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Abstract

BACKGROUND: Genetically modified(GM) trigonal
cactus(Hylocereus trigonus Saft.) contained a coat protein
gene of cactus virus X (CVX), which conferred resistance to
the virus, phosphinothricin acetyltransferase (bar) gene,
which conferred herbicide resistance, and a cauliflower
mosaic virus 35S promoter (CaMV 35S). This study was
conducted to evaluate the possible impact of GM trigonal
cactus cultivation on the soil microbial community.

METHODS AND RESULTS: Microorganisms were
isolated from the rhizosphere of GM and non-GM trigonal
cactus cultivation soils. The total numbers of bacteria, and
actinomycete in the rhizosphere soils cultivated GM and
non-GM trigonal cactus were similar to each other, and
there was no significant difference. Dominant bacterial
phyla in the rhizosphere soils cultivated with GM and
non-GM trigonal cactus were Proteobacteria, Uncultured
archaecon, and Uncultured bacterium. The denaturing
gradient gel electrophoresis (DGGE) profiles show a
similar patterns, significant difference was not observed in
each other. DNA was isolated from soil cultivated GM and
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non-GM trigonal cactus, we analyzed the persistence of the
inserted gene by PCR. Amplification of the inserted genes
was not observed in the soil DNA, which was collected after
harvest.

CONCLUSION(S): This result suggests that the GM
trigonal cactus cultivation does not change significantly the
microbial community.

Key Words: CVX, Soil microbial community, Trigonal
cactus
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AAPA % (Genetically modified) WF7F G O0E
Al 19961 o] % A AU, HEAE T AR
=50 A A skt Frkskal qlvk 2012 A Al
AP 250 AuiE AL 12 7,000% ha(James, 2012)
2, gal=r e (1,0025 ha)o] oF 178 sigwch
AR A5 s Al Fast w583 5714 At
Aol wE AAAQ1 o] ot o2 Owen, 2000), 71
A3} 5] U Wstel] A&7bset A% ks Ths
Sl (Brookes and Barfoot, 2006). 1#1} & 34}
Tel oJgt =4 9 de=r] =4 B4 7Fsd(Konig et
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of thgt =ee A AAF o7 A&Ear gk 2011 =
LMORIA ZAe]| W= -2ube} =41 53.5% = FraAAE
71€0] e =g Frha sk AR HHAEY
AR ) - o)E oJgRe Aol ulet 13~44%E T8
AE AL Sl ASE YERETHJung, 2011). SujellA=
OFAZHA] AP B2 A= QX A A st
o thet T2} ghjjel AFH AL B o] f4
A 225 /sty vk 3 2 AEHEY JrkE
A o] THE FAAAY FETS AT ¢ ols
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A2 Aol et 4njAke] $HE
o et gt FokiAlo] 7hsg vl
Ul et fedEE tha 9t
atof ofell thst A1 A7t Aeid FQrt Stk wlole
2ol o5t JsiE Hastelr] s A AAX e ket
ojeiAA Y AAPAY A= vhutol, sut AbF, A} T
48 70| glom, ol 77 S-EH(ringspot virus),
BAfo] % (mosaic  virus), wEH(pox virus), Aol
(leafroll virus)ell #1&d& vty @A A Auls<l
FARPAE ghutol 0]9)9] AEES 4 B AFEEA A
AP SRS AA 2R A A Ao w oo Qo
AEALES = 179 AEF A7leE A
o Az L7} ot AAIAEE 70~80%F ok a7F
7HA] Aot} HEARMIE IITIAE Fola wE ASS
S8l =R AT (Hylocereus trigonus Saff.) ol W] Egh&
HEAA Aujgicy. gHEAQ1 JoFHA o2 Al AT
Hlole] X o] E 7k vEg A FH g, HEdAs A,
A 7, A9 o EAE AR o] st
M= mlol e 243 Ao 2453 A Bygol e
itk TdlellAE A Hlely A X(Cactus virus X,
CVvX)9] #u G dhssleles s Aty Zw
HE ARkt 3 Aslstel CvXel A@AdE vEhdlE bt
ol A TN AN WAFE LSSk FgelA Al
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AMEH MEl X EY A=

AR wel 2 X(CVX) 2 9 @S Faslels
A7 ARl el aA gy G ek A9
TREZFE S HEAAE AT RS 590(W)x<
385(D)<150(H)7]9] AFHEE] el g HES A3 12
T4 3R ofAste] Aufstgitt. NS Fal T4
Bhs A1) 546l B BAlelA 3~4709) A7E AA
& 7] Al wep AfshE AZIER B
N HES A AEE AEAE P Fo}l Kim
5(2008)°] el whet vl B AlAse] 24 24
of elgstion, s B4 T4 ¥ 2 mme] EFEGA

