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Molecular Characterization and Event-Specific Marker Development
of Insect Resistant Chinese Cabbage for Environmental Risk
Assessment
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Yong-Moon Jin, and Hyun-Suk Cho’
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ABSTRACT Commercialization of genetically modified (GM) plants will be required the assessment of risks
associated with the release of GM plants that should include a detailed risk assessment of their impacts in
human health and the environment. Prior to GM plant release, applicants should provide the information on
GM crops for approval. We carried out this study to provide the molecular data for risk assessment of the GM
Chinese cabbage plants with insect-resistance gene, modified CrylAc, which we obtained by Agrobacterium-
transformation. From the molecular analysis with GM Chinese cabbage, we confirmed the transgene copy
number and stability, the expression of the transgene, and integration region sequences between the
transgene and the Chinese cabbage genome. Based on the unique integration DNA sequences, we designed
specific primer set to detect GM Chinese cabbage and set up the GM cabbage detection method by qualitative
PCR analysis. Qualitative analysis with GM Chinese cabbage progenies analysis was revealed the same as the
result of herbicide treatment. Our results provided the molecular data for risk assessment analysis of GM

Chinese cabbage and demonstrated that the primer set proposed could be useful to detect GM Chinese
cabbage.
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B 39 o FEAA FHEAS A7t $HEHT gl
oF47kA] AEBAlE o|2x Ratm ik (Lee 2003,
Woo et al. 2006). BA7EA) Fol chopet JAMe 22
o] 7ol e W =33} £} o]FojF ot A ¢
gt o AN B7F AT vlE)g Aol
FEAGY A2 FAAEY sAES] #3984 Hot
ARl deh S asteior AYskE & 9l @
e A2E Adsksh] s AR A S o Het
&= FHstofoF A} (FHF 2002). ERHAYEEH 2
€9 EE 29 839 YL FAXHE A& =YHA
Aol 2, =AY 93] B FHAY, =GHRY
A, =AY Az A R E wEATe}
=AY e F S gelo AbeH Y 58
ABHEE atsta ok E3 FARHY FAHET 42
g A49 SHG S A4 A FAE R 4
&Y FAO F§ 7het dabHe] &= gk s
T oty SAIH 02 FANHESAE Y A& digh 4
APH A 9 2323} A7t €93) ofHA L Ytk A
Aoz WA DNAE BlgO 2 g JJE4HL2 PCRE 9]
88t 471219 W Uoll A o]FA L gtk AA, screening
method 2 FAXHY ZHE-LS /st o AFEE]= 358 =2
EEL} Nos E|F|U|o]E 52 o] §5te] FHAHE FANEC]
SRR E &9l (Hardegger et al. 1999, Matsuoka et al. 2002,
Cankar et al. 2005) 3}+= 713}, &4, gene specific method =
2R GRS o}g3}o] §AAIY $ABE 57 (Vaitlingom
et al. 1999, James et al. 2003) 3= 2, AlA, construct specific
method= =UH H2-GAA ato|m 9 o] E oy
ojE{o} T2RE Y Zeto|HE o] gt FHAHE AL
= 57 (Hupfer et al. 1998, Zimmermann et al. 1998, Kim
et al. 2002, Matsuoka et al. 2001, Rho et al. 2004) 3= A o]
Qlct. okx| 2o 2 event specific method= T-DNAZ} AFQlEl
AgrEe) QLT AU @71 4GS Hero
Zofolulg Ayoiol $HAUF SRS 54 (Berdal et
al. 2001, Hernandez et al. 2003, Renning et al. 2003, Windels
et al. 2003, Nielsen et al. 2004, Collonnier et al. 2005,
Taverniers et al. 2005, Yang et al. 2005, Yang et al. 2007)3}
+ Aotk o5 WHE FolAM Hud hgF oz §A7
HY SAHE-S 5A3= event specific method7} o] HE
MEED Yok B3 AR GE FHRTL 07t AHES
wjdte] AL gene stacking 7| H|of A= ©]E event specific
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B Atslal Bz 33 Al sl AtE FX= MS
| =L A] (Murashige and Skoog 1962)o]] 1}&351] 26°C, ¢
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HEALA vl FARSAE S45H7] A ASE 4
E{¢l 4162 pCAMBIA33012 backbone 2.2 3}o] dual 358
meweel Agolx wae] & HES 474 AL WEe
HE=AFA AR Crylde GARG} 358 T2 RE| 9} AL}
28E 2ojd S HA MAMADSE o ARG
¥ AMARE bar FHAE AMSISTE Agrobacterium
tumefaciens LBA44040] T3t AL FHIFH R EE
Bopo} A3

