Microbiol. Biotechnol. Lett. (2021), 49(1), 111-119 é
http://dx.doi.org/10.48022/mbl.2011.11005
PISSN 1598-642X elSSN 2234-7305 MBL

Microbiology and Biotechnology Letters

A B |ME

OB, Z2E ", UK, 23S LRIKP AKYS? Kixhs '

B A&k vy =kt
2AB Y5ty L gk

Received: November 19, 2020 / Revised: December 4, 2020 / Accepted: December 7, 2020

Complete Genome Sequence and Antimicrobial Activities of Bacillus velezensis MV2 Isolated from a Malva verticillate Leaf
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A bacterial strain isolated from a Malva verticillata leaf was identified as Bacillus velezensis MV2 based on
the 16S rRNA sequencing results. Complete genome sequencing revealed that B. velezensis MV2 possessed a
single 4,191,702-bp contig with 45.57% GC content. Generally, Bacillus spp. are known to produce diverse
antimicrobial compounds including bacteriocins, polyketides, and non-ribosomal peptides. Antimicrobial
compounds in the B. velezensis MV2 were extracted from culture supernatants using hydrophobic interac-
tion chromatography. The crude extracts showed antimicrobial activity against both gram-positive bacte-
ria and gram-negative bacteria; however, they were more effective against gram-positive bacteria. The
extracts also showed antifungal activity against phytopathogenic fungi such as Fusarium fujikuroi and F.
graminearum. In time-kill assays, these antimicrobial compounds showed bactericidal activity against
Bacillus cereus, used as indicator strain. To predict the type of antimicrobial compounds produced by this
strain, we used the antiSMASH algorithm. Forty-seven secondary metabolites were predicted to be synthe-
sized in MV2, and among them, fourteen were identified with a similarity of 80% or more with those previ-
ously identified. Based on the antimicrobial properties, the antimicrobial compounds may be non-
ribosomal peptides or polyketides. These compounds possess the potential to be used as biopesticides in
the food and agricultural industry as an alternative to antibiotics.
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(charcoal rot disease)2 FH3l:= AEH YA ZTHolel
Macrophomina phaseolina®] &S 2A|$HH5]. Novozymeo]]
A T dt= Actinovate= Streptomyces lydicus WYEC
10875 AAE FHspet AFLE 2% 9 Y EokolA
FAAAZA AHEE I SlTH6].

Bacillus%-& PGPR S04 = A8 FHof go] &
St Y= HEAQ] AF L2, ZAE BAikste IH3EA
ojm, A& A%S FUAY &FS S7HIIHL &
A Q& ok of et st FAEL S At AT A
SR AoITH7, 8]. £3] Bacillus subtilis= SAA 9] 4-5%
7F 3 24 AAtel Jolsi (9], I 2 M= IS
o B9 ofy gt IS FFO7HA Wl Wl A
Hog 3§ 7H7 =0t

Bacillus%-&  2007] ©o]49 Fo=2 EFEHET,
amyloliquefaciens, B. methylotrophicus, B. subtilis=
FEAY A7 Fo] 2T B. velezensisZ AlE-F = ATH10].
B. velezensisx= Bl &3] 2A5t T FHELAES
AAts] PGPRY A¥:= 3yt d#HA Utk B
velezensis7t A = Sl FAEDELS A EAE0]
= (polyketide), 2|2 < #HElO] = (ribosomal peptide), H|Z| E
4 3 e} o] = (non-ribosomal peptide, NRP), 3|49tA] 33t &
o] Qlom o]52 7+ £ 9 EA wat g+, FAL, F
Hholgi A 5o adtE Helrh[11]. vt 2 241 2lEE 3
eloj= o] 7 & EZZ, 5 kDaollA] 30 kDa A= Z7|&
7= 13 tjAMEE o | th12]. Fofl thal v et shm A
S A FEEAZA Zgata QoH13]. E AR E=
acyl CoA AFHZHE FAEH= EZZ tetracycline®] o
710 &otm L2 A o2 oL ohFsiri[14]. B EZHEo|=
(lipopeptide)+= NRPO| &3t= SER ofn|leit 18 +
z29t AP LR o|FojZ XAt AME ] L2 E SAlY 27]
2ol =4S vetdo. 23 E4 gl HESTH A
HEAAZ = E2 9 Brevibacterium aureumI} & o2
oY E M= Y E AT 2 Bacillus 4ol A ol A4t
Hoh15]. hF2 A Q) Y EHEoO] =2 = surfactin, iturind}
fengycino] glom M2 2 ZPeto|=of thet FAo] L
&3] Y=L glri16].