22 ARE olgslth

EY nd= 28 =4

Mg T AF e Bk 10 g Wit et 0.85% NaCl
90 mLE Yol 2% wjeF71elA 307t 200 rpm o2 AL
stk A7) XIS A7 Agels 242k uiAel =
kil 28°CollA iksigith. At cycloheximide(0.05
g/1)E %713 R2A agar(NA, Difco, MI) Hi#| o]l 2971,
%13 chloramphenicol(0.02%)< %71st R2A agar ¥i#|
oA 47, W3t Sodium caseinate agar A4 5
UZE kRt 5 Aleioitt vdE e vl =YL
o vehd #AE 3ukE Alesto] Hgke Awt(colony
forming unit, CFU/g 7E)Z 2H&slolth

DGGEZ O|&¢t n|¥E =& &AM

FAAS A ng A s Apg B9 1)
A& 74 W3k Denaturing gradient gel electrophoresis
(DGGE)Z  #43}9itk.  FastDNA Spin  Kit(Qbiogen,
USA)Z E9F Ul DNAE F&38taL, ZAAIRS] = ¥
o] ¥4& 8 165 rRNAS V9 ¥E FEd
1070f(5-ATGGCTGTCGTCAGCT-3) %} &1%-2] G+C clamp
(CGCCCGCCGCGLLrearareeaaeceaeeacecce
CCGCCCO)7F 57k 1392+(5-ACGGGCGGTGTGTAC-3)
primerE ©|-&3to] PCR WHg-& F333leh Wha-o 240
5 uL 10 X PCR buffer, 10 ng 5% DNA, 25 pmol %%
g glolw, 200 uM dNTP, 25 U f-Tag DNA
polymerase(Solgent, Korea)& 7Fsto] #HE 3= 50
pLE 3k3ith PCR 2718 95C ol 587+ WA F, 95C 1
¥, 55C 1%, 72C 129 3d& 309 wHssiglon, v
o 72CeA 737F WEgAIZITE PCR A=+ Dcode
Universal Mutation Detection System(Bio-Rad, USA)<
Akl WAAIQD formamide”t 40-70%% &% THlE
8% acrylamide gel°lX #17]9&sI3ith 7/1¥ DNAS
SYBR Green I(Cambrex BioScience, USA)¥} EtBr= ¢
A5lod UV trans-illuminatorol| 4 #2613tk

2HNZ S5
EgA] F%3 DNARYE Ao 165 rRNA F9&
FERs 27mf(5-AGAGTTTGATCMTGGCTCAG-3) 9}
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1492r(5'-GGYTACCTTGTTACGACTT-3') primer= PCR
= Tt A7IMEE EAEte] ssltE PCR HEE-
o] 2% 2L vAE A A R FYsHA st
$Nom, 1% agarose gel°lA #RlI¥ DNAE pGEM-T
easy vector(Promega, USA)°l Skl £ coli DH5a°]
FAHgsIel. Y FEYETE FL9Z DNAE F
Z3lo] A HAHE S35 T DNA clean kit(Bioneer, Korea)
2 At 27mfel 519r(5'-ACGGGCGGTGTGTAC-3")
primers ARgsto] 71D A8t

EY 3oty 2M

FETA ] BEeF W A EA] BAH(NIAST, 2000) &
sto] PHAS zhaeel vgAAS AT Al 2
ESS SAA AEAA 2 mmAE B8 AE ARSIl
th pHE ECE B} S7TE 152 Z§st] 3021t &
gk 3 dels SAsGloH, f71E S Walkley o}
Black®, +&%4H> Bray No. 1'HO= 77} EA8fqltt.
ZHg, 7245, v, UYEF S 21802 IN Ammonium
acetate(pH=7.0)2 H&3 & FrAFZe=rpt datd
AAPBE-37|(ICP-730-ES) 2 #4181 ct