HIH

b

A
og
i

8 ZAA3E A tumefaciens LBA4404 S YEP (Km®) )]sl
AEslo] 48A17F Bt AEhorstaitt. Agrobacterium
HieFdefl wiF shiEE 2087 FEAT th2, 1 mgll
NAA, 1 mg/L BA, 10 g/L sucrose, 8 g/L agar7} 27}¥ MSH|
Aol M 297t Fufdetict FAAE AL} AEAE

>
=2 o



A7) $1519] 1 mg/L NAA, 1 mg/L BA, 300 mg/L carbenicillin,
3 mg/L phosphinotricine (PPT), 10 g/L sucrose, 8 g/L agar7}
A7H8 MSHAIOA] op b, 33wt Achler shatck
A &5 AZE 300 mg/L carbenicillin, 3 mg/L PPT, 10 g/L
sucrose, 8 g/L agar/} H71E MSH{AZ &H W& S =3}
Ack HE A= 3 T SO o]t 2404
=3

yamisel 2

Genomic DNAE Kim (2002)9] W& ol-3lo] F&519]
a1, 20 ug DNAE Askas EcoR1xt Hindlll Azl 0.8%
agarose gelo] 7|53t the, capillary transfer 3 (Southern
1975)2.2 nylon membraneo] Ao|X|Zth Membrane2 0.5
M sodium phosphate buffer(pH 7.2), 7% SDS, 1% BSA, 1 mM
EDTA, 0.1 mg/ml denatured salmon sperm DNA7} 27} &4
oA 3A17 (65°C) 5t prehybridization ¥ THS, [a-*P]dCTP
2 EX% Cryldc DNAS H7}5t0] 12417} hybridizations}
T}, Membrane 2 2 X SSC, 0.1% SDS 899 (65°C)ollA] 20,
1 X SSC, 0.1% SDS-82Y (65°C)of|A] 20+ A3t & Bio-imaging
analyzer (BAS-2000; Fuji Photo Film, Japan)2 E4]3}%it).

FERSo] SRl HiRANEA| 022 E Trizol (Invitrogen co.)
& 0183} total RNAE F&3}5{ck. 2219 total RNA 20 g
< 1% formaldehyde agarose gelofl 17]%%53t th, capillary

Tabel 1. Primer used in this study and expected amplicon length
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transfer B © 2 nylon membraneo]] o] A|F T}, Hybridization
8H-3-3} membrane?] A2 Southern E-43} FLgH WO

2 $ysigict
OIYME A 9 E0| Zzjo|H M=

FAAEY 9 o] ElE wjFAlEA 25 H genomic
DNAE Ea|5}o] genome walker (Invitrogen co.)E ©]-&3}4
AFAEE skt AZAL AlSd HHES ol8s)
o] T-DNAAIQSE ¢lAE oS ZZ3I9Th Genome walker2]
ol what bar F1 Zalo|H (5°-CTTCAGCCTGCCGGTA
CCGCCCCGTCCGGTCCTGCCCG-3)9F APl Zeto]H (5-GT
AATACGACTCACTATAGGGC-3))E ©o]-&3l9 1Ist PCRS
235193, 0|2 B|A5to] bar F2 Zeto|m(5’-GGGTTCCT
ATAGGGTTTCGCTCATGTGTTGAGC-3")2} AP2 Eiho|m
(5’-ACTATAGGGCACGCGTGGT-3" )& ©o]&3}o 2nd PCR
& sl ZEF PCRAME-S 1% agarose gelofl A7)
%31 %, Qiagen Gel Extraction Kit (Qiagen)S ARE-3}o] A
8l & pGEM-T easy H|E| (Promega)oll AFislo] oFabake]

7148 &5ttt 2elE H7]4E& NCBI BLAST

1=

228 42 WINEL PR AT Bo| Zejolv)
S ARSIt (Table 1), Tefolole] S-S Hala] 9]
3}o] Perkin-ElmerAl2] 9600 Geneamp PCR system-2- ©]-8-5}

Combination Primer Name Nucleotide sequences {(5-3") Amplicon length (bp)

