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Screening, identification and application of Burkholderia antagonizing
Aspergillus flavus
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ABSTRACT: Objective To screen a strain that can antagonize the growth of Aspergillus flavus and to identify the
strain, study its application and analysis its genetic preliminarily. Methods The microorganisms in the soil of
peanut field in Feixian County were used as the research object, and the effective strains were obtained through the

screening of Aspergillus flavus standoff test; the effective strains species were determined through morphological
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observation and 16S rRNA gene analysis and identification; the peanut pods and peanut kernels were infested with
the suspension of Aspergillus flavus spores to validate the effective bacteria’s effect of antagonizing the growth of
Aspergillus flavus; and the genome characteristics of the bacterial strains and the clusters of genes of secondary
metabolites synthesis were analyzed to determine the basic characteristics of the effective bacterial strains. The
genomic characteristics of the strain and the secondary metabolite synthesis gene cluster were analyzed to determine
the basic characteristics of the effective strain. Results Effective strain G22, which could antagonize the growth of
Aspergillus flavus, was obtained by screening. The strain G22 was identified as Burkholderia latens with 99.93%
homology and named Burkholderia latens G22 by morphological characterization and gene homology analysis. The
fermentation broth of the effective strain had a certain antagonistic effect on the growth of Aspergillus flavus on peanut
pods and peanut seed kernels. The genome of the effective strain had 3 chromosomes and 1 plasmid, and the secondary
metabolite synthesis gene cluster proved that the effective strain had antagonistic properties. Conclusion Strain G22
has good antagonistic effect on the growth of Aspergillus flavus. The application effect of strain G22 in peanut has

important research significance in practice, which will lay a foundation for the further development of microbial

fungicides for Aspergillus flavus.
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W Hh 5 (Aspergillus flavus)RYAEAE | EKRERIEY),
e EmEE R SlEEEARE
Pk, BESCHEBOE, WA A & ST b B A (e
FZAT-ROL PRI A R A A LU, RGBS
— a2z MR WG, SEEBETCEITTm
PR, B, R A R e E WS E
M, HBiiE TAE R —A B R xS, Hil, e
S i a8 KL R R PG INAE A W e
A, W O SR A P o R 0 A R A BE R
FUBHIG AR b 2% 25 R i fh 2 0 B R A P o R
BB IR Az ik 32 R 5 2o A ) R B 7 A TR )
Jo A B R R B B IR AR o WALk DA T T
BAS T« BCRAIR, TR IR 23 8% BA A W 05 LA KA IR 7 i 1)
BRBACL BT, AWk R e A A o 2 fe A AR
AT BT 5 1

AT R B SRR | e JAE A R BE TR . FLAFIA
ZEAUAT B S 2P RS PO I B k. DEY U6 A
AR IR o3 25 s — MR T 38 25 AT R 47 By A 505 AR R 1
T T S M ARG 11 40 s 1) — MR R e v, A A
AR | 22 F TR T2 S R R — P ST AT,
T AN I P BAR S 17 mm, RBP4 25
ARy SRIEIF P IA WL TR PSS X R
K eS| 7 Mt i thw A A AR W,
PRI PRAEE 1 & I ) A B (1 B TR o) o it 2B AT
MIRE ST, I & R P R0 A LI s S O R K
T AP 16 T 0 2t A B S A PR YR 2 R

FLRRE, MEBEERKT 3.60 cm; 2RIEE0L 3 —kk
L AR YUR P A K s SRR, R
7 S A T A 18 Hh 0 2 1 — ok DL SISO 2R AR R, BR T
REFEPLEC N &N, W REXT 2Rl YA PRIFEFE, RETIRG
AEAE W P R P B SRR Y, R RE BT VA A W) TR e
HoABAFFT AR 4> 8] T RS AT ) SR H AT T
A SRR AR R RSP i W B 5D . AR 2 B
A6 A Hh A3 2 A S R A 5 R A R A e R IR R R T
FEUEAT T NSRS, w1200 T IR E A RHE, 342
P T HESOE M R B, IR
AR A B T SR

