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Molecular Analysis of Microbial Community in Soils Cultivating Bt Chinese Cabbage
Soo-In Sohn, Young-Ju Oh, Sung-Dug Oh, Min-Kyung Kim, Tae-Hoon Ryu, Ki-Jong Lee, Seok-Choel Suh,
Hyeong-Jin Baek, Jong-Sug Park (National Academy of Agricultural Science, Suwon, 441-707, Korea)

The aim of this study was to investigate the possible impact of Bt Chinese cabbage on the soil microbial
community. Microbial communities were isolated from the rhizosphere of one Br Chinese cabbage variety
and four varieties of conventional ones and were subjected to be analyzed using both culture-dependent and
molecular methods. The total counts of bacteria, fungi, and actinomycetes in the rhizosphere of transgenic
and conventional Chinese cabbages were observed to have an insignificant difference. Denaturing gradient
gel electrophoresis (DGGE) analysis of PCR-amplified 16S rRNA genes revealed that the bacterial
community structures were very similar to each other and this genetic stability of microbial communities
was maintained throughout the culture periods. Analysis of dominant isolates in the rhizosphere of trans-
genic and conventional Chinese cabbages showed that the dominant isolates from the soil of transgenic
Chinese cabbage belonged to the Bacilli and Alphaproteobacteria, while the dominant isolates from the soil
of conventional cabbage belonged to the Holophagae and Planctomycetacia, respectively. These results
indicate that the Br transgenic cabbage has no significant impact on the soil microbial communities.

Key Words: Bt Chinese cabbage, Soil microbial community, 16S rDNA
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AAA ZEA HA 2] 9%e] sfdsla, 2008 %0l v
7%7} Z7Fet Zlo|thJames, 2009). GMO2| &34 4,
Z, AEF 7L FAEE A7, A7 S 2 Y
71A] ol2&o 7 <l oo 7 GMO2 Ny Auje 7|8
FFA0g Sold Aotk v GMO7} 8730l mjR=
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ZhA e GMO7E 8¢ W s AujE 7] Mol 24
of mA Q= QR159] HUsh #4o] o]Folxjof gtk
Bt(Bacillus thuringiensis)= ESF e Al 224, Btoll
A et WS S 25l dis ARe 7R o
£o], CrylAbS} CrylFo] L3E 45+
corn borer, corn earworm, “1#]1l Southwestern corn
borerel] theld A4S Holw, CrylAc7t Hly Hsh=
tobacco budworm, cotton bollworm, ZI#]il pink
bollwormel thalx AAE dehll= AoZ deflct
(Mendelsohn et al., 2003). Bt 3= 1 Ajuid o] 2009
@A 1,610% efot=e] o] Jrw Z R FAY
UFE =78kl o= Bt o] B nXl=
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OJshd CrylAb S550) EnIAE T nlaAE
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ME LR A
A £ 10 g= 90 mle] ¥ 0.85% NaCl £
o Yol A|ef7] (Vision Co., Bucheon, Korea)ollA]
200 rpm ©.F 3033t FERlTE. Aol A o] A
& WHE F, AlitE cycloheximide (0.05 g/1)5 371t R2A
agar (NA, Difco, Detroit M) #]ell, AP+t chloram-
phenicol (0.02%)< 718t R2A agar(Difco, Detroit MI) ¥
Aofl, W3t sodium caseinate agar WA ol =d5ke] HY
Fateith. B He- AlRre] 735 28°CollA] 247t WA
T 497E APdE 597 wijgFst § A S colony E Al
itk 7t AR vIBE = 3709 petridishell WERS
colonys 27t Alrst & Btst gE AT (colony
forming unit : CFUg" AE)Z A3l

-

DGGE (Denaturing gradient gel electrophoresis) &4

FAAG w9} vPAAE wiFTE AuE EdelM E
= ] Hspt JlEA AR 9lE DGGE #4]
= THI EYEE5E DNAE FastDNA Spin
Kit (Qbiogen, Carsbad. U.S.A.)E AHE-38le] 319101,
165 rRNA #34H PCR F5313{th PCR& 915t 3Zejo]
M= Eubacteria® V38 V9 F-915 X3S, F352T-
519r 12]3 1070f-1392r& AF&-31cKTable 1). PCR b
SES TS 50 pulE 319, 5 ul2l 10x PCR buffer, 10
ng® 5% DNA, 7} 25 pmol ] 43 Zjo|w, 200 pM
o] Zt7ke] dNTP, 25 US f-Tag DNA polymerase
(Solgent, Daejeon, Korea)E F7}slSith PCR 712 9
5CelM 523t WAdabdS 7171 &, 95CellA 12, 55Cel
A 13, 72°C el 159 2727 30 cycles 3313 0H,
npA|Eo 2 72°C oA 7323t WEEAIZITE PCR AHa2 Deode
Universal Mutation Detection System (Bio-Rad, Hercules,
US.A)S ARgate] WA formamide”l 40-70%% &%
THlE 8% ofAHopn| AN A7 EsIelh AE
DNAE SYBR Green I (Cambrex BioScience, Rock-
land, ME, USA)¥} EtBrZ 943}o] Gel Doc 2000 (Bio-
Rad Laboratories, Hercules, CA)S ©]§, UV trans-
illuminatoratel Al #2813},

