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With the use of a denature gradient gel electrophoresis ( DGGE) method we investigated the
bacterial diversity in both organic soil (OL) and mineral soil (MS) layers at the end of freeze-thaw
periods in four typical forests i.e. a primary fir (Abies faxoniana) forest a secondary fir forest a 20—
year-old spruce ( Picea asperata) plantation and a 15-year-old spruce plantation in the subalpine and
alpine regions of western Sichuan Province. The bacterial DNA of the soil was extracted after chemical
breakage. High specific V3 fragments of 16S rDNA were obtained from purified DNA by a touch-down
PCR technique. A large number of bands were observed on the DGGE gel with different intensities and
distances among samples indicating high bacterial diversity of the OL in the four forests after a seasonal
freeze-thaw period. Species similarity Shannon-Wiener richness and Simpson dominance indices of
bacterial communities in the OL varied greatly with soil thickness and elevation. These three indices
varied only slightly in the MS. As well low-temperature resistance temperature sensitive and non-—
temperature sensitive bacterial clones were observed based on the clones and DNA sequence analyses for
10 specific bands. These results suggested that the changes in the environment driven by temperature
variation had strong effects on the diversity of bacterial communities of the OL at the end of the freeze—

thaw period which provides sufficient evidence for the understanding of soil ecological processes during
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freeze-thaw seasons.

Key words  subalpine-alpine forest; organic soil layer; bacterial diversity; DGGE
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1
Tab.1 Vegetation and soil characteristics in the plots
/m
F1 3 600 (Rhododendron delavayi) (Berberis spp. ) IOA:;: i 15 em
¥ d G s ) A—C 12 cm
F2 3 300 N (Fargesia spathacea) 15 ~18 em
( Picea asperata)
F3 3 000 (Agrostis) (Cyperes) ATB=C 3 em
20 c¢m
¥4 3 700 (Salix spp.) A—B—C 2 cm
15 cm
1.2 ( Do
2008 3 5 cm 2008 4 10 4
(iButton DS1923—F5 Maxim 5 (freshly litter
Com. USA) 4 layer FL). (humified litter layer HL)

2008 3 15 —4 15 (mineral soil layer MS) 2,
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Fig. 1  Soil temperature dynamics of subalpine-alpine forests in western Sichuan Province
1.3 DNA 16S rDNA V3 1.5 DGGE
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Zhou " 5.0 g O MS 7,
13.5 mL (100 mmol /L Tris— NTSYS
HCI (pH 8.0) 100 mmol/L Na EDTA (pH8.0) 100 Jaccard UPGMA (unweighted pair-group

mmol /L (pH8.0) 1.5 mol/L NaCl 1%
CTAB) 50 pL K(20 mg/mL) » 37°C 225
r/min 30 min; 1.5 mL 20% SDS 65°C
2 h; V( ):V( ) =24:1 0.6
DNA 0.7%
16S rDNA V3 341f  534r
200 bp 3411 5’ 1
40 bp GC .
DNA 10 ~ 100 ng BioRad
iCycle PCR PCR o
94°C . 5 min; 20 94°C .1 min
65 ~55C <1 min  72°C .1 min(
0.5%C) 10 94°C <1 min 55°C .1
min 72°C .1 min; 72°C 5 min 7"
2% rTaq
(TIANGEN)
1.4
Dcode system ( Bio-Rad laboratories
Hercules CA) PCR
35% ~65% 100 V 60°C 16 h,
' GS—800

Quantity One 4. 62
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21 kb(  2a). 16S rDNA V3 PCR
TIANGEN D 2000 DNA Marker
100 bp(  2b).
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Fig.2 Agarose electrophoresis of total DNA (a) and
V3 region fragment of 16S rDNA of 3 types of samples
o 1. FL; 2. HL; 3. MS; 4. ; M. (a) \DNA (Hind 1l
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Fig.3  DGGE pattern of bacterial 16S rDNA
V3 region of samples
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Fig.4 Cluster analysis based on DGGE bands

2.3
FL Shannon-Wiener
F3 >F4 >F2 > F1;HL F3 >F2 >F4 >Fl1,

Simpson FL F1 >F2 >F3 > F4;HL F1 >
F4 >¥F2 > F3, MS
« 5.
2.4
FL HL 16S rDNA V3
DGGE N 10
Bandl ~ Band10 2 o FI1.
F3 F4 1 o 10
GenBank
FJ379575—FJ379584 NCBI
Blast : Band1 9
97 %
GenBank ( 2). Band5.
Band10 F4 FL Band8 F1
Band1
96% . i
Band2.3.4.8
(Firmicutes) ( Proteobacteria)
(Acidobacteria) 100% . Band6.
10 ( Chloroflexi) Band7
(Cyanobacterium) ( Deferribacterales)

o Band5. 9
(Proteobacteria) ( 2).
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Fig.5 Changes of Shannon-Wiener index (a) and Simpson index (b) in organic soil layers of different forests

2 (FL) . (HL)
Tab.2  Characteristics of dominant bacteria in soil FL. and HL layers of different forests
(16S rRNA Acc. No) /%
Band1 F1.F2 Unidentified Bacterium clone |EF606040 96
Band2 F2.F3 Uncultured Firmicutes bacterium | EF664019 100
Uncultured Proteobacterium | EU299664 100
Uncultured Actinobacterium | EF664912 100
Band3 F2.¥3 Uncultured Firmicutes bacterium | EU298246 100
Band4 F2.F3.F4 Uncultured Firmicutes bacterium | EU300522 100
Uncultured Actinobacterium | EU300624 100
Band5 F4 Uncultured Bacterium | AJ009455 98
Band6 F1.F2.F3.F4 Uncultured Chloroflexi bacterium | EU297607 97
Band7 F1.F2.F3 Uncultured Cyanobacterium | EF662441 98
Uncultured Deferribacterales bacterium | AM501723 98
Band8 F1 Uncultured Firmicutes bacterium | EU300092 98
Uncultured Proteobacterium | EF663945 98
Uncultured Acidobacteria bacterium | EU122927 98
Band9 F1.F2.F3.F4 Uncultured Proteobacterium | EU299390 97
Band10 F4 Uncultured Chloroflexi bacterium | AY922012 100
DNA
FL 6 :Band2.3.4.8 DNA
Band6. 10 o 0= Bead-beading
2 700 m FL Group 6
3000 3300 m Group 1 3 600 m 2
Band3 C 6) DNA ( >21 kb)
3 o /
DNA.
DGGE
/
o PCR—DGGE /
7 PCR
16S rDNA V3 DGGE
o PCR DGGE
o Quantity One
( )y 462 .
o /
DNA o F3 F4

PCR o Frostegard " F1 F2(C 1)
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Band4
“IUncultured actinobacterium | EU300624
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22
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100 ! Uncultured Firmicutes bacterium | EU298246
4|_— Band9 ‘ Group2
94 Uncultured proteobacterium | EU299390
Band7
100 |_|j Uncultured cyanobacterium | EF662441 Group3
66~ Uncultured Deferribacterale bacterium | AM501723
100 — Bands ‘ Group4
L Uncultured bacterium | AJ009455
100 —— Band1 ‘ Groups
37 L UnIDENTIFIED bacterium | EF606040
100 Band6
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Fig. 6 Phylogenetic tree of dominant bacteria in soil FL. and HL layers of different forests
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