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Construction of synthetic microbiota against banana
Fusarium wilt and its biocontrol effects
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SHEN Zongzhuan * ,LI Rong,SHEN Qirong

(College of Resources and Environmental Sciences/Jiangsu Provincial Key Lab for Organic Solid Waste Utilization/
Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization,

Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] In order to achieve effective prevention and control of banana Fusarium wilt, this study constructed a
biocontrol microbiota with inhibitory effect on banana Fusarium wilt. [ Methods ] The antagonistic strains against the Fusarium
oxysporum f. sp. cubense race 4(FOC4 ) were isolated and screened from suppressive soil to banana Fusarium wilt disease using a
dual culture assay. The strains were determined based on the results of 16S TRNA sequence. Indoleacetic acid (TAA) production
capacity and biofilm forming ability of these strains were assessed through indoor cultivation experiments. The inhibitory effects of the
synthetic microbiota on pathogen were investigated in the co-culture system in vitro and in pot experiments. [ Results ] The 4 strains
showed significant antagonistic effected on the growth of FOC4. The 4 strains were identified as Bacillus sp., Streptomyces sp.,
Bacillus sp. and Enterobacter sp. based on 16S rRNA. In addition, these strains showed strong IAA production and biofilm formation
ability. The synthetic microbiota composed of 4 strains showed the strongest inhibitory effect in vitro. Compared with the control , the
inhibition rate of the synthetic microbiota increased by 93.6%. Moreover, the synthetic microbiota was further demonstrated to
effectively colonize the rhizosphere of banana plants. In pot experiments, it significantly reduced the pathogen’s abundance in the
rhizosphere by 92.13%. [ Conclusions ] A synthetic microbiota composed of 4 bacterial strains was successfully isolated and
constructed, which could significantly inhibit the proliferation of banana pathogens under potted conditions, providing certain
technical support for the use of beneficial microorganisms to control banana Fusarium wilt.
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1.1 ##

111 EHX R RS T - 5 o R 0 Bl S AT B B SR AR 3N ml AR 3 22 A i it FH AR A AL
NEREE B9 T8, FIERARUN R LR BRI 1 IR 5T . pH6.58 , A AL % 1 4.61
g kg™ BAEER 1.27 g-kg ! HERLHE AR 70.7 mg kg, MU S B 373.6 mg-kg ', ARG oA St
A S 2 B 1Y) b 3R - SR AR A i 7 A ) B O

1.1.2 #iXFEE EVETE (Musa AAA cavendish) 40551 N 5 &G AR TR, BT R A R BF# B
S5 TP

1.1.3 #HXEM B AN N R RN T W LR A 4 5 AN (Fusarium oxysporum f. sp.
cubense race 4,FOC4) H1 7K SL56 2 43 B T 18 R AF .

1.1.4 MHREHE DR EEARLURR 3L (PDA) . 42 % 200 g, K 20 ¢, Bil§ 2.0~2.5 g, Z5IB/K£b
JEE 1L, pH B8R ; DR A A B IR 5L(PDB) BRIk PDA AN ; B8R R R A BIR BE 97 3L (TSA) .
JERE R 15 ¢, R EMM S5 g,NaCl 5 g, 5§ 2.0~2.5 g, 2B /K 1 L, pH7.2; B85 111 4 17 1% 35 3t
(TSB) R A TSA AJNE G s S 7040 70 B vk e b 15 92 3 (K2) V7V MR L 40 1 g, BRLREE 0.5 ¢, EALH
0.5 g, EDTA-%% 0.01 g, L- K[ T4 2 g, D—FFLM 20 g, Z818/K 1 L BRI E 50 CLAARTNT ¢ 1
SUHIETR 0.5 ¢ AFIRVT 1 ¢ T/KBRREAA 0.3 ¢ TRREERE R , I 10% BRI pH {EiZ&Hh 3.8~4.0,
1.2 AHRNFEE5EE

