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Table 1  The bacterial strains used in this study
Strains Strain No.*
B. subtilis ACCC10242", CCTCCAB92068", CGMCC1.1849, ATCC29056,
JCM2499, CGMCC1.15, CGMCC1.108, CGMCC1.354

B. amyloliquefaciens ACCC10226", CGMCCI1.1131, CGMCC1.1099, CGMCC1.1226

B. licheniformis CCTCCAB92069", CGMCC1.813, CGMCC1.265, CGMCC1.105, [2003]025, [2005]005

B. pumilus CCTCCAB94044", CGMCC1.937, CGMCC1.940, CGMCC1.1847

B. megaterium CCTCCAB92075"

B. cereus CCTCCAB93038 "

B. mycoides CGMCC1.2014

B. thuringiensis ACCC10325"

B. mucilaginosus 75197

B. edaphicus 7517°"

Brevibibacillus laterosporus CGMCC1.2012"

Brevibacillus brevis CCTCCAB94025"

Paenibacillus azotofixans CCTCCAB94023"

Paenibacillus polymyxa CCTCCAB92076"

Paenibacillus cirulans CCTCCAB94026 "

a: ACCC: Agricultural Culture Collection of China; CCTCC: China Center for Type Culture Collection; CGMCC: China General

Microbiological Culture Collection Center; ATCC: American Type Culture Collection; JCM: Japan Collection of Microorganisms; Others:

Center for Quality Supervision

Test of Microbial Fertilizers and Mushroom Spawn, Ministry of Agriculture, P. R. China.

1.1.2 Taqg DNA dNTP PTC-200 ( sigma 3K15)
( ) DNA marker 1.1.3 : 2 ,
( ) PCR
®2 HRPCR3Y
Table 2 Primers for specific PCR
Bacteria Primer sequences 553 % Gene GenBank Accession No. PCR product/bp
B.subtilis BSL72 CGTAGAGCCACTTGAGCG rpoA 799104.2 256
BSR328 CTGCCGTTACAGTTCCTT
B.amyloliquefaciens L100 AAATCTGCCCGTATCGTCG gyrA AY212978.1 736
R836 GCGTCACGGCGR(AG)ATCTCAA
B.licheniformis L1683 TGGGATGACAAGTGATAA GC gyrA CP00002.21 346
R514 CTCCGTTGACAAGCAAGTTCG
B.pumilus L354 AGGGAAGAACAAGTGC(GA)AGAG 16S rRNA DQ120942 321
R674 GCTCCTCAGCGTCAGTTACA
1.2 PCR¥ & //'www.ncbi.nlm.cih.gov/BLAST
1.2.1 DNA 100%
30C 16h
4
DNAL PCR RNA o RpoA B. subtilis
1.2.2 PCR GenBank BSL72/BSR328
primer gyrA B. amyloliquefaciens
5.0 BLAST http: L100/R836  B. licheniformis L168/R514
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16S rRNA B. pumilus L354/R674
1.2.3 PCR
DNA PCR
PCR
PCR 10xPCR buffer (  Mg*) 2.0
pL  MgCl, 2.0 mmol/L dNTP 200 pumol/L
BSL72/BSR328 L100/R836 L168/R514 R674 3
pumol/L L354 5 uymol/L 1U TagDNA
DNA 50 ng 20 pL
94 3 min 94 40s 617 40s 72 25s 30

72 10 min 2%
1.3 PCR =il
B.amyloliquefaciens 102267, B.subtilis 92068,
B.licheniformis 92069", B.pumilus 94044™  PCR
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Fig. 1 The multiplex PCR amplification of B.subtilis group
representative strains using genomic DNA as template. M1: 50
bp ladder marker; 2-6: B.subtilis 10242, 92068, 1.1849, 29056, 2499;
7-9: B.subtilis 1.15, 1.108, 1.354; 10-13: B.amyloliquefaciens 10226,
1.1131, 1.1099, 1.1226; 14-19: B.licheniformis 92069, 1.813, 1.265,
1.105, [2003]025, [2005]005; 20-23: B.pumilus 94044, 1.937, 1.940,
1.1847; M2: 100 bp ladder marker.
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Fig. 2 The multiplex PCR amplification of other representative
strains using genomic DNA as template. 1. B.amyloliquefaciens 10226;
2. B.subtilis 92068; 3. B.licheniformis 92069; 4. B.pumilus 94044; 5.
B.megaterium 92075; 6. B.cereus 93038; 7. B.mucilaginosus 7519; 8.
B.edaphicus 7517, 9. B.thuringiensis10325; 10. Brevibibacillus
laterosporus 1.2012; 11. B.mycoides1.2014; 12. Brevibacillus brevis
94025; 13. Paenibacillus cirulans 94076; 14. Paenibacillus polymyxa
92076; M. 50 bp ladder marker.
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GenBank  BLAST
100%
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Table 3  The identification results of B.subtilis group stains using biochemical and multiplex PCR methods

