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Abstract: Soil microbes play an important role in the management of soil environment. They 

form various microbial communities in response to environmental factors, including soil texture 

and chemical components. Because of this, it is difficult to determine the microbial community 

structure of soil. In vineyard soils, the overall microbial community structure has yet to be unrav-

eled. To understand the microbial community in vineyard soil, we surveyed comprehensively 

microbial communities in Japanese vineyard soils by using a culture-independent molecular 

approach. We identified 681 fungal clone sequences and 1076 bacterial clone sequences in 

soil samples collected from nine independent Japanese vineyards, and the results suggested 

that Ascomycota is the dominant group in the fungal community, whereas Proteobacterium 

and Acidobacterium are the dominant groups in the bacterial community. DNA was directly 

extracted from the soil samples, and the fungal internal transcribed spacer 1 (ITS 1) region or 

the bacterial 16S ribosomal DNA (rDNA) region was amplified by polymerase chain reaction. 

The recovered fungal clones were sorted into 225 operational taxonomic units and the majority 

of the clone sequences were assigned to Ascomycota. Meanwhile, the recovered bacterial clones 

were sorted into 17 phyla, and the abundant phyla were Proteobacterium and Acidobacterium. 

These results differed from the reported fungal and bacterial community structures in forest and 

agricultural soils. Moreover, we preliminarily generated a catalog of Japanese vineyard soils. 

The microbial community structures in the vineyard soils were extremely complex, suggesting 

that the microbial community structure in each vineyard soil has individual characteristics. Our 

study comprehensively showed for the first time fungal and bacterial community structures in 

Japanese vineyard soils, and is most likely to provide a clue to understand the nature of Japanese 

vineyard soils.

Keywords: Japanese vineyard, soil microbe, microbial community structure, 16S rDNA

Introduction
Soil microbes play an important role in the soil ecosystem, including formation of soil 

structure, decomposition of organic compounds, detoxification of toxins, and cycling 

of carbon, nitrogen, phosphorus, and sulfur.1 Some soil microbes sustain and stimulate 

plant growth and suppress several diseases caused by soil-borne plant pathogens.1 In 

addition, because soil microbial community structure is altered by environmental and 

anthropogenic factors,2 its use as an indicator of soil quality has been proposed.3

Soil microbial communities have been assessed conventionally by culture-

based methods.4,5 However, current culture techniques can culture less than 1% of 

environment-dwelling microbes from any experimental sources.6 Although culture-

based methods allow for the isolation of microbial colonies, spores and/or hyphae, they 
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present no clues to understanding exhaustively the microbial 

community structures in environmental sources. On the 

other hand, uncultured microbes have been investigated by 

molecular techniques, including polymerase chain reaction 

(PCR) and real-time polymerase chain reaction (RT-PCR), 

using DNA or RNA isolated from environmental sources.7,8 

To understand the variation and/or composition of microbial 

community structures or microbial diversities, PCR products 

are subjected to fingerprinting techniques, including dena-

turing or temperature gradient gel electrophoresis, terminal 

restriction fragment length polymorphism, and automated 

ribosomal intergenic spacer analysis (ARISA).1,9 Using 

molecular techniques, microbial communities, and diversi-

ties in soils collected from grasslands, forests, alpine areas, 

and farms have been identified and the effects of chemical 

component,10 soil particle size,11 cultivated plant,12 seasonal 

condition,13,14 and agricultural management system15,16 on the 

diversity of soil microbes have been evaluated.

It is important for grape growers and winemakers to under-

stand vineyard soil to satisfy the demand for high fruit yield, 

improved wine style, and superb wine quality. Books on soil 

for fine wines are available.17,18 However, there are few descrip-

tions in those books about microbes (fungi and bacteria) in 

vineyard soils, although soil microbes play an important role 

in the management of soil environment. Microbial communi-

ties in vineyard soils may be unique compared with those in 

soils of other agroecosystems, because vineyards are generally 

subjected to less frequent tillage, less nitrogen fertilization, 

and less herbicide application.19 In addition, several farming 

practices may influence microbial communities in vineyard 

soils. For example, compost amendment induced the alteration 

and resilencing of microbial community in vineyard soil.20 In 

a pinot noir vineyard, microbial communities were also altered 

by soil morphology, soil depth, and grapevine root.19 However, 

in those two studies, an exhaustive evaluation of microbial 

diversities at the level of fungal species or phylogenetic bacte-

rial taxa was not conducted because those studies were based 

on the evaluation by the phospholipid ester-linked fatty acid 

method. Currently, copper concentrations resulting from the 

use of fungicides and fertilizers are increasing in vineyard soil 

surface, and this trend is raising concern as regards its harm-

ful and irreversible effects on the soil ecosystem.21 Thus, it is 

important to monitor the status of soil microbial population 

and diversity. Dell’Amico et  al21 investigated ex-vineyard 

soil by the denaturing gradient gel electrophoresis method 

and identified copper-tolerant bacteria as the indicator of 

copper pollution in the soil. One study of the effects of cop-

per contamination on the microbial community in vineyards 

employed ARISA, and the findings suggested that bacterial 

genetic structure in nonamended soil varied significantly 

and Actinobacteria are the prevalent bacteria in copper-

contaminated nonamended soil.22 In vineyard soils, however, 

the microbial community structure and the microbial species 

have not been comprehensively evaluated and are thus little 

understood. In Japan, no studies have been conducted on the 

microbial communities in vineyard soils. To improve Japanese 

viticulture and sustain vineyard soil environment, we tried to 

gain an overview of soil characteristics and microbial species 

in vineyard soils. For this purpose, soils were collected from 

some vineyards and the fungal internal transcribed spacer 1 

(ITS 1) region or the bacterial 16S ribosomal DNA (rDNA) 

region was PCR-amplified to understand the microbial 

communities.

Materials and methods
Soil samples
To survey microbes in Japanese vineyard soils, we obtained 

31 soil samples from nine vineyards. Four soil samples were 

obtained from pits located approximately 3–4  m apart in 

the experimental vineyard of The Institute of Enology and 

Viticulture, University of Yamanashi, Japan, in January 2010 

(sample names K1–K4). Seven soil samples were obtained 

from seven commercial vineyards in Japan (A, B, C, D, E, 

F, and G), and 20 soil samples were obtained from two pits 

in the experimental vineyard of The Institute of Enology 

and Viticulture, University of Yamanashi, Japan, from May 

2008 to December 2008 (BK3-BK12 and BC3-BC12). Soil 

pits located at a distance of 50 cm from each grapevine trunk 

were dug to a depth of 30 cm. Approximately 50 g of soil 

sample was taken from each pit. The properties of the soil 

samples are summarized in Table 1.

Soil texture analysis
Soil particle size was measured according to the Colorado 

State University Master Gardener manual.23 Briefly, approxi-

mately 20  g of soil from which rocks and root tips were 

removed was strongly shaken in 40 mL of water for 15 min-

utes. Then, the soil particles were allowed to stand for one 

month. By measuring the thicknesses of sand, silt, and clay 

layers, the percentages of sand, silt, and clay were calculated. 

Soil texture was identified with a soil textural triangle.

pH and electrical conductivity of soil
Approximately 20 g of soil was strongly shaken in 100 mL 

of water for 10 minutes and the mixture was left to stand for 

10 minutes. pH and electrical conductivity were measured 
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with a pH and electrical conductivity tester (Combol; 

HANNA Instruments, Padova, Italy).

DNA extraction from soil  
and preparation of clone library
Soils from each pit were mixed and large rocks and root 

tips were removed. Total DNA was directly extracted from 

0.4–0.3 g of soil using a PowerMaxTM Soil DNA Isolation 

Kit (MO BIO Laboratories, Inc., Carlsbad, CA) according to 

the manufacturer’s instructions. PCR amplification of fungal 

ITS 1 region or bacterial 16S rDNA region was performed 

using an ITS primer pair (5′-GTAACAAGGTTTCCGT-3′ 
and 5′-CGTTCTTCATCGATG-3′) or a 16S primer 

pa i r  (5 ′ -AGAGTTTGATCCTGGCTCAG-3 ′  and 

5′-GTATTACCGCGGCTGCTG-3′), respectively. The PCR 

reaction mix consisted of 1 µL of 10 × PCR buffer, 0.4 µL of 

2.5 mM each dNTP, 0.25 µL of 20 mM each primer, 0.1 µL 

of Hot Start Taq polymerase (Takara, Shiga, Japan), 1 µL 

of DNA solution, and 7 µL of ddH
2
O. PCR conditions were 

as follows: 95°C for three minutes (one cycle); 95°C for 

20 seconds, 55°C for 30 seconds, and 72°C for 30 seconds 

(20, 22, or 24–27 cycles for fungal ITS 1 region, 14, 15, 

18, or 28 cycles for bacterial 16S rDNA region); and 72°C 

for five minutes (one cycle). PCR cycles were controlled 

to prevent saturation of amplified PCR products. The PCR 

products were separated on 1.5% agarose gels. Agarose gels 

at 250–500 base pairs (bp) for fungal ITS or 450–800 bp 

for bacterial 16S rDNA were excised and the PCR products 

were extracted with a QIAquick Gel Extraction Kit (Qiagen, 

Valencia, CA) according to the manufacturer’s instructions. 

After extraction, the products were ligated to p-TAC-1 vector 

(Bio Dynamics Laboratory Inc., Tokyo, Japan) or pMD20-T 

vector (Takara, Shiga, Japan). By transforming the ligation 

product into Escherichia coli JM109 strain, fungal ITS clone, 

and bacterial 16S rDNA clone libraries were constructed. 

DNA extractions from samples K1–K4 were used for the 

analysis of fungal community. K1–K4 clone libraries were 

generated from three replicates of one soil sample. Mean-

while, DNA extractions from samples A–G were used for the 

analysis of fungal and bacterial communities. The remaining 

samples, BK3–BK12 and BC3–BC12, were used for the 

analysis of bacterial community.

Sequence analysis
Sequencing of libraries was accomplished by DyeDeoxy 

terminator cycle sequencing with M13 forward or reverse 

primer. DNA sequences were subjected to a homology 

search using the BLAST search program.24 Based on BLAST 

search results, fungal ITS clones were sorted into opera-

tional taxonomic units (OTUs). Fungal ITS clones in OTU 

have .98% sequence similarity. We confirmed the appro-

priate group using phylogenetic trees that were constructed 

with the neighbor-joining method of Molecular Evolutionary 

Genetics Analysis software,25 although we do not show the 

phylogenetic trees. After BLAST search, bacterial 16S rDNA 

clone sequences were assembled into phylum groups using 

Classifier of Ribosomal Database Project (RDP-X).26

Nucleotide sequence accession numbers
We have submitted all nucleotide sequence data to DDBJ 

database.

Results
Sequence analysis of fungal ITS clones
A total of 103 clones from K1, 86 clones from K2, 89 clones 

from K3, and 87 clones from K4 were recovered. Clones 

from plant ITS region sequences were included in the ITS 

libraries because the designed primer pair also amplified 

Table 1 Summary of sampling locations and physical and chemical properties of soils

Library 
name

Description Site Cultivated  
vine

Soil texture pH EC 
(μS/cm)

K1∼K4a Conventional agriculture (Cover crops) Kofu CSc Clay loam 6.8 14.3
A Hardly use Bordeaux Koshu Koshu Loamy sand 7.6 51
B Conventional agriculture Koshu Koshu Clay 6.9 86
C Biodiversity Koshu CS Sandy loam 7.0 60
D Cover crops Ibuki CS Sand 6.6 12
E Sampling right after replant Koshu Koshu Clay 7.4 25
F Cover crops Koshu CS Clay 7.1 43
G Conventional agriculture Ibuki Koshu Sandy loam 7.3 102
BK3∼BK12b Conventional agriculture (Cover crops) Kofu Koshu Sandy loam 6.2–7.7 39–93

BC3∼BC12b Conventional agriculture (Cover crops) Kofu CS Sandy loam 6.8–7.4 32–96

Notes: aFour clone libraries for soils sampled from four pits at vineyard K; bseasonal clone libraries for soil sampled from one vineyard monthly from March to December; 
cCabernet Sauvignon.
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the plant ITS region. Eventually, 81  K1 clones, 85  K2 

clones, 62 K3 clones, and 73 K4 clones were examined for 

their similarity to a sequence from a known fungus in the 

database (Table 2). Clone sequences with BLAST scores 

exceeding 200 (100%–81% identity) were 70 K1 clones 

(86.4%), 71 K2 clones (83.5%), 32 K3 clones (51.6%), and 

62 K4 clones (84.9%). K1–K4 clone libraries consisted of 

49, 38, 33, and 40 OTUs, respectively (Table 2), and the 

obtained 303 clone sequences from K1–K4 were sorted 

into 109 different OTUs. These results suggested that this 

molecular method was able to detect many fungal species 

in vineyard soils. The fungal ITS clone libraries from 

samples K1–K4 had individual structures that consisted 

of unique and variously sized OTUs, although the clone 

libraries were generated from different pit soils collected 

from the same vineyard (Table 3, Supplementary Table 1). 