229 FEF2 AEH YA nAET 22 9F a9l
AA & 7] g2 AEH LA e A7 S
8] o] Folz| 1L Q. QFAg HA o gt 29 F7te
WA 45 £ tigt A4 o2 Qe fEuAES o8
o AETA A A o g Balo] FobA = FA|oTH17,
18], & AT e £3] A&EH= AEQ oS Malva
verticillata)o| A B2]= B. velezensis MV29] a4 U 3}z
o BAE AL, A% A4 B4 S T INEL S
A5 3ot FARES FAst 23 PAA 249 7t

SV

B.
=)
=
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= LHEAS AAT F 60TCoAA 12417 T
Az dx2 & o d ofS E95 121ToA 1568
7t 19 "WH#3S T Yeast extract Peptone Dextrose
(YPD, BD Difco, USA) gtA Hjx] o] =23}e] 30C ol A
wFstgich. ¢« £2E +379 85 95t 16S rRNA
FAZ G71ME EAEs Y5t HE ZtolH
785F  (5'-GGATTAGATACCCTGGTA-3)¢+ 907R (5'-
CCGTCAATTCMTTTRAGTTT-3)S o]&3sle 971448 A
HE F9l3}9 I (Macrogen, Korea), NCBI (https:/www.ncbi.
nlm.nih.gov/) ¢ BLAST| 4] 7] &9 5EH #5549 4
548 wstol SRAAT ol % olgolH B ZHE
Tryptic Soy Broth (TSB, BD Difco) " Z] o] 37°C oA wljoF
=3l

S84 7142 2R 2 AgeE 2y

B. velezensis MV2 T2 TSBoj| HZ3}1 30T oA 184]
7t o] A} vjoket ¥, QlAamp DNA mini kit (Qiagen, USA)
2 Abgstol A2 AR Wl thek §47] DNAS
ZZ319th 225 DNAQ §HAR A EL PacBio Sequel
system (Pacific Biosciences, USA)S o83 A|HAEH A,
SMRTlink HGAP 4.0 pipeline2 ©]-&3 assembly® i t}.
NCBI®] Prokaryotic Genome Annotation Pipeline ©]-& 3
annotations X 3PstFon, FHA HEE A Z4Est7] 9
3] CGView Server (http:/cgview.ca)Z J|EH A EEX
GC 3 AESS 7 Yelisith A4 7148 F 16S
rRNA A E& 7|9t &2 BLASTE °] &3 A4S &d3
th. NCBI| A 1370 9] Bacillus% #39 43R 47|44
2 29T ARE AAHE 95 MEGA X T80 Clustal

£ o]&3to] A7 ES B E3IH 21, neighbor-joining
G2 FS AHE-SH] 1,0003] BHE bootstrapings &3l Al
$Ro NS BAUSAT. 02 2R SAH JRA
SA=E F2sty] Y3 B. velezensis FZB42, B.
amyloliquefaciens DSM72} B 13} th.

g A 82 NCBI Sequin Z2 13- 0] &3] GenBank
o A&EUL, 5EF accession number= CP059405°]T}.

2 4328 JYELD =255
B. velezensis MV2 ZujFH2 1%=2 AE3F TSB 100 ml
£ 37Co A A A 7] (Stationary phase)o]] =& 3}l= 48A| 7t



&b wuk wjokst ok EujgFH-E 22,000 xg= 167 FF
YAE s o] AFS NS A, 0.45 um pore sizeQ] membrane

filter (SciLab, Korea)Z o]1}5}4ch A5 HL Cg syringe
cartridge Z H(Phenomenex, USA)S ETA|71 F 94% H|
Be2 §2YT AL AN A% JHATS
7| (Eyela, Singapore)& ©|43) 60TIA] 318 %3}
ok AzE AR ZAE =A% H 20 mM Tris-HCI
(pH 8.0) &34 1 mlof] @EsIG L, o] FA FoAd FHE
A 23253 0 4 2L 31T 24 54 A A