SR REY AL

EoA =¥ DNAZYE JHAHg A2k 99
CVXe} AWtA] §d2x bar)] B U 48 PCRZE
gRlstal PHAZ AT RE T AEARY] 784 4
Ap ol s of-E WGtk EYFAAHCVX)E T35k
primer(CVX F, 5-ATGTCTACTACTGGAGTCCAGTCT-3,
R, 5-TCACTCAGGGCCTGGGAGAAATTGA-3)¢} Al
WA (bans ¥ FE3k= primer(bar F, 5-GATCT
CGGTGACGGGCAGGACC-3, R, 5-TCACTCAGGG
CCTGGGAGAAATTGA-3")Z PCRS 2319 21, PCR
HESES] AT 20 vE Y Al olgd W
YA skGith

xF

24 :|_|. Ini Xt

=

EY ndE4 &M
CVX Hlo]H 2434 A2 Afulel] o)t 2 EFe] w)
Aerd Jgs st FAHE Azt njg A A
ZFE A okl AGAZE A, WA U A UEE
ZALelItKTable 1). F27d3E Azl n|FAHS A7k
Al Bk ASAE A, AT EEE 594l %
o7} GITHP>0.05). B9k U] A U= 4577 Bt &

A olEE s Aees vE SR 249 HEkE =
T AL B mAAERe] Wshs A7129 el ol

Table 1. Number of microbes in GM and non-GM trigonal
cactus cultivated soil

rmi(r)gbe Samples Eaﬂztfgr(emth Lat:tirgoeWth h:r(\):st
Bacteria Non-GM 444" 10.1° 13.0°
(X10° CFU/g)  GM 32.6° 1060 13.6°
Actinomycete Non-GM ~ 24.4° 277 497
(X10° CFU/g)  GM 20.4° 317 446
Fungi Non-GM 104" 6.5 43.3°
(10" CFU/g)  GM 14.5° 98 363

Colony forming unit(CFU)g" fresh soil weight+standard
deviation from three replications.

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

TS ol AE AFold Wy A ol A - ew
= 713+ SItHMiethling et al, 2000; Sharma et
al, 2005). “1ejut A2 A B ASATE Al
et Wie] Wsh) glar etol s Xt W= Abe] §lo] ]F
qelgomm A AT Aol &gk B njgEAd
G P A Ak o FASIGITE AE
A St Bk nEERe AeAgel ga vdE T
o] W3l 4= Qloj(Kardol et al, 2006) ¢ Uiof
F714¢1 B4o] Qg Zo7 AlgE o X4 19
© e8RS wigh =il ost AAA doR
ATk 2 AgrellA ARG ke ik Ths e
e sl A48 4 Qo] AlZxAWAY H(Kim e al
2008) & rAAMHY A& APl kY] ndE W vl
ARGl o, TARPAY 2] EAA FEs] A
Ve Ao g

=R U T e

a
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el EQF W RS &AM

EQF nAES] 94F Bishs CVX vfole] A4 Akt
T Al =gl DNAE #ejatal v48=2] 165 rRNA 9
7L S EAete] ERlEIGith 2 EokellA s8E At
& phylum FFellA vlwsh A3KTable 2), 28 42}
¢} nBAAE Ao 2 Bkl Proteobacteria,
Uncultured archaeon, Uncultured bacterium®]| 7338}
RO A= AF Aol whet RIS FAskith FAA
B A A Eoke] $RAITS Al AF A7l e
o] A ogkont HIPAAS A Al B U

A719] B Al B vk Al A ToR

Q] Wst A JeRgth dRkgo R Eok ujAEe] ofy
A 7Yl B e AR T TR AEA ASel
g 2l EY dEe] WEo] Y% SHAYHWei et

al, 2006), Ate ApiE, LA R} FAL1H FEH

A8 A 7R BN EFE SYOEA 471 B
o] ALF Aow AYHUL FAG AN A FE
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Table 2. Phylogenetic distribution of isolates obtained
from GM and non-GM trigonal cactus cultivated soil

Vegetative  Post
Before

- growth  harvest
Phylum experi- Total
ment n- n-
o MG
Actinobacteria 20 4 5 1 2 32
Ascomycota 5 1 1 7
Bacteroidetes 16 3 10 29
Firmicutes 1 1 2
Mortierellomycotina 4 4
Proteobacteria 12 26 10 23 45 116
Sediment bacterium 1
Spirochaetes 4 1
Verrucomicrobia 1 1
Uncultured microbes
Archaeon 33 12 72 15 4 136
Bacillus 1 1
Bacterium 22 37 7 53 32 151
Compostbacterium 1 1
Euryarchaeote 1 1
Fungus 3 1 1 5
Sfcf’:::)lgacterium 1 1 2
Rhizobiales bacterium 2 2
Unclassified bacterium 2 1 3
Total 100 100 100 100 100 500