A Bar-F1 CTTCAGCCTGCCGGTACCGCCCCGTCCGGTCCTGCCCG 556
416-R1 GGGGTTTAATATCTAAATATTTCATGAAGC

B Bar-F1 CTTCAGCCTGCCGGTACCGCCCCGTCCGGTCCTGCCCG 646
416-R2 CCGATTATCGAGTCAGCTTAATCACCTTTGGGCCAC

c BarF1 CTTCAGCCTGCCGGTACCGCCCCGTCCGGTCCTGCCCG 755
416-R3 CGTTGGATGTCCACATGCGCCTCACGTGATCTCGC

D Bar-F2 GGGTTCCTATAGGGTTTCGCTCATGTGTTGAGC 454
416-R1 GGGGTTTAATATCTAAATATTTCATGAAGC

£ Bar-F2 GGGTTCCTATAGGGTTTCGCTCATGTGTTGAGC 544
416-R2 CCGATTATCGAGTCAGCTTAATCACCTTTGGGCCAC

E Bar-F2 GGGTTCCTATAGGGTTTCGCTCATGTGTTGAGC 653
416-R3 CGTTGGATGTCCACATGCGCCTCACGTGATCTCGC

G Bar-F3 CTAAAATCCAGATCCCCCGAATTAATTCGGCG 347
416-R1 GGGGTTTAATATCTAAATATTTCATGAAGC

H Bar-F3 CTAAAATCCAGATCCCCCGAATTAATTCGGCG 437
416-R2 CCGATTATCGAGTCAGCTTAATCACCTTTGGGCCAC
Bar-F3 CTAAAATCCAGATCCCCCGAATTAATTCGGCG 546
416-R3 CGTTGGATGTCCACATGCGCCTCACGTGATCTCGC
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o94°C ol 387 AAGAIZL F, 95C oA 452, 60C oA
45%, 2°CoA 112 3029 BAZ 30 3] WHE3te] AAjst
1, 2C oA S8ZE 2F FHsIH $5E PCR AHELS
1% agarose gelo 217|953t =S S3tgich

2n 9 o
o HETE

| 5=2] shuljEof Agrobacterium HEFHE HE3H &, 2
7t FEHEE AABLL, PPT7F 3471 whx] ol e
£ Adsiich Fddo] o] ¥ AlEE gEYot
oz Az QAslbgol AsfE R AR g0 Yeht
1, FEASo] Yol Al£9] 73-$-olli= phosphinothricin acetyl-
transferase 527} 9]0} Alohdle}. Alohd-2 |HE PPT
7} Z7vE ajRlolA 2-35mteh AldjEjeRskaL, BelhE &
Sholl AoiA Sl &R Sk iAol 0.3%
Basta-§42 #|=I3lo] FAQE vi5E HFHE. o>
HjSALE A= 416-1, 416-2, 416-30 % HYslrh
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o] XSS 2Y U SO
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Aot wiFAEA Y eAAAE FAT =UoR
RI8L7] fJeiAl, AzA] AejA) Aobd-2 w4l FE
717 & 2T v Yo 2R genomic DNAE 5
&3] Cryldc®] DNA ©HE probeZ ]85} Southern £
A& Y3ttt 2ol A band7t AEEA] Eokont
(Figure 19] lane C), A vjS=AEA| o A= band7} 3
Z= o] w34 EA Y genome 2 Crylde FAA}F EYE]
&S st (Figure 1). Southern #4243 32 H%
Hi A EA S A 416-1 THA| 9} 74 2 copy ] FAA}
EQJE AL Flslg L, 416-2, 416-3H A= 1 copy?) &
AA7F 2dE AL gRlstent. 3 o7 A9 BhEA
it 2 THY AasY Ao 416-29 416-39H
Ml TLT ATE DU ol AL 416-291 416-31 T4
7b 719e] 2E A azRE fHT FAASAUSE 3§
&2 ofn|git). B A3 ARE A7) ffefiA olEERH

N,

T-DNA A1312$19] AFAEE 523t B35t
SRR Eo] BoE FHAR wfFAEA oA total
RNAE 22|31 Cryldc®] DNA & probeZ ©]-§3}o
Northern £4-& AAgh Az}, PPTH| |2} Basta#| g o] 4o}
G2 AR Sl B G HE o] FRAE ST} (Figure 2).
YA A EA A= Crylde FRAATE D=L QLo §
AAFA7|A] k& 2ol Lo S1EA] ot
GAA =9 9 wrgof 3elE 416-29F 41634 EAE &
7teAste] SoiAAE AABHATE FAATA AREE 4
S8 24k T-DNAY Y| pNos:Barg AL 3lojA
A|ZA| BastaE A z|stol EulE AT 5= 9irt Southem
4] 1 copy7t AUE RAORE Ve 416-29) 416-31 4

Figure 1. Southern blot analysis of transgenic Chinese cabbage
plants (To). Genomic DNA was digested with EcoRI (A) and
HindIll (B) hybridized with Cryldc gene. C: wild type plant,
P: positive control, lane 1: 416-1, 2: 416-2, 3: 416-3. Asterisks
indicated the Cryldc band.

