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Abstract significant difference to each other. DNAs were isolated
from soils cultivating GM and non-GM rice and analyzed
BACKGROUND: Rice (Oryza sativa) is the most for persistence of inserted gene in the soil by using PCR.
important staple food of over half the world’s population. The PCR analysis revealed that there were no amplified
This study was conducted to evaluate the possible impact of protox gene in soil DNA.
transgenic rice cultivation on the soil microbial community. CONCLUSION(S): These data suggest that transgenic
METHODS AND RESULTS: Microorganisms  were rice does not have a significant impact on soil microbial
isolated from the rhizosphere of GM and non-GM rice communities, although continued research may be necessary.
cultivation soils. Microbial community was identified
based on the culture-dependent and molecular biology
methods. The total numbers of bacteria, fungi, and
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actinomycete in the rhizosphere soils cultivated with GM M2

and non-GM rice were similar to each other, and there was

no significant difference between GM and non-GM rice. A=A 57 AR o s Aulw 1996 o]F A
Dominant bacterial phyla in the rhizosphere soils cultivated AP #(Genetically modified, GM) Z-E2] Ajujd =& 3
with GM and non-GM rice were Actinobacteria, Firmicutes, nlt} Z7bakar Qi) 20119 A AlA GRS 2HEo] Au)
and Proteobacteria. The microbial communities in GM and WAL 19 60009 ha(James, 2011)%, tlahy=r R
non-GM rice cultivated soils were characterized using the (221,336ki) 2] ok 7200 S|P GARPAE A= 2= A
denaturing gradient gel electrophoresis (DGGE). The ZAA U, S5, oA, Wake] A e ok 9 4004k

DGGE profiles showed similar patterns, but didn’t show ha® A A7 SAZAE 22 QulEA e 59%2 x}x|5h

Ak dub o AzAUWY 2= glyphosatett glufosinate
*W A1 A Z{Corresponding author) AEA] W= 7HemA Al fass wEet
Tel: +82-31-299-1142, Fax: +82-31-299-1122; &7 1A AR kel mhE A3A1A ©]°)(Owen, 2000), 73
Email: leekjong@korea.kr SRl ok BF 3 BE 9 SAAS ARG dide]
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715 W3} s @3 Brookes and Barfoot, 2006) 52 %
ol gitk ¥hA E9] F47k] o]E(gene flow)el 2§ 7
34z A 71 (Ellstrand, 1992) 3 Ae) A w e (Conner
et al, 2003) <] $HZ FAPAY 2=C] o] gof| gk =
& AIEE L ok @A FelM= RS 2] A
w7} o] Fo AL QA A, AR A A e
S2 AFgstel oA FHARHY AEo] el nE 5 Q)
© 8215°] Adst #4lo] F sttt

AP EL AES st PO E A3 (conjugation), B
A 58] (transduction), 32 3H(transformation) & &3l
T e FUelA f7k ol Fo] dojubr|(Ochman et al,
2000), tHekst oA v 7hs st ASAlE 5 oF 905l
A FRA o] dojul= Aog HuFETHde Vries
and Wackernagel, 2005). 38AAIE A= =
2210 in vitro AENNE 2 X 107 RIEZ B-lactamase
AR A=A Erwinia chrysanthemi. ©|
S5t Jonas et al, 2001). Wb AZxAUAY FApAE
AE0] OtE AR AzAUWY fE dde] ofst A
A 2 72 =2o] AZIH7|E SR S K de Vries and
Wackernagel, 2005), o}FA7bA] 7ol 4] Al F-Aa2pHE
AEEHE AR FAE dde] wek ¥ekd FA=
R aEut QeKim ef al, 2010). ZjollA= AZzAWA 1
F(Lee et al, 2007), 315434 wl5xSohn ef al, 2010),
HEP E 723} FLee et al, 2011) 529 @23 25 A
Hi7F 2 Bk wAEAdel wiR= el thste] Haw
vk ik
FAAAY Ao A83kE flsiMe B lEA
$F P HAo] Ao, 53] eyl Fe
2l 7 Bt o] gl vlE BEY S vES w
7 Yol thsh AAsE A7 Fosith TREZ =TT
71 Z-AttolA|(Protoporphyrinogen  oxidase, Protox)t
=43 A AEe] ARl SAR protoporphyrinogen
X (Protogen IX)E protoporphyrin IX (Proto IX)Z At
sA)7)=d Full 9SSt} Protox A8 AlzAl7) 2H8-3)
M Protox2] AHE%1 Proto IX7}F AlEA ] 2] ¥H, o]& <l
3l FxzdollA wro] Bkl A7} ApdatA Hrk 2 A
ToMe BEY A= Myxococcus xanthus=5-E ¥
g protox S =Y AxAWE H(ung er al,
2004)°] 7 Ap7F EF =] nA= Fke A
Y8t 2 EFY sfehiA, ESF s AU E 5& |
FAAS Wl s3] 9 Fni9)l nla AfeRgIeh g
2B 7S olgsl] B u|AEe A kel
T ARk o) dE Ao EM Y A E

