GUS)E -§&+]%] Ti-plasmid binary vectorZ
Agrobacterium tumefaciensE vj7)\ & dlo] 1 £37} ofit
Brassica /9] Ztoful| 3(Brassica oleracea var., acephala DC)
of 2YAIA JAAMANE 93 o] JYAHHY AEAE
Aoz Pl 429 23 FolAq WHAAHEE FA}s=
3, FAATA A A3 2 FAAF T EIA
o]XE 9bA 8913 FAEM st AP AHAE
B 3H= wjelt},

H# R Fik
rEsER

Z-oku)| = ( Brassica oleracea var. acephala DC.) ‘2uj’¢}
‘ZTee] £ 1% NaOCl(active chlorine, 10~12%) £
o] 3087 As T IR AT F sucrose 3%9)F A
08%% 43t MSu}A)(Murashige and Skoog, 1962)¢]] =}3
sled 25 £ 2°C, 19 16717 el fatde Fauhg 4~89
F o RO 2 mmAE HAE A E Aduhaa st
%2 1 am Zoj2 Az} 774 AHgsig ot

x
T

AH-3t 7% binary vector AARloR F2E pGA
10363} helper plasmid® pAL4404E 7}7  Agrobacterium
tumefaciens strain LBA 44424 X33t txE ubalz {
B BoF& ukglth pGA 10369 FF= E. coli®] 8-
glucuronidase (GUS) #3 &}(Jefferson et al, 1986)7} 7+A}o]
A B-2lEt 892 base pair?] proteinase inhibitor I promoter$}
nopaline synthase?] terminater(Tnos) Abojo] AllEe] 93
(Figure 1), BPHEHREMEES BRT T dE IAFHAZ
neomycin phosphotransferase gene I (NPT- [ )& Ti-plasmid
2] T-DNA border sequencerlolel 7}A|&= FZ ot} pGA
1036°] ¢l A. tumefacienceZ kanamycin 15 ug/ml$}
tetracyclin 5 wg/mLe] 37}l YEP(1% peptone, 19 yeast

Xbal Hindll Stul

pGA 1036 .— Poos INPTIL | Tws| Pern | GUS | Toos

Figure 1. Structure of the binary vector pGA 1036. Abbreviations
used are : Pnes: nopaline synthase promoter, NPT [ : neomycin
phosphotransferase type [, Tnes: polyadenylation signal of the
nopaline synthase gene, Pri-1: PI-1 promoter, GUS: coding
region of the B-glucuronidase gene of E. coli RB: T-DNA right
border, LB: T-DNA left border.

extract, 05% NaCl) it 28°C, FEAFE) 2 48A]7F
59t 2 160 rpm 2 Alebufeksl t}g spectrophotometer
600 nmo|A] optmal density7} 05U AlE-xx 3} FEZujck
(cocultivation) )53 o}

fERe Hofbel kS vlX e 2rx] 89S RHIE
8l 7] EujA] 2= MS2 Bs(Gamborg and Ojima, 1968)
£ AHgsieh AR AR A o] AEA AE-3lo]
0)x)e= 3k 2AFE}7) 9)8ke] NAA(O, 01 mg/L)o] BA
(0, 05, 1, 2, 3 mg/L) =X zeatin (0, 2, 4 mg/L)o) &4 A
74 9%2 wiAe] A S-S ksl HoLARS
Z+zt @A Al A A kanamyein FEE Yo}
7] $)ste] BA 1 mg/L7 A7k MS A4l kanamycin(
0, 5, 10, 20, 30 mg/L)-& A7}t wisk 45F iz} sl
5o AEEE A FAANL 2GS 1
A7t A e G A tumefacienced} 1~3U7F TEu) ok
A spFog e T& AAS] $lske carbenicillin
500 mg/L7t A7H AE Ao &30 F 25°C, 16417 o
Fapl A st on 2Feket A2e AR $7 9
o). Ak Rjel A FAMEE shoot:= 250 mg/L) carbenicillin
7} 10 mg/L¢] kanamycine] H7}¥l MS wjx|o]] o)A} s}e] B