For example, the most abundant OTU (uncultured fungus) 

in K1 and K2 clone libraries was composed of 10 and 21 

clones, respectively, while in K3 and K4 clone librar-

ies, the OTU was represented by a single clone. OTU 83 

(unidentified sequence) that included 11 clones was the 

largest OTU in K3 clone library while the clone sequences 

of the other libraries were not assigned to this OTU. The 

clone sequences of K1–K4 clone libraries were included in 

OTUs 3, 30, and 107. Moreover, 27.5% of K1–K4 OTUs 

were represented by the clone sequences from the above 

two clone libraries. These results suggest that fungi in 

vineyard soils do not have a uniformly distributed com-

munity structure.

To survey fungi in Japanese vineyard soils, we also 

examined fungi of seven soils sampled from other vineyards 

(vineyards A–G). A total of 516 clones were recovered and 

380 clones (73.6%) resulted in successful fungal sequences. 

These clone sequences were of fungal origin and comprised 

157 OTUs. Finally, we obtained and determined 681 clone 

sequences that were included in 225 OTUs in soils from eight 

vineyards, namely, samples A–G and K1–K4. The results of 

BLAST search of these clones are shown in Supplementary 

Table  1. The majority of the fungal ITS clone sequences 

were assigned to Ascomycota (30.8%) and unclassified fungi 

(38.2%, Figure 1A). The remaining clones were assigned to 

Basidiomycota (9.5%), Zygomycota (3.7%), Glomeromy-

cota (2.5%), and Oomycetes (3.5%). Together, the results 

suggest that various kinds of Ascomycota fungi exist in the 

vineyard soils.

The fungal community structures were very complex in 

the seven vineyard soils as well as in the four pit soils taken 

from one vineyard, because common OTUs were rarely found 

in the seven vineyard clone libraries. By comparing the clone 

libraries of vineyards K, A, B, C, D, E, F, and G, we found 

original OTUs in the clone libraries of vineyards C and D. The 

clone library of vineyard C consisted of few OTUs included 

many clones, such as Aspergillus spp., Aureobasidium pul-

lulans, Phomopsis sp., while the clone library of vineyard D 

had many unique OTUs (Table 2, Supplementary Table 1). 

Thus, soils of vineyards C and D may have original fungal 

community structures although we did not conduct further 

assessment because of the small sample size and the complete 

lack of replication at vineyards A–G.

Sequence analysis of bacterial  
16S rDNA clones
To survey bacterial community structures in vineyard soils 

in a manner similar to the fungal community structures, 407 

clones were recovered from the seven vineyards. To determine 

widespread bacterial community in vineyard, we sampled two 

pit soils from one vineyard monthly from May 2008 through 

December 2008, and 846 clones were recovered because of 

significant seasonal changes of the bacterial community, as 

reported by Lipson and Schmidt.14 Clones whose sequences 

were amplified by an unpaired primer were omitted from the 

clone library. Finally, we searched 1106 clone sequences in 

the National Center for Biotechnological Information (NCBI) 

database. Database sequences yielding the highest percent-

age identity to the clone sequences were chosen as the best 

match for the clones. The results that matched sequences in 

the NCBI database are shown in Supplementary Table  2, 

and 16S rDNA gene sequences with .97% similarity are 

considered to be the same species in phylogenetic position. 

However, as 30 clone sequences were not listed in the NCBI 

database and could not be sorted into “bacteria” by Classifier 

of RDP-X, those clones were omitted from the clone library 

Table 2 Number of sequences and operational taxonomic units 
recovered from each fungal clone library

Library 
name

No. of 
sequences

No. of 
OTUs

K1 81 49
K2 85 38
K3 62 33
K4 73 40
A 56 21
B 57 25
C 53 10
D 56 21
E 46 27
F 54 28
G 58 32
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and Supplementary Table  2. It was uncommon that more 

than three clone sequences were assigned to the same acces-

sion number, with the exception of “uncultured bacterium 

(FJ479014)” that was found in BK10, BK11, BK12, BC10, 

BC11, and BC12. BLAST search demonstrated that 80.6% 

of the 1076 clone sequences had high similarity to members 

of yet undescribed bacterial divisions. To sort the “unclas-

sified” clones, we used Classifier of RDP-X (confidence 

threshold = 80%). This resulted in sorting into 18 groups that 

included “unclassified bacteria”. The most abundant phylum 

was Proteobacteria, which consisted of 23.1% of the total 

clones (Figure 1B). The second most abundant group was 

“unclassified bacteria” (22.1%) and the third largest group was 

Acidobacteria (21.9%). Other relatively large groups were 

Actinobacteria (8.1%), Bacteroidetes (5.2%), Chloroflexi 

(4.0%), Gemmatimonadetes (3.2%), Planctomycetes (3.1%), 

and Verrucomicrobia (6.5%). The percentage abundance of 

these groups varied for each clone library, although the num-

ber of clones was not sufficient to compare with the percentage 

abundance of phylum within one clone library. However, 

bacterial clone libraries other than the clone libraries of soil 

collected from September 2008 to December 2008 constantly 

Table 3 Fungal species from BLAST search with the highest sequence identity to some large OTUs and distribution of operational 
taxonomic units in K1–K4

OTU Blast match Accession no. ITS size  
(bp)

Identity 
(%)

K1 K2 K3 K4 Total No. 
of clone

3 Uncultured mycorrhizal fungus AB454411 237 100-99 4 2 1 3 10
23 Uncultured Basidiomycota AY970109 240 99 1 1 7 9
25 Uncultured Ceratobasidiaceae DQ182419 231 96-95 3 2 7 9
30 Pythium sylvaticum DQ528741 346 100-99 4 5 2 2 13
40 Uncultured zygomycete EU490044 213 85-84 4 8 12
54 Unidentifieda – 213 – 5 9 1 15
57 Ceratobasidium sp. FJ435147 234 100-99 4 4
80 Uncultured fungus FJ781421 245 97 5 5
83 Unidentified – 426 – 11 11
85 Unidentified – 249 – 4 1 5
96 Uncultured fungus GQ866220 220 100-99 4 6 10
107b Uncultured fungus GU370749 211 100-99 10 21 1 1 33

Notes: aClone sequences were not found in National Center for Biotechnological Information database; bFungal internal transcribed spacer clone sequences of operational 
taxonomic unit 107 had closest identity to GU370749, GQ509331, GQ509519, GQ510910, GQ511388, GQ515874, GQ523707, but most clone sequences were matched 
to GU370749.

Bacteroidetes

Chloroflexi

Gemmatimonadetes

Planctomycetes

Verrucomicrobia

Nitrospira
Othersb

Unclassified 
bacteria

Proteobacteria

Actinobacteria

Acidobacteria

Zygomycota
Glomeromycota

Oomycetes

Basidiomycota

Unidentifieda

Unclassified fungi

Ascomycota

A B

Figure 1 Frequencies of fungal ITS sequences belonging to each fungal phylum A and bacterial 16S rDNA sequences belonging to each bacterial phylum B. Fungal phyla were 
classified based on BLAST search results. Bacterial phyla were classified by using Classifier of RDP-X. 
Notes: aClone sequences were not found in NCBI database; bothers include Cyanobacteria, Firmicutes, Spirochaetes, OD1, OP10, OP11, TM7, and WS3.
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included Proteobacteria, Acidobacteria, and unclassified 

bacteria in abundance. The remaining phyla present within 

the clone libraries included Nitrospira, Cyanobacteria, Fir-

micutes, Spirochaetes, OD1, OP10, OP11, TM7, and WS3. 

Each consisted of less than 1% of the total clones.

Discussion
In this study, we determined fungal ITS and bacterial 16S 

rDNA clone sequences in vineyard soils and showed the 

fungal and bacterial community structures in the soils. 

Previous reports have demonstrated the diversity and com-

munity structure of mycorrhizal fungi in vineyards27,28 and the 

variation in vineyard soil microbial communities influenced 

by compost amendment and increasing depth.19,20 Whitelaw-

Weckert et al29 examined the effects of permanent swards and 

bare soil on soil microbial count in two Australian vineyards 

by culture methods. However, those studies did not determine 

the composition of fungi and bacteria at the species level 

in vineyard soils, and there are hardly any studies that deal 

with the comprehensive identification of clone sequences 

from vineyard soils. Thus, our study surveyed for the first 

time microbes present in vineyard soils. We recovered 109 

OTUs from 303 fungal clone sequences of vineyard K clone 

libraries. As the rarefaction curves of the 303 fungal clones 

did not reach a plateau (data not shown), we were able to 

estimate only a small portion of fungi existing in the vineyard 

soils. We need to recover more clones to reveal the number 

of fungal species. Nevertheless, our results suggest that at 

least 109 fungal species exist in one vineyard and most of 

them belong to Ascomycota. These results have not been 

obtained in previous studies that used phospholipid ester-

linked fatty acids or denaturing gradient gel electrophoresis 

to detect overall microbial community shifts and compare 

microbial community structures.30 The main Ascomycota 

detected by prosequencing analyses of forest soils consist 

of lichen-forming fungi, litter/wood decomposers, plant 

parasites, endophytes, and saprotrophs.31 The Ascomycota in 

our study may include fungal groups causing plant disease, 

endophytes, wood decomposers, and saprotrophs, because 

such fungi as Fusarium spp,32 Phomopsis spp,33 Aspergillus 

spp,34,35 Pezizomycotina spp,36 and Alternaria spp abound in 

fungal clone libraries.

We noted that the OTU patterns in the clone libraries 

and the number of clones within each OTU are very diverse 

even among the clone libraries from the same vineyard, sug-

gesting the complex distribution of the fungal community. 

Unfortunately, it was impossible to identify the dominant 

fungus at the species level in the vineyard soils due to the 

limited sample size. However, we noticed that the species 

patterns of each clone library are interesting. Fungal clone 

libraries from vineyards C and D are the most unique among 

the eight vineyard clone libraries (Table 2, Supplementary 

Table 1). Microbial community structures are affected by 

environmental and anthropogenic factors.1 Vineyard C is 

managed with a biodynamic agricultural system (Table 1). 

The soil characteristics of vineyard D differ from those of 

other vineyards: the soil has a sandy texture, the highest 

acidity, and the lowest electrical conductivity (Table 1). It 

was shown that the compositions of bacterial communities 

in soils of biodynamic, conventional, and unfertilized agri-

cultural management systems were vastly different although 

the clone libraries revealed similar diversities.15 Mäder et al37 

found significantly higher microbial biomass and diversity 

in the soil of a biodynamic management system than in the 

soil of a conventional management system. Meanwhile, the 

effect of particle size on the microbial community structure 

was noted, in that small particles (silt and clay) yielded high 

microbial diversity compared with coarse particles (sand).11 

A strong correlation between bacterial diversity and soil pH 

was also shown by Fierer and Jackson.38 Those reports agree 

with our results of fungal sequences and it seems that the 

characteristics of fungal community structures are reflected 

by soil environment and management. However, there was 

no obvious relationship between bacterial communities and 

environmental factors in vineyards C and D compared with 

fungal community structures in the same vineyards because 

each bacterial community was extremely complex and the 

variations in bacterial libraries might be restricted by the 

sample size. It is possible that the fungal community struc-

ture may be more sensitive to environmental factors than 

the bacterial community structure in vineyard soils. Further 

exhaustive studies are required to reveal the relationship 

between bacterial community structure and environmental 

factors.

Bates and Garcia-Pichel39 indicated that bacterial diversity 

was noticeably and significantly higher than fungal diversity. 

