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O E:[88)ERABE N EANF AT E (Bacillus velezensis) XRDO006 & F F A% bk K & 7 F 84
AGRARLEBRRESR, BATARGAERFERRERM T, THRAKRGITANS. [F
% ] @47 F XIS A . XRDO006 5T F AL MK G 0 R E 693061 48 ) . AR EARIP E A RIS IR
KA G B X F E ARG TR E 375 68 ) BT F AR R S R %om . AR KB 5 T R
B XRDO006 49 A& B 245 AE R4 AT A AR K AR ; #) A antiSMASH 2430 XRDO06 44K 24X,
W, At BUK R 5 AT XRD006 F= U 3K A7 3F Je AT B A= A4k FZB42. SQRO X JA] 49 3k £k 4
X B Ao R BRI B K £ 7. AR & 2R A €3 (high performance liquid chromatography,
HPLC)A= /£ %% XRD006 K ANXRM F MA@t FEAREMNEZETERS., [LR] WE XA
B #k XRDO006 3t F K 4% Bk K & 9% & B 12 Hb ) £ 76 (Colletotrichum aenigma). & ¥ % JH &
(Colletotrichum siamense). #] %] /& = i (Botryosphaeria dothidea)#= & £ 4k 71 & (Fusarium fujikuroi)
B E E 5 R A 49.22%. 50.61%. 53.83%F= 58.71%. EMRITEH KK, XRDO06 £ R % Lig
KB R R BRE IR REAK, ERXEE T, XRD006 X8 LF RTINS FEER TR E.

BV A A B A K, IEKAE AL 4 B (peroxidase, POD)A= % By A AL B2 (polyphenol oxidase, PPO)&& &
TAEY R AT, PRI AZ A= S . A A E 4R B R XRDO006 & B 28K 4 371 975 bp, GC A& 4 46.07%,
SEQHAIR 43624, EARINKER. AHEFIPAILAE M ALLRE,; antiSMASH a2 &
XRDO006 4~ A & 9 AF Sdnfe 5 FF K a6 R BB M0 69 % K E 4. B XRD006 5 FZB42 #=

FHIH - L5 A BHE B A 5 8 [CX(21)3038]
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SQRY F% X 2 %W, ZHHK S AR A ERMZHWARK, ERARKGEEfRDERA
E5t. RERBFFHEZ LT, XRD006 7 vA = A AF A& 2 # & (iturin)F= F & & (fengycin) AP fig fk
Rk, WA RIEK, AT Cl3-iturin. Cl4-iturin. Cl5-iturin #= C17-fengycin C, fengycin ¥
7% 49 Cl6-fengycin B 2718 ¥ % JH i (C. siamense) HT12 #9479 B 2 % 4. [46]1 N EM FRATFH
XRDO06 * F EAZ ARG 2 E BA RIF LG ), B&FFEABT.

X AGH,; TRSM; 24AR4; wiRAREF, RERMH

Bacillus velezensis XRD006: genomic characteristics and
biocontrol effects on diseases of postharvest
green walnuts
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1 College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China
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Shandong, China

