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Abstract Several microorganisms in particular Bacillus subtilis group have been isolated from diverse
places such as soils and the gastrointestinal tract of ruminants etc., and used as biocontrol agent against
various plant pathogens and utilized as plant growth promoting agents. Among them, Bacillus is well known
as one of the most useful bacteria for biocontrol and plant growth promotion. Bacterium GHI1-13 was isolated
from a reclaimed paddy field in Wando Island and identified as Bacillus velezensis using phylogenetic analysis
on the basis of 16S rRNA and gyrB gene. It was confirmed that GH1-13 produced indole acetic acid (IAA)
associated with promoted growth of rice root. GH1-13 showed characteristics of antagonization against the
main pathogen of rice as well as diverse pathogenic fungi. GH1-13 had biosynthetic genes, bacillomycin, bacilycin,
fengycin, iturin, and surfactin which are considered to be associated closely with inhibition of growth of
pathogenic fungi and bacteria. This study showed that GH1-13 could be used as a multifunctional agent for

biocontrol and growth promotion of crop.

Key words Bacillus, biocontrol, growth promotion, multifunction, secondary metabolites.
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Adubz o7 AR rh(Park et al., 2006; Lee et al., 2013). B AFoM = 7R Ao B A9 tlEe] ASEZ
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Table 1. Antagonistic activity of Bacillus sp. GH1-13 against diverse crop pathogenic bacteria and fungi. Length of inhibition zones
were measured in triplicate. No inhibition zones were found in the control in this study

Pathogens Strain/KACC? Inhibition zones (mm)

numbers Rep. 1 Rep. 2 Rep. 3
Anthracnose Colletotrichum acutatum KACC 40804 10.2 10.9 9.9
Bakanae disease Gibberella moniliformis KACC 44022 6.8 6.2 6.2
Bakanae disease Fusarium fujikuroi RGF-1 6.4 5.6 4.6
Bakanae disease F fujikuroi RGF-29 49 4.6 5.7
Bakanae disease E fujikuroi RGF-54 6.9 6.9 6.9
Bakanae disease F fujikuroi RGF-77 8.0 8.0 8.8
Black mold Alternaria alternata KACC 40019 8.5 9.9 9.0
Blast Pyricularia grisea KACC 40435 17.1 17.1 16.8
Blight Xanthomonas oryzae KACC 10331 7.4 7.9 83
Brown spot Cercospora capcisi KACC 42531 14.7 13.4 14.9
Brown spot Bipolaris oryzae KACC 41025 13.3 13.7 14.6
Brown streak Acidovorax avenae KACC 10162 4.4 53 52
Canker Clavibacter michiganensis KACC 16995 4.0 4.7 4.1
Damping-off Phythium ultimum KACC 40705 10.0 10.5 8.6
Grain rot Burkholderia glumae KACC 10138 2.0 2.0 2.9
Gray mold Botrytis cinerea KACC 40573 8.3 8.0 11.3
Phytophthora blight Phytophthora capcisi KACC 40483 11.8 10.7 11.6
Root rot Fusarium oxysporum KACC 40037 7.6 6.6 8.6
Root rot Sclerotinia nivalis KACC 45152 8.5 8.6 8.7
Root rot Fusarium solani KACC 44891 52 5.8 5.8
Root rot Cylindrocarpon destructans KACC 41077 12.1 11.4 12.5
Scab Streptomyces acidophilus S70 7.2 7.4 6.0
Scab Streptomyces scabiei S28 3.8 4.5 NDY
Sclerotinia rot Sclerotinia sclerotiorum KACC 40457 10.1 10.8 10.6
Sheath blight Rhizoctonia solani KACC 40123 9.6 11.9 11.1
Soft rot Pectobacterium carotovorum KACC 11130 2.5 0.7 1.3

“Korean agricultural culture collection. "Replicate. “Not detected
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o A wizlel] AE 0.1 miE EWE F 28°C F
710014 397k wjkalict. R2AMIAIS] 2AS Yeast extract
05¢g, Proteose peptone 0.5 g, Casamino acids 0.5 g, Glucose
0.5 g, Soluble starch 0.5 g, Na-pyruvate 0.3 g, K,HPO, 0.3 g,
MgSO,7H,0 0.05 g, Agar 15.0 g, distilled water 1,000 mL
ol™f pH 7.00.2 ZA3I3ith. TFd Al Eelah] ¢
o waslz The P A2E ol Pete srtel

Relarol Fdy A3 RMPRe olgsar
WAy FeI A AE BANM WY@ el

/}ﬂEi (Korean Agrlcultural Culture Collection (KACC),
www.genebank.go.kr)o| A % Jro} AR5} TH(Table 1).