16S rDNA H7[ME &M

E9F DNA+ FastDNA Spin Kit (Qbiogen, Carlsbad,
US.A)E A3l FE3190.01, A9 16S rRNAY-91E
ZE317] $18) 27mfo} 1491r o] (Table 1)5 AME-3}
o] PCR< F33I%tE PCR WHEEC] 292 919 A3
FUEATE PCR 2742 95C oA 587 WA7gS AR
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Table 1. Primers used in this study

Gene Primer Sequence
165 rRNA F352T 5-ACTCCTACGGGTGGC-3’
V3 region 519r 5-ACCGCGGCTGCTGGCAC-3’
165 rRNA 1070f 5-ATGGCTGTCGTCAGCT-3’
V9 region 1392r 5-ACGGGCGGTGTGTAC-3’
27mf 5-AGAGTTTGATCMTGGCTCAG-3'
165 rDNA
1492r 5-GGYTACCTTGTTACGACTT-3’
35Sery1Act 355Cr-1 5-AAGGGATGACGCACAATCCCACTA-3
355Cr-2 5-ACTCGCTGAGCAGAAACTGTGTCA-3’
TaCry2-1 5-TGCTGCAACCATCAATAGCC-3’
crylAcl TaCry2-2 5-AGACACGCTCCAAGCCAGT-3’
bar barFOR 5-TCTGCACCATCGTCAACCACTACAT-3'
barREV 5-CTGAAGTCCAGCTGCCAGAAACCCA-3’
A

bar |Dual P35S

Antisense MdMADS2|T355|P35S

crylAc1T35S|RB

Bt-cc

416-3-17-9 NW s)

JM GWM HS

Fig.1. The binary vector 416 used for transformation of Chinese cabbage and Bt, and conventional Chinese cabbages. A,
A schematic diagram of T-DNA region of plant expression vector. LB: Left border, Dual P35S: Cauliflower mosaic virus
promoter 35S, T35S: Cauliflower mosaic virus terminator, bar: phosphinothricin acetyltransferase gene, crylAcl: synthetic
insect-resistance gene, MdAMADS2: Malus domestica MADS box gene, RB: right border. B, Bt and conventional Chinese
cabbages after 4 weeks of culture in the field. Bt-cc: Bt-Chinese cabbage, NW: Nowon, SJ: Samjin, JM: Jangmi, GWM:

Gawulmat, HS: Hwangseong

&, 95C oA 142, 55C oA 132, 72 ColA 1329] o=
30 cycles F3s3lon, npxeoz 72°C oA 7:27F vk
AFATE PCR § HHSAME 5 5 plE 1% otz Ao &
QIst 5, Alxs|Ake] A= pGEM-T easy vector(Promega,
Madison, MI, US.A.)ell 44318}, E.coli DH5a¢] &
shalsitt. % F2 U TR st 224 4t
JHHES T35k, DNA clean kit(Bioneer, Daejeon,
Korea)& AHg-sto] g &, 27mf9} 519r ZefolHE o]
£, 7Y BAE FHEh

X +=E0|Sd AL

Bt E EgvAERe] §A4 ol dE A

a7 9l8l, CAMV 35S Z2RH 9 crylAcl f3dAke] 5%
w91 e] ol crylAc1 e L, 1AL bar A G-
g TFs] g ZefolnE ARgsto] PCRE et
(Table 1). PCR &2 A2 9 A3y} FUsALh
PCRZ 95C oA 4327F WATES AR 5, 95CeA 15
%, 55CelA] 30%, 72C A 129 £O% 40 cycles
Z8stg) o, wpxuko g 72°C oA 787k vFSAIZLh PCR
7171+ Bio-Rad PCR C1000<& A3tk PCR 3 HE-gAY
E 55 plE 3% ol oA Fldt 3, Gel Doc
2000 (Bio-Rad Laboratories, Hercules, CA)< ©|&, UV
transilluminatord}ol|x] 233t
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A5 HA71R1 99 wiFT Bk AA| A, A,