2 o

22 dF2RE g2 23559 YA Aol g &
8BS 2AFEEY] A8l FAtdietal w| A E St 2
ol B. cereus, Listeria monocytogenes, Staphylococcus
aureus, Streptococcus iniae, S. parauberis, Burkholderia
glumae, Escherichia coli, Edwardciella tarda, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Vibrio furnissii,
V. alginolyticus, V. mimicus, V. campbellii, V. vulnificus, V.
harveyi, V. parahaemolyticus, V. ordalii, V. fluvialis &
1952 A2 HAASIAT. Vibrio 42 TSBo| NaCl
1% = H713t wj A& AFE3FE L Streptococcus 42 Brain
Heart Infusion (BHI, BD Difco, USA) v} x| &, B. cereus,
E. coli®} B. glumae= Luria-bertani (LB) HjX| & AF3}4
ok 1 99 #3o) A= TSB wixE AHEst4Th AF
8 mm? B3 A3 oJ1}x](Advantec, Japan)S AH&3}
of fa3 g os Asiict. 2 HAA Al Ay
= BFBEAE o183t 600 nmolA SHE FF=7F 1.0
ol B w71A] 7] F, 108 34 H 200 wE top agar (0.5%
agar, 0.6% NaCl) 5 ml} E3Fsto] Z42ko] Al o F¢)
th 30 B¢ 23 H Hia ARAE Y 47 AF
HozHE o 2FEH 10 mgS AT 37T
Al 10A17E Bl QFRE 5 BEE = ASAASY AF S 54
Sk

I+ 24 A

FAEY 22529 FAF BHS 27 98 24
st | RESHIto| BH59 Aspergillus oryzae, A. niger,
Rhizopus oryzae, Fusarium graminearum, F. fujikuroi,
Trichoderma longibrachiatum< Ao 2 AHstTH =
FZ259 557} 1 mg/mlo] T =E F7I5E Potato Dextrose
Agar (PDA, BD Difco, USA) Hj=] o] that Ao] &Ft %]
= cork borer (3.5 mm; Daihan Scientific Co. Ltd., Korea)=Z
014 FF8Ih. o] 28TolA] 404]7F Bt vt &
9 AE HESAH
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Time kill assay

B. velezensis MV27} A AFs= guAEZ] o] zH= ZHg- 7]
2] gjaf] 2AF8H7] Y3l B. cereusE indicatorZ A B3}
AEE APkt LB B A 30 mlefl 600 nmol| A 2] &3
Z7}0.10] EZ=E B. cereus Ao ¥ Y-S FFsHAt. 37C
oA mwyt wjeFstEA FFEE SHSHAL, I Fho] 0.5-
0.6 Helol =2stiS o FBEE 25585 A8t
7+ J7) BEL 0, 12,5, 25, 50, 1007} 200 pg/mlo] HE2
gkt o] & FAEL 2FEES AR &2 B. cereus
o] Aol FA7|o 12 W7 FHEE SAstA AF
T4 Hsts waEstth

ol AR AR B SAAE v

NCBI9| 5£% Genbank 7}9-& 0]€3)] antiSMASH 5.0
(https://antismash. secondarymetabolites.org/#!/start)o] A]
B. velezensis MV2 §-A Ao £A3}+= o]} HARALES] A
A AR SHAES A2 e GcH19],
2ot o8
e 22 2 54

Az Hat gt ob5oll A oryzaeE F7H5IHS W A. oryzae
o] Aol AA H= S FUSHALL, ofLof] EA st A
Aol FAA LR AFE o] o]F 1A iAo vt
T e 4o A 8ES 16S rRNA §-4A 7|5ke.
2 BLAST searchdt 23}, B. velezensis CR-5027} 99.71%,
B. subtilis 168°] 99.72%, B. amyloliquefaciens DSM79]
99.72%9] identityE Zt+= A2 2 UERT AS4E 24
sto] BAS A}, 7]E0] B84 U™ B. velezensisg It T+
EEHATL 9N B. velezensis +55 E¢3 F 13719
Bacillusg =9 A B. velezensis CR-502 #59} E48+4 o
2 7P 2 AT (Fig. 1). whEbA ofgolA 28 e
Bacillus velezensis MV2z8+il H s}t

