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Quantitative Analysis of Bacillus amyloliquefaciens GR4-5 in Soil

Kim, Dayeon - Kim, Byung-Yong - Ahn, Jae-Hyung - Weon, Hang-Yeon -
Kim, Sung-Il - Kim, Wan-Gyu - Song, Jaekyeong

Bacillus amyloliquefaciens GR4-5 was isolated from the rhizosphere soil of Korean
ginseng and displayed broad-spectrum suppression of ginseng root rot pathogens.
The survivability of B. amyloliquefaciens GR4-5 in soil was investigated under
three different conditions; indoor, outdoor — of which soil was put in 14 mL tube
after treatment — and field environments. Soil samples were collected over a four-
week period from three experimental designs, and assessed for 16S rRNA gene
copy number by quantitative polymerase chain reaction (qPCR). In outdoor condi-
tion, the 16S rRNA gene copy number of Bacillus spp. was 8.35 log copies g
soil”' immediately after the GR4-5 treatment. Two weeks later, the 16S rRNA gene
copy number of Bacillus spp. (6.70 log copies g soil’') was similar to that of the
control (6.38 log copies g soil"). In indoor condition, the 16S rRNA gene copy
number of Bacillus spp. maintained in a certain level for a longer period than
those in outdoor and field. The 16S rRNA gene copy number of Bacillus spp. in
field experiment was reduced faster than that of outdoor condition. Our results
show that B. amyloliquefaciens GR4-5 can survive in bulk soil for 1 week, indicat-
ing its potential use as a biocontrol agent following 7 day application intervals.
This study presents that outdoor microcosm system design could be a useful
method to assess easily the survivability of beneficial microorganisms.
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AR FY Egol FY ATE Aol AuFGoH Be] Afol) Fapol
o 1 AIoRE MR, Ha HF, EY ol5ehiel o Fo nus
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Ao AR = nAYELY F4hHo] FAo] Hal Th(Yamada 2001; Jun et al., 2002). THd
A ZEQ] IS AAe SEE Z|Hdhe AEE, A iE QAR A S e
Ao ALEE ZHael A F7AS AR AR AN BYA S8 COvlindrocarpon
destructans<= Q15 Ao 9 AJNF O 2 YA UK Chung, 1975). C. destructans®]
EY U ¥ dF0] 7Hsd W78 72 FHEAEA AV B EAskA <l

2ol AZAE| S U © 71tk(Shin et al., 2012).
w3 FHAAE AR sAE sl ES E5A Aot AtAlel o3 348hz A
o o]&3] £+ (Ohh and Park, 1980; Ahn et al., 1982) < WH3lZ A& TAAZA X
A vAEAA S TS HARE QT X3 wHoE] M E 9TE st )
Efoll A EE$ Bacillus sp. & AFFE ©]-&3 AEW WA AtdlEo] #F3] BiEH
Rom mAES A AR B A% AHHOE P AT Weller 1988,
Ongena and Jacques 2008; Liu et al., 2015). 87 ES AZESFS THd HF, ¢+ &
AES H S 24T Py 22 ESRY HAE ERsIHA X EYS
2o JfdE AT BEAR] ESHYE JHsetA & Aolgta AZE T
AHZ BEdfold A=A o] THstal FYEE w£8o] &3] o] Fojx|&= EY
< &3l (Doran and Zeiss, 2000), ol EYH|AE TR thFAE 7 B E o] thHwang
et al,, 2010; Lee and Lee, 2011). AW EF} 2HEA)
EhiTtal Ba1E 34 Pseudomonas, Bacillus spp., A+ 52 v A& IF 4EZ
S ER3= wAZA 2 7]1%5E 3 THKim et al., 1999; Doran and Zeiss, 2000). 3],
e A TAAEPCPR)S A=He-E-rdwo] dadgsta = 2 A=
& /d5tal A &3tod(Danhorn and Fuqua, 2007; Haggag and Timmusk, 2008; Krzyzanowska
al., 2012; Liu et al., 2014) &3} FA, A 2, F=A4FA 5o UyHo=z 25 S
%+ ThH(Mahaffee and Backman, 1993; Raupach and Kloepper, 1998; Lugtenberg et al., 2001;
Szczech and Shoda, 2006; Park et al., 2010; Xu et al., 2013).
&g Eo] 2ol & FAsHHHE E¢fol HET H Bag 7vE ES Yol
A Aroldolol LR TE 2 AIZF Yo 1 47} & =(Ho and Ko, 1985; Van Veen et al.,
1997). &, Ag ¥, BEG 54, ¥ $vE, 25 T FF %l o3 7o A&7
FoldrE AF Z@A F2Hsl7] o W th(Geels and Schippers, 1983; Seong et al., 1991;
Simons et al., 1997; Cao et al., 2009). B0l HEd= F-872 AE7|7HL 317 Fgkiint
olUel Mo F 549 9FE W=tk Bennett et al., 2003; Dutta and Podile, 2010).
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B FE&rAEC] E¢f AHgEH JAT o] AE VIRtE Hrlekr] g AFA
= "]&3¢ AAolt). Quantitative polymerase chain reaction (QPCR) 7|2 5 E9]