I 2ok vYEY vAE A Aol ® 2 el E}OJ@
=o] TAEE = 9171 wiZol(Filion, 2008), &4
A= %@%91 e Wzt e XL71
sto] ke Ak glvk 2 Aol ARgE 971 1
< b oz wigo] ol UWFE 4
B71ML sl it g o s vge] ok vE
w40l 7Fssb] Witel F5 29 voleo| A~ 283}
o $5F WolE ApAe] EAE & Y& Aow @ﬂ*&%vk

JN FN
HU
HE N

iﬂ

=

208 A7) R A0 RS A wdow
E A7 DNAE F&313L 165 rRNAE S04 0% Z
Z3lo] DGGE BAH o7 9 B nAE #4< vt

ATHFig. 1). S 259k njgaxet A9 AV
W E9F DGGE profile B Al7|ollA A2 fARHIh
DGGE profiles 7|¥FO.2 W=2] g} 0] S 4]
& AilTable 3), 45 58 o|F A3 EgoIr=
DNAS| %3] 50 Wee] ZZo] 79| dojux gkgkil
LS e e e e R e L R I e A L

Vegetative growth Post-harvest
B 5T 5C 6T 6C 7T 7C 8T 8C 9T 9C M

I -

Lanes: B, soil sampled before experiment; 5T ~9T, soil
from GM ftrigonal cactus in May ~ September; 5C~
9C, soil from non-GM trigonal cactus in May~
September; M, Marker

Fig. 1. DGGE of 165 rDNA fragments from GM and
non-GM trigonal cactus.

Table 3. Comparison of similarity between GM and
non-GM trigonal cactus based on UPGMA cluster
analysis

Lanes” B 5T 5C 6T 6C 7T 7C 8T 8C 9T 9C
B 100"

5T 100 100

5C 100 100 100

6T 92.3 92.3 92.3 100

6C 83.3 83.3 83.3 72.7 100

7T 727727727 80 88.9 100

7C 727727727 80 88.9 100 100

8T 83.3 83.383.390.9 60 66.7 66.7 100

8C 100 100 100 92.3 83.3 72.7 72.7 83.3 100

9T 92.3923923833727 60 60 90.992.3 100

9C 100 100 100 92.3 83.3 72.7 72.7 83.3 100 92.3 100

“Lanes replicated in the DGGE gels in Fig. 1
100 indicates complete similarity

Al71el whet AT M fAME S FEA B9k ) B
FEE TVIE 72 ARG A A B e {4
e 72.7%E Sl o o]F 923% % 3EE]eh A
el gk B4 Ay, Be] FEEo] wWol ol gle 78
BEoky} S=8lo)% wWkx|w 99 Eokylo] HiT JAML 0%
7Pg wgkor o W=kl fAMS Al A s
Hpo] 2| AA A A Aol W BEYF s e W
Sh= *ﬁ%ﬂmﬂ AAZ o2 yehte o] Friduel 3%
= Aoz 4tk shutol Ringspot Hio|H A4 3]
FAAs syfobs Aulst EF] DGGE AFeAE A=
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Table 4. Chemical characteristics of rhizosphere soil of GM and non-GM trigonal cactus

pH oM T-N Av. P2Os Exch. cation (cmol+/kg)
Stage Samples ] o
(1:5) (8/ke) (%) Bk ca Mg K Na
Non-GM 58 542.4 0.04 179.5 6.9 0.7 23 0.8
Before experiment
GM 5.7 533.5 0.04 178.9 7.0 0.8 24 0.8
. Non-GM 5.7 5459 0.04 128.1 8.2 0.9 29 1.2
Vegetative growth
GM 58 543.8 0.04 153.8 8.2 0.8 2.7 11
Non-GM 5.3 557.7 0.04 181.0 10.1 0.9 29 1.6
Post harvest
GM 5.4 566.8 0.04 152.4 8.8 0.8 2.6 14
AZ xe] Bk o]FA ] o ASA7E ME FHE o =} M GM 1 2 3 4 C 1 2 3 4 N
©]7} YERsTHHsieh and Pan, 2006) DGGE #42 E%
v ZAolel tigt Al =, AR AFH A7) Y A
o) %o ol Fol 4 e W 5 o] ulEol(Kim
et al, 2008), A3 &2 EoF nAlE 7 vlw AT CVX+BAR

