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Abstract One of the main causes of decline in production and quality of apples has been the increased frequency and
scale of fungal diseases due to recurrent rainfall and abnormal temperatures, which are signs of climate change. In our
study, we identified the field efficacy of a soil-borne Bacillus velezensis MWS28 strain to control apple Marssonia
blotch (brown spot disease) and Anthracnose. Ed-highlight-In the rest of the abstract, this is referred to as brown spot
disease. The nomenclature must be consistent throughout the manuscript. We elucidated the mechanism of fungicidal
action by analyzing the gene expression of the apple tree’s defense system. On the 10th day after the trees were sprayed
with MWS28, brown spot disease was controlled by 67% and anthracnose was controlled by 69.1%. On the 40th day,
brown spot disease was controlled by 59.4% and anthracnose was controlled by 49%. There was a significant increase
in the expression of antioxidant-related genes AKR and CAT, disease resistance-related genes PR1, PR2, PR5, and PRS,
and defense signal regulating transcription factors WRKY1, WRKY33, and WRKY70 in the trees treated with MWS28
compared to those of the control (no treatment) group. In particular, AKR expression was significantly induced 5 to 250
times and those of the CAT genes were significantly induced 17 500 to 100 000 times. The expression of the PR1, PR2,
PRS, and PRS8 genes increased 7 to 45 times. Our results suggest that MWS28 treatment rapidly and significantly
activates antioxidant responses and defense mechanisms related to disease resistance. Our results suggest a complex
mechanism in which the antimicrobial substances produced by the MWS28 strain directly inhibit pathogens and activate
induced systemic resistance, which is an intrinsic defense system of the apple tree. We can conclude that the MWS28
strain is a potential, valuable bioresource that could contribute to reducing the use of chemical pesticides, managing
pesticide resistance problems, and establishing a sustainable apple production system. Ed-highlight-The word
‘significantly’ has been used without providing statistical data to support the conclusions.

Keywords: Apples, Bacillus velezensis MWS28 strain, Climate change, Induced systemic resistance, Intrinsic
defense system, Pathogen inhibition
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TENEA Biaro] = Al MAske Hale of 41
%o @3} (National Institute of Horticultural and Herbal
Sciences, 2023), ©] & ZAWFX " (Marssonina coronariae),
EEA M (Colletotrichum  spp.), A5-12-2H (Botryosphaeria
dothidea), 7SS9 (4lternaria mali) 52 A2t 2 A
F9 Aste] 78 dloz dHA Q). ol Wa A2l
A7 T2 31 A ol & ko, Y Al
oo HHE A2 W] ofA| AP S frdate] WA
T2 HA 72AZICH(Varah et al., 2020). AAZ Al
AT (Venturia inaequalis)®] 735~ E] LIR|0]E
e 5 ohdet Aol tigk Aol BaE uk vt
(Chapman et al., 2011). B=gh, FoFe] Zr} AR EY 2
T4 A, VA W T sG] A Y vA
Woolue}, 7Y FHEok A|Rke] AF Qb tig
£ U771 Stk olgfgt FAIES A& 7hse 59
AEAIE 58kl g HARE Aslof sivhe A4
Q79 A45ETHCobos AGZ et al., 2024).

ole] we} 83} Foke] ELE FolHA HIlE a4
o2 A 5 Je torez AYESHA WA A (Biocontrol
Agents, BCAs)®] &-&-0] F51 Qlt},

A= Al Adan e HE 55 oldste] |
a1Fo DEE AAA FallaE olstE AAlshe 218 A
A7 le R, $gzlstA ol S| gt ebdge] Erhe
Aro] qirt. 53] 2= oyt o Wl AAlsim AExt
SAsE R, & AERAEXITAAF(Plant Growth-
Promoting Rhizobacteria, PGPR)> ¥ WA|¥5t ofuz}
2GS FXeke 5 SR 7S TR o] 2 &
7}217} w9~ =A] 87} th(Chandran H et al., 2021).

thet AR AE FAME Bacillus & A2 A&
WAAIR 7P Sds] ATE AL U R deEE 15 5
sholt}, o]&2 geotst M= UK A (endospore)
£ g5t A7 AES 5 o] AASE E FEel fE
o, theFek thA S Bal e W wA a9E e
Wtk (Ramirez-Pool JA et al., 2024).