Zglo]HE o] &3l A= HAAE £ r] LA H7HE 4 ATHYu et al., 2014; Jesser et

al, 2015). & AToA= AR 8ol A3t o] U= Bacillus amyloliquefaciens GR4-5
779 ES AEl A3 EY W Bacillus spp. BE WSS qPCRS ©| &3l 41351
o 54 PAEY dx WE S Fotdo g BEY U FEREEY] AEVIe Bt
stal, o] & 7|Wto g2 sto] B ARl FEu e FFAE W 28T 3
< A= 7Ygit

M. M2 o2 wy

1. Bacillus amyloliquefaciens GR4-59] %

RIMEREI M S WA F 3R Cylindrocarpon destructans® 3l A &#H o] = Bacillus
amyloliquefaciens GR4-5% 2 AP Ao|A] oju] Atk AEF SRHACZA, QAN &d E
Gl A B2 HATHKim et al., 2012). B. amyloliquefaciens GR4-5E LB Ml Aol HF3l] 28
CAA 150 ripmOZE 24A17F 52t WSy B, amyloliquefaciens GR4-5 W82 8000
pmo Al 15 B¢ AR A, FedS AASIAL F AEs E#3 0.03 M MgSO,
of deslydth Ax FEAL 0.03 M MgSO,E ©]-831e] 1.0x10° cell mL”' §= = 3]43}
of A3ttt

nlo] Z 2 7 Z(microcosm) Al

B. amyloliquefaciens GR4-52] EF W BE5< W7Isl7] 9lste, FH9s iekxdT4
o] QIMAM] EFS o] gste] AU P e 2o F vo|ma2IEHS AXSITE GR4-S
HE T EY kg T 15 mLA AX dgA-& Xstda, FHE Tl 0.03 M MgSO,.E
TUI Yoz Aeste Bl TuF EFHA SAHFig 1(a). FF FE) 14 mL T
< H}Y FE(SPL Life Sciences, Korea)oll E&S 11 mLe] =547 A& H 20C &27]
of Yol dAT Ao E ANSE AMASATHANMEAE; Fig. 1(c). HLAMEAF-L ]
T2 ol 317] 98] LT 14 mL FE olgfZo] HMr] =EE AE 1.5~2.0 me] T
Hg 371 Hol FRSATHFig. 1(b). AHATEH SLHA A &, d5dATd T
AER A I, 37°15'46.17"N, 126°59'12.70"E)oll FB ] SIHE ok | cn AL
7131 B vjEatinh BlEo] EF ] A HH o7 HolA WA HHE IF Eofo] 4



