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Abstract  Full-length cDNAs are essential for the correct
annotation of genomic sequences and for the functional an-
alysis of genes and their products. To elucidate the functions
of a large population of Chinese cabbage (Brassica rapa)
genes and to search efficiently for agriculturally useful
genes, we have been taking advantage of the full-length
cDNA Over-eXpresser (FOX) gene hunting system. With
oligo dT column it purify the each mRNA from the flower
organs, leaf and stem tissue. And about 120,000 cDNAs
from the library were transformed into A-pFLCIII-F vector.
Of which 115,000 cDNAs from the library were transformed
into T-DNA binary vector, pBigs for transformation study.
We used normalized full-length cDNA and introduced each
cDNA into Arabidopsis by in planta transformation. Full-

length Chinese cabbage cDNAs were expressed indepen-
dently under the CaMV 35S promoter in Arabidopsis. Selfed
seeds were harvested from transgenic Arabidopsis. We had
selected 2,500 transgenic plants by hygromycin antibiotic
tolerant test, and obtained a number of transgenic mutants.
Each transgenic Arabidopsis was investigated in morpho-
logical changes, fertility and leaf colour. As a result, 285
possible morphological mutants were identified. Introduced
cDNA was isolated by PCR amplification of the genomic

1-H. Lee - J.-I. Park - I.-S. Nou

sty olstnt

(Department of Horticulture, Sunchon National University,
Suncheon 540-742, Korea)

Y.-J. Jung - K.-K. Kang (P<)

stztfstn o5t

(Department of Horticulture, Hankyong National University,
Anseong 456-749, Korea)

e-mail: kykang@hkun.ac.kr

* Kwon-Kyoo Kang

DNA from the transgenic mutants. Sequencing result and
BLAST analysis showed that most of the introduced cDNA
were complete cDNAs and functional genes. Also, we
examined the effect of Bromelain on enhancing resistance to
soft rot in transgenic Chinese cabbage ‘Osome’. The bro-
melain gene identified from FOX hunting system was
transformed into Chinese cabbage using Agrobacterium
methods. Transformants were screened by PCR, then RT-PCR
and real time PCR were performed to analyze gene ex-
pression of cysteine protease in the T1 and T2 generations.
The anti-bacterial activity of bromelain was tested in Chi-
nese cabbages infected with soft rot bacteria. The results
showed that the over-expressed bromelain gene from pine-
apple conferred enhanced resistance to soft rot in Chinese
cabbage.

Keywords Full length cDNA, overexpression, transgenic
plants, morphological mutants, FOX hunting system
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AHOIAE o] &3to], 7|5 X AH Alof Fof gt A+
7} @o] XY= ATt (An 5 2003; Hiochika 5 2004; Chen

S 2003; Ryu 5 2004; Sallaud 5 2004, Miyao 5 2003;
2007; Park 5 2007; Jeong & 2002; Ichikawa -5 2003). ©]=
B} Tagging®H-2 Tag= A] T-DNA E= transposonS §-
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(full-length)-cDNA librar; —§— Z+A51o] (Seki 5 2004), o] &
FL-cDNAE 0| &3t 7| &% HFH 0] 2135} © 2 FOX-hunting
system (Full-length cDNA Over-eXpressor Gene Hunting System)
o] 7N= qitt (Ichikawa 5 2006). ESH o] A|AHE]o] 9]3)
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Transformation

Pro [NEIECHNANE- Ter
pBIGS2113SF ‘

Full-length cDNA library

Independent T1 lines

Q
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)

Agrobacteria library
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l Dip infiltration