1.2.1 BEHRBS B4 FREC10 g B 50 A A 90 mL JC 1R A= B AR /K ORN B 35 2R 1 = fAf
170 r-min™" #ERHRY 30 min, FAFHI4G IR, B I As I RE B AT RS BERR RS 1 1077 1070 (107
G B Y R, PEICA SR R R, W 100 WL 457140 T TSA B IRIE L A6
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BB SE 3 KT 30 CHEEIEFRAA TR 5 d, PRI TE £ 30~ 100 HY-F- At A7 bk 2k, FH 4%
FRERBEBCA T Y% 76 TSA [ERE;FR3E FRIZE, mRAifb 2k, H B3 —TE

1.2.2 HEHIBEREIRE RO R T PDA BRI 5L B T 28 CHEEFAEL, HER 1 em 1Y
FTALAAT IO B B F , 3680 T PDA BMARE SR B e 5738 30k  TEBE B T 2 em A0 DU A5 422 R AR 1 B
PR 1 L, i R EE F7 55 30 min 5 A 28 CHHIRSEFRA 1, BB 5 d, WETFIdSkAs B R/,
PRHGEHURE J7 USRIV TR, T80 C KA Iy Ol . mZ& k85 2.4.7.9 1 4 BRIES 2= 7]
b FLOH T B A 3 I 1 FH A TR iR AT S SR A TR Sk PR A U RCR B B Rk 19 A A B
XF R

123 BB FEMZELET  FREANHE DNA $250U2R7 £ (Mo Bio Laboratories, Inc. , Carlsbad , CA, USA ) !
156 I R B T HTROR BAR .5 DNA | 168 rRNA i JH 514 27F (5'-AGAGTTTGATCCTGGCTCAG-3")
F1 1492R(5'-TACGGTTACCTTGTTACGACTT-3") # ¥4 # 16S rRNA J¥ 51, Z I PCR WIARUERR T, X751
AT 3G PCR P=Wyik 2 B U RHN 7 28 B4 Ab 31007 , 1581 16S vRNA 1yl 745

1.3 HFEHRERE N SENER

1.3.1 EHRRERE RIS  LIER 19 78 R BT B8 SR FH S AR IRe 85 373 6 P T
Bk 2.4.7 A9 MEI I T AR KEE S . FHEAR 1 em BUFTFLERFTHOR 6 FOC4 D, 650 T PDA [{A
KRB rh e )28 C A4 F Tl RE 5% 24 h IS EIR A LR B 2 om MOATDUAERR 1 WL BRI, ZE A R X
HR W (ARG 7R 30 min, JHOA 28 CHEIRIEFRAG BB F% 5 d, i &b Hi I o 1 B 7 A, B
AhPRIEE 3 ANEA

1.3.2 EHEZBIRZE (IAA) BEATE  HL300 mg L- (SR HE/KEAE 5 mL,0.22 wm JEETE
BREA, L 100 wL L8 & PR 2 100 mL TSB AR KE 756 rp ., PRIERCA PE 7% 2 R0 2] TSB KR 38,
30 °C #R¥HHFFE 72 h, U1 mL BFK, 10 000 r+min” Z.0> 10 min, WHL 100 pL EiEER S 100 wL FeCl,
O, 4T 30 min BRI, IVEARMERIZE . BRI 0.05 g TAA, HUKERZE 50 mL, HlIA5 TAA PRI A ; WIRbR
WA 25 mLEZZE 250 mL, H13FRE B, BRI B #iFEZE 50 mL, 58] 10,20,30.40 F1 50 pg-mL™' AFR1E
VS AE Do fE, A FeCly LY TSB Bi 3R, UbnifE i 202wk ™ TAA i, DA%
AR PR IE BN b PRI 3 AN