§ fresta Fejrl P4E EohilFs X Eo of4sly
LA A 23447 oy EES T AMH-sFTh

PCR HI20i| 2|5t &S

WA GUS frAa7t A EA] G A=
A8 455 Halsly] sl PCREA S £33l 4
4 dezHe DNAE ##(Murray and Thompson,
1980)3}e] template DNAZ o]£3}¢]3, PCR KIEAHK-S
10 mM Tris- HCI(pH 90), 50 mM KCl, 0.1% Triton X-100,
15 mM MgChk, 200 @M dNTP (GIVBCO BRL), 100 ng
primer, 50 ng template DNA % 25 unit Tag DNA



polymerase(Promega) & W1 A% ubg4A 2 50 plo] HA
shglom, Hke-aE ot KRGEES =7 $18te] mineral
ol & &4 H7}etgdtl. HYBAID Thermal CyclerE o]
43t Al DNA WA> 9B°CollA] 58zh 1§ DNA#A >
O Coll A} 1E-7}, annealing2 58°Cefl#] 287t 12]51 DNA
I T2ColA 2802 3 cydes AY oo, HF
DNAgA S 5802 3y A" DNAY: 1.2% agarose
gel® A 7]e3 %35} 3 EtBro] {4 sled UV lampsiM bandE
ghelatedch GUSEA S ¢l Al-4-% 20-mer primer:= ¥.3}
T A E ubAbE o2 N Fof whol ARg-3}olt.

Southern blot HkfF

PCRAFo® ZokmFe] dAA el A= de A
o2 gadxl GUS KA/ BEHHA A4
Agobacteriumyl] ¢ binary vector A| 28 2.2 cloning¥l E{#HT-
QA E =elaly] #3te, PCRYY 2 =9 GUS #47
E ZE3) 3, plasmid DNAZSE Xba I, Stul2Z double
digestiond} 1.8kbe] GUS AHE& ECL-labelling & Detection
Kit (Amersham)-& o] &-3}e] labellings}e] probeZ A}-£-3}¢]
t}. PCRuM] 2]3) &35 DNAE 1X TAE bufferd A}-4-
&hod 12% agarose gelol A A7 5513 05 we/ml ethidium
bromide &lol] M3t F, AbxE H 1 capillary transfer ®}
W (Southern, 1975)°.2 nylon membraneo] o] A]zic}h
DNA7} #o|% memberaned prehybridization $-%(ECL
golden buffer, 05M NaCl, 5% blocking regent)ellA] 3A]7+5
et A g8 F ECL labelling kit2 EAIE 2L AH7}sl
o 42°CollA] 8417t ul-gA|Z )l Hybridizationo] 8%
membraned- 42°Co) Al washing buffer(0.4% SDS, 20X SSC,
36% urea) &N 02 2087k 29 A|Hslgict 2|3 ALl
A 2XSSCgd o2 S5EZE 2 MFHIAAG. AFHI
membraneS- AF&-o| Al X-ray filmel] XZA|Zch

Histochemical 4

A2 e WS Wil BERE g A F 24
H(0.3% formaldehyde, 10 mM MES pH 5.6, 03 M
mannitol)el] BT ¢ 18 AX Zigtsle] AW 7|2 E
2% AAG G Ao 63 S Asnh 50 mM
NaPOs«(pH 7.0) £422 o8 W A, 1~2 mle
histochemical reagent(2 mM 5-bromo-4-chloro-3-indolyl
ghicuropide (X-GLUC) in 50 mM NaPOs pH 70)E o)
3rC FT)ol A 12~48A17F GUS 8k-% F=shch R
S g F A ALTE oA oM dFaE AAR
s SF5E AFE 295 ABE didefld] ¥ AR
9 MyL wRE7] st 0% glycerols Hoj=a #AF
stoit
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A2 T2 Y HEHE