Fig. 1 Scheme for the generation of FOX lines. To generate FOX Agrobacterium libraries, RIKEN Arabidopsis full-length (RAFL)
cDNAs (fl-cDNA) from libraries were recloned into the pBIG2113SF vector containing the CaMV35S promoter, the TMV omega
sequence (indicated as ‘Pro’) and the NOS terminator (indicated as ‘Ter’), and transformed into Agrobacterium. Arabidopsis plants
are transformed with the FOX Agrobacterium libraries by floral dip infiltration. The TO FOX plants generated are self-pollinated,
and then many independent T1 FOX seed libraries are obtained. From the T1 FOX lines, phenotypic mutant lines (in this case, the
‘H’ line) are identified. The corresponding gene of the ‘H’ mutation is easily and immediately identified by PCR with T-DNA-specific

primers and sequencing
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FL-DNAZ o 7] &) A Zo A FAH o2 ¥ A7 7]
=o] S EAL, AYE A ATES FOX-line©]
gt sl SR 7|54 o) o] &5t Tt (Fig. 1).
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& =m0 Al= wiE (‘Osome’)9] vt ehE 251 cDNA
2 FOX-Agrobacterium libraryS 244 3to] tj&Fe] 7154 &
AxE FA sk W B O A o] wste] 75tk

rh
rhu

TESHE 2T cDNA 2 Agrobacterium library ZH&|H

T 4% mRNA BA U diol 2129 biotin3}

Total RNA&= 529 Sfofx2], x4 B A4 Fof
A Ea]5Fo] MAXS mRNA isolation kit (Miltenyi Biotec,
USA) @ PolyA-Quick (Stratagene, USA) kitE A}-83}¢
mRNAE FH|5} 9t} Biotin HF-2&2 ¢DNA 4 A 9 &
of =35} th. First-strand g4 &, AJ=Z9 0.8 ul< 0.5M
EDTA ¥ 1.3 pl9] 5M NaCl& #7}3}%ith A|EZ phenol/
chloroform @ chloroform#] 2] &, ethanol XA AlA 70%
9 80% ethanol 2 A A3k &, Wit ol dEralich A<
skl AlRL A EA 2 A 5 mM Nalo,7} Z3HE 25 ul
9] 66 mM sodium acetate- &< (pH 4.5)°] 4 mRNA2] diol
52 AStA F T 4heiehg-2 o =2 AFEfoll A 4557t
A5 oA =35t AHskE mRNA/CDNA hybrid=

A45te] 2.5 wlo) SM LiCl, 0.5 o] 10% SDS @ E2ko]
isopropanol2 A 7}5Fe] ZAA| 731, ETFA] mRNA/CDNA
hybridE -20Co) A] 3087t B2 &, 4C, 1587F 15,000 rpm
HA ko] AAA T AAES 70% ethanol = A A3 5
25 ule] Wtz #et ahoch TS0 @ 25 ul9] IM sodium
acetate (pH 6.1), 2.5 ul®] 10% SDS & 75 ul®] 10 mM biocytin
hydrazideE & erolo] 713}t RNAQ| AFslE diol 1
B2 A2 (2226 C)oll A ON P2 AIZ] O 24 biotinS}A]
Zth npA o 2 MAFELS 2.5 ul® 5M NaCl, 37.5 ple]
IM sodium acetate (pH 6.1), 2.58] 2 2] ethanolS 2 7}5} o
FHAAA, A5 A TAZE HA] F, biotin3tE A|EE
4C, 1557F Aol 9fsto] AAA &, AAES 70% 2
80% ethanol2 ZF 13]& A& %, RNase-free 4= &
el

