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Defense Response of Cucumber Plants Treated with Neobacillus sp.
JCO5 Extract against Meloidogyne incognita

Kim, Yu-Ri - Jang, Hwajin - Sang, Mee Kyung

The effect of Neobacillus sp. JCO5 extract on the defense response in cucumber
plants against root-knot nematode (RKN) was evaluated. As a result of drench
treatment of JCO5-extract in cucumber plants, formation of egg mass per plants
and disease severity were significantly decreased compared to untreated control
plants; the malondialdehyde contents also decreased in JCO5-extract treated plants.
When eggs of Meloidogyne incognita were inoculated, cucumber plants treated
with JCO5-extract elevated pathogenesis-related gene expression such as chitinase
and lipoxygenase, these are well known as inducing resistance in plants, in addition,
peroxidase among antioxidant enzymes was significantly activated. Moreover, the
JCOS5-extract enhanced FDAse activity in soils grown cucumber plants inoculated
by eggs of M. incognita. Taken together, these results suggest that the JCO05-extract
could involve in activation of defense-related mechanisms of cucumber plants and
result in decrease of disease occurrence caused by M. incognita.
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2] B F(Meloidogyne spp.)< 20|, EVLE, F, 77ke} 22 2o & I3& 51 1
2 Qls] A AAZ R A7t AAZ £48 o731 It} (Dahlin et al., 2019; Oka et al.,
2000). 53] <o) Afuj Al AZFo] o3 A= A2 R Wy}, A T 8o
2RI EY U A5 2=7F ZobA Fa)|7F S A4St Hwang et al, 2014). o] 2§ B

FAFE BAS] Hal BN, ARE FF5 &4, AASA T o A, sket
2 W Eo] o] &5l S ™M(Molinari, 1995; Cho et al., 2000), P18 & 283+ 3173 21314
QA BA HE AFEI JATk(Park et al., 2012; Oh et al., 2016).

AEAE olsS 3t] AP ERE AT 5 7] wjZol, AAH o= HAA ol the ot
& o] 712e 7HA I ok eSS 5o HHATE A& AASHA =¥ superoxide
radical (Oy), hydrogen peroxide (H,O,), hydroxyl radical (-OH)®} 22 &4 4FAF(reactive
oxygen species, ROS)©| o] A= 11, Fr}gk ROSS A2 A EA Ulo 4t} ~E X~ F
7 R Bl ofyg AR A e AR 2Ed 2 thdk vk e A4 @
THHuang et al., 2019). ©]¢} o] A1 EA] ol I =3}A] HAE free radicals T 22 S kA
& AAS I 2225 HE37] 93l d4ksla ARl catalase (CAT), superoxide dismutase
(SOD), peroxidase (POD) < AAst= Ao 2 ¢HA Aok 284 W2 A2 ¥
A o8] Hds WA HY, AZHES FAA AY A2 2(callose)E A=
T2 WY S o775 ta, 5t 0] e Fo|EYYAE A7 = TR Varner

and Lin, 1989). ¥+, 2] &2 YA 9] Yo 2 HE wIgtslA whgste] T84
d

Lo

g ok thxZFHor {8 ¢H
ISR)°] lom, F=Z A 4Kjasmonic acid, JA) == o & A (ethylene, ET)0] T3t W
Aol o)gk AN EATGA L Ae] A ik(salicylic acid, SA)¥ #F#o] Ao HuFHUTH
(Shoresh et al., 2005; Lin et al., 2019). ©]& g+ #o] #dH AsAD Ao Fost= 2 EA)
o] FHAZE, JAS THHE Loxe} SAS AT/HE PRI Tol ¥HA J o (Martinez et al.,
2001), HIAES A o AF Wo] ¥ FAA o] S WAY sks) & o]
S7Vsld ®ol ZAEAT=E BVl ATt Molinari®} Leonetti 5(2019) ¥+, A&+
I ZHATE TS AE PAAE EvtE AHFS W, 2 Eol Aol =5 PR
A2 Wdo] F713)al, glucanase®}t endochitinase”} T EAJ8lE| o] B S dFof o)
= 1 A&

e B39} Zacheo S(1987)& AZo] tla) A4l 222
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4]l A&l Hlg) atstasrt GAdstEo] A5 PO ERE HEsto 13E
st on, AF ol g A& ol WAYSORE F4hsta 4o
THEI-Beltagi et al., 2010).