One gram of soil contains one to four billion bacteria and 

less than one billion fungi.40 Thus, to reveal the overall bacte-

rial community structure in vineyard soil, it is necessary to 

conduct large-scale DNA sequence analysis. In this study, 

although we were not able to reveal the overall bacterial com-

munity structure, we were able to sort by phylum 1076 clone 

sequences recovered from samples collected monthly from 

one vineyard soil and from seven vineyard soils. We suggest 

that 17 of the 52 phyla determined exist in vineyard soils (see 

Figure 1B).41 Lejon et al22 showed that 30 clones derived from 
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350–450 bp bacterial-ARISA bands from soil collected from 

a copper-contaminated vineyard belonged to Actinobacteria, 

Fibrobacteres, Gemmatimonadetes, and Proteobacteria. Our 

results indicated that bacteria from numerous phyla exist in 

vineyard soil. The major phyla of vineyard soil bacteria are 

Proteobacteria and Acidobacteria (Figure 1B). In forest soil, 

Proteobacteria and Bacteroidetes are the dominant bacterial 

groups, followed by Acidobacteria.42 In agricultural soils 

where maize and sugarcane are grown, phylum diversity 

is poor and the predominant groups are Actinobacteria, 

Bacteroidetes, and Fermicutes.42,43 Therefore, our results 

suggest that the microbial community structure in vineyard 

soil may be unique, in support of the work of Steenwerth 

et al.19 Meanwhile, the dominant fungal group in forest soils 

is Basidiomycota,31,44 and this dissimilarity in the dominant 

fungi also supported our suggestion. However, we do not 

know why Proteobacteria and Acidobacteria are the domi-

nant bacteria in vineyard soils. Moreover, it is interesting that 

the 31 clone sequences assigned to Actinobacteria were sud-

denly found in soils sampled from October 2008 to December 

2008. Dell’Amico et al21 described that a specific microbe in 

copper-contaminated soil may serve as an indicator of soil 

pollution status. Meanwhile, Actinobacteria are prevalent 

in copper-contaminated nonamended soil.22 Smit et al45 sug-

gested that the ratio of the number of Proteobacteria to that 

of Acidobacteria may be an indicator of the nutritional status 

of soils. Therefore, the soils sampled from October 2008 

to December 2008 might be organic-matter rich. However, 

because we assessed only the contents of copper and organic 

matter in vineyard soils, we could not determine whether the 

microbial community in the soils was a result of the effects 

of copper and organic matter. At the very least, we can say 

that there was no organic amendment before the appearance 

of Actinobacteria in any of the vineyard soils tested.

We were able to detect some species, including phyto-

pathogenic and/or valuable fungi, and to observe the current 

status of vineyard soils. Although our sequence data are not 

sufficient to confirm the microbial community in Japanese 

vineyard soils, we preliminarily generated a microbial catalog 

that records the physical, chemical, and biologic properties of 

Japanese vineyard soils and their implications for viticulture 

(Supplementary Tables 1 and 2). This catalog may help further 

our understanding of the current state of vineyard soils and 

promote the management, maintenance, and improvement of 

vineyards. Although vineyard soil properties are complex, 

we may be able to elucidate gradually the characteristics of 

vineyard soils by using a PCR-culture-independent approach 

and generating a microbial catalog.

Conclusion
We demonstrated for the first time the community structures 

of fungi and bacteria in Japanese vineyard soils by a PCR-

culture-independent approach and generated a microbial 

catalog. Our results suggest that many fungal and bacterial 

species exist in vineyard soils and the microbial community 

structure in each vineyard soil sample is extremely diverse. 

Moreover, the dominant fungal and bacterial groups are dis-

similar to the dominant microbes in forest and agricultural 

soils. We were not able to determine the dominant microbes 

at the species level due to the limited sample size. By analyz-

ing microbes on a large scale, vineyard soil characteristics 

will be revealed in detail and soil condition assessment using 

microbial community structures will be realized.
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Table S1 Catalog of fungi with the highest sequence similarity to clones by BLAST search and distribution of clones in each library

Phylum Blast match/clone 
name

Accession 
number

ITS 
size 
(bp)

Identity 
(%)

Number of fungal ITS clones

K1 K2 K3 K4 A B C D E F G
Ascomycota Alternaria 

tenuissima
FJ766500 220 100 3 1

58 OTUs Arthopyreniaceae sp FJ439584 220 98 1
210 clones Ascochyta sp FJ032642 195 100 1 1

Aspergillus 
japonicus

GQ359413 232 100–99 6 1

Aspergillus 
versicolor

GU232767 211 100–99 7

Aureobasidium 
pullulans 

GU062250 235 100–99 2 1 6

Chaetomium sp EU750691 221 100 1
Cladophialophora 
chaetospira

EU035406 247 100 1

Cladorrhinum 
samala

FM955447 224 90 2 3

Cladorrhinum 
samala

FM955447 227 97 1

Cordyceps 
robertsii

AJ309335 224 95 1

Corynascus 
verrucosus

FJ537093 220 93 1

Cylindrocarpon 
didymum

GU067762 191 100 1

Cylindrocarpon 
liriodendri

DQ178166 193 100 1

Discosia sp AF405303 243 95 1
Doratomyces 
nanus

FJ914706 229 99 2

Exophiala 
pisciphila

DQ826739 251 100 1

Fusarium 
avenaceum

GU454800 206 99 1

Fusarium 
oxysporum

GU445380 203 100–99 6 1

Fusarium solani 
f. radicicola

AB513851 205 100–99 1 1

Fusarium sp EU860071 207 88 1
Fusarium sp GQ505759 203 99 1
Fusarium sp GQ505761 204 100–99 1 1 1
Hirsutella 
minnesotensis

DQ345572 230 99 1

Lecythophora sp GU062252 228 97 1
Leptodontidium  
orchidicola

GQ302678 290 100–99 2

Leptosphaerulina sp EF694653 269 100 1
Microscypha ellisii U57493 216 98–96 1 24 2
Nectria 
mariannaeae

FJ940904 208 99 1

Nectria sp. GU067752 208 99 1 1
Onygenales sp GU212408 234 97 2
Penicillium sp AB468053 228 100 1
Penicillium sp GU270577 195 100 1
Pezizomycotina sp GU212420 227 99–98 21 3 2

Phialocephala fluminis AF486124 260 86 1

(Continued)
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Table S1 (Continued)

Phylum Blast match/clone 
name

Accession 
number

ITS 
size 
(bp)

Identity 
(%)

Number of fungal ITS clones

K1 K2 K3 K4 A B C D E F G

Phomopsis sp GU462150 230 100–99 10
Phomopsis sp GU462149 232 98 10
Pilidiella sp GU062317 261 98 1 1
Plectosphaerella 
cucumerina

GU062300 194 100 1 2

Podospora didyma AY999127 210 89 6
Pseudaleuria 
quinaultiana

EU669387 252 86–85 2 1

Sordariomycete sp EF694651 197 99 1
Stilbella sp DQ993633 209 98 2
Trichoderma 
hamatum

GQ331987 238 100–98 1 1 2 2

Uncultured 
Amphisphaeriaceae

EF619630 244 99 1

Uncultured 
Ascomycete

AM901745 248 100 1

Uncultured 
Ascomycete

AM901946 202 99 1

Uncultured 
Ascomycete

EU003078 228 98 3

Uncultured 
Ascomycete

EU490130 229 100–99 1 3 3

Uncultured 
Ascomycota

EU520620 202 98–97 1 2

Uncultured 
Ascomycota

FJ440864 228 100 1

Uncultured 
Geopyxis

GQ223459 244 98 1

Uncultured 
Lasiosphaeriaceae

GU055674 199 93–92 5

Uncultured 
Tetracladium

GU055705 216 85 1

Uncultured 
Tetracladium

GU055705 216 100–99 1 3 9

Uncultured 
Xylariales

GU056018 198 99 1

Verticillium 
balanoides

AJ292413 231 98 1

Wardomyces 
inflatus

FJ946485 227 99 1

Basidiomycota Aqaricus romaqnesii FJ478118 346 99 3
15 OTUs Ceratobasidium sp FJ435147 234 100–99 4
57 clones Conocybe rickenii AY194541 318 81 2

Cryptococcus sp FJ210546 193 100–99 2
Mallorcan 
basidiomycete 

AF438588 338 89 2

Mycorrhiza of 
Neottia Nidus-avis 
(Sebacinaceae) spp

AY052375 240 83 1

Nematoctonus 
tylosporus

EF409766 310 90 1

Phlebia livida AB084618 238 89 1
Phlebia sp AY787680 256 92 2

Uncultured 
Agaricomycetes

FJ554256 220 95 1

(Continued)
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Table S1 (Continued)

Phylum Blast match/clone 
name

Accession 
number

ITS 
size 
(bp)

Identity 
(%)

Number of fungal ITS clones

K1 K2 K3 K4 A B C D E F G

Uncultured 
Basidiomycete

AM901821 162 100 1

Uncultured 
Basidiomycete

AY970109 240 99 1 1 7

Uncultured 
Ceratobasidiaceae

DQ182419 231 96–95 3 2 7

Uncultured soil 
Basidiomycete

DQ672332 219 99–95 1 1

Uncultured 
Tremellomycete

EU030400 206 99 2 2 9

Zygomycota Endogone lactiflua AY997045 241 82 1
6 OTUs Uncultured 

Mortierella
FJ553286 202 100–99 2 1

34 clones Uncultured 
Mortierellales

FJ440914 203 88–87 4 7 2

Uncultured 
Zygomycete

EF027378 248 95–94 2

Uncultured 
Zygomycete

EU490044 213 85–84 4 8

Uncultured 
Zygomycete

FN295478 196 99 3

Glomeromycota Glomus irregulare FJ009618 162 99 1 1 1
11 OTUs Glomus sp AY174689 164 95 1
16 clones Glomus sp FM865557 162 99 1

Glomus versiforme AJ516931 158 98 1
Uncultured Glomus AM494593 174 97 1
Uncultured Glomus AM495189 170 97 1
Uncultured Glomus AM992821 162 100 1
Uncultured Glomus AY236284 167 95–94 1 1
Uncultured Glomus AY236285 168 94 1
Uncultured Glomus EU931248 162 93 1
Uncultured Glomus FJ769323 162 98 1 2

Oomycetes Pythium 
chamaehyphon

AJ233440 297 97 1

3 OTUs Pythium 
rostratifingens

GQ160433 358 99 1

21 clones Pythium sylvaticum DQ528741 346 100–99 4 5 2 2 4 2

Unclassified Environmental
fungal

AM113724 204 95–94 2 1

96 OTUs Fungal endophyte sp FJ025263 227 97 1
260 clones Fungal sp FJ612881 225 96 1

Fungal sp FJ236011 226 99 1
Soil fungal sp EU076954 218 95 3
Uncultured 
endophytic fungus

EF505576 225 100 1

Uncultured 
endophytic fungus

FJ524320 289 91 1

Uncultured  
endophytic fungus

FJ882010 206 95 3

Uncultured fungus AY615930 264 99 1
Uncultured fungus AY970243 172 100 1
Uncultured fungus DQ294949 206 89 1

(Continued)
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Table S1 (Continued)

Phylum Blast match/clone 
name

Accession 
number

ITS 
size 
(bp)

Identity 
(%)