Alells &3] arejste] wlasfol gtk

% pH, &kl f71% &% 59 s A4S
& A Ao} ngAAS A Aol 2Jd B
s WSS H|welgitTable 4). £ pHe 38 o]%
Tha vtobgl ovt A5 A $l(pH 5.5-6.5)8F #4715(pH
5.5-7.0)oll £ to](Lee er al, 2006) 2% &)= Ak
o] ¢l Fow otk B Ul V)= TS =4
M Bk vAES] B9E o HSEE WYshe A%
2 ek A A2 Aol o] 8 ol g JE

A7t 71Ed0]7] wlitel U¥t ¥ E<K20-30g/kg) el
HloH F71E ol A JERAT A feAle
YR 9FtHP>0.05). fEQIAke x|gAdckol e A
717b} o) S]] QA FAE G oH, AE s Ad
S W9 ol Ak A o7 FAKE I B AT A= §
AAg N ZHHHOH uhE A7 Wik glo] ePgslEgle

O,

[e

K

U A 2 Auel] o8t Eok slehy wslE wuls)
7] YEiME FE ST Bt AdE5ARl 4SS B3 A

A0 9% Bk Ao Ao Al

TN QERL OISY FAL
.]

THA *X} °]54)(Horizontal gene transfer)> R

| kA i AjAERE B AR fdede]
o= = AS oudith 19634 o] Ho &
Al AGd& bl Xd_%*é el 18 v of
A E%X% SATHOECD, 2010).

TR 4 HAA
=4 1{ D}aﬂ A} Al
LAfaopt sk 9] %XJ_XM TS FAAE el
A EFO=HE DNAE Fejaka =Y 345 5ol4

A 1>

1o o ox U

Lanes: M, marker; GM, GM trigonal cactus; 1~4; soil
from June to September; C, non-GM trigonal cactus; N,
negative control

Fig. 2. PCR fragments from GM and non-GM trigonal
cactus cultivated soil.

o7 FEsto] IS KFig. 2). AW AT AEA
M= =Y Friakel AREA R ARE AxAAYY F1
A7F SEHH DA, P ARG Aol E w9 FaAt
7F SEEA BT Bl FE3 DNAIM = JF8d
= S35 N7 UebARE 8t o5 EdkXe= 5

NN
<

o T T

s HES 7 gtk ole 855719 E% DNA

FEA AEAY] vt Y Hlow FHEGIeH, 7
o]F EF W &0 ;}OP <A EG vBERe 84 f
Axp olF 7S fle AoR oPdEdth 35 AT
A ARI} s 421%_ WHvJZH H7IMES ol gsto] &
EAoll tigk Hrk gt ZEAA gL B Thed Aow
= et Widmer 5(1997)2 S2AgE gjjo} 77ke]
A A npdl FFAA7Y 242 779, 13747 B9k )
off &S S ATk RIS on B ATINE B &
o ks 20 A LSS o o]F EafjEo] PCR

Ao e HEE 7 %tk 21 DNAY E¢ o 454
S 3 ase] o3t DNAS #3l|(Smalla and
Gebhard, 1999; Widmer et al, 1997), % U A8k
DNase(Lorenz et al, 1997) sl 28 HlEE4 Hi= A
%z‘ﬂ—;ﬂo] oﬂ‘{ﬂ:_O_ HL‘:;]_ B ?i‘—rLoﬂj\i*‘E Eookoﬂ/\ﬂ L:_CQ XS 3l
7% 47 713kl AEEA ot AR AeR HE
g Sl A olstE AT ZoR oyl AERRE
B mAERY] A4 A REs wlg WAY AlsHE o]
7] witol, Germida®} Dunfield(2004)2] 17 A3}e} 2]
Hfol e A8y AR T AEARS 84 f4
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2t olF 7hs 3wl FuE Zlow FAHUT
29

B AFE CVX Bl AR Azl A7) Bk vy
Eol ux& JEgH 34 F14F o)lsdS glst] $3)
FHEAG AEA7E BEQF Al A T E R 82
A% A A Bk s AU v ddE A
7y FAUETE ARSI B9 nlAE| nlX|= T fAFE
Aoz FAHAL EoF n|yE] 9-3E2 Proteobacteria,

Uncultured archaeon$} Uncultured bacterium ©.% L}E}
wom, JAAs At Al BEQFe] AFH nl&E A2
QA A=A 2 E% DNAS DGGE 4% %
3l ARG A} nPAAs A B vAE A
profile W3h= WERA] okttt A g Azt vl
A8 AT A Eoke] gehd e Abolzt gisich FAH
AT E9lE frdAbE EoF DNAC] ek PCR £4]
W, B9 FARke) gEAJo] AA] ol A {7} o)
7hsAde gurek Zlog FAHSI.
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O

ol Lo
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