< B8 AHS B3N Bacillus amyloliquefaciens®]
319 ZEolr S5HE o= S Bacillus velezensis=
E3] tths3t T8 o2 FE ) B velezensises 54
g @l 71odshe Al7HA] =8 28712k 7HA| AL Sl

AR, 21549 2 2H8-(Direct Antagonism)®]Tt}. B.
velezensis= ©| (iturin), A1 2 € (surfactin), HA1A (fengycin)=t
e 7iEst R B3 ERe] = (lipopeptide)t BHEE]
Al(bacilysin), TIFAH(difficidinyz 2 ZjAgo|=
(polyketide) 5 TF¥st ) B2 AAksi). olet &4
= WA FEolY] AEeE A stAY S oA st
AHH o2 WS AodtHRomeo et al., 2007). T3 7]El

-3l & 4x(chitinase)9} 2 F7HE3 &4 (glucanase) & Al 229

P 4

i

I EAE HH|sto] WA Al
al., 2025).

S, F=241484 (Induced Systemic Resistance, ISR)]
GAstoltt. B. velezensis7t 21E2] By ol A2 sid,
AEL o] HYYA AER Qs HIAAIE v
A3t AI7)AL, AA o] AP o oS AlGeta 7
gk Woukg-S FEgit) o] FFoA Aeldik(Salicylic
acid, SA) ¥ A2 D@l (Jasmonic acid/Ethylene, JA/ET)
AsHe =27 eAsiEn, Hdd A8 ©hZ (Pathogenesis-
Related, PR)2| Aol SR} o] s vk &4 A
Aol AA yepbe AAA AAdE st BHLAT W
Lol gt WogS o] (Samaniego-Gamez et al.,
2023, Ryu, 2010, Yoo and Sang, 2017).

AA, 21 & A2 (Plant Growth Promotion, PGP) 7|5
o|t}. B. velezensise <21 (auxin) A4, B84 <14k 71
3}, Afo] =2 Z0](siderophore) At 55 S8l A&e]
T8 SN AEE SXITH(Yeo et al., 2009, Kang
et al, 2012). o] 953 =S ol et e &F
AER= ) o] 7Kl ¥ WA E3E % o]ofXIth(Zhong
et al., 2024). 22} Al Au) 717 Soll 2AYshes F2 3
sl thet 242 A 2o 2 714 de 5%
22l Az MES ] stE FA e &
T obF m &3 Aol

2 AT olglgh ShE A, A FeAel 7nlele], gt
AdsES 7 Ao=Z U Bacillus velezensis MWS28
#7013 MWS28)E o|-8-atod Atztaluol] glof WAsl=
T8 Walle] AEARl ZA Al 71estarzt skt olE
sl Abh el =8 o Walel 2 s I Wl
A ek MWS289] WAl aE HPAE B EY
HFAE B3l AP R HUery. g MWS289]
ARS] WA A ey 7| 2kS gdsteleAlE sl S8,
GAakst Al2dl, PR ©A, aE] 3 WHojAls dexdllzt
%l WRKY ZARIZF #4 f3754] dds ZAE
H oA A sk

F

HS EAZIT(in et

1ok

>

ERTS
Bacillus velezensis MWS28 Hl ¥

MWS28(Accession No. MK208682) a5+ AJ&°] ¢
o Ty 28] Bl Eelste] Wt A A7t
Vg 5 455 ALtk (Jin et al., 2018). MWS28
#FE Tryptic Soy Broth (TSB; Difco, USA) HIAI S Al&
3tad 30°C, 150 rpm =712 ZI&- wj<r|ol|lA 48217+ &<t
HiFslaAnt. vl & #Al= 94E2](8,000 pm, 10 min)E F
3l 3|Fsision, 1Mk H4(PBS, pH 74)E 23] A& st
Aok o dE] T 3-8 (spectrophotometer) S
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0183} 600 nmol|A9] FHFE(ODs0)E 431 F43} el MWS28 &EFA(1 x 10° cfml)S 1008] 345k] 62
AL, 314 3 (dilution plating method)s- 53 &F A2 FERE 10Y o E ARGy AT 48], B
FEE 1.0 % 10° clumlZ 24 ste] Aol AR8-sFth. Al e 73] APk AlE s MWS28 A9A T,

MWS28 #5272 4 S3ieth. F Wl thall A

MWS282 0| &8 Atzt Hall WHSH AHEH g F9 4L, EFHFAE= T 40L A2 o, F
ALt AR A A g A A B e TOHAXYYTH 104 7H4 434 9 2009 (&Hell thst

AN T2 FES YO E Ao, Al WS AT AR A e THER

N 15 R WHES YR wiREth sto] WA g5 H7kekn.