1.3.3 FHRFEWREENNE  FINR A2 R Y @k 0T R 00 AR Y IR i RE 11, BB R R T
A 20 mL TSB WA F2 300 = A, 30 CHRZ G 24 h,2 500 remin' 2.0 10 min, 35 B, 28 HEE
AKIRYE 2 ¥k, 35 EIE W, 7E TSB B350 P Rk, 600 nm AR 5 W GAE, 6 8 45 T R B WL 200 L &%
WeEESN 10° CFU-mL™ 5 — sk 41 A T T 96 fLAR H, FH 3 1 B 3,30 CHESR 72 h, DA AR T
MR B E 4 AN ERE, 25 UEBEPY R DE 570 nm AW AR LR AF B Rk A A= 40 IR 1
GIEWARS

1.4 BFEBEEIMNSEETIHRERFAR

14.1 HEHEHSRAENEOERSIE 7550 mL =AM TPA 20 mL TSB WA 7235 | FH R0 Rk
B AR SSE IR HE L TAAR 2.4.7.9 F1 19 BTRTE , 73 0l 42eFh T TSB W IARE 3258 #2)K 170 r-min™ 477 48 h 15
ME R B R E AT PDA FEAR:IRIE BT 28 CHEIRSE IR T, HFTALASTHUR 2248 K AE Ay
e S B D 5 7E 250 mL = AR 100 mL PDB AE: 258 KB UHERN T PDB AR 375,170 remin™'
P3G 7 d, b UERRARA 22 )5 T AR H 615k T TR RV

142 HREBEMEE LWE S N0RES 7 A6 BRI, 550 2.4.7.9.19.24 27 .29 47
49 .79 F12479, £ 50 mL = FIHHINA 20 mL PDB MAAREE IR 3 W HL 30 wl. 2765 ) B RUImA =i,
WIS 60 WL 9 40 TR TR = SR (OO FRBR TR, IR 60 WL TRBOIA = FA 5 0T 2 BR TR Y A5 TR
W30 WL BRI = A, X 4 BRIE AL TERE, 215 L BRI = A , DA REERD 30 pl 2
0506 T R B TR AL FE R X IR 30 °C Z514F T 170 remin ' PRGHFR 7 d,