The amplifications of multiplex PCR Starch Anaerobic  Utilization of Acid produced The result of biochemi-

Strein B.subtilis B.amyloliquefaciens B.licheniformis B.pumilus hydrolysis  growth propionate  from lactose cal identification
3002 - + - - + - - + B.amyloliquefaciens
3003 - + - - + — _ + B.amyloliquefaciens
3004 _ + _ _ + _ _ + B.amyloliquefaciens
3005 + - - - + - - _ B..subtilis

3006 - - + - + + + / B.licheniformis
3008 + - - - + — _ _ B.subtilis

3009 - + - - + _ _ + B.amyloliquefaciens
3010 - + - - + - _ + B.amyloliquefaciens
3011A - + - - + — _ + B.amyloliquefaciens
3011B - - - + - _ _ / B.pumilus

3040 _ + _ _ + _ _ + B.amyloliquefaciens
3041 + _ _ _ + _ _ _ B.subtilis

3042 - - + + + + / B.licheniformis
3043 _ _ _ + _ _ _ / B.pumilus

3044 + _ _ _ + _ _ _ B.subtilis

3045 _ + - _ + _ _ + B.amyloliquefaciens
3046 _ _ + _ + + n / B.licheniformis
3047 _ + _ _ + _ _ + B.amyloliquefaciens
3048 _ _ + _ + + + / B.licheniformis
3049 _ + _ _ + _ _ + B.amyloliquefaciens
3050 + - - - + - _ _ B.subtilis

3051 - + - - + - _ + B.amyloliquefaciens
3052 - - + % + + + / B.licheniformis
92068" + - - » + - _ _ B.subtilis

10226 " - + X - + _ _ + B.amyloliquefaciens
92069" - - + - + + + + B.licheniformis
940447 - — - + - - - B.pumilus

3 itk PCR
4
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16S rDNA
[10~12] 23
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16S rRNA

gyrA cheA gyrB
rpoA rpoB  vrrA spoOA oa-amylase P

Oleg NR!"! (201 yyaR yyaO tetB tetL
CGMCC1.15 1.108 1.354

PCR 3
PCR
gyrA rpoA  16S rRNA

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



(3]

(3]

(6]

(71

PCR J (2008) 48(5) 655
2001.
B.sonorensis  B.tequilensis [8] Buchanan RE, Gibbons NE.

PCR
B.atrophaeus

(7:8] PCR

2 £ X M

Nakamura LK. Taxonomic relationship of black-pigmented Ba-
cillus subtilis strains and a proposal for Bacillus atrophaeus sp.
nov.. Int J Syst Bacteriol, 1989, 39(3): 295-300.

Roberts MS, Nakamura LK, Cohan FM. Bacillus mojavensis sp.
nov., distinguishable from Bacillus subtilis by sexual isolation,
divergence in DNA sequence, and differences in fatty acid
composition. Int J Syst Bacteriol, 1994, 44(2): 256-264.

Michael SR, Nakamura LK, Ferderick MC. Bacillus vallismortis
sp. nov., a close relative of Bacillus subtilis, isolated from soil in
Death Valley, California. Int J Syst Bacteriol, 1996, 46(2):
470-475.

Palmisano MM, Nakamura LK., Duncan KE, et al. Bacillus
sonorensis sp. nov., a close relative of Bacillus licheniformis,
isolated from soil in the Sonoran Desert, Arizona. Int J Syst Evol
Microbiol, 2001, 51(5): 1671-1679.

Gatson JW, Benz BF, Chandrasekaran C, et al. Bacillus tequilen-
Sis sp. nov., isolated from a 2000-year-old Mexican shaft-tomb, is
closely related to Bacillus subtilis. Int J Syst Evol Microbiol,
2006, 56(7), 1475-1484.