Number of fungal ITS clones

K1 K2 K3 K4 A B C D E F G

Uncultured fungus EF434103 217 94 1
Uncultured fungus EF521250 234 82 1 1
Uncultured fungus EU096296 319 81 2
Uncultured fungus EU096311 256 93 1
Uncultured fungus EU292672 234 82 2
Uncultured fungus EU437428 201 100–99 17 1
Uncultured fungus EU437434 205 99 1
Uncultured fungus EU516926 398 98 1
Uncultured fungus FJ213503 246 99 1 1
Uncultured fungus FJ386909 229 99 1
Uncultured fungus FJ758408 208 100 1
Uncultured fungus FJ761134 189 99 1
Uncultured fungus FJ776046 192 96 2 2
Uncultured fungus FJ776073 202 100 9 1 1
Uncultured fungus FJ776292 211 100 2 3
Uncultured fungus FJ776415 216 99 1
Uncultured fungus FJ776569 260 98–96 1 1
Uncultured fungus FJ776813 209 99 1
Uncultured fungus FJ777183 208 100 3
Uncultured fungus FJ777429 258 97 1
Uncultured fungus FJ777950 247 99 1
Uncultured fungus FJ778071 234 100 1
Uncultured fungus FJ778090 218 98 1
Uncultured fungus FJ778326 220 94 1
Uncultured fungus FJ778637 261 86 3
Uncultured fungus FJ779194 200 100 2
Uncultured fungus FJ779858 215 100 1
Uncultured fungus FJ780520 200 94 2
Uncultured fungus FJ780554 246 93 1
Uncultured fungus FJ780875 218 98 1
Uncultured fungus FJ780914 217 98–95 1 1 1
Uncultured fungus FJ781005 156 96–95 3 1
Uncultured fungus FJ781013 224 93–91 1 1
Uncultured fungus FJ781421 245 97 5
Uncultured fungus FJ781525 249 87 1
Uncultured fungus FJ782853 208 99–97 1 1
Uncultured fungus FJ783024 189 97 1
Uncultured fungus FJ783279 222 100 1
Uncultured fungus FJ857928 212 100–99 1 1 2
Uncultured fungus FM999592 226 93 1
Uncultured fungus FN397288 238 95 2
Uncultured fungus FN397382 214 100 1
Uncultured fungus FN397399 233 98 1
Uncultured fungus FN397421 198 99 1
Uncultured fungus GQ225117 244 100–99 5
Uncultured fungus GQ225149 205 99 1
Uncultured fungus GQ225160 201 100–99 4 2
Uncultured fungus GQ508521 211 100 1
Uncultured fungus GQ509331 211 100 1
Uncultured fungus GQ509370 211 100 1
Uncultured fungus GQ509504 211 100 1
Uncultured fungus GQ509519 211 100 1
Uncultured fungus GQ510910 211 100 1
Uncultured fungus GQ511189 198 100 1
Uncultured fungus GQ511388 211 100 1
Uncultured fungus GQ513703 262 90 1
Uncultured fungus GQ515874 211 100 1
Uncultured fungus GQ517307 220 100 1

(Continued)
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Table S1 (Continued)

Phylum Blast match/clone 
name

Accession 
number

ITS 
size 
(bp)

Identity 
(%)

Number of fungal ITS clones

K1 K2 K3 K4 A B C D E F G

Uncultured fungus GQ523707 211 100 1
Uncultured fungus GQ866183 222 99 1
Uncultured fungus GQ866184 193 98 1
Uncultured fungus GQ866220 220 100–98 4 6 1 1 1 3
Uncultured fungus GU078626 217 100–99 1 1 1 1 6 1
Uncultured fungus GU078639 222 99 1
Uncultured fungus GU256955 195 100 1
Uncultured fungus GU366724 219 100 1 1 1 1
Uncultured fungus GU370749 211 100–99 8 17 1 1 4
Uncultured fungus GU461346 198 100 1
Uncultured fungus GU461399 198 100 4
Uncultured fungus GU461434 216 100–98 3 1
Uncultured fungus GU461440 234 100 1
Uncultured fungus GU461574 201 100–99 2
Uncultured 
mycorrhizal fungus

AB454411 237 100–99 4 2 1 3

Uncultured soil 
fungus

DQ420769 248 90–89 1 1 1

Uncultured soil 
fungus

DQ420800 216 97 1

Uncultured soil 
fungus

DQ420859 187 95 2

Uncultured soil 
fungus

DQ420918 214 100 1

Uncultured soil 
fungus

DQ421065 255 100 1

Uncultured soil 
fungus

DQ421073 255 100 2

Uncultured soil 
fungus

DQ421079 259 100 1

Uncultured soil 
fungus

DQ421237 228 97–94 1 2

Uncultured soil 
fungus

DQ421243 249 99 1

Uncultured soil 
fungus

DQ980584 218 100 1

Uncultured soil 
fungus

EU675985 223 100–99 1 2 3

Uncultured 
soil fungus

EU826920 257 100–99 1 3 1

Unidentified OTU 87 357 1
36 OTUs OTU 34 210 1
84 clones OTU 14 216 2

OTU 39 234 1
OTU 66 270 1
OTU 33 301 1
OTU 20 233 1
OTU 13 220 2
OTU 26 352 1
OTU 104 333 1
OTU 44 429 5
OTU 105 207 1
OTU 60 239 2 1 3 2
OTU 19 234 1
OUT 2 264 2
OTU 53 213 1

(Continued)
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Table S1 (Continued)

Phylum Blast match/clone 
name

Accession 
number

ITS 
size 
(bp)

Identity 
(%)

Number of fungal ITS clones

K1 K2 K3 K4 A B C D E F G
OTU 54 213 5 9 1
OTU 56 223 1 2
OTU 83 426 11
OTU 85 249 4 1
OTU 45 320 1
OTU 55 235 1
OTU 72 249 1
OTU 95 352 2
OTU 86 250 1 2
OTU 108 208 1
OTU 109 259 1
OTU 110 271 2
OTU 111 173 1
OTU 112 263 1
OTU 113 244 1
OTU 114 196 1
OTU 115 410 1
OTU 116 351 1
OTU 117 368 1
OTU 118 228 1

Abbreviations: ITS, internal transcribed spacer; OTU, operational taxonomic unit; bp, base pair.

Table S2 Catalog of bacteria with the highest sequence similarity to clones by BLAST search and bacterial phyla classified by using 
Classifier of RDP-X 

Phylum Clone name Blast match Accession  
number

16S rDNA  
size (bp)

Identity (%)a

Proteobacteria BK5-17 Aeromonas punctata GU205198 493 99
249 clones BC8-1, BK10-25, F32 Agricultural soil bacterium AJ252663 487 100–99

BC5-16 Alpha proteobacterium D84621 434 98
D33 Beta proteobacterium AY162061 485 99
D27 Burkholderia spp FJ478405 485 97
BK11-3 Hyphomicrobium AB543807 434 99
A47, A48 Janthinobacterium lividum AJ585218 487 100–99
A53 Nitrosospira sp AY684260 485 99
BK9-17 Nordella sp AM411927 436 99
BC9-15 Pedomicrobium manganicum GU269549 434 98
F35 Pseudomonas sp AB461673 485 100
A54 Pseudomonas sp. EU681010 485 100
G14 Pseudomonas sp EU681013 485 99
BK11-6 Rhizosphere soil bacterium AJ252704 500 97
BK3-35 Sorangium cellulosum GU299041 500 99
BK10-33 Sphingomonadaceae bacterium AB269802 434 98
BK8-44 Uncultured Alcaligenaceae bacterium AM936094 485 99
D41 Uncultured alpha proteobacterium AY394616 432 100
BC3-39 Uncultured alpha proteobacterium AY921760 431 99
BK12-39 Uncultured alpha proteobacterium AY921974 421 99
BC5-42 Uncultured alpha proteobacterium FM252945 432 99
BK9-36 Uncultured alpha proteobacterium FN594676 434 98
BK5-12 Uncultured bacterium AB186825 444 95
BK11-15 Uncultured bacterium AF392673 483 100
BC3-25, BC3-33 Uncultured bacterium AJ576419 497 97
BC8-38 Uncultured bacterium AJ863370 434 99
BK12-46 Uncultured bacterium AM158328 485 98
D49 Uncultured bacterium AM158355 485 97
BK5-39 Uncultured bacterium AM909847 498 96
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Table S2 (Continued)

Phylum Clone name Blast match Accession  
number

16S rDNA  
size (bp)

Identity (%)a

BK7-7 Uncultured bacterium AM910073 482 97
E38 Uncultured bacterium AY425763 434 100
BC8-17 Uncultured bacterium AY917444 436 99
BC3-37, BK7-29 Uncultured bacterium DQ444030 504 98–97
B9 Uncultured bacterium DQ451508 440 97
BC3-35 Uncultured bacterium DQ815232 444 94
D56 Uncultured bacterium EF018952 436 99
BC9-6 Uncultured bacterium EF018996 432 97
D13 Uncultured bacterium EF019435 436 96
BC8-37 Uncultured bacterium EF019837 479 98
BC7-34 Uncultured bacterium EF392901 436 99
BC7-28 Uncultured bacterium EF474263 483 98
B44 Uncultured bacterium EF492895 485 98
BK12-31 Uncultured bacterium EF516458 501 95
E19 Uncultured bacterium EF516473 487 98
G8 Uncultured bacterium EF589979 444 100
BK10-20 Uncultured bacterium EF590047 434 99
BK9-40 Uncultured bacterium EF659421 489 96
BK10-5, BK10-8 Uncultured bacterium EU133360 432 99
BK8-24 Uncultured bacterium EU133467 432 99
BC5-34 Uncultured bacterium EU133479 432 98
BK10-12 Uncultured bacterium EU133780 484 98
BK9-8 Uncultured bacterium EU133792 487 99
BK9-48 Uncultured bacterium EU133860 486 99
B24, B28, BK7-47 Uncultured bacterium EU134376 504 98–97
A36 Uncultured bacterium EU134384 506 95
BC7-26 Uncultured bacterium EU134448 499 96
G56 Uncultured bacterium EU134453 504 96
A56 Uncultured bacterium EU134470 500 97
B49 Uncultured bacterium EU134472 499 97
BC11-2 Uncultured bacterium EU134486 500 96
BK4-10 Uncultured bacterium EU134524 501 93
E41 Uncultured bacterium EU134528 504 97
A2 Uncultured bacterium EU134706 486 95
BC7-10 Uncultured bacterium EU159984 485 98
C1 Uncultured bacterium EU160136 487 99
BC7-9 Uncultured bacterium EU160209 488 97
BK9-15 Uncultured bacterium EU160331 499 98
BK7-23 Uncultured bacterium EU280739 582 98
A18 Uncultured bacterium EU280747 400 96
BK5-25 Uncultured bacterium EU335214 506 98
BK11-1 Uncultured bacterium EU335283 506 93
BC10-18 Uncultured bacterium EU786147 502 97
C20 Uncultured bacterium EU869757 499 90
BC3-44, BK12-3 Uncultured bacterium EU881111 434 99
BC4-12 Uncultured bacterium EU881166 437 99
E17 Uncultured bacterium EU881168 436 99
BC8-42 Uncultured bacterium EU881171 436 100
BC10-2 Uncultured bacterium EU881183 498 97
BK12-22 Uncultured bacterium EU881205 485 99
BC4-17 Uncultured bacterium EU881293 499 95
BK7-34 Uncultured bacterium EU881332 499 98
D50 Uncultured bacterium FJ174981 487 98
BC11-17 Uncultured bacterium FJ175095 484 99
BC12-44 Uncultured bacterium FJ390543 530 100
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16S rDNA  
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E28 Uncultured bacterium FJ409259 434 99
B13 Uncultured bacterium FJ409328 485 98
BC9-9 Uncultured bacterium FJ444700 485 99
BK9-16 Uncultured bacterium FJ478629 432 99
BK9-47 Uncultured bacterium FJ478723 504 99
E46 Uncultured bacterium FJ478734 434 99
BK11-26, BK12-26, 
BK5-2, BK7-36,  
BC6-48

Uncultured bacterium FJ478787 434 100–99

BK9-18 Uncultured bacterium FJ478818 487 99
BK9-44 Uncultured bacterium FJ478838 482 100
BK11-13 Uncultured bacterium FJ479038 482 99
E20, E47 Uncultured bacterium FJ479291 504 99
BK6-31 Uncultured bacterium FJ479372 506 100
B55 Uncultured bacterium FJ479441 484 98
BK11-41 Uncultured bacterium FJ479441 484 94
BC9-25 Uncultured bacterium FJ479505 484 98
BK5-5 Uncultured bacterium FJ479545 434 99
A55 Uncultured bacterium FJ479588 486 99
BK10-13 Uncultured bacterium FJ479597 503 98
BC10-6 Uncultured bacterium FJ532345 495 94
BK11-4 Uncultured bacterium FJ625364 446 98
BC11-27 Uncultured bacterium FJ719080 436 99
D20, D51 Uncultured bacterium FM956821 436 99
BK11-28 Uncultured bacterium FM956978 444 99
BC12-7, BC8-7 Uncultured bacterium FN401278 436 100–99
B14, B6 Uncultured bacterium GQ023358 436 99
BC6-40 Uncultured bacterium GQ094003 444 98
D47 Uncultured bacterium GQ127684 436 100
BC10-3 Uncultured bacterium GQ127692 495 97
D22 Uncultured bacterium GQ127702 483 99
BC8-27 Uncultured bacterium GQ128116 498 97
D38 Uncultured bacterium GQ128156 487 99
BK7-44 Uncultured bacterium GQ263248 504 97
A35 Uncultured bacterium GQ263698 491 100
BK11-16 Uncultured bacterium GQ264133 432 99
BC7-47 Uncultured bacterium GQ264141 489 88
BC5-20 Uncultured bacterium GQ264193 434 99
A10, A36, BC7-36,  
BK12-10, BK7-12