SR FH T Al R A8 U A 1550 0 2 SR At T TR 0, 25 2L R T A5 107111072 107 AR RV BE 1 &
SRR B DA, T 100 L BRIV T K2 RIS SRR L IR A EE 4 510 A, B AR BB BE VR A 3 o
52N 28 CHEIRIEFFET  BE5% 24 ~72 h, XTI JT TA R V% AT 88, B g 2 TRNBOE WY T 7 5
(colony forming unit, CFU) W 4U{E , LA CFU-mL™ %R,
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1.5 EREFNERIR
1.5.1 ZFRE  ARE T sl KRR SR = = e = T, b E 7 SR 1) B
JRTEAL I (CK) 52) FEFMEDURPR 2 A0 B (2) ;3) HEFM DU bR 4 ALBE(4) ;4) FEFIEPIREMK 7 03 (7) ;
5) FEFFEPURIRE O ALBH(9) ;6) FERXT BEEBR 19 AbH (19) 37) HERN I Bk 2.4.7 F1 9 4L A4 305 1 R A
FE(2479) . K IR BE 1.50 kg Zoied (N5h 52 KUR ) b 1 RS AR 1 BRI 4 B T TR K B A A
W B ZEARTE 30 °C WREE 80% &F HOG R/ BHE S [H] 16 h/8 h MR ZE %57, XA [F AL B2 1) A A2 40
B, He IR 5 A RBAE AR 1x10°CFU 3R R R 240 1R TR AR , 30 d i [7) Bsf A AL JHLZH RG) JR 21 v 2 b A
LIFHEN 1.0 x 10* CFU-g ' (RAMIE T, BN E 3 AN EE
1.5.2 TEHSRE  BARMERITR 2 A FERE, B I EEN)G  OREMRPR LI LIRS,
FHVU S EDR R 20 g TR 25 A0 B A AR T I 5t s IR R AR AR AR R RS IR R R 18 AR R &
3~5 cm, JIAZKEAT TG K FIBEFE R 09 = A, 170 remin” $EARIRYS 30 min, B B VE 5 min, SR HE PR
TR
1.5.3 WRETEPHAFSRAEIEMENE R VARG THE0% 00 2 40 P& 127655 7 T8 19 5L
L, AR TSA RigRdk e ) R FH K2 KRk X 20 b A J v 1) T v 204 T34, K v + 188
IR TR VR BB U, L CFU - 7' 38R
154 BEHFSBEEEKRRERUENE %30k 23 ]IS, 1) JUT B (CHT) iG PR IAE
WAL 0.5 ¢ FEARAE S 7R A TS R , KU 250 FAER AR HA 2 mL 0.05 mol - L™ BFRZZ Il
(pH5.0) ,IEA57,12 000 g B> 15 min, R A JL T o il Bt EC e 28 W BRHI 2 3500 6 ( i e A= 4
FHEATBR ) 0 LB H LT B s . 2) Z2 W AL (PPO) 1& PR RGN E . IBUAS [ B2 b PR
1 g FARRFE S, FEVKIB A E R INA 2 mL 0.1 mol - L™ FPAETRER 2 M (pHT7.2, % 5% K ML el ) |, 515
PEPGI R, 7E 4 CE&AFT 12 000 g #5010 min, FIEWREI R PPO FLEE 4 O . 2 FEAE ) £ W R 1k W)
(PPO) I G W B o 550 & e BBl PPO W1, 3) sk S ALl (POD ) T AN A . HRUAS [R] #2
AEFRAY 1 g HERRRESA A 5 mL 0.2 mol - L' Tris-buffer(pH8.0, %5 1 ¢ BAEMIR ZISHE) |12 000 g B.0> 15 min,
i BAE Py 2ok SE AL P (POD ) IR S % IR BN o 1275 & 1 B 22 POD ¥ e
1.6 HELEBEESHF

K H] Excel 2016 F1 SPSS 26 F A X B R #1758 11504 . H] SPSS 26 547 ¢ M55 A1 ANOVA K556 53 B &b
PHIA] 2% 00 835 . Excel 2016 I R 4.3.1 15 5 #1444

2 HRESH

2.1 HEHRHFHESERE

WRIEHIAL B PR IR I A5 R | R R 4 BRI 4525 57 W S0 EL G D i A A 08 35 400 o 40 ) e A
VRO BRHFAL 0 A DB RTPR , 4 BRERTAOZ0 500 51 2.4.7 MO, XFRR 2.4.7 A1 9 #E4T DNA $2ECY 3 -0
J¥, BEJR 75 NCBI _L2E4T BLAST [RIEUT 5 704, HARSEI P2 R R AR (B 1) o Beibk 2 45 D13k

Bacillus subtilis strain NBRC 13719 (NR 112629.1)
Bacillus velezensis strain CBMB205 (NR 116240.1)
2
7
Mesobacillus aurantius strain JC1013 (NR 180197.1)
Heyndrickxia sporothermodurans strain M215 (NR 026010.1)
Bacillus haikouensis strain C-89 (NR 148273.1)
Cytobacillus praedii strain FJAT-25547 (NR 157745.1)
4
Streptomyces griseoaurantiacus strain DSM 40430 (NR 115231.1)
L}— Streptomyces anandii strain CSSP557 (NR 115400.1)
Streptomyces levis strain NRRL B-16370 (NR 115778.1)

Mpycetohabitans endofungorum strain HKI 456 (NR 042584.1)
[ Chitinasiproducens palmae strain JS23 (NR 174202.1)

Paraburkholderia phenazinium strain A 1 (NR 029212.1)

