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Table 1  The bacterial strains used in this study
Species No. of Strain®

Paenibacillus mucilaginosus

3012 3014 3015 3016 3017
3018 3020 3022 3021 3023
3024 3025 3026 3027 VKPMB-
7519"

Paenibacillus edaphicus VKPM B7517"
Paenibacillus polymyxa CCTCCAB92076"
Paenibacillus azofixans CCTCCAB94023"
Paenibacillus azoreducens ACCC10250"
Paenibacillus macquariensis 1.2771
Paenibacillus macerans 1. 69
Paenibacillus pulvifaciens 1.273

Bacillus circulans CCTCCAB94026"
Bacillus cereus CCTCCAB93038"
Bacillus megaterium CCTCCAB92075"
Bacillus subtilis CCTCCAB92068"
Bacillus licheniformis CCTCCAB92069"
Bacillus pumilus CCTCCAB94044"
Brevibacillus laterosporus CGMCCl.2012"
Brevibacills brevis CCTCCAB94025"
Geobacillus thermodenitrificans ACCC10254"
Geobacillus thermoleovorans ACCC10255"
Pseudomonas aeruginosa ACCC10500"

aZACCC:Agricultural Culture Collection of China; CCTCC:China Center
for Type Culture Collection; CGMCC: China General Microbiological
Culture Collection Center; Others: Center for Quality Supervision&Test of

Microbial Fertilizers and Mushroom Spawn Ministry of Agriculture P R.
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1.1.2 IE. coli DH5«
~pMDHI9T Vector. Tag DNA dNTP.
Premix Taq Version2. 0
;Amp  IPTG.X-Gal ( )
; PCR (OMEGA );
C1000 PCR (BioRad );
DYY-SC ( ) ; NanoDrop

China.

1.2 DNA

5.0 g/L MgSO, 0.5 g/L

(
1.0 g/L K,HPO,

1.0 g/L 1.0 g/L pH7.2-7.5) 30 C
16 h( .
65 C)
10 DNA 1%
DNA
1.3
18 =30 bp
Taq DNA
; GC 40% -60%
3/
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GenBank 18 o
3016 1.4.4
blastn 3016 200 r/min 30 C 12 -16 h
o 1 pL
PCR o
primer 5.0 10°.10° 107
blast o 3 o
1.5 PCR
8 PCR 1.5.1 DNA
2 ° (YA) N (FY) N
. (JN)
2 PCR DNA .
Table 2 Nucleotide sequences of the species-specific primers 1.5.2 : 3
lljflm:fr Primer Sequence (5°—37) Size /bp DNA PCR PCR
' PCR pMD-9T
0rf00002 - F  CCTCGATCTCATGATCCAGTG
! orf00002 - R CTACACCTCGATCGTCGTCAT 325 E. coli DH5«
orf00262 - F  CAATGAAGTAACGCTCGGTG .
2 orf00262 - R GATGAAGAACGATCCCTCCG 265 L5.3
orf00804 - F  TCAAAAAGAACCAGGTGCTG T
3 orf00804 -R  CTTCCGGTTCGATCAGATTC 273 () 3
orf01359 - F  CAAAGTCATAGATCCCCTTGC .
4 o 268
orf01359 - R CGCATAGAGCTCGTCGCTGTA ) DNA UP4 -
0rf02487 - F  GGATTTTTACCGACCGTCGTT
orf03775 - F  GACATTCAGGCCATCCTGG CNACRTCNGCRT CNGTCAT3- 1! gyrB
6 orf03775 - R GTCACTCGGGTTCTGGAACTG 345
(1210 bp) .
orf03794 -F  GCTCCGAAGTTCGAATCCTT
! orf03794 -R  CGGTGCCAAAGTAATGATTG 222 PCR °
orf06701 —=F  ATGGAGGAAACATGGGGTGA 3)
8 333
orf06701 —-R  TCAGGAATGAAGGCCCCCTT 200 r/min 30 C 12
1.4 PCR / -16 h. 1 pL PCR
1.4.1 PCR / PCR o PCR
3016 DNA PCR . o
. DNA . Mg
PCR / . 2
1.4.2 PCR
3016 200 r/min 30 C 12 - 2.1 PCR /
16 h, 1 wL PCR 2.1.1 PCR y 3016
PCR o DNA PCR / o
1.4.3 : DNA PCR / :
PCR o (50 C -65 €C)( 1-A); DNA (1 -
o 1% 30 ng)( 1B); (0.1 -0.5 pmol/L) (
. 15 1-C); Mg*” (1.0 -3.5 mmol/L) (  1-D).
DNA PCR 8 (orf06701-F /0rf06701-R)
1% 50 -57 C
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PCR 1.5 mmol/L 8 PCR
57 C ; DNA Mg " o
10 ng 15 ng 8 (orf06701F/0rf06701 R) PCR

DNA ; 110 x PCR buffer ( Mg**) 2.5 pl

3.0 -5.0 pmol/L 3.0 pmol/L Mg** 1.5 mmol/L dNTP (2.5 mmol/L) 2 uL
0.4 pmol/L Taq DNA 0.3 U DNA
4.0 pmol/L;  Mg** 1.5 mmol/L 15 ng DEPC 25 Lo :
Mg2+ 95 C 5 min;95 C 30 s 57 C 1 min 72 C 1 min 30

Mg’ " 3.0 mmol/L ;72 °C 10 min.