Uncultured bacterium GQ339232 485 99–98

D55 Uncultured bacterium GQ376803 451 98
BK12-45 Uncultured bacterium GQ376892 504 97
BK8-9 Uncultured bacterium GQ376899 436 99
A13 Uncultured bacterium GQ376913 487 100
BC3-5 Uncultured bacterium GQ376963 444 100
BC3-48, BK3-51 Uncultured bacterium GQ376972 434 96
C27 Uncultured bacterium GQ376996 501 96
C45 Uncultured bacterium GQ376996 501 92
BK9-14 Uncultured bacterium GQ461661 485 99
BC9-23 Uncultured bacterium GQ461662 503 97
E51 Uncultured bacterium GQ500733 484 100
BC10-13, BC7-31 Uncultured bacterium GQ500738 445 99–98
B61 Uncultured bacterium GQ860038 507 95
BK5-11 Uncultured bacterium GQ860122 444 100
BC5-22 Uncultured bacterium GQ860162 502 98
BK3-19 Uncultured bacterium GQ996436 459 97
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BK8-39 Uncultured bacterium GU256467 434 99

BC5-24 Uncultured bacterium GU256481 491 100
BC8-4 Uncultured bacterium GU272264 487 100
BC5-25 Uncultured bacterium GU444061 453 96
BK9-7 Uncultured bacterium GU444084 501 94
BC11-39 Uncultured bacterium GU444098 487 99
D25 Uncultured beta proteobacterium AB451788 485 99
E30 Uncultured beta proteobacterium AY921700 484 99
G55 Uncultured beta proteobacterium AY921788 483 95
BC11-29 Uncultured beta proteobacterium AY922034 485 98
BC6-2 Uncultured beta proteobacterium EU266802 484 99
A4 Uncultured beta proteobacterium EU979050 485 99
BC5-7, BK5-21 Uncultured Bradyrhizobium sp FJ495217 436 100
BK9-21 Uncultured Burkholderiales bacterium AM935842 487 100
BC11-7 Uncultured Caulobacterales bacterium EU665092 431 99
F3 Uncultured Cystobacteraceae bacterium EF019208 500 98
G40 Uncultured delta proteobacterium AM934955 506 99
BK10-47 Uncultured delta proteobacterium EF072538 488 96
BC10-28 Uncultured delta proteobacterium EF417732 504 94
G26 Uncultured delta proteobacterium EF417746 504 99
C2, C5 Uncultured delta proteobacterium EF651050 498 99
F14 Uncultured delta proteobacterium EF663249 504 99
BK4-22 Uncultured delta proteobacterium EU300451 504 98
BK11-44 Uncultured delta proteobacterium EU849397 499 92
C58 Uncultured delta proteobacterium EU979075 498 98
BK8-33 Uncultured delta proteobacterium FJ946562 491 89
BC4-37, BK5-31 Uncultured Desulfuromonadales bacterium AM934915 504 97

BC7-24 Uncultured Desulfuromonadales bacterium AM935776 504 99
E49 Uncultured eubacterium AJ292817 436 97
C36 Uncultured Ferribacterium sp. FM176903 487 98
BC10-22 Uncultured Flavimonas sp FM175401 485 98
E11 Uncultured forest soil bacterium AY913276 456 94
BC6-26, BC6-30 Uncultured gamma proteobacterium AM935211 502 100
A15 Uncultured gamma proteobacterium AY043794 489 94
F1 Uncultured gamma proteobacterium EF188451 485 99
BC6-19 Uncultured gamma proteobacterium EU979089 489 99
BC9-12, E48 Uncultured gamma proteobacterium EU979089 488 96
G15, G17 Uncultured Geothermobacter sp FM176316 505 99
BC7-41 Uncultured Hyphomicrobiaceae bacterium EU26680 432 100
G50 Uncultured Hyphomicrobiaceae bacterium FM956821 436 99
BC5-6, E44 Uncultured Nitrosomonadaceae bacterium EF019260 487 97–96
A32 Uncultured Oxalobacteraceae bacterium EF019185 483 99
BC12-27 Uncultured proteobacterium DQ828112 436 99
BC9-48, F11 Uncultured proteobacterium DQ828343 485 98
BK3-15 Uncultured proteobacterium DQ828413 522 91
D19 Uncultured proteobacterium DQ828444 487 97
G7 Uncultured proteobacterium DQ828498 487 99
E27 Uncultured proteobacterium DQ828518 504 99
BC8-25 Uncultured proteobacterium DQ829015 445 95
BK3-33 Uncultured proteobacterium DQ829067 434 99
BC9-37 Uncultured proteobacterium DQ829215 506 97
BK4-1 Uncultured proteobacterium DQ829395 506 95
BC11-10 Uncultured proteobacterium DQ829567 539 98
D28, D52 Uncultured proteobacterium EF019038 487 98
B51 Uncultured proteobacterium EF019739 482 98
BK12-5 Uncultured proteobacterium EU297804 510 98
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BC12-41 Uncultured proteobacterium EU299489 498 98
BC9-8 Uncultured proteobacterium EU299841 502 97
G41 Uncultured Rhodobium sp GU556461 446 97
BC10-15 Uncultured Rhodocyclaceae bacterium EF019009 482 98
C34 Uncultured soil bacterium AF423222 485 99
BK7-20 Uncultured soil bacterium AM884623 485 99
A20 Uncultured soil bacterium AY242701 487 99
BC10-37, BK8-42 Uncultured soil bacterium AY242719 485 98–97
BK7-46 Uncultured soil bacterium AY493946 486 98
B29, BC4-5 Uncultured soil bacterium DQ128467 537 98–97
BC11-18 Uncultured soil bacterium DQ154524 487 99
BC3-19 Uncultured soil bacterium DQ154651 485 99
BC10-45, BC4-25 Uncultured soil bacterium DQ297965 504 98
F26 Uncultured soil bacterium DQ643718 491 100
F34 Uncultured soil bacterium DQ643724 491 100
BK7-45 Uncultured soil bacterium GQ918964 496 93
A30 Uncultured soil bacterium GU374985 485 98
BC9-16, BK11-12 Uncultured soil bacterium GU375476 504 99
BC3-30 Uncultured Sphingomonas sp AM936491 433 98
BC3-10 Uncultured Thermus sp DQ201611 482 96

Acidobacteria BK8-48 Agricultural soil bacterium AJ252612 502 96
236 clones BC9-18 Bacterial species Z95736 499 99

BK5-51 Bacterial species Z95734 501 99
BK11-23 Uncultured Acidobacteria bacterium GQ120660 501 99
BC6-7 Uncultured Acidobacteria bacterium GQ120636 501 98
D26 Uncultured Acidobacteria bacterium FM176437 502 99
F16 Uncultured Acidobacteria bacterium FJ478655 500 99

BK7-8 Uncultured Acidobacteria bacterium EU979105 498 99
BK5-24 Uncultured Acidobacteria bacterium EU426462 474 97
BK12-13 Uncultured Acidobacteria bacterium EU425874 500 97
E29 Uncultured Acidobacteria bacterium EU425837 499 98
A17 Uncultured Acidobacteria bacterium EU122945 502 97
BK-18 Uncultured Acidobacteria bacterium EU122922 501 99
C51 Uncultured Acidobacteria bacterium EU122900 501 99
A45 Uncultured Acidobacteria bacterium EU122894 501 97
BC9-46 Uncultured Acidobacteria bacterium EU122854 448 98
BK8-29 Uncultured Acidobacteria bacterium EU122809 500 98
G28 Uncultured Acidobacteria bacterium EU122663 499 99
C40 Uncultured Acidobacteria bacterium EU122654 501 99
BC5-30 Uncultured Acidobacteria bacterium EF664394 240 95
B43 Uncultured Acidobacteria bacterium EF457455 502 96
BK4-27 Uncultured Acidobacteria bacterium EF457425 499 98
BC9-36 Uncultured Acidobacteria bacterium EF457400 444 99
C17 Uncultured Acidobacteria bacterium EF457318 498 97
D30 Uncultured Acidobacteria bacterium EF447092 497 98
BK10-3 Uncultured Acidobacteria bacterium EF417701 481 99
F44, F48 Uncultured Acidobacteria bacterium EF019093 450 99
D35 Uncultured Acidobacteria bacterium DQ828831 501 99
B10 Uncultured Acidobacteria bacterium DQ828203 499 99
BC6-24 Uncultured Acidobacteria bacterium DQ828134 501 98
BK4-18, BK4-19 Uncultured Acidobacteria bacterium DQ648900 501 96
BK11-21 Uncultured Acidobacteria bacterium AY921811 518 95
BK9-1 Uncultured Acidobacteria bacterium AY214902 501 98
A39 Uncultured Acidobacteria bacterium AM936904 498 99
G45 Uncultured Acidobacteriaceae bacterium FM176935 471 98
C26 Uncultured Acidobacteriaceae bacterium FM176753 501 99
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B46, C57 Uncultured Acidobacteriaceae bacterium FM175766 506 98
B56 Uncultured Acidobacteriaceae bacterium EF018918 464 98
BC10-7, BC7-46 Uncultured Acidobacteriaceae bacterium AM936873 501 99
BK4-17 Uncultured Acidobacteriaceae bacterium AM936618 501 99
F22 Uncultured Acidobacteriaceae bacterium AM936458 501 99
A1 Uncultured Acidobacteriaceae bacterium AM936237 337 100
BK5-33 Uncultured Acidobacteriaceae bacterium AM935516 501 99
BK9-46 Uncultured Acidobacteriaceae bacterium AM935398 464 99
BK5-9 Uncultured Acidobacteriales bacterium EU276510 498 99
BK4-28 Uncultured Acidobacteriales bacterium EU202808 472 98
BK8-11 Uncultured Acidobacteriales bacterium AY150900 499 97
BK3-9 Uncultured Acidobacteriales bacterium AM935710 472 98
BK5-19 Uncultured Acidobacteriales bacterium AM934745 501 99
BC12-36 Uncultured acidobacterium GQ302590 481 97
BC7-11 Uncultured acidobacterium FM866294 501 98
BC4-1 Uncultured acidobacterium GQ302590 481 97
D36 Uncultured bacterium GU444075 499 98
B2 Uncultured bacterium GU366872 464 99
BK7-40 Uncultured bacterium GU359096 501 99
BK10-27 Uncultured bacterium GU359062 501 99
BK12-1 Uncultured bacterium GU326021 501 99
BC9-38 Uncultured bacterium GQ859685 501 99
BC3-7 Uncultured bacterium GQ376990 479 98
D24 Uncultured bacterium GQ376970 501 97
G64 Uncultured bacterium GQ376702 500 99
D18 Uncultured bacterium GQ376578 479 97
C22 Uncultured bacterium GQ264008 500 96

C23 Uncultured bacterium GQ128004 501 96
A12 Uncultured bacterium GQ127804 476 97
BC7-30 Uncultured bacterium GQ015431 465 99
BC6-12 Uncultured bacterium FN565564 463 96
C12 Uncultured bacterium FN565561 501 98
BC6-27 Uncultured bacterium FN434016 463 99
BK7-33 Uncultured bacterium FN401235 465 99
BK8-37 Uncultured bacterium FN401214 465 99
BC3-14, BC3-29,  
BC8-13, BK6-12,  
BK8-47, BK9-35, G33

Uncultured bacterium FM956949 501 99–97

F33 Uncultured bacterium FM956340 501 98
C30 Uncultured bacterium FJ891039 444 90
BK10-42 Uncultured bacterium FJ479576 501 98
F28 Uncultured bacterium FJ479553 502 99
BC9-45, BK9-43,  
F38, G21

Uncultured bacterium FJ479522 501 100–98

BC4-7, BK6-42 Uncultured bacterium FJ479518 500 99
C44, C52 Uncultured bacterium FJ479465 501 94
F24 Uncultured bacterium FJ479406 500 98
BK9-38, F9 Uncultured bacterium FJ479374 472 99–98
BK4-42 Uncultured bacterium FJ479328 481 98
BC11-22 Uncultured bacterium FJ479169 498 99
B47 Uncultured bacterium FJ479154 474 98
BK9-11 Uncultured bacterium FJ479073 498 99
BC9-4 Uncultured bacterium FJ479064 501 98
BC9-41, E3 Uncultured bacterium FJ479059 498 99
BC7-44, BK10-15 Uncultured bacterium FJ479043 501 99
BC6-23 Uncultured bacterium FJ478777 499 98
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D58 Uncultured bacterium FJ478732 501 97
F21 Uncultured bacterium FJ478677 498 98
BC6-38, BK8-25,  
BK9-32, BK9-9