(Table 1). FA = AT HARS st HASS

FH3] Fol wix|E . T3 AT A 9T chaoizof oi& BEX2[0f E MWS289] REMEY

37| flal Wl HE FE|7HA] B Al A e &3 Hm

IOkl A A= Akt AAEIE whsi). FEAGY Wt Al ZAFEHY BAAEY Fdet

HH O 2 MWS28 8l (1 x 10° cfimlyS- 1008 8]431e] 5=

MWS282 0|88+ Atap ZAMaLy ol BN Wr g 40 LA BTSNk SHAIA A= wid 62

Gt e 109 744 4314 A 28lel oL, el e dd A= (2025
Alzh 2RI Ao thEk WA g nE dolry) ), 2 9145(2024-20254), 39 94:(2023-2025) =g

TE T8It 2R Al g 2ARE 2025900 AA

Table 1. Tes field information S50 AEpIAARE 100 744 454 75 20098
Target disease Location Cultivar ~ Tree age ek AR M ES ARSI MWS289] A&
Marssonia Pyeongtaek-si, . Aol mE FEARd 571 adE sl
. Fuji 13~15
blotch Gyeonggi-do

i % o|5t X atM S XK} HFS{ M

Anthracnose gwaseon'g ;19 Fu_]l 9~11 MWSZS I‘I EI 0‘" —l O|_I' x‘l Sco 1T I_.IXI‘ [y |
yeomesr ™ ARS Aol A7t T3 NS AFHs P

Table 2. Primers for amplification of target genes and standard genes

Gene Accession no. Sequence(5°-3°)

F: AGGAGGATCAAGTTGGGTTCTCA
R: GTGGAGAGCGATCATGTCTTCAT

F: CCTGATGCTACCAAGGGTTGTG

AKR XM_008382208.2

APX XM_008387034.2 R: TCCAGATCGCTCCTTGTGGC

caT XM_008350702.2 R CTGGTOGAGAAACTCGOCAR
PRI XM_008372355 3 R CCAGTOCTCATOOCARGGTTTT |
2 XM_008368159.3 R AGGCAAGGTCTATGOTACCAG
pRs XM_029108558.1 R COACAGTCTGCAGTTICACAAG.
PRs XM_ 0083645743 R COCTAGTGGTACTTGCACGG
WRKY XM_008381756.3 K CAGCTOGCTTATCCACCAGTS
WRKY33 NM_001294127.1 R ACAACCATCCTAAGCCTCAGTC
WRKY70 XM 0173317332 R TOTOGTTGGTTOCCATTCGE
— XM 0083916763 F: ACTACAGGTGCACACATCACG

R: TGTCACAACGACTCCTTCATC

F: forward, R: reverse. Primer sequences from Park(2023)
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27004 MWS28 A& (1 x 10° cfu/ml)S 5715 o]&
st AL, ol Aot TLe G| Ears
23Tk A2l F 0, 6, 12, 24, 48, 7227 73 Aol 7}
AR S e R AHF sk AHE AEe SA]
WA ALrg F& sk, B4 A7 80°C 2AL Y
Fol BaAEh 52 AEe dAdA sl 23l
HAEEE THE F, RNeasy Plant Mini Kit (Qiagen, Germany)
£ AH&ste Total RNAS FZ3I00th. F+5¥ RNAS
NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific,
USA)E ©]83lo] =1=(A260/A280 ratio)e} =5 S5}
Aot =27t 1.8-2.1 M9 RNA A& 1 pgs F32