Abstract: [Objective] To investigate Bacillus velezensis XRD006 in terms of the inhibitory
effects on diseases of postharvest green walnuts, the fresh-keeping effect on green walnuts,
genetic characteristics, secondary metabolites, and antifungal mechanism. [Methods] The
activities of XRD006 against pathogens of postharvest green walnuts were determined by the
inhibition experiments. In vivo fungal inhibition and storage quality experiments were conducted
to investigate the inhibitory effects of the strain on pathogens and the effect of the strain on the
storage quality of postharvest green walnuts. The genomic characteristics and potential
antifungal genes of XRD006 were investigated by whole genome sequencing. The secondary
metabolites of XRD006 were predicted by antiSMASH, and the collinearity and differences of
the secondary metabolite gene clusters between strains XRDO006, FZB42, and SQR9 were
analyzed by comparative genomics. The secondary metabolites of XRD006 were identified by
high performance liquid chromatography (HPLC) and mass spectrometry. The antagonistic
ability of the strain was tested by the oxford cup method. [Results] The inhibition rates of
XRDO006 against Colletotrichum aenigma, Colletotrichum siamense, Botryosphaeria dothidea,
and Fusarium fujikuroi of postharvest green walnuts were 49.22%, 50.61%, 53.83%, and
58.71%, respectively. In vivo antifungal experiments showed that XRDO006 effectively inhibited
the infection and growth of pathogenic fungi on the fruits. The fermentation supernatant of
XRDO006 significantly retarded the weight loss, inhibited the microbial growth, and reduced
changes in peroxidase (POD) and polyphenol oxidase (PPO) activities while maintaining the kernel
quality. The whole genome sequencing showed that the genome of XRD006 was 4 371 975 bp in
length, containing 46.07% GC and 4 362 protein-coding genes (including antifungal and plant
growth-promoting genes such as extracellular hydrolase and biofilm genes). The antiSMASH
predicted that XRD006 had nine known and five unknown gene clusters of secondary
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metabolites. XRD006 was closely related to FZB42 and SQRY, and they shared eight secondary
metabolite gene clusters, which showed varied location and coding genes. XRD006 produced
two families of lipopeptides: iturin and fengycin. Compared with C13-iturin, C14-iturin,
C15-iturin, and Cl7-fengycin C, Cl6-fengycin B of the fengycin family had the strongest
inhibitory effect on C. siamense HT12. [Conclusion] B. velezensis XRD006 has good biocontrol
effects on diseases of postharvest green walnuts and the potential for application in production.

Keywords: biocontrol bacteria; storage quality; whole genome; comparative genomics; secondary

metabolites

Mk (Juglans regia L.)J&# kR Bk 8 Al
Yy, Srh EE A E TR, B EE R A
WFARIIMR . 4i4E %R . | 0 Y A Z S
BIRYIET, BEPiR . brafh . EECIZ R
ThREN 2, T R Az Ak DR L e A ) 1 R o A%
M7 ML HT A 28 B RS R, BT SR SR Je
R B S A A ™ R ) S S A N
L, WL T H A PGk e R R
SR e BB ia AT AL R R O L (BRI
2= 25500 it FH 25 S BOR R 5 e AR 25 5% B
JE B TR 247 1k S ) R Bt A AT T BR PR PR R Y
i v R [l AR Ml S £ JR R 1) S i, i PR £
LA W E WA 25 B IR Ak 4 R I e 3 R R
Wi T B

ZF M R 2 AR 7 TR H R AR A 25 1 B O
PSR AT A B FEZOR R Ho & TR ek
ZE AT R B (Bacillus amyloliquefaciens group)
DUSRH 27 AT 1 (Bacillus velezensisp k)i,
BB Y YRR KRR
S5 2 PR BT b 0 8 S X 4R 55 2% (Penicillium
expansum) . i % B FE A (Botryosphaeria
dothidea) . /X 75 % (Botrytis cinerea)Fil &% 4 1
(Alternaria alternata) H A5 | 1 410 B I 14 AR BT ok o
HTT , Z2 B2 2B AR T 9858 A6 B 1 A3 B
BLT , 43 PR 4 5 AR AT LA v i o) A 7 B P B o
WPACHT= | P 3 I A R AT LA 45 A
B A R U DS 2R AT B LA e A R R

(fengycins) . Ak 518 2 (iturins) . 2 1176 1 K
(surfactins) 55 g JR A1 1 9 J5t 7 A= 5 42 YL Y g
71, HABIKVEFIBLHI 24, WF5ER], fengycins
A DU A R4S ] (Fusarium graminear um)Z
MUY, 59 DNA 254, i DNA i
b, FAINARED), Tturins DT IR YRS A6 5 I 1T
(Colletotrichum acutatum)Zii iR & . AL, 5
AP, i Al st T