ol d Oﬂ:r“’ﬂ/"] W& Neobacillus sp. JC059] FZF& o] A7vHE] S 52
2 Fo AEES S7MAYIE AS B t(Jang et al., 2021). £
il A= AE Neobacillus sp. JC058] FE2ES 20] A EA o X3 RE o, 50}
el ok Aol tis A& W AR A 2, dikstas g4 59 o
Hh-g-o] oA Faks WA gelsta, EF W vAdEe] &4 wskel AEE fluorescein

Zhriel A8 AE AT Addol E2 A8 a A fH oA

[13
=

L AEAs A v E 328 Ao 2y sAs HE

Loj(¢z2UMugTtr), #F3E)E FEMEA, A&kl )7t AL 508 SH EF ol

SFste] 2F B 2 A AUtk & AE 14 cm X EO| 0|43} Neobacillus sp. JCO5
FEEY IR S5 &S HFSIA T Neobacillus sp. JC05 FE& FHl= o]x g
=&(Jang et al, 2021) WHES Wk, Neobacillus sp. JC05 TF+E Tryptic soy broth (TSB,

Difco, USA)ell 3 ZF 72417k 59+ 160 rpm, 28°C ol A & vkt vl ekel-2 6,000
pmE 208 Bk AR T AF5 NS 0.45 um syringe filter2 & 43R T} o 73 Hf
Foido] FaFe| n-butanolS EIl 160 rpm, 18A1ZF FE3taL F7] & S& EEsATh
FZ 3 n-butanol=< 60C oA 73t w=31 —?— HZA2=Z 1 mle methanolol] =] H
T2 3|3t AFol AHSSATE HE UL AR S AT (M. incognita)ell FHEE Evf
E (A%, T5)e HeloA de B, A 31,000 eges wEE HESIAT

o

2. 9

ot

7+

Neobacillus sp. JC05 FZE(100 pg/ml)3} 7RS4 52 (1,000 eggs/plant)S 5 F
3t 6 & Q0] o 9l E —3‘% A ASFAL Ferris 5(2012)2] ol ma} erioglaucine
disodium £<4(0.1 mg/L)el 3083t FA st A= ”r% TE AR T3 3
BEe A7l wet sTHAZ Uro] 0= 2A gl 1=1~10%2] ol dide] Ay EH
HI) A&7t A0 A2 Syt A, 2=11~30% —rﬂ"ﬂ wigo] A Hw Bit) F=7t H
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WA &, 3=31~60% Fejoll Wido] 2 Hm vt =Tt F, 4=61% o] By Wi
o] A =™ vt A=} w9 FO2 FIFSFATHKIm et al., 2012). 2T F 10 HHES
2 23] §hEste] 33k

3. Malondialdehyde (MDA) =3

TR A E HFol o3 20| A=A A& FE=E HIIsty] fleko, e
2% (1,000 eggs/plant)S HF S 2417 & Neobacillus sp. JC05 FZE(100 pg/ml)= I+
FAYSFAT 257 F Qo] AEA Y J& WED st 2 EA Axe] A 4= (lipid
oxidation)Z malondialdehyde (MDA) $F3 2 2 =7%3}% ). MDA+ Dhindsa 5(1981)2] "
of wel FA3Foem, A ZF(100 mg)S 0.1% (w/v)2] trichloroacetic acid (TCA) & 500
plE 22 % 13,000 rpm, 4C oA 102 &<t A2 8tA . A5 200 pli= 20% TCAC
0.5% 2-thiobarbituric acid (TBA)E %2 & 600 plat £33+ F 90T oA 30& &< v
ST Mee dgo 5E Bk P I FEAZOH, F3BE(450, 532, 600 nm)S A
¥ Bao 5(2009)2] Rl w2k MDAE Al4tsEAth A2l 3 5 HbEo= 23] s3skitt.

o
=
Al

MDA content (nM/g) = 6.45 x (As3z - Agoo) - 0.56 % Aysp x volume (L) /
fresh weight (g) x 1,000 (1

4 NgY A4 B 447

T

Ris

)