Uncultured bacterium FJ478667 501 99

BK10-39, C48 Uncultured bacterium FJ478655 500 99–98
BK8-30 Uncultured bacterium FJ478638 501 100
BK7-30 Uncultured bacterium FJ478570 501 99
BK6-36 Uncultured bacterium FJ478551 499 98
BK8-7 Uncultured bacterium FJ444739 501 99
BC6-14 Uncultured bacterium FJ444736 500 98
BC11-44, BK4-3 Uncultured bacterium FJ444661 501 99
BC8-36 Uncultured bacterium FJ409404 466 100
BC5-14 Uncultured bacterium FJ409367 501 97
BC7-17 Uncultured bacterium FJ409345 499 98
BC8-14 Uncultured bacterium FJ175106 481 97
BC4-18, BK3-38,  
BK7-13

Uncultured bacterium EU881338 501 99–97

BK7-22 Uncultured bacterium EU881271 500 98
A34 Uncultured bacterium EU881240 447 98
BC6-41, BK10-11 Uncultured bacterium EU881121 474 99
BC12-9, BK3-12 Uncultured bacterium EU881115 474 98
E23 Uncultured bacterium EU881094 499 99
B48 Uncultured bacterium EU680444 478 100
C42 Uncultured bacterium EU680399 488 94
BC6-10 Uncultured bacterium EU669643 501 100
F12 Uncultured bacterium EU669608 501 98
BK7-38 Uncultured bacterium EU428874 501 93
BC5-44, G30, G39 Uncultured bacterium EU335268 500 99
BK4-15 Uncultured bacterium EU335199 466 98
C60 Uncultured bacterium EU335189 501 98
BC6-21, G20 Uncultured bacterium EU284522 501 98–96
BK6-24 Uncultured bacterium EU280609 503 94
BC7-32 Uncultured bacterium EU280600 501 99
B11 Uncultured bacterium EU280558 501 97
BC7-2 Uncultured bacterium EU234580 481 96
A37 Uncultured bacterium EU160390 466 99
A11, B21 Uncultured bacterium EU160114 499 99–98
BC4-36 Uncultured bacterium EU160017 502 99
A16, E43, F19, F47 Uncultured bacterium EU159978 501 99
BK8-32 Uncultured bacterium EU132830 507 95
BC3-11 Uncultured bacterium EU132407 496 95
BC12-42 Uncultured bacterium EU132236 481 95
C56 Uncultured bacterium EU132211 498 96
BC5-39 Uncultured bacterium EU132123 468 99
BC6-22 Uncultured bacterium EU132093 506 90
BK11-48 Uncultured bacterium EU132022 481 96
BK10-9 Uncultured bacterium EU132015 483 97
BC8-3, BK12-12, F5 Uncultured bacterium EU131964 501 100–98
BC9-3, BK5-18 Uncultured bacterium EU131918 500 99
G10 Uncultured bacterium EU044327 469 96
G63 Uncultured bacterium EF600574 448 99
BC5-46, BC5-47 Uncultured bacterium EF589982 466 99
A33, B58 Uncultured bacterium EF494375 501 97
G5 Uncultured bacterium EF494281 478 99
B17, B41 Uncultured bacterium EF492945 474 99
BK4-13, D48 Uncultured bacterium EF474272 487 97–96
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BK6-33, C16 Uncultured bacterium EF019724 461 99
E33 Uncultured bacterium EF018839 501 98
D2 Uncultured bacterium EF018668 501 97
BC12-6 Uncultured bacterium EF018599 501 98
D42 Uncultured bacterium EF018531 501 99
G29 Uncultured bacterium DQ833485 450 95
G51 Uncultured bacterium DQ463237 475 94
BK7-32 Uncultured bacterium DQ404682 501 99
BK11-31 Uncultured bacterium AY375053 506 94
BC3-18 Uncultured bacterium AY221067 487 95
B40 Uncultured bacterium AM909923 502 97
BK4-31 Uncultured bacterium AJ876730 497 98
BK9-20 Uncultured bacterium AJ863264 498 98
G62 Uncultured bacterium AJ863216 500 97
E54 Uncultured bacterium AB201600 501 98
C11 Uncultured Firmicutes bacterium EU300237 501 99
G46, G49 Uncultured proteobacterium EF662498 507 97
F10, F31 Uncultured soil bacterium GU375852 496 100
BC10-30 Uncultured soil bacterium GU375843 472 99
F53 Uncultured soil bacterium GU375570 500 100
BC3-21 Uncultured soil bacterium GU375568 479 96
BC6-46 Uncultured soil bacterium GU375540 501 97
BC7-29 Uncultured soil bacterium EU589261 481 97
BC9-27, F13 Uncultured soil bacterium EU554636 500 99–97
BK3-27 Uncultured soil bacterium EF688387 448 98
BK6-28 Uncultured soil bacterium EF494375 501 97
BC10-14 Uncultured soil bacterium EF455414 464 100
BC7-37 Uncultured soil bacterium EF455264 501 98
D9 Uncultured soil bacterium DQ154624 500 99
B38, BK11-38 Uncultured soil bacterium DQ154600 501 98–96
BC4-9, F25 Uncultured soil bacterium DQ154585 501 99
C37 Uncultured soil bacterium DQ154455 481 96
B16, B7 Uncultured soil bacterium DQ154434 498 99–98
A5, G48 Uncultured soil bacterium DQ154390 501 97
BC10-25 Uncultured soil bacterium DQ128777 461 99
BK12-20, BK7-37 Uncultured soil bacterium AY989076 503 98
BK9-31 Uncultured soil bacterium AY988661 501 97
B30 Uncultured soil bacterium AY493920 472 98
BC9-42 Uncultured soil bacterium AY326531 466 100
D5 Unidentified bacterium EF605742 503 99
BC7-20, E12 Unidentified bacterium EF605719 498 98
BC7-21 Unidentified bacterium EF221047 501 98

Bacteroidetes E14 Flavobacterium sp AJ319019 479 98
56 clones A6, A41 Flavobacterium sp AM934654 479 97

BK12-8, BK5-15 Rhizosphere soil bacterium AJ252690 484 97–96
BK8-40 Sphingoterra bacterium AB267719 483 95
E2 Uncultured alpha proteobacterium EU979053 489 99
D14 Uncultured bacterium AM158409 481 97
G53 Uncultured bacterium DQ444033 489 100
BC8-48 Uncultured bacterium EF020137 485 96
BK5-6 Uncultured bacterium EF378163 479 99
BK5-16 Uncultured bacterium EF378437 485 99
BC8-31 Uncultured bacterium EF393429 492 98
BK8-31 Uncultured bacterium EF516306 487 96
BK7-18 Uncultured bacterium EU133670 491 99
BC12-33 Uncultured bacterium EU133713 484 96
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BK9-5 Uncultured bacterium EU133731 485 95
BK9-42 Uncultured bacterium EU160351 482 98
BC5-2 Uncultured bacterium EU218971 484 95
BK9-13 Uncultured bacterium EU280678 486 97
BK8-3 Uncultured bacterium EU431776 489 98
BC5-31 Uncultured bacterium EU715822 491 100
BC9-19, BC9-33,  
BK4-29

Uncultured bacterium EU881186 484 95

BC11-25 Uncultured bacterium FJ175022 484 96
BK9-37 Uncultured bacterium FJ440512 484 96
BC10-16, BC3-46 Uncultured bacterium FJ478792 491 97–95
BC4-14 Uncultured bacterium FJ478792 491 97
BC10-8 Uncultured bacterium FM201103 485 96
BK9-23 Uncultured bacterium GQ202640 491 98
D23 Uncultured bacterium GQ376555 491 94
BC9-17 Uncultured bacterium GU256508 483 97
BC12-13, BC9-47,  
BK3-13

Uncultured bacterium GU256510 483 99

BK10-43 Uncultured Bacteroidetes bacterium AM935033 484 93
BC3-38, BK3-49,  
BK7-14

Uncultured Bacteroidetes bacterium AY921902 489 97

BC10-42 Uncultured Bacteroidetes bacterium AY921967 491 99
BK9-3 Uncultured Bacteroidetes bacterium EF018676 485 98
BC4-35 Uncultured Flavobacterium spp DQ628948 479 95
BC4-43 Uncultured soil bacterium AY037572 479 98
BK9-45 Uncultured soil bacterium AY037613 484 97
BK7-27 Uncultured soil bacterium AY493953 484 92

BK6-35 Uncultured soil bacterium AY988731 491 95
BK4-37 Uncultured soil bacterium DQ643677 483 100
BC7-42, G4 Uncultured soil bacterium EF455100 484 98–97
BK6-15 Uncultured soil bacterium GU375722 484 98
A25 Uncultured Sphingobacteriales bacterium FJ536888 487 98
BC6-35 Uncultured unclassified bacterium CU921805 486 94
BK12-9, BK8-26 Uncultured yard-trimming-compost  

bacterium
AY095411 483 96

Verrucomicrobia BC12-21 Rhizosphere soil bacterium AJ252700 491 97
70 clones BK4-14 Uncultured bacterium AB179534 463 98

D32 Uncultured bacterium AJ863246 507 92
BK4-26 Uncultured bacterium AM490658 507 99
BC8-8 Uncultured bacterium AY218557 509 95
BK9-22 Uncultured bacterium DQ521482 507 96
G59 Uncultured bacterium EF019315 507 95
F23 Uncultured bacterium EF492973 493 99
BK6-44 Uncultured bacterium EF516676 507 99
A14 Uncultured bacterium EF600576 501 98
BC5-19 Uncultured bacterium EU135416 502 95
BC9-11 Uncultured bacterium EU135417 491 95
BC5-5 Uncultured bacterium EU135425 507 99
BK5-26 Uncultured bacterium EU135432 507 98
B5, BC10-10,  
BC9-31, BK12-19

Uncultured bacterium EU135436 507 99–97

BK8-6 Uncultured bacterium EU135478 507 98
BK7-43 Uncultured bacterium EU135494 509 99
B54 Uncultured bacterium EU135506 508 91
BK4-21, BK6-1,  
BK6-10, BK7-48

Uncultured bacterium EU284207 507 97–96
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number

16S rDNA  
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Identity (%)a

B45, G37, G42 Uncultured bacterium EU335150 509 96–95
BC7-48, BK9-12 Uncultured bacterium EU335182 507 99–98
BK12-14, BK12-43 Uncultured bacterium EU746731 507 97
BK7-39 Uncultured bacterium EU881208 502 99
BK9-2 Uncultured bacterium FJ409284 524 95
BC5-43, BC5-48 Uncultured bacterium FJ409381 498 93
BK9-39 Uncultured bacterium FJ478519 507 99
BC4-8, BK5-46, F42 Uncultured bacterium FJ478711 507 100–98
BK3-2 Uncultured bacterium FJ478711 507 95
BC6-42 Uncultured bacterium FJ479069 507 98
BC12-15 Uncultured bacterium FJ479252 506 99
BC7-33 Uncultured bacterium FJ479285 507 97
A24 Uncultured bacterium GQ127764 502 96
BC6-34 Uncultured bacterium GQ128057 500 91
BC5-12, BK9-27 Uncultured bacterium GQ264267 485 98
BK10-18 Uncultured bacterium GQ472352 507 96
BK11-34 Uncultured soil bacterium DQ128695 502 99
BK3-16 Uncultured soil bacterium DQ128804 502 99
BK10-44, BK6-30 Uncultured soil bacterium DQ154416 507 95–94
A43 Uncultured soil bacterium DQ154590 507 96
BK12-32 Uncultured soil bacterium GU375614 507 99
D34 Uncultured Verrucomicrobia bacterium AY874111 507 97
BK9-29 Uncultured Verrucomicrobia bacterium DQ828013 509 92
BK4-48, BK9-28 Uncultured Verrucomicrobia bacterium DQ828099 507 98
BC8-11, BK6-9 Uncultured Verrucomicrobia bacterium DQ828726 507 95
BC10-47 Uncultured Verrucomicrobia bacterium DQ829116 502 100
BC7-15, BK5-38 Uncultured Verrucomicrobia bacterium DQ829188 507 97–96
A7 Uncultured Verrucomicrobia bacterium DQ829377 501 98
BK6-2 Uncultured Verrucomicrobia bacterium EF188508 507 94
BK4-11 Uncultured Verrucomicrobia bacterium EF417730 491 97
BC6-47 Uncultured Verrucomicrobia bacterium EF662304 507 95
BK6-23 Uncultured Verrucomicrobium sp FM866301 506 99
BC5-18 Unidentified eubacterium AF010081 507 98