1 RS

1.1 #R5RF

ARUE M G22 M 2 B AR AR - e A | IR EAS B
WM EARAE R 3357 FR 1L RS AL AEBFE BT PR o 78 2 ELAE
A FEALECE SRR AL 12 63, HUREIREEDN 0~5 cm, T 4 °Cik
FEVRIES FH

DNA 5 & (KRR A W H R A H]); Super GelRed %
JEYLRL (2 Everbright Inc 24 A); HUIRHY . BUIRWE (L5t
FHREFHARAR);, LB R AL it ARG RA
Hl); ThEA B A IS (potato dextrose agar, PDA, # 5
AW ARGRAF).

1.2 ¢ £

HR30-IIA2 AEW)%2 446 (5 5 R A B 7 e R
N HED); IX73P+DP80 1B 3G WM (H A OLYMPUS 24
F]); IS-RDVI1 37 1E 55 55 46 (P8 CRYSTAL 2~ H]);
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GI36T fm &S KW & [BUM(E IS A R A
S1000TM Thermal Cycler & W44 [ )i (polymerase chain
reaction, PCR){Y(3%[E BIO-RAD /A #]); 5418 B5.OoHL(HE
Eppendorf /A &]); BCE124-1CCN Hy, 7 K- [28 Z FH Rl
AL AERA .
1.3 HEmEHMEBERNITE

B B e A F3EAEN 1 g F 9 mL BE KT,
$F 10 min, I 100 uL %45 F LB AR, HE TR F#46
28 °CHEFE 2 d JE WARTRTE K 3 FRic AR L & TR,
Yk aifk 5 18, 7E-80 CCHRAT Kk H A4S BIARTE LB
WA SR AL 28 °CIFE 24 h, BRIKHE AR, ¥4 Hitk
KRR A A5 B B IR 7, AR LA ORI
14 HEMEHEEHRNLEE
141 BAZTHEARGTBSFALR

IR VR A AR R LE LB BRI 28 oCIEE
24 h, WL A S B TE T S 4FE
142 #HHEFEHEAHK G224 16S RNA A B 5T

Bk G22 B TR LB AR, 150 r/min 28 °CHEIR RS
7% 24 h SRR . SRAIRAR DNA I & E R G22
N4 DNA. 51409 27F | 1429RM®) PCR JZ WA R 25 pL,
Taq buffer 2.5 uL, dNTPs 2 pL, Taq B4HE 0.2 pL, 5|
27F & 1492R £ 1 pL, G22 HRRIE R A0 1 L, ddH,0
17.3 uL. PCR ¥ #EA2/F 95 °CHIAEME 10 min; 95 °CA {4k
40's, 55 °CiR K 40 s, 72 °CHEAH 100 s, fEFF 30 4~; 72 °CHE
i 10 min, SN 45H 5, 3 uL PCR =91 FAET 1%38 5 H
#EIE (Super GelRed 2 G YL A5 YL (4), 100 V Hi & HL Pk
30 min, &8 AR R G0 A I 25 SR A5 5 VE M ) B 1 Ak
PCR =¥y k47 B, AR UL B 458 PCR 7= 3% 4 5
TAKARA ) pMDI9-T #ik; %)WK R 10 pL, Hrp
pMDI19-T A& 1 uL, PCR =¥ 1 uL, 7K 3 pL, Soultion I 5 pL;
ZARFAE 16 °CRI 30 min F4 1 F 241 JTURL % AL B R AT
I DH5a AN, 045 20038 Fr s i 746 bt
X4 A, it CLUSTALW 47 £ S8l kbt s,
MEGA X!'"Hy## 16S rRNA KR FFI RS & AR

