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Abstract: Background: DNA from the host, and extraction biases can significantly interfere with microbiota assess-
ment and increase the cost of high throughput sequencing. This study aimed to find a better method to enable a 
higher concentration of microbial DNA to be extracted from the bronchoalveolar lavage fluid (BALF) samples with 
a higher proportion of host cells. Methods: Two subjects were enrolled in this study. DNA was extracted from 3.0 
ml of the fresh or frozen BALF samples of each subject using QIAamp DNA Microbiome Kit. DNA libraries were 
constructed according to the manufacturer’s instructions (illumina). Cluster generation, template hybridization, iso-
thermal amplification, linearization, blocking, denaturing, and hybridization of the sequencing primers were per-
formed. Raw data was uploaded to MG-RAST v3 and analyzed. Results: Through preliminary analysis of sequence 
characteristics, it was found that the ratio of human genome in clean reads of each DNA sample from frozen BALF 
samples was significantly lower than those from fresh BALF samples (Patient 1: 59.80% vs. 68.60%, Patient 2: 
47.91% vs. 66.89%, respectively). For each individual, numbers of hits from frozen samples by same database were 
obviously higher than those from fresh samples. Tiny difference on the top 50 most abundant classified phyla was 
observed between fresh BALF sample and frozen BALF sample from the same individual. The different classified 
phyla belonged to low abundance phyla of Eukaryota. No significant difference on the principal bacterial community 
structure between fresh BALF samples and frozen BALF samples by comparing the bacterial community structure 
of fresh BALF samples with frozen BALF samples. Conclusion: Cryopreservation of BALF samples enables conserva-
tion of a higher yield of microbial DNA from samples and a higher fraction of host cells. It will not affect the principal 
structure of bacterial community.
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Introduction

Metagenomics is adopted to consider the 
microbial population as a whole ‘metagenome’ 
by applying high-throughput shot-gun sequenc-
ing to the entire population to identify the com-
munity members’ presentation and their genet-
ically encoding functional capacity. As we know, 
the reports of metagenomic high throughput 
sequencing include host or background DNA 
sequence reads while supplying DNA sequence 
reads of microorganisms. Host DNA sequence 
reads are not included in the following analysis. 

Fewer data discard refers to the lower cost of 
sequencing and more accurate result. 

To date there is a dearth of research on metage-
nomic explorations of lower respiratory tract 
microorganisms from bronchoalveolar lavage 
fluid (BALF) or lung tissue. As observed by Hilty 
et al. [1], the concentrations of bacteria in the 
alveoli and small airways are obviously lower 
than that of the mouth or lower digestive tract. 
Accordingly, it is a challenge to find a better 
method to enable a higher concentration of 
microbial DNA extracted from the BALF sam-
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ples. The development of effective and efficient 
decontamination methods suitable for high-
throughput use or development of ultrapure 
reagents could potentially further reduce the 
background DNA [2, 3]. Mao et al. [4] confirmed 
that, particularly in comparison restricted to a 
specific type of sample, technical differences in 
experimental protocols between laboratories, 
including the manner in which samples are 
obtained and stored, DNA extraction methods, 
and the instruments used to determine the 
nucleotide sequences, might all generate vari-
ability that could outweigh biological differ- 
ences. 

We therefore compared the taxon abundance 
and bacterial community structure of fresh 
BALF samples with frozen BALF samples. This 
study aimed to discover whether the manner in 
which samples were stored may affect the con-
centration of extracted microbial DNA and the 
bacterial community structure, thereby finding 
an optimized sample pretreatment strategy 
which could reduce the cost of sequencing and 
increase the accuracy of the analysis of the 
sequencing data. 

Materials and methods 

Patient information

All the enrolled individuals with an indication for 
bronchoscopy at Beijing Chao-Yang Hospital 
were ≥ 18 years of age and provided informed 
consent. A complete clinical, functional, and 
radiological evaluation of all patients was 
made. 

The study conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki and was 
approved by the Institutional Review Board of 
Beijing Chao-Yang Hospital.