1A 2 FET A AESEE A 2k
o “2uivel “ERTe] A &S WY 23
(Figure 2) A& 2E3-82 MSujx|7} Boul x| e} &4
vebgon FEbelE 277t "o Hlste] Al
shilE: 2% =2 AEIEE Jeplgich Brassica oleracea
9] zAu)efo)A] Pareek$} Chandra(1972): AL LS|
Ao, Huit Zee(1978)% A=t dhjs& MSwjAel, 2]
3 Feng®} Cheng(1981)2- RS Whites} Bs wix|o] Z+z}h )
oksted A BA AEIE frEstch olspzo] FUZ FEell
A kA Bol wel AME w7} cheFst Helxuk &
Aol el MSMAE AHSSE oj7h whot Brassica®
AR fREEAl V1RE sl Bs wiAEY FrldeE
7F g F2 MS w7} g Ao g 4™y w3 F
Fol W& FHoaftEds A zelE Jepisied o
FAAYY Fafh GEhe Kol MMEE 271HH 49
2 Bo| A o#lx S}, Brassica® Al Eo| A% B. campestris
(Hachey et al, 1991), B. napus (Ono et al, 1994) oAl ¥
7 AR5} 5] Zolzt Razgl wf 9]tk

Az staj okl M ARz AR| e FHel yxo o
& AEA AEEE A FFHTable 1), 23t ahd
% 25 NAAo| BA E¥ zeatino] E437H wiAle| AR
ot BA i zeatino] HE&A7}E wiAojA Aoz AE
A AE3ge] kst Baloh e} zeatin® b BA7L
o5 F 2o 2Ny AEA AEs B, £3
BA 10 mg/L7} HmE dixelA A9 56.7%, 3ho&-
689%E 714 ¥ AEIES Yehigiol ol B juncea
o] Zz|ufeko|A] BAZ} zeatin, Zip W kinetin® o} R }A o]
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50 mnm Cotyledon 4 50
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‘Eunbae’ l ‘Hongrin'
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10
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Figure 2. Effect of basal media on shoot regeneration from cotyledon
and hypocotyl explants of B. oleracea var. acephala ‘Eunbae’(left)
and ‘Hongrin'(right)
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Table 1. Effect of plant growth regulators on shoot regeneration from cotyledon and hypocotyl explants of B. oleracea var. acephala ‘Eunbae’.

Plant growth regulators(mg/L) No. of No. of No. of
Explants cotyledons shoots(%) roots(%)
NAA BA zeatin cultured
Cotyledon 0 10 0 €0 51(56.7) o)
0 20 0 4] 46(5L.1) o0
01 L0 0 R 0022.2) 16(17.8)
01 20 0 N 32(35.6) 5(56)
0.1 30 0 €N 11(12.2) LD
0 0 20 R0 36(40.0) (0]
0 0 40 €N 12(13.3) 0(0)
0.1 0 40 N 0(0) 0(0)
Hypocotyl 0 0.5 0 45 15(333) 0(0)
0 10 0 45 31(639) ()]
0 20 0 45 11(24.4) 0(0)
01 1.0 0 45 6(13.3) 9(2.0)
0.1 20 0 45 ()] 15(33.3)
01 30 0 45 0(0) 7(160)
0 0 20 45 0(0) 0(0)
0 0 40 45 21(46.7) MO
01 0 40 45 13(289) 2(44)

Table 2. Effect of kanamycin concentrations on shoot regeneration
from cotyledon and hypocotyl explants of B. oleracea var. acephala.

Table 3. Effect of cocultivated periods on regeneration from
cotyledon and hypocotyl explants of B. oleracea var. acephala.

Kanamycin No. of cotyledons No. of hypocotyls
(mg/L) cultured with shoots(%) cultured  with shoots(%)
0 90 46(5L.1) 45 33(73.3)

5 N0 38(42.2) 45 (66.7)

10 0 2(0.2) M 50.1)

A) 8t L0)] % 0(0)

0 4] o0 M o0
Qb & Sharma F(1990)7 Chi 5(1989) dA+ZH3a o

FA49 AguioreA BAZE &3 olgivt & Ono %
(1994) 9] A-+A}s} wl5zgt Adkojgich =3k BA 1 mg/L
48 ATl A w2 AEA ALIES el
Brassicalfy A &2 ZAjgellA] NAASL BAE £43l:= A
o] & ejdt1 & Hachey F(1991)¢] 72 elh= 2}
o|7b 9l2v} B. oleracea®] b3t shulE wi kAl Al EA]
A B-3to = auxine] A& B¢ AHHClare and Collin,
1974) auxin®] jEffe] wlwA F& [AA7} 52 FH7lH
Qo] & ejalal & H 1(Bajaj and Nietsch, 1975) ¢} =
=g ke Bavh zEy olFel w3l AAZAAY
o} FEE o Xeolzh slddEd ol MEHEYS
A MESE A2 8 dA vlEd Ageln
=t

