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Genetic Monitoring of Plant Growth Promoting Rhizobacterium (PGPR), Bacillus subtilis AH18 using
Multiplex PCR in Field Soil. Woo, Sang-Min, Jong-Hui Lim, Hee Young Jeong and Sang-Dal Kim*.
Department of Applied Microbiology, Yeungnam University, Gyeongsan 712-749, Korea —The genetic monitor-
ing method was developed for the rapid detection of the PGPR and biocontrol agent, B. subtilis AH18 in red-
pepper field soil by multiplex PCR using sid, aec and cel gene primers. The monitoring of B. subtilis AH18 in
the soil was carried by amplified a 2,3-dihydro-2,3-dihydroxy benzoate dehydrogenase [EC:1. 3. 1. 28]gene
(sid - 794 bp : EF408238) which is a key enzyme of siderophore synthesis, an auxin efflux carrier gene (aec -
1,052 bp : EF408239) and a cellulase gene (cel - 1,582 bp : EF070194). The natural unsterilized soil was inoc-
ulated with B. subtilis AH18 to determine the sensitivity (1.8x 10° cfu/g) of multiplex PCR for the rapid dect-
ection and then the strain was monitored successfully in rhizosphere or non-rhizosphere soil of red-pepper
cultural soil. At 3 weeks after the treatment, density of the strain was monitored more abundantly in rhizo-

sphere soil.

Key words : Genetic monitoring, multiplex PCR (polymerase chain reaction), Bacillus subtilis AH18, PGPR,
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B. subtilis AH189¥ wjokz7 #¢lL nutrient medium
(Difco Co. US.A)S "]‘9-5}93——“% A oF> Aupokal-S
0.1%(vIv) ﬁ}»a}ml 30°ColA] 160 ipm & 244]7F % ehn)
oF s, w5 BEE TAMOFE nutrient agarel] 30°C &

Table 1. Bacterial strains and plasmids used in this study.

Strain > Relevant characterization Reference
plasmid
Bacillus ?;lnggoﬁcﬁﬁmii%danfoduce Jung, H. K,
subrilis AH]g “THunga’activity cowdp et. al., 2006.
auxin and siderophore.
F~, ¢80diacZM15,
Escherichia A (lacZYA-argFYU169, deoR, recAl,  Fermentas,
coliDH50.  endAl, hsdR17(K", mK™"), phoA, Canada.
SupFEAA, h—, thi-1, gyrA96, relAl.
: Fermentas
I ]
pUC 18,19 2,686 bp, Ap', lacZ. Canada.
1,062 bp fragment containing .
PALS auxin efflux carrier gene in pUC 18, This study.
794 bp fragment containing
2,3-dihydro-2,3-dihydroxy benzoate .
PSHT fehydrogenase[EC : 1. 3. 1. 28] This study.
gene in pUC 19.
pCM 41 1,582 bp fragment containing This study.

cellulase gene in pUC 18,

7)ol A 24417k viekstd Tt E. coli®] ¥Rk LB(Luria-
Bertani) medium(Difco Co. U.S.A )T AMEslglom 34
A8k A] heat shock F Ful ool A3l wx]&= SOC
medium(tryptone 2 g, yeast extract 0.5g, 1 M NaCl 1 mlL,
1 M KCI 0.25 mL, filter-sterilized Mg®* stock(1 M MgCl,
6H,0, 1M MgSO;-TH,0) 1 mL, filter-sterilized 2M glu-
cose 1 mL, total 1 Ly& AM-3IAT. QAufof Aufoklg
0.1% (viv) AE3}ed 37°CelA 160 rpm 2 24417 Z ekl
oF Blolx, #F ¥&E TAioFE LB agardl 37°C 3
Z1ellA 242)7F wioksleict. g8 @5 Wit d B3
2 LB agarell ampicillin(50 pg/mLye] A7Fe wix]& A2
st}

ME ¥ EY
e °#:IL°“ AL43t A B2 I3 (Capsicum annuum L.,
B2 _Seminis Korea Co., 25 -Seoul Seed Co.)& o834
--v%, T15= o]Al4 pote ¥ 3¥F A EE(90.0x90.0x70.0
mm)yE AMESITE AAERAY S $18 AEeHE &
¢F2 TKS2(Floragard, Gennany)E autoclave(121°C, 30%)
Bhed AL2-319129, monitoringE $18F Al Eo]A] 8 Eoke
AR 9] A ik ok a2 AREE e

Multiplex PCR2| template DNA &H]|.