BALF samples collection

BALF samples were taken from each individual. 
Three 50 ml-aliquots of sterile saline (0.9% w/v) 
were instilled to obtain the BALF samples, from 
the third generation bronchus of the middle 
lobe (lingual) or the area containing most lung 
infiltrates using a fibreoptic bronchoscope 
(Type 40; Olympus, Tokyo, Japan) under local 
anesthesia. Each aliquot was retrieved immedi-
ately by suction.

All specimens collected were delivered immedi-
ately from our hospital to the laboratory in an 
ice bag using insulating polystyrene foam con-
tainer. In the laboratory, each specimen was 
divided into 1.5 ml aliquot. Two aliquots (3.0 
ml) of each specimen were processed for DNA 
extraction immediately, while the left aliquots 
were stored at -80°C using Glycerol (10%) as 
cryoprotective agent until processing for DNA 
extraction.

DNA extraction

All DNA extraction was performed using 3.0 ml 
of the fresh samples or frozen samples. We 
adopted QIAamp DNA Microbiome Kit (Cata- 
logue 51704, Qiagen, Hilden, Germany) to 
extract DNA. To increase DNA production, DNA 
was eluted with relatively small volume (30 μl) 
of recommended elution buffer. DNA was iso-
lated according to the manufacturer’s instruc-
tion. DNA concentration was measured by 
Qubit® 2.0 Fluorometer (Life Technologies, 
Invitrogen, USA). 

For the negative control, the same procedure 
was applied with sterile water. No PCR products 
were detected in any experiment, indicating 
avoid of contamination from any reagents used. 

DNA library construction and sequencing

DNA libraries were constructed according to 
the manufacturer’s instruction (illumina). The 
same workflows from illumina were used to per-
form cluster generation, template hybridization, 
isothermal amplification, linearization, block-
ing, denaturing, and hybridization of the se- 
quencing primers. We performed paired-end 
sequencing on 2 × 100 base pairs (base pair, 
bp) for all libraries. The base-calling pipeline 
(Casava 1.8.2 with parameters ‘-use-bases-
mask y100n, I6n, Y100n, -mismatches 1, -ad- 
aptor-sequence’) was used to process the raw 
fluorescent images and call sequences. The 
same insert size inferred by Agilent 2100 was 
used for all libraries. 

Sequence processing and statistical analysis

After upload to MG-RAST v3, the data was pre-
processed by using SolexaQA to trim low-quali-
ty regions from FASTQ data [5, 6]. MG-RAST v3 
used DRISEE (Duplicate Read Inferred Sequ- 
encing Error Estimation) to analyze the sets of 
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Artificial Duplicate Reads (ADRs) and determine 
the degree of variation among prefix-identical 
sequences derived from the same template [7, 
8]. The data was compared to M5NR using the 
following parameters: a maximum e-value of 
1e-5, a minimum identity of 60%, and a mini-
mum alignment length of 15 measured in 
amino acid for protein and base pair for RNA 
databases. The displayed data was normalized 
to values between 0 and 1 to allow for compari-
son of differently sized samples based on 
abundance. The taxonomic profiles use the 
NCBI taxonomy. We used the best hit classifica-
tion to report the functional and taxonomic 
annotation of the best hit in the M5NR for each 
feature. Raw sequences were analyzed using 
mothur v1.21 to remove sequences containing 
homopolymers greater than 8 bp, mismatches 
in the barcode or primer, one or more ambigu-
ous bases, or an average quality score below 
35 over a moving window of 50 bp [6]. 
Remaining sequences that were at least 200 
bp but less than 590 bp in length were further 
curated to remove chimeric sequences using 
UCHIME and to reduce sequencing noise by a 
preclustering methodology before being as- 
signed to operational taxonomic units (OTUs). 
An average neighbor algorithm at 0.03 dissimi-
larity cutoff was adopted [8, 9]. The consensus 
taxonomy of each OTU was identified at the 
genus level using the Bayesian method [10]. 
The total number of reads for each community 
was normalized to 498. The smallest number of 
reads among the samples included in the study, 
to control for differences in sequencing depth 
before alpha and beta diversity measures was 
calculated.

The graphs for comparison of numbers of hits 
from fresh sample with frozen sample were 

drawn by GraphPad Prism 5. Comparison of the 
principal bacterial community structure of fresh 
BALF samples with frozen BALF samples was 
calculated by Fisher’s exact test using IBM 
SPSS 22.0 software package. P < 0.05 was 
considered statistically significant.