1.5 EH G2 | EZMEBE KW RN AHAR
151 B GRIpHLEEREHEARIBR

Pk 5E 4 JC I A [) S R B AR SE SRS, B e R R
%IRRT IS E, JToRKPYE 3k, &S T
=R 4x10° CFU/mL & i 579 7 B3 0.4 mL &
PR G22 BT 0.4 mL, ST 28 °CIEE 7d, WEELL
A IR MK TSI . X IR R KA wIbR G22 &
T, B FATER 3 K.
1.5.2 WAk G2 Wl e A= F F A KR

FH 70%IBRE X AEAE AT TH B2 )5 JC 7K ik 3 YK (20 min

W SEREE A ) . TOR IR MU E A K 8 o, $5Fh
4x10° CFU/mL # i #4672 FV 0.4 mL R bk G22 K%
W 0.4 mL, MG T 28 °CIFE 7d, WAL LR
KBTI X IR Ak G22 B, 41
EV R/ &
1.6 FEMEHMBNEK G22 EEHES

FT A5 e BUAR 22 A= B T 388 2ok R A3 7™ 4 0 o
TR A AE UL AR S 3 2o 0 TR R DR 2R AT, ST
WHACH W SE T . AN DNA BRI & 1
PEATA R G22 JER4H ) DNA $#25, 4ifb itk G22
R 2 DNA #7E &E, & BTt DNA 9K f5 18 i g2 %
W ¥ . i J§ PacBio Sequel Ile #1 illumina W J% X
(NovaSeq6000) i1 7Bk G22 S FEE AT, LS E
%] PacBio Sequel Ile., Ilumina 556G A4 B 05
T4y Hr o i B b Br A M 4 B B hup://cloud.
majorbio.com( M EHF LY =FH5) Fii T, FIH Prodigal
v2.6. 3P Bk G22 BEDRIZH FP i b e 8 EA T T, R
FEIR R GeneMarkSP K EFii, tRNAscan-SE v2.022jE
17 tRNA Fiijlll, Barrnap v0.9 (https://github.com/tseemann/
barrnap)##4 7 rRNA Fll . 2% A Diamond .BLASTP \HMMER
LA o T H, M Pfam. NR, CAZY. Swiss-Prot. GO,
KEGG. COG % #4122 ot 3500 21 1) 4 i J 91 164 7 T RV
B, it antiSMASH v5.1.2 BB Fk G22 IR B = &
S R

2 GER5HH

2.1 FEMEMESEKNFESERE

AR EER] 102 BRANPE, H53 2515 2 09 Bk 43 7
5 A T AT XTI S, AR B RBRE A M A TR AR 12
¥k, BN BBk G6. G10. G12. Gl4, G22. G40, G63.
G67. G82. G86. G95. G100, XfIFs&E HaniE 1 pros, H
HREE Bk G22 MR RO e B 2, BBk LE160 M #E G44 43
0Ky BH P o B BR P o B R R BV R PR AL @
BHHRE 2), HAEHN 1~2 mm. HEMSRNTEREIERZ
— 342 16S tRNA FEHI By R P . #53% F ) 1LE ezbiocloud
BARE R X G KB, BRE R G22 5 Burkholderia
latens R-5630(T)EL% X R IR, [FEMEE 99.93%, &F
111 58 28 /R 8 1 (Burkholderia latens), iy 45 A b0 & /R
B G22, BB AY 17 ANFE, 8 R U5 410 4 2l Al g
(A 3),

