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Induced Systemic Resistance in plants by Bacillus sp. Isolated from Dok-do Islands
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In September 2017, the rhizospheric soil of Tetragonia tetragonoides (Pall.) Kuntze was further sampled.
One hundred and thirty eight species of microorganisms were isolated from the soil. Indole-3-acetic acid
(IAA) production, siderophore production, and phosphate degradation were examined in order to confirm
bacterial growth from isolated microorganisms. As a result, most strains were able to produce auxins or
siderophores and to solubilize phosphate. In addition, 138 isolated strains were treated with tobacco
extract and conferred pathogen resistance to host plants upon treatment. As a result, 35 strains that were
able to reduce pathophysiology by more the 60% were selected. Among them, 6 strains with high induced
systemic resistance (ISR) activity were found. All of these strains belong to the genus Bacillus according to
the 16S rDNA sequence analysis. Bacillus aryabhattai KUDC6619 showed outstanding effects with reduced
infection in tobacco and pepper plants. Probably, these Bacillus species play a beneficial role by associa-
tion with T. tetragonoides for its survival in the harsh conditions found on the island of Dokdo.
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A EAAFZ A LA (Plant growth promoting rhizobacteria,
PGPR)Z 2] &9] Je] F9o AAst= nAE 5 A=9 4

A FPAAAL 4B Ao AL Fol = YR
£ $95te 2ANTES AU A & LeiH 4
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EAZ2AZHATEY £2 2= Pseudomonas, Bacillus,
Rhizobium, Alcaligenes,
Klebsiella, Azotobacter,
Serratia 50| AT}H2].
ASAREXNTEAAEL A EY AR o|2L &S F
AL A E7|Y, AHdd T3 Zo] ASARTEES

Azospirillum, Paenibacillus,
Burkholderia, Arthrobacter,

AATAY, &4 A 7483 58, d7] 5 E4ske
AE TR, H] TF4E TFEL siderophoreE A= S
o oy WHoA 9TE I3l F4l9 T FTFY
IAA (indole-3-acetic acid)= Z zo| HAH A E 22O
2, 79 B oA A A &Y & et 4k

i

ok A EE iAol et 27] 243 AR 249 A3
ARG A6, 1 9oz #e) dA), Fopd B} 24

o= T
e 9 2w £, Gl 2E & 2t o 7HA 4
=9 ¥ g2 71AH4].
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E3 Q12 2 FAAA QA4HH PO FHZE EF &
oA EAst, AEEL A& o] &sto] FAAL X IA
o] EAALe] o] g3gtet. E3 DNAY RNAE TASE
S eeto| =R o B4 o|H, ATP, ADP$} Pi, Q14Hs}
H F 9 JAASHE f714H] FEEA Q12 Al EZ 9 oY X
tjAte] Bl 93-S S} 5]

Siderophore= H|&E 9 A]E9 &7 T4HY S5
S Ent ozt HUH o2 RY Bt % 4TS ¢
tH6]. Fe¥*= 714 S53 Y4 5 sho|A|w, B3 e
oA BEA7L 7] Fe¥ o] 9] G2 g5z <l
sto] At oA HH[7]. o]23t gt BAAH A HEEL
A o] &9 F4E fsto] nBEES] AAtsts L oEE
o] g3sto] A1t AFF FHE Sk HE ARESHA LS,
AEAFENTAAFEC] AT H F5of Wafsto] B
Ao WS AAIste] AFEAIITH9].

E3L AEAREANZEANTES AEY EY D v E
A 2Eg A0 B AYAYS FEshe tERt 713 7HA
Itk EAHQ 7o 2 HAYEA G (systemic
acquired resistance, SAR) [10]3} &= A1 A 3}FA (induced
systemic resistance, ISR)o|t}[11].

AAGSAFAHL 27] B FFAHLE A3) ol
7)ol HrAgsto] AR R ETto] ol 2t Wedto] ME XA
A 2N E AAH o FHYSHA 53 Wol7| &
G437 E-S 7HA dTH12].