Agte] PHUES ZARSISICE Bt Wl AR Al
AUEE 68+0.9 x 10° o]1om, WAHE 43203 x 10°,
2L 4.8+0.9 x 10° Oi WA Bt wlF 2EEY
aub v SRRt 4 vdE YR fodsls
Aol flglem, Bt Wi 1:4 E] vE LR Y
= Ak ulE 2 =k s A Wl el &t
T AR ZARE:

DGGE A0l 2Igt EUn|ME &HO| H|w

Bt w9} FAHE BEFA mduS, el vgd
5] HH%\O] 7(1—13] 7]—__ %]—/\C-]HHZQ] OJBi E‘ﬂ E‘%}ﬂ]*ﬂg
ROl S Huom 93l DGGE #4& F33k3c
PCRE ©|%, 16S rRNA F314ke] v3s} Vo915 %3t
prash %%* =0 opfE e Ao H7|9E skl 247t 168
bp<} 323 bp 95 IsHIrHdata not shown). Bt HlF
o} Ank wiFEQFe] dd EQkvAE BigkE 48] S8l
16S rRNA F74-9] V39 VoF-9] FEAHES -2 DGGE
geloll Z7eRlar, 1 A, Bt w5} v A A w2 &
A EYZ DGGE profile V39} V9 ¥-9] 25 99 W=
o] Afoli= Qlol Bt wijF-o} H]GF A w5 ZUESE M
o] atol= AL §le Aow #EESIHFig. 2). DGGE
el g 2ol & Kol A1 Em|AES] A} tiat
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Table 2. Chemical analysis of rhizosphere soil of Bt and non-transgenic Chinese cabbages

RS oH P° EC® Cation(cmol/kg) N¢ O¢

(mg/kg) (ds/m) K Ca Mg Na (%) (%)
"Bt 69+0.12 1011.3+200.2 1464002 196+0.02 16.83+0.17 3420.02  0.54+0.02 0.35 5.74+0.04
ENW  7.2+0.03 915.2+43.1 1.1+£0.06  2.07+0.07 17.40+0.05 3.74+0.25 0.58+0.07 0.39 7.30+0.13
hS] 72 587.6+7.4 1.13+0.06  1.38+0.01 16.83+0.11 3.53+0.04 0.51 0.26 5.46+0.09
i]M 7.0 599.3+109.5 1.47+0.05 1.52+0.01 16.40+0.2 3.82+0.06 0.54+0.07 0.3+0.01 5.17+0.04
IGWM 7.0+0.12 6004579  223x0.07 1.54+0.01 17.44 4.3+0.52  0.65+0.04 0.33+0.01 5.21+0.03
*HS 7.4 1038.6+59.5  1.01+0.06 2.58+0.03 17.44+0.01 3.52+0.21 0.53+0.01 0.38 7.47+0.08

Rhlzosphere soﬂ, , Available phosphorus, *, Electrical conduct1v1ty, , Total Nitrogen; °, Soil organic matter;
, Bt-Chinese cabbage; # Nowon ; ", Samjin; ', Jangmi; /, Gawulmat; ¥, Hwangseong

Table 3. Number of microbes in rhizosphere soil of Bt Chinese cabbage and non-transgenic Chinese cabbage

Bt-Chinese

Microbes cabbage

Non-transgenic Chinese cabbage

NW

™ GWM HS

Bacteria * 6.8409 x 10°
Actinomycetes 43+03 x 10°
Fungi 4.8+15 x 10*

42422 x
5+0.3 x
4.8+1.5 x

10° 3.6+1.0 x 10° 22415 x 10° 33207 x 10°  4.1+1.7 x 10°
10°  5.0+04 x 10°  55+1.0 x 10°  57+1.3 x 10°  4.0+0.7 x 10°
10* 32429 x 10* 14406 x 10*  1.7+15 x 10*  55+3.4 x 10*

a

, colony forming unit(CFU)/g fresh weight + standard deviation from three replications.
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Fig. 2. DGGE analysis of 16S rDNA V3 region obtained after PCR amplification with eubacterial primers 352T and 519r
(A, B & O) and V9 region with primers 1070f and 1392r (D, E & F). DGGE profile for September (A & D), October (B
& E), November (C & F) field soils of Bt Chinese cabbage (1 lanes) Nowon (2 lanes), Samjin (3 lanes), Jangmi (4 lanes),
Gawulmat(5 lanes) and Hwangseong (6 lanes). M, DGGE molecular weight marker.

o] BEF 2%, 4% EY 77|89 ol Ei= Y
g wEl G e S Q7] wlEd HoR AdH
HGrayston et al., 2001). ¥4 &<
Aol A7k Qe AL Eoko] 7E o] @A 7]Qlss A
02 AFHALE o= AxAAYA FAAs Hel dut W
Eoko] W BEoAE F3WolE v|wslr] $1$ DDGE
AT AASRATHKIm et al., 2008).