M1 2 3 4 5 678 910111213 141516

1 3016 PCR (8 )
Fig. 1 Amplification products of P. mucilaginosus 3016 with different annealing temperature (A) various concentrations of templates (B) primers
(C) and magnesium (D). A: Lanes 1 - 16: annealing temperature of 50.0 °C 50.5 °C 51.4 °C 52.8 C 54.5°C 55.8 C 56.6 C 57 C 58
C 58.5°C 59.4°C 60.8°C 62.5%C 63.9°C 64.6°C and65.0 °C. B: Lanes 1 -7:1 5 10 15 20 25 and 30 ng of DNA. C: Lanes 1 -5:
0.5 0.4 0.3 0.2 andO0.1lpmol/L of each primer. D: Lanes 1 =6:1.0 1.5 2.0 2.5 3.0 and 3.5 mmol/L of MgCl,. M: 2-Log ladder Marker.

P. mucilaginosus 3016 8
(orf06701 ¥ /orf06701-R) PCR o 1-7 P. edaphicus VKPM B-
333 bp ( )o 7517 DNA
DNA o 1-7
PCR o .« 8 (orf06701 ¥/ 0rf06701-R)
2.1.2 PCR : 8
15 DNA PCR « 2).

MI12345678 91011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 CK

bp

400 —
300 —
200 —
100 —

<— 333bp

2 8 (333bp)

Fig. 2 PCR results of No. 8 primer specificity (333bp). 1: P. edaphicus VKPM BI517"; 2: Paenibacills polymyxa CCTCCAB92076"; 3:
Paenibacillus azofixans CCTCCAB94023"; 4: Paenibacillus azoreducens ACCC10250"; 5: Paenibacillus macquariensis 1.2771; 6: Paenibacillus
macerans 1.69; 7: Paenibacillus pulvifaciens 1.273; 8: Bacillus circulans CCTCCAB94026"; 9: Bacillus cereus CCTCCAB93038"; 10: Bacillus
megaterium CCTCCAB92075"; 11: Bacillus subtilis CCTCCAB92068"; 12: Bacillus licheniformis CCTCCAB92069"; 13: Bacillus pumilus
CCTCCAB94044" ; 14: Brevibacillus laterosporus CGMCC1.2012"; 15: Brevibacills brevis CCTCCAB94025"; 16: Geobacillus thermodenitrificans
ACCC10254"; 17 Geobacillus thermoleovorans ACCC10255" ; 181 Pseudomonas aeruginosa ACCC10500"; 19 =33 : P. mucilaginosus 3012 —7519;
34 : negative control; M: 2-.og ladder marker.
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15 DNA PCR (IsolateYA- Isolate YA2 Isolate YA3 Isolate
(333bp) MEGA 4.0 YA-4 Isolate YA-S) 333 bp
CLUSTAL o 15 ( 4 5 (YA).
100% - 15 333 bp
DNA N 100% - 3
o 11 DNA UpP4 /UP-
2.1.3 Z 3016 2r gyrB GenBank
10 MEGA 4.0
PCR o PCR ( 3)
400 333 bp (YA) IsolateYA | Isolate YA 2. Isolate
( 3). PCR YA3.Isolate YA<4.Isolate YA-5
400 - 1000 97% -99%
o 6 (Isolate YA-6.Isolate FY .Isolate FY=2.

3 P. mucilaginosus 3016 PCR

Fig. 3 The representative image of amplification products of serial
dilutions of P. mucilaginosus 3016. Lanes 1 —9: 10® 107 10°
10° 10* 10° 10* 10' and 100cells per PCR mixture; lane 10:

negative control. M: 2-d.og ladder Marker.