2.2 Etk G2 IR BE KHRNOEA

HHEE bR G22 A B AN 2 A IR R YR
ORI B AR, Al 4A i o % BREEL B A SR
WAV R, EAEk G22 LR ML
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W oa. KR G22; b, Btk G12; . Witk G40; d. Rk G10; e. bk G100; f. Hithk G67; g. Hikk G63; h. Hitk G86;i. Mk G6;
j. Witk GOS; k. TFK G14: 1 TIbk G82; m. bR LE160, PHYEXTHA, A7 40T bRASHUEE M & AR n. Tkk G44, BIPERSAE .
K1 e S50 WERAE PDA FILFRE SR AL S
Fig.1 Colony morphology of Aspergillus flavus co-cultivated with part of strains showing on PDA
FEA U] R BB AR I BT TR R G22 & RRON B 2
ARAMHIRCR, Wtk G22 ReARdE b st & A K.
i LIUERE G22 TEAEA R~ o o ih 2 1 1
HIER, N TR PR E RS AR KIS BL A 4B R,
\\ # 3./ Xk I 2 Hp B 2 A ORI ORI B R T R AR SR A 2
2 B G2 4 LB A T A SLE AT 3 ﬁfﬁi‘*ﬂjﬁ@%’é, I HBE R REN . dit
Fig.2 Colony morphology of strain G22 on LB broth Al L, BERE G22 KB A AR KA I HIVE .

Burkholderia territorii LMG 281587 (LK023503)

Burkholderia cepacia ATCC 25416 (AXB0O01000009)
Burkholderia seminalis R-24196" (AM747631)
Burkholderia anthina R-4183 (AJ420880)

— Burkholderia cenocepacia LMG 16656 (JTDP01000003)
Burkholderia paludis MSh1T (JPGL01000004)
Burkholderia metallica R-16017T (LASD01000006)
Burkholderia contaminans LMG 233617 (LASD01000006)

Burkholderia metallica R-16017T (AM747632)
Burkholderia puraquae CAMPA 1040" (NBYX01000050)

4|7—Burkholderia ambifaria AMMD? (CP000442)
Burkholderia diffusa R-15930T (AM747629)

Burkholderia multivorans ATCC BAA-247T (ALIW01000278)

Burkholderia vietnamiensis LMG 109297 (CP009631)
G22
Burkholderia latens R-5630" (AM747628)
Burkholderia ubonensis CIP 107078 (EU024179)
Burkholderia dolosa LMG 189437 (JX986970)
S —
0.0010

B3 BEMk G22 #TF 16S rRNA P41l LAY R Gk b A
Fig.3 Phylogenetic tree of strain G22 based on 16S rRNA sequence comparisons
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TE: Ar BBk G22 IR AE SR i 2 i A RBOR I B: T Bk G22 MR AE A AP 0 8 i & AR R AURIE
B4 Bk G22 e AR o i A A K AT L
Fig.4 Demonstration of strain G22 inhibiting the growth of Aspergillus flavus on peanuts

SLH

2.3 Eik G22 MERBEFERERF=INENE
AREE KA IZHE

WS AT S0 G22 45 DNA BRI T B dky= 1k
T 94839 MREL, AT 162.7 LB AE %%, B
HEMENE (guanine cytosine, GC) M 67.03%. A G22
JEIRIZH 3 454391 3245674, 2254594, 1184400 bp HYFF

5 Wk G22 B

Fig.5 Specific features of Circular genome of strain G22
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PRGN 1 45 173826 bp AR LA 5), GenBank %
24351 CP185919, CP185920., CP185921 ., CP185922, &
i 6.86 Mbp., 1 SYLfafk, 2 SYLaAF 3 SYLtafhsr g
T 3189, 2293 A1 1127 AFUMITHEEEAE, Bk 179 4~
TFRBEEAE . 1 SYLtalk HA 2706 EHITIREAE, 338 4>
B FF R S2AE, 145 ASRENIFHEIEAE, 60 4 tRNA,

0.50  A: RNASI T A
B: Y0 G5k 18 ) 2%
W C: Rt P‘Zi Heff
s_ 0.60 W D: 4 IR . IS, Yeta it sy
W E: ZUERRL i SR
) 5, WE: ARl is S5
0 W G: kL&t iz SRt
W H: Hiifestz 500
II Haﬁ‘i‘ﬁ’h_ 51
REARES R &
K Eﬁé
L: &l . EAFAMESE
I M: fﬂlﬂ@%/ﬂﬁ/ﬁ'bﬂﬁiwAﬁE

