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Introduction

In recent years, diverse groups of microbes with met-
al biosorption potential were revealed. These include a
variety of rhizobacteria (Achromobacter, Arthrobacter,
Azotobacter, Azospirillum, Enterobacter, Serratia) [1],
members of actinobacteria Streptomyces spp and Amy-
colatopis tucumanensis DSM 45259 [2] and lactic acid
bacteria (Bifidobacterium longum 46, B. lactis Bbli2,
Lactobacillus fermentum ME3) [3].

Jiet al. [4] studied a gold mining area that is polluted
by mercury expulsion and found that mercury and lead
affected the community composition and Firmicutes,
Proteobacteria and Actinobacteria were the dominant
phyla in the community. Furthermore, an Hg resistant
bacterial species was isolated and identified as Pseudo-
monas plecglossicida. Resistance was up to 30 mg/L.

The Zaamar gold mining area was reported as a large
heavy metal polluted region and is located along the Tuul
River, which is connected to Lake Baikal. Lake Baikal
heavy metal concentration also showed increased level

due to this reason [1], [5], [6]. Microorganisms play im-
portant roles in the ecological balance of certain area,
including nitrogen cycle, promoting plant growth, the
decomposition of organic waste, and so on. Bacterial
species abundance indicates environmental health.

Materials and Methods

Soil collection site

The soil samples were collected from the Zaamar
Soum gold mining field, in Tuv Province; Central North
of Mongolia is considered a cold semi-arid climate. The
Tuv province has an average temperature of about -18°C
to 0°C and annual precipitation of 267 millimeters [7].
The samples were collected in September. The locations
and information of the soil samples are listed in Table 1.

Sampling and storage
For sampling, the first 3-5 cm of topsoil was removed
and each sample was collected a using sterilized shovel
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Table 1. Soil sample information

Name Name of location Coordinates Elevation (m) pH
VBKB b (mining area) Valley behind Khailaast bag 11:\1 1‘:)%:"1;1)‘265358”” 943 9.1
VBKB br (abandoned mining site) Valley behind Khailaast bag ]IE\I 14 (;3;0128 4; ’2653?3”” 943 9.41
RS yb (mining area) Movement rise of red soil ]I:\I 1%%;)01;2%6622’:, 950 8.69
RS b (mining area) Movement rise of red soil II:\I 11)%;)012%13496622”,’ 950 8.7
BM (non-interacted) Bayasgalant Mountain ]I:\I 1%%;1)231()“21‘;53::, 950 8.22
HT db (mining area) Bayangol II:\I 11)?"22%9‘%%06’:’ 914 8.18
HT Ib (mining area) Mouth of Khailaast valley é\l 14(‘)%1?229“08080 (:,, 916 8.39
HT b (mining area) Mouth of Khailaast valley é\l 1‘:)8‘:022%9‘%%06’,’, 916 8.44
WIKb (Well soil) Well in Khailaast valley ]I:\I 1%%;’012%‘9071%:, 984 8.8
SNB (Well soil) Well in Khailaast valley N 48°18°978” 984 8.2

E 104°26°017”

and Bunsen burner. Then in each site, about 150- 200 g
of soil were transferred into labeled sterile polyethylene
bags [8] and were shipped 20 g each to the laboratory
at Zhejiang University of Technology. Collected sam-
ples were preserved at 40°C before analysis and during
experiments. 6 g of each soil sample was transferred to
sealed polyethylene bags and kept cool in a preserving
box. They were sent to the Hangzhou Legenomics Bio-
Pharm Technology Company for MiSeq high-throughput
sequencing.

MiSeq system preparation
a) First, genomic DNA extraction was applied and
was checked on 1% agar gel electrophoresis.

b) Sequencing primer selection

Region-specific primers with barcodes are used for
16S rRNA variable region sequencing. 515F/806R primers
[10] were used for prokaryotes.

Forward primer:
5-TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGCCTACGGGNGGCWGCAG

Reverse primer:

5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGGACTACHVGGGTATCTAATCC

¢) PCR amplification and purification

The PCR amplification is followed by its instructions
and high throughput thermal cycler the ABI GeneAmp
9700 PCR System was used.

For prokaryote V4 region amplification, the PCR
reaction mixtures are as follows: PCR-grade water 13.0
puL, PCR master mix (2x) 10.0 puL, forward primer (10
uM) 0.5 uL, reverse primer (10 uM) 0.5 pL and template
DNA 1.0 pL total reaction volume 25.0 pL.

PCR thermocycler conditions are as follows:

Initial denaturation at 94°C for 3 min, amplification
stages including denaturation at 94°C for 45 s, annealing
at 50°C for 60 s, extending at 72°C for 90 s and each
stage repeated for 35 times, at 72°C for 10 min of ex-
tending and hold at 4°C. Each sample amplified 3 repli-
cate 25-uL PCR reactions. Amplicons from each sample
ran on an agarose gel.

d) PCR product quantification and homogenization
Electrophoresis was used for the quantification of
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amplicons and tested with PicoGreen dsDNA binding
dye, and amplicons from each sample were combined
into a single sterile tube and diluted with Tris HCI, and
purified using 80% ethanol. Clean amplicon pool con-
centration was measured and the A260/A280 ratio was
between 1.8-2.0.

e) MiSeq pair-end library construction

The purified DNA was connected to Y adapters.
Magnetic beads were used to remove self-ligating frag-
ments of the linker. Then PCR was used for enriching
the library. The libraries were denatured with sodium hy-
droxide for single-stranded DNA fragments and diluted
with a hybridization buffer, following heat denaturing
before MiSeq sequencing.

f) MiSeq high-throughput sequencing

After the library was constructed, it was transferred
to the sequencing process. DNA fragment one end is
complementary to the primer base and loaded onto the
amplification chip; The other end is complementary to
the adapter sequence and primer added so it can form
a "bridge" by bending; PCR amplification was used for
generating DNA clusters. The DNA amplicon is linear-
ized and added to the DNA polymerase and dNTP with
4 fluorescent labels. Scanned the surface of the reaction
plate with a laser to read the nucleotide species polym-
erized in the first round of each template sequence; Flu-
orescent and termination tags are stored at the 3'-end;
Measured the fluorescence signal results and obtained
the sequence of the template DNA fragment in each
round.

High-throughput sequencing data analysis

The MiSeq software was used to identify the index
sequence on each read and extracted the data. It is saved
in fastq format. Fastq format is a text-based format for
storing both a biological sequence (usually nucleotide
sequence) and its corresponding quality scores. Primers
and barcodes were removed using the FLASH algorithm
and Trimmomatic software. Barcodes, low-quality frag-
ments, failed reads and tags shorter than 50 bp were also
removed.

The reads were classified into OTUs using
USEARCH 7.1 [10] for OTU clustering. USEARCH is
a method for generating clusters (OTUs) from next-gen-

eration sequencing reads of marker genes such as 16S
rRNA. The clustering method itself is the UPARSE-OTU
algorithm, implemented as the cluster, OTUs command
in USEARCH. To run UPARSE in practice, one needs to
run a pipeline of USEARCH commands [10]. Non-re-
petitive sequences were reduced according to 97% sim-
ilarities. Removed single reads that did not overlap and,
overlapped sequences were clustered into OTUs with
a similarity of 97% and chimeric reads were removed
during it as well. The obtained OTU were sorted in the
map with a similarity of 97% constructed OTU table.

OUT-based species diversity analysis

Alpha diversity
a) Chaol-type estimator

A Chao 1 estimator is used for undetected species in
the community and makes more accurate count [11].

ny(ny — 1)

Schaol = Sobs 2(7’12 + 1)

S0 = the estimated richness

S, = the observed number of species

n, = the number of OTUs with only one sequence
(singletons)

n, = the number of OTUs with only two sequences

(doubletons)

b) Coverage-based estimator: Abundance-based cov-
erage estimator (ACE)

Coverage is an objective measure of the degree of
sample completeness ‘which is interpreted as the propor-
tion of the total number of individuals in a community
that belongs to the OTU. The coverage index reflects
whether the sequencing results represent the true state
of the microorganisms in the sample. The ACE is used to
estimate species relative abundances.