AR el Bt Tolsekle TEskA sk

E
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EF v E( Myxococcus xanthus) o141 -2t protopor-

phyrinogen oxidase(protox) {27} £4]% gk 1
(CPPO06), FE(-sxH)a FuF5Rl FHHE T4
o we} sty EeATd LMOZA R E4 e o]okstal Au)
P, Gor7IoF AT 5 ASGEAEE
= A58 B9k A5 Kim 5(2008) 2] ¥4 ]
A2 By Wol v] TP B AN Bk THUE
Ao olgaom, T4 F 2 mo EEUAR AR B
s} 4ol o] gsiqlth

rlo

0 goll B3t 0.85% NaCl 90 mLE 7}
71914 303t 200 rpm .2 @B &
Ho] IS Azl F 28T oA mste]
2 = HjFeSom, 747} cycloheximide(0.05
g/L)E 37}t R2A agar(NA, Difco, MI) #i#]ellA] 29%t,
chloramphenicol(0.02%)< 7}st R2A agar "]l 4
%7k Sodium caseinate agar W <|ollA] 5U3T wlFet 5 A
ok wiekd wAE = FEUH ] Yehd dAE 3
HHE Alet ks A9(colony forming unit, CFU/g
AE)Z Ak=3ilck

o
$

DGGEE o|&8¢! n[d= =& &4

FAAg B9} v] FAAS HE At Bk mA= 71
TH WgkE obi7] 18] Denaturing gradient gel
electrophoresis(DGGE) #41& 3l3ith. FastDNA Spin
Kit(Qbiogen, USA)E E% "|JE DNAE FE3ta1, %1%
Alte] mAEs Wol o F-E EA5h7] fléke] 16S rRNAS
V9 H95 SZ3H= 1070£(5-ATGGCTGTCGTICAGCT-3')
9} o2 G+C clamp(CGCCCGCCGCGCCCCGCGCC
CGGCCCGCCGCCCCCGCCCC)7t H714 1392r(5-AC
GGGCGGTGTGTAC-3") primerE ©]§-3}%] PCR W&
F338t9ict PCR W2 71} 5 pl 10 x PCR buffer, 10
ng 7% DNA, 25 pmol %43 Zto]™, 200 uM dNTP,
2.5 U f-Tag DNA polymerase(Solgent, Daejeon, Korea)
5 71t & HF H9E 50 uLZ 9tk PCR 242 9
5ColM 587k WA ¥, 95C 1%, 55C 14, 72°C 152 ¥}
45 309 WHESIG o, wixeko 2 72°C of|A] 727t HHS-A
At} PCR A2 Dcode Universal Mutation Detection
System(Bio-Rad, Hercules, USA)& ARg-ato] WHAJAQ
formamide”} 40-70%% &% THI¥ 8% acrylamide gel
o 2719%31ck 2718 DNAS SYBR Green I(Cambrex
BioScience, USA)¥} EtBrz ¢34151%] UV trans-illuminator
oM skt

AEEE O] Ao A3l EQF njdEe] s e B
T o)kl sk ] EokRelA At
d3t7] $18t¢] FastDNA Spin Kit® DNAE &3},

