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Abstract To increase our understanding of the impact of land use/cover changes on the diversity of soil microbial
functional genes in microbial communities we analyzed soil samples of fir old growth forest Abies faxoniana and planted
spruce forest Picea likiangensis var. balfourianan in 1960s following the harvest of the old growth forest samples were
collected from the Miyaluo forest in a subalpine area of Western Sichuan and were analyzed using a functional gene
microarray. This type of functional gene microarray contained 1961 probes complementary to gene orthologs from six
functional groups organic carbon decomposition carbon fixation metal resistance and nitrogen sulfur and phosphorous
cycling. A total of 39 and 62 genes with statistically significant positive signals SNR=2 were observed in fir old growth
forest and planted spruce forest in 1960s respectively. The gene diversity index H' was 3.59 and 4. 04 and the observed
sum signal intensity was 480280 and 630560 in fir old growth forest and planted spruce forest in 1960s respectively. There
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were 32 and 37 organic carbon decomposition genes that accounted for 82% and 60% of all observed genes in fir old growth
forest and planted spruce forest in 1960s respectively. These organic carbon decomposition genes belonged to 22 different
orthologs that are involved in a variety of organic carbon decomposition process such as decomposition of lignin xylan

chitin. However the individual gene orthologs associated with organic carbon decomposition and their abundance were
diverse in these sites. For example the benzoyl CoA reductase gene related to benzoate decomposition originally found in
Azoarcus evansii  was the most abundant in these sites. The putative 2-hydroxychromene-2-carboxylate isomerase gene from
Ralstonic solanacearum was only observed in spruce forest planted in 1960s and had highest abundance among all the
detected genes. These results showed that most soil microbes may directly take part in the decomposition of soil organic
carbon and differences in forest types can significantly affect the microbial community structure and the molecular diversity
of organic carbon decomposition genes. Therefore land use/cover changes may have a large influence on the soil microbial
community structure and the microorganisms involved in organic carbon decomposition. This in turn likely affects the organic
carbon cycle dynamics and the increase in atmospheric CO, concentration. In addition the results also indicated that the

developed microarray appeared to be useful for analyzing differences in functional microbial community structures.
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Abies faxoniana 20 60 Picea
likiangensis var balfouriana 2005 8 5~10
1 ~20 cm
-70°C 1
1.2 DNA
Richard ~ * 2 DNA DNA 40V 0.8%
12h ABI Canada
1.3
NCBI http //www. ncbi. nlm. nih. gov/
PRIMEGENS 50bp
Rhee "
1.4
MWG Biotech Inc. US 96
50% 50 pmot pl™' 384 PixSystems 5500
55% ~58% 25mm x 75mm 210 pm
2
1.5 DNA  Cy3-dUTP
3~5ug DNA 1.5 pg pl™' 25 pl 95°C 2 min
DNA 15ul 5 mmol- L™" dATP dTTP
dGTP 2.5 mmot L™" dCTP 1.0 mmot L~' Cy3-dUTP Amersham Pharmacia Biotech Piscataway N. J. 80U
Klenow DNA I Invitrogen C. A. 40 pl 37 C 3~6h
95°C Smin DNA  QIA quick PCR Qiagen US
43 C
1.6
3 DNA 30 wl
50 % 3xSSC 1pg DNA  0.31 % SDS 95°C Smin
50C 50 C DNA
30
pl 3 xSSC 50 C 12 h
1 1 xSSC
0.2% SDS  50°C 5 min 2 0.1 xSSC  0.2% SDS 10 min 30.1x
SSC 1 min
1.7
GenePix 4100A  Axon Instruments Inc. C. A. 10 pm
16  TIFF GenePix Pro 5.0 Axon Instruments Inc.
C. A.
Signal-to-
Noise Ratio SNR SNR = - / SNR=2
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20 60
1
Table 1 Soil locations and the contents of organic carbon and total nitrogen
Lati 1 Total ni
Land types No. sample allt.ude Altitude m Organic carbon otal nitrogen C/N ratio
longitude g/kg g/'kg
31°47'46" N
Fir forest M-Y 102°41'53" E 3162 141.74 7.37 19.23
20 60 31°47'46" N
M 2 . 4. 11.
Spruce forest planted in 1960s 60 102°42'03" E 3233 58.05 % 70
2.2
123 1961 50 2
2
Table 2 Summary of gene probes designed in this functional gene microarray
Functional Organi b Phosph
unetiona reamce Cér " Carbon fixation osphorous Nitrogen cycle Sulfur cycle  Metal resistance Totals
gene group degradation cycle
99 4 4 13 2 1 123
No. genesa
b
b 1145 131 81 319 204 81 1961
No. probes
a nifH