iScript™ ¢DNA Synthesis Kit (Bio-Rad, USA)E AR8-3}o]
AAAL BRE-S TSI cDNASE FAsIGiTh €
cDNAZ F80 2 3} CFX96 Real-Time PCR Detection
System (Bio-Rad, USA)¥} SsoFast™ EvaGreen® Supermix
(Bio-Rad, USA)E ©l&2l §4 fxixte] wds AF 4
st £ i FAARe FERAA 5L 918 2
o|H = Park et al. (2023)°] #|2Fgt Zefo|HE FHarste] A}
B3} THTable 2). RT-PCR HHg-32712 95°Col|A] 387+ 27|
WA 3, 95°CoIA 10%, 60°ColM 3025 g 712 3}
& 408] WHE FERSIQITE Ak B Fe] dE A
BEFAA Actin® 2 AT F, 2008 o)

o

3 THLivak and Schmittgen, 2001).

-
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il_? (-
AN
ol
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>

M
Agd|olE = 34kE o] ike] Bt + EFUAHSD)E
VERNQIT. A4S SAS 9.4 (SAS Corp.,USA) T2
WS ARGBIGATE EAHAA Dol AT 7 i E B
WA 71 dlolH= E4HEA4(ANOVA)YS: A A% & Duncan
Y5944 (Duncan's Multiple Range Test, DMRT)S 53
P<0.05 FFolA F949S ARSI A wd 4
dolElE 2t AZE A2l dizayte] g EgRjols
Student'st-testS ©]-&3}o] P<0.05 2 P<0.01 FFolA 2|
L& BAEAH

=}

Z1 o p

= =

kd

MWS28E 0|88t Atz ZA2rd gl BN Wi g
PZEs|

BAAYE A3, HFTHAXE T 10283 ZALIA 2
FH9 6.7%, AW 5.0% 2t 2+t 67.0%, 69.1%2]
HAERE Bow FAT thH] felide] vERsTh
(Table 3, Table 4, Fig. 1, Fig. 2). ©]% A|7Fo] 7Z3}3to)| ule}
40U Aol ZANEL 358%, BEAW 39.8%E HIAIT, B
Aol AL 30zl % 52.9%2] WA EZHE FAIS] H
NEHAA E5-23 55 7l A UY] 50% olds

Table 3. Incidence rate of Marssonia blotch on apples treated
with MWS28 prototype

Incidence rate of diseased leaves (%)

Treatment
10 days” 20days 30days 40 days
MWS28 soil drench 12.76Y  13.7b 14.5b 15.3¢
MWS28 spray 6.7c 10.2¢ 173b  24.2b
Control 20.3a 22.7a 30.7a 37.7a

“Days after the last treatment
®Values followed by the same letter were not significantly different
(p=0.05) according to Ducan’s multiple range test (DMRT)

Table 4. Incidence rate of Anthracnose on apples treated with
MWS28 prototype

Incidence rate of diseased leaves (%)
10 days® 20days 30days 40 days
MWS28 soil drench 9.7% 14.8 16.3 20.5

MWS28 spray 5.0 9.5 15.2 242
Control 16.2 24.8 323 402

Treatment

“Days after the last treatment
YValues followed by the same letter were not significantly different
(p=0.05) according to Ducan’s multiple range test (DMRT)

—— MWS28 soil drench

™ —=— MWS28 spray

Control efficacy(%)

10days 20days 30days 40days
Days after the last treatment

Fig. 1. Control efficacy against Marssonia blotch evaluated
four times at 10-day intervals.

80
—— MWS28 soil drench

69.1 =— MWS28 spray

=
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Y
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Control efficacy(%)
z'i
/
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N
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IS
S
|

10days 20days 30days 40days

Days after the last treatment

Fig. 2. Control efficacy against Anthracnose evaluated four
times at 10-day intervals after treatment.

FE39h MWS28 A9A12) A Aste] Golut 4 ¥
CEEECEEEICRDEE PR SR
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o= eyttt o2t Adks AR A7, 2= dY
9, 2 A7, 3 @Al WAl 83E Uitk
B9l X3 tH(Jin et al., 2018, Lee et al., 2012, Lee et
al., 2016, Park et al., 2018). T}¢+ n|AE7]8F HAA| = &
FE, AT, g 5 a9 FES wol A A&
Al ofg WEAo] EAlste ZoE duA om(Kim,
2007; Torres-Rodriguez et al., 2022), ¥ A= 2z
T AlZko] A3t weh Al gt ks A Ee] gkl
= AT},

