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ecological environment of Qinghai-Tibetan Plateau was explored in this research. [Methods] Five
Bacillus strains isolated from rhizosphere of birch in Huzhu Northern Mountain of Qinghai Province,
were identified by molecular taxonomy methods including BOX-PCR fingerprints, as well as gyrB and
16S rRNA gene partial sequence analysis. Cellulose-degrading activity of these isolates were detected
by CMC plate screening method, and antagonistic activity to pathogenic fungi and bacteria were
checked by plate confrontation method. Furthermore, growth-promoting and stress-resistance activity
of isolates including salt-resistance and low-temperature adaptability were tested. [Results] Five
isolates were identified as Bacillus amyloliquefaciens and all of isolates presented distinguished
cellulose-degrading activity and could form transparent zone (diameter >20 mm) of cellulose-degrading
on CMC medium. Isolates presented distinct antagonistic activity and bio-control efficacy to
Sclerotinia sclerotiorum, Fusarium oxysporum, Xanthomonas oryzae pv. oryzae and Erwinia
amylovora. Strains could grow under the condition of 10 °C low-temperature as well as LB medium
with 11% NaCl concentration, and bacterial cell suspension (concentration of 10° CFU/mL) of strains
BS11 and BS12 could promote seed germination and seedling-growth of rice. [Conclusion] Five B.
amyloliquefaciens strains own advantage with stress-resistance, cellulose-degrading and bio-control
characteristic, thus possess application potential in ecological agriculture and animal husbandry field in
Qinghai Province.

Keywords: Cellulose-degrading activity, Bacillus spp., Antagonistic activity, Molecular identification,
Growth-promoting and stress-resistance
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1.4.1 BOX-PCR 54 & iE:

wu P BOX-PCR
BOXAIR 5-CTACGGCAAGGCGACGCTGACG-
3 (25 uL) 10%rTaq buffer 2.5 y. dNTP
Mixture (2.5 mmol/L) 2 uL. MgCl, (25 mmol/L)
2.5uL DNA 1.5 uL (20 pmol/L) 2.5 pL
TaKaRar7ag (5 U/uL) 0.5 uL ddH,O13.5 pL

95°C7min 94°C 1min 53 °C 1 min
65 °C 8 min 34 65 °C 16 min BOX-PCR
2.0% ( )

LE- 85V 4h
[13]

DNA

1.4.2 16S rRNA EFHFFILETE: 16S rRNA
27F  5-AGAGTTTGATCMTGGCTC
1492R  5'-GGYTACCTTGTTA
(25 pL) 10xExTag buffer
2.5 mmol/L) 2 uL.  MgCl,
0.5 uL

AG-3'
CGACTT-3'
2.5 uL  dNTP Mixture (
(25 mmol/L) 2 uL. DNA

(20 umol/L) 0.5 puL (20 umol/L) 0.5 pL
TaKaRa ExTag (5 U/uL) 0.25 uL. ddH,0 16.75 uL.
PCR 95°C4min 94°C1min 50°C
Imin 72°C2min 34 72 °C 10 min'"*!

16S rRNA

NCBI BLAST

MEGA 3.1 [15] (B.
pumilus ATCC7061 B. licheniformis ATCC14580
B. thuringiensis HD868 B. licheniformis ATCC8480
B. cereus GP  B. atrophaeus BCRC17530 B. subtilis
168  B. amyloliquefaciens FZB42)

143 gyrB EREFIIEE: grB
UP1 5-GAAGTCATCATGACCGT
TCTGCAYGCNGGNGGNAARTTYGA-3'
UP2r 5-AGCAGGGTACGGATGTGCGAGCC
RTCNACRTCNGCRTCNGTCAT-3’
(25 uL) 10xExTagq buffer 2.5 ul.  dNTP Mixture (
2.5 mmol/L) 2 u. MgCl, (25 mmol/L) 2 u. DNA