Table 2. Primers used in this study
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ML #Fo MSHX 4 4F
Atk 750 SR A4S H-517] 918l L-tryptophan

< 7k wiA](0.1% wiv)ek F387F R2A brothi Aol 7}
4 A% T 30°C, 150 rpmollA] <F 48417 B4 455
WStk FF sk 1 x 107 cfuml FEO2 vjYg 98
¥ ujoky lml—‘ 4°C, 4000 rpm, 1587+ 9AEZSt &
U 5 At Seioinh. wF e 0.5ml
3} Salkowski A12F 1 ml (35% HCIO, 50 mL, 0.5 M FeCl;
1 mL)S E8tsto] Aol 3087 AR & 33 e
Al(Infinite 200 PRO multimode reader, Tecan, Austria)S
o]-&-3te] 530 nmollA FREE S7g3ste] 79 1AA A
< Folsnt. olu] x2S Sigmarte] 1AA (Indole-
3-Acetic Acid)E 0, 10, 30, 50, 100 mg/L FE== A| 23}
R2A broth ¥iA]o] 7} & A8} U7 2AdstolA wh&
% =731 tH(Naqqash et al., 2016).

A 7] A S S 245 A-8] 918 tryptic
soy broth (TSB) HlX] oA 40A17F vl %F(SF 1 x 10° cfw/ml)gH
=, #AE 13,000 rpm, 1577 AEE6H Hde/Te
T A AFEI TSBEHIAIY] A4S Tryptone 17.0 g,
Soytone 3.0 g, Glucose 2.5g, Sodium Chloride 5.0 g,
Dipotassium hydrogen phosphate 2.5 g, distilled water

Antibiotic Gene  Primers Primer sequence (5’-3) References
Bacilysin bacD BACD-F1 AAAAACAGTATTGGTYATCGCTGA Chung et al. (2008)
BACD-R1 CCATGATGCCTTCKATRCTGAT
Bacillomycin D  bmyA BACCIF GAAGGACACGGCAGAGAGTC Athukorala et al. (2009)
BACCIR CGCTGATGACTGITCATGCT
Fengycin fenD  FENDIF TTTGGCAGCAGGAGAAGITT Athukorala et al. (2009)
FENDIR GCTGTCCGTTCTGCTTTTTC
Iturin A itud  ITUDIF  GATGCGATCTCCTTGGATGT Athukorala et al. (2009)
ITUDIR  ATCGTCATGTGCTGCTTGAG
Surfactin srfA  SUR3F ACAGTATGGAGGCATGGTC Athukorala et al. (2009)
SUR3R TTCCGCCACTTTTTCAGITT
Zwittermicin A zwid  ZWITF2  TTGGGAGAATATACAGCTCT Athukorala et al. (2009)
ZWITRl  GACCTTTTGAAATGGGCGTA
16S  27F AGAGTTTGATCCTGGCAC Kim et al. (2012),
rRNA 1492R TACGGYTACCTTGITACGACTT Song et al. (2004),
518F CCAGCAGCCGCGGTAATACG Ahn et al. (2014)
800R TACCAGGGTATCTAATCC
984F ACGCGARGAACCTTAC
orB  UP-1 ?éégl" CATCATGACCGTTCTGCAY GCNGGNGGNAART- Fukushima et al. (2002),
UP-2r AGCAGGGTACGGATGTGCGAGCCR TCNACRTCNGCRTC- Yamamoto and Harayama
NGTCAT (1995)
UP-1S GAAGTCATCATGACCGTITCTGCA

UP-28r

AGCAGGGTACGGATGTGCGAGCC
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1,000 mLo|™, pH 7.32.2 Z@3th 483t A 759
4= 0.03M MgSO, &4 1 x 105cf/mle] FE== HE
stk g4 HA o A=) B, BEvkE(Solanum lycoper-
sicum), 2.°] FA= 13} i%‘lﬂ(m% oS, 0.1% Triton
X-100)01A 187F AR 3 23} A5 (10% 2Fobg 4t
(NaOCl), 0.1% Triton X-lOO)oﬂ 1587 A ]5} 3k AR
TAE EATE SH AlFste] FRlsigith 74 SAE AT
#79] A (A600=0.5)0 327 AT £ Fdata A
$7074 7193 (PhytoTC, USA) RS L2183 28°C &
27116217} F27)0lA 1087 s gst 5 =71¢] S 2
oo} A, Mol we sl B e W leE S
o7 AZ T AlFsIGit