FohuilFo] A4 eSS o] 83 YA AYPA
A A o) kanamycin'g =8 FEHi3}7) H ste] Agat
ZH{Table 2), WA Y kanamycin®] = %7} 20 mg/Lo]AM o)
v A sz e A AEAE 9€ 5 9

1o

T

H| &
z=
)
o
&
3

>

=2
2
A
7

rﬁ

o

m

Coculture period Explants  No. of explants  Regeneration efficiency(%)

(days) cultured Green shoot White shoot
¢ Cotyledon 0 00) 0(0)
Hypocotyl 45 o0 0(0)
1 Cotyledon €N 0(0) 0(0)
 Hypocotyl I3 0(0) 3(67)
2 Cotyledon £l 4(4.4) 9100)
Hypacotyl 45 16(356) 3(6.7)
3 Cotyledon N 11(12.2) 6(56)
Hypocotyl 45 7(156) 2(44)
demg olF A tumefaciensst F-FwjkF Alhujx]o]AM

FAAEH AEAE F53871 At AA kanamyciny T
20 mg/LE A NPT-1 FAz= B2 il 2
AR Gl EIK maker2H FHSHA FEEHT glom
Ao AH7be £ kanamycin®] Fxe AES FHl wet
o] $- cjefaldl BT 9le). Brassica Al E9] ASol:
iAW AH7bEE kanamycin®] §ErF WA F2H<lY
2 (Moloney et al, 1989) oA} 15 mg/L, B. oleracea (Dong
and McHughen, 1991)} A 50 mg/L, B. juncea (Barfield and

Pua, 191l 4] 20 mg/L¢] kanamycing #7}3}e] B a5k
e H=8 oyt gloh by Brasica AEEME i

=2 2Tol7|= 3}} Srivastava E(1988)2 B. oleracea®)
Eoz e BHERRE ¥53)7] 93¢ kanamycin
= WA Wl 100 mg/L H7tete] AME-3F A= Qi) ¥k of
vk iAol 3719 kenamycin®) 5ol weh 224
Y Y 2NN YAAZ R ol Afolsb epd}



= 9% ¥3(Radke et al, 198)% ¢] 222 kanamycing
FEIL maker® o] 88 7o HEEA] AR o] dwe
TE ol Aol & Ao y7gch

SoMeFzIzbe] A} st E o2 e Al EA A L3l
n x| = S xAbe A3H(Table 3), 23 3hjE 2%
2Tl M ALHR AE Zﬂa 2 ek Bk e}
Yz} zpd2 1~29 7k, sl %2 147} Agobacteriuma} 3%
wjokE 22 M= XHw‘i— shel Al EA 7L B wiEgas o
E}LH of 54 MEAE A& 7 ek AL 3, s

> 297 Agrobacterium3} F-gul kgt AHelo|A HA A

EX] AEsEo] 7 w& Aoz Jehyd.

FE#ER BE 3 FHAL #IR

3719] whwell F3ke] Agrobacterium¥t 5wl kF A
3l A F M HEHER W Aoz FAEE TS
o] AlEAtell GUS 771 R3] AFYHNEAE ol
7] Y181M PCRE 8§ 8t Z 7p(Figure 3A) A5 £
wj o Al 366 bp AHE &Feld 4 )9t Lane 12
plasmid2 %8 £-g]3t GUS §AAE ZE31 7olm, lane 3,
4,5 6 7% FAANE TS 5% GUS 4
Atoltt. o] & EL—‘? 366 bpel AHS B 9lov BHEH
HA ok FeofujF(lane 2)of M o] AFo] Kol oo}
GUS #AA7E Fhlia Audez A= des o
% 91sih PCRE 28 366 bpe] 43
A& 731A37) $15ke] plasmidel] A - At
probe2. Ab-8-3fe] Southern blot-g 483 A}, 34 3hgl