ABIEFE L — bRk B ¥ A2 52 Y DLSKE I 25 g
FFE XRDO006 h FEMFFENS G, PRITHRXE K
FZMER 5 L B R 4 i RE 7, I3 Ao T A0 T 1k
55 KGR IR ST XRDO06 X 7 B2 Ak K I
Ji TR A A5 0 AR 7 S XS T B AR I8 o 1 5
Ml s FFHSEENAM)T . RN A0, 12
i XRDO06 T 1ERIHTIREE AT, b
HT BB BTIE AL s (EREMT . SO A5
(high performance liquid chromatography, HPLC)
FR % T BEAT B % XRDO06 AR FARH 1 .
X TR H R FE XRD006 f&—HkfE &
PG BAZR 5 0m F BY A= D7 T bk

1 HE5xZ

1.1 R

HEEMN, afhed T —5", 2022 4 8
14 H R B AR 4030 ToRRFF S8 U fel ,
BUE R /T KRG DL G ik s ik 25
I, WHUCH AUz G . TOHLMES . K/h—3
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FE AR R B 75 B2 A2k A1

DL 3307 27 B A58 (B. velezensis) XRD006, Hij
W T ke B AR, B TR R (lysogeny
broth, LB)}55R4E . 40T H MEEFRIRIE 37 °CHs
It o PR T B A R A B S B A B AR ™ i
Fik 5 m Takge =

T B2 A% AR L BB ] 4896 (Col letotrichum
aenigma) HTI11 . & % jk JH B (Colletotrichum
siamense) HT12 . #i % J& ¥ 4] (Botryosphaeria
dothidea) JNHTO1 . & £ % JJ # (Fusarium
fujikuroi) INHTO04, HiiHAMILAAE R G K A%k
R ERAS, DA BEUIE (potato dextrose
agar, PDAEFREL | EIEH IS IRIRIE 28 °CHE
It o PRI TR A R A B S B A B AR 7 i
Pk 5 Tk =
1.2 XRDO006 Xf#Z¥kREmEEFEIEE
M ZE

FHK BT TFLARER IR PG S HCE A 6 mm
B TR R Rl 28R PDA BR3P b o, Bl
7 BIFE H DU 1 (FE A S A 2.50 cm), $EFP 2 pL
1x10° 1 7% J& B B {¥ (colony-forming units,
CFU)/mL /) XRDO006 B , LA#F LB A5+
FLf) PDA M X, 28 °CHEFE 6 do & 4%
HE R, WWRMERGRKX D, Bk

B3INEE,
(%) =
XEIRALTE B - B B | (1)
X IR TR B
1.3 4£B5E XRD006 %E2 L& RAERKZ%
B AR E R HNHI 8 1N E

VR T B AR R S T B [ B B B I B
(C. samense) HT12 150 L R I A~ il
RS2 T5%RE T B 30 s, CHEIZK
Yk 3 R, EWR TR A RTILS e
B kAR A il v E AR R 0.60 em BIEAG T, 76
fi PR A 20 pL &P 1, 32 TR KA A xd

<l actamicro@im.ac.cn, & 010-64807516

B85 2 h 545 0 PR A 20 pl 1x10° spores/mL
HT12 M F27 0, SR TR TR R &,
25 °C. MHXHEE 85%HEH I & . AFA B
W 3T, BT 8 MRS, TE5 5 KA
55 7 REFR 728 LR BE BLAR
1.4 “BHE XRD006 %E: &R ERK#%
BN 8% & R A 220

H R RRBENLAY 2 41, FREH 2 540 52,
W 34T, AbFREH (treatment, T) N K T# i
WAL R, X} BE 2H (control check, CK)>K FH JC A 7K Ab
P, CRERSAE 2 AL IR 1 min GREEYH
AEBR RN LR 3:7), AR T IR E k4
TASBRIE G, BT 4 °C., FHIHZE 90%-95%
R 56 d, A HUES, A 14 d B
FEAH AR
141 RIEKEXR

g SR S S YRR S R Y BT, AR
ARXQITHEHAESR,

KEH(%) =

S UL 11 S ()