B. subtilis AH182] chromosomal DNA #2]+ DNeasy
Tisue KitQIAGEN lnc, USA. )2 Akg-3helc}. Colony-
PCRA| F3-& ¥ F5Z nutrient brothell 30°CellA] 484]7F
vioF 5 AilEelsled ﬁ*ﬂ‘ﬂ Ro} A SRFE 23] AH
sl FFFFE dAF M sle] ARSIl Bk
H monitoringS $)3F template DNAYX ESF oA
PowerSoil™ DNA Kit(Mo Bio Laboratories, Inc., U.S.A.)

ol4-8le] DNAZE Hejsled AME-8l9Ir). Rhizosphere T
44, & A=l E‘ﬂ‘}l“ oA DNAE E3lle
™, non-rhizosphere7 rhlzosphere o|9je] Al E¥z] 2 e
THeo ] o ) “é‘ﬂ?‘% Sl Ao} B 3919
Fo| A, endophyticT= A &5 2]el] &2 F(rhizosphere)S
g THSE 23 A F AEREE welE & Y
kitZ o]-43}o] template DNAS F-2|3l%c}.

Monitoringg £I8F PCR primer % multiplex PCR =74
200 YERigl o™, B. subrilis[14]
2] genomic sequencesE-& 7|EZE A28l Zb primers
2 B. subtilis AH18°] A= Al o2 S8 auxin®] ¥
Zof] Fto3}= auxin efflux carrier (aec), siderophore®] AJ
gHAdol] Fo3dh= 2,3-dihydro-2,3-dihydroxy benzoate dehydro-
genase[EC:1. 3. 1. 28] gene (sid) ZL2] 3L cellulase structure
gene (cel®] FAAE ZFshA Al2ksigtt. Multiplex PCR
£ Taq DNA polymerasex Prime Taq DNA polymerase

PCR#%- primers:= Table
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Table 2. Oligouncleotide primers used in this study.

Tm Amplified

Primers! Sepuence (5' — 3Y) ©C) size
aec-1 TGT AAA GCT AAA GTA TAC GGA 61.0
CAT AGG AT 794 bp
qec? GTC ACT GTT CAA ATT TCA AAC 589
CTA AAG
sid-1 GAA TTG ATG ATA TGA ATG CAA 66.4
AGG GTA TAG AGG GAA AAA 1,062 bp

sid-2 CACGCCTAAGGTCGCCCCGC 676
AGA AGT GTA GAG CCA AAATGA

el 16e GAA GGA 634 Ls82h
CGG ACA TCG TTA CTG ATG TCC ~05 PP
cel2 oo 66.1

Yaec: auxin efflux carrier gene, sid: siderophore synthesis gene, cel:

cellulase structure gene.

(Genet Bio Co., Ltd., Korea)Z AH-3l9i2m PCR A1
template DNA 2 uLell 10 x reaction buffer 5 uL, 2H2+2
10pM primer 1pL, ANTP(1O mM) 3 pul, Tag DNA poly-
merase(5 unit/uL) 0.5 pLe} BHFSFHS 33.5 uLs 7kstle] &
final volume 50 L7} ¥ =% 3}9ich PCR £71-2 94°C 5
F-(pre-denaturation) ¥ 94°C 60X (denaturation), 60°C 60
Z(annealing), 72°C 90Z(polymerization), 29 cycleE T3}
8l F 72°C 5%-(post-polymerizationy 8§}t

Gene cloning, DNA sequencing 12|11 454 gol

Zy7+e] PCR fragmentE2] cloning®d-2 $- S [3612] #F
W s AAste HAA F AR o] =i}
o] white-colonyE 83l o, 2e¥ 45 colony-
PCRE &3 A% 755 AEsisict. 3448 45
2] recombinant plasmidE A ¥ Solgent Co., Ltd.
Korea Afol] 2]213}e] sequencing 519129 sequencing 23}
= NCBI®] BLAST(http://www.ncbi.nlm.nih.gov/BLAST/)
oA blast ¥ blastxs 53l B Felsisivh 1 A
GenBank(http://www.nchi.nlm.nih.gov/Genbank)ol] 5% 3}
et