Llo

Mg 2Fo| o|XHAER FHX HE
upal e 2o] W elytol ik 43 &48 YERH=NRPSS}
PKS—4 T A S AEs] Sl 5ol ZeelmE
83l PCRE AA]5} tHAthukorala et al. 2009) (Table
2). PCR PCR HH3- 392X TOPsimple DyeMIX-

Tenuto; Enzymonics Co., Korea)S ©]-&3}%.2H, 1uLe]
genomic DNA (30ng)9} 10 pmol®] ZEfo|HE &35t
20uLE FE Fu2 3lo] ATl PCRE 27| WAIH

S(initial denaturation; 95°C, 3%&) &, $ZukS-(HA; 95°C
30z, A3 55°C 45%, A17; 72°C 13)E 303] wHas19l
o, HF ANREE 72°CoNA SR AT SF

9 3715 g1l

3l PCR AHE-2 2171995 slo] S
3 Th.

Mu
GHI-13 #5¢] 545 918l 16S rRNA F-32} Bacillus
spp.o] &7l 83 grB FHAAHDNA gyrasefr 42l
A7 DS A5t Wang et al., 2007). GH1-13 5
TSBoll HE3le] 28°ColA] 2447 o)A v et & FA R
sto] #AIE st QlAamp DNA mini kit (Qiagen,

270 5%

USA)E ©]&3t4 genomic DNAE FZ3I5th 16S rRNA
FAE Wg Zlolmel 27FSF 1492RS ARSI,
grB %ﬂ F 4 =glolw UP-13 UP-2r& ARE-5}ed

PCRS ¥ Zz} FAzLe] FEAES A TH(Yamamoto
and Harayama, 1995; Song et al., 2004). 16S rRNA %12}
o] H7IME B30 Zalo]m(800R, 518F, 984F)=
ol-§3tiL gyrB FAR= 7 e H7IME E4E ZeteolH
(UP-18, UP-2Sn)E °]&-ate] A skes A8l (T, 2=yl
9 &FHTH(Table 1). Foi 971482 Seqman (DNASTAR,
USA)S o]&std A3 /5 AAstaL dAsdnt. 2
Aol HlwEAS Y814 16S rRNA F-A7He] G714 g-e
EzTaxon—e M E SaliA Ao, grB FAAe] H71A

2 Genbank (www.ncbi.nlm.nih/genbank)S E3ke] A

th AExe] 2H4S 98l MEGA 5.0 ZZ139] Clustal
W Z2I30 03717\1 & A 31921, Neighbor-joining

1,0003] W& bootstrapingS 53) 7l
o] A1g/4dg g1 TH Tamura et al., 2011).
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A FHS o] &3t EeldTe] o F8

e et 8-S A A, e F8 Al

A oA 24E UEle ok Al ERlEie
ol F 7PF e 2AE Hole HV\]Hi #5-(GHI1-13)
2 Maaith(Fig. 1). GHI-13 #FE B¢ F8 +30]
AT Fusarium fujikuroi (710 tgi‘), Pyricularia grisea
=AW, Bipolaris oryzae (WWFHH ), Rhizoctonia
solani (01211-%_4 u]»_‘tﬂ-q-)oﬂ et 7} FAS Hgon o
o] 8 Al WA Xanthmonas oryzae (B A7),
Acidovorax avenae (Md’3EFH W), Burkholderia glumae
(el et = A5 AAlsS B3AthFig. 1). &
g GHI-132 O3t Ahaol e dovle Zlez defdl
Cercospora capsici (A FH8t), Phytophthora capcisi
(B ), Sclerotinia sclerotiorum (ZF¥8<t), Colletotrichum
acutatum (BB, Alternaria alternata (7323301 ),
Botrytis cinerea (V580 t), Fusarium oxysporum (%
Y3 H+t), Streptomyces scabiei (A1), Clavibacter
michiganensis (F1¥*8<F), Pectobacterium carotoborum (-
E—'_tﬁ.q.)oﬂ EH@L xg.% oJ;q] :&LHSL OjE]'(Table 1) o /\1- HH
NS ] LRJAAR! Cylindrocarpon destructans (32185
W+t), Sclerotinia nivalis (F21¥ <)ol gk 7t A5
A LS B ti(Table 1). ©] 23= F3ll GHI-13457}F
HE 2okek vheFet HEe] Wall HAlE S A EA 2 A
o] AAA 7 & Aoz FrhE) &% A4 7oA
AL 7L Hl"go 2 GHI-13 459 a4 244 377t
T3 Hojof & Ao g ALEM, o]F RO ® EX Al
< o]&% Fe PAEAEAY B8 T ¥l B o
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©
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Fig. 1. Growth inhibition of pathogenic fungi and bacteria of rice (Oryza sativa L.) by Bacillus sp. GH1-13. (A) Gibberella
moniliformis KACC 44022 and Fusarium fujikuroi, (B) Bipolaris oryzae KACC 41025, (C) Pyricularia grisea KACC 40435, (D)
Rhizoctonia solani KACC 40123, (E) Xanthomonas oryzae KACC 10331, (F) Acidovorax avenae KACC 10162, (G) Burkholderia