A% FAA 7148 74

SAA G718 B4 A3, B. velezensis MV2= GC &
ko] 45.57%¢1 4,191,702 bp 7] 9] 17 # €] L(contig)E
7He ALz ZAEUth(Fig. 2). A4 FAZY A=
4,2537]2 el o, o]F 253l G A2} (coding sequence)
9 RNA 429 4= 22t 4,13570 9 11874 2 ey
t}. RNAZ tRNA7} 8670, rRNAS] A< % 277H(5S 97K,
16S 971, 23S 97Y), H]¥ =3} RNA (non-coding RNA)7} 57H
ZA5l= A2 EAET o= FAF #5221 B. velezensis
4 B. amyloliquefaciens®t ¥ 28} of, - frAFSHA Ut
Bt AE & 5 ATh(Table 1).
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19 @B. velezensis MV2

33 62

25

84

B. velezensis M75

15 l— B. velezensis CR-502

——— B. velezensis FZB42

64 | B. velezensisBCRC 17467
| B. velezensis NRRL B-41580

30 — B. subtilis 168

— B. velezensis CAU B946

30 B. velezensis GH1-13

51 | B. velezensis QST713

B. subtilisIAM 12118

- B. amyloliquefaciens DSM7

52 — B. amyloliquefaciens NBRC 15535

—_—
0.0010

B. atrophaeus JCM 9070

Fig. 1. Phylogenetic tree based on 16S rRNA sequences using the Neighbor-Joining method in MEGA X. Bootstrap values
(1,000 replicates) were shown at the branch points. B. velezensis CR-502 (MG846018.1), B. velezensis FZB42 (NC009725.2), B. velezensis
M75 (NZ CP016395.1), B. velezensis BCRC 17467 (EF433407.1), B. velezensis NRRL B-41580 (KY694464.1), B. subtilis 168 (NR102783.1), B.
subtilis IAM 12118 (NR112116.2), B. amyloliquefaciens DSM7 (FN597644.1), B. amyloliquefaciens NBRC 15535 (MK182997.1), B. velezensis
CAU B946 (NC016784.1), B. velezensis GH1-13 (CP019040.1), B. velezensis QST713 (NZ CP025079.1), and B. atrophaeus JCM 9070

(NR024689.1) are compared with B. velezensis MV2.

Table 1. Genome characteristics of B. velezensis MV2 com-
pared with other Bacillus sp.

B. B. B.
Features velezensis velezensis  amyloliquefaciens

MV2 FZB42 DSM7
Size (bp) 4,191,702 3,918,596 3,980,199
G+C content (%) 45.57 46.48 46.08
Replicons One One

chromosome chromosome

Total genes 4,253 3,921 4,102
Predicted No. of CDS 4135 3,799 3,974
Ribosomal RNA 27 29 30
Transfer RNA 86 89 93
other RNA 5 4 5
Pseudogene 104 89 123
GenBank ID CP059405 NC009725 NC014551

http://dx.doi.org/10.48022/mbl.2011.11005
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dF-eAdo A= V. furnissii®t V. alginolyticusol| A 24
o] WEE Tt AWA I Aol et FHEA AAbe 17
S ET I FlA B w2 B4S E3ith(Table 2).
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B Cos

tRNA
H rRNA
[l GC Content
B GC Skew+
B GC Skew-

Fig. 2. Complete genome map of B. velezensis MV2. The image shows (from outside to center): genes on the forward strand, genes
on the reverse strand (coding sequences in blue, tRNAs in orange, rRNAs in red). The GC content is in black with peaks indicating higher
or lower values than the average GC content (peaks out/inside, respectively). The inner circle shows the GC skew. Positive values cor-
respond to green peaks, indicating that the amounts of guanines are enriched in the top strand versus the amount of cytosines in the

bottom strand. Purple peaks represent the opposite.

<1 F. graminearum (A2 23 afat)ol] gt 2+
/o] w8t let. L. lactis7d AAFSHE nisind} 2= Hf
B2 29 Fe dAZ IFFAFAT anrt Qe AL
2 A Arh20, 21]. H E| Aol YA miof
OJ3) ArE = bacillaened| 739 IFSAH T IH G
220 a5 Yet Y Fusarium sp.2} Trichoderma sp.
o= AsBAS vt E¥A ATH22, 23]. Bacillus %
o] AA¥EI= )2 HElo|=9] iturind} fengycine Xanthomonas
campestris Cucurbitae (ZMFEY A1), Rhizoctonia solani
FYFY ST F. graminearum 59 F8 30| ¥
Aol o s A SHE 2= A2 dEfA qioh24,
25]. 24 AN FHEHo] et A EAd
FuBE G 2HE-S 53l B. velezensis MV20J A &
Y GPBAL HHY QA CR 2ESIE o290, B
Al EY HZBE AFY ZEHEo| =R o4 E U