16S rDNA €7|MY =M

Bt w59} AnhilS FF SHEdS 4 v YEAE v
wat7] 918l EF DNAS o] &3 EAIEshs 71Hel 3]
A1l B DNACIA ¢-3v]8&2] 165 rDNAS 2
zte] A7INAE BAE A3, Bt WiF SRS

Bacilli} Alphaproteobacteria ARWHF =A== Holophagae
9} Planctomycetacia?} 9738 ©]153th (Table 4). A=
24 7E FEAE WYkl e e AR 7hsd,
Bt wiF ZUE dubilE AR B e
Acidobacteriai= Wik oJHE Aoz dEA QUtHKim
and Whang, 2007). Bt ¥} dublF 557 ESrAE
o FEEE tha Afol7t QIglon, FARe] MY B
skl o]5o] Bt w59} UWhilS £ Eokel] B EEske
Aow wol Bkt nAE Rl Wol= A Aow A7}
EPel=g

AR 2E0ISY =AL
FAAs ] AME 5472 F CAMV 355 T2 FE 2
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Table 4. Phylogenic distribution of the dominant isolates obtained from Chinese cabbage soils

Bacteria Bt-Chinese cabbage Nowon
No. of isolate Distribution rate(%) No. of isolate Distribution rate(%)

Acidobacteria Gpl 3 3.1 1 1
Actinobacteria 13 13.5 1 1
Alphaproteobacteria 14 14.6 10 10.4
Bacilli 14 14.6 2 2.1
Betaproteobacteria 11 11.5 8 8.3
Clostridia 9 9.4 10 10.4
Deltaproteobacteria 7 7.3 1 1
Deinococci 1 1 3 3.1
Erysipelotrichi 1 1 2 2.1
Gammaproteobacteria 6 6.3 7 7.3
Gemmatimonadetes 2 21 5 52
Holophagae 2 2.1 24 25
Mollicutes 1 1 1 1
Planctomycetacia 2 2.1 11 11.5
Sphingobacteria 4 42 7 7.3
Thermolithobacteria 5 52 2 2.1
Thermotogae 1 1 1 1

Total 96 100 96 100

C?’yIACl-O/] oln= yalal= 447} crylAcl A%, 18 Plant DNA Rhizosphere

bar §7AA12] & ESAERS] o] of-E AR ¢
3 o EGORNE EYnAES] DNAE 5%, °ls

AE FEab7] 918 Zetolu s ARgsle] PCRe T3
St} (Table 1). Positive control@A] Bt 85 910 ZHE]
DNAE $%3%}1, negative control=A =9, &v], 7H&
o, SguiEe Qo v e 53 DNAE ol83lo] PCR=
THSIAE wl, Bt viF SelA] sk DNAoARE ZH2e]
zolnjo] st FEAES de T ASlon, nFAAs
FZ5E st DNACKE Wert AEHA odsgitt

S %o 4o

o, Z}z7e] meoluof] gk FEAHRO] HEEHA
(Fig. 4). 22 we|gobk= HAxAstA A& e 24
3 AR dRE sk AoRE ARG o,
T AN AEENE BEYuAERS] Ak sl
Aol giside B vt gtk (Nielsen and Townsend,
2004). EQAEZHE 53 DNAE o]g3to] PCR 43
Al BAGAATY JaAow FEET] M= v &
50 copy °l’d¢] DNAS Z3stil §l& A-¢eltt PCR &
Zo] 7hsslelthe A& 7R uf, o]& AlReAe Fd4
o] Folgo] dojuA] gAY, dofwtt stdets Ek
Y 2L oAM= AP 299 vtElgote] Al

] " stol PCRE E3lMe AEE + §las dvlsitia
% T} (Nielsen and Townsend, 2004).

al

e ©

M7 8 9101112

<161 bp

B mMm123456 M7 8 9101112

M1 2 345 6 M7 8 9101112

. .(_421 )

Fig. 4. Analysis of horizontal gene transfer in soil. Construct-
specific 35ScryIAc1(A), cryIAcl(B), and bar(C) genes were
PCR-amplified from the genomic DNA of transformed &
non-transformed cabbages and soil DNA. M, 100 bp
DNA ladder; 1-6, PCR product from the genomic DNA of
Bt Chinese cabbage, Nowon, Samjin, Jangmi, Gawulmat,
and Hwangseong in order; 7-12, PCR product from the
rhizosphere soil of Bt Chinese cabbage, Nowon, Samjin,
Jangmi, Gawulmat, and Hwangseong in order.

C
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