Results

Study subjects, DNA sequence characteristics

A total of 2 subjects were enrolled in this study. 
All DNA extractions were performed using 3.0 
ml of the fresh or frozen BALF samples from 
each subject. 

Through preliminary analysis of sequence char-
acteristics, it was found that the ratio of human 
genome in clean reads of each DNA sample 
from frozen BALF samples was remarkably 
smaller than those from fresh BALF samples 
(Patient 1: 59.80% vs. 68.60%, Patient 2: 
47.91% vs. 66.89%, respectively, Table 1). It 
indicated that a microbial DNA extraction with 
frozen BALF samples can generate a higher 
production of microbial DNA, compared with 
the fresh BALF samples.

Comparison of fresh BALF samples with frozen 
BALF samples of taxon abundance and bacte-
rial community structure

For fresh sample from patient 1, 418,819 
(66.8%) of the predicted protein features could 
be annotated with similarity to a protein of 
known function. 250,227 (59.7%) of these 
annotated features could be placed in a func-
tional hierarchy. 13,402 (0.2%) of reads had 
similarity to ribosomal RNA genes. For frozen 
sample from patient 1, 543,383 (55.0%) of the 
predicted protein features could be annotated 

Table 1. Comparison of sequence characteristics of fresh BALF samples with frozen BALF samples
Samples (BALF) Raw reads Raw bases Clean reads Clean bases Ratio1 (%) Align_hg192 Ratio3 (%)
Patient 1 Fresh1 6,167,942 931,359,242 5,554,766 838,769,666 90.06 3,810,726 68.60

Frozen1 6,794,296 856,081,296 6,288,128 792,304,128 92.55 3,760,308 59.80
Patient 2 Fresh2 5,950,386 749,748,636 5,563,678 701,023,428 93.50 3,721,586 66.89

Frozen2 6,209,540 776,192,500 4,993,396 624,174,500 80.41 2,392,573 47.91
Notes: 1values of column “Clean reads”/values of column “Raw reads”; 2Reads of alignments to hg19 (human genome); 
3values of column “Align_hg19”/values of column “Clean reads”, i.e. ratio of human genome in clean reads of each sample. 
Fresh1, specimen collected from patient 1 were delivered immediately to the laboratory in an ice bag and were processed and 
performed DNA extractions immediately. Frozen1, specimen collected from patient 1 were stored at -80°C until processing for 
DNA extraction. Fresh2, specimen collected from patient 2 were delivered immediately to the laboratory in an ice bag and were 
processed and performed DNA extractions immediately. Frozen2, specimen collected from patient 2 were stored at -80°C until 
processing for DNA extraction.
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with similarity to a protein of known function. 
370,488 (68.2%) of these annotated features 
could be placed in a functional hierarchy. 
11,180 (0.2%) of reads had similarity to ribo-
somal RNA genes. 

For the fresh sample from patient 2, 323,226 
(57.7%) of the predicted protein features could 
be annotated with similarity to a protein of 
known function. 185,388 (57.4%) of these 
annotated features could be placed in a func-
tional hierarchy. 10,092 (0.2%) of reads had 
similarity to ribosomal RNA genes. For frozen 
sample from patient 2, 657,903 (66.3%) of the 
predicted protein features could be annotated 
with similarity to a protein of known function. 
459,704 (69.9%) of these annotated features 
could be placed in a functional hierarchy. 
209,522 (4.2%) of reads had similarity to ribo-
somal RNA genes. 

Figure 1 displayed the number of features in 
datasets that were annotated by the different 
databases (including protein databases, pro-
tein databases with functional hierarchy infor-
mation, and ribosomal RNA databases). Diff- 
erent databases for each sample have differ-
ent numbers of hits. For each individual, num-
bers of hits from frozen samples by same data-
base were higher than those from fresh sam-
ples (Tables S1, S2, S3 and S4).