850 A AW e A Y- AR DAL AT - S

o)

AL WA 8l He AFLoE A v U E QATKFig. 1(d). A AdA A
o]l AR AF(AW, A9 21) AF Al vlaiA s 9 AeETA7IEd o
ZATAL /A AZE B AR EANA GR4-5 AT FAETE e 99
52 GR4-5 HENT 0.03 M MeSO,2 217 Eofmwe] AX X g|sh
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o & o

m
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GRA-5

Fig. 1. Microcosm procedure (a) soil sample and 14 mL round-bottom tube; (b) Each
tube with three drainage holes for outdoor condition test; (c¢) Indoor condition;
(d) Outdoor condition.

3. Al& MF =l DNA &

o] AR TAE A FH A4FFRAT 4 1A A EFSRRE 27} 349, 6~7Y 1AL
2 AEE AHSATE Az AT4 A TolA ¢F 30 em (FE SR 3AHA REE
cm 7FE AASI F 10 em Zolo] ES AFsATh Auuld 2 ALjujEAFANA =
FH Jde] EYE 1 om 7HEF AAS & UmA] EF 55 o838t EYAEE &
TH T 1.5 mL FEo| Y1 DNA F& 2 A7 S 98l -80C o]l BESR A DNA F
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DNAE FZ317] Ao 2+ A5 ' DNA F=2Y¢Y Aol BAS7] st WF 32&
DNAZA amod A7} 44 E Topo vector (Invitrogen, USA) 2 24 E. coli (10° cell
mL™")& 100 uL¥ #7}sk4 tHPark and Crowley, 2005). £ DNAE A& & Z+Z} 0.25 g9
EF N &5 Power-soil DNA exraction kit (MOBIO, USA)E ©]-&3}a] #A| ZALL] v 7Aoo w}
gt F=3un

O

Ay

4. Quantitative-PCR A%

FE3 DNAZTE g nidEe BEY W 95 WHelE 28] 918 gPCR #4 <&
YAt B. subtilis group2] 16S rRNA -2 #lol] Eo] &0 H7]1 - H(595 bp)S FE317] 9
3t BsubSF (5-AAGTCGAGCGGACAGATGG-3)2} Bsub3R (5'-CCAGTTTCCAATGACCCT
CCCC-3) Zgto|H & AL&-3}H th(Wattiau et al., 2001). PCR HF-3-4-2 GoTaq qPCR Master
Mix 2X (Promega, USA) 10 puL, BSA (10 mg mL-1) 2ul, Dimethyl sulfoxide (Sigma) 1uL,
Bsub5F9} Bsub3R Z+2} 0.5 pLE E3Fsle] &3 20 plo] 5% Hd E/RSFE A7
gqPCR HH&-2 95T oA 38 < E& 71gF &, 95T 15%, 64C 30%, 72°C 30x &<t 403
HHESt] WHEAI7) 3, upA ) DA A 80T Al 15% FF E& I8t Ct #h& 83
THLopez-Gutierrez et al., 2004). 3EE3}317] Y3l A8 amod FRAAE BEFst7] 95t
Topo vector®] Z}o]HQl T73 MI3R & ©] 83} qPCRS SIS Th 95C oA 287 7}

F 95CollA 1%, 60ClA 12, 72ColA 18403 ¥HE) 51 72CoA 18& w-3AR
(CFX96 Real-Time PCR Detection System, USA).