Actinobacteria A50 Arthrobacter sp. AY561601 467 99
87 clones A28, A52 Bacterium Ellin 6023 AY234675 469 98

BC8-20 Dactylosporangium salmoneum FJ973607 466 96
BC9-28, BC9-43 Kibdelosporangium albatum NR_025570 463 97
BC4-11 Micromonospora sp EU437793 461 95
C53 Nocardioides oleivorans AB365060 465 98
BC9-21 Nonomuraea maheshkhaliensis EU741190 460 99
BK5-36 Rhodococcus kunmingensis DQ997045 463 100
BK3-47 Streptomyces argenteolus FJ486449 442 100
BC5-45 Streptomyces sp FJ857945 463 98
BK10-38 Uncultured Acidimicrobiales bacterium FM175217 469 99
BC11-33 Uncultured Actinobacteria bacterium AY922063 466 95
BC5-9, BK6-11 Uncultured actinobacterium DQ827792 457 99
BC3-43, BK3-50 Uncultured actinobacterium DQ827848 471 97
BK11-47 Uncultured actinobacterium DQ827876 497 99
F4 Uncultured actinobacterium DQ827895 494 99
BC4-3 Uncultured actinobacterium DQ828615 493 99
BC5-3 Uncultured actinobacterium DQ828987 427 99
E42 Uncultured actinobacterium DQ829467 468 99
BK7-21 Uncultured actinobacterium DQ829571 465 100
C24 Uncultured actinobacterium GQ115620 470 99
BK10-41 Uncultured bacterium DQ125885 467 100
G68 Uncultured bacterium DQ125915 469 100
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BK11-24 Uncultured bacterium DQ136135 461 99
BK8-12 Uncultured bacterium EF507914 462 95
BK8-38 Uncultured bacterium EF590054 464 99
BK10-23 Uncultured bacterium EU132491 477 100
BC11-41 Uncultured bacterium EU132926 470 98
BK7-11 Uncultured bacterium EU133125 471 98
BK6-8 Uncultured bacterium EU133143 463 95
BC3-31 Uncultured bacterium EU335288 474 99
BC10-29 Uncultured bacterium EU335412 494 98
BK8-27 Uncultured bacterium FJ409341 470 99
BC6-9 Uncultured bacterium FJ409423 494 98
BK5-37, BK5-48 Uncultured bacterium FJ478477 495 97
E37 Uncultured bacterium FJ478608 463 99
BC10-26, BC10-35, BC10-5,  
BC11-28, BC11-32, BC11-35,  
BC11-45, BC12-19, BC12-25,  
BC12-26, BC12-28, BC12-3,  
BC12-35, BC12-4, BC12-43,  
BC12-45, BC12-46, BC4-4,  
BK10-2, BK10-28, BK11-19,  
BK11-22, BK11-30, BK11-32,  
BK11-33, BK11-43, BK12-15,  
BK12-42, BC12-44, BC12-7,  
BK7-31

Uncultured bacterium FJ479014 477 99–98

BK6-13 Uncultured bacterium FJ479120 477 98
BC4-13 Uncultured bacterium FJ479349 470 98

E31 Uncultured bacterium FJ479510 467 93
F40 Uncultured bacterium FJ479512 470 99
BK4-33 Uncultured bacterium FJ479550 466 100
BC12-32 Uncultured bacterium FJ895064 465 94
C38 Uncultured bacterium FN565562 471 100
BC5-8 Uncultured bacterium GQ021451 494 98
BK10-7 Uncultured bacterium GQ093936 470 97
D31 Uncultured bacterium GQ397037 470 100
BK4-9 Uncultured bacterium GQ860235 465 95
BK10-16 Uncultured Geodermatophilaceae bacterium AM936742 468 98
A19, BC7-43 Uncultured soil bacterium AY988680 471 99
BC3-20 Uncultured soil bacterium DQ643694 463 99

Firmicutes A8 Uncultured bacterium EF516634 492 95
BK5-14 Bacillus sp. GQ386842 485 100

Planctomycetes BK10-29 Uncultured bacterium AB179502 475 86
33 clones BC7-23 Uncultured bacterium AB238007 446 94

BK4-12, BK8-34 Uncultured bacterium AM945498 481 98–97
E52 Uncultured bacterium AY963398 480 98
BK7-16 Uncultured bacterium DQ404719 466 96
B62 Uncultured bacterium DQ664070 466 95
BC8-40 Uncultured bacterium EF018763 478 97
BK11-11, BK11-37 Uncultured bacterium EF580943 454 97
BK4-50 Uncultured bacterium EU135081 463 98
BC7-8 Uncultured bacterium EU135162 481 97
BC8-18 Uncultured bacterium EU135262 468 98
BC3-16 Uncultured bacterium EU385780 505 82
BC4-41 Uncultured bacterium EU881143 485 98
C15 Uncultured bacterium EU881251 482 94
G12 Uncultured bacterium FJ409382 452 99
BC8-26 Uncultured bacterium FJ479541 463 98
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Table S2 (Continued)

Phylum Clone name Blast match Accession  
number

16S rDNA  
size (bp)

Identity (%)a

BC3-8 Uncultured bacterium FJ561539 444 96
BK5-40 Uncultured bacterium FN434034 479 99
BK11-9 Uncultured bacterium GQ500843 465 96
C59 Uncultured bacterium GQ500856 450 98
G32 Uncultured bacterium GU172185 478 93
BC8-6 Uncultured Planctomycetaceae bacterium AM935629 462 98
A23 Uncultured Planctomycete AF271339 475 98
B42 Uncultured Planctomycete DQ828721 480 98
BC9-13 Uncultured Planctomycete EF188390 582 93
BC5-1 Uncultured Planctomycete DQ334903 455 95
B67 Uncultured Planctomycetes bacterium CU922082 481 92
G23 Uncultured soil bacterium AY989608 473 96
BC3-4 Uncultured soil bacterium DQ154378 463 96
BK7-1 Uncultured soil bacterium EF455372 478 99
E25 Unidentified bacterium X64377 476 93

Nitrospirae C32 Uncultured bacterium DQ664134 488 99
10 clones BC9-10, BK8-15 Uncultured bacterium FN565533 488 99

BC10-32 Uncultured bacterium GQ500740 488 97
A40 Uncultured bacterium GU359089 486 100
G16 Uncultured Nitrospirae bacterium EU374034 464 97
E35, BC5-28 Uncultured Nitrospirae bacterium FJ535101 488 99
BC8-44 Uncultured Polyangiaceae bacterium EF020217 497 94
BK8-4 Uncultured soil bacterium DQ154451 488 99

OD1 A46 Uncultured bacterium AY532554 483 89
BK12-40 Uncultured bacterium EF516449 438 89
BK10-36 Uncultured candidate division  

OD1 bacterium
FJ482173 488 87

OP10 BC10-1 Uncultured bacterium EF430426 470 100
G67 Uncultured bacterium EU134998 453 96
BC5-35 Uncultured bacterium GQ859782 453 96
D4 Uncultured bacterium GU183929 453 93
G54 Uncultured bacterium AJ271048 450 95

OP11 BC8-28 Uncultured candidate division  
OP11 bacterium

FJ482190 438 91

TM7 BC8-41 Uncultured bacterium AM991262 533 90
BC9-32 Uncultured bacterium FJ478502 493 96
BK5-10 Uncultured bacterium FN297914 613 94
BK9-41 Uncultured bacterium GQ396865 528 93

WS3 BC6-20 Uncultured bacterium DQ828640 504 99
BC7-7 Uncultured soil bacterium DQ154428 505 99

Gemmatimonadetes G35 Uncultured bacterium AF432633 469 98
34 clones BK6-27 Uncultured bacterium EF393220 469 96

BK12-11 Uncultured bacterium EU134803 470 93
BK8-28 Uncultured bacterium EU134827 472 95
BC6-32 Uncultured bacterium EU134844 476 94
BC8-21 Uncultured bacterium EU134844 470 98
BK6-4 Uncultured bacterium EU160218 461 98
BK10-24, BK7-42 Uncultured bacterium EU335213 493 98
B34 Uncultured bacterium EU335434 498 99
BC11-24, BC9-39, BK8-5 Uncultured bacterium EU881161 472 100
E13 Uncultured bacterium FN565521 470 100
C8 Uncultured bacterium GQ263125 475 98
BK9-6 Uncultured bacterium GQ402821 468 89
BC10-27 Uncultured Gemmatimonadales bacterium FM209166 468 96
G38 Uncultured Gemmatimonadales bacterium AY217502 493 99
BK7-19 Uncultured Gemmatimonadales bacterium AY921858 475 99
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E9 Uncultured Gemmatimonadales bacterium DQ451476 472 93
BC6-37 Uncultured Gemmatimonadales bacterium DQ828232 482 95
BK11-17, BK3-43 Uncultured Gemmatimonadales bacterium EF019245 475 99
BC9-1 Uncultured Gemmatimonadales bacterium EF664012 386 97
BK3-30 Uncultured Gemmatimonas sp FJ946547 468 97
BK6-43 Uncultured soil bacterium DQ128528 470 94
BC6-25, BK9-19 Uncultured soil bacterium DQ128836 482 98
BK8-23 Uncultured soil bacterium DQ128836 479 93
BK7-10 Uncultured soil bacterium DQ154587 472 99
BC11-15 Uncultured soil bacterium EF540397 467 97
B12, B4 Uncultured soil bacterium FJ621029 493 97
BC9-20 Uncultured soil bacterium FJ621069 469 99

Chloroflexi BK5-43, BK7-26 Uncultured Anaerolineae bacterium AM935741 470 99–98
43 clones BC12-18, BC6-13 Uncultured bacterium AB240474 470 100

BK11-36 Uncultured bacterium AM158349 444 95
G2 Uncultured bacterium AM162480 470 97
BC10-12 Uncultured bacterium AY221060 461 98
D43 Uncultured bacterium DQ067035 470 97
BC4-44, F46 Uncultured bacterium DQ093879 470 99
BC12-34 Uncultured bacterium DQ444024 470 99
BK3-7 Uncultured bacterium DQ444105 470 100
BK7-9 Uncultured bacterium DQ828928 468 97
BC5-4, BC8-2 Uncultured bacterium EF667828 470 99
BC4-27 Uncultured bacterium EU134021 444 94
BK3-28 Uncultured bacterium EU134025 470 98
BC4-26, E18 Uncultured bacterium EU134065 451 93–92
BK4-34 Uncultured bacterium EU134147 470 99
BK11-20 Uncultured bacterium EU280640 470 99
BC12-24 Uncultured bacterium EU335201 448 95
BK7-17 Uncultured bacterium FJ175011 470 99
BC7-4 Uncultured bacterium FJ415684 470 98
BC4-20 Uncultured bacterium FJ478597 470 99
BK10-31, BK10-32 Uncultured bacterium FJ478654 470 98
BC11-16, BC12-48,  
BC3-15, BC7-39, BK6-38

Uncultured bacterium FJ479268 470 99–98

BC7-27 Uncultured bacterium GQ859931 470 98
BK5-22 Uncultured bacterium GU325870 470 98
BC10-40 Uncultured bacterium GU390324 470 99
BC8-34, BC8-35, BK6-5 Uncultured Chloroflexi bacterium EF220771 470 99
BK5-23 Uncultured Chloroflexi bacterium GQ267091 471 90
BC6-43 Uncultured soil bacterium DQ154387 470 99
BC4-2, BC4-40, BK5-41 Uncultured soil bacterium DQ154570 470 100–99

Cyanobacteria BC4-15 Uncultured bacterium GQ109114 438 100
BC12-37 Uncultured bacterium FJ390538 438 100

Spirochaetes BC12-22 Turneriella parva AY398688 445 93
Unclassified bacteria BK3-11 Mortierella verticillata AY863211 409 94
238 clones A51 Uncultured Acidobacteria bacterium AM935472 506 96