C = coverage
n1 = the number of OTUs that have been sampled once
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N = the total number of individuals in the sample

% s C ‘ACE CACE
ACE ™ Srare
Sapuna + =+ 7—

s
Sapuna +2EE 4 L for 92 < 0. 80}
C ‘ACE CACE

forPiy = 0.80

n1 = the number of OTUs with individuals

S_.. = the number of OTUs with ‘abund‘or fewer
individuals

S, huna = the number of OTUs with more than 'abund'
individuals

‘abund‘= the threshold to be considered an

‘abundant* OTU
¢) Shannon index and Simpson index

The Shannon index and Simpson index estimate spe-
cies richness and evenness in a community.

2 Obsnl(ni_l)

Dsimpson— N(N—l)
Sobs
Hohannon = z _1 N

S, = the number of observed OTUs
n, = the number of individuals in OTU i
N = the total number of individuals in the community

d) Rarefaction curve

A rarefaction curve shows the species richness of the
sample, as in the number of observed OTUs as a function
of the distance between sequences and the number of se-
quences sampled [12]. OTU, on the other hand, indicates
that further sequencing may also result in newer OTUs.
Therefore, by making a dilution curve, the sequencing
depth of the sample can be obtained. The R program-
ming language was used for construction.

e) Shannon-Wiener curve

A Shannon-Wiener curve shows the microbial diver-
sity in the sample. It is constructed using the obtained
sequencing data of each sample in different coverage.
The R programming language was used for construction.

g) Rank abundance curve

A rank abundance curve shows the species richness
and species evenness. It was constructed with a number
of different species (OTU) obtained and their evenness
through the different samples. Each sample OTUs were
ordered by its abundance, from large to small. The R pro-
gramming language was used for construction.

Taxonomy

The Silva, Greengenes, and ribosomal database proj-
ect (RDP) classifier with a confidence threshold of 70%
was applied to assign OTU for the taxonomic approach.
In order to obtain the information of each OTU corre-
sponding species, the RDP classifier Bayesian algorithm
was used to classify the OTU representative sequence of
97% similarity level: domain, kingdom, phylum, class,
order, family, genus, and species. Statistics of the sample
composition of the community comparison database are
as follows: 16S bacterial and fungal ribosomal database
[13]. SILVA database was a comprehensive online re-
source for quality-checked and aligned ribosomal RNA
sequence data. SILVA provides comprehensive, qual-
ity checked and regularly updated datasets of aligned
small (16S/18S, SSU) and large subunit (23S/28S, LSU)
rRNA sequences for all three domains of life (Bacteria,
Archaea, and Eukarya) [14].
data analysis was performed on the FunGene bank (7.3)
[15] and QIIME [16].

Functional gene-extracted

Results

Bacterial diversity and composition
Alpha diversity

The total reads of each sample (51037 to 81958)
were clustered into OTUs (468 to 2292) with a similarity
of 97% (Table 2). The number of VBKB-b and VBKB-r
reads were similar to other samples, but they were clus-
tered into a much smaller number of OTUs, indicating
that samples in this area are the least diverse. Sample
BM read number was the lowest at 51037 but OTUs
were the highest at 2,292, which interprets that BM is
the most diverse compared to other samples.

The Chaol, ACE, Shannon, and Simpson in-

dexes were calculated at 97% similarity for represent-
ing sample richness and evenness. The Shannon indexes
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of samples were between 2.75 and 6.58. The Shannon
indexes in VBKB-b and VBKB-r were lower than the
rest of the samples, while the Shannon index in BM was
the highest. Species richness and evenness are lowest
in VBKB-b and VBKB-r and highest in the BM. The
Simpson indexes of samples were between 0.0059 and
0.1674. Species richness and evenness in SNB were the
highest, while VBKB-b and VBKB-r were the lowest.

Rarefaction curve
Rarefaction curves show sample species richness in
graphs. On curve ‘a‘, the horizontal axis shows the num-

ber of reads; the vertical axis is the Shannon index of the
sample (Fig.1). Sample BM species richness is the high-
est, and following RSyb, SNB, HT-1b and RS-b, WIKB,
HT-db, the least diverse was VBKB-b and VBKBbr. On
curve b, the horizontal axis is the number of reads; the
vertical direction is the number of OTU of the sample.
Evenness and richness are relatively higher in sample
BM, and VBKB-b and VBKB-r were again the lowest.

Rank abundance curve
The rank abundance curve graph’s horizontal
axis is the number of sequences in each OTU across

Table 2. Species richness and evenness of bacterial diversity. The similarity of OTU is 97%.

Sample Reads 097
OTU Chaol ACE Coverage Shannon Simpson
VBKB b 58664 573 694 705 0.997477 2.92 0.1457
VBKB r 75422 468 567 584 0.998369 2.75 0.1674
RS yb 57324 1948 2170 2177 0.994121 5.77 0.0152
RSD 68150 1827 2156 2165 0.993881 4.63 0.0526
BM 51037 2292 2498 2450 0.994102 6.58 0.0032
HT db 57280 1185 1473 1488 0.994605 4.68 0.0321
HT Ib 81958 1916 2272 2284 0.994595 5.16 0.0179
HTb 80949 1492 1805 1841 0.995775 5.22 0.0171
SNB 77528 1938 2115 2124 0.99635 6.09 0.0059
WIKB 68264 1582 1879 1886 0.994609 4.5 0.0524
g |
BM
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Fig. 1. Rarefaction curves of species richness between samples. a) Shannon index of each sample on the vertical axis
and number of reads on the horizontal axis. b) OTU number of each sample on the vertical axis and number of reads
on the horizontal axis. The similarity of OTU is 97%.
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Fig. 2. Bacterial rank abundance distribution curve

all samples (OTU rank); the vertical axis is the relative
percentage of the number of sequences in the OTU of
each sample (Fig. 2). Compared to samples RS-yb, SNB,
HT-Ib and RS-b, WIKB, HT-db, sample BM is the most
abundant in species and VBKB-b and VBKB-r were the
least abundant in species.
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Bacterial community structure

The bacterial community bar graph was constructed
using relative abundance by percent of family compo-
sition in each sample (Fig. 3). In sample BM, bacterial
families are evenly distributed. The relative abundance
of Acidobacteriaceae (8%), Planctomycetacea (6%) was
higher in BM than in any other samples. Nocardiace-
aea was more abundant in WIKb with (36%), and RS-b
(29%); Streptococcaceae more abundant in VBKB-b
(39%) and VBKB-r (41%). Bacillaceae was the highest
family in VBKB-b (16%) and VBKB-r (20%) compared
to other samples. Less than 1% bacterial families were
considered as 'Other’.