Orthologs of the same gene are only counted once.
For example the nifH gene is only listed as one gene regardless of how many times it’ s represented by probes to different sequences b

Each probe is complementary to one ortholog of a given gene sequence

2.3
Shannon-Weiner M-Y  M-60
3.59 4.04
M-60 M-Y
M-Y  M-60 39 62
SNR =2 1
480280 630560
3 3 1My
Fig. 1 The partly hybridization results of site M-Y
M-Y 32 M-60 37
2.4
M-Y 39 82% M-60
60%
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3
Table 3 The detected gene number at each functional gene group
Functional gene number

No. Orgamccafb(m Metal resistance
sample degradation Carbon fixation Nitrogen cycling Sulfur cycling Phosphorous cycling

M-Y 32 1 1 1

M-60 37 3 8 0 4

69 22
4 14
A benzoyl CoA reductase
8.1% 6.8% 2 3- 4 6- 2 3-dihydroxy4 6-diene dehydrogenase
catechol 1 2-dioxygenase lignin specific demethylase
chitinase AAL65191
chitinase BAA09629
BAA88834 alkane hydroxylase M-Y
4
Table 4 The detected functional genes and signal intensity ratios in tested soil samples
Cof Signal Intensity ratio®

No (_) Gene functional description Original microorganism

accession M-Y M-60
CAA86927 homology to hydrolases Acinetobacter sp. ADP1 - 2.2%
BAA12807 large subunit of terminal dioxygenase Pseudomonas putida 4.5% 4.1%
AADO03838 benzaldehyde dehydrogenase Sphingomonas chungbukensis 2.9% -
AAF63451 cis-diol dehydrogenase Pseudomonas putida - 2.0%
AAKO00600 benzoyl-CoA oxygenase Azoarcus evansii 1.9% -
AAKS58903 benzoate dioxygenase large subunit Rhodococcus sp. 19070 - 1.1%
CAD21631 benzoyl CoA reductase subunit Azoarcus evansii 8.1% 6.8%
BAA06873 2 3-dihydroxy4 6-diene dehydrogenase Rhodococcus sp. RHAI 4.0% 4.2%
BAA25606 biphenyl degradation hydroxylase Rhodococcus erythropolis 6.3% 4.0%
BAA25610 ferredoxin reductase Rhodococcus erythropolis - 2.2%
BAA25617 biphenyl degradation hydroxylase Rhodococcus erythropolis 2.9% 2.4%
BAA98133 2 3-dihydroxybiphenyl 1 2-dioxygenase Rhodococcus sp. RHAI 2.8% 2.3%
BAA98134 2 3-dihydroxybiphenyl 1 2-dioxygenase Rhodococcus sp. RHAL - 2.1%
CAA67941 catechol 1 2-dioxygenase Rhodococcus opacus 4.6% 5.3%
AAC38243 protocatechuate dioxygenase beta subunit Rhodococcus opacus - 2.2%
AAC36352 lactone-specific esterase Pseudomonas fluorescens - 2.2%
AAD05270 protocatechuate 3 4-dioxygenase alpha subunit Streptomyces sp. 2065 2. 7% 2.8%
AAD22035 beta-ketoadipyl-CoA thiolase Streptomyces sp. 2065 3.0% 1.9%
AAD40813 3-oxoadipate CoA transferase beta subunit Streptomyces sp. 2065 2.8% -
BAB18934 2-hydroxy- 6-semialdehyde dehydrogenase Pseudomonas sp. - 2.5%
AAG42031 catechol 1 2 - dioxygenase Ralstonia eutropha 3.1% -
AAG42032 catechol 1.4 - dioxygenase Ralstonia eutropha 3.0% 2.6%
AB075235 2-hydroxymuconic-semialdehyde dehydrogenase Pseudomonas stutzeri - 2.1%
BAA09629 chitinase Aeromonas sp. 10S-24 2.9% -
BAA88834 chitinase Streptomyces thermoviolaceus 2.6% -
AAL65191 chitinase uncultured bactertum 2.6% 2.1%
CAA06974 cis-chlorobenzene dihydrodiol dehydrogenase Ralstonia sp. - 1.7%