MWS28 ZFA A, HFAXE] & 10¢83F 2 FHH
37.4%, ©AY 40.1%2 FAE T o] folAde Ao
el A8 WA R AR ole TR 9 el
o}, ek AR o] 749 309R} 52.8%, 4093F 59.4%°]
WA EIE BHAoH, ol FAE A A EC] wWEA
Z7¥ek v vjal] A Folxe F7HEo] ol i<l WA
T3 AR Ao R ke

MWS289] A=W WAl Gk T7|%o] opd off v
AUgoe] HHoz A8st AR A ==, ol AA
AR AGAes FEHAATY SRS 53 A
WAlRhs 7 7 o2 AW e 4 vk MWS280] Aiksh=
A BX% A3 Iturin Surfactine] 1= =], o]
st FEfEllE AYE JAEAES FFol9] MEHE
ALY o 585 HSAA AZAMES frEdhe A
© 7 A#A tHTao et al., 2024). Kim et al.(2021} MWS28
I 7+ AE e B. velezensis AK-0F9 AlEEs A3,
el 22t AR AP EHSEE IRISKASH, Park
et al. (2024) B. velezensis GYUN-1190 #37} AAtsh=
A F718eHE (VOCs) vl odztalo] ALl ghx g+
(Colletotrichum fructicola)®] TAH37d3} ZApdols g3
Aoz AASa B st B3k, Rashid et al. (2017) B.
velezensis?} biofilm 4 2 Surfactin 44 52 E3 B

O:

oo

=
ASSHE WS oAtk nae v 9ok,

[S =1
o] et Ae oz Al WAlY €8 F e
AAES 7SS HoET. AdAge Bdo] 2
Yohe A3t I FH AR AEote] S aHE
7S 5 dom, A% HE)o] Ag3tete] A& A9
AP A&H 0T Frslal B Ul Wdd 9=E oA
sk A7149 a3E 7H4E 4 AUrh(Podile and Kishore,
2006). o= AMlE 2 B 2R ool meE v T Y

ki
-
_‘

sHOll THSt Bacillus velezensis MWS28

4
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orx2le] a2 Mebd REA e

r
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0] —om A: It year == B: 2nd year —i— C: 3rd year

Control efficacy(%)
w
3

IS
3

30 T T
10days 20days 30days 40days

Days after the last treatment

Fig. 3. Control efficacy of the prototype product applied as a
single-year(A), two-year(B) and three-year(C) consecutive
treatment.

BHATZ QL (KW E AFXHD|of 2 MWS282] REXEHM
H

MWS28¢] A& A a3E ERla|
A&, 39 AE AFA T 2R dHES HlaL
AThFig. 3). AFTHAAE T 1043} ZAIA 2d & 33
A Aol Al Eds SdE ATFRY 154%, 13.8%
E9kTh 2082 ZAIME THA® A7} 30.8%2] WA
a3 B2l v, 2d o 3d A% AETE 515% Ee
WA RS Bt 299 Aot 3dAE A7k Al
7he zte|7F HolA] gttt ole|gk AR Kol MWS28°]
UAH o7 AHG-3 Zlo] of g}t Aol ofa ol ¢F
dHow ARshas ARl HAEIN, 2 g3t
all7kA] A &Eo] dde X2lRoh WAl a7 wEA|
UeRt 2102 AlsE, gt oz B f9E Aav]
AES 27ldle ER mjAlEFAe] A 87 2EH A
TO& Qlst] A=t oHES A=t 2 whEH
O AYmAES At EF W 2xE A4 ¢ St
AZ1AL B 730l sl A-3A171W 4714 e A% Tbs
A5 3 A2 4 AtH(Knights ET AL., 2024, Romano et
al., 2020). 2AZ Bacillus amyloliquefaciens NIN-62 &
¢ Bio 714 BIEE A& 0R AYd AFore 2d
o} A& M Al Alea oA 2T sl
Row, sAlel A W § Al 279 st B
2ATH(Shen et al., 2015; Lin et al., 2016). =3+, A< A2j¥
nAEAA S 2NN e AL, HE A, Bt
AAE wAES] A 57 55 FE EYY AN
(suppressivenessys AxAoz 7tslsh 4 SQIth Lin et
al.(2016)2 9442l bio-organic fertilizer 227} &H Al
O] T P S Eo, W HY FolE o
A 7155 fAske 35Y e vd=E AEAE F4e
tact. gk AgndE e AEAY FEA
4] Al E 7FsAE a1 ok #A

= Q1 W] ¥hgH T =2}
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and Ryu, 2018).