FEHAATYE 24, vBEH L2 EH A a2l 95t
of @A3}E = 71F e R AEY AP FAIAY. 1 %
SolA HedS - st Aol obd A= =35t
AR dtshe daE skl Qith13]. A& Y AFE A=
TERY H2 AT HY FEE st A3 dojuA
Ho, AZAEEE 5 Hddol g A3 FAE e
EZL AARY A (jasmonic acid, JA), 48] A Ak(salicylic
acid, SA), o2 @ (ethylene, ET)o]|T}14].

ol AZ AN AT F sl vhd A AE
I A52E-S gttt YR Aldo R &g Ao 1a
3 EEn 2HES Ut At EntE, g, of
713 5 o7 ZrEolA v g A Fof &) AEHAF
aNE Hvke A7 Wol I EUTH15-17]. HpA H A
+ WAEAS FA8]8t] o7 FHLEH AT BE
SoH19]. B @A BEFFAZAA 2757 AFo] A
S5 1 F 19K AlEo] vpA A FE AR it

S U= 7MY &0 AAT e, T A

£ skl 91709 23 22 A3t B2 Yol A §
H20]. E=9 A% 7|22 12TE, 4B+ JA7| 22
1C 19)°lH, 7|22 23T BY)°lth S=e S &

TLEAE HOR EF Y 7189 =7 R, 9%
HF dFeR BEY v =7 woF A=ol 4A5]
oAe i S oIr2]l]. Fre &5 ¥ YST X
glHoz ZHo], A @S ol R Aot A
ko sl Qe AE2 65FF (313, 52&)0| v, I
2o, Mgz, X, NG, 7|2 5 200 ERL2E
gof et ol F= AP E T EAstE ndE
=< Y29 doage Foho] QA 5=9 2
3l gftE A2 FSHETH22].

2 dFoM e 529 AP EQ Mo Mgz 2
HEFIANATEH 2T A 5 A= AREE F=de
TS A5 At £2& wefste], 1 5 28 A Al
T v A & Aol 23& B5o] FAEA Y A
AFans Tt g

ERTETE

AE THUABEY e 9 &l
ASAFEZTANTY FEES B $isky, 201749
490 FxoA AT HPz o} HPx 9] ZTHEFANA &
Zstatt. ZHEY 9 AEA Y = vAES 2] ¢
alo], EQFAIE 1g& 9mlo 0.85% NaCle] @erald
50 rpm O 2 2087F wHkstgch 3 AEA = 44E 5
o AFste] o EAdt= PBEARR AT 4
E4 WAuAES E287] Yt AEAE 70% T
of 3027t EHAFS & BFH AP o7t} whHtE &
B2 nAEES £FE5] Y3 dgdS 1099 F=7t
A | 4stgon, AgoE 104-10°9] FE7tA] AHESHS
o} 3|42 trypic soy agar (TSA) Hix]o] 100 pl¥ 253}
of BUETE 5tof, 30T A 157:U7E v gttt #i A 9
FAE JEE BY 2], A FollA Aolg Hole 4 &
= skl

AE WA nAEY wF

A EH Y2 Pectobacterium
carotovorum (PCC)®}+ Xanthomonas axonopodis pv.
vesicatorya (Xpuye S=AETATY ZEyA-AE F
SR EAL dFg o s RE Eokdol Ade st

PCC+= Luria-Bertani broth (LB) LA v} Z] of] 24 A1 7t f
oFsle], HY#S 2 E4(0.85% NaCl)oll 102 CFU/mIZ 3l
Hsto] Aol ARgaTh

Xpute LB AR 24412 W9k stel 2eto] B4,
HAFE 10 mM magnesium chloride (MgCly) £ 10°
CFU/mlZ 3|43t} Agdo] Ag-3ict.

carotovorum  subsp.
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16S rRNA $AA} G7]4 <2 B4

2 79 16S rRNA §A2 |7 EE 7|ite &2 vju
B3] 9l5te], Tatoln]2 518F(5-CCAGCAGCCGCG
GTAATACG-3)¢}  800R(5-TACCAGGGT-ATCTAATCC-
3)S AHE-SFE o1 vlo] @ Y A (http://www.bionicsro.co.kr/)
o 925l EA-S AP35 . E3F EZbiocloud (https://
www.ezbio-cloud.net/)& 0|83t G7|HE AEE dof H]
wahelt,

It

AEFER B AL
e 49 AE TEEQ TAAS A= 8ol diaf Al
Hotget. 22 2 Aol A7) Yste] 5 ml LB 94
v Z]of] 24X|7F F¢F AudS AT F S A7 E
Y E 0.5 mg/ml)Z H7}3 5mlel LB vjA o) 20 ul A&
8k, 30T oA 18Xt <k 180 rpm @& vkt AT A5
HLE 4TCoA 1587t 8,000 rpm O 2 YA R 3te] At
Salkowski A]2F(35% HCl, 0.5 M FeCly)[23]1} &3tslo] A
oA 2087 AAAG. W T,
(Labsystems Finland)& AF&3t9] 540 nmo| A SF =&
ZA3IATH IAA 25 [AA EF A& v 1o 519 4
satsiet

2] 9 siderophore Y45 H & <
and Neilands [24]¢] WHS 1
(CAS) blue H}#| & ARE-3HST.