27mf(5'-AGAGTTTGATCMTGGCTCAG-3") ¢
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1492r(5'-GGYTACCTTGTTACGACTT-3'") primers A
ato] Alete] AAl 165 rRNA 7915 F353813{th PCR -
o A 20 vlE I B4 Y ssA 738
sl3oH, 1% agarose gelold €<1¥ DNAE pGEM-T
easy vector(Promega, USA)°l ¢kl £ coli DH5a°]
FHsksto] wieksigity. Y49 FEUE TR kst
¢} DNA clean kit(Bioneer, Daejeon, Korea)= “JA|5}1L
AR FEE flalir 50149l 27mf e} 519r(5'-ACGG
GCGGTGTGTAC-3') primers AMH-3lo] A9 e T%
Sy

I EY sfsiEs

g

wAskolt pHS ECE B2}
W EgE 5 Arols SAsIlom, 718 > Walkley
9} Black®|(Walkley and Black, 1934), f-&%14K> Bray
No. 14(Bray and Kurtz, 1945)°.% 77} 4J81Qleh 2+
24, vEdls, UEE 5 A3HYelE2 IN Ammonium
acetate(pH=7.0)% &3 & FEAFTZSe=rpt datd
AAp3E-37|(ICP-730-ES) 2 #4181 tt.

L

FAHE WEYE 29 FH vAEZS 34 {3zt
0|5/ oF-5 gl flste] 2 Eoelx DNAE #
al1l PCREES Fall B W IS ARSI =
A2Hprotox)E &% F Sl primer(Protox F, 5'-ATG
CATCACATGCCAAGA-3', R, 5-CTACCCTACGGTG
CATGAGAAGT-3)9} #e] WAF+AAHActin)E SZ3
% 9l primer(Actin F, 5-ATCTTTGGCCTTGGTAGITIG3,
R, 5-GTACCCGCATCAGGCATCTG-3)E AM3loi(Jung
et al, 2004) PCR W& AAJs13lem, PCR #H-&2] 273
o 2218 wAlE Ty el o8-8 WY FYUsHAl sklt

F i n k-
= EY n|MEA 2AM

Protox A=A 8] A7 &l £k ndEge] v
A G ] S8t AsaAle] wE AlxAUA
H(CPPO06) S} Bl -G v(FxH, F31)9] 4 EQ
of that A, e @ WAy WEE ulw BAEIsIT
(Table 1). AlZAWE Big} 8] FAAS Hox2] 29 ESF
el A, A 2 W] I folido] 9loi(P>0.05),
AZAWA B Aujel] o3t 2 B v PEAFS JgE H)
FAAE W Al fARRE Zom FAHEUC 2y
protox A3l AZzA7E obd AYAZAE Hzlste] Aust
A ZAd HICPPO06(C.C)J2 B Aldt Ut A2 A8%
71l S7FFAEHP<0.05). A& oA wiEsHE HEE

s T 9 ) WskE xfetd, 2 EY HAE
o] Wigk= f71ES wllek il 93-S Fof(Sharma et
al, 2005) 21&2] Asolu Wt A Tl A - (Hgos
FFS 713 3thMiethling ef al, 2000). 14 21 EA]
o] Agdest < nRAEH] AdEFgel s mAEY]
AL W3k 4= 9l on(Kardol and Bezemer, 2006), A
2874710l T71E Mlat U EE 528 o] % P sk Y]
W Eoll(P>0.05), FAHLE T7H= AGAI7le] <t JAHQl
stz g e Thse v el oigh Ay
270 JEgs s A $ Qe Humle
glufosinate A|ZAIHY ¥} v] FAAS & Aplsh B¢
o] wAE P A o] gHloH B AT fAlHAl A
o|7} gtk B arEItHKim ef al, 2008).

