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Advances in the identification of Bacillus subtilis and closely
related species
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(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural
Sciences, Beijing 100081, China)
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Abstract: Bacillus subtilis and closely related species, as members of the “subtilis-group”, are
composed of rod-shaped, endospore-forming bacteria with high degree of phenotypic and
biochemical similarity. The “subtilis-group” includes B. subtilis, B. licheniformis, B. pumilus, B.
amyloliquefaciens, B. atrophaeus, B. mojavensis, B. vallismortis, B. sonorensis, B. tequilensis, B.
siamensis. Strains of the group have been exploited for biotechnological, industrial and agricultural
applications; therefore, their rapid and accurate identification is important in practice. Here we
reviewed traditional and molecular methods to identify these species. The combination of the
physiological and biochemical characteristics, sequencing analysis and species-specific PCR would
allow us to rapidly and accurately differentiate the strains of the group.
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Species-specific PCR
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Table 1 Biochemical characteristics that distinguish Bacillus subtilis and other related Bacillus species

1 2 3 4 5 6 7 8 9 10
. = - - - - 4 - + + =
Anearobic growth
. - — + + 4 + ND — = ND +
Heamolytic activity
. - - - - - ND + = L =
Production of indole
. + + + + + + = + + =
Starch hydrolysis
+ + — + + - + A D +
Oxidase activity a
. _ 4 4 4 4 3 4 — 4 e =
Nitrate reduced to nitrite
e . = = = = = ND ND A i -
Utilization of propionate
. . + + + + + - + + + +
Utilization of citrate
_ _ - - A ¥ i + ND ND
Acid produced from lactose
. 50 50 50 50 50 55 50 55 55 50
Maximum temperature for growth (°C)
Minimum temperature for growth (°C) 10 10 10 10 10 4 HB 15 15 10
7 el + + + + ¥ ND + L +
Growth in the presence of 7% NaCl
12% NaCl
4 ND - - +* ND - - ND
Growth in the presence of 12% NaCl
DNA G+C
43 43 42 43 45 41 ND 46 46 ND
DNA G+C content (mol %)
pH 5.6 Cream Cream Cream  Cream Bright
I o ey O S G white white Darkbrown Cream white white Yellow Cream yellow ND

Note: 1: B. subtilis subsp. subtilis CECT39"; 2: B. mojavensis NRRL B-14698"; 3: B. atrophaeus NRRL NRS213"; 4: B. vallismortis
NRRL B-14890"; 5: B. amyloliquefaciens NRRL B-14393"; 6: B. siamensis PD-A10"; 7: B. tequilensis 10b"; 8: B. licheniformis NRRL
NRS-12647; 9: B. sonorensis NRRL B-23154"; 10: B. pumilus CCTCCAB94044™; ND: Not detected.

59|Bacillus licheniformis (AF391127)
52|'Bacillus subtilis subsp. subtilis (AJ276351)

441~ Bacillus tequilensis (HQ223107)
Bacillus subtilis subsp. spizizenii (AF074970)
Bacillus subtilis subsp. inaquosorum (HE582781)

Bacillus mojavensis (AB021191)

Bacillus siamensis (GQ281299)
Bacillus vallismortis (AB021198)
Bacillus amyloliquefaciens subsp.
amyloliquefaciens (AB255699)
98! Bacillus amyloliquefaciens
subsp. plantarum (NC017061)

Bacillus atrophaeus (AB021181)
Bacillus sonorensis (NR025130)

Bacillus pumilus (AY876289)
Bacillus cereus (DQ207729)

100

99

0030 0025 0020 0015 0010 0005 0.000
El1 REFMFELEEMARER 16S rRNA BR R KL EH

Figure 1 Phylogenetic relationships of some species of the genus Bacillus and related taxa based on 16S rRNA gene
sequence analysis
Note: The branching pattern was generated by the UPGMA method. Bootstrap values (expressed as percentages of 1 000 replications).
Bar 0.005 substitutions per nucleotide position.
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Table 2 Genes and primers and amplification parameters used for PCR and sequencing

