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Rhizosphere colonization of Bacillus subtilis biocontrol strain SEM-9 and
the effect on microbial diversity in rhizosphere soil
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Abstract: [Objective] In order to study the colonization rule of Bacillus subtilis biocontrol strain SEM-9 in
the rhizosphere of crops and its influence on the microbial diversity of rhizosphere soil. [Method] The strain
SEM-9 was labeled with green fluorescent protein by natural transformation method, and the colonization in
rhizosphere soil, on root surface and in root tissue were observed by inverted fluorescence microscope. The

changes of microbial diversity in rhizosphere soil treated with the strain SEM-9 were analyzed by high-
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throughput sequencing using soil with soilborne diseases as test material. [Result] The recombinant strain

SEM-9-pGFP,, stably expressing green fluorescent protein was constructed. The observations of fluorescence

microscopy showed that SEM-9-pGFP,, could colonize on the rhizosphere soil and root surface, but not in root

tissue or cell. After treated with the SEM-9 suspension, the incidence rate of cucumber soilborne disease

significantly reduced, and the fungal diversity in rhizosphere soil increased. [Conclusion] The GFP labeling

method of SEM-9 strain was successfully established, and the rhizosphere colonization rule of the strain and the

control effect on cucumber soilborne diseases were clarified, which lays a foundation for the later development

of alternative microbial fertilizer.
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Fig. 1 Growth curve of the strain SEM-9
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M 75 DNA marker DL2000, 1 9Btk #2 ) pGFPy, Bk, 2 J9FH{E
FALFHRINT pGFPy, JFURL, 3. 4 J9BH MR+ 208 3(%0 200 £8) F1 4 d
(£ 280 ) $RIX AR AL

M is DNA marker DL2000, Lane 1 is the pGFP22 plasmid extracted from
the preserved strain, lane 2 is the pGFP22 plasmid extracted from the
positive transformant with green fluorescence, and lanes 3 and 4 are the
plasmids extracted from the positive transformant breeding for three (about
200 generations) and four days (about 280 generations)

2 SEM-9 EHRETRIIEENEE R
Fig.2 Plasmid extraction results of SEM-9 strain
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AL F b B UKL pGFP,y0 4 20 pL $2HUT R 5
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A is positive transformant SEM-9-pGFP,,; B is SEM-9-pGFP,, cultured on the NA plate for four days

3 RHXEMIEFILE SEM-9-pGFP,,
Fig.3 Screening of SEM-9-pGFP,, by fluorescence microscope
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pGFP,, FRLEAR Y 5 HE

The green fluorescence in the figure shows the colony of the recombinant strain SEM-9-pGFP,,. A and B are the recombinant strains SEM-9-pGFP,,
colonizing in rhizosphere soil and on the root surface, respectively; C and D are blank control and the recombinant strain SEM-9-pGFP,, colonizing in roots,

respectively

& 4 SEM-9-pGFP,, BIFkHIRFREE DT

Fig. 4 Analysis of rhizosphere colonization of the recombinant strain SEM-9-pGFP,,

R0, SR SEM-9 Kb, AR BRI R 2R itk )
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T % R A A ST AL ER f5 , 75 & 7K P -8k U 1 JE AR
o = e 0t L 2 PR AR (P<0.05), TEFH KP4k
T8 T B A 3 BERS i T HRE TG R 2 2 o 45
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BRI S 0 B ) BRI AR R, PR T AR PR )
FEXF
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CK SEM-9 SJ
AbFE Treatment
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Fig. 5 Control effect of the strain SEM-9 on Cucumber
Fusarium wilt disease

R 1 SEM-9 ABERFRLIRFEEMSHMES

Table 1 Analysis of microbial diversity in rhizosphere soil after treated with the strain SEM-9

J93 5L R Pathogen A3 Treatment Chao Ace Shannon Simpson
il CK 1973£207.4a 1940+218.3a 5.84+0.389a 0.009 1+0.006a
Bacteria SEM-9 211243722 2114468 2 6.08£0.196a  0.0068£0.003a

SJ 2064+121.4a 2035+121.8a 6.06+0.266a 0.0059+0.003a
B CK 176+15.9a 182+2.8a 2.57+0.321a 0.24+0.08a
Fungi SEM-9 206+7.2b 206+6.2b 2.93+0.158b 0.11£0.02b

SJ 196+23.1ab 197425.3ab 2.65+0.363a 0.194+0.05a

1) Rl AFo% R B Bl 9 S48 5 69 R BN B F R R R R AL B2 £ ¢ B 5(P<0.05, LSD i#%)

1) Different lowercase letters after the data of the same pathogen of the same column indicate significant differences among

different groups (P<0.05, LSD method)



B 4 ]

ZEIRIR, S5 AR AT B AL BT BT Ak SEM-9 AR s i A8 KO AR s - 3 Rl A ) 22 AR IR D S 87

2 SEM-9 EBERFRLIFEFRIIEAME KT LrIHE
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Table 2 Analysis of relative abundance of Fusarium in
rhizosphere soil at species and genus level after
treated by the suspension of the strain SEM-9

J& Species CK SEM-9 SJ

E YAl 0.73+£0.131a  0.52+0.049b  0.51+0.104b
Fusarium

RAETIE  0.14+0.025a —0.25+0.282b  0.26+0.182a

F.oxysporum

1) & P 238 A AR B ST B, RATRBEHRE DB
FEATRR AL £ F R F(P<0.05, LSD %)

1) The data in the table are the logarithm values of relative
abundances, and different lowercase letters after the data of the
same row indicate significant differences among different
groups (P<0.05, LSD method)
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