Nakamura LK, Roberts MS, Cohan FM. Relationship of Bacillus
subtilis clades associated with strains 168 and W23: a proposal
for Bacillus subtilis subsp. Subtilis subsp. nov. and Bacillus sub-
tilis subsp. spizizenii subsp. nov. Int J Syst Bacteriol, 1999, 49(3),
1211-1215.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

8
, 1984,
DNA (Microbiology), 2002, 29 (6):
65-68.
Ash C, Farrow JA, Wallbanks S, et al. Phylogenetic heterogene-

ity of the genus Bacillus revealed by comparative analysis of
small subunit ribosomal RNA sequences. Lett Appl Microbiol,
1991, 13: 202-206.

Blackwood KS, Turenne CY, Harmsen D, et al. Reassessment of
sequence-based targets for identification of Bacillus species. J
Clin Microbiol, 2004, 42 (4): 1626—-1630.

Goto K, Omura T, Hara Y, et al. Application of the partial 16S
rDNA sequence as an index for rapid identification of species in
the genus Bacillus. J Gen Appl Microbiol, 2000, 46: 1-8.

Oleg NR, Christina D, Johan M, et al. Taxonomic characteriza-
tion and plant colonizing abilities of some bacteria related to Ba-
cillus amyloliquefaciens and Bacillus subtilis. FEMS Microbiol
Ecol, 2004, 48: 249-259.

Yamamoto S, Harayama S. PCR amplification and direct se-
quencing of gyrB genes with universal primers and their applica-
tion to the detection and taxonomic analysis of Pseudomonas
putida strains. Appl Environ Microbiol, 1995, 61(3): 1104—1109.
Yuan Q, Guy P, Xudong L, et al. Utilization of the rpoB gene as
a specific chromosomal marker for real-time PCR detection of
Bacillus anthracis. Appl Environ Microbiol, 2001, 67(8): 3720—
3727.

Hurtle W, Bode E, Kulesh DA, et al. Detection of the Bacillus
anthracis gyrA gene by using a minor groove binder probe. J
Clin Microbiol. 2004, 42(1): 179-185.

PCR

> > s

(Journal of Jilin Agricul-

tural University), 2005, 27(6): 671-674.

, , gyrA  parC QRDR
(Progress in Vet-
erinary Medicine), 2002, 3: 47-50, 59.
> . - gyrB

- (Epidemiology Lemology Foreign

Medical Sciences), 2005, 32(1): 38—41.

(Acta Micro-

biologica Sinica), 2006, 46 (1): 7-12.

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



656 Fengming Cao et al. /Acta Microbiologica Sinica (2008) 48(5)

Multiplex-PCR approach to identify Bacillus species
applied in microbial fertilizers

Fengming Cao"?, Delong Shen'”, Jun Li%, Dawei Guan®, Xin Jiangz, LiLi',
Ruihua Feng®, Xiaohong Yang®, Huijun Chen?, Yifan Ge®

(* Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 10081, China)
(*Center for Quality Supervision and Test of Microbial Fertilizers and Mushroom Spawn, Ministry of Agriculture, Beijing 10081, China)

Abstract: [Objective] To discriminate the strains of Bacillus subtilis group including B. subtilis, B. amyloliquefaciens, B.
licheniformis, and B. pumilus, a rapid and accurate distinguishing method is essential for the identification of the target
strains to ensure the quality and safety of microbial fertilizers. [Methods] By analyzing unique nucleotide sequences of
the rpoA, gyrA and 16S rDNA genes, 4 pairs of species-specific primers were optimized and the multiplex PCR was de-
veloped to discriminate and identify B. subtilis, B. amyloliquefaciens, B. licheniformis and B. pumilus. [Results]
Thirty-three reference strains belonging to three genera of Bacillus, Paenibacillus and Brevibacillus were tested and the
anticipated results appeared except for four species with cross amplification results with the primers of B. pumilus. How-
ever, the four species can be easily discriminated by morphology characters. In addition, the multiplex-PCR results of 23
strains of B. subtilis group isolated from MF products were identical with the biochemical assay. [Conclusion] The newly
constructed multiplex-PCR assay is species-specific and effective. This method can be used to detect and identify the
strains of B.subtilis group from microbial fertilizers products.

Keywords: multiplex-PCR; species-specific primers; identification; Bacillus subtilis; microbial fertilizers
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