_4

")

AR R B Ei:z?ﬁ(ver. 3.1.2)& o] &3l o o2k o
(analysis of variance, ANOVA)S &, ¢=0.05 oA ©dre] thz W9 77 H(Duncan’s
multiple-range test)= AAISHATH ALulEATE A 3t 9 ZFrF] s A= Pearson
FHEAE EAEAT

gt 1t

m. &

X
g
ki
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1. Bacillus subtilis group®] qPCR A &4

GR4-5 #FZ A& EX2| B. subtilis group2] 16S rRNA F-A A} copy o+ W3S HA
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Fig. 2. Quantitative-PCR analysis on soil survivability of Bacillus amyloliquefaciens GR4-5
under the different conditions using soil-based microcosm system. Values are
means * standard error, n=3. Different letters (a, b and c¢) indicate significant
differences (P<0.05) during time intervals and different letters (x and y) indicate
significant differences between treatments (P<0.05). (a) indoor condition; (b)
outdoor condition; (c) field condition.



Bacillus amyloliquefaciens GR4-5 &+ B U AF &4 853

S THFig. 2). Al 7FA] Aol A FA Y] A7 FRA 9 FA &4 23 79
g a7 fIA™ WP =0.05), B GR4-5 #F A TFolA Al7E o] FAZH {9
ol AAHATHP<0.05). AWM FA PN GR4-5 FF A 2937 log copies g
soil)e} 6 /\]EQ] 22 97(8.88 log copies g soil )= o)A A TAade S
Btk a8y 1 % 12U A(8.68 log copies g soil ) FEl= B Ul B. subtilis group] 3
b 7 FAEAL, 477 A S FA TR oF 1008 BA A = AThFig. 2(a)).
AL ZEAIFANA B, subtilis group2] 16S rRNA gene copy = A& ZFZHE 7H0]
He AR7EA FE8] A AARE FA g Tet BlwEtd e W £94S JERA L, 14
AEE = FA 7o vt 202 YobgthFig. 2(b). 14 Al Bl = GR4-5 A
g & Fo3k Aol JUYAN 7R TIA] FE] AL 108 Aol B, subtilis group2)
16S rRNA gene copy 7} FAgl9} & FF02 Yol HK(Fig. 2(c). EXl A&
Azospirillum brasilense 7+ 7} A8 A3} 22 FFo] == H oF 3540] 489 Bashan
et al. (1995)2] A+ ZA¥o} vlwd w, B subtilis group ] EF Ul A= 7132 A brasilense
#FET e Ao R FAHHXN vk o Ayo|Emg B AFAAe} vlush |+
oJ =t} Binnerup et al. (1993)0 W2 Pseudomonas fluorescens 455 EF nfo|a23F
of Ag P& o d7t wEA FHaste] A F 402 Aels Hx AHF TF2] 0.02-0.35%
AS vjFE AT PCR AT EA413 2 A2 3¢} Hl a4 87| o JA T EqFo HEst
© & AEVE EY 0 Al & 549 Y¢S BT e ZoE Azdn

2. ANYFRA

AUk, AJuEAE T EFAFANA GR4-5 HE| T2 B. subtilis group A= FE S
HI W8S GR4-58 A Edt e A Tol 4 B. subtili group®] 168 rRNA 32} 9] 7+
A& E5e 4 Aol 2A et AWsdA s 75 AE F 6L A FE
npA o 2 AN 85E AMAPD 24U7A B. subtilis group®] A} 77 ALJuiEARE, 23
ARG 1008 ol BA FAEHAS. S, AejviEA g £ “\134 oA B. subtilis group

9] 168 rRNA gene copy F= AWl GAFo| A ETE M2 &2 ZFAFHYTE S22 20T
= -ﬂ—]]f)‘]—()al:‘] /é]],HHHOO]:}\]‘EﬂjL]..‘:_ =3 /\19,] HE}\]E«IA (:)] _\:_:_94_ u:]-?,h Q]F_X]_\_ 7]_7]_
25.7C, 8.0C ol a1, EAAF A= ZH2E 25.0C, 9.5C IR O B2 B, subtilis groupS] EF