Bacillus spp.0llMe| primers 50|14 &¢I

Bacillus spp. o} 9= 1159 #5558 =8 E
BEALANE (KACC, http://kacc.rda.go.kr/)"ﬂﬂ FoFkel A
25 359 primersS HWASE PCR ¥ mutiplex PCRS-
Faslge). 115 IF9M chromosomal DNA 2a]sled
PCR ¥ multiplex PCRE $jel sk ubtlo g Sasle]
o, Bl ohe} 11F£2] #FE5 AL ZE auxin, sidero-
phore, Z18] 3L cellulase?] ARE Eeldlgc}. Auxin AR
A 52] ¥ [9] &, L-tryptophan 0.1%% %718} King's B
broth(2% proteose peptone No. 3, 0.15% K,HPO;, 0.15%
MgSO,TH0, 1.5% glycerol, pH 7.2)¢ll A sjoFal L 1%

(viv) AZEsIaL 30°ColA 39zF wickst F wioRds I mL
o]l Salkowskir] 2F0.5 M FeCl;-6H,0 1 mL in 35% HCIO,
50 mL) 2 mLE 7}kl 3082 9hg-A17) F spectropho-
tometerZ ©o]-&-3to] 535nmol| A FA she] Falssidt
Siderophore= CAS(chrome azurol S} blue agar[ (912} CAS
liquid assay[371% #8152, cellulaset= 19} T3t B
W3l Congo red plate¥ (3617 DNS (38108 &ls}
st

QutEQtllM multiplex PCRE &8+ B. subtilis AH182]
monitoring

gutEek 200 mLE o] &3 potel] ILFE o] F B
subtilis AH18%] T4 & HF5Fpel dested 107 cfu/pot
Aesigem, 2T B subnlis AHISE H]shx] 49k
oh 77k WY 10 mL—/] EEFTE FEA PRl
o, 2 ¥ AEAZ Fo} rhizosphere?}t non-rhizospheres:
125 mg® &gsted PowerSoil™ DNA Kit(Mo Bio Labor-
atories, Inc., U.S.AYS AMS3l total DNAE F2i3kode}.
2]%] DNAZ template DNAZ AM-5}ed PCR ¥ multiplex
PCRE 3 F B. subtilis AHI8S 2lsig]et.

B. subtilis AH182| X{2| SZ% monitoring 2IZE &l

B. subtilis AH182] ESH monitoring 1= <15 $
&lo] ubEek 250 mgol| B. subtilis AH182] T4 (1.8x 107
cfuy 10004 3)Asle] 2Fsi9em, o5 24417k F 919}
SAdg o ® Bohy total DNAE ¥]8lio}. 2=laL
o] WAt E PCR ¥ multiplex PCRE 43 )¢
momtormg;g 18t wmi7kA-E #elsledvl. B subrilis AH18
o) A o e AHFF] F2 FAE nutrient agare 3
A =tsle] gelsioiet.

171 ojAlEl E9F LHO|M B. subtilis AH182] EEEQ|

Eokhl B subnilis AH182| X & gholslr] sl B
- A 2-9] (endophytic), T (thizosphere), 18]35 ¥
(non-rhizosphere)®. F+¥-3}d gelalolvt. 235 dikEk
S o)&slod fl9} FUst HpP LR o|Aalel o, B. subrilis
AH18% 107 cfu/potz FFA ] s1gl2m, 2047 wid 10
mLe] YFEFPE S FAsI ek 2 F endophytic,
thizosphere, “12]3% non-thizosphereZ. T7-¥-3}>] DNAE +-

2]3}9l o™, ]2 template DNAE. PCR @ multiplex PCR
& 8)5)o] B. subtilis AH182] EoR B¥9)42 Fls}
o:h;}
M .

571 olME =9 WolM B, subtiis AH182| 7|74
monitoring
%H}E Yol| v B, subtilis AHI89 4% 717+ &
Js718la) gleh Fda e IFE oXsgl e, B
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subtilis AHI8Z 107 cfulpotE 22 3sle] 79 F72 557+
thizosphere®] B¢k #2]3}ed, total DNAZ 22| ¥ PCR
2 multiplex PCRE E3)| B. subtilis AH182} $-8% 7|7+

= sk

B. subtilis AH182| PCR fragment % sequencing

B. subtilis AH189] chromosomal DNAE A A3l o]F
T332 Pfu DNA polymerases ©]-4-3]4 PCRE 433}
sdom 1 A3} oF 800 bp(sid), 1.0 kb(aec), 1.6 kb(cel)2]
fragmentE I3, 7 fragmentE- insert® pUC 18, 19
vectors ©]-8-3A] host celld] E. coli DHSa®l| cloningd}3d
Lo}, 71 23} recombanant DNA pSH 7(pUC 19 + sid
product), pAL 5(pUC 18 + aec product), pCM 41(pUC
18 + cel productyE 53}9c)