The bacterial composition in phylum level and simi-
larity of sample

On the left is a hierarchical clustering analysis based
on community composition between samples using the
Bray-Curtis algorithm, and on the right is a histogram of
the community structure of the sample (Fig. 4). 9 main
phyla were dominant in the community structure. Acti-
nobacteria were more abundant in HT-b, HT-db, HT-1b,

BM HT_b HT_db HT_lb RS_b RS_yb SNB VBKB_b VBKB_r WIKB
B Nocardicidaceae @ Xanthomonadaceae O Leuconostocaceae B TRA3-20_norank MW Planococcaceae
B Streptococcaceae @ Nitrosomonadaceae O Methylobacteriaceae O Solirubrobacteraceae B Elev-165-1332
O Bacillaceae B Oxalobacteraceae O Methylophilaceae @ KD4-96_norank B Rhizobiaceae
B Micrococcaceae B Tepidisphaeraceae B Gitt-GS-136_norank @ Longimicrobiaceae O 0319-6Mé
B Acidobacteria_norank I Sphingobacieriaceae B Subgroup_7_norank B Solin |, H
B Frankiales_uncultured @ Rhodobacteraceae O Pseudonocardiaceae O Acetobacteraceae B Opitutaceae
B Gemmatimonadaceae B Streptomycetaceae O Sphingomonadaceae O Gemmatimonadetes_norank B 288-2
@ Planctomycetaceae O Microbacteriaceae O JG30-KF-CM45_norank @ Rhodospirillaceae B Micromonosporaceae
B Comamonadaceae [} ¢ 4O G @ Acidimicrobiaceae B P2-11E_norank
B Cytophagaceae B Actinobacteria_norank B Gaiellales_uncultured B Acidobacteria_unclassified B Promicromonosporaceae
] idimi iales_t = B Gaiellaceae O Anaerolineaceae = ABS-19
O Subsectionlll_familyi m Chitinophagaceae B Intrasporangiaceae m MSB-1E8 B Rubrobacteriaceae
@ Pseudomonadaceae B Geodermatophilaceae O Carnobacteriaceae @ Haliangiaceae B Others

Fig. 3. Bacterial community bar graph by family, relative abundance by percentage.
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Fig. 4. Bacterial community phylum bar graph with cluster tree.

RS-yb, WIKB, and RS-b, Firmicutes were more abun-
dant in sample VBKB-r and VBKBD, Proteobacteria in
SNB, Acidobacteria in BM, Bacteroidetes, Chloroflexi
Planctomycetes, Gemmatimonadetes, and Cyanobacte-
ria were less dominant in the samples.

Heatmap of bacterial community

The bacterial family structures were clustered into
relative abundance and abundance similarity was 0 to
42.18%, blue to red (Fig. 5). Families Nocardiaceaea,
Streptococcaceae, and Bacillaceae were most abundant
in all samples compared to other families. The abun-
dance of the families among the samples, VBKB-r and
VBKB-b was the lowest, and RS-yb and BM were the
most abundant.

Discussion

The purpose of studying microbiome is to gain the
knowledge of microorganism function and their roles in
the microbial system and the interactions to each other,
in order to find the better evaluation and manipulation to
prevent negative environmental impacts [17], [18]. The
mining area is considered a potentially toxic metal-pol-
luted area, which will cause bacterial diversity changes
on these sites. All organisms including plants, animals,
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Taxon

Actinobacteria
Firmicutes
Proteobacteria
Acidobacteria
Bacteroidetes
Chlorofiexi
Planctomycetes
Gemmatimonadetes
Cyanobacteria
Others
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and microorganisms play bioindicators roles. Here,
Zaamar mining soil sample’s bacterial diversity and
community structure were analyzed using high-through-
put sequencing data.

The samples were randomly collected from Zaamar gold
mining non-remediated area and non-mining interacted area
for evaluating microbial diversity for monitoring the
influence of mining processes. According to the results
(Table 2), species richness in the BM sample was sig-
nificantly different from other samples. The BM sample
was taken from soil that did not directly interact with
the mining area (Bayasgalant Mountain). Bacterial spe-
cies richness and evenness were higher in BM compared
with other samples from mining operation-related areas.
These interacted samples’ bacterial species richness was
up to 1.17-4.8 times greater than sample BM.

Jietal [4]. studied microbial communities from gold
mine tailings and found that the major phyla of the com-
munities were Firmicutes (3.2%-92.4%), Proteobacteria
(4.3-37.2%), and Actinobacteria (1.62-29.5%) . In this
study, at the phylum level, 9 main phyla were the ma-
jor bacterial community structure. But in samples from
mining operations VBKB-b and abandoned mining area
sample VBKBDb, 3 phyla were dominant in the bacteri-
al composition, Firmicutes (59-66%), Actinobacteria
(17.4-26.8%), Proteobacteria (11-14%) and other bac-
terial phyla were less than 1%. Other site samples’ bac-
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Erythrobacteraceae
Rhodospirillaceae
Longimicrobiaceae
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Cyanobacteria_norank
Archangiaceae
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Acidimicrobiaceae
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288-2

0319-6M6

Elev-16S-1332
Desulfurellaceae
Nitrospira_norank
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TK10_norank
Bacteria_unclassified
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Bradyrhizobiaceae
lamiaceae

P2-11E_norank
Rhizobiaceae
Planococcaceae
Caulobacteraceae
Sphingomonadaceae
Nocardiaceae
Methylobacteriaceae
Geodermatophilaceae
JG30-KF-CM45_norank
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Acetobacteraceae
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Hyphomicrobiaceae
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Promicromonosporaceae
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Xanthomonadales_uncultured
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Carnobacteriaceae
Leuconostocaceae
Burkholderiaceae
Methylophilaceae
Opitutaceae

MSB-1E8

Haliangiaceae
Anaerolineaceae
Gemmatimonadetes_norank
Subgroup_7_norank
Gitt-GS-136_norank
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Fig. 5. Heat map of bacterial family.
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terial community structures were quite similar to Hong-
bing et al. but Planctomycetes (1-10%) was considerably
higher.

Conclusion

In this study, bacterial diversity was studied using
16S rRNA sequencing technology and further analysis
was done for evaluating using an OUT-based analysis
and visualizing the results using an alpha diversity analysis.

In conclusion, bacterial diversity and their composi-
tion were significantly different in mining process-relat-
ed areas and non-related areas. Nonrelated area samples
showed a higher abundance in species, OTUs, and com-
position compared to mining process-related areas. Alpha
diversity rarefaction curves, rank abundance curve, bac-
terial community bar, bacterial community phylum bar
graph with cluster tree, and heat map graphs showed the
visualization of samples and the relatedness of samples.
Bacterial community samples from non-related mining
are BM’s bacterial families and are evenly distributed
whereas mining-related samples showed less distribu-
tion. Nocardiaceaea was the most abundant in sample
WIKDb with 36%, in sample RS-b with 29%; Streptococ-
caceae in samples VBKB-b (39%) and VBKB-r (41%)
and Bacillaceae were also the highest in VBKB-b (16%)
and VBKB-r (20%) compared to other samples.
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Opuma

CyymuitH Xunyya3a MeTaut 6nocopOumiia yaaBaprait
OJIOH TOpIMHH MHKpOOyyd WIpCIH. YYHI Tepei
Oypuitn puzobaktepyyn (Achromobacter, Arthrobacter,
Azotobacter, Azospirillum, Enterobacter, Serratia) [4],
AKTHHOOAKTEPHITH TopeI 0onox Streptomyces spp 00JI0H
Amycolatopis tucumanensis DSM 45259 [5] OGomnon
JMAKTUK XywmidH Oakrep (Bifidobacterium longum 46,
B. lactis Bb12, Lactobacillus fermentum ME3) opHo [6].

Ji map [7] MeHreH yC ramaruutyynk OOXHPICOH
anT 0J00PIOAOT Tra3ap HYyTTHHT CyAaK Y3331 MOHIOH
yc, Xap Tyraiara Hb OakTepuiH OyJIrsMIUIMHH OYyTIRX
nenoenox 0a Firmicutes, Proteobacteria, Actinobacteria
39pAT Hb OYATAIMIRI 30HXIIOX OYIAT OOIOXBIT TOTTOOXK??.
Tyynwmn, Hg-umiir TocBopimdx  4azmBapraid  GakrepuitH
TepmuiAr  sutrax, Pseudomonas  plecglossicida  Tax
TomopxoiicoH. Taceapmx damgBap Hb 30 MI/I XYpTand
OaiicaH.