Escherichia coli strain NBRC 102203 (NR 114042.1)
4':‘-‘Tatumella citrea strain JCM 8882 (NR 043980.1)
9
0.02 Enterobacter chuandaensis strain 090028 (NR 180237.1)
1 ETEK2.4.7.9H 16S rRNA RFELBER
Fig.1 Phylogenetic tree based on 16S rRNA gene sequences of strain 2,4,7,9
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ZEMIFT TR ( Bacillus velezensis) \Pakk 4 55 Bl e 7 [ 4 5 141 ( Streptomyces anandii) | TR 7 5 VUSRI 27 Mo AT w4
( Bacillus velezensis) .k 9 5 )1 KB AT H ( Enterobacter chuandaensis ) W [8] 5 24 73 51 & 99.80% .91.84% .
98.13% M1 99.22% ., fi 2 K5 I bk 2 W) % %€ N 2F AT 18 ( Bacillus sp.) , T8 PR 4 W14 285 0 BE 5
(Streptomyces sp.) , HRR 7 W55 R ZEMOAT 1 ( Bacillus sp.) , BRE 9 #1255 5 NI FT1# ( Enterobacter sp.) .
22 HEHRHEREHNESERNE

2.2.1 EHRBFEREEBR B 2 T3 Fos, Bk 2.4.7 F09 He I I AR 4 AR B S e xk BR B
PR 19 T RAEHUE b bk 2.4 .7 2000 J5L B A W2 A A P ROR | 3 BRI A I R4 500 71.9% |
63.5% 1 68.9% ., BIFk O IR J B 14 BT 22 A4 4 7= A W ol ) A ARS8, , 6 -5 U B s, TR bR O 3Bl
W 2z—EAK 2B TR 05 J5 A SRR R AR R ) 2B (TR B A 3 (1] 3-b) SR
ARG BB A, DL SRR TRk 2,479 X B M EUE AR

g% =

2 EHR2.4.79MRARIEHEEUE 4 SEENFH(FOCL) BIHERHR
Fig.2 Inhibitory effect of strain 2,4,7,9 on the growth of Fusarium oxysporum f. sp. cubense race 4(FOC4)
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CK 2 4 7 9 19 CK 9
Kb HH Treatment Qb FH Treatment

3 E#E2.4.7.9 X FOC4 KB
Fig. 3 Effects of strain 2,4,7,9 on growth of FOC4
a. AbFE 2 47,919 F/REEFREIE 2.4.7.9.19, CK R HNIHJETE The treatment 2,4,7,9,19 mean innoculated with strain 2,
4,7,9,19,and CK only adds pathogenic bacteria. T [f] The same as follows. b. T HEF 2 B bk 9 520 1455 U 194 KRB The

of reinoculation of the pathogen affected by strain 9.
NFAKRE FHHRR AN 225 B3 (P<0.05) , Different capital letters indicate significant differences at 0.05 level among treatment
groups. I [i] The same as follows. *** P<0.001.
2.2.2 BT IAA GBS MRIE TAA WRES Do fE, 20 IAA FRUEITZE y=0.017x+0.048 1, FF3R H 4% i Bk
FEIAA B, HE 4-a ATHD AR 2.4.7.9.19 19 TAA W30 7.44.5.46.9.70.6.76 F1 4.89 mg-L™",
5 HANFREY TAA ¥R JE Z R Y77EAE 25 25 53 bR 7 72 TAA RE /il , 2 T LM Bk , kR 2 72 1AA
JIER TERR 9 77 TAA BEJJIRZ, T BE 4 77 TAA BEJIHSS , PR 19 7 TAA RE 1555 .