Neobacillus sp. JC05 FZE3 D7V ZAAF & HJZFo o3 o] AEAHY W
A A &2 ofg A Wdste=A] Brlshr] sk, IC05 FEES Hit
o]-&3ted 100 pg/ml =2 343t FHlEATE 2573 53 Qo] AT rHEe S
(1,000 eggs/plant)S FF3FaL 2AIZF Fof] A g4 F 554 control (%TET—)F) JCos

(100 pg/ml), fosthiazate 5% GR (positive control)S #5334 ch HE 79 & 29] (100

2)2 MEY3ta, A F s Be T A AR 80C oA RAsAY. 7 AL 23] vt
B 24519 AEHE Q0] U8 93k 3 easy-spin™ Total RNA Extraction Kit (iNtRON

Biotechnology, Korea)2 AR8-3}o] RNAE £2]3}Hth RNAE nano dropS AHE3Fe] 0.4 ug
Z %3k 3 PrimeScript RT Master Mix (TaKaRa, Japan)E AM&-3l4] complementary DNA
(cDNA)S AR Ao ARE3H primer set Table 13} ZTh Quantitative real-time

polymerase chain reaction (QPCR)< 93ll, CFX96 Real- time PCR Detection system (Bio-Rad,

USA)E AHE3FA T gPCRE 95T ol A 103, 40 HFE-2] 95C ol A 15%, 58TC ollA 2023+ &
72CAA 182E FHAS FHE TH3AT csUBQ FAAE 13} 3t ©l ARSI S

e o
Mo ol mlm oZ:

=
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o, AtA B AEZE AAS7] k] 224 method (Livak and Schmittgen, 2001)S A&
ShATt.

Table 1. Primer sets of defense-related genes of cucumber plants

Gene Primers Primer sequence References

csPRI-F 5’-TGCTCAACAATATGCGAACC-3’
PRI Pu et al., 2014
csPRI-R 5’-TCATCCACCCACAACTGAAC-3’

csPAL-F 5’-ATGGAGGCAACTTCCAA-3’
PAL Shoresh et al., 2005
csPAL-R 5’-CCATGGCAATCTAGGACCT-3’

csLOX-F 5’-AAGGTTTGCCTGTCCCAAGA-3’
LOX Shoresh et al., 2005
csLOX-R 5’-TGAGTACTGGATTAACTCCCAGCCAA-3’

csCHIT-F 5’-TGGTCACTGCAACCCTGACA-3’
CHIT Shoresh et al., 2005
¢csCHIT-R 5’-AGTGGCCTGGAATCCGACT-3’

csGLU-F 5’-TCAATTATCAAAACTTGTTCGATGC-3’
GLU Shoresh et al., 2005
csGLU-R 5’-AACCGGTCTCGGATACAACAAC-3’

csUBQ-F 5’-GGTGCCAAGAAGCGTAAGAA-3’
UBQ Yang et al., 2012
csUBR-R 5’-CACCAGCTTTGTTGTAAACGT-3’

Neobacillus sp. JC05¢] F==3 A7FvHe|SAdFo & #F AP 25 F 0] A=A
AS AMEHS, HAH o2 B AA9f #HS PAsase) &4 ¥IE SHAT
Catalase (CAT) A43& =H3t7] f3ll, 20 & =& 1 g& 5 ml9 cold buffer (50 mM
potassium phosphate, | mM EDTA, pH 7.0)oll 21 w33k 3 12,000 rpm, 4C ol A 15& &<
LA R 8t 5SS Ao catalase assay kit (Cayman Chemical Company, USA)2] o]l
w2} 45T Superoxide dismutase (SOD) 45 Z4317] 918l 2 =& 1 goll 5 mlY
cold buffer (20 mM HEPES®} 1 mM EGTA &< (pH 7.2), mannitol 210 mM, sucrose 70 mM)
< 93 vpfgk = 12,000 rpm, 4C oA 157 52 AR s A Ao superoxide
dismutase assay kit (Cayman Chemical Company, USA)Z 27 3}% ). Peroxidase$} glutathione
peroxidase= Z+Z} peroxidase assay kit (Abcam, USA)3} glutathione peroxidase assay kit
(Cayman Chemical Company, USA)2] W ol we} Sttt e+ & 5 sHEo= 23]
Tttt
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6. E%F a4 34