PCR
Genes Primer sequences (5'—3") Amplification parameters PCR (pkrl;))ducts
16S  27f: AGAGTTTGATCCTGGCTCAG 50 pL IxPCR buffer, 2.0 uL dNTPs (2.5 1.5

rRNA 1492r: GGTTACCTTGTTACGACTT

mmol/L), 4.0 uL

25 mmol/L MgCly, 2.0 uL

(10 pmol/L), 2.5 U Tag DNA , 50-100 ng
DNA, 50 uL
95 °C 5 min; 93 °C 1 min, 50 °C 1 min, 72 °C
1 min 10 s, 25 ;72 °C 10 min
gyrB  UP1: GAAGTCATCATGACCGTTCTGC 50 uL 1xPCR buffer ( Mg”), 2.0 uL dNTPs 1.2
ngGrFEggEggg&%ggZﬁ%GCGAGCCRT (2.5 mmol'L), 2.0 uL (10 pmol/L), 2.5 U Tag DNA
CNACRTCNGCRTCNGTCAT »50-100ng  DNA, S0uL
94 °C 4 min; 94 °C 1 min, 57 °C 1 min, 72 °C
UP1S: GAAGTCATCATGACCGTTCTGCA 1 min 10's, 35 ;72 °C 10 min
UP2rS: AGCAGGGTACGGATGTGCGAGCC
gyrA  42f: CAGTCAGGAAATGCGTACGTCCTT gyrB 1.0
1066r: CAAGGTAATGCTCCAGGCATTGCT 94 °C 2 min: 94 °C 1 min, 51 °C 45 s, 68 °C
1 min, 40 ; 68 °C 10 min
rpoB  2292f: AGGTCAACTAGTTCAGTATGGAC gyrB 0.6
3354r: AAGAACCGTAACCGGCAACTT 94 °C 2 min: 94 °C 1 min, 51 °C 45 s, 68 °C
50's, 40 ;68°C90's
purH 70f: ACAGAGCTTGGCGTTGAAGT gyrB 0.9

1013r: GCTTCTTGGCTGAATGAAGG

72 °C 1 min, 35

94 °C 2 min; 94 °C 30 s, 45-55 °C 30 s,
;72 °C 10 min (
)
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Idriss
Idriss
Oleg - yyaR yyaO tetB PCR
tetL PCR [27]
[26-27]
PCR
B- PCR
3
28 PCR
gyrA
rpoA 16S rRNA PCR PCR
PCR
[29]
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#*3 45 PCR BISI4¥F04 18 &4

Table 3 Genes and primers and amplification parameters used for specific PCR

PCR
Specie names Genes Primer sequences (5'—3") Amplification parameters PCR (;l))rpo)ducts
poA BSL72: CGTAGAGCCACTTGAGCG 20 uL IxPCR buffer, 256
B. subtilis BSR328: CTGCCGTTACAGTTCCTT

0.8 uL MgCL (25 mmol/L) s

o L100: AAATCTGCCCGTATCGTCG 08 pL dNTPs (2.5 mmol/L), 236
B. amyloliquefciens > R836: GCGTCACGGCGRATCTCAA 03 pL (10 pmol/L),
1.0 U Tag DNA , 10-50 ng

gyrA L168: TGGGATGACAAGTGATAAGC DNA 346
B. licheniformis R514: CTCCGTTGACAAGCAAGTTCG 94 °C 3 min; 94 °C
40 s, 61.7 °C 40 s, 72 °C 25 s
1 L354: A AAGAACAAGTGCRAGA! > ? ’

6S 354: AGGGAAGAACAAGTGCRAGAG 30 -72°C 10 min 31

B. pumilus rRNA R674: GCTCCTCAGCGTCAGTTACA
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