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Abstract: [Objective] Bacillus altitudinis 6ww6, a salt-tolerant and plant growth-promoting
rhizobacterium, can be used as a preferred strain for microbial fertilizer. For protection of its
intellectual property rights, it is essential to establish a method for rapid detection of this strain.
[Methods] The orphan genes of strain 6ww6 were obtained through comparative genomic analysis and
the elimination of homologous sequences by TBLASTn and NR library retrieval. The corresponding
primers of the orphan genes were designed for PCR detection. [Results] Five specific genes
(J939 13195, J9319 05960, J9319 13355, J9319 05965, and J9319 13350) were screened out for
strain 6wwo6. The target gene J9319 05960 of strain 6ww6 could be specifically amplified with primers
5960F and 5960R, which was confirmed to be the specific molecular marker of strain 6ww6.
[Conclusion] In this study, we identified the unique identity code of strain 6ww6 and established a
strain-level identification method based on comparative genomic and orphan genes analysis. This
method can rapidly and accurately identify target species at the strain level, serving as a powerful tool
for the protection of intellectual property rights of valuable microorganisms.

Keywords: microbial fertilizer; comparative genomics; molecular marker of strain; Bacillus altitudinis
6ww6; intellectual property rights
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Table 1 PCR primers

Genes Primers Base sequences (5'—3") Tw/°C Size/bp

J939 13195 3195F ATGTTAACCGAAACAGTAG 51 321
3195R TTAAGCTAGAGCCGCT

J9319 05960 5960F ATGAAAATTGAAATTAAAAATCTTGG 50 1422
5960R TCATTCTTCCTCATGTTC

J9319 13355 3355F ATGGATGTTAGAGAATTGC 50 921
3355R TTATACACCTTCATCTATACCTTC

J9319 05965 5965F ATGGTTTCTGCATTGG 49 630
5965R TTAGATTATAAGACTGTTAGAATATTTAG

J9319 13350 3350F ATGATTACAGTTCTATTTAGAATAG 49 555
3350R TTATTTTCGAATTAAATAGATATTATGAC

16S rRNA gene 27F AGAGTTTGATCCTGGCTCAG 50 1542
1492R TACGGYTACCTTGTTACGACTT
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B1 6wwé HIkIAEE
Figure 1 Functional identification of strain 6ww6. A: protein degradation ability; B: organophosphate
degradation ability; C: capacity producing iron carrier.
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100+ Bacillus australimaris MCCC 1A05787 (JX680098.1)
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Bacillus pumilus NRRL NRS-272 (EU138517.1)
67 Bacillus zhangzhouensis MCCC 1A08372 (JX680133.1)
Bacillus amyloliquefaciens DSM 7 (T) (KY047618.1)
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|| Bacillus subtilis DSM 10 (MK256302.1)

9 Bacillus siamensis KCTC 13613 (KY643639.1)
Bacillus methylotrophicus CBMB205 (EU194897.1)
Bacillus atrophaeus NRRL NRS-213 (EU138516.1)
Bacillus halodurans ATCC 27557 (AB021187.1)
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|
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2 ET 16S rRNA EFEFIIEMRFLKEN

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences. Node values represent percent bootstrap
confidence derived from 1 000 replicates. Bar 0.05 at the bottom is the sequence divergence. The GenBank
accession numbers of the indicated sequences are shown in the parentheses.
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Figure 3 Circular representation of the comparative genomic analysis of strain 6ww6 genome. Rings
represent the following features labeled from inside to outside: ring 1: GC skew; ring 2: GC-content; ring 3:

the scale in bps; ring 4: circular representation of strain 6wwb6 genome; rings 5—8: CDSs in 6ww6 genome;
ring 9: circular comparison of other B. altitudinis genomes; ring 10: 6ww6 orphan gene.

Rz2 HEFk owwe RITTILER
Table 2 Orphan genes of strain 6ww6

Genes Protein Maximum similarity with other strains/%
J9319 05960 ATP-binding protein 52.59
J9319 05965 Hypothetical protein 58.10
J9319 13195 Hypothetical protein 56.73
J9319 13350 Hypothetical protein 53.26
J9319 13355 DUF4868 domain-containing protein 54.07
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PCR amplification of specific genes. A: amplification products of 16S rRNA gene; B:

amplification products of gene J9319 13195; C: amplification products of gene J9319 13355; D:
amplification products of gene J9319 05965; E: amplification products of gene J9319 13350; F:
amplification products of gene J9319 05960. Lanes 1 to 5 are Bacillus altitudinis 6ww6, Hb4, GQYP101,
14b and WRI10 amplification products. Lanes 6 to 12 are Bacillus licheniformis LCDD6, Bacillus
amyloliquefaciens Y 14, Bacillus velezensis FKM 10, Bacillus halodurans 6-30, Bacillus subtilis 168, Bacillus
safensis 5-49, Bacillus stratosphericus 5-54 and Bacillus halodurans 6-30 amplification products.

M: 2 000 bp maker.
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