30r A A

R =

a 12

25

>
w

20 +
B
15+
R =
ol == =

2 4 7 9 19 2 4 7 9 19
Kb HH Treatment Kb Hf Treatment

B4 BEHRBEBIRZE(a) FNEMERBREES ()
Fig. 4 Contents of indoleacetic acid (IAA) (a)and biofilm formation ability of all strains(b)
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223 BHRMEMIRRREES FIHLS S EY G0 &I bR A WY BLRE J) . M ABS570 £U{E
ZERANE 4-b BN, AR 2.4.7.9 119 B9 ABS570 Ut 23 9 28.29 .10.52.27.32 ,13.28 il 11.37, # ¥k 2
TR RE 7 (0SB AE J7 W32 2 TRk 4.9 F1 19, bk 2 9 ABS570 Bt & ih , I BE J1 ol bk 7 iUl fig
TR kR 9 FEERE 19 BUBERE 1855 , bk 4 BOBERE 77555 .
2.3 MRS TEEXR R E £ KRN

TEMR AR SR BT TR AR 2.4 .7 R 9 R 2 P TR AE 5905 Dt e 2R A 7 35 5 000, R AR B U A 12
3 i TRT R BRI e 2 A A R R IR P AR R e, 25 (161 5) R M LT CK T #R 19, %
FEHT 2 TR AR 179 AL 3L SRR I R B, b A BT CK, bk 2.4.7.9 AR i pe A o il
KT 73.3% .83.8% .69.9%F1 57.0% ;2 #REALH A 24 27 .29 47 49 79 Ab P J5 4 B0E 43 BIREAR T 85.8% .
86.6% .87.2% 81.1% .83.0% il 87.9% ;4 FRIH 2479 414 4b HH 5 A i B F K, 0 2.73%x10° CFU-mL ™",
FEAR T 93.6%., LA L Z5SRFRHA PRI Al FH S BGsm s slR | H 2 5 = 0 TR AT T 80 R ik

700 A B
T/\ a a
— 1 i
E 5 65F
5 2 b
L £ e C
C 85 od be d d
%“g 6.0f de T S . .
) 5 D
g Na) —_—
f’g g f
® 3
mZ 55
i
5.0 ! ! ‘
CK 2 4 7 9 19 24 47 27 29 49 79 2479

AbFE Treatment
B 5 #NEHETARRELLE FOC4 HER M
Fig.5 The effect of different treatments on the number of FOC4 in vitro
24 SRR 2 .4 415 R HE The combination of strain 2 and 4;47 PPk 4.7 215 WI# The combination of strain 4 and 7;27 HE#E 2.7 4
4 R The combination of strain 2 and 7329 A& Fk 2.9 £H45 B #E The combination of strain 2 and 9;49 Nk 4.9 414 B #E The combination
of strain 4 and 9;79 MKk 7.9 & HHE The combination of strain 7 and 9;2479 N #k 2.4.7.9 414 #f The synthetic bacterial consortia
consisting of strain 2,4,7 and 9.
REK NG FRER R 0225 8% (P<0.05) , Different capital and lowercase letters indicate significant differences at 0.05 level among
treatment groups. T[] The same as follows.
2.4 FEREXTEFERENIDEZRIEN
241 WEEBEERRROEHEBES VAR BR A0 B AR PR -390 b 40 i =5 B kA4, e
WA S TE R ESRE ) . SR AN 6-a FT7R  TES B RRAL B P B AR 2.4.7.9 .19 AL B AR Br + 38 rh 40 T8
FOBCEE 0 7.1x107 4.32x107 16.32x107 .6.55x107 F1 4.86x 107 CFU-g ™" ; %t T 2479 4bF AR PR 115
TR R 8.89x107 CFU-g™', XKW 4 #RGHU A B RS 7E R AR PR LI P A &oe 5, JF HA &
)R8 FEASCR i

a 8.0 A b 6.50 A A
@ — =
~ 19l ABC —":D 6.25
w2 Aty BC 25
> 8 ? ] 6.00 - B
S 8781 O £ C
g D = < 55k =
B 5 CD S C
- 7.7 F % & 8 C =
i]“__é[ g }E g 5.50 T D
= 4 L = Z
=76 £ so5t =
7 5 | J S 00 | | | | | | J
’ 2 4 7 9 19 2479 o CK 2 4 7 9 19 2479
KbFE Treatment KbFE Treatment
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