TE R T R

142 RIFEEEMNZE

i P 22 (e T B AR AL BRI & 3 A
S L*, a*, bE, TR A2k,
1.43 #Z{-HHBER S EMNE

Z MR [EFR GB/T 14488.1—2008 M5, HL 10 g
B A AR SRR, T RS KT A 105 °C
AT 2h, M5 85 cCHE T RIHE, FREgiiadei
RARHBTEN Fo BERFMEZOIE TRIK
PEEERH, 7E 40-60 °C/KIAHREL 8 h, FAfHIRS
TR AR 2Bk FE i A ik, FRILTER R Fy,
TR AE & (A 3),

FLRR I & 2(%) :%xloo (3)

144 #ZICABAMEEHSENE
S 2 WA R ) ks AR s o FRE 2 g 1
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1=, A 5 mL ZEIRKBFEE T3, WAk s
B Ry mp v 2 B PR O, W 1 mL $2H0R 5
5 mL % LW G-250 ISR A, LAZEIR
KNZH, BCE 2 min J5 & ODsos, 11 A
PEER SRR 4),

AR R 4 B (mgg) =

V, x M, x1000
AP My PARTEIZR B AR R, ng;
Vi FESERBOR SRR, mL; V,: 5B AFERL
FESIRBORAARFL, mL; My BESHTLE, g
1.45 #%IZKHEENE

KM EREPHATNE, CHRBZICEE
My, SR 5B A% A B E e R s A TR A
105 °CHEF EIHE (L 6 h), iCH My, HEEK
F(A5),

PIKH(%) =

(4)

Ml

_|\/|2
%100 5
v )

146 RIZEMEENE

PR 0.50 g 4 IRA 9 mL 70%Z %, 70 °C
IKIEHEE 20 min. HUH S TR sk pestd 4,
8 000 r/min B.[> 10 min., B 0.50 mL ki
2.50 mL R 10 5 A HR AR 76 DA IS i B S0
5 min. JIA 2 mL 7.50% Na,CO;, 5 mL Z&if7/K
FOW 1 h, F 760 nm AN OGRS 7% 1
WEFminE & it 5 =X 6).

N CxVxn
Kl (mg/g) = =% (6)

K C: AbRiE AR I E FRRIRE , mg/g;
Ve SPBOREAT, mL; n: FBGEG m: A
mnJlE, go
147 BEREF LB (peroxidase, POD)EESE
ME

2 B RS IR R M FREUE
HA 1 g BT AR, iInA 5 mL pH 7.80.
50 mmol/L BEPRENZE thil: 1% 2R £ Jd Mg foe il

(polyvinyl pyrrolidone, PVP)F1 1.33 mmol/L £ —.
Ji VU £.1%(ethylene diamine tetraacetic acid, EDTA),
UKIROHES , KE5JHF 4 °CL 12 000 r/min .0
20 min, WS EIERRIY MR BGR . B 0.50 mL
BRI, 73R A 3 mL 25 mmol/L A6 A
VW % 0.20 mL 0.50 mol/L H,O, ¥ et 8 5 i
DIZRIBAK NS AZE, TERN 15 s BEFFIRIE %
SRR ZRATE 470 nm AEWEOGAE , 0 ARIRTE .,
B 1 min 1% —UGE SN E FRE 6 > A B
RS A YIE(A =X 7).