glumae KACC 10138.

I Tryptophan (+)
1 Tryptophan (-)
50

30 F

20

10 |

IAA concentration produced per tube (mg L'1)

GH1-75 GH1-112 GH2-13 GH1-13

Bacillus strains
Fig. 2. IAA production potential from several Bacillus stains in

the presence or absence of tryptophan in R2A media. Bars
indicate standard deviations (n=3).

gl i A5 o &4 71l g A7 R
2oz oA

oFo| 4S5 &Y 43
45 1AA XS

[o3NN=] =
TS B3

73}, tryptophan©]

Hizol] F7FE] 1S we] ITAAMAF(31.4 pg/mL)S §1S W
o] A9 7H(6.3 pg/mL)ET} oF 5 A= F7HEAoH € vt
el et Hlaste] & 2tolE VA= UThFig. 2).
o] GHI-137#57} tryptophanS ATFA|Z ARE-at] TAA
£ W=+ tryptophan 9EY AZE 71 Mozl AL
HoFtK(Idris et al., 2007).

AEASE GAE A87] flste] GHI-13 #7= A
2 Agg ¥, Enfg, Qo] FAE ASHR A E o
g3to] A SIATHFig. 3). EvRES 2ol gk A5E%]
3= FAHSE o3 Aol7t jle AR Vet
wo] 7o ma)o] Zolo] vt ALEA F= 57:”7(40
zZtol= filev Bejde] Aol AR Fo8e
ATHp<0.05, n=9)(Fig. 3). °l&lsk 73% GHI-13 &—1‘7}

28 ASE #4 delAage =4 l‘g._—lﬂ]~ =3 ¥
peg g FXANA W AES FXshe 9L ot
£ Aoz FtEth(Richardson et al., 2009). olyg #5
o] A& o]gste o] Hulo] Sgsrhd v A =
71l ] Wl B8-S FOEM YRES FIAA H
of A5 L AL AT & U= vAEA o] 7}
ST Ao R oA
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Fig. 3. Growth promotion effects on cucumber, rice and tomato
root after soaking seed into cell suspension (1 x 10° cfu/mL) of
Bacillus sp. GH1-13. (p<0.05, n=9). NS means not significant,
and * denote significance at the p<0.05 level. Bars indicate
standard deviations (7=9).

A - MHot - FXHSt - EXHAE
M 1 2 3 4 5 6 M
1000bp —p
500bp —»

Fig. 4. Detection of biosynthetic genes of Bacillus sp. GH1-13
by PCR amplification. M. marker (100 bp ladder), 1; bacilysin
(bacD, 749 bp), 2; bacillomycin (BmyA, 875 bp), 3; iturin (ituA,
647 bp), 4; surfactin (srf4, 441 bp), 5; fengycin (fenD, 964 bp),
6; zwittermicin (zwid, 779 bp). PCR products were detected on
1.5% agarose gel.
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methylotrophicus KACC 131057 JTKJO1000077

Bacillus velezensis BCRC 174677 EF433407

A foni £o i
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yioliq subsp. amyloliq DSM 77 FN597644

Bacillus subtilis subsp. subtilis NCIB 3610" ABQL01000001

s vallismortis DV1-F-3T JH600273

B moj: isRO-H-1T JH600280

Bacillus subtilis subsp. spizizeniiNRRL B-23049" CP002905

[ Bacillusli

JCM 90707 AB021181
icheniformis ATCC 145807 AE017333

100 |

0.002

a4 GH1-1
38

100

(B)