AAF16406 4-chlorobenzoyl CoA ligase Pseudomonas sp. DJ-12 2.8% -
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afc:ss(i)(fn Gene functional description Original microorganism Mi/gnal Intenslty ri/il_(;o
BAB21466 cis-diol dehydrogenase Burkholderia sp. NK8 - 2.1%
BAC06603 beta subunit of dibenzofuran dioxygenase Terrabacter sp. YK3 - 3.5%
CAA11188 extradiol dioxygenase Sphingomonas sp. 3.5% -
AAC37035 endo-14-beta-D-glucanase Clostridium longisporum - 2.0%
AAC69757 endo-1 3-1 4-beta-D-glucanase Andropogoneae zea mays 2.1% -
AADO01959 endoglucanase Pseudomonas sp. YD-15 2.1% -
AAD47606 endoglucanase Methanococcus maripaludis - 1.9%
CAB87569 Fluorene degradation hydroxylase Sphingomonas sp. LB126 3.0% 2.8%
CAA05039 4-Hydroxybenzoyl-CoA reductase beta-subunit Thauera aromatica 2.6% -
AAB81312 3- 3-hydroxyphenyl propionate hydroxylase Rhodococcus globerulus 2.1% -
CAAT72287 a-subunit oxygenase Pseudomonas sp. - 2.3%
BAA36168 lignin specific demethylase Sphingomonas paucimobilis 2.8% 1.9%
CAB93956 a-subunit oxygenase Pseudomonas fluorescens 2.4% -
BAA84756 methane monooxygenase reductase component Methylomonas sp. KSPIII 2.6% -
BAA23265 2-carboxybenzaldehyde dehydrogenase Nocardioides sp. - 3.6%
AADI2616 hydroxybenzylidenepyruvate hydratase-aldolase Ralstonia sp. U2 2. 7% -
NP049213 large subunit aromatic oxygenase Novosphingobium aromaticivoran - 1.6%
NP518394 2-hydroxychromene-2-carboxylate isomerase Ralstonia solanacearum - 7.4%
BAA87874 ferredoxin-like protein Comamonas testosteroni - 1.9%
AACT1714 putative C-P lyase subunit HixG Pseudomonas stutzeri 2.9% 2.6%
AAA25897 salicylate hydroxylase Pseudomonas putida 2.3% -
AAK07408 toluene ortho-monooxygenase Burkholderia cepacia - 1.6%
AJ293306 alkane hydroxylase Burkholderia cepacia 2.3% -
CAA88762 endo-beta-14-xylanase Cellvibrio mixtus 3.0% -
AAB87372 xylan-degrading enzymes Caldicellulosiruptor saccharolyticus - 1.9%
AAD32594 family 10 xylanase XynC Thermotoga sp. strain FjSS3-B. 1 - 2.2%
AAGO02558 glycosyl hydrolase Cel] Fibrobacter succinogenes S85 - 1.7%
a The detected signal intensity of per gene divided the sum signal intensity of each site

11 23

M-60

benzoyl CoA reductase
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A
Azoarcus evansii
Pseudomonas putida large subunit of terminal dioxygenase Rhodococcus sp. RHA1
2 3- 4 6 - 2 3-dihydroxy-4 6-diene dehydrogenase Rhodococcus erythropolis
biphenyl degradation hydroxylase Sphingomonas paucimobilis lignin
specific demethylase  Sphingomonas sp. LB126 fluorene degradation hydroxylase
M-60
Fibrobacter succinogenes S85 Cel] glycosyl hydrolase Cel] Thermotoga sp. strain
FjSS3-B. 1 XynC family 10 xylanase XynC Caldicellulosiruptor saccharolyticus
xylan-degrading enzymes M-Y Cellvibrio mixtus -B-1 4- endo-beta-
1 4-xylanase Fibrobacter succinogenes Thermotoga sp. Caldicellulosiruptor saccharolyticus
M-60 M-Y Cellvibrio mixtus
M-Y 3 M-60 1
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