SRR Ul (min - @)] = AP0

V,xm

HAop Vs FERRIBOGR BAATL, mL; AODuy: &
SRR AR AE 5 Voo 0 B I BURE it B2 O
AR, mL; m: FEREED, g
148 B K % = 1t B8 (polyphenol oxidase,
PPO)EEENIE

2 Rl @RSy s AR e, R U
[i] POD fll5€ . B 0.1 mL BEHEBGK, 4r51RA
4 mL 50 mmol/L pH 5.50 Z.2-Z. FRENZE i Fn
1 mL 50 mmol/L 287K s . VIZEI/K NS
LR, FERN 15 s BF IR sk RNV AR R 7E
420 nm AR SGAE, I NPIGARTE, SR BER% 1 min
WR—YGEZNE 6 D nvEds, THE kR
1.4.7,
149 ESESHENE

U A2 250 g JinA 500 mL JG B A= 3
AR HR Y 30 min AL SR, BB EERRRE 10,
10>, 10° %, 45IE 1 mL 10>, 10° ¥ 5 20 mL
LB 5 55R A E M. 28 °C, H53% 3 d 114K,
2L D) 1g (CFU/g) &R o
1410 BE. BSENE

15 A543 iE (plate count agar, PCA)L%
FRAE, HApR LR 1.4.9,

(7
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1.5 XRDO006 &£ FEHNFS 7
1.5.1 XRDO006 £ EFHMF

FKHC XRDO06 H [ I 75 4 8 LB W43 77 2k
37 °CH53E 16 h, 5000 r/min #5.0> 5 min BUTHE
F 18§ FR 2% vl 35 %5 WK (phosphate buffer saline,
PBS)EVEUIE, A B0 SR IR UTVE T A4,
IR 2 I, WAERVRIEIA-80 °C fRfF, %
R R AE R AT FR S w7 A BE Y
1.5.2 tRIERELE S

ES %AW B R A5 B 0 (National
Center for Biotechnology Information, NCBI) T~ %
DL SR BT 28 FOAT T A5 PR FZB42 Fi1 SQRY 1Y 7 471
5 B 5 H Pk XRD006 HH1T HLARFE N 414045 8
FH antiSMASH ¥ 35 F000 3 #F 187 9 K AR 151 7= 4
LRI T2 5; FIF mauve #IFXT
3 BRE AT LA 40P A BPGA v1.3 8
X} 3 BREE A AZ O R AL . 2 B AT
1.6 XRD006 REREH=HBLEESH
B M BEME
1.6.1 FHIZHIHIF

BUE TR 3 d YA, 8 000 r/min 5.0 15 min
W FWEW, 6 mol/L (EhRRHY IS W pH
R 2, BF 4 °CRRULHA, 10 000 r/min 5.0
10 min WCEEVUTIEY), MIA 100 mL {255 9% B v
fRUTEE, NaOH 835 pH & 7, T 20 °CEREE PRk
F13%FE 5 4R, 10 000 r/min B0 10 min 3875
IR PRI YW, T 40 °CARAF T I
JEZE MR Z 10 mL,

1.6.2 HPLC ©3&

W 1.6.1 P 3RAG ARHLER W 20 A SROMEE s F
(Sephadex LH-20)/Z=#r il 3831 H 600 pL
50%Z G 30 mg FEdL, 12 000 t/min 5.0
3 min, FIFE 0.22 pum JERLBRZAY, HL20 pL
Fah A, SR C18 SO A, it 1.20 mL/min,
FEIR 25 °C, A K 214 nm, BRI B AL
JPanER 1 R,

<l actamicro@im.ac.cn, & 010-64807516

#£1 HPLC HEEF

Table 1 HPLC separation procedure

t/min  Speed (mL/min) Acetonitrile (%) Water (%)
0 1.2 0 100

2 1.2 0 100

47 1.2 90 10

48 1.2 95 5

55 1.2 95 5

56 0.01 95 5

1.6.3 RiLLE

U AR 5 W i, SR A IE 5 T
W55, PAE SR BT . BUSSA R BAE
i 50 uL, KAV 200-2 000 vz, BAEHIE
35V, BAETRE 275 °C, Wi HE 4 500 V,
Jii %5 37 < 800 L/h,,
1.6.4 HIEKH~HHI&E

FESRAL BRI 1.6.2. L 600 uL £ 5% F3h
A, RH Cis BOMIil 254, P 15 mL/min,
FE 25 °C, KUK 214 nm, WegE B ARG
PR EIA, JET 1 MPa. —40 C&UFTFET
PRASFESL AL . SR BT A RN, WA
420 pg/mL, FFMEEEEAME . BRI S R
AR ANER 2 Fis .