Z¥7+8] recombinant plasmidE AA)8le] sequencingdt A
} sid(794 bp), aec(1,062 bp), cel(1,582 bp)2] sequences=
9lslgd 2 NCBI®| Genbankel| E-Z-3}%]“HGenbank
accession sid: No. EF408238, aec: No. EF408239, cel: No.
EF070194). 18] 31 7} fragment®] sequence® BLASTY
blastxZ F3 W23 23} sid gene: B. subtilis[14]9)
siderophore®] 2§ ¥4 key enzyme?! 2,3-dihydro-2,3-dihy-
droxy benzoate dehydrogenase [EC:1. 3. 1. 28]¢) 97%2]
AeA & el gl 2 v (data not shown), aec gene: B.
subtilis[14]1%] auxin efflux carrier®} 99%, B. licheniformis
ATCC 14580[3012] auxin efflux carrier®} 77%2] AFEAS
el 91 3 (data not shown), cel gene:= Bacillis spp. 5]
AAVSR= cellulases} 98%©]AF A=|31lc}(Fig. 1). ¥ AT
o] A%l primerE-g- ©]43}d PCRE =3 ¥ agarose gel
Arell Al golslhd, 794 bp, 1,062 bp ¥ 1,582 bpe] PCR
productsE #eldt 4~ ¢l o™ (Fig. 2), °]& siderophore,
auxin @ cellulase®] WA= B. subrilis AH18¢] ZA18-2-
B HellM 1 252] SARAANES HAFoEZH, vy
EAAZ T3 v AES] B EXE A 22 et
W= Ato|e},

Multiplex PCR& &8} B. subtilis AH182| &fol

B. subtilis AH18%] PCRS €3} monitoring2- $13) A
% primers5= PCRE F7383le] Egl3jglon, o] & 3%
primers% FA]ell ¥-2 multiplex PCRYLS.Z 33%2] §47}
o} FUg A9 triplex bandE )3l H(Fig. 2). ¢]=
WA FAAE 242 PCR3FE el 547 5 37
WellA] SAlell PCR §o24 ko] PCRE. zHAslal A3
817 B. subrilis AH18% 7o) Bof W ¥ EAv|AE
< &7 E7besiee RS ou|gie) #4t oz} B,
subtilis AH18S cell L9 2 PCRY templateZ A} A

ABK63475 1 MMRRRKRSDMKRSISIFITCLL | TLLTMGGMLASPASAAGTKTPVAKNGALS IKGTQLVN 60
AKIMB7L 1 e Mo 60
P23549 1 e 51
AACO2536 1 s 7S 51
AAV34758 1 P N 51
ABKB3475 61  RDGKAVQLKGI SSHGLOWYGEYVNKDSLKWLRODWG TVFRAAMYTADGGY JONPSVKNK 120
ABKOABTT 61 e 120
P23549 52 e b 111
ARCO2B36 52 L. e 111
ARVBATEB 52 L e i

ABKG3475 121 VKEAVEAAKELGIYV1 |DWH| LNDGNPNONKEKAKEFFKEMSSLYGNTPNV IYETANEPN 180

ARKOABT7 1 121 L e e 180
P23549 112 Moo 171
AACO2536 112 L.t 171
AAV34758 112 ...l OF s 171
ABK63475 181 GDVNAKRDIKPYAEEV)SVIRKNOPON | | | VGTGTWSQOVNDAADDQLKDANVMYALHFY - 240
ABKGABTT 181 LECD...ov'iviit it 240
P2354F 172 e e [V 231
AACO2536 172 L e 231
AAVBATEB 172 i 231
ABKE3475 241 AGTHGQFLRDKANYALSKGAP | FVTEWGTSDASGNGGVFLDQSREWLKYLDSKT | SWWNW 300
AKIABTT 241 300
P8540 232 . 291
AACO2536 232 ..ttt e 201
ARVBATEE 232 . Noooooae 201

ABK63475 301 NLSDKQESSSALKPGASKTGGWRLSOLSASGTFVREN!LGTKDSTKD | PETPAKDKPTQE 360

ARKIAB71 301 L. s Rooiiiiin 360
P23549 292 Lo 351
AACO2536 202 ... Ao 351
AMAVBATEB 292 L. S 351

ABK63475 361 NGISVQYRAGDGSMNSNQIRPQLQ IKNNGNTTVOLKDVTARYWYNAKNKGQNVOCDYAQL - 420

ARKGABTT 3BT L. Koo Foooo. I 420
P23549 352 e 411
AACOZH36 3B2 ...ttt e Koo, I 41
ARV3A7E8 352 ... s Koooooos Fooirn, 1411