0.5 uL (20 pumol/L) 0.5 puL
(20 pmol/L) 0.5 pL. TaKaRa ExT7ag (5 U/uL)
0.25 pL  ddH,O 16.75 uL PCR 95 °C

4mn 98°C10s 62°C1min 72 °C 2 min

30 72 °C 8 min"  gB
NCBI
BLAST MEGA 3.1 [13]
1.5 PEMAERFHENE
CMC “« »
4 4 mm
LB 37 °C 200 r/min
12h 5l
3 37 °C
2d (Gram iodime)
4 min
A[17]
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1C 4 4 10
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12 h 4 °C 8 000 r/min
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BOX-PCR 200—5 000 bp
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rRNA 1500bp PCR
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B 1 #EEAE BOX-PCR B EL
Figure 1 BOX-PCR fingerprints of isolates

BS11 BSI2 BSI3 BS14 BSI5
BOX-PCR

Note: Isolates BS11, BS12, BS13, BS14, BS15 presented identical
BOX-PCR fingerprint.

GQ340497.1) BS12  B. amyloliquefaciens

EA1-10 (GenBank JF496398.1)  16S rRNA
( ) 99%
BS11 BSI12 DNA gyrB
1300bp PCR
gyrB

NCBI BLAST
GenBank

BS11 BSI12 B. amyloliquefaciens FZB42
(GenBank JN575339.1) gyrB

( ) 99%  97%
BOX-PCR 16S rRNA

gyrB BS11 BSI12
BS13 BS14 BSI15 B.
amyloliquefaciens (1)
22 MRAHEREENE

CMC BS11 BS12 BSI13
BS14 BSI5 5
CMC
CMC-Na
(Gram iodine)

( 2 BS11 BS12 BSI13
BS14 BSI15 26 25 26
25 26 mm A4 3.13 3.08 3.51 3.20
3.20 5
( 2 1y

2.3 HEHRHEIFEHUEENE
231 HEMBEEEEEMN:

(Sclerotinia sclerotiorum) (Fusarium
OXySporum)
5
>13 mm
>12 mm (
3 2)

232 HERFEREEESE:
(Xanthomonas oryzae pv. oryzae)
(Erwinia amylovora)

BS11 BS12 BS13 BS14 BSI15

F1 BEREBAUREEREREESR

Table 1 Cellulose degradation activity and identification result of Bacillus strain

A
Strains Transparent zone diameter (D mm) Colony diameter (d mm) A value (D/d) Identification result
BS11 26 8.3 3.13 B. amyloliquefaciens
BS12 25 8.1 3.08 B. amyloliquefaciens
BS13 26 7.4 3.51 B. amyloliquefaciens
BS14 25 7.8 3.20 B. amyloliquefaciens
BS15 26 8.1 3.20 B. amyloliquefaciens
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5
>10 mm
>10 mm ( 3
2)
2.4 FEAEEME
241 FHRAFEMREEEM: BS11
BS12 BS13 BS14 BSIS 4 10 14 18°C
14 18°C
5 1d 10 °C
) . 5 2d
B2 FRTEMBAEREBERR
Figure 2  Transparent zone of cellulose degradation 4°C S 5
produced by Bacillus strain 10 °C ( 3)

B3 ENEREREERFERAREE
Figure 3 Antagonistic activity of Bacillus strains to pathogenic fungus and bacteria
A B C D

Note: A: Antagonistic activity to Sclerotinia sclerotiorum; B: Antagonistic activity to Fusarium oxysporum; C: Antagonistic activity to
Xanthomonas oryzae pv. oryzae; D: Antagonistic activity to Erwinia amylovora.