%2 HPLCHI&EF
Table 2 HPLC preparation procedure
Acetonitrile (%) Water (%)

t/min Speed (mL/min)

0 5 20 80
1 5 20 80
2 15 20 80
7 15 35 65
12 15 45 55
17 15 50 50
27 15 55 45
42 15 60 40
62 15 65 35
66 15 95 5

72 15 95 5

73 0.1 95 5
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1.6.5 HIEEMENE

B @6 mm HYEL i IH I (C. siamense) HT12
FBRIEFTE PDA B3R SFAlorb de o 71 B TR A
2 cm ZEXTFRECE 2 ASAHAR, —SIA 200 pL
Wl A RERRA TR, — A 200 uL 50%ZNE1E N
XTHR, 28 °CHEFR, B HWEWIEAKIEN, id
SEINTE R K/ o BRI 3 A FAT, iR E
K2,
1.7 BIESZITR S

BREFERULIISN, FTAT I AL BRI 3 N
17 B GETR ] SPSS B b T 7 22
g3 M Ff /N B35 1 25 R 15 (least significant
difference, LSD)Z 5 [ #(P<0.05), KM Excel
H1 Origin2018 F - #AT1ER

2 ZEREAM

2.1 XRDO006 IR ERIEEE 174

PIEZERE 1 F7R, XRDO006 X B AZidk
KI5 E A I 5% 48(C. aenigma) HT11 18 % #RJH
#(C. samense) HT12 . 7% J4 J#= I (Botryosphaeria
dothidea) JNHTO1 78 £ % JJ @& (F. fujikuroi)
INHTO4 ¥ HATIHIZCERE ,, XTIRE 6 d BB #45
WIS 49.22%+0.03% . 50.61%+0.01%. 53.83%+
0.05%711 58.71%+0.05%. XA XRD006 H.%&
BRI T AR S 9 3 2B B TR 1 T
2.2 4FFE XRD006 kB & &KX E K%
kAR IE R Y S

LSS 2 Fios, 7ERK S d i, 4b3
ARSI IR LA, FRPEEAE 4(2.01£0.34) em,
YRR ARG . W 7 d B, X AR
IR AT R, AL FR L A RS L
Xof HE ZH 5 B 4% 4 (4.53+0.26) cm i E K T4k
PR AY(1.81+0.46) cm (3% 3, P<0.05). iXFn#k
B, XRDO06 % ¥ I/ WA B2 A% Bk I A
BIFHIBIRROR

‘!

1 XRD006 3t & K itk R e s R E B H{ER
(6 d)
Figure 1 The antagonistic activity of XRDO006

against postharvest pathogens of green walnut (6 d).
A: Colletotrichum aenigma HT11. B: Colletotrichum
siamense HTI12. C: Botryosphaeria dothidea
JNHTOI1. D: Fusarium fujikuroi INHTO04.

5d 7d
2 XRDO006 % B2 EF R RERGIABR
FppAl
Figure 2
supernatant
treatment effect of anthracnose.

Effect of XRDO006 fermentation
treatment on the prevention and

&3 XRD006 £E% B RAIEN FREZWIRKER
mREERF

Table 3 Effect of XRD006 fermentation supernatant
treatment on the diameter of anthracnose on green walnut

Storage time Disease diameter (cm)

(@) CK T
5 2.01+0.34a 1.62+0.19b
7 4.53+0.26a 1.81+0.46b

Different lowercase letters in the table indicate significant
differences between different groups (P<0.05).