77
IO B 1B, Erﬁlﬁ}ﬁ% EATHA
W P: JCALES i ia AR
mQ: D\MJCLETFWB’JBE%AJ&E Ha R Cigt
R: X ﬁ—ﬂ&@iﬁﬁﬁzﬂ'
- s A JJ
0T A5 S AL .
Hmu: QBJH@WL%J SR IR Hy
mv: Bﬁfﬁl il

Wz i
00= 16S_rRNA

0 23S tRNA

M 5S TRNA

LR RE FRAE
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124> rRNA #4EF, 13 NN S . 2 S5 @ik A 1746 4>
L0 50 B BEHE | 381 A T AR B 24 | 166 AN A HIFF Ak
FIEHE . 4 > tRNA, 3 > rRNA #8457, 2 NEEE, 3
SY R BAF 918 AT EITFHAE . 118 M TF il ) 132
HE . 91 ANARHIFFHITAE . 2 4 tRNA . 3 4~ rRNA #2451,
6 MIEFE L . FEFRIH, EBLT 105 AN HTF R A . 68
AMBAE FFEAE . 6 DAHITFHLRIEAE . 0 4> (RNA.L 04
RNA B EF . 1 AR

FHEE U B A AR R T A T R 1 IR Sk R 4
P33 B e S S DR ZE A R /INBR R 28 20 3 435
Pl B b ULk g = Dk A e S s N s N LU TR R e
KT AFMERFFEEIIAESS2E; 55 4 B, tRNA 1 rRNA;
50 GC &=, MAMILLEHNFRNZXIE GC &=
Fe ST GC &, I R 2R 1% X
GC HRAHNA T GC &k, EIgmm M EN
GC-Skew ff, HARE M G-C/G+C, W] L% B Wi S 5%
UG MsE, —AT 94 GC skew>0, JFisE GC skew<O,
T S By 0 U A o R (RS /M) S5 & S (R ITHR
ot KA

FIJH anti-SMASH Bl 1 bk G22 FEHN 41 H i A
WA A R R B Y 12 X FERORE, AR
2 NERZBEIAR G G . 2 IR L 2 VR EESE . 1D
EEN . | DT KGR 68 . | MBERRER. 1
ARG TG L 141 FE A UTP-75 % - 1 -BE IR A% IR KL 4
o GalU, 3% 1 iR o ixX S35 (R f A2 0 A 5 i I
FdMOCHLE R . ARSI L BRI A U TR R Lt L TR
Ak, Hor, BEZK 115 K RAA 7 E RIER (Burkholderia
pyrrocinia) Lyc2 P EFF B A H= W) 6 Rk IR 7 1) A L TR AH
PIBE R 94%. FEHFE 1 5HZUASCE RISR (Burkholderia
cepacia) 89 WL H AW & IEF A 93%IMRAILMA I
BB 7 5 E A R R T KR (Burkholderia
ambifaria)lOP40-10 [k 2 A LEY& B E A 62%01
SAEERRABRINE TR f% 12 55536 [CR LR & (Aliivibrio fischeri)
ES11 [ APE Vf AEW45 U N R 1) IR AT BLEE D 35%
FLHFE 3 5 3% B RSN (Aliivibrio fischeri) ES114 B APE
VI BEEE A 10% 2 SEmAH M . JEEE 6 5%
T3 (%55 1 (Streptomyces viridochromogenes) Tii494 H A i
R = IKAE Y& R R R 6% 2 FERAH L1 -

R1 EK G RERF~NENEREEE

Table 1 Secondary metabolite biosynthetic gene clusters in strain G22

S B3 iR AR AR /% MIBIG ¥4
TR 1 A R 1608791 1663560 BiF 93 BGC0001721°
FEHRE 2 (1 1976091 1996925
FEHE 3 J7 HEZ A% 2829253 2870522 APE Vf 10 BGC0000837°
T 4 e H 260355 276839
LR 5 WETF KRGS0 68 dH 1 742594 762939 - -