*2 FRAFEBUGENE

Table 2 Characterization of antagonistic properties of isolates

Antagonistic towards S. s Antagonistc towards F. o Antagonistic towards X. oo Antagonistic towards E. a

Strains - - e - e .. Inhibition -
Inhibition zone Antagonistic Inhibition zone Antagonistic Inhibition zone Antagonistic . Antagonistic

radius (mm) activity radius (mm) activity radius (mm) activity Zmz;r;()hus activity
BS11 14 Sinais 14 A= 10 A= 11 A=
BS12 14 Sinais 14 A= 10 A= 11 A=
BS13 15 ++++ 14 +++ 12 +++ 10 +++
BS14 13 +++ 14 +++ 11 +++ 10 +++
BS15 13 +++ 12 +++ 12 +++ 11 +++

+ 0-5mm ++ 5-10 mm  +++ 10-15mm ++++ >15 mm.

Note: +: Inhibition zone radius 0—5 mm; ++: Inhibition zone radius 5—10 mm; +++: Inhibition zone radius 10—15 mm; ++++: Inhibition zone
radius>15 mm.
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242 FFBATEM M- 27.4%
5 NaCl 3% BS12
5% 7% 9% 11% 13% 15% LB 2288cm  2.633 cm
37°C 5 34.6% 27% 23.3%
NaCl 3% 5% 7% 9% LB  BSIl BSI2 ( 4
NaCl 11% LB 252 {RKFESEEK: BS11 BSI2
NaCl 13% 15%
5
11%(  3) ( 4 5) BS11
25 FEFEEEER 8.76 cm
251 {RKFEMFIBL: BS11 BSI2 10.32 cm 413% 18.6%
( 10°CFU/mL)  24h 34.9% BSI2
BS11 9.10cm  9.77 cm
2.525 46.7% 12.3% 31.5%
2.725 cm 48.5%  30.5% BSI1 BSI2

R3 EMEHREMTHERERICEEE T

Table 3 Salt-resistance character and low temperature adaptability of Bacillus strains

Salt-resistance character Low-temperature adaptability
Strains 3% 5% 7% 9% 11% 13% 15% 18 °C 14°C 10°C 4°C
BS11 Sinais = = A= 4= = = = AHEEF 4= =
BS12 +++ +++ +++ +++ ++ - - Ains AHHF 4= =
BS13 +++ +++ +++ ++ ++ - - +++ ++ ++ -
BS14 +++ +++ +++ ++ ++ - - +++ ++ ++ -
BS15 ++ -+ -+ -+ ++ - - -+ -+ ++ -

e ++ + - .
Note: +++: Growth well; ++: Growth normal; +: Growth slowly; —: Nonviable.

x4 FRAFERKEMTHELNE

Table 4 The germination effect of rice seeds promoted by biocontrol Bacillus spp.

Aboveground part Underground part
. Fresh weight

Strai . Accelerating ~ Fresh weight . i

e peendienel e Root length (cm) ermination effect (%) ® lncroe N

(cm) germination effect (%) & & . (%)

BSI11 2.525+0.054 48.5 2.72540.018 30.5 0.432+0.009 27.4
BS12 2.288+0.046 34.6 2.633+0.028 27.0 0.414+0.011 233
CK 1.700+0.036 0.0 2.088+0.022 0.0 0.339+0.005 0.0

CK

Note: CK means control.
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E4 FRFEREKENEEK
Figure 4 Effect of Bacillus strains on rice growth
A BS11 B BS12 .
Note: A: Effect of strain BS11 on rice growth; B: Effect of strain BS12 on rice growth.

=5 ERFETRXMKESEEESR

Table 5 Effect of Bacillus strains on rice growth

Aboveground part Underground part @ )

Strai Fresh weight of ~ Weight increased

METLE Average plant Growth promoting Average root Growth promoting seedling (g) effect (%)

height (cm) effect (%) length (cm) effect (%)

BS11 8.76+0.041 413 10.32+0.051 18.6 3.98+0.028 34.9
BS12 9.10+0.033 46.7 9.77+0.037 12.3 3.88+0.033 315

CK 6.20+0.024 0.0 8.70+0.031 0.0 2.95+0.022 0.0

CK

Note: CK: Untreated rice seeds.

3 ZrEiTi

Deng (7

B. subtilis RIGP16
[19]
TLR9

IL-6 IgA
[7]

CMC

>20 mm
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