BC10-34, BK4-24 Uncultured Acidobacteria bacterium DQ827894 506 94–93
BC4-48 Uncultured Acidobacteria bacterium DQ828059 506 97
BC6-15, BC6-18 Uncultured Acidobacteria bacterium DQ828073 506 97
BC10-4, BK6-3 Uncultured Actinobacteria bacterium AY922024 493 99
BC5-40 Uncultured bacterium AB237977 462 97
A21 Uncultured bacterium AF234118 485 93
BC9-30 Uncultured bacterium AF392792 490 94
F18 Uncultured bacterium AF432840 505 98
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BC3-2 Uncultured bacterium AM085466 492 95
A26 Uncultured bacterium AM181963 501 83
BK4-16 Uncultured bacterium AM410034 492 95
BC11-14, BK10-26 Uncultured bacterium AM905671 500 96–95
BC7-25, BC8-46 Uncultured bacterium AM997454 455 85–84
C55 Uncultured bacterium AY221070 445 98
BK12-23 Uncultured bacterium DQ017911 459 97
BK4-30 Uncultured bacterium DQ310742 484 95
F52 Uncultured bacterium DQ444020 457 95
BC11-8 Uncultured bacterium DQ444114 480 89
BK6-12 Uncultured bacterium DQ510031 491 90
C35, C54 Uncultured bacterium DQ664088 481 98
BC4-33 Uncultured bacterium DQ791253 488 78
BK10-4 Uncultured bacterium DQ828137 463 95
BK4-2, D40 Uncultured bacterium DQ828297 453 94
BC9-35 Uncultured bacterium DQ829107 477 93
E4 Uncultured bacterium DQ829487 505 99
C29 Uncultured bacterium DQ906801 482 95
G61 Uncultured bacterium DQ906875 506 95
BC4-23, BC5-32 Uncultured bacterium EF018468 462 99–98
BK7-24 Uncultured bacterium EF019124 455 98
BC5-36 Uncultured bacterium EF019253 470 91
BK5-50 Uncultured bacterium EF020070 501 98
BC7-3 Uncultured bacterium EF020290 433 94
BC5-41 Uncultured bacterium EF393365 456 98
D7 Uncultured bacterium EF494294 475 88
E40 Uncultured bacterium EF515989 456 96
BK10-46 Uncultured bacterium EF516008 496 93
BK6-48 Uncultured bacterium EF516242 462 97
BK4-8 Uncultured bacterium EF516747 433 91
B8 Uncultured bacterium EF588346 473 98
BC10-17, BC6-44 Uncultured bacterium EF632929 482 96
BK12-38 Uncultured bacterium EU015112 446 90
A58 Uncultured bacterium EU043640 494 96
A31 Uncultured bacterium EU131926 506 94
D10 Uncultured bacterium EU132345 505 98
BC6-11 Uncultured bacterium EU132690 493 98
BK8-19 Uncultured bacterium EU132730 493 100
BC3-36 Uncultured bacterium EU132994 480 95
BK11-10 Uncultured bacterium EU133191 493 99
BC11-42, BC12-29,  
BC12-38, BC12-47

Uncultured bacterium EU133988 449 95–94

BC3-24 Uncultured bacterium EU134012 453 98
BC5-29 Uncultured bacterium EU134013 455 98
BK11-42 Uncultured bacterium EU134018 455 93
BK4-23 Uncultured bacterium EU134026 463 97
BC4-42, BC7-19 Uncultured bacterium EU134079 448 97–95
BC3-32, BK5-7 Uncultured bacterium EU134126 485 95–93
BK6-37, BK7-28, E1, E10 Uncultured bacterium EU134126 462 100–97
BC7-1, BK8-17 Uncultured bacterium EU134153 459 97
A22, B69 Uncultured bacterium EU134231 449 96–95
BC9-22 Uncultured bacterium EU134315 512 97
F8 Uncultured bacterium EU134491 504 95
BK5-32 Uncultured bacterium EU134688 482 88
BC4-19 Uncultured bacterium EU134816 562 95
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BK11-7 Uncultured bacterium EU134836 493 96
BC9-14, BK4-6 Uncultured bacterium EU135006 452 98
BC8-23 Uncultured bacterium EU135008 467 90
BK7-15 Uncultured bacterium EU135025 471 90
BC8-16 Uncultured bacterium EU135055 446 95
BC8-30 Uncultured bacterium EU135195 489 96
BC11-30 Uncultured bacterium EU135283 451 96
BC12-40 Uncultured bacterium EU135294 519 99
BK3-10 Uncultured bacterium EU135325 496 93
A38 Uncultured bacterium EU135338 505 96
C13 Uncultured bacterium EU135355 500 94
A3, D15 Uncultured bacterium EU135357 506 97–96
BC10-23 Uncultured bacterium EU160080 503 93
BK12-30 Uncultured bacterium EU335177 495 96
F29 Uncultured bacterium EU335213 493 98
BC4-16, BC5-37, BK5-13 Uncultured bacterium EU335214 506 98–97
BC6-31 Uncultured bacterium EU335271 488 98
BC3-27 Uncultured bacterium EU335413 464 96
B3 Uncultured bacterium EU335434 495 97
BK10-22 Uncultured bacterium EU385780 506 82
B15 Uncultured bacterium EU386030 616 95
B53 Uncultured bacterium EU386045 462 92
G47 Uncultured bacterium EU557952 455 98
BC3-28 Uncultured bacterium EU644764 537 85
BC11-26 Uncultured bacterium EU669607 460 92
BC6-39 Uncultured bacterium EU680389 482 97
E36 Uncultured bacterium EU881132 505 97
BC11-31 Uncultured bacterium EU881151 484 98
A9 Uncultured bacterium EU881154 505 98
BC8-22 Uncultured bacterium EU881212 445 98
G9 Uncultured bacterium EU881279 467 99
A42 Uncultured bacterium EU881343 505 98
BC11-21, BC4-22, BK11-5 Uncultured bacterium EU881358 485 94
B19 Uncultured bacterium EU917737 471 88
BK3-6 Uncultured bacterium FJ409340 474 93
BK8-20 Uncultured bacterium FJ409340 471 77
G25 Uncultured bacterium FJ409355 453 100
E34 Uncultured bacterium FJ478646 505 97
BC7-12 Uncultured bacterium FJ478663 461 96
F45 Uncultured bacterium FJ478699 444 95
BK10-6 Uncultured bacterium FJ478736 431 92
BC6-1 Uncultured bacterium FJ478869 505 99
BK11-35 Uncultured bacterium FJ479014 477 97
BC4-47 Uncultured bacterium FJ479108 467 94
BK5-8, F41 Uncultured bacterium FJ479108 467 98–97
B59 Uncultured bacterium FJ479177 466 94
BK7-35 Uncultured bacterium FJ479204 472 89
BK8-1 Uncultured bacterium FJ479317 493 99
BK5-27 Uncultured bacterium FJ479355 450 98
G18 Uncultured bacterium FJ479422 505 97
E8 Uncultured bacterium FJ592933 483 97
G11 Uncultured bacterium FJ615979 446 99
A44 Uncultured bacterium FJ625343 491 92
BK12-25 Uncultured bacterium FJ649511 463 85
BC5-17 Uncultured bacterium FJ748815 495 89
D46 Uncultured bacterium FJ902567 478 94
BK10-19 Uncultured bacterium FM956309 490 87
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BK3-34 Uncultured bacterium FM956978 469 92
BC4-24 Uncultured bacterium FN434032 463 90
BC7-18 Uncultured bacterium GQ015431 465 98
BK6-46 Uncultured bacterium GQ339116 457 98
BK12-33 Uncultured bacterium GQ347152 453 85
G36 Uncultured bacterium GQ359399 462 86
D1 Uncultured bacterium GQ376896 493 98
C47 Uncultured bacterium GQ376969 506 98
B23, D45 Uncultured bacterium GQ376998 470 99–98
C62 Uncultured bacterium GQ402727 505 87
BC8-10 Uncultured bacterium GQ402788 481 97
BC10-9, BK9-25 Uncultured bacterium GQ472345 514 94
BC7-13 Uncultured bacterium GQ500715 484 92
BK10-34 Uncultured bacterium GQ859793 488 97
BK11-39, BK11-40,  
BK8-13

Uncultured bacterium GQ859817 462 96

G27 Uncultured bacterium GQ860162 502 97
BK11-18 Uncultured bacterium GQ860182 463 95
F17 Uncultured bacterium GU326072 475 92
BC6-36 Uncultured bacterium GU366869 504 93
F30, F39 Uncultured candidate division  

SAM bacterium
AY192283 484 92

BK7-2, BK7-3, C14 Uncultured candidate division  
SPAM bacterium

AM936223 503 99–98

BC11-12 Uncultured candidate division  
WS3 bacterium

AM935389 466 99

BC5-23 Uncultured Chloroflexi bacterium EF188525 459 96
C31, C33 Uncultured Chloroflexi bacterium FJ175075 455 91
BK7-5 Uncultured Chloroflexi bacterium FJ535096 463 98
BK12-34 Uncultured Cystobacteraceae bacterium FM176285 487 92
BC8-32 Uncultured earthworm cast bacterium AY037734 470 87
BK10-37, BK10-40 Uncultured Firmicutes bacterium EF662862 507 97
BC6-33 Uncultured Gemmatimonadetes  

bacterium
AY795667 517 94

BC9-26 Uncultured Gemmatimonadetes  
bacterium

AY921682 499 96

BC4-45, BK4-7 Uncultured Gemmatimonadetes  
bacterium

AY921705 486 94–93

B60, D12, G34 Uncultured Gemmatimonadetes 
bacterium

DQ828970 497 96

BC8-12 Uncultured Geothermobacter sp. FM176362 462 98
BK5-34 Uncultured Methylothermus sp. FM176282 435 97
BK5-44 Uncultured organism GQ391452 441 91
BK8-10 Uncultured planctomycete AF271338 468 82
BC9-5 Uncultured planctomycete AY921932 446 99
BC4-29 Uncultured planctomycete EF447090 489 96
BC10-21 Uncultured prokaryote GU208269 506 97
BC7-38 Uncultured prokaryote GU208285 434 98
BC4-21 Uncultured proteobacterium EU297116 447 97
BC7-5, BC7-6 Uncultured proteobacterium EU297681 434 98–97
B37 Uncultured soil bacterium AF507682 451 86
B39 Uncultured soil bacterium AF507700 466 93
BC8-45 Uncultured soil bacterium AY037564 471 92
BK12-35 Uncultured soil bacterium AY037564 471 99
BC7-40 Uncultured soil bacterium AY493960 457 89
BK10-30 Uncultured soil bacterium AY988880 480 94
BC12-17 Uncultured soil bacterium AY989142 489 90
B18 Uncultured soil bacterium AY989303 505 97
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Table S2 (Continued)

Phylum Clone name Blast match Accession  
number

16S rDNA  
size (bp)

Identity (%)a

BK12-16 Uncultured soil bacterium AY989453 501 95
BC11-9, BC8-47,  
E39, BK11-46

Uncultured soil bacterium DQ128836 479 93–92

BC5-13, BK10-10,  
BK12-21, BK7-4

Uncultured soil bacterium DQ128836 482 98–97

BK8-18 Uncultured soil bacterium DQ154470 503 97
C21 Uncultured soil bacterium DQ298008 477 87
B68 Uncultured soil bacterium EU861851 455 90
BK10-17, E21 Uncultured soil bacterium FJ621029 493 98
D44 Uncultured soil bacterium GU082820 446 99
BC8-39 Uncultured soil bacterium GU375142 455 98
E6 Uncultured soil bacterium GU375191 503 88
BK4-25 Uncultured soil bacterium GU375444 500 98
BK6-16 Uncultured soil bacterium GU375444 500 95
BC10-31, BC10-41 Uncultured soil bacterium GU375616 486 97
BC3-22 Uncultured soil bacterium GU375628 579 91
E32 Uncultured soil bacterium GU375654 489 96
BK5-28 Uncultured Thiorhodospira sp FM177025 483 95
BK11-14 Unidentified bacterium EF220517 503 99
BC3-13 Unidentified bacterium EF605627 445 92
BK8-16 Unidentified bacterium EF605970 470 97
BK9-24 Unidentified bacterium EF605978 443 94

Note: a16S rDNA gene sequences with .97% similarity are considered to be the same species in phylogenetic position. 
Abbreviation: bp, base pair.
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