Z}A bead?] blocking = AHS] capturing

First-strand full-length ¢cDNA/mRNA hybridE streptavidin
(CPG, New Jersey, USA) .2 coating®l MPG (magnetic porous
glass) ] AFol| capturing Al ZATh. HAF A of 100 ul®] bead
(1% SEFN: 1 mg2] bead+= 800 pmol2] biotinS}¥ 25-mer
oligonucleotideE ZA3HA|Z = A-2)E 10 ul9 40 ug/ul
DNA-free tRNAE % 7}5}9] blocking AlA, €& QoA &
b A 1AZE W6 A ZiTh AL capturing 2751 o] magnetic
standS ©]-8-5F0] beadE 2|5}, pipettingdto] A4
A A 5t 9t} Blocking A} 3.0 beadS 500 ul®] 2M NaCl
2 50 mM EDTA, pH 8.0 €00 2 33] A 23}, 100 ul2)
M NaCl 2 50 mM EDTA, pH 8.0 §-oo] det 5}4ic}.
cDNA (9F 0.5 ug)E bead sedimentationS W *|5}7] ¢J35}9
carrier 2 A 100 ug2] tRNA E7jstof] &3}51A] S3ta}HA]
30427t Aol A capturingS} i Th. ] 2% cDNAE A A
5 beadS 100 ug/ml tDNAE 3Z3}3E 500 ul®] 2M NaCl W
50 mM EDTA, pH 8.0 8900 & 43] A|H 3}t H T2,
¢cDNAZ 100 mM NaOH, 5 mM EDTAES #] 2|3t bead 25
Bl elution A]Zl 2, alkaline gelo| loadings}th (Fig. 2).

First-strand ¢cDNA ZH]

mRNA Q] 2 ug+= first-strand Xhol primer-adapter 1 ug®}
A 65°C, 1057 | A T o AAE-S-2 50 mM Tris-
HCL, pH 8.3, 75 mM KCl, 4.5 mM MgCl, 10 mM DTT2}
7} 3 mM 9] dATP, dTTP, dGTP % dCTPS X33} total
20 wéf gAofx AAIsI T E7E, WA E A S 9]k
HFogolo] 1 plo [a-PJdGTP (3000 Ci/mMol, 10 mCi/ul,
Amersham, UK)E % 7}5}1t}. Thermal cycler (GeneAmp PCR
System 9700, Applied Biosystems, USA)E ©]|-83}9] primer
g aerglon], UL ole 4sTol A A2l
%, Wh3EgoA o pFLC-IIE H7Fstleh 1 %, 3]yt
o2 35C7H d wi7hA] 182 1CH sHFAI AT 121
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First-strand cDNA Synthesis
(full length or truncated)

RNase I treatment

Full length cDNA
Truncated cDNA

Biothinylation and
Capture with mangetic beads

RNA hydrolysis

dG-tailing

Fig. 2 Flowchart of the proposed protocol for the preparation of the cDNA library by using the modified biotinylated cap trapper

ThA] 35C ol A 582 A&A e T, 117l A 45C7t
A AsA 7l 3 1087 50C Z 23} 9itt. First-strand 3+

Hope A7) Slatel 05 wel A EA ol
DE-81 paper’do] spotdt &, HrAMs2 =7%5}9] incorporation
(cpm)Z AAFSH T

Full-length ¢cDNA 9] RNase protection 0 TAPX] €]

First-strand ¢cDNA+ RNase protection2 9]3] RNase I
(RNase ONE"™, Promega, USA) 20unitS AR5} 30°C, 30
270 AeshTh B8 CpAAS 915te] 150 unite] TAP
(Nippon Gene, Japan)S AH&3}$i .

Full-length ¢DNA 2] capturing
Full-length ¢cDNA+= 1] 2] blockA] 71 500 ul®] Z}A] bead
o]-§-5Fo] capturingdtGith. HARE cDNAE A AT
o] beadE 100 ug/ml t(RNA7} E3+% 0.5M EDTA, pH 8.0
golo @ 43 A A3t 1 3, 04% SDS, 50 ug/ml RNA
GAoFZ 13], 20% glycerol, 10 mM NaCl, 0.2 mM EDTA,
10 mM Tris-HCI, pH 7.5 €40 =& 13], 50 ug/ml t(RNA7}
EZ3E nuclease-free B2 23], nuclease-free - 5-2
13], 1x RNase H buffer (20 mM Tris-HCI, pH 7.5, 10 mM
MgCl, 20 mM KCI, 0. mM EDTA, 0.1 mM DTT)& 13] A
A5}9lc}. Bead 25E] full-length cDNAS E-2]5}7] 9]3}
o] A|2Z 0.1% SDS @ 10 mM EDTAZ} H7}= 100 ul9]
RNase H buffer (2 units)= 37 C ol A 3027k 65Coj A 10
220 A5 WA Z T S 3E RNase H A 2] = Q15}o]
bead 2 FE| A A %] A] & cDNA fraction (F 60%2] cDNA
7} AEHS A AT Y5he] 100 ul®) Tris-formate buffer,
pH 9.0 oo 4] 65, 1027} alkaline 7}5=58]2 =95}