OJIOOPJIONTBIH ~ TaIOalr

3aamapblH  anT XYH]

METAJUTBIH OOXHPION HXTIH Oyc HyTar Tk MAIIAIIK

Oatican Oereen baiirams Hyypraii xonbormmor Tyyn
TOJIBIH JIaryy opuiior. baiiranbs HyypbIH XYH]I METaJUIBIH
aryyiaaM X 9 9H? LIAITraaHbl yIMaac HAIMAIACIH OaifHa
[1], [2], [8]. Buunn OueTHYY TOMOPXOH razap HyTTUHH
9KOJIOTMIH TOHIBIPT OaliAai qyXai Yypar IyYHIITIAoT,
YYHA a30TbIH 3PraiT, YPramiblH ©CONTHII JIMXKHX,
OpPTraHWK XOT' XasTUIbIl 3a/[ulaXx TI3X MAT. bakrepuitn
TepeJ 3y 25103 Oaiiraa Hb Xyp33J13H Oyi OpUYHBI 3Py
axyWH OailTBIT WIITTHD.

MarepuaJ, apra 3yii
XepcHuii 133K HYIIYYyJICaH HATYY/

XepcHUH J93KUAT MOHTONBIH TOB XOMJ X3CAIT
OpLUAOL, XYWT3H Xarac Xyypail yyp ambCraiaTaid Ix
toouorgnor TeB aiimruiiH 3aamMap CyMBIH aJTHBI
yypxaiiH Tayi0aiiraac aBcaH. TeB aWMIUHH XyBB]
oyHaax temmeparyp -18°C-aac 0°C opumM, KUIHIHH Xyp
TyHazgac 267 muwumerp [3]. Jpoxuilr ecayrasp capn
MyDIyyACaH. XOpCHUN MIMKUAH OalpIIuII, MIII3JUTHIT

1-p XYCHAITI Y3YYJIIB.
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1p xycHarT. XepcHui A33KHUN MI1937121

J>>xHui HAp Baiipmn Koopannauu OHnepInI, M pH
VBKB b (yypxaii opuMbIH razap) Xaitnaact OaruifH apbIH XOHIUH 11:\1 1‘:)%;)"12§‘265?>58”” 943 9.1
LﬁlgaBﬁ)b r (OpXHIIICOH yypxaiin Xaitnaact OaruifH apbIH XOHIUI ]IE\I 14 (;3;0128 4;’2653?3”” 943 9.41
RS yb (yypxait opumbIn razap) VYnaaH XepCHUI X61eIreeHni ecenT ]I:\I 1%%;)01;2%6622’:, 950 8.69
RS b (yypxaii opumBbIH razap) Viaan XxepcHHI Xe10IreeHHUI 6CONT II:\I 11)%:012?:%6622”,’ 950 8.7
BM (non-interacted) Basicrananr yyn ]I:\I 1%%;)02310“21‘;5;, 950 8.22
HT db (yypxait opumsbIH razap) Bastaron II:\I 11)?"22%9‘%%06’:’ 914 8.18
HT Ib (yypxait opuMbIH ra3ap) XainaacTelH aMHbI XOHAUN é\l 1?51?229“08080 6”” 916 8.39
I;Zaz)(yypxaﬁ OP‘MBIH XaliraacTeIH aMHBI XOHIHH é\l 1‘:)8‘:022%9‘%%06’,’, 916 8.44
WIKD (Xymar opumbIH Xepc) Xaitnaact OaruitH xynar ]I:\I 1%%;’012%‘9071%; 984 8.8
SNB (Xynmar opumbIH Xepc) Xaitnaact OaruitH xynar }{:\I 1‘:)8‘:01286;9071557’,’, 984 8.2
Jaxx aBax, xaaraJjaax xamMpax OycuiH Tycrad mpaidMeppIr  aIMIiajar.
Hdowx aBaxmaa »xman 3-5 oM xepcHui m39n  S15F/806R  mpaiimepyymeir  [10]  mpokapuoTyyman
X3CTHUAT XYYyJDK, 93K Oypuiir apuyrtracan Xyps, aluIiacaH.

ByHcen moH ammmian myrmyyicaH. Jlapaa Hb Tanbait
oyp mp 150-200 rp opuMM XOPCHHT IIOMITOTON
apuyTracal NOJUATUIEH yyTaHj [9] HMMIDKYYIDK, Tyc
oyp 20 r xepcHmit MIBKUUAT Zhejiang TEXHOJIOTHHH HX
CYpryyluiiH maboparopun XypryysicsH. lLlyrmyyncan
JOPKUAT INUHXKUITIOHUA ©MHO OOJIOH TYpPLIMITHIH
sran 4°C-T xaarajicaH. XepCHUH 1Pk Oypadc 6 T
OUTYYMXXHIICIH TOJMATHIICH YYTaHA XUIHK, XOpToaTTIH
XaJrajgax Xxailipuart xaarajcaH. XepCHHH A3RKUIT
MiSeq enHmep OYTIIMKTIN TEXHOJOTHOP CEKBEHCHUT
torrooxoop Hangzhou Legenomics Bio-Pharm Technol-
0gy KOMIIaHU Pyy HJIIIIC3H.

MiSeq cuctemuiin 63T,

a) Ixym reHoMblH JJHX-uiiH 3KCTPAKTBIT AJITAK,
1% arap rejs 3jaexTpodopes 133p majaraca.

0) CexBeHCHIiH NpaliMepbIH COHTOJIT
16S rRNA xyBbcax OycuiiH cexBeHcH[ Oapkon Oyxwid

Forward mpaiimep: 5°-TCGTCGGCAGCGTCAGAT-
GTGTATAAGAGACAGCCTACGGGNGGCWGCAG
Reverse mpaiimep: 5'-GTCTCGTGGGCTCGGAGAT-
GTGTATAAGAGACAGGACTACHVGGGTATCTA-
ATCC

B) [II'Y-bIH 0JIIIPYYAaaT 62 HPBIPLIYYJIIX

[I'Y-piH onumpyynanTeil 3aaBpblH Jaryy XHWibK,
OHJIOp XYYMH dYajanrail AyJaaHbl LUKIUIT X3p3NI3H
ABI GeneAmp 9,700 TII'Y-pIH CUCTEMHIT alIHIIacaH.
[pokapror V4 Oycuiir onmpyynaxeiH Tyax [1TY-bH
ypBaJbIH XOJBI] Hb Japaax Oaiinanraii 6aitna: [1I'Y-biH
3apanuiie ye 13.0 pL, TIT'Y-p1H MacTep XombIl (2X)
10.0 pL, yparmurax (forward) mpatimep (10 pM) 0.5
uL, ypByy (reverse) mpaiimep (10 uM) 0.5 pL 0a 3arap
JJHX 1.0 pL wuiiT ypBans xoMx33 25.0 uL. [T'Y-b1H
TEPMOIMKIINITH HOXIUTYY/ Hb apaax Oaiimanraii OaiiHa:
94°C-t 3 MUHYTBIH TYpIll aHXHBI AeHaTypaiy, 94°C-1 45
CEeKYH/IBIH TypII IeHaTypamu xuiix, S0°C-1 60 cexyHIbIH
Typr 3amnax, 72°C-t 90 cekyHI Yprammkidx 0a ye mar
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oyp 35 ynaa naBrargana, 72°C-t 10 MuHyT cyHrax, 4°C-
T Oapuna. Ipax tyc O6yp 3 masrantrait 25 pL III'Y-pH
ypBAIBIT OJIPYYyicaH. J3mk OYypHiiH aMILUTUKOHYY/IbIT
arapo3s rejb J39p TYHIraXK 1Iajiras.