2.3 4FFE XRD006 kB L& &KX ERK#%
B0 5%, & R A 22 1
231 ERKEXR

mE 3 s, FEREER, 2 RS %R
HARAE F IS RIS 42 KF 56 R4
WP 5 S Ab B Ak E R IR B
(P<0.05), WA, 22580k, Uil Ak mE
IE AL ERT DL 2 AT Ak e E A
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3 XRD006 % &% L& &Rk ERFMN
Figure 3 Effect of XRD006 fermentation supernatant
on the weight loss rate of green walnuts. Different
lowercase letters in the table indicate significant
differences between different groups (P<0.05).

A

55L -
soh "1

Z 30 « [ +
O a =a
25
20 L I L 1 L
0 14 28 42 56

Storage time (d)

34
= CK
2 1§
- 2N
IUI_I 1 1 1 1
0 14 28 42 56

Storage time (d)

232 i@k

WE 4A i, AbFRZL 55X AR I & &
FEN SR 1 S BT Bt 3, Ab PR AR I 7
WA T4, EHEZREAREEES
(P>0.05); 7% HA e X BE ZH A b B 2R v s 2 1
AP E I S(A 4B), 42 d B,

Ab PR )T R R TR R 1 R

5.82 ng/g, WAEFE TR 4.11 pg/g (P<0.05),
R R R T A A T o = T
Ve KGRI (E 4C) R, AbFRZH 55X RaZH
KT RBIAW T, W& Z N ZERA L
(P>0.05); MBS AN 4D s, ML EE & &
AL EHAHE , 28 d W, AbFRZH NS RN

10
—_ = CK
1 - T
)
%)
0 1 1 1 1 1
0 14 28 42 56
Storage time (d)
35 . CK
-a-T
% 30
O ‘ 1 1 Il 1 1
0 14 28 42 56

Storage time (d)

4 XRD006 % B bi&iRxt 5 R &bkizi—mBReI#m

Figure 4 Effect of XRD006 fermentation supernatant on walnut kernel quality. A: Crude fat content. B:
Soluble protein content. C: Moisture content. D: Total phenols content. Different lowercase letters in the table
indicate significant differences between different groups (P<0.05).
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22.98 mg/g, B =TT HRZLAY 19.92 mg/g (P<0.05).
D SR E W a7 Il o o I DR S s e S
EVER VRS RTHAE, PR SR8 5T
2.3.3 POD K PPO Eg/&

SERANIE SA iR, POD I BEE I i 7]
FxEn, BRREI TR, H2AE4 POD
FE I WR 2 B 25 R T4 IR 2H (P<0.05) . PPO i1 4n
&l 5B BRI sk, 56 d BF, AbFRL S

4.29 U/(min-g) @ Z K T X414 5.61 U/(min-g)
A 20
{ = CK
"A‘"T
0 | 1 1 1 1 1
0 14 28 42 56

Storage time (d)
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Figure 5 Effect of XRD006 fermentation supernatant on POD and PPO enzyme activities of green walnut. A:
POD. B: PPO. Different lowercase letters in the table indicate significant differences between different groups
(P<0.05).
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Figure 6 Effect of XRD006 fermentation supernatant on the total number of colonies and the number of molds
and yeasts. A: Total number of colonies. B: Mold/Yeast number. Different lowercase letters in the table indicate
significant differences between different groups (P<0.05).
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Figure 7 Diagram of whole genome analysis. A: Circular genome map of strain XRD006. The circular

distribution from outside to inside indicates genome size, positive

chain gene, negative chain gene, repeat

sequence, tRNA (blue) and rRNA (purple), GC content and GC-skew. B: Non-redundant (Nr) protein database
of XRD006, FZB42 and SQR9. C: Carbohydrate enzyme activity (CAZy) of XRD006. D: Gene ontology (GO)

annotation of XRD006. E: Kyoto encyclopedia of genes and genomes

(KEGG) annotation of XRD006.
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Hitk XRDO006 . FZB42 F1 SQR9 %t A 2H 451k