o o

it W3 &, bead ZHE cDNA7Z} S99 52 &

317] Aol 5 ule] 10% SDS 2 1 ule] 0.5M EDTAS 7}
3}tk Alkaline elutionS 33] HHE-3}, = A|¢f alkaline A
] fraction % RNase H-fraction'= &7 A 7 A Z t}. Single-
strand cDNAE phenol/chloroform©. 2 13] F&3}1, G50
Sephadex chromatographyof] =% 3} th. ®rARA 3EA] fraction
= FEo| $438kaL 2 ug? glycogene M7t ¥, cDNAS

EtOHZ % A A| #H .

Single-strand ¢cDNA 2] oligo (dG) tailing

Single-strand ¢cDNA 2] oligo (dG) tailing¥H-$-2 200 mM
sodium cacodylate, pH 6.9, 1 mM MgCl,, 1 mM CoCl,, 1 mM
2-mercaptoethanol, 100 mM dGTP % 32 unit®] terminal
deoxynucleotidyl transferase (Takara, Japan)7} 3% 8o
A 35tgth Al7 S 37C, 3087 vkS-A171 &, EDTA
HAE X 50 mMo| B =& F7}st phenol/chloroform

chloroform3=&-& 13 £33 &, EtOH=ZE A A A}

Dol

Second-strand ¢cDNA 34

Oligo (dG)7} tailing% first-strand ¢cDNAE Z| £ 60 ul
2 9l XA TH3 ul® second-strand low buffer,
3 ul9] second-strand high buffer, 600ng2] second-strand Sacl
primer-adapter, 0.25 mM dNTP, 0.5 mM beta-NADH, 15 unit
9] Ex Taq DNA polymerase (Takara), 150 unit®] Ampligase,
DNA ligase, 3 unit®] Hybridase, RNase H 3£3}. PCRHF-g-&
“hot start”¥]-& ]85} 0™, 55CofA 52 §ESAIZ
%, 35CHHA] 8 03°C 4 Al 7| A A primer 3 E-& 4
oAt 1 5 whgA2 35Co A 1587 A& 712°C
oA 1587 A& vhGA T 33HAIA cycles 33] wF
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23l 3 upz|uto g [ ule] 0,5M EDTA, 1 ul®] 10% SDS 2
2 ul9] proteinase K (10 ug/u)S A 7}5}t0], A|5E 45C o A
15827F 93 A] Atk A] &E phenol/chloroform 2 chloroform
=3 §, EtOH=E JHAIZlth

o

Agas At Cloning 2 E7144 A3

cDNAE Sall/Xhol Y BamHIC. 2 AT}t A|50f 1 ul
9] 0.5M EDTA, 1 ul®] 10% SDS % 2 ul®] proteinase K (10
ughl)E 7kt 2, 45Col A 15327F ¥HGAIZ T Al RE
phenol/chloroform *] 2]3}™ Sephadex (G100) chromatography
2 B33 & ethanol A A]Z T} 140 ng®] cDNAE- lambda
pFLC-III vectoro] 12°C, O/N ligation ¥F-EA|Zth AR E A
719 % ot agarose gel 25| lambda armS 7 A|5}7] ¢35}
o] agarase S ©]-8-5}% T}, Ligation ¥l ¢DNA+= phenol/chloroform
9 chloroform3% 3, phage©] pakagingd}$th. Plasmid
DNAE RNase A A& &, =315 Th DNA G774 €2 Dye
Terminator kitE ©]-8-3}¢] Applied Biosystem DNA sequences
3712 A A 35F4 T DNA hybridization2 7% PEG 6000, 10%
SDS, 100 ug/ml salmon sperm DNA 7} 3£ 3}%] hybri -8 of A
65C, ONN HH-3-A]# T}, Hybridization ¥H-$ & ZES 2x SSC
2 0.1% SDSE-HE o]&3to] 65Co Al AHatAt A7
A Eo AsA-S BLAST (http://www.ncbinlm.nih.gov/)E
o] g5to] 24 ahelrl.