M1234567 1234567

(A) (B)

Figure 3. Agarose gel electrophoresis (A) and Southem blot analysis
(B) of PCR amplification products. m : marker, lane 1: amplified
product from plasmid pGA 1036, lane 2. amplified product from
genomic DNA of nontransformed B. oleracea plant, lanes 3, 4, 5, 6
and 7 amplified products from genomic DNA of transgenic B.
oleracea plants transformed with pGA 1036. The arrow indicates
approximately 366 bp of amplified GUS product.
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Figure 4. Histochemical localization of the PI- [ promoter-GUS gene
expression in transgenenic B. oleracea var. acephala by wounding
treatments. Explants were incubated in X-Gluc for 24hr. at 37°C.
A’ cross section of leaf, B: cross section of petiole, C: cross section
of stem, D: root

Figure 5. Histochemical localization of GUS gene expression In

transgenic B. oleracea var. acephala containing the P | - [ promoter-

GUS gene upon partial sharp wounding (A), partial pricking(B),

severe pricking (C). In order to enhance the contrast between the

stained and unstained tissues in the cuttings, stereomicroscope was
(x7).

$ANE Z2Zg Alane Do EF band7} Jeh} ZE
2 DNA7} GUS $84918 gelst 2 9]¢l ch(Figure 3B).
A ghsl Foful ol Al PI promoter-GUS 43 42t
£ o] &3 PI- 1 FAA] MR IR BES ot
71 flgte] FAA A g GUS A4S M & 2
HFigure 4), HAFE A 23te] s} 27]oA Hepd
< FAHLE GUSEA ] Fqsgion HejoAx: A3
GUS Ao vehtx] ksteh ol A AAF-Ho A wA gt
signale] #ehihg we} o] FstgiA Aohlt F4e] PI-|

promoterE {FHAL A]7]7) wjFel Ao g ZA(Keil et al,
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1989)8k3 glom o o] oE we] BREE EE TS LY
E YA A EA IS S FHLE dojvn
o]l w3 A 9lrHKell et al, 1990).

AT} F-9lo] 2 signale] FE 9} EE golry]
A3t GUS BRA=E AIE 243 9 F5& 54
22 FEHY YHF-ES HEEE A W= AH
4 ZeMut GUS #4& veb S o Figure 5A). 181}
dzjgt Wxd 4l I BxEeE 8 FUE dole
GAH A A GUS A o] vhepyt o ni(Figure 5B), £E2& £
ALz 4% o FEHEE AN BoE A w9 4
AE F94S 9= o HAM GUS Ao =g
(Figure 5C). o]g]gt A= Stanford £(1990)¢] 7z}e} 2
wiell win [-GUS &% &EFE BAsI ik FEd
o3k GUS 4 ZAbell A A1 ZAo] 7lelAe A A=
o] wpe} GUS EAJe] Ape]7} At g Bils} FAMEIG L
o o AFzHE Ao o7 AEAFLE RN 13
Ae AA7F dALE oY 9 7hEsidE AL 4 5 4

Aot

wm E

Zopul 3 ‘2w FAE T g5 F 6AAE sl
ZA& BA 1 mg/lL, sucrose 30 g/L, 34 8 g/L7} A7d
MS |23 A|e 197 AA g o§, PI promoter-GUS
48 §AA7F =% Agrobacterium tumefaciens LBA 4404
o} 247 FYEAY MS HAwA A FFw) kst
carbenicillin 500 mg/L$%} kanamycin 20 mg/L7} 37}g MS
AElAE A FUE 9 /M B2 YAHMANE o
< & A%k PCR #4723, PI promoter-GUS 8 4
A7F FAARA L Al AdE d&E Fdsdch
Southen ¥-A7Z 3}, ECL-labelling® PI promoter-GUS §3
42} probe?] coding sequences} FUT RoF HdEE
¢ 36bp AAM WEF HAT 4 s 22y §4
A=A g Al FAAME ofE MEE g & ¢4
o AW GUS fAate] #42 dF-9oATE A 2sle
dHF £719) ApRs FALE vehgon MY Az
7 AETF 2 HoldX 2 HAE Yok

51 B X ®
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