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Screening and genomic analysis of biocontrol bacteria against
cobweb disease of Oudemansiella raphanipes
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Abstract: Oudemansiella raphanipes is a rare edible and medicinal mushroom, while it is highly
susceptible to cobweb disease caused by Cladobotryum varium. [Objective] To obtain bacteria
capable of controlling cobweb disease and promoting the mycelial growth of O. raphanipes from
casing soil. [Methods] Bacteria were isolated from the casing soil of O. raphanipes, and their
antagonistic activity against the mycelial growth of both O. raphanipes and C. varium was
evaluated. The strains with disease-preventing and growth-promoting properties were screened out,
and their functioning mechanisms were studied based on genome data. [Results] A total of 90
bacterial strains were isolated from the casing soil, of which 38 strains showed significant
inhibitory activity against the mycelial growth of C. varium and no inhibitory activity against that
of O. raphanipes. The supernatants of two strains significantly inhibited the mycelial growth of C.
varium and promoted that of O. raphanipes. Based on the genome data, the above two strains were
identified as Peribacillus simplex and Ochrobactrum rhizosphaerae, respectively, and they carried
multiple functional genes and biosynthetic gene clusters of secondary metabolites. [Conclusion]
Two bacterial strains capable of controlling the disease and promoting the growth of edible fungi
were obtained, providing valuable microbial resources for the future biocontrol of cobweb disease.
Keywords: Oudemansiella raphanipes; casing soil; cobweb disease; Cladobotryum varium;
biocontrol
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Figure 1 The composition of the isolated bacteria in casing soil of Oudemansiella raphanipes at the genus level.
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A Q. raphanipes HPIZ

vs. Bacillus sp. 11-36

C O. raphanipes HPJZ vs. Chryseobacterium sp. 26-1

L L)
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D

B O. raphanipes HP1Z

vs. Pseudomonas sp. 55-10

C. varium JZBQAI vs. Chryseobacterium sp. 26-1
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Figure 2

Inhibitory effect of bacteria in casing soil on the mycelial growth of Oudemansiella raphanipes and

Cladobotryum varium. A: Antagonism of Bacillus sp. 11-36 on mycelial growth of O. raphanipes HPJZ; B:
Antagonism of Pseudomonas sp. 55-10 on mycelial growth of O. raphanipes HPJZ; C: Antagonism of
Chryseobacterium sp. 26-1 on mycelial growth of O. raphanipes HPJZ; D: Antagonism of Chryseobacterium sp.

26-1 against mycelial growth of C. varium JZBQAL.
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Bacillus sp. 52-12 Paenibacillus sp. 11-60

Bacillus sp. 6-24 Paracoccus sp. 27-7

Bacillus sp. 12-30 Peribacillus sp. 25-55

Bacillus sp. 54-8 | Peribacillus sp. 6-22

Bacillus sp. 25-29 Priestia sp. 4-2

Cellulosimicrobium sp. 27-5 Priestia sp. 10-31

Chryseobacterium sp. 26-1 Pseudarthrobacter sp. 54-6

Delftia sp. 4-7 Pseudomonas sp. 27-25

Fictibacillus sp. 11-62 Pseudomonas sp. 54-20

Flavobacterium sp._12-9 Pseudomonas sp. 65-8

Glutamicibacter sp. 52-32 Pseudomonas sp. 72-63

Lysinibacillus sp. 6-38 | Pseudomonas sp. 25-56

Lysinibacillus sp. 10-18 Pseudomonas sp. 54-32

Metabacillus sp. 5-3 Pseudomonas sp. 26-24

Metabacillus sp. 6-20 Robertmurraya sp. 25-19

Microbacterium sp. 25-15 Sporosarcina sp. 25-20

Microbacterium sp. 11-59 Streptomyces sp. 6-33
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Figure 3

Cladobotryum varium.
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Inhibition of the bacteria in casing soil on the mycelial growth of Oudemansiella raphanipes and
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C. varium JZBQA1
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** P<0.01); C: EK6-22F127-1204 15 WO DR 76 /)N B g 1 S5 P Ak 4 2 o 22 AR K A5 il

Figure 4 Effect of supernatant of bacteria in casing soil on the mycelial growth of Oudemansiella raphanipes
and Cladobotryum varium. A: Effect of supernatant on the mycelial growth of O. raphanipes (*: P<0.05; ***: P<
0.001; ****: P<0.000 1); B: Effect of supernatant on the mycelial growth of C. varium (*: P<0.05; **: P<0.01);

C: Effect of supernatant of strains 6-22 and 27-12 on the mycelial growth of O. raphanipes and C. varium.
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Figure 5 Phylogenetic tree and genome analysis of strain 6-22. A: Colony morphology, Gram staining, and I1AA
activity detection; B: Phylogenetic tree analysis; C: Secondary metabolite biosynthesis gene clusters;
D: Pangenome analysis.
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Figure 6 Phylogenetic tree and genome analysis of strain 27-12. A: Colony morphology, Gram staining, and
IAA activity detection; B: Phylogenetic tree analysis; C: Secondary metabolite biosynthesis gene clusters;

D: Pangenome analysis.
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