in vitro Excision

Phage DNA &2 “Wizard® Lambda Preps DNA Purification
System” (Promega, USA, cat. #A7290)2 Al-&3t4th 13
Z 23} phage stock2 H o] = 1 x 10" pfu AME-8Fe] AE 3}
At} in vitroo]| A Cre recombinase®] 2]3t excision= 3}7]
9]elj4l phage DNAE thA] A A5} 3ith. Phage DNA S| o
= “MicroSpin S-400 HR column” (Amersham Bioscience, cat.
#27-5140-01)& o83l th A A phage DNA Q] agarose gel
A71%9E 4= dFo] phage DNAS| AF 3 FA8QlS
3} T} EtBr& XZ3HSE 1% agarose gelofl 2 uL @ 5 uL 9]
Al 25 A marker (\DNA Z} 5 ng, 10 ng, 30 ng, 40 ng,
50 ng)e} A A A7 YT &, ARE markert
Hlwslo] A A5 Tt Phage DNAE plasmid=2 H3H5}7]
)5} phage DNA 2] Cre recombinaseE WA A A&}
4t EAF New England BioLabs®] Cre recombinase (cat.
#M0298 S)E AFE-5}Sith Kit Ujo+= pLox2+control DNA
7b 323E o] §lom control 2 A] vl 3] ARE-S}GITE 2 A3}
& pLox 2+9] Z0]= 365 kb OFZ 0 ZHE OF 350 bpo]
ol loxP F-917F EA8EAL SlTh 2709 loxP F-$]7t
EA| origino| Y ampicillin WA-F-AA7F YAt Qlal, o]
= 2709 loxP F-917boll ko] Yojupt o] ampicillin

T3 I-Ceul PLScel T7  A-FLC-III vector
B —myr— <
- @R s on T ———
QRN - W
loxP -» loxP
Sall/Xhol BamHI
‘Excision
T I-Ceul PI-Scel 'I‘?

—m——— ——
SAI cDNA rr TagSfl |
SallXhol BamHI
pFLC-TII

Fig. 3 Phage DNA plasmid vector construction by utilizing Cre
recombinase

WAl plasmid7} H&0 2t} (Fig. 3). Excisiono]| A/ A&3t
plasmid DNAZ tg<tof QA1 Zct vhe|ejohi= EletroMAX™
DHI10B™ T1 Phage Resistant Cells (Invitrogen, cat. #12033-
015), A7]-842]+= Disposable Microelectroporation Chamber
(Whatman, cat. #11608-031), CELL-PORATOR® Pulse Control
and Power Supply (Invitrogen LIFE TECHNOLOGIES™)& A}
gatet,

¢DNA Q] 5t 9 3"t} 9] sequence 34
BigDyeRTerminator vl.l Cycle Sequencing Kit (Applied
BiosystemAD)& ©]-8-3t0] ¢cDNAQ| S'Ueh 5l 3"dehof ¢
715 siA skt S E 84§ primer (M13-21 seq.
primer) 2 4= 5-TGTAAAACGACGGCCAGT-3', 3"rehufj &
3 A& primerZ A= RV-M primer; 5-~AGCGGATAACAA
TTTCACACAGGA-3' 9 T7 promoter primer; 5-TAATACG
ACTCACTATAGGG-3'E AF&-3}%tt