Figure 2. Northern blot analysis of CryI4c mRNA levels from
putative transgenic cabbage plants and wild type plants.
Twenty microgram total RNA was loaded per lane and separated
on an agarose gel. Ethidium bromide-stained total RNA bands
are shown as loading control. C: wild type plant, lane 1: 416-1,
2: 416-2, 3: 416-3.

Table 2. Segregation of bud-pollinated Chinese cabbage (T, generation) with by Basta (0.3% v/v) spraying on leaf tissue

Te plant line T; segregation ratio (Herb®:Herb®) Expected segregation ratio P-value
416-2 45:14 3:1 0.82
416-3 43:13 3:1 0.76
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A4 = 312 ekt 1 copy?] FAAE AQlElo] f A4S
g1 4= 9I3ict Southern Y Northern EA7} FrjEa}e]
HojH] 2L Edlo] FAAG a2 A e =99 Cryldc
SRR ebg Al Ak, w2 9L BIEGIL)

OIFMEA U 3 2
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So|Z2jo|n{E /88 PCR 271

d

Southern &A1& &3l {A2LS] A¢do] FRlg A Fol
Al 1 copy7t &017F 416-22) 416-3-2 o]-]-3}o] Hl|3= genome
e T-DNA AFYR99 AFPXES 243122} genome
walker?] WHof w2} (st PCRE $38HGL, o] & vl e R
2nd PCR-E =383} T} (Figure 3). 416-22} 416-32] genomic
DNA Fo)A| Drala} Sl = A3t 2o ek IH A Fol F
ZH3ict $E% PCRAFES pGEM-T easy vectoro]| cloning
sto] H7INE S EAstTh (Figure 4). 1 23}, 416-29)
163NN 221 ABS N2 FUY @714 AL Ay
A2 =gy, o5 ANES FUT Beia $ei9

416-2  416-3

416-2 416-3

DEPSDEZPS DEPSDEFPS

Figure 3. Representative gels from primary PCR reaction (A)
and secondary PCR reaction (B) for transgenic Chinese
cabbage 416-2 and 416-3 line flanking region. The genomic
DNAs from 416-2 and 416-3 were restricted with Dral (D),
EcoRV (E), Pvull (P), and Stul (S) to a total digestion, ligated
to genome walking adapter of Universal Genome Walking Kit
(Clontech, USA), to create different libraries, and used as
template for PCR. (A) panel represents the primary PCR reaction
results using barF1 and AP1 primers. (B) panel represents the
secondary PCR reaction results using barF2 and AP2 primers.

atataagamacccttagtatgtatttgtatttgtaaaatacttctatcaataaagtttct
aattcctaaaaccaaaatccagtactaaaatccagatcccccgaattaattecggcgttaa
ttcagtacattaaaaacgtccgcaatgtgttattaagttgtctaagegtcaattTGTTTA
CACCACAATATATCCTGCTCTAAAC TAATTTTGTAACCATTATGCCAARRAACCTARCAA
ATCTTACARATGGTCAGATTTATTC TAAGCGAGCCGARACCARATGATTAACTAATTAGCTT
TTAGTTARAGTTATACTATATCAATTACCCAAATAAACTACCTATTACAATTAGTTAAAT
CTTCCATARACCARAATTCACAGARATAATGC TTCATGAAATATTTAGATATTRAAACCCC
ATAAGAAAACAARAARTTTCATARACRAGAGTTATTATTARAGCCTTTTTTGTTTTGTGGCC
CAAAGGTGATTAAGCTGACTCGATAATCGGTTTAATATAACATTARAAGGTTTACTTTTGA
TTTGGTTCGGTTTATTTTTCTATAATC TATTGCGAGATCACGTGAGGCGCATGTGGACAT
CCAACGAAATGGGCCAATCGCTTTACCAGCCC