ABKB3475 421 GCGNVTYKFVTLHKPKQGADTYLELGFKNGTLAPGASTGN | QLRLHNDDWSNYAQSGDYS 480

AAK94871 421 ...... e 480
P23549 A1 s 471
AACO2536 412 ...... Hoo L 471
AAV34758 412 ...... He 471
ABKB3475 481 FFKSNTFKTTKKITLYDQGKL IWGTEPN 508
AAKIAB71 481 ... .. 508
P23B49 472 ... 499
AACO2536 472 ... . 499
AAVBATE8 472 ... S... 499

Fig. 1. Sequence alignment of deduced amino acid sequences
for Bacillus cellulase. The sequences shown here are ABK63475
from B. subtilis AH18, AAK94871 from B. subtilis, P23549 from
B. subtilis BSE616, AAC02536 from Bacillus sp. 79-23,
AAV34758 from Bacillus sp. HY2-3.

multiplex PCRE %3] v]Z3t A3 DNAE templateZ A}
43} PCR 79 43 A4E 9& 5 Ud=HFig. 3). °l
upy-8- v| 29| template DNAS AAs= v]-83} A)7HS
Wol Fof X CF PCRE o83 AW mAES A%
33 ZHEH &S B2 242 Zle|vh. Multiplex
PCRZ PCRel| H]&l B4 425 Al $53224 o
E MAER Qg ¥ BolH FFHE WA 5 3o,
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Fig. 2. Confirmation of B. subtilis AH18 using PCR and multi-
plex PCR. 1, 200 bp DNA ladder (Fermentas life sciences Co.
Ltd); 2, siderophore synthesis gene (794 bp); 3, auxin efflux car-
rier gene (1,062 bp); 4, cellulase structure gene (1,582 bp); 5, mul-
tiplex PCR.

triplex band®| 4] FEFate] Eohy B, subrilis AHI8S &
AE gl & F sl

A F7A) e F9] PCPRIFTE©] HHIL, o] F<l|A]
Bacillus sp. 755 54 ol I3ldi6]. 12]3le] 2 o
Foll ANl B. subrilis AHI8T2] monitoring$-22. A2kl
349] primersE ©o]-§3ked 1152] Bacillus spp-2 chromo-
somal DNAZ- HAFS 2 PCR ¥ multiplex PCR <=3] 23}
F87F 93H: size?] bandE QU 4 ¢iich But o

Fig. 3. Multiplex PCR fragments amplified from B. subilis
AH18 colony or chromosomal DNA. 1, 200 bp DNA ladder
(TaKaRa biotechnology Co. Lid); 2, 3, colony multiplex PCR; 4,
chromosomal DNA multiplex PCR.

2 phenotypecﬁl A] auxin, siderophore, Z12] 3L cellulase®]
A xlzo] Fol®l 332 Bacillus subtilisol] S| o]uddt
TEE @}%EIZI oo}t (Table 3). o) 2Ho} 2 ool ARE
% 3%9] primer= B. subtilis AH18T 2] monitoring®l|
AbgEn, 2 el 543 phenotype X genotyped “Heb
W= 5
= #F5F2 monitoringel| =

<+ Z auxin, siderophore, 71231 cellulaseZ- AJAF3}
85 Aol

Fable 3. Specificity of primer pairs designed for PCR and multiplex PCR on various Bacillus spp. strains.

Phenotype' Genotype (PCR amplification)?
Strains .
Aux Sid Cel aec sid cel Multiplex

Bacillus cereus KACC 10097 - + - - - N
Paenibacillus polymyxa KACC 10098 + - + - - - -
Bacillus subtilis KACC 10111 + + + - - - -
Bacillus subtilis KACC 10112 + + + - - - -
Bacillus subtilis KACC 10113 + + + - - - -
Bacillus sp. KACC 10156 + - - - - - -
Bacillus licheniformis KACC 10476 + + + - - - -
Bacillus megaterium KACC 10482 + - - - - - .
Bacillus sphaericus KACC 10554 + - - - - - -
Bacilius coagulans KACC 11248 - - - - - - -
Bacillus mycoides KACC 12063 - - - - - - -
Bacillsu licheniformis K11 KACC 91206P + + + - - - -
Bacillus subtilis AH18 this study + + + + + + +

'Aux: Auxin production was determined by Salkowski reagent (35% of perchloric acid, 1 mL 0.5 M FeCls solution, total 50 mL), Sid: Sider-
phote production was determined by CAS (chrome azurol S) blue agar, Cel: Cellulase production was determined by congo red staining of
nutrient agar plate containing CMC (carboxymethy! cellulose).