The top 50 most abundant phyla of BALF sam-
ples were shown in Figure 2. The abundances 
ordered from the most abundant to least abun-
dant. The plot outline of frozen sample is simi-
lar with that of fresh sample from the same 
individual (Tables S5, S6, S7 and S8). We com-
pared the top 50 most abundant phyla of fresh 
and frozen BALF samples, and found tiny differ-
ence on the top 50 most abundant classified 
phyla between fresh BALF sample and frozen 
BALF sample from the same individual (Table 
2, Tables S5, S6, S7 and S8). For Patient 1, 
Placozoa with an abundance 25 only existed in 
fresh sample; for Patient 2, Mollusca with an 
abundance 12 only existed in fresh sample, 
Bacillariophyta with an abundance 28 only 
existed in frozen sample. This result suggested 
that these different classified phyla were all low 
abundance phyla of Eukaryota. No difference 
on principal bacterial community structure 
between fresh BALF sample and frozen BALF 
sample from the same individual was observed. 
The difference on numbers of hits between 
fresh BALF sample and frozen BALF sample 
can only impact on the order of different phyla. 
However, they shared the most principal bacte-
rial phylum (Proteobacteria).

By comparing the bacterial community struc-
ture of fresh BALF samples with frozen BALF 
samples, there was no significant difference on 

Figure 1. The numbers of hits annotated by the different databases for each sample. A. Comparison of numbers 
of hits from fresh sample with frozen sample of patient 1 annotated by the different databases. B. Comparison of 
numbers of hits from fresh sample with frozen sample of patient 2 annotated by the different databases. Fresh1: 
specimen collected from patient 1 were delivered immediately to the laboratory in an ice bag and were processed 
and performed DNA extractions immediately; Frozen1: specimen collected from patient 1 were stored at -80°C until 
processing for DNA extraction; Fresh2: specimen collected from patient 2 were delivered immediately to the labora-
tory in an ice bag and were processed and performed DNA extractions immediately; Frozen2: specimen collected 
from patient 2 were stored at -80°C until processing for DNA extraction. 
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the principal bacterial community structure 
between fresh BALF samples and frozen BALF 
samples (Patient 1: P=0.760, Patient 2: 
P=0.310, for the constituent ratio of Phyla of 
bacteria; Patient 1: P=0.777, Patient 2: 
P=0.435, for the constituent ratio of Classes of 

Proteobacteria; Table 3; Figures S1, S2, S3, S4, 
S5, S6, S7 and S8).

Discussion

In this study, we compared the metagenomic 
sequence characteristics, the taxon abun-
dance, and bacterial community structure of 
fresh BALF samples with frozen BALF samples. 

Through preliminary analysis of sequence char-
acteristics, we found that the ratio of human 
genome in clean reads of each DNA sample 
from frozen BALF samples was markedly lower 
than those from fresh BALF samples. It indicat-
ed that a microbial DNA extraction from frozen 
BALF samples generated a higher production of 
microbial DNA. 

With regard to cryoprotective conditions, ani-
mal cells, bacteria, bacteriophage, and spores 
(fungi) minimum share the similar cryoprotec-
tive agent Glycerol (10%). In this study, we 
chose Glycerol (10%) as cryoprotective agent, 
which is suitable to animal cells and microbial 
cells for cryopreservation. The minimum stor-
age temperature is -60°C for bacteria, bacterio-
phage, and spores (fungi). Most of bacteria and 
spore-forming fungi may tolerate storage tem-

Figure 2. The top 50 most abundant phyla of each sample. A. The top 50 most abundant phyla of fresh BALF sample 
from patient 1. B. The top 50 most abundant phyla of frozen BALF sample from patient 1. C. The top 50 most abun-
dant phyla of fresh BALF sample from patient 2. D. The top 50 most abundant phyla of frozen BALF sample from 
patient 2. The plots show the phylum abundances ordered from the most abundant to least abundant. Only the top 
50 most abundant are shown. The y-axis plots the abundances of annotations in each phylum on a log scale. The 
rank abundance curve is a tool for visually representing taxonomic richness and evenness. 