2o 29 G4 ANY 183 SE2 FaAst] 9
national botanical research institute phosphate (NBRIP)
o2& ARE-3HTH25]. NBRIP HiA|= Al ¢4t &3
95 A5y

iy
El

[‘

Sensident Scan

£ 93 Schwyn
3} chrome azurol S

Az W%

2] 22+ Nicotiana benthamianaS ©]-835}e] AHLS
AP Th 1.2% sodium hypochlorite (NaOCl) £ 1 ml
o 15% B NFol B4 XBE LEAQL}. 25 F
Aol Bt SFSFE o &3ty 15687 2-33) & "5t Al
A3t A A% £A= MS (Murashige and Skoog salt
0.22 g, sucrose 15 g, plant agar 8 g& Y1l pH5.82 ZA)
A Ao Aof ufeFstgict.

DREAIE, OHICHER)S FA EF Aok AT
HOoR LSS AlAT Kot Pd FOE Y& 1
E 0|50 hole)oll AT 13 AE WFA(FRA 124
HEZRA 1247, F& 50%)0 47 4o SAZE 2 w7
3271 712 F 9 om Sehae sio] $7 AT

Wl Mel R ge] B 4= AF
AEE AFER Aste] 42 g YA =5

tlo
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golsly] 98] ARyl PCCE 484 10° CFU/ml
ﬂﬂE%Jﬁ&%qﬁ&ﬁéﬂ%%ﬂA%zﬁﬁ%A%
of 5 WA EF5Ach A3 HIE Y3 FANzLL=
benzothiadiazole (BTH)E 0.5 mM2] 5= 2 3|X3to] AL
stglon, g4t ZEoR Adng Agststh 48T
HzEe Aol AT 2102 207 vekaln
Felodeh. $EHANTA S BTHE FYel7] 919 Bl
o Py 28 AU, S0 e BEES ANSIT
Aol Kol wet 01} 52 RS HE A4 B =

T X 5% AEAP).

-

o rL
Ol

ol}l

=
=

&

n
1

g

—”&:E] 2 4 ’“
N R 47H-—] ‘_—3%——] ‘?‘_'71]?_] 13 Ao 10° CFU/mIe]
MgCly o] &3t i"‘?‘ﬂ%"—ﬂ 12 mlE R0 553t 2
T uEEC] LS °1F ¢ U=F 5797 Wi g
e XpuR 10° CFUmIe] Wetstol 220] 9 wlef 30%
7] SLEES Qulo] FAVIE ol g3fol ZANZL. A
3 IS 98] ok RO BTHE 05 mMY) S22
st At on, SN EZE SR 10 mM MgCls
eI AFde] WIS AR T, AEel B3] o
2 28 &3 tH0-5; 0 = no symptom, 1 = <10% ©| 3},
2 =10-25%, 3 = 25-50%, 4 = 50-75%, 5 = >75%, A E°]
).

AN
oo

SAAE

FEAAAGAY B4 it o] H& SPSS WA 22.0
(SPSS Inc., USA)S A}&3}4 least significant difference
(LSD)C. 2 BEAEA(ANOVA)S £ A Fog BAs
art.

R n kS
THESO 2N E AZ9| £F

ko] Majsts WAz WPz TUESORTEH o
FE rAES e sl ZHEGA 527H AEA
WA &3l A 5170, 424 EhAA 3570 §& Esto]
HF 138707F 22 H i

AENFENEA AL

£ #9o] PGPREH A EAAZ
24l QYAbs, siderophore A, QAL 7H8-4 5& AL
Aot 1 Ay}, LA %53 siderophore A%, Q1AM B
As 52 z+z 30.4%, 55.7%, 81.9%9] FE0o] &4
At AA Fof B2 3}te] &A1} siderophore?] 24
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IAA production (I)
30.4%

NN

Phosphate Siderophore
solubilization (P) production (S)
55.7% 81.9%

Fig. 1. The number of isolates with plant growth-promoting
characteristics: production of siderophore, phosphate solu-
bilization and IAA production.