2.2
2.2.1 : 3
DNA 8 PCR .
(YA) DNA 333 bp
(FY) (IN)
DNA . PCR
YA
24 PCR
15 333 bp
100% .
2.2.2
3
(YA). (FY) (JN)
6 .3 2 . PCR

11 PCR 5

Isolate FY3.Isolate JN- .Isolate JN2)

(IsolateYA . Isolate YA=2. Isolate
YA-3.Isolate YA4. Isolate YA-5)
PCR o
PCR

4 PCR

Fig. 4 the amplification of colony PCR of the isolates from soil
using No. 8 primer. 1: IsolateYA-; 2: Isolate YA2; 3:
Isolate YA3; 4: Isolate YA4; 5: Isolate YA-5; 6: Isolate
YA-6; 7: Isolate FY ; 8: Isolate FY2; 9: Isolate FY3; 10:
Isolate JNH ;11: Isolate JN2; M: 2-Log ladder Marker.
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1490
87 Isolate YA-1 (JF935276)
52 [ Isolate YA-2 (JF935277)
02 621 Tsolate YA-4 (JF935279)
62 [-Tsolate YA-5 (JF935280)
100 { Paenibacillus mucilaginosus 3016 (JF810824)
91|t Paenibacillus mucilaginosus VKPM B-75197 (FJ009520)
72 - Tsolate YA-3 (JF935278)
Paenibacillus edaphicus VKPM B-7517" (FJ009519)
8 Isolate YA-6 (JF935281)
7 97 Isolate FY-1 (JF935282)
100 — Isolate IN-2 (JF935286)
Paenibacillus validus CCTCC 95016" (FJ009515)
91| gp Isolate FY-2 (JF935283)
9 Tsolate FY-3 (JF935284)
Isolate JN-1 (JF935285)
90 Paenibacillus apiarius ACCC 10193" (FJ009513)
74 Paenibacillus durus ACCC 102517 (FJ039526)
Paenibacillus polymyxa CCTCC 92076* (EU711069)
Alicyclobacillus cycloheptanicus DSM 4006™ (AB089854)
Halobacillus faecis IGAT-4" (AB243406)
s Bacillus amyloliquefaciens BCRC 116017 (DQ309294)
78 Bacillus azotoformans ACCC 10226 (FI1009514)
o1 Bacillus megaterium ACCC 10245" (EU711066)
o1 Bacillus circulans ACCC 10228" (EU711068)
57 Bacillus cereus JCM 2152* (AF090330)
{Baciﬂus mycoides ATCC 64627 (AF090332)
Bacillus subtilis CCTCC 92068' (EU711067)
5 gyrB
Fig. 5 Phylogenetic tree based on gyrB sequences of the isolates from soil. The tree was based on an alignment of
gyrB gene sequences and was constructed using the Neighbour-Joining method (MEGA 4. 0). The stability of the tree
was assessed by 1000 bootstrap replications. The numbers in parentheses represent the sequences” accession number
the numbers next to the nodes represent the bootstrap values of 1000 replications the scale bar represents 2 nucleotide
substitutions per 100 nucleotides.
16S rDNA gyrA~cheA . gyrB.
o gyrB rpoA~rpoB \vrrAspoOA veE
GenBank
16S rDNA 27, Hu P. mucilaginosus 3016
" 16S rDNA
gyrB 99.1% -99.9% P. mucilaginosus
98.2% -99.9% 90.4% -
96.4% 70.4% -78.0% . Wu gyrB

519 bp .
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2.5 pL Mg** 1.5 mmol/L dNTP (2.5 mmol/L)
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Rapid identification for Paenibacillus mucilaginosus
by PCR

Xuan Wang' > Mingchao Ma®> Dawei Guan® Xin Jiang® Li Li’

. . 1 $ 2%
Yanqin Ding Jun Li
"College of Life Sciences Shandong Agricultural University Taian Shandong 271018 China
*Institute of Agricultural Resources and Regional Planning Chinese Academy of Agricultural Sciences Beijing 100081
China

Abstract: Objective  Paenibacillus mucilaginosus is widely used as microbial fertilizers therefore rapid identification
of this species by Polymerase Chain Reaction (PCR) is necessary for detection and ecological evaluation of microbial
fertilizer. Methods A species-specific primer pair of P. mucilaginosus orf06701F (5" -ATGGAGGAAACATGG-
GGTGA-3") /orf06701 R (5'-TCAGGAATGAAGGCCCCCTT-3") was designed. Optimization of PCR specificity and
sensitivity determination were followed and the rapid identification was established. Results A single band with 333 bp
was consistently amplified from all the strains of P. mucilaginosus tested and negative results were obtained from all the
reference strains such as other strains of Paenibacillus and Bacillus. The PCR detection limitation was 400 — 1000 cells
per assay indicating the sensitivity of the rapid culture-PCR method. To verify the rapid identification soil was sampled
and cultured. Five of 11 soil isolates were rapidly identified as P. mucilaginosus by the method and the similarity of
333bp sequences were 100% . Conclusion  The methods can be used in the rapid identification of P. mucilaginosus
and the results will provide technical supports for the detection and ecological evaluation of microbial fertilizer.

Keywords: Paenibacillus mucilaginosus PCR identification species-specific primer pair
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