N

%

Neobacillus sp. JCO5 FZ&3 7R SAZFe] & HF 67 & 2H EXS HEE
st EQF G4 4o WslE HU1etAth % £ FDA hydrolase (FDAse) &4
o 60 mM2] sodium phosphate (pH 7.6)°l FDAE &3 % 24TC, 160rpmoll Al 60
& w3t T FDAS] 71838l = acetone2 HFFE 50% (Vv)E st a1, A oqlﬂrx]
No2& EdS Zejd ¥ 490 nmolA FFEE A3 EY FelobA £/9-2 Kandeler
2} Gerber (1988)2] WH o2 =A3lHom, EF (1 g)ol 0.72 M urea & 0.5 ml3} borate
buffer (pH 10.0) 4 ml= 231 37°C Al A 2A1ZF &<F Bl FgE & 1 N KClell 0.01 N HCl& &3
AT A oJFHA] No2Z o33+ &4 Na Salicylate 2283} 0.1% Na dichlorisocyanurate
S TG & 25T oA 302 &<t iR ¥ 690 nmoll A FFEE SAHS AT FHEof
A AL NHCIE FHFsPTh B Q4 7183} 84342 Tabatabai®t Bremner (1969)2]
W o2 ZHsom, EoK(1 g)2 modified universal buffer (pH 6.5), =513} p-nitrophenyl
phosphate solution®} &3}gH &, 37C, 160rpmeol A 1AIZF <k ¥iFs & 1 ml®] 05 M
calcium chloride®} 4 ml€] 0.5 M sodium hydroxide= H7}8t) o] % HA o342 No2ZE
EdEAES dHFE F 400 nmolA] FFEE 543921, pnitrophenol = A TF3FATH A
g 5 2o 2 23] I
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—
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7. Neobacillus sp. JC052] 44 £4

Next-Generation Sequencing (NGS)2 7|HF .2 Neobacillus sp. JC052] AA FAAE &
SHE T} vt Z Ao A Tllumina Hiseq@} PacBio RSITE AF&3le] A F-3Ae AlEA

=33} T}, Hierarchical genome assembly process (HGAP, ver. 10.0)2 AF-&-3}<] assemblyS

TR, FAA] GHE a5t FrAkel tRNA, rRNA S| annotation= NCBI prokaryotic
genome annotation pipeline (PGAP, ver. 6.0)2 AF-g3lo] 433t}

t oo 1%

8. EAEA

B A EA]LS Statistical Analysis System (SAS) (version 9.4, SAS Institute Inc., Cary, NC)Z
AREBE o, BE AL 23] whEste] sty Ad IF B4k 7 UA S Leven’s test
£ St I3 F HolHE E%sIA SN, ANOVA &4 F HAFA A (least
significant difference; LSD, P<0.05)= 3}t
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m. Z= « &
1. Neobacillus sp. JCO5oll 9]3 1 ujiig] &A% A &3}

Neobacillus sp. JC05 FE&° &3 g SAF] dd A4S JASs 24E
Brrsk7] 98l 2 E AYQ-E 93 A3, Neobacillus sp. 1C05 F=E5 *2]3S @ control
of wlal el 7F A S| Fadtes Ae Qe th(Table 2). 3 g o] F=9f 7]
S H7s 23, control " Neobacillus sp. JC05 FZES A2 w 1.30,
fosthiazate 5% GR-Z 1.002.E, JC05 F=E2 20| 2&A4 HeoA APE e A=}

A71E A ZAaA7IE E37F JAATKTable 2). AT PHEE S50l 93 Qo] 2E4 9
& AEE Hrlslr] Yste] Az Ao A3l A= E MDAS Eal =439t} Neobacillus
sp. IC05 FZ&, fosthiazate 5% GRS A 2]T 7%, MDA §H&°] controloll 4] 6.81£1.76 nM/g
Y W] Neobacillus sp. JCO5 FEFN A= 4.5542.26 nM/g= 2] 3HA] 7443 T}, Fosthiazate
5% GR2] 7% 6.4£1.37 nM/g= control?} B3} Fo3HA] H438HA] = EUTHFig. 1). ©I
9} FAFSE A} Z El-beltage 5(2012)= A7 rHEE] S F0) Zdd EntEs XAFol 74
=R ¥ A=l Blal MDA el 4d3d] S7kshe 21S gl on, f7]s HE
A2 3l-2 ® controlol ®lE} MDA &&Fol folstAl Zastal, ASAE AMSH nemacur-4
73§ shootol| M= BAIHSZE 2|7} F1o.H, rootoll A= —Fl«] 2ol & B ATkl A A8
o & Aol s a1 SAE Aol o3 AAA] 4ke ~Ed 2o gk ¥h-g-S