r) [II'Y-bIH OYTIIIA3XYYHHI TOO XIMAKII,
TOMOTeHU3 a1
Onexrpodopessir AMTUTHKOHBI XIMIKIAT
Tomopxoiroxon ammriax, PicoGreen dsDNA xonborua
Oymard Oommcoop Typuican 0a g3k OypaIsc aBcaH
AMIUTUKOHBIT HAT apuyTracaH TIOOMHI HATTI¥K, Tris
HCl-23p mwmnarmk, 80% »>TWiMiH cnupT ammriad
IPBIPIIYYACIH. [IPB3p aMIIMKOHBI KOHIEHTPALUNAT
xavokux A260/A280 xapreiiaa 1.8-2.0 xoopoHp 6aliHa.
o.  MiSeq Xoc TercreimiiH CaHTHHH  OyTdII:
peapryyacor IHX vHe Y amanTeprail X0IOOTACOH.
Xonboruuiir eepee XoadOCOH XACTYYIUHUT apuiraxbiH
TYJJ COPOH30H OemOenryymuiir ammriacaH. Jlapaa Hb
[I'Y-pir canr Oaspkyynaxan ammniacaH. CaHTyyIbIT
Hor yracnmartail JIHX-uitH ¢parMeHTHHr HaTpHilH
THIPOKCUIOOP IeHarypamu 0onrox, MiSeq cekBeHCHA
OpYyJaxblH 6MHO XalyyHaap JCHATypaLua OpyYJICaHBI

Japaa SpIHif3KyyIx Oyhepasp MHUHTIIH?.

e) MiSeq enep 0YTIIMKTIIi ceKBEHC

Can Ouii OONCHBI Japaa CEKBEHCHHH TMIPOIECCT
mnkedH. THX-uitH (parMeHTHItH HAT Tercreil Hb
MpaiiMepbIH CyypbTail HOMANT 06ree] OJMIPYyIax YHII
IP3p adaanarjcaH; Heree Tercres Hb ajantepuiiH
Japaanaix HAIMAIT Oereen mpaiMep HAMCOH Ty
rymsaiirax 3amaap "ryyp" yycrax Gomomkroit; JJHX-
HUHH KnacTtep yycraxuiH Tynn III'Y-pIH onupyynanTsir
ammniacad. JJHX-uifH aMIDTUKOHBIT IyraMaH OOJNToxX,
JHX mnonmumepasa OGomon dNTP-g 4 momroroi
(ropeceHTHIT HAMHD. 3arBap OYpWHH CEKBEHCHITH
OXHUHA IMIaTaH[A TOJIMMEPKCIH HYKICOTHIBIH TOPIUHT
rajgapryyr
nazepaap ckanHepiacaH;, DmropecleHT 0a TercreymiH

VHIIMXBIH TYJAJ YpBajJblH XaBTaHTUIHH

oWro He 3'- Tercrena xaaranargaar; OnopecueHuuitH
JIOXHUOHBI YP OYHT X3MXKWXK, Tolpor Oypr 3arBap JJHX-
WUWH (hparMEHTHIH CEKBEHCHIT OJK aBCaH.

OHep OYTIIMIKTINH CEKBEHCHITH Orerae/j JIyH
IIMHKHIIT) XHAX

MiSeq mporpaMMm XaHTaM)XHWT YHIICAH, 3aJaJiCaH
ererie OYpuitH MHJEKCUITH CEKBEHCHUIT TOIOPXOMIIOX0]

amMracad. OHA Hb fastq Qopmaraap xaaramarmnar.
Fastq c¢opmar Hb OHONOTHMHH CEKBEHC (MXIBWIDH
HYKJICOTUABIH Japaanai) OOJIOH TYYHMH 4YaHapbIH
OHOOT XO€yJaHT Hb XaAranaxaj 30pUyNaricaH TEeKCT3
cyypwican ¢opmar oM. [lpaiimep OGomon OGapkoabIr
FLASH anropurm 6omon Trimmomatic nporpamm
XaHTaMKUHT aliMIiaH ycTracaH. MeH Oapkoi, 4aHap
MyyTail (parMeHT, YHIIUTHAIT aMKWITIYH OOJICOH,
50 bp-33c OGOrMHO TAIMASIIATIAI yCTracaH. YHIICAH
Maguuir OTU knacrepein xyBpa USEARCH 7.1
[11] amurmam OTU-x anrmiacan. USEARCH vp 16S
rRNA r3x M3T Mapkep TeHYYIUMHH JapaaruidH yeuilH
cekBeHcHH yHmnTaac knacrep (OTU) yycrax apra rom.
Kiactep xwuiix apra ub eepee USEARCH m33p xnacrep,
OTUs xomanpg xa3m03pa3p xoparxkesn UPARSE-OTU
anroput™ oM. UPARSE-r npakTuKT aXumiyyiaaxblH
Tynn USEARCH koMaHAyyIBIH IIyTaMBIT aXHILTYYlIax
mraapmiararait [11]. 97% wxun TecTdit 6alaIBIH naryy
JABTArJaxryil CeKBeHCHHT OaracracaH. JlaBxmaaryii,
IaBXIcaH cekBeHcHHr 97%-mitH mxua tectdn OTU-n
HAT'TTXK, XUMEPHK YHITUITYYABIT MOH ycTracaH. XYJII3H
aBcan OTU-r 3ypar m33p 97% wxun Tectait Gaiiaap
apaM6amK OTU XyCHITHIT OYTIICIH.

OTU-n cyypuiican 3yilJiniiH 0J10H STH3 0aiiluIbIH
LHIHHKHIT?

Aubda o10H s1H3 Oaiinan

a) Chaol TepsniiH TOOL00JI0TY
Chaol

3yHyy[on ammniagar Oereej WYY HapUiBUianTan

TOOIIOOJIOTYMHT  OYATIMIRIN — HIIPIITYH

Tooszor [12].

ny(ny — 1)

Schaol = Sobs 2(7’12 + 1)

Schaol = Toomooscod Oastnar OGaiinai

Sobs = axkurnaracan 3yHIHIH TOO

nl = 3eBxeH HAr cekBeHc Oyxuii OTU-uitH ToO
(cHHTITOH)

n2 = 3eBxeH Xxo€p cekBeHc Oyxuit OTU-mitH TOO
(mabneron)

0) Xampax Xyp33HHU#i TOOL00JIOIY: XapbLUAHTYH apBH/
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CyypuJicad xamMpax xyp33Huii ToounooJiord (ACE)

Xampax Xypdd Hb "TYYBpHUH X OypdH OaiiIbIH
33par"-uitH 6omut xoMxyyp Oereex »u> Hp OTU-x
Xaphsayaraax OyIraMUIAAH HUAT HHIUBUTYaJIbIH 33J19X
XyBb TOK Tainmbapmaramar. Xampax XYpIdHHH HHIEKC
00JI CeKBEHCHITH Yp OYH Hb JIP3K J3X OW4mi OueTHHU
JKUHXHY TOJIOB OallJUTBIr WIDPXUIIDK Oairaa 3CIXUir
xapyyinnar. ACE ©p 3yinmiiH xaperanryid Oasuiar
OalUTBIT TOOIIOOJIOXOT XIPITIIATAIAT.

C=1-2
N

C = xampax xypad
nl = Hor yaaa 193k aBcad OTU-uniiH TOO
N = TYyYBOpT XamparjcaH UHIUBUIYaJIbIH HUIT TOO

S, n
rare L 1 for ¥y < 0.80

CACE CACE

Sabund +

S =
ACE s rare 4y 02
abund + - + 55— forYicp = 0.80

CACE CACE

nl = uaguBuayan oyxuit OTU-unitH TOO

—n

Srare An03r" OyI0y 1Ie6H TOOHBI HHIWBHIyaITal
OTU-uiiH T00

Sabund = onon Toons! mHAuBuAyantait OTU-uitn
TOO

‘abund‘= “3165r” OTU 1% y33X 60CTO

B) Shannon unaekc 6a Simpson uHAEKC
Shannon nuzekc 6a Simpson HHAEKC Hb OYJITAIMUTHIH
3YWUIHIH Oasiar, KUty OaluIbIT YHIJIIIT.