Fox-hunting system2 ©]-&3t Agrobacterium library 2}
cDNA insertS 23R 2 709He )4+ plasmid vector =
A =] A 4%, plasmid =% &, Agrobacterium
o EQl5}o] Agrobacterium libraryE A &5}k &A%
cDNA Q] HAZJA] ATG codon®] promoterF of WF=A] A
FHES 0% DNAS 48 vectorsh T Tl A<}
ek ZLefA A 78 F binary vectorol o] 4F¢) 54
= §Iste] A DNAE 54 AdFasz ddsto
insert cONAE 3|25t F Yo Agtasz Aekdt 4
@ vectoro]] =QJ5kiTh o] ef o] 5 vectorE At
o] clonings}il, colony-PCRYH || &3] ==& &9l 3t &
Agrobacteriumof| =¢]&}o] libraryS =5}

)
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Table 1 Blastn result analysis compared sequences of 4,
thaliana cds and Chinese cabbage unigene

FLC-library EST-library

Full-length ratio (blast to 4. thaliana)  90.0% 76.0%
% Identity to A. thaliana 87.25% 87.57%
% Identity to B. rapa unigene 95.02% 96.7%
New sequence to A. thaliana 19.0% 18.2%
New sequence to B. rapa unigene 23.9% 15.5%

HiE 2 cDNAS| Rl

¢DNA library 9] insert DNA 7] W 23
cDNA library2] Z2 H712 93} 1,700 clone2] plasmid
DNAES &3 &, sfi | A2 A7 tpefgt A7 = insert
DNA7} A3t} Insert7} Q= AL 187) cloneo] $) a1,
500-1,000 bpoll A 5387, 1,000-1,500 bpof| Al 5007}, 1,500-
2,000 bpofl A 30171 clone .2 A | 2] 78.8% % 2.1, 3,000 bp
o] A& 357) clone ©]%lth. DNA library?] 28 75}
7] §J5te] A7 AES A% A} AZFE ‘Osome’ library
A A-&0] 90%, noble F-A X7} 23.9% 2 ¢DNA library
F4o] $5k3ith (Table 1).

¢DNA 5"49] sequence 3 4]

AF719] ZA| plasmid DNA2] 967} 9] cloneES sequence
H2 9 0 7 =T XA & BigDyeRTerminator vl.l Cycle
Sequencing Kit (Applied BiosystemA S o] &3}o] 5 Wk
2 sequencedt-g- A]7Zl & HF-3-90-& DNA analyzer ABI3700
(Applied BiosystemAhHE o|&35}o] A7|d= & 34 8}03
t}. Sequence AdF+= 967l cloneZ 927} cloneo| %}
92719] clone% =& clone2 27| ¥ @G = clonet 9l
oAt} SRS A0l Q014 MR 2 S29) mRNA
o 95%0]Ae] A=A o F hitdl clone = 67H dom,
o] ORFY 5'Z0] & E 0] Q= clone == 3710]3)
t}. ¢cDNA 5'Z 3|4 A}, e-100|3}9] significance 2 hitgh
clone == 887]0] %t}

Hi 3= FOX-Agrobacterium libraryS 0|8t 07| ZCH HO|%
Mg

71 At (Arabidopsis thaliana)= v F I} ZEAE T A
710 AHBkAl 2ol A 1 3717 2ot F& F7ke] A
Aol AL Bt s Fuf Aol A = v eFe] 7hgstf
EF, o] T2 AFAE FolA Ax 2717} 70,000 kb=

14 28 B ORI WA DNAZY A Sl i
FHA}F A %= (genome map) ZHAJ o] 80|35} (Pruitt and
Meyerowitz 1986), E@®ole] fukat el go|sht

(Meyerowitz 1985). ol 7] &&= o] &3t o] F wj&o] A&
3712 GFE 8k model system & & O] -G EIL glo
™ (Pattom and Meinke 1988), E3} life cycle Y genome
organization 5o QlojA %= @2 FHS 7FAAL Qlo] &
AGAY BHE ol 87 2 Bl AYAA Y
59 Ao wo| o]& %31 ¢lt} (Pattom and Meinke 1988;
Chaudhury and Signer 1989).