Table 1. Number of microbial population in the GM and
non-GM rice cultivation soil

Growth stage

Soil Microbes Samples

Vegeta- Repro- Post-
tive ductive harvest
CPPO06 242 191° 550
Bacteria CPPO06(C.C) 223" 247° 530°
(<10° CFU/8) Dongjinbyeo ~ 22.0° 168"  6.20°
Chucheongbyeo 20.0° 162" 5.70°
CPPO06 542°  542°  540°
Fungi CPPO0G(C.C) 459" 459° 447
(<10° CFU/g) Dongjinbyeo ~ 513' 513" 367"
Chucheongbyeo 4.73" 473"  4.80°
CPPO06 287 286" 1.63°
Actinomycete CPPO06(CC) 214" 279" 1.70°
(>10° CFU/8) Dongjinbyeo 221" 223 2.00°
Chucheongbyeo 234" 257 1.87°

” colony forming unit(CFU)/g fresh soil weight+standard
deviation from three replications.

H e EQC| T M

AZzAMS B Al gt EQF o ¢4 n|AES] WslE
gelsly] 9Jste] A EYOZHE DNAS 2elstal v
=9 16S rRNA 97149S w483tk 23 EdelA &
¥ ARFES] wEE phylum 2ol ¥t ZA2(Table 2),
AzAS Wel 1] 243 Bie] T Bl Proteobacteria,
Actinobacteria, Firmicutes’} $33F= 222 Yelstth
o 22 T AAFA e wet AlZAAd Biek v] 84
Ak WE Apgh 94 mAEe S-S i AolE Bl
A%k, AT FARE Ao ® UeRth 850 A W
s WA Zeld Jo] Apolg: UERA] ot AlxA
ylid B Apllel] st 29 EQF nldES] 4E Wstel gt
P AA G2 FoF PAEH T FUSE AT A
HjE = FFel wet B A4 ndEe] wAlE A 2tolel
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Table 2. Bacteria isolated from the rhizosphere soils cultivated with GM and non-GM rice in the fields
. CPPO06 CPPO06(C.C) Dongjinbyeo ~ Chucheongbyeo
Growth stage Community —
Composition (%)
Acidobacteria 5.7 6.1 5.6 5.8
Actinobacteria 11.7 10.0 9.3 9.6
Bacteroidetes 3.8 44 4.6 46
Cyanobacteria 0.8 13 0.9 0.9
Vegetative Firmicutes 8.5 9.1 10.6 9.8
Plactomycetes 1.3 11 1.1 1.3
Proteobacteria 31.8 29.3 28.4 30.8
Verrucomicrobia 1.7 0.8 0.6 1.0
Etc 34.8 379 38.8 36.2
Acidobacteria 6.9 6.1 6.2 6.2
Actinobacteria 5.8 72 47 5.0
Bacteroidetes 43 4.0 45 4.6
Cyanobacteria 1.0 1.7 1.0 0.5
Reproductive Firmicutes 9.3 7.2 7.0 8.6
Plactomycetes 13 12 1.2 14
Proteobacteria 37.5 39.7 36.3 34.7
Verrucomicrobia 0.8 1.0 1.3 0.6
Etc 329 32.0 37.8 38.3
oal 24 dlell= A= BE vl tstAl A1 < 9l o7 2 B vilE IAS v weSitFig. 1). Az
UHFilion, 2008; Sohn et al, 2010). A% A4S ¥ ¢ 4 W, SRS FHEDH ] AV 2 BEY
AA% 72ZHSIBU SI)= EHSIBU)M= 24 vAE 4 DGGE profile> 7¢] §AFISItE DGGE profiles 718t
o AolE HolA ¢igkout v Fof Wl HAE A O WM} UERdt oS A e A, FAAIES] He F

(SOLANA)Sk= <71 v|gEe] o7} L}E‘r%%~ti1(Flllon,
2008) = ATl = o]efdt Aoli= FYU A o)z} st
FEol st B njAES] 14 ztelef & vEhd drtE
5
DGGE &A0il 2|8t EY n|dE =&

AzAUWAG el v FAAE HE gt B DNAS
F%3}111 16S rRNAS Eo]4 07 FZ3lo] DGGE 4]