MWS28 X 2|0f st X &M
MWS28 #57} o BA AlhEe] W A S Eole
| I°)

A 2 7125 olsfstr] flal, At AEE A
A FHARHAL, WRKY
AxpIAhe] WS RT-PCRE EA8i%ith. o A3}

SR 2EE A

]_

Z1tH(Verhagen et al.,

) Aelurke w27

F A A AemE

73 go] HarEo] ltk(Song

FHX U

A} W

MWS28 A2 o]5 o] B f1iAe] WHS Adel
ARSI ke Ao e,

MWS28 2] § guks} a4 A

AR AKR(Aldo-

Keto Reductase)?} CAT(Catalase)?] &S A5+ A}
73l wel o] 28
S7FeitH(Fig. 4). 53], AKR 2= A2 £ 12A17H)
o, CAT F32k= 2477171l At

T 2 25 A 3 A7

300

IR _
Uy 8 HO &

*—*’—MWSZB Drench —®—Control
250
c
8
@ 200
e
o
AKR § ™
£
5 100 s
[
4
50 *x
*
o
0 12 24 36 48 60 72
125000
—*—MWS28 Drench —*—Control
.
-5 100000
4 ke
£ 75000
x
CAT .
£ 50000
£ -
@ >k
@ 25000
0 \
12 24 36 48 60 72
2
~—®—MWS28 Drench —*—Control
c
8
w
H
s
APX &
s
5
[
'3

0

0

12

24

36 48 60 72

Az asle AT BAT AFXEA Ha ddge
AKR®| 735 A2 tiu] 2504, CAT«] 35 1078 ©]/ge]
Ko, 2xgo|X A il wHFe Zht T tiH] 5
i, 1750080 = Aol whe o] zto|7F A v
Wtk ksl Ak R EE AEY HFOHJ%?O%W Ely
Aoz A gl g Hastehs a3 71%olth W
;dol ;\] /\1‘:'0 ukﬂ "]E =i zl;gzjo al'ﬂ AR %

LA F(ROS)S ZHA O Atsled], ol W
Buk olUzt A& Aale] A EE &4 = 5 Utk
CAT, APX9} 7+& dmbslass #=38 ROSE A7 38l
MEE Hoshs 98 st MWS28x2]o 23] AKR,
CAT +37e] wdo] MA|F oz Z718E Z1&, 2] 5o] &

7:1;(40] 131—01 H}%oﬂ 1§E% [;H tﬂ-/\gb‘]— 2= o}\_‘j /\}@r AE
g0 g tiHeHEE alo, Hoje] i%*é—% Folal F
494 Zolt Amd AeoR AT + Ak Wby
MWS282 &hitst A|2"lS mle] SASIAT] = 'Zetol R
Age FATL ANET

o] T4

PR(Pathogenesis-Related) T2 4] &0]
Bhx7] 9l Adtske Al W 24 ZFo|tH(Zribi

15 —*-MWS28 SPRAY —*—Control

10

A

0

Relative expression

0 12 24 36 48 60 72

20000
17500
15000
12500
10000
7500 y
5000 * "k
2500 "k

< MWS28 SPRAY  —*—Control

Relative expression

2 —e—MWS28 SPRAY —®—Control

Relative expression
-

. )

0 ==t % 0
0 12 24 36 48 60 72

Fig. 4. Expression of AKR (Aldo-Keto Reductase), CAT (Catalase), and APX (Ascorbate Peroxidase) genes after MWS28 treatment.
Data represent means + SD for three technical replicates. Statistical analysis was performed using one sample Student t-test. Relative
expression levels were normalized to hpi 0. Single stars denote P < 0.05, while double stars denote P < 0.01.
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Fig. 5. Expression of PR1 (Pathogenesis-Related Proteinl), PR2 (B-1,3-Glucanase), PR5 (Thaumatin-like Protein, TLP), PR8
(Chitinase), and PR10 (Ribonuclease-like protein) genes after MWS28 treatment.
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Fig. 6. Expression of WRKY transcription factor genes after MWS28 treatment.
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