4.6%, S Q1ikE 9] Bl &2 21.7%, siderophore
H| 82 52.9%2 Uehdon 37172 AlZAA
AAreHE &S 19.6%2 e thFig. 1). 4]
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A1 ZA ISR 23 33

22 2 A st izt R FEH
7HA A sh=A] ISR 84S sttt A9
SJetol LHYRTOR AAsst YUY T O BTHE A}
Fohsch. MRS BYO 2 AAste] 489 Yol AT
olWielt 237} ehdtt. et 2ol 59| Hule] B
48 AYHE Lol SAYRZ Hstel YA EI
20% BT 5970, 20% ©l4} 60% HITHE 447, 60% ©]4+e]
A& v a3E 7R = 42 35702 Vet

3570 & AL E sto 16S rRNA FAZ 71 ES
BAstg 1, 1 A3 Aadrt =& 6719 #°] Bacillus
puleus, Baallus zhangzhouensis, Bacillus aryabhattar,

KUDC6619

1000

KUDC6606
963

KUDC6614

KUDC6615

760

KUDC8597
1000

— KUDC6588

Peanibacillus polymyxa
0.01

Fig. 2. Phylogenetic tree, based on the neighbor-joining
algorithm of the 16S rRNA sequences, showing the relation-
ships between six strains. The sequence of Paenibacillus poly-
myxa was used as outgroup. Bar, 0.01 substitutions per
nucleotide position.

Bacillus mobilis, Bacillus zhangzhouensis 522 R 2%
AR o], B vpAlHA £9] o2 ¥ F th(Table 1). &
o5 upaEAe ABTAS Hel3h] Yted 165 rRNA

Table 1. Identification and PGP characteristic selection of isolates.

Strains Most significant alignment  IAA production S;’dri;oupc?;:e S;:E?E;T:sn Accession number
KUDC6588 Bacillus pumilus - - - MK131331
KUDC6597 Bacillus zhangzhouensis - - - MK131332
KUDC6606 Bacillus aryabhattai - - + MK131333
KUDC6614 Bacillus mobilis + - - MK131334
KUDC6615 Bacillus zhangzhouensis - - + MK131335
KUDC6619 Bacillus aryabhattai - + + MK131336

+, Positive reaction, -, negative reaction.

December 2019 | Vol. 47 | No. 4
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N w N

Disease Severity Index (0-5)

(-) Control KUDC6588

KUDC6597

KUDC6606 KUDC6614 KUDC6615 KUDC6619

Treatment

Fig. 3. Biological control assay result using isolated bacteria against Pectobacterium carotovorum subsp. carotovorum on
tobacco. Symptom is expressed as number of symptomatic leaves per seedling. Saline (0.85% Sodium chloride) and BTH (0.5 mM) were
used as negative and positive control, respectively. The values indicate the mean of three replicated experiments. Mean values of the
same letter within each column are not significantly different according to least significant difference (LSD) (p < 0.05).

Disease Severity Index (0-5)
5 N e s o

)

(-) Control BTH KUDC6619

Treatment

Fig. 4. Biological control assay result using isolated bacteria
against Xanthomonas axonopodis pv. vesicatorya. Symptom
is expressed as number of symptomatic leaves per seedling.
10 mM Magnesium chloride (10 mM) and BTH (0.5 mM) were
used as negative and positive control, respectively. The values
indicate the mean of three replicated experiments. Mean values
of the same letter within each column are not significantly differ-
ent according to least significant difference (LSD) (p < 0.05).

00

7|1 EE v A st o
{18t} (Fig. 2).
A v A & Al SAHRT HEte &2 9

% el AU A 2

% 4 a0E BolFQthFig. 3). 1 F 7P aast 7
Holsk d UD06619°1] g3t 271" Aoz 2 I
o 12 A APstget.

1o KUDC6619% Helste] el 4 A4 7Y

Mol th2T ulshel] 24.5% 7 FAo| AT AoR
vebtThFig. 4, Fig. 5). ol S Fotol & 639 vh4
B & Aol 4B Beo ol2e GHL FE AL
% gl

weld 639 B AT YA et FRENE 7
I PEAE Gt 1 23 B 25 YR 2
A BARE TR BT FRESE e ot

Fll‘

Fig. 5. Disease protection induced by KUDC6619 strain on pepper against bacterial spot disease. (A) SDW (negative control), (B)

0.5 mM BTH (positive control), (C) KUDC6619.
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ot (dlolEuAA). o] e AAE T3t ] 452 4
£l SARS Hol= Ao] obd ISR &35 Yetdltt= A1
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2 AFdA = HAEY AEFATRE S ]
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@50 7HAL Y= ’—%‘“’%‘”57‘1 Rl
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Holl 273t Y= #+E59 PGP £EZHES 9
g AE 3‘01] gt FEAAAG a3tE AL, a7t
7M=L A E3Y
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