Table 2. Comparison of the top 50 most 
abundant classified phyla of fresh BALF 
samples with frozen BALF samples

Samples Phylum Taxon  
abundance*

Patient 1 Fresh1 Placozoa 25
Frozen1 - -

Patient 2 Fresh2 Mollusca 12
Frozen2 Bacillariophyta 28

Notes: This table shows the classified phyla only existed 
in the top 50 most abundant phyla of fresh BALF sample 
or frozen BALF sample from the same individual. Fresh1, 
specimen collected from patient 1 were delivered 
immediately to the laboratory in an ice bag and were 
processed and performed DNA extractions immediately. 
Frozen1, specimen collected from patient 1 were stored 
at -80°C until processing for DNA extraction. Fresh2, 
specimen collected from patient 2 were delivered 
immediately to the laboratory in an ice bag and were 
processed and performed DNA extractions immediately. 
Frozen2, specimen collected from patient 2 were stored 
at -80°C until processing for DNA extraction. *abundance 
of the specific phylum.
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perature of -60°C to -80°C and can survive for 
a short period (shorter than 1 year). Most virus-
es can be frozed as cell-free preparations with-
out difficulty and do not require controlled cool-
ing [11]. However, more fastidious cells, such 
as mammalian tissue, must be maintained 
below -130°C. In present study, the storage 
temperature for BALF samples was -80°C as 
described in most of studies [12-17]. As we 
know, mammalian cells cannot survive under 
this storage temperature longer than 24 hours. 
Compared to microbial cells, animal cells are 
more fastidious, such as to pH, medium, cool-
ing rate, and procedure of reconstitution (thaw-
ing). We performed the cryopreservation 
according to cryoprotective protocol of micro-
bial cells, which could cause the death of most 
of human cells during cryopreservation or 
reconstitution.

In order to observe whether cryopreservation 
could impact on the bacterial community struc-
ture, we compared the taxon abundance and 
bacterial community structure of fresh BALF 
samples with frozen BALF samples. We found 
that number of hits from frozen samples upon 
the same database was higher than that from 
fresh samples for each individual. By compar-
ing the top 50 most abundant phyla of fresh 
BALF samples with frozen BALF samples, there 
was tiny difference on the top 50 most abun-
dant classified phyla between fresh BALF sam-
ple and frozen BALF sample from the same indi-
vidual. The result suggested that these differ-
ent classified phyla were all low abundance 

phyla of Eukaryota. As noted in MG-RAST 
Manual for version 3.6, “The system supports 
the analysis of the prokaryotic content of sam-
ples, analysis of viruses and eukaryotic 
sequences is not currently supported” [5]. 
Therefore, this difference is invalid. The differ-
ence on number of hits between fresh BALF 
sample and frozen BALF sample can only 
impact on the order of different phyla. However, 
they share the most principal bacterial phylum 
(Proteobacteria). We further compared the bac-
terial community structure of fresh BALF sam-
ples with frozen BALF samples. We found that 
there was no significant difference on the prin-
cipal bacterial community structure between 
fresh BALF samples and frozen BALF samples. 
These findings indicated that cryopreservation 
could not affect the bacterial community 
structure.

Cryopreservation of BALF samples enables a 
higher yield of microbial DNA from samples 
with a higher fraction of host cells obtained, 
without affecting the bacterial community 
structure, thereby reducing the cost of sequenc-
ing and increasing the accuracy of the analysis 
of the sequencing data. 

Conclusion

Cryopreservation of BALF samples enables a 
higher production of microbial DNA from sam-
ples with a higher fraction of host cells to be 
obtained, whereas shows no impact on the 
principal bacterial community structure.

Table 3. Comparison of the principal bacterial community structure of fresh BALF samples with frozen 
BALF samples
                                                                                                        Samples
Projects

Patient 1 Patient 2
Fresh1 Frozen1 Fresh2 Frozen2

Ratio of Phylumin bacteria (%) Proteobacteria 97% 95% 93% 97%
Actinobacteria 2% 3% 2% 2%
Others 1% 2% 5% 1%
P value 0.760 0.310

Ratio of Class in Proteobacteria (%) Betaproteobacteria 66% 69% 73% 69%
Alphaproteobacteria 32% 28% 24% 30%
Gammaproteobacteria and others 2% 3% 3% 1%
P value 0.777 0.435