57955 1y (1)
N(N-1)

Dsimpsan=

Sobs

n, n
Hspannon = — Z N In N
=1

Sobs = axunrnarncan OTU-uitH To0
ni = OTU i -x Gaiiraa *HIUBUAYAIIBIH TOO
N = OyJIraMIdI 13X HUWAT WHIUBHYaTBIH TOO

r) XoBOp 0aliJIbIH MypYi
XOBOPXKWITBIH MypyH Hb JI3%KUNH Tepen 3yHInitH

Oasmar OalUIBIT Xapyylijar, TyXaia0ana aKuIiarjacaH
OTU-mifH TOO HBH CEKBEHC XOOPOHIBIH 3ail OOJIOH
JI3%K aBCaH CEKBEHCHUIH TOOHOOC XaMaapd OaiiHa [13].
Heree tamaac OTU Hp maamijblH CEKBEHC Hb IIWHD
OTU-r yycrax Oom3omryir xapyymwk OaitHa. Tuitmaac
Mypy#r
CCKBCHCHUIH TYHHMIT OJDK aBaX OOJIOMXKTOM. ByTiuitn

LIUHIAPYYJIITURH XUUCHI3p  JAIPKUIMH

AXKHUIIT R IporpaMuiajiblH XdJI alllruriiacaH.

) Shannon-Wiener -uiin Mypyii

Shannon-Wiener -uitH Mypy# Hb 39K I3X OHUHI
OveTHHIl ONOH sIH3 OalaNbBIr Xapyymwk OaifHa. DHD Hb
SIH3 OYpUITH XaMpaXx XYpIoHUH 132K OYpHIH 0K aBcaH
CEKBCHCHMH OTOTIJIMUT ammuriaH OyTIdracdH OO0JHO.
Byruuiin axxuna R nporpamusiaibig X351 alyriacas.

¢) 33p3nimiiH XapbUaHryii apBuiiH Mmypyii
33p3MIAUIH XapbLAHTy apBUIH MYpYH Hb 3YIIMIAH
Oasinar, 3YWIMIH JKUr OalaubIr Xapyynaar. OH? Hb SH3
OYpHiTH IP»KIIC 0K aBcaH ssH3 Oypuiin 3yitn (OTU) 6a
TOArIBPHUNAH XKUY OalAIbIr XapraiasaH O0yTankas. ok
OYpHUIT TOMOOC KIKHI' XYPTAJI XapblaHTyl apBHap Hb
apaMOaIcoH. ByTiumitH axung R mporpamunansia Xa71

alauriacaH.

Takconomu

Takconomuitn apran OTU onooxmoo 70%-uitH
uTrannyypuitn 6ocro Oyxuii Silva, Greengenes 06oyioH
pUOOCOMBIH MDIIPAJUIMHH caHTHiiH TociuiH (RDP)
aurmwinarauir ammmiacad. OTU-uiiH xapramsax 3yin
OYpuiiH MAIIIUTHHAT O/DK aBaxbiH Tyian RDP anrumary
Bayesian anroputmeir ammumian 97% WKW TeCT3H
OariuietH TyBIHUN OTU TenmeenerdyuitH CEKBEHCHIT
Japaax Oalianaap aHrHIuIaa: JOMIHH, aiiMar, Xypad, aHrH,
Oyiar, oBor, Tepen, 3yl bynmrammnuitn xapeiryyncaHn
CAaHTUMH  JP2KUNH

MOBI33JUTUIH OYpaIIIXYYHUIHA

CTAaTUCTHKHHAT  napaax Oaijpraap y3yymB: 16S
Oaktepn 0a MOOTOHIPUIH PUOOCOMBIH MOAIIAIUIHITH
can [14]. SILVA wMdm2mmmitH caH Hb pPHUOOCOMEBIH
PHX-uiiH cekBeHCHIH M3A2JUIMHH YaHAphIT IIAJTaH,
33pATIYYJICOH OHalH Heell oM. SILVA Hb aMbIpaibiH
rypean  rtanbapr (bakrepum, Apxedd, Oykapua)
sopuynaracan okwxur (16S/18S, SSU) Oomon Tom
qon Hark (23S/28S, LSU) pPHX-uiiH cexBeHCIdp MK
OYp3H, 4aHapTail IanraracaH, TOTTMON IIHHYWIATIIAT

MIIPUIMHH  Oaruplr Xauragar [15]. ®yHkumoHans
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TEHIAC raprax aBcaH erer/UIMiH MUHKXWIrIr FunGene
6ank (7.3) [16] 6omon QIIME [17] na3p XuiicoH.

Yp ayn

BakTtepuiin 0/10H AH3 6aiifnaj, Oyp3JaadXyyH
AJibda 0J10H sTH3 Oaiixa

Ha>x Tyc Oypuitd HUAT yHIIAITEIT (51037-aac 81958
xyptan) 97% wxun tectdii Oainnaap OTU-n (468-aac
2292) HartracaH (2-p xycHart). VBKB-b 60100 VBKB-

r-MAH YHIOMTJAax Too Oycaa AdPKTI TecTal OalicaH u
TOArIAP Hb Xamaaryi 6ara Toonsl OTU-11 HATTIArICoH Hb
9HY XICTUHH JPPKYYI XaMTIHifH Oara suiraarail Oaifraar
xapyyok Oaitna. TyyepuitH BM yHIIICaH TOO XaMTHitH
6ara up 51037 Gaiican u OTU up 2292 Oyroy XxaMruiiH
eHIIop HB OaficaH Hb Oycam AIYKTIH Xapeiyynaxag BM
Hb XaMTUIH OJIOH siH3 0aliHa rax Tainbapiax OaitHa.
Chaol, ACE,
TYYBPHIAH Oasuiar, TATI OaiUTBIT HI3PXARIDXUNH Ty

Shannon, Simpson wWHIAEKCHUT

97% wxun TecTdit Oaiaap ToonooiacoH. TyyBpuiiH
Shannon waaekc 2.75-6.58 xooponn 6Gaiina. VBKB-b

2-p xycHarT. 3yitnuiin Gasnar, OakTepuitH onoH sH3 GaituibiH sxura Oadinan. OTU-uitH wxun tectai Gaiinan 97% OGaiina.

Joox Yamuinr 097
OTU Chaol ACE Xampax Xypad Shannon Simpson
VBKB b 58664 573 694 705 0.997477 2.92 0.1457
VBKB r 75422 468 567 584 0.998369 2.75 0.1674
RS yb 57324 1948 2170 2177 0.994121 577 0.0152
RSD 68150 1827 2156 2165 0.993881 4.63 0.0526
BM 51037 2292 2498 2450 0.994102 6.58 0.0032
HT db 57280 1185 1473 1488 0.994605 4.68 0.0321
HT Ib 81958 1916 2272 2284 0.994595 5.16 0.0179
HTb 80949 1492 1805 1841 0.995775 5.22 0.0171
SNB 77528 1938 2115 2124 0.99635 6.09 0.0059
WIKB 68264 1582 1879 1886 0.994609 4.5 0.0524
g |
BM
il s g -
8 : $ g
é — vKe.¢ :g g ]
S o [
t; 20&00 40300 eoéuo eor;on ‘I’ 205’00 ‘“’“‘0" 60“’0" 30‘;00
a) Number of Reads Sampled b) Mt of Pedkls Sampiod

label: 0.97

1-p 3ypar. [Ip2Kx XOOpPOHJBIH 3YHIMHH Oasuiar XOBOP TOXHOJNJIOX MYpyH. a) Bocoo TIHXJIAT A33pX NP3k OypHiiH

[llenHOH MH/EKC 0a XIBT33 TIHXJIAIT YHIICAH T0O. b) Bocoo Tauxmar a3spx maak Oypuitn OTU gyraap, XIBT33

TOHXIIT yHIICAH T00. OTU-niiH mKui TecTai Oaiinan 97% OaitHa.
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2-p 3ypar. BakrepumiiH 33p3DANMMHH XapbhIaHTYH apBUITH

TapXaliTblH MypyH.