‘11 May
GM C D GM

July
C

November
D GM C

September
D GM C

Conc. of
D M denaturant GM

43%

45%

48%%
49%

53%0

54%

Frol wE ZEe] FA4E7] Brke B AFH Aol wet
IF°] AEE Aom Yeht AlxAUE W Aulel] <Jgt
E vlE A Mgk A9 dojupA] g Zlow 4
=k Glufosinate AZAINAE w AsEAF] A7]E
DGGE #4(Kim et al., 2008)°l1X% frAFst profile 27
7 yepon 54 Al718 e dd Aol= Als AH AF
o] Bk o] Al 7|/l Alw FHEIY B vAE
TARolel| tigk DGGE #42 Al #5, A= AFH A7)

ELNG e

‘12 May
C

July
C

November
GM C D M

September
DGM C D

E
y‘-i; I g ' | N
”i i " I MmN B

D GM

Fig. 1. DGGE of 165 rRNA fragments from GM and non-GM rice cultivation soil. Lanes: GM, protox herbicide
tolerant (CPPO06); C, CPPO06(C.C, conventional herbicide treatment); D, Donjinbyeo (control), M, DGGE Marker.
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Table 3. Chemical properties in the rhizosphere soils cultivated with GM and non-GM rice

Year Samples pH Ec Ex. C (cmol /kg) T;N Av. 1205 oM
(dS/em) Ca Mg K Na (%) (mg/kg) (8/kg)
CPPO06 76" 06° 79" 200 01° 02 0.1° 170.6" 9.9°
sy CPPO0E(CEC) 7.6" 05" 75° 17 01°  01° 0.1° 162.3" 10.5°
Donjinbyeo 7.8° 0.7° 81® 20° 01° 02 0.1° 227.7° 11.6°
Chucheongbyeo 7.6  06°  80° 19° 01° 02° 0.1° 173.2° 11.0°
CPPO06 7.5° 0.1° 75 19 06 01° 0.1° 181.9° 7.2°
sory  CPPOUCO) 7.4° 0.1° 72 17 05 01° 0.11° 133.1%° 6.0°
Donjinbyeo 7.8° 0.1° 81 21° 07 01° 0.09" 174.1° 48
Chucheongbyeo  7.5° 0.1° 790 20° 06 01° 0.07° 144.7° 5.1°

Different letters are significantly different according to the Fdistribution at P<0.05

9 Aoje) K} ol
(Kim et al, 2008), 53@_%1?}
Hn AT Al st 2
WA T ALBele] sl B,

[e]

=

B MEjEHS| EY slstd =M

B ndE R0 wstel o = e Wishs
HESSI R EQF pH, Fail A7HES, ol A
7l §% o& A AxAWd wek v SEAS
XHHH o oJgt 2 B sl Wsls ARSIt Table 3).

¥ pHE 747874 Selel = Fok) B pHY

58(]ung et al, 2001)Kr} thi Fokom B @ﬂtﬂﬂ
(pH 5.5-6.5) Kt} tha =2 A0 Yelylth B 7]&
Eok H|L L2 sl Q3% A7 Bk B 7H}\\j
skl B A= Fes s skl 2 Al
35 7= ol ALl 25-30 g/Kg Hrt B v
Wk FEQARS lf 2 A5 2799191 80-120 mg/kg ¥
FABIAL the =& Ao vERkon, X3doke]es A
11 ZH5(0.25-0.30 cmol’/kg), Z(5.0-6.0 cmol’/kg),
mIHl47(1.5-2.0 cmol’/kg)¥ Hlwalls w ok xje|7}
= Ao Z YEPHTE Protox A|xAeF BAAZAS g
g ARG B 2 BEelX o] AL, Faddal, A9
Fol froldt Jlo = Yepsit ofgt XPOF
ZHHHOH W Hskp Rt Al A9 B
717l 249 = 23] j
s3lom, ﬁlﬂ@% 7R Sleide Ads 7hego
S8 Zlo% AFHSE 2 Aol Al zdi}°ﬂ
wlo] YEhA] QAR viAlst Bk 3] S8ty
et el flaide A A7 sk o
Ae S vt Be e Zlow E ik
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B8

A}

E)

E P oo

}L

rﬂﬁ
Y
3;