Notes: Fresh1, specimen collected from patient 1 were delivered immediately to the laboratory in an ice bag and were pro-
cessed and performed DNA extractions immediately. Frozen1, specimen collected from patient 1 were stored at -80°C until 
processing for DNA extraction. Fresh2, specimen collected from patient 2 were delivered immediately to the laboratory in an 
ice bag and were processed and performed DNA extractions immediately. Frozen2, specimen collected from patient 2 were 
stored at -80°C until processing for DNA extraction.
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Table S1. Fresh1 hit source
Database Numbers of hits
GenBank 458247
IMG 406874
KEGG 461651
PATRIC 389448
RefSeq 508631
SEED 349287
SwissProt 59877
TrEMBL 441061
eggNOG 344430
COG 245982
KO 129926
NOG 13816
Subsystems 417859
Greengenes 1283
LSU 10598
RDP 1326
SSU 4294

Table S2. Frozen1 hit source
Database Numbers of hits
GenBank 671104
IMG 599300
KEGG 615925
PATRIC 597492
RefSeq 683154
SEED 517319
SwissProt 82331
TrEMBL 645753
eggNOG 482367
COG 375652
KO 202275
NOG 21529
Subsystems 649899
Greengenes 845
LSU 4060
RDP 939
SSU 2186

Table S3. Fresh2 hit source
Database Numbers of hits
GenBank 344549
IMG 292018
KEGG 351203
PATRIC 285707
RefSeq 386175
SEED 245563
SwissProt 39392
TrEMBL 329319
eggNOG 248183
COG 175531
KO 94473
NOG 10322
Subsystems 300658
Greengenes 499
LSU 6005
RDP 513
SSU 1991