Zaec: auxin efflux carrier primer, sid: siderophore synthesis primer, cel: cellulase structure gene primer.

+: positive result, -: negative result.
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D &7 YHHEX| YoMl B. subtils AH18S] el
g Izt &l

YRR Bofol = B2 EF7 vAEEe] AP 1
oM B RS 2881 Qe B. subtilis AH18S &
d3t719ls] EckellA DNAE zh7t ¥&]sle] PCR ¥
multiplex PCRS £33} o}, =2 A3} B. subtilis AH18S
Folgt EofllMat B, subtilis AH182] Zt2te] EA TH5-
A A} band?t #1& 4= 3191oh(data not shown). L&]3}e]
multiplex PCR AN A3} B. subtilis AH18S S0} Eoko]
A 3% 54 R0 triple band7} ERIFN T, ¢
TE T3] o2 EelME primer dimer?t F2=$I
(Fig. 4). = B. subtilis AH18& Fof F= 790 At Fof
= EofelA AFEEA] kil EXF-E oJu|sle], 359
primers&% ©]-88] PCR ¥ multiplex PCRS 3P4 e} fA}
Eom| &3} F83led B subtlis AH182 A& &elst
T Qs o] whHE FF AR EopelA AEAE
A M2 v AEAAY SR} B H3HTHE
elshed del &8d Ao= Algsio

=gt EoRol A B. subrilis AH189] BRI &elg 93}
o] PCR ¥ multiplex PCR =3 A3}, & PCR ZF 5
317 B. subtilis AH187} EoF W 1.8+0.3x10° cfu/g ©] A}
27} Al monitoring®] 7Fs3}}(Fig. 5). o]= AF7HA] B
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Fig. 4. Multiplex PCR detection of B. subtilis AH18 in DNA
templates prepared from field soil. 1, 200 bp DNA ladder (Fer-
mentas life sciences Co. Ltd); 2, inoculated soil; 3, non-inoculated
soil.

2 3 4 5 6 7 8 9 10
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Fig. 5. Multiplex PCR sensitivity assay for detecting DNA of B.
subtilis AH18 from field soil. 1, 10: 200 bp DNA ladder (Fermen-
tas life sciences Co. Ltd); 2, chromosomal DNA multiplex-PCR
(positive control); 3, non-inoculated soil (negative control); 4,
inoculated soil (1.8 + 0.3 x 107 cfu/g); 5, inoculated soil (1.8 =
0.3 x 10° cfu/g); 6, inoculated soil (1.8 = 0.3 x 10° cfu/g); 7, inoc-
ulated soil (1.8 = 0.3x10* cfu/g); 8, inoculated soil (1.8 =
0.3 % 10° cfu/g); 9, inoculated soil (1.8 + 0.3 x 10? cfu/g).

17t o|ME EY¥ oM B. subtilis AH182| EIZ={0l
2 E7IZE el

23 AlEA) 9] endophytics} rhizosphere, 18] 1L non-
rhizosphereollA] DNAE ¥#]3}¢] PCR ¥ multiplex-PCRE
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2123715}k, non-rhizosphereo| A= triple band ]2l 33| o}
£ band® ol & 4 gt ol E¥ W au vAE
Z9 A5 el 912 non-rhizosphereol] A= B.
subtilis AH180] 94L& }7] £l gl= AL A3
Z B. subtilis AH18Z Al &A|2] rhizosphere$} non-

Fig. 6. Monitoring of B. subtilis AH18 distribution in DNA
templates prepared from red-pepper cultural soil by multiplex
PCR. 1, 200 bp DNA ladder (Fermentas life sciences Co. Ltd); 2,
endophytic; 3, rhizosphere; 4, non-rhizosphere.
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Fig. 7. Temporal monitoring of the presence or absence of B.
subtilis AH18 in red-pepper cultural rhizosphere soil by multi-
plex PCR. DNA was extracted from red-pepper cultural rthizo-
sphere soil within the plots at 0, 1, 2, 3, and 4 weeks. 1, 200 bp
DNA ladder (Fermentas life sciences Co. Ltd); 2, O weeks; 3, 1
weeks; 4, 2 weeks; 5, 3 weeks; 6, 4 weeks.
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