O
O’\
(9]
rO

wEsr] flal ddor AP wjFol fosthiazate 5% GROIA &= Zfo]7} fINE Ao = A
Ad< 4

ZrAt}, WA, Neobacillus sp. 1C05 FE=S Aoz T nfEg] a5
A o] 2EA A8} 2E#H A7} A4S HAoE ALRHTE

Table 2. Number of egg masses of Meloidogyne incognita and disease severity in
cucumber plants

Treatments Number of egg mass/plant Disease severity (0-4)
Control 8120 + 3.52 a” 265 £ 0.15 a
JCO5 46.70 £ 2.59 b 130 £ 0.11 b

Fosthiazate 7.85 £ 0.90 ¢ 1.00 = 0.10 ¢

* Mean + standard error (n=20); the letter means significant differences based on LSD at P <0.05.
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Fig. 1. Effect of Neobacillus sp. JCO5-extract on malondialdehyde (MDA) content in RKN-
inoculated cucumber plants. Small letters indicated statistical difference by LSD at
P<0.05 and error bars mean=standard error.

G R e 5 e i 0 )

L0] A &0l Neobacillus sp. JC05 F=E3 IR SHF HE 79 & ¥ A3 @
4 FAA F CHITS LOX2) %}64 ol didez iz v @A F7FsHA AL, PAL,
£-1,3 glucanase, PRI SRR = #2|3 2po]E Holx] k9t th(Fig. 2). oA o] AFolA
ERYUA 5 BL njiE9) %:%—% AZE B34S zZh= ZoE 818 S H(Samaliev et al.,
2000), °] & VAES AFS FY F JE F4Y JHgEE &4, oA uAMES S
S 2H Tt 718 Tl AdFE Fole AR dHRth AF 9 egg shell2 FE chitin
02 o]Fo]A Yt chitin® £S5l chitinases= A5S Fol=dH £23 22lo=z g
S TH(Yang et al., 2013). WekA, Neobacillus sp. JC05 FZEE % A EA7F 2R S d
9 %1"‘ S RHE ~2x2E BB 98 W] 712 Tl AFY 8 74 AES Ea&lst

FrAA B ST O ZA, a2 =
AoZ AZATE 3, LOX A= lipoxygenaseS AT 3HH, 2] &2
A es 2Hea, A Ee AEA MAEY 2Ed 2 gt M8 Bl Q)
2 THAkram et al., 2008; Song et al., 2016). 3-8, LOX FAAE= 2 &2 ~EF
2o g Rk o2 Wyo] FHE I, AE A JAY FEE F7HAZITHMelan et al.,
1993). LOX F3A= JA AEAE AEANA A HA &4 9S8, gsdite=27H JA
=2 AT B o] 9JthShoresh et al., 2005). LOX A M3 S =2 FAAZ of
71 ol A= JAS] Aol AastE ASE & w(Bell et al., 1995), LOX A= JA A

%l

(<3
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Gl drHolgtar 3
gl s o] ¥kE-E Sk B9 dojue A H 9 perox1dat10n°ﬂ
=0, o= Neobacillus sp. JC05 FE=E< A ds o F4istasr &4 5 POD7| F7138)
= 23 #eo] 9L F= AUtkFig 3). AF HE 14¥ T POD A4S =HFS 1 control
ol A 69.09+5.56 mM/min/mg®] A3 Neobacillus sp. JC05 FE&3 fosthiazate 5% GROIA Z+
Z} 165.59+24.90 mM/min/mg, 48.62+7.28 mM/min/mg=, Neobacillus sp. JC05 FEES A7
& o 53] POD &4 o] dA3] F7H3| }%E}(Flg 3) POD &4 9] F7t= AdZol tist A%
A= #AHo] 9=, Chandrawat 5(2020)2 A% HF 10¥ Fo| POD &4 SIS
] AP BEvtE FFo] AR AEAET s8] F7kske Ag #EEA T POD 4ol b
& CATS} SOD, GPx &2 thx7¢ FAASE A3l 2po]E Hol|x| 43UTh(Fig. 3)
wEkA, Neobacillus sp. JC05 FZE-2 peroxidation®} ##HS F-Hx HH 7} g4ks)
S HH o7 FIIA7)a, o] & QlEte] I uHRE ST 9% A E Fole=