FEHFE 6 B RR IR 904827 946513 BB TR =K 6 BGC0000406°
SRR 7 A g P T 1504395 1525007 SAMEE A 62 BGC0001897¢
T 8 [ 1741712 1765811
R 9 R 72239 83055
w0 T UT;@E-&%JM&#M 535180 578449
FEHE 11 WA S LG 849707 935136 BRI A 94 BGC0001711°
SEN% 12 bR =20 1000668 1045532 APE Vf 35 BGC0000837"

: * 4 Burkholderia cepacian 89 FeAHUILH A ES; * 4 Aliivibrio fischeri ES114 fAHBIIEHFERI Y E S © h Streptomyces
viridochromogenes Tii494 5t AL 5L PR 4 14 % 5 ;¢ 2 Burkholderia ambifaria 10P40-10 $5c AH B3 H 7% 19 48 5 5 © > Burkholderia pyrrocinia
Lyc2 AR UIE LI % 5E 55 T Aliivibrio fischeri ES11 S ML R I %58 5 o

3 REHie

AR E YR, e AT AR R £ b 5 T
AT AL R S AR A By 2 i A G
A KA AL AR SOR S R R e R e, R P,
I, SHREEA RSP E MBI BRI E LE R, AL A

Bt RERSHU B il 8 00 6 A 0 R0 T8 B0 5 o BB RS B 2 il A
KA, W58 O X e A 32 9 i T Y ) R
WARZHITE, Jadlil, ANIE AR A P RE A 2K
R b R PR B AT Y R BN
2 T AU A P, A P X e B e I R A ) £ 3
B A A o AT ERAEC TR 43 8 R A
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ZEFURTER, X8 R 22 0 A KA R . B 2 Ry
BT MRS AA S AR R B, e R AR M R R o R O
TR R A A AR P T B — AR s B R
R XSSOSR SCR VIR, JF BT 1T RS .
W RIAMA /RIS G22 AREAE A7EfE A 3L MTE
AR A B S A A B il g AR A VR

A 76 28 IR 15 [C W 8 (Burkholderia), HAG =F & WAL
SRR 38 N AR 10, BRI M B A K, B
KRHEPIBIAT 0 AR R A R R R R At TE
WAL T AT 5%, F32050 7.5 Mb KA 7O /R R
FREA 2 &4eaik . 0~6 NERET, AWF5E P By B bk
G22 A 3 Yo 1 Aok, FHZEE A A0 FERE R
15 IR A E W BRI

Fifi 5 5 R A0 )3 e R 1) R R, AR 22 R o 2 /R P iR
PR H ¥4 O 20 A0 THARE, BFRFRY, (A dE/RiE
QIR R A2 B 2 MR AT 1, EUE RIS AT
PR 22 IR S AR TG T IR DY, o = A Ry I B 28 . )
Wi ZEBLALIS AN Cepaciamide A ZEURAECEIYE HA B
TEE, BEREIR AN A AR A R A A A R D0
DELOS 53 (19411 70 72 /R FE 1 anthina XX VI A RN
B JH B IR R JE AT B (Colletotrichum - gloeosporioides),
AT BB TG 5 e IR Eh 2 e AR i vk A= Rt A
BIVE o ASB ST IR A0 G22 BRI 4 P A T B 1Y
A AK occidiofungin A= ¥)& Al 3 K 7% [R) PR A JL R %, A
94% AR [RIE, 5541 S 2 R RT3 P e TR K 1 6 1
KRBV G BB EAT S0A G22 1) SE R 21tk
T, A R G22 A RN

25 P TR, Witk G22 BA BEMEE i EA KM
FRAE, 2255508 & —MRA0 S8 2 /R T 1A (Burkholderia latens),
W40 Hr T HEE N ARHE, 288 TR b0 th & i gt
B, AT 2B T A v S A AR R R 24 A

EE P
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