Figure 4. Nucleotide sequences between the Chinese cabbage
genome and the integrated T-DNA . Capital letters represents
the flanking genomic sequences and lower case letters show the
partial of bar gene. Underlined letters show the left border of
T-DNA.
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FUHAA S AT & e LHF 974D Blas
29g AAT AT SuiAe) TDNACIS] @71k 41
57] ghgol BIEjold, Lubtle] T-DNATH] Hj2AlE
yz AdEs sttt T-DNAY RN HiF
genome2] FAMY £4& +Y% A}, vjS genomed A}
Aol A7 A EL Q)| A] Ygront, ¢FO R S genome
9] @71xg 40| A== ol5 T-DNAZF H W FAA)
Y2 A" AL 2% 4 gedst 449
FAAE w29 AT Boldd vpAE ALt} =Y
FAARe) e A71H BT} genometlj 2] T-DNA A5
9] @71 gE uigo g zeo|iE AAEIGL, o8 T
groln] 2FHUT FZE= AEY 4T7= & 19 Y
He, efolol £319) ot Sol4 SR a6
Y3tk (Figure 5). 1
23} A, B, C, FZ*EMW 416-3 7H1110ﬂ*1”} Eoldor F%
Ao e £ 161 A SaE
o 97 50| OB A%F Bo| Tajolniz HelA] rh
ekl YehE o2 POREAA Zetolnjo) Al
of gAPY Ei Zefo|m|] YL amncaling L o] 1]
Eo|doz ZEFQul= Bu5o| ith (Malhortra et al.
1998, James et al. 2003). wWetx] AF Eo]Hl Zeto|HE
A7) dfiAe =L amnealing 2ER A E YA
oluj Solgoz ZEse Zajolnls] o] R
A% Eolzelo|ng ol§a 4 PCR A& 4T
2}, 416-13} 416-3 7| ZHE| DNAS Ealsto] DNA S5,
mgloln =% annealing &%= PCRZZAE $HdIich
DNA%E=H PCR 27& Eletaa} Zeto|w 23 BE ©
L3k B8 43319t DNAFEE 10, 25, 50, 100, 250,
500 ng 2.2 311, Lefom 200 UME 3}0] PCRE 4283t
23}, DNASE} 10 ng®d Ao WE7} sjojshi] 22
Yo, 25 ng ol FRAANE BF HEY $EE 8
QA 4= At (Figure 6A). 7122 A++27o|A4 5= DNA

Hml
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T L

A B [
131313

D E F

1

13 13
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Figure 5. Agarose gel electrophoresis of PCR product amplified
with nine combinations of event- specific primers. 1: DNA
from transgenic Chinese cabbage line 416-1 and 3: DNA from
transgenic Chinese cabbage line 416-3. A-H represents the
specific pairs, which amplified the T-DNA integration region.
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Figure 6. Effect of DNA, primer concentration and annealing temperature on event-specific PCR reaction. (A) Effect of template
concentrations on PCR. DNA was taken at different concentration (10~500 ng), (B) Effect of primer concentrations on PCR.
Primers were used different concentration (25~1,600 pM) for PCR reaction, (C) Effect of annealing temperature on PCR. The

numbers above the lanes show the annealing temperatures.

BASTA § R R R RR RRR RRRRRR 858

R SRRR 8 RRS R

MC 416—-2 T1

416-3 T1

Figure 7. PCR amplification of the event-specific fragments of progenies from 416-2 and 416-3 plants. A, B, and C represent the
specific primer set combination. R and S mean herbicide resistance and herbicide-susceptible, respectively.

ol whet FEAE 252 PCR A@7} th2A vehdol
BIHEI (James et al. 2003). 1A Zdlolnje =xzx AL
&olH 372} DNAE 100 ng 0.2 3}31, Zajo|y) 23} B &=
EE 25, 50, 100, 200, 400, 800, 1,600 UMZ 3}o] PCRE &
P} H} (Figure 6B). 1 ZAat Zato|m o] H%7} 800 uM
olo) F A$ WES EAYRE TR & 99k wre
A AEEo] Zeto|wE o]838lo] PCRE 434 oj DNA%
E=25-250 ngo 2 ARREln, Zolo|mi= 25 - 400 uME
£2 olga Ro) gL ¥ 4 Uck

AT Solzeo|u|E olgslel PCR AHE 483 1} A
A annealing €52 AR517] AshA 416-13F 416-32] DNA
£ 100 ng, Zeto|w F=5 200 uME 3}9] gradient PCRS
2355t} (Figure 6C). 1 A7t 56°C-12°C7HA] 416-30) A
T BolRor SEHE BT 4 stk w2 2291 56TC
AME 416-19A4= FFo] o|Foj2A] Y1 416-3 A5t

Soldog FZo| o|ROAA WL LA E AFE]
AAE Adsted A2 o+ sloge duEn: 919 2
W2 AEE0] PCRE 53T 22 DNASEL 25 - 250 ng,
Zalo|mE 25 - 400 uM, annealing 2% 60°C - 65C 2 3}

& o] Astelet BekEc,

AE S0l OAHE 0|88 siSKgr HiFel FUAY

416-29} 416-39] A7freAsle] Ao
DNAE F&3}o AF 50| tbAE o]83te] PCRE w33t
A= Figure 73 2k A=A A2 & AFHLS
MAEL ATEol Z2o|HE 0] 8319 PCR 4

ME BT HET FHE ] o]5Y A7 AT AR YAH
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