FLE LR 4. 3 BRIRAILL M Pras R an &l 8A
7%, XRD006 5 FZB42. SQRY X [AfE-1E )Rk
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AEME XRDO06 Ay idi W RFVE PREE Hs 7 1M & A iR ek
A% o [RIEPE T BN 3 MR LA 3 280 AMAHIFI Y

BOEEE, 5 XRDO006 S LK% 78.67%, k]
XRD006 5 FZB42 Fl SQRY 2 [a] £7 £EAR & (AT
APE(E 8B). 1z KN 7 Hrdn il 8C Frs, 3 #k
PRI A% 00 BE DR 20 34 B I8 Lz BE DR 20 o
Fa, XULBARZOIEE A ST, HRRIEE
H it 4 #% (clusters of orthologous groups of
proteins, COGS) BB B/ RHZEZA 13.35%HIH L
BRSO RE TN OC, (EA IR A
9%z IR TIRE AR, X R 3 R ATREH
A RAWPTE P (K 8D).

i#id antiSMASH Fijlll XRD006 FY 1K 2 A3
7= W A ik [ 7% (biosynthetic  gene  clusters,
BGCs)., %5 /~(E 8E), XRD006 &4 14 4
BGCs, flff 9 F Ml BGCs: i MK
F J& & (fengycin) . g & &
(bacillibactin) . 2 il 2§ (difficidin) . £ & 2K
(bacillaene) . K FF P iE (macrolactin) . #T [# % 22
(bacilysin) . 4l & 2 (plantazolicin) A1 T Mk & 2
(butirosin A&B), X} XRD006 , FZB42 F1 SQR9
BGCs W& A=) i/~ , FZB42 Al SQRY Z[alFR
cluster 2 AN[R]4, Hith BGCs YJ& EAE IR MEXT I,
{HJZ XRDO006 55 HXf, BGCs B2 1 /& SOk}
N, X GG . AR BARGRLZE
AT (Bacillus subtilis)H 4325152 fengycin Fl
surfactin - X & 7 s JH & (Colletotrichum
gloeosporioides) H A il il £ U™, 3 AT fig 2
XRDO006 X i % i JH 14 (C. siamense) i 11 il AL
Bz — Ab, surfactin SRR . AW ETE

(surfactin) .

% 4 HEFk XRD006, FZB42 71 SQRY H [F4B4FIEELE
Table 4 Comparison of genomic characteristics of strain XRD006, FZB42 and SQR9

Features XRDO006 FZB42 SQR9
Genome size (bp) 4371975 3918589 4117 023
G+C ratio (%) 46.07 46.4 46
Protein-coding genes 4362 3734 3912
rRNA 27 21

tRNA 87 72
Genomic islands 16 11
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Figure 8 Comparative genomic analysis among strain XRD006, FZB42 and SQR9. A: Collinearity analysis. B:
Venn diagram of core genes, unique genes and accessory genes of strain XRD006, FZB42 and SQRY. C:
Core-pan-genome plot of strain XRD006, FZB42 and SQR9. D: Comparison of the COG annotation of strain
XRD006, FZB42 and SQRY. E: Comparison of the locations and products of the secondary metabolite gene

clusters of XRD006, FZB42 and SQRO.
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Figure 9 Comparison of secondary metabolite gene clusters of strain XRD006, FZB42 and SQRY. The red,
pink, blue and gray represent core biosynthetic genes, additional biosynthetic genes, transport-related genes and
other genes, respectively.
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Figure 10 HPLC and mass spectrometry. A: C13-iturin. B: C14-iturin. C: C15-iturin. D: C16-fengycin B. E:

Cl17-fengycin C.
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