A7t oledx o] el o] AFolA] SASE JAE HE] ST ﬂif& 21 &9
A z2-d Fodta EdHA d=d(Molinari 5, 2014; Fan 5, 2015),
Bhattarai “5(2008)9] - A2} FAFSHA SA9H o] A= PR13} PAL Trxaz},]
< fro]AQl Aozt fIATHFig. 2).
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16 160
a
5 1 (D) Glu S 140 (E) LOX
E 12 2 i
w120
E ]
0 % 100
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@
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Fig. 2. Relative gene expression in leaves of RKN-inoculated cucumber plants. (A): PRI
(pathogenesis-related protein 1), (B): PAL (encoding phenylalanine ammonia lyase),
(C): CHIT (chitinase), (D): Glu (-1,3-glucanase), (E): LOX (lipoxygenase). Small
letters indicated statistical difference by LSD at P<0.05 and error bars mean
standard error.
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Fig. 3. Antioxidant enzyme activities in RKN-inoculated cucumber plants. A: catalase
(CAT); B: superoxide dismutase (SOD); C: peroxidase (POD); D: glutathione
peroxidase (GPx) of antioxidant enzyme activity. Error bars represent standard
errors. Small letters indicate significant differences based on LSD test (P<0.05).

3. E% 54 34

Neobacillus sp. 1C05 FZ=°| ZH& A%} Aol
Aol AZE AMEEE=(Karaka et al, 2010) FDAse®} acid

BHE] sl B AHA

phosphatase, urease2] E%F
o] Neobacillus sp. JCO5

a2
3%
FEEAA 2] FehE

A%
=
=

o
e

s 1= 1o

B a3l vA = %=

243} H T} FDAse2] 42 controldll A 3.52+0.66Y
4} fosthiazate 5% GROIAl 242} 4.18+0.67, 3.31+0.33 = JCO5
AL FRI5HH A (Fig. 4)
- control# Ml st fro] Q1 Zpol7} flAThFig. 4).

acid phosphatase<} urease®| 73
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Neobacillus sp. JC05 FZEES A
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= £z = a
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Control

Jcos
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Fosthiazate

Fig. 4. Effects of Neobacillus sp. JC05-extract on soil enzyme activities in RKN-inoculated
cucumber plants. A: fluorescein diacetate hydrolase (FDAse); B: acid phosphatase:;
C: urease. Bars represent standard errors. Small letters indicate significant
differences based on LSD test (P<0.05).

4. Neobacillus sp. JC05 4] 24

Tl FAA LS getste] nuHEE] S
Z A 714-& olalst At FAA A4S AABHATE Neobacillus sp. JC05 A 4] ]
Zo]= 6,255,529 bp, 393 % G+Ci#k<= 7HAIH, F 5904709 FHAE 7HA AL o, 4
Ao FAAL 5689712 @ 4sst FHALL 146709] transfer RNA, 60702] ribosomal
RNA, 18]3L 9702 non-coding RNAS] FH A2 T4 = A THTable 3). Neobacillus sp. JCO5
o] FAAtell = AAASEA N HHE oy FAATE £FE ] A=, egg shell —.—oH = Xl
A5E Fo]al cuticleS 7}5E-3)| 3= chtinase (locus tag, L1999 25875)Z of|d=+= F3 A}
o} cuticle?t #HT @A S Fafste] MFS Fol=tl 8% =8-S F+ serine protease

(locus tag, L1999 26240)5 7FA2L A& A& FASFITHYang et al.,2013; Geng et al., 2016).

Neobacillus sp. JC052] A A71MEE

Table 3. Genome features of Neobacillus sp. JCO5

Genome features Chromosome
Genome size (bp) 6,255,529
G+C content (%) 39.3
Genes (total) 5,904
Protein coding genes (CDSs) 5,689
tRNAs 146
rRNAs 60
ncRNAs 9
GeneBank accession No. CP091110
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