H

E] enhancerE o83 &4 T AHH (activation tagging

HOAE AdeRn g
53] ©

of
fF rle o
En}

mol g 1A FAHSA
A olsiA L gl7] wzel, & o
FOX-Agrobacterium 11brary% o] &
d = ket

1A =4

oo o
)
_>J: mlO r f
N
i
1o
o M
o,
2t
=
:LI

2
To A= ‘Osome’ -F-2f
gk o713 o HolA A AR 7% siA
I AR 2500459 TIEAE g5sisen,
lineg}bslo] £, 73S G =5to] Ea 3 2 o] Wl 2857
o] YA A& Ast ol (Fig. 4).
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o 123515 A A cDNA library 2 5] ABC trans-

porter - A 25 2A clonningd} ¢4t} Clone no. 14, no. 261,

Fig. 4 Visible mutants appearing in Chinese cabbage FOX
Arabidopsis lines. Various visible mutants became apparent
during construction of the Chinese cabbage FOX Arabidopsis
lines. These phenotypes are represented in the T2 generation.
(a) Wild-type Arabidopsis at the mature stage. (b) Plant height-
dwarf. (c) Plant height-dwarf. (d) Cauline leaves-others (albino).
(e) Plant height-dwarf. (f) Branching-other. (g) Branching-other.
(h) Flower-petal. (i) Rosette-shape
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Fig. 5 Phylogenetic tree of ABC transporter proteins. Representative members of the ABC transporter superfamily from Arabidopsis
thaliana L. (AtMrp 5, AtMrp 9, AtPdr 4, AtPdr 9, AtPdr 10 AtPgp 1, AtAbcg 2, AtAbcef 3, AtAbcef 2), Zea may L. (ZmPgp 1) and
Oryza sativa L. (OsMdr 14, OsMdr 15). Clone numbers(14, 261, 272 and 289) were isolated from Chinese cabbage in this study
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Fig. 6 Southern blot analyses of ABC transporter proteins (No.
14, No. 261, No. 272 and No. 289) in Chinese cabbage. Genomic
DNA of Chinese cabbage was digested with BamHI(A), EcoR
I(B), HindIlI(C) enzymes.
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Table 2 Genetic segregation of transformed T2 generation by hygromycin selection in Chinese cabbage

N;I:lntgzsf)f Strain No. Sowing seed No. Susrv(iij: after sov};:;gth Survive ratio(%) Gene&?ﬂl;:/cﬁg)round
1 6-1 20 0 20 0 N.T
2 6-2 20 0 20 0 N.T
3 6-3 19 0 19 0 N.T
4 6-4 19 19 0 100 T.E
5 6-5 19 13 6 68.4 He
6 6-6 20 11 9 55.0 He
7 6-8 16 16 0 100 TE
8 6-9 18 0 18 0 N.T
9 6-10 20 0 20 0 N.T
10 6-12 20 20 0 100 TE
11 6-13 19 7 12 36.8 He
12 6-17 15 15 0 100 T.E
13 6-18 20 17 3 85.0 He
14 6-19 19 12 7 63.2 He
15 6-20 20 20 0 100 T.E
16 6-21 20 8 12 40.0 He
17 6-22 19 0 19 0 N.T
18 6-23 19 11 8 57.9 He

N.T: none transformants; He: Heterozygotes; T.E: Transgenic events.
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Fig. 7 RT-PCR analysis of the NPTII and bromelain gene in T2
transgenic events. Lane M: 100 bp DNA ladder, Lane WT:
wild-type plant, Lanes 6-4~6-20: 5 diffrent transgenic lines(A:
NPTII primer, B: bromelain specific primer, C: [3-actin primer)
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