6a VBKB-r naxp Shannon -bI nHzmekc Oycan TyyBpaIC
nmooryyp 6aiican 601 BM gaxe Shannon mHaeKC XaMruita
eHNOp OaitHa. 3yinmiiH Oasutar, Torm Oaifimgan Hb
VBKB-b 6a VBKB-r-1 xamruiin 6ara, BM-n xamruiitn
eHzep Oaitna. TyyBpuiin Simpson -b1 uHzmexc 0.0059-
0.1674 xooponn OaitHa. SNB naxp 3yinmiiH Oasuiar,

100 —

M

|

60

40

Relative abundance (%)

L B M

20

B Wmaii

CERE
1 (IR

Torm Oaiiman xaMmruitH eHmep Oaiican 6onm VBKB-b
6o1on VBKB-r xamruita 6ara Gaiis.

XoBop OaiaabIH Mypyii

XoBop OaiisIH Mypy# Hb I39KUITH TOPEI 3YHINIHH
Oastmar GaiianbIr TpaduKaap xapyynaar. 'a' Mypyd 193p
X9BT3? TOHXJOT Hb YHIICAH TOOT XapyyiHa; 00coo
TOHXJAT Hb IP3kuiH Shannon manekc om (1-p 3ypar).
Ha»kuita BM 3yinuiie Oasiar XxaMruifH eHuep Oereen
RSyb, SNB, HT-Ib 6omou RS-b, WIKB, HT-db-uitn
napaa xamruiiH Oara smraaraiti Hb VBKB-b, VBKBbr
6aiiB. ‘b’ Mypy# I193p X3BT33 TOHXJIAT Hb YHIICAH TOO;
60co0 unrman b 1¥kuiH OTU-nitH Too tom. TyyBpuiin
BM-uiin 1arm Oaiinan, Oasuiar Hb XapbL@aHTYH ©HIep,
VBKB-b 605101 VBKB-r Hb faxua xaMruiid 0ara 6ais.

3aparainiin XapbUaHryii apBUitH Mypyii

39p3IUMiiH  XapbLUaHryd apBUHH  TpadUKUiH
X9BT33 THHXIAI Hb Oyx 193k 199px OTU Tyc Oypmitn
cexkBeHcHitH Too oM (OTU 33par); 60coo TIHXIAT
b g3k OypuiiH OTU paxe CEKBEHCHHH TOOHBI
XapblLaHTyH XyBb oM (2-p 3ypar). RS-yb, SNB, HT-1b
6onon RS-b, WIKB, HT-db naaxyyaraii xapbiiyynaaxan

3-p 3ypar. baxrepuiin OynramuHitH 6araHaH rpadUKUIAT OBrOOp, XapbLaHTyi apBUIAT XyBHap Y3YYJIB.

BM HT_b HT_db HT_lb RS_b RS_yb SNB VBKB_b VBKB_r WIKB
B Nocardicidaceae @ Xanthomonadaceae O Leuconostocaceae B TRA3-20_norank MW Planococcaceae
B Streptococcaceae @ Nitrosomonadaceae O Methylobacteriaceae O Solirubrobacteraceae B Elev-165-1332
O Bacillaceae B Oxalobacteraceae O Methylophilaceae @ KD4-96_norank B Rhizobiaceae
B Micrococcaceae B Tepidisphaeraceae B Gitt-GS-136_norank @ Longimicrobiaceae O 0319-6Mé
B Acidobacteria_norank I Sphingobacieriaceae B Subgroup_7_norank B Solin |, H
B Frankiales_uncultured @ Rhodobacteraceae O Pseudonocardiaceae O Acetobacteraceae B Opitutaceae
B Gemmatimonadaceae B Streptomycetaceae O Sphingomonadaceae O Gemmatimonadetes_norank B 288-2
@ Planctomycetaceae O Microbacteriaceae O JG30-KF-CM45_norank @ Rhodospirillaceae B Micromonosporaceae
B Comamonadaceae [} ¢ 4O G @ Acidimicrobiaceae B P2-11E_norank
B Cytophagaceae B Actinobacteria_norank B Gaiellales_uncultured B Acidobacteria_unclassified B Promicromonosporaceae
] idimi iales_t = B Gaiellaceae O Anaerolineaceae = ABS-19
O Subsectionlll_familyi m Chitinophagaceae B Intrasporangiaceae m MSB-1E8 B Rubrobacteriaceae
@ Pseudomonadaceae B Geodermatophilaceae O Carnobacteriaceae @ Haliangiaceae B Others
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Similarity

Taxonomic composition

SNB

BM

HTb

HT db

HT b

RSyb

WIKB

RS b

VBKB r

VBKB b

Taxon

Actinobacteria
Firmicutes
Proteobacteria
Acidobacteria
Bacteroidetes
Chlorofiexi
Planctomycetes
Gemmatimonadetes
Cyanobacteria
Others

IIDEEEROER

4-p 3ypar. bakrepuiid OyAraMIUTHITH XYpIdHYYAURH KiacTep Mon Oyxuid 6araHaH rpaguk.

Tepen 3yinuitH XyBsa BM my»x xamruita ux, VBKB-b,
VBKB-r Hb Tepe:n 3yiIniiH XyBb XaMrHiH Oara OaifHa.

Bakrepuiin 6yaramumiin 6yTa1

Bakrepuiin 6ynramuumiia 6aranan rpadukuiir 13K
Tyc OYpHIiH OBTUITH OYpaIAdXYYHHI XyBUAp XapbLaHryi
apBuir amumniad 0yT3B (3-p 3ypar). J>»xuuit BM-n
OakTepHiiH OBOT JKUTJ TapxcaH OaiiHa. Acidobacteriace-
ae (8%), Planctomycetacea (6%)-uiiH XapbliaHryii apBu
Hb Oyca I39KTHi xapeiyyinaxan BM-n eanep 0aiis. No-
cardiaceaea Hb WIKDb (36%), RS-b (29%)-1 xapbuanryit
apBu Hb WIyy OaiicaH; Streptococaceac Hb VBKB-b
(39%) 6a VBKB-r (41%)-1 xappLasryil apBu Hb WIYY
Gaiican. Bacillaceaec Hp Oycam maKT3H Xapbllyynaxan
VBKB-b (16%) 6onon VBKB-r (20%)-uiiH xamMruiin
eHaep oBor OaiB. 1% Xypaxry# OakTepuilH OBTHIT
"Bycan" rax TOOLCOH.

@uayMbIH TYBIIHUI OakTepuiin Haiipiara 6a
JPRKUHH HKHJI TOCTIH OaMmas

3yya Tamg Bray-Curtis aJropuTMbIT  amiuriaH
JIPKYYIUIH XOOPOHIBIH OYIrIMIUTHIHH OYpIIIdXyYHA
CYypWJICaH IIaTaJCaH KIACTEPHIH IIMHXIITI?, 0apyyH
TaJn TYYBPUHH OYArAIMIIMAH OYTIMHAH THCTOIpaMM
(4-p 3ypar) Gaitra. bynramanmita 6yt 9 YHACSH drta
JaBaMraimk OaiiB. Actinobacteria HT-b, HT-db, HT-1b,
RS-yb, WIKB, RS-b, Firmicutes b m3»xung VBKB-r

6a VBKBb, SNB-1 Proteobacteria, BM-1 Acidobacteria
XapblLIaHTYH apBHU NaBaMrailiok Oatican. J[paxuny Bacte-
roidetes, Chloroflexi Planctomycetes, Gemmatimonade-
tes, Cyanobacteria xappIanryit apsu 6ara GaiicaH.