Bacillus

Bacillus

lus sonorensisNBRC 101234T AYTN01000016

3

Bacillus velezensis BCRC 174677 DQ903176

methylotrophicus KACC 131057 JTKJ02000014
amyloliquefaciens subsp. plantarum FZB42T JN575339

Bacillus amyloliquefaciens BCRC 116017 DQ309294

Bacillus mojavensis BCRC 171247 DQ309297
Bacillus vallismortis BCRC 171837 DQ309298
Bacillus subtilis subsp. subtilis BCRC 10255 DQ309293

—|gg ; » . »
94 Bacillus subtilis subsp. spizizenii BCRC 173667 DQ309299

Bacillus atrophaeus BCRC 171237 DQ309296

— Bacillus licheniformis BCRC 117027 DQ309295
o b—— Bacillus sonorensis BCRC 174167 DQ309300

A
0.02

Fig. 5. Neighbor-joining phylogenetic tree based on partial 16S rRNA (A) and gyrB (B) gene sequences (1,416 bp and 1,065 bp,
respectively) of Bacillus strains. Bootstrap values are indicated at branch points. Strain or culture collection and accession numbers

are indicated next to species name. T means type strain.

shujeh A2
ol o3 1
Ui 1) 1h whlel 5
o]t 24} tARb=E "ﬂ"i
e 74x4a4 GH1-132 % F A A3 T2 B

P BAS AN RO esie] )2 deid AT
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°l

A2}, bacD (bacilycin), bmyA (bacillomycin D), fenD
(fengycin), itud (iturin A), srf4 (surfactin), and zwid
(zwittermicin AYE HEE = e 5o Zelo|HE o] &35}
o] PCRS 4343131 th(Ramarathnam et al., 2007; Athukorala
et al, 2009; Kim et al, 2012)(Fig. 4). GHI-13 ¥F+=
bacillomycin D (875 bp), bacilycin (749 bp), fengycin (964 bp),

iturin (647 bp), surfactin (441 bpye A= FHAE A
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A

= A0Z Ao, zwittermicin A4 A A}
£ AZ9A ZUTh Kim et al. (2012)01 2l B8 Bacillus
amyloliquifaciens GR4-5 @59} B2 u] fengycin A3 T
FAAY F7HH o2 EAES gl o tiEo] Al
A& Hol= bacilyein AFA FAAE 18ttt o]
E{ﬁl A= GHI-13357) thekst 2E9] Ag 2 A4

Ao AEES AT T e Y AR fdd

GHI1-13 #5°9] 542 913l 16S rRNAS} grB FAAE
HHEEO 2 MEGAS Z2I3S o]&ste] EA-F- 842l 7
TEE AASUTHFig. 5). 16S RNA f3AE wliEo=
243k A=l GHI-13 &5 Bacillus methylotrophicus
KACC 13105(T) #5-9F %& AH52(100%)S HSITHFig.
5(a)). ATEY 21FAES FH37] 9%k Bootstrap #H=
69%= WA =2 3hs YERNO Bacillus methylotrophicus
o] Ao Z FAH It} 2B SAAE vigto 7 ZAISE A
FZollA GH1-13 I Bacillus velezensis BCRC 17467
(T) 45} Bacillus methylotrophicus KACC 13105(T)
Fo| 722 =& A54(98.6%)S HAtHFig. 5(b)). =
ASFAA S vl OZ T F(B. methylotrophicusSt B.
velezensis)® T18-] B. amyloliquefaciens subsp. plantarum
3} B. oryzicolas EF3I BT B. velezensis® H-5%0]
Aol 3t} R AIE S THDunlap et al., 2016). 16S rRNA
AR} gyrB 77370 £4 23} Dunlap et al. (2016)
o] ®ue wet GHI-13 #F9 #7F3 A= B.
velezensisZ BT AEH O Z B AFAM= B. velezensis
GHI-13a57} 2hz9] 55203 ¥ UAIE S0l 22
T AUe AT B8 nA=ARY 7HeAol e
HAAFE T} I8y B. velezensis GH1-139F 2|7} 424
A A Ao m X G sk Bt s Fr}
7 87EH, @7 A8 B AT $5 A Y
oj Kok & Ao 2 FArtery,

#HAe 2

B ATE TEUEH T ATAIE AN E: 010825)9]
A Qe o5 = AT
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