=

I3
=]
=
T

O 00"
O
o

A
3

1-@08

==

o ox —

fO i fob il oX T ox
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B QWK OISY FAb

FYAE A EUE fAAe 29 B vuERe 53
%m S5 Slale 41 B ) DNATH o}
o EAok TFsstk. =9 frade) AEYS B

o=

1
mﬁ 2
>~1 :lo

R
L

254 9 AEAE At Y EFOZHE DNA
& sty Y FAAE Bol¥ o FESE primer:
PCRS 331 th(Fig. 2). 21&A42] PCR A}, AlzAu1A
W Y ARk A frdzpt 3 SEEUAANE 1]
A A3} Hc] LHZH Trx%z]. RS 74 Qcm:]. =4 EOk
DNAS WA #342F PCR A3, ASE7 174 29 Wl
S} AEHA At 597121 999 102 £ DNAC
A SEHE METE YEpATE G $ abdke] A3 5 49
EY DNAAE 558 WEs A8 & ol =9 &
HAAHprotox)= AA AFHA7]el AA SF¥ W=7} et
A ohob EoF U AL A AT We AoR o
wol &9 BEY nAERS 794 §47 o)F TS g
ek Aoz FAHHTE Widmer 5(1997) FA S|
ko] o] 4% SAAA AT npdl FAA7E Pl Ak
A5 27 779, 13797 EF Yol A& 4 Qlvkal Bast
o, PCR 415 S8l B o B9 fd2k= 471 W
of Eall=e] AE & ¢l Ao IRIBIGIT A4Es ZHHH
Sk Bl 2w DNAS] B Wl AE4ge it 7
d @hol o3 2E DNAQ #3)(Smalla and Gebhard

1999; Widmer et al, 1997), E% U DNased =)

2011 2012

M P 5 7 9 4 5 7 9
Kb
04— GM(CPPO06)
(A) Actin
Non-GM
0.4— (Dongjinbyeo)
2011 2012
Kb M P 5 9 10 4 5 9 10 N
14—
GM(CPPO0G)
(B) Protox )
Non-GM
(Dongjinbyeo)

Fig. 2. PCR fragments for Actin(A), Protox(B) from GM
and non-GM rice cultivation soils. Lanes: M, 100bp DNA
marker; P, positive control; 4~10, April~October; N,
negative control.



100

HONG et al.

(Lorenz et al, 1997) ol &Jato] v] AESHA = Y=3
Al JFE W=t

A A3 2 Bl B9 At 9 71kl %
ESA] ok AEEFE EY nAERY] fH4 A Wl
T v WA AlgE o)) wiitell, dAle] AerleR A
Z3 4 9l ) olstE EAF Ao 4dE Y] Germida
9} Dunfield(2004)] <17 Azs} o] AzxAN Wz
B =H AEARY 384 SA} o) JPsAS e 3l
g Aow FAHAY T2y A% FoE AR v
Aui7E A& 07 o]FAH Ay FAAY AEZRE &
H E% HWEE«I TR} o] 7hede ol AoE o
BE7] el 9 A7ARD BUEHRE A 2520
A7} o] FoiAof & AOE oYt

29

2 AT Protox AZAUE W Aulrt B vz
A= dEt FHA AR olF e dotEy] Qs ¥
= lek A B9k v AR U ES] A9 AZAUA
HE Auigt 2 B mpE SAEE7 8] P we
<A B frakete] AlERAATA W Az 2 B9 v
Aol A= g2 v For FAEUCE <4 EY
o] &3 wAE B oS B8k A3, Proteobacteria,
Firmicutes®} Actinobacteria 0% UERE O™ 453}
g A9 ARkl & E9F DNAC digt DGGE
A A, AzANE W) v PP WY 2l B v
A= 39 profile M3h= VFEREA] 9EgtTE A=A ¥
Aol wE EQF 3EHYE EAe Ay, v P e
< B 38 Alol7t Gl ASE UERgh Alx2A
U vel B89 ARt tide® 7 EF DNAC
st PCR 4] 23, B8 §7ke] 7e/do] 4dA] kot &=
BA fFAA; o] FA L 3ukE Zlow FAEHSITh

xQ
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