BakTepuiin 0yaramaiamiin heatmap

Bakrepuiin oBruiiH OYTHMHT XapbLaHTyil apBHap
HATTT3COH 06reesl XapblaHTyH apBUMH KU TOCTIH
Oaiinan ub 0-33¢ 42.18%, Oyroy IPHXIPIAC yllaaH XYPTII
6aiiB (5-p 3ypar). Nocardiaceaea, Streptococcaceae,
Bacillaceae oBryyn Oycam oBOrTOH XaphIfyyiaxam OyX
JIPPKUH]I XaMTUAH 25103r OaficaH. J[33KHifH OBTHUitH
xapsranaryit apsu, VBKB-r 6a VBKB-b xamruiia 6ara,
RS-yb 6omon BM xamruita 1631 OaitHa.

Xy yJanr

MukpoOHOMBIT  cymjax 30pWwiro Hb  OW9HI
OveTHHWI Vil akmiaraa, THOAMIIPUIH OMumin OneTHHi
CHUCTEM JIPX YYPOI, XapuillaH YWTWIDIUKAH Tajaapxu
MIUIITHHAT OJDK aBaX, XYPAIdIdH Oyl OpUHBI ceper
HOJI0eJJ106C YPbIUMIaH COPTHAIAX WYY CaifH YHAIITI9,
30XMIYYNTanTeIr oyioxox opimuo [18], [19]. Yypxaitn
TanOalT XOPTOM METAJUIBIH OOXMPIONTOW Tazap T'IK
Y343r Oereej SHA Hb T33P TamOaliH OaKTEpUIH OJIOH

SIH3 OaiAIbIr 00pUJIoxXe] XYPraadr. YpraMan, aMbTaH,
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OM4MI OMETAIH 39pAr OyX OpraHu3M OMOMHIMKAaTOPBIH
YYPAT TYHAISTrIIAT. DHA 3aaMapblH yypXalH XepCHHH
JP2KAWH OaKTepUiH OJOH sSH3 Oakmain, OyIrIMITHITH
OyTIA eHAep OYTIOMKTIH CEKBEHCHHH Orernei
AIINTIIaH IMAHKWIT? XAHCHH.

VYyn yypxaiiH YW SBUBIH HOJOOJUIMHI XsHaX
30pWIT00p OAaKTEepUiH OJIOH sH3 OaWJIBIT  YHIJIIX
30PHIITO0P JIPPKHUUAT 3aaMapblH aNTHBI YypXailH HOXOH
COPIIANT XUUTIATYH Tanbail 0oioH oibopronThH Oyc
XapWIaH YHITWIBIHHH 0ycIsc caHaMcapryd Oaiimiaap
mymIyyacad. Yp OYHII3C xapaxan (2-p XycHart) BM
-MiAH J3YK A3X 3YIIMiH Oasutar Oycam A3¥KIdC 3pc
sraarait 6aits. BM -uiiH 1p3xuiir yypxaiiH tanOaiitaii
(basicramanT yyi) HIyyn XapbIUIaITYH Xepceec aBCaH.
VYypxaiiH yin axxuiiaraataid Xon000Toit Oycan 133KTi
xapbIlyynaxan BM-n GakTepuitH 3yHiuiiH Oasiar, sKur
Oaiiman eHzep OaliB. DArasp XapwilaH YHITWIIICOH
JP2KANH OaKTepuitH 3yimuitH Oastiar Hb BM-3ac 1.17-
4.8 naxuH ux OaiiB.

Hongbing nap anTHBl yypxXaiiH Xasr[UIbIH OW9HI
OWeTHHI OYITYYOWHT CygalbK Y3334  OYITIMIIHIAH
ron Oynaryyn Hb Firmicutes (3.2%-92.4%), Proteo-
bacteria (4.3-37.2%) ©Oomon Actinobacteria (1.62-
29.5%) 60s0oXBIr TOrTOOXK33 [7]. DHIXYY cynairaaraap
¢unymMblH TYBIIMHA 9 YHACOH ¢uia Hb OakTepuiiH
OynraMmumiiH  OyTidA rowiox Oailp Cyyps 3331I9T
XapuH yypxaitH VBKB-b 00110H opxuracon yypxaita
VBKBb gaaxun Firmicutes (59-66%), Actinobacteria
(17.4-26.8%), Proteobacteria (11-14%) racon 3 ¢uma
OakTepuifH OYpIIIAXYYHA 30HXWDK OalicaH Oa Oycan
Oakrepuiin ¢una 1% -uac Gara Oaiina. Bycan Tanbaiin
TIPKARH OakTepwuitH OyiaramumiiH 0yTar Hb Hongbing
HapTail H199H TecTdi Oaiican Gonosu Planctomycetes
(1-10%) H31331 6Hep OaliB.

Jdyraaar

DHAXYY cypairaaHz OaKTepHUiH OJOH sH3 OaiimisIr
16S rRNA cekBeHC TEXHOJOTHIT allUINIaH Cydalk,
OTU-g cyypwicaH IIMHXKWITIIT allWIIaH YHIJIIX,
anba OJOH SH3 OaWUIBIH MIMHXWITIAT alluriaH yp
JOYHT Xapyyaax 30pWIT00p IIAANIIbIH HIMHXKHITIAT
XUHCHH. JIyrH»K X219X01, OakTepuiiH OJIOH SH3 Oaiiman,
TOArI3PUNH Halipiara Hb Yyl yypXaH YWn sBUTail
X0JI000TON OOJIOH XamMaapaJiryd X3CTYYIdI HMX39XH

suraataii  OaiiB. Yypxaiitail Xonbormooryi TanbaitH
TIP2KYYI Hb YyA YypXalH YHJI SBITai X0I000TOH ra3ap
HYTryyarail xapseiyynaxax tepen 3yin, OTU Gomon
OYTIMIH XyBBJ WYY 103T Oaifraar xapyyncas. Anbda
ONIOH sH3 OalANBIH XOBOPIUIBIH MYpPYyH, 3p3MOUitH
XapBIIAHTYH apBUUH Mypy#, OakTepuiiH OYITIMIITHITH
0ap, kiactep Monm Oyxuil OakTepuiiH OYIrIMIIHIAH
O6ap rpaduk, heatmap rpapuk Hb JIPKHHH TYPCII,
XaMaapibll XapyyiacaH. Yypxa#rail xombormooryi
TanOaiiraac aBcaH OaKTepUiH OYITIMIUIMNH A3NKUH]
BM -nitn 6axTepuiiH oBor 0a yyi yypxaiTaii Xor000Toi
99K 13X Oakrepyyn Oara TapxcaH TOXHOJIONI KHII
tapxcaH OaiiHa. Nocardiaceaeca Hp WIKb moaxunzg 36%,
RS-b mpakung 29%; Streptococcaceae b VBKB-b
(39%) ©Oomon VBKB-r (41%) ©Oomon Bacillaceae
VBKB-b (16%) 6omon VBKB-r (20%) ma»xkunm Oycan

JPKTIU XapbllyyaaxaJ XaMIHiH ux OaiicaH.

Tamapxaau

DHAXYY CyJalraar XHix 00JIOMXK, TIMIKIIAT, HTTITHAT
osirocoH Monrou Yiebid HIuHXII9X yXaaH, TEXHOJIOTHITH
caH 6omoH npodeccop XKyn Bait XoHr HapT Oaspranaa.
MeH Zhejiang TeXHOJIIOTHIH UX CypryyauiiH buonoruitn
(bakynpTeTs] TaNapXxan HIBPXUHIbE.
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