Ul A= sk 259 g0 A= ASZ AHZ-HET} Vandenhove et al. (1991)2] A A
ol Pseudomonas fluorescenss Ae|3 | E¥ 255 15CE FAYS wjE), 5C oA
15C 2 39S w) EF U P. fluorescens 57+ B W2A] 7343+ v} Utk B. amyloliquefaciens
GR4-5 8] A% 15Y ol ESF Ul B. subtilis group] T4 F72] TAE ZAAF
A 718 34 JABHAT. 723 Aol QIARY, BIEFAZ Hot B W B subtilis
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3. Bacillus subtilis group®] E¢ U MEol| d3kS 2= 29l

Zb A2+ RS ZF 16S rRNA 344 79 Zfol& AUHiA (B FF22F 0.09)
I AL EAFH T FT22k 0.10)1 T ZHAAHFH T EF A} 0.19)914 ZA UERS
HFig. 2(a)-(c)). Plel AR IHS AT AWl GA @ A EAFAA= +F A
g B AR AFH BH, 25, A4 5 alo] 4 Aol FLsHA Bstir] wfwol
IANGEY FA o2 FF A} gho] W2 Zo® Az AUl 2 ALmEA
ol A& GR4-5 #7771 1T £ APE EYS W2 ARE AHFsIAT. 2184
ZAANGAAME BeF 1ol AxA g &) WiEol AT i BE A A oA GR4-5 o

dat7] ook et IS Zole EY AEE AFH

Rl xF a<lo] ‘Q"‘gé} < Zojtt. 259 ALl o &4 89l T3 B
o] A& FFE FAUE A= AFEHARL Fig. 2(b)oll Al BAX = ZAAH Aol ¢

AR G2 W= Ao Qe ASZ Yelgt. Bk HES B amyloliquefaciens
R4-59] AE A ZaFo| te Pearson o G#EA] Ay, 7 W 1ho AddA T |
9 Skthr<o.1, Aol oJgk i 3 Asr B Ul B subtilis group2] A3
ol PX= FEFHo] w9 F& A0 Yt HH ZRAPAE A F 7EA <]
%o GR4-5 TF A 79] 16S rRNA gene copy T+ FA 2|79 22 FFO0 2 Yoy
}9-= T2 1094 olFo W22 B amyloliquefaciens GR4-52] Q&3 A 73l
S FBAAE BT 5= QIR dzospirillum brasilense T A8 3 B U A=l T
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AH(Bashan et al., 1995)° A A. brasilense®] EF Ul AE 8L B¢k A . F& Aol
A7 vk ®a1gk vh ok Zhu et al. (2005)= PIAE A2l ©E AFE HAE
E Yt A3} Pasteuria penetranss EHAE Ao wrRT ESFEI AP o
S A&} 3=, ol EGETH AHE S P. penetrans7t EF WOl LA EE
7] wToletal Bagh vh It} o] AAE THst EFo A7 GR4-5 72 A
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% W Bacillus spp. @5 W3}E qPCR ©]-&3t &4ttt AUl A d oA = GR4-5
o+ A AZHE 45/ 7 A Bacillus sp. group2] A} 71 FA 2] R G oF 1000] ©]
Fo g fFAEE AFolAth AuiEAEH ZAAPANAAE FxbE JAAA T BFS
2 Ko} GR4-5 ATt T2 B subtilis group AL 71 HlS23E 7o) EH =4
Al AIREE 79 W2 et EFo] HEH nAEY ASode g acle] & %

= HAY I FoAE 258 nAEY] A HAXrt 7P & (AR FPdEn w9
GR4-5 #59] AEoll= B i i "t th= o5 22 Bl 93 o] ¥ =2

7‘1’%3]'%3 ACE WAt B dAF43E E’# 3}, B. amyloliquefaciens GR4-5 775
A2 AHEstazt dod 79 AR A AYshe Zlo] AERHAT 9A ¢
of frElgt 84S 24T = US AR AHTE = B AFoA Azt A
< Aojatr] oAfH e R A QS HAE st {FEVYEY
] 4 HogA F83HA AHEE + S AL

g o

K

h
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