Table S4. Frozen2 hit source
Database Numbers of hits
GenBank 980594
IMG 940179
KEGG 930669
PATRIC 936618
RefSeq 1016244
SEED 811453
SwissProt 125213
TrEMBL 964839
eggNOG 719296
COG 577935
KO 324531
NOG 29304
Subsystems 1038605
Greengenes 1357
LSU 25355
RDP 1464
SSU 4962
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Table S5. The top 50 most abundant phyla of fresh1
Phylum Abundance
Proteobacteria 787849
Chordata 26347
Actinobacteria 25597
Streptophyta 20660
Apicomplexa 13706
Firmicutes 10198
Basidiomycota 8844
Bacteroidetes 3591
Cyanobacteria 2144
Ascomycota 1774
Tenericutes 1622
Arthropoda 1427
Unclassified (derived from Bacteria) 895
Spirochaetes 708
Acidobacteria 637
Chloroflexi 600
Planctomycetes 568
Deinococcus-Thermus 523
Verrucomicrobia 486
Unclassified (derived from other sequences) 475
Unclassified (derived from Viruses) 390
Euryarchaeota 363
Chlorobi 354
Fusobacteria 262
Nematoda 193
Chlorophyta 187
Unclassified (derived from Eukaryota) 187
Gemmatimonadetes 155
Fibrobacteres 124
Synergistetes 113
Unclassified (derived from unclassified sequences) 108
Crenarchaeota 94
Cnidaria 82
Nitrospirae 81
Thermotogae 64
Chrysiogenetes 49
Hemichordata 46
Aquificae 44
Chlamydiae 39
Thaumarchaeota 30
Deferribacteres 28
Placozoa 25
Platyhelminthes 25
Echinodermata 23
Lentisphaerae 16
Poribacteria 15
Bacillariophyta 10
Dictyoglomi 10
Elusimicrobia 8
Microsporidia 8
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Table S6. The top 50 most abundant phyla of frozen1
Phylum Abundance
Proteobacteria 1171655
Actinobacteria 61814
Chordata 25765
Firmicutes 23281
Apicomplexa 10882
Bacteroidetes 7012
Basidiomycota 6871
Streptophyta 4356
Cyanobacteria 3281
Ascomycota 2625
Tenericutes 1767
Arthropoda 1460
Planctomycetes 1364
Unclassified (derived from Bacteria) 1328
Acidobacteria 1303
Chloroflexi 1260
Deinococcus-Thermus 1157
Verrucomicrobia 789
Fusobacteria 787
Fibrobacteres 686
Unclassified (derived from Viruses) 651
Euryarchaeota 580
Chlorobi 507
Gemmatimonadetes 434
Spirochaetes 343
Unclassified (derived from other sequences) 203
Nematoda 182
Unclassified (derived from Eukaryota) 173
Nitrospirae 152
Synergistetes 152
Thermotogae 117
Chlorophyta 108
Crenarchaeota 106
Unclassified (derived from unclassified sequences) 100
Thaumarchaeota 88
Aquificae 80
Cnidaria 79
Chlamydiae 75
Deferribacteres 50
Chrysiogenetes 49
Hemichordata 43
Poribacteria 35
Echinodermata 26
Lentisphaerae 26
Dictyoglomi 17
Microsporidia 15
Bacillariophyta 14
Unclassified (derived from Archaea) 14
Platyhelminthes 12
Elusimicrobia 7
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Table S7. The top 50 most abundant phyla of fresh2
Phylum Abundance
Proteobacteria 559654
Chordata 125297
Actinobacteria 18924
Apicomplexa 14461
Firmicutes 9432
Basidiomycota 9253
Bacteroidetes 3325
Streptophyta 2451
Tenericutes 1724
Arthropoda 1441
Cyanobacteria 1364
Ascomycota 1055
Unclassified (derived from Bacteria) 686
Acidobacteria 503
Chloroflexi 389
Planctomycetes 389
Unclassified (derived from Viruses) 349
Fusobacteria 341
Deinococcus-Thermus 288
Chlorobi 284
Verrucomicrobia 278
Euryarchaeota 229
Unclassified (derived from other sequences) 225
Fibrobacteres 182
Nematoda 181
Unclassified (derived from Eukaryota) 139
Chlorophyta 127
Gemmatimonadetes 90
Spirochaetes 73
Nitrospirae 56
Crenarchaeota 44
Unclassified (derived from unclassified sequences) 43
Thermotogae 40
Synergistetes 39
Deferribacteres 30
Cnidaria 25
Thaumarchaeota 25
Chrysiogenetes 24
Hemichordata 23
Platyhelminthes 23
Chlamydiae 21
Aquificae 20
Echinodermata 18
Mollusca 12
Lentisphaerae 10
Annelida 8
Dictyoglomi 8
Microsporidia 7
Poribacteria 7
Phaeophyceae 6
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Table S8. The top 50 most abundant phyla of frozen2
Phylum Abundance
Proteobacteria 1888177
Chordata 81677
Actinobacteria 72001
Firmicutes 6593
Basidiomycota 4853
Apicomplexa 3403
Unclassified (derived from Viruses) 2873
Streptophyta 2713
Bacteroidetes 2503
Cyanobacteria 2247
Ascomycota 1536
Acidobacteria 1419
Deinococcus-Thermus 1411
Chloroflexi 1219
Unclassified (derived from Bacteria) 869
Tenericutes 832
Verrucomicrobia 790
Planctomycetes 780
Arthropoda 668
Chlorobi 560
Unclassified (derived from other sequences) 518
Euryarchaeota 496
Gemmatimonadetes 227
Fusobacteria 199
Spirochaetes 187
Nematoda 183
Nitrospirae 179
Synergistetes 172
Chlorophyta 151
Cnidaria 131
Unclassified (derived from unclassified sequences) 130
Unclassified (derived from Eukaryota) 129
Crenarchaeota 126
Thermotogae 106
Deferribacteres 87
Aquificae 76
Chlamydiae 65
Hemichordata 61
Chrysiogenetes 44
Echinodermata 32
Bacillariophyta 28
Dictyoglomi 24
Annelida 23
Poribacteria 23
Platyhelminthes 21
Lentisphaerae 16
Thaumarchaeota 16
Microsporidia 15
Phaeophyceae 10
Fibrobacteres 8
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Figure S1. Ratio of Phylumin bacteria (%) of fresh sample from patient 1.

Figure S2. Ratio of Class in Proteobacteria (%) of fresh sample from patient 1.
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Figure S3. Ratio of Phylumin bacteria (%) of frozen sample from patient 1.

Figure S4. Ratio of Class in Proteobacteria (%) of frozen sample from patient 1.
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Figure S5. Ratio of Phylumin bacteria (%) of fresh sample from patient 2.

Figure S6. Ratio of Class in Proteobacteria (%) of fresh sample from patient 2.
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Figure S7. Ratio of Phylumin bacteria (%) of frozen sample from patient 2.

Figure S8. Ratio of Class in Proteobacteria (%) of frozen sample from patient 2.