FugEe Fe718 2

FAEEY 28712 gelst7] Y3 Time kill assay 4
-2 A3ttt Indicator 52 B. cereusd] REEES
TR A3 21, 2E 520 tidf B. cereusd] A%

o] Ztaste AL EQIT 4 ATt ol & HiF o R I &
=AY FL7|R2 F& 23N = AadEHE (bactericidal
effect) EAYUE & = UK (Fig. 4). 2FEEY 48 5
= 24 F9A%= 100 ug/mld} 200 ug/mle] =2 A
S SFE7F FE5 FAadtd 1 EAE FHo| #ET

A E3] 200 pg/mle] sEAN= OE F=E AT
g EZS AR &2 B. cereusr7} FA|7]o| =3 o]
T A7 AAE A E Aol FAE ATk 200 ug/mle &
= HYAE AYstae AP 7o) AJ7he] X o]
g} Aol EE= ofAto] BAEQIET, ol A 23
EEY FE7t Wold4E w27 B o|Hd |4
2 FAA YAE 2= 5480 #F9 £dOE &
26], 2F2E2 o8 EZo] TFHUE 71540l 7 o
B 714 AA AAZE 5 T4 A7 2T AL

= Q7.

o gt >

—

o\ YR AR A 710 AN B B
JATAL Hol= XEZEEL B. velezensis MV22] A

/) 3 AAZ AE GO GH RS FIH 29

98 B9 A9 AL AAYNALE AF RO ol Aoy
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Table 2. Antibacterial activity of antimicrobial substance
produced from B. velezensis MV2.

. . Diameter of inhibition zone
Indicator strain

(mm)
Gram positive bacteria
Bacillus cereus 142 +0.7°
Listeria monocytogenes 107 £ 1.1
Staphylococcus aureus NDP
Streptococcus iniae 116 £ 04
Streptococcus parauberis 120+ 04
Gram negative bacteria
Vibrio furnissii 140+33
Vibrio alginolyticus 13.7+25
Vibrio mimicus ND
Vibrio campbellii ND
Vibrio vulnificus ND
Vibrio harveyi ND
Vibrio parahaemolyticus ND
Vibrio ordalii ND
Vibrio fluvialis ND
Burkholderia glumae ND
Escherichia coli DH5a ND
Edwardsiella tarda ND
Klebsiella pneumoniae ND
Pseudomonas aeruginosa ND

Data are mean = standard deviation of at least three replicates.
ND: not detected.

A= B9 %&%Qi AAE . t2he A A4

]/\‘10” BXS &5 AL B. velezensis MV29] SAHAE &

&3t & l*ﬂ%%“h} HAH oA ARRE A A
di2ES o] &3t

—4 dZ& 93| antiSMASH 5.0

Optical density (600 nm)

0 50 100 150 200

Time (min)

Fig. 4. Mode of action of antimicrobial substance produced
from B. velezensis MV 2 strain against B. cereus. The arrow indi-
cates the point at which crude extract was added to the culture.
Error bar indicates standard deviations from three independent
experiments. Untreated control (O); 12.5 pug/ml treatment (®);
25 pug/ml treatment (); 50 pg/ml treatment (M); 100 pg/ml
treatment (2); 200 pg/ml treatment (A).

antiSMASHE 9 E9] &

Fe olxTiAbarR e AFA §

clusters, BGCs)2 EM3lo] o &&= Ay EZO AR
£ AFh JA Ad2RE F 14719 49 F 8 99

N A 47F7 ] o|AHAMIE S Aol dEE G en, I
oA 712 WA e EEET AT 80% o4
2 Y 222 14702 E2lE ¢th(Table 3).

B. velezensis MV2 {4 Woll o]AthAHHE A 4
Z} cluster= non-ribosomal peptide (NRP), polyketide,
NRP siderophore,
translationally modified peptide (RiPP), lipopeptide gene

AARE vz oz JAEZ
Z A} (biosynthetic gene

ribosomally synthesized and post-

D F

Fig. 3. Antifungal activity of antimicrobial substance produced from B. velezensis MV2. (A) A. oryzae, (B) R. oryzae, (C) A. niger, (D)
F. fujikuroi, (E) F. graminearum, (F) T. longibrachiatum. |, Untreated; Il, Treated with crude extract (1 mg/ml).

http://dx.doi.org/10.48022/mbl.2011.11005
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Table 3. Gene clusters involved in the synthesis of secondary metabolites in B. velezensis MV2 using antiSMASH.

Region From To Most similar known cluster Substance Similarity
Region 1 160978 242046 Polyketide + NRP difficidin 86%
Region 2 907772 957290 NRP bacillibactin 100%

NRP paenibactin 100%
NRP:NRP siderophore bacillibactin 100%
RiPP:Head-to-tail cyclized peptide amylocyclicin 100%
Region 3 1480831 1522249 Other bacilysin 100%
Other bacilysin 100%
Region 6 2194765 2259809 NRP:Lipopeptide surfactin 82%
Region 11 3334911 3421250 Polyketide macrolactin 100%
Polyketide macrolactin 100%
Region 12 3690286 3779337 Polyketide + NRP bacillaene 100%
Region 13 3964642 4099723 NRP fengycin 93%
NRP plipastatin 92%
Polyketide + NRP Lipopeptide bacillomycin D 90%
NRP + Polyketide mycosubtilin 100%
NRP + Polyketide iturin 88%
NRP paenilarvins 100%

NRP, Non-ribosomal peptide; RiPP, Ribosomally synthesized and post-translationally modified peptides.

cluster’7} £A|5t= A2 AT o0, o] AR} cluster
= O|RYAMIEZE difficidin, bacillibactin, paenibactin,
amylocyclicin, bacilysin, surfactin, macrolactin, bacillaene,
fengycin, plipastatin, bacillomycin D, mycosubtilin, iturin 2
paenilarvins Ao Tost= A2 FIFH AT

71&9 Aol A antiSMASHE ©]|-&3t o] 3t AbibE A
T FAR clusters 53 & A FrBE SHELS
ghols] ®ag vl Qith. Stincone AFHo| W=, B
velezensis P34 SAA A &= SALZ=7} 75% o] Ar¢l
77}A] &3 (macrolactin, surfactin, fengycin, bacillaene,
bacilysin, difficidin, bacillibactin) % iturin, bacillomycin
3} fengycin®] AA Fu|PEH 4o FA=ATH27]. &
AAe] EAste S A2 2| F+4=2Y §4
2 1239 U, B. velezensis MV2o| A o|&F 147)] 3}n|
AE GHELE 5 AA 24L& Uetdle 222 vgEsE
Hepo| = ALGY gzgetolE 2HY AL 4T 4= 3§l
t}. o] A= £ B. velezensis MV2 #+F7 & =E 33t
chret A Ee] el WA SIa oAEAZAY A 7}
A7 2 Aoz WA gF AY A7E o 32
270) 543 & #5994 484 Wb Sasoler ¢
Aoz gadn, o|F HEoz B3 AFL o|8T S48
A EAZA Y] B 7HeA E The Yol HEt A
AA &4 71&e] gt F=7HH Q1 A3 Ay Eojof & A
o2 oA

0]

Ok
—

2 AFIAE 2 A4 4B ofgonE H2e T
S 2ol @ SANAL o BEo] AL FuE
o ZAT A AT $AAES FASNDA Tt
16S rRNA §37F A|d AEE EYE vlugt A3t of&o
A B8 EH #FLE Bacillus velezensis®| 2 H straine
MV2eta P EITh FHA4 47148 B4S S AA
ARERE AT 4 qlslen, 45657% GC FFE 7HA=
4,191,702 bp 7] 2] 17} FE] L(contig)7t ZAIBH= Ao
gl H Uttt B. velezensis MV27}F A R 7] o] AAtst= £3
F Pt o] I a4 EE EYE ol &5y I+
24 29EY HAEE AP A, aFIAAAED T
FAdA 8 g2 JAlFol SRALSUTY 659 FFlE
o] &3 Rt B4 HAEqA = Be Aol sl et A
) BHE HHoeH, E3]| F. fujikuroi?t F. graminearumo|
et FR Ao Wi AsHA UEbth Aol Higk 3
=229 2§ 71Z AL o T FHEd S A4S &
| A 7] = A (bactericidal) EA4& 713 AR F
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£ 7540l I HAF3t.
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