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ABSTRACT. With the rapid development of microorganism biodiversity estimation and community
profiling via DNA metabarcoding, there is a growing need to identify key stages affecting the results
of experiment. In order to ensure high-quality reproducible results, all potential sources of bias should
be explored. While bioinformatic pipelines can be often corrected and optimized to recalculate results,
the initial steps of sample collection procedure, potentially influencing the downstream results of bac-
terial community profiling, are much harder to correct easily, without repeating the whole experiment.
We examined the differences of the amplicon bacterial community profiles generated from aquatic
microbial communities captured by polycarbonate (PC) and cellulose acetate (CA) filters. The microbial
community profiles were shown to be significantly different by biodiversity. When using a PC-filters,
alpha- and beta-diversity of communities were significantly higher. Differential abundance analysis
showed enrichment of major cyanobacterial OTUs in CA-treated communities. Based on these results,
the use of PC-filters is the most optimal for bacterial community profiling by metabarcoding of the 16S
rRNA gene fragments.
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1. Introduction of growth media with subsequent characterization of

colonies and bacterial microscopic morphology which
was very labor-intensive and low-resolution due to lim-
ited number of well-defined distinguishable traits at a
microscopic scale. The shortcomings of such approach
quickly became apparent when the number of bacteria
counted directly from samples and cultivated on plates
differed by several orders of magnitude (Razumov,
1931). A more advanced technique suggested classi-

Profiling of the microbial community composi-
tion is one of the basic goals of many biological studies
including biomedicine, biotechnology, environmental
research, etc. Composition of the community can tell
a great deal about its stability, symbiotic relationships
and diversity of the available metabolic pathways. Such
data can be used in a variety of ways, e.g for tracking

seasonal fluctuation in biodiversity, identifying the fac-
tors affecting community composition. Comprehensive
biodiversity surveys not only facilitate the discovery of
seasonal fluctuations on the community composition,
but also help to measure the ecological effects of spe-
cific environmental factors which is particularly rele-
vant for estimating the anthropogenic impact to natural
communities.

While observing the macroorganism commu-
nity is pretty straightforward (except for cases of cryp-
tic diversity), the microbial diversity is much more
difficult to measure. The traditional approach to this
issue included cultivating microorganisms on a variety
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fying universally-present household gene fragments
cloned from environmental samples based on genetic
distances and phylogenetics. This technique, revealed
that at least half of the bacterial phyla have no cultur-
able members (Rappé and Giovannoni, 2003). Currently
the proportion of known unculturable phyla raised to
% and the estimates of the proportion of unculturable
taxa of bacterial diversity go as high as 99% (Hugon et
al., 2017).

The technique of metabarcoding combines the
advantages of using high-throughput sequencing (HTS)
technologies and commonly established genetic mark-
ers for main domains of life: 16S rRNA gene for bac-
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teria and archaea, 18S rRNA gene for eukaryotes in
general and mitochondrial 12S rRNA and cox1 genes
for Metazoa. While metabarcoding is less capable of
detecting genetic diversity within the sample on the
whole-genome scale compared to the full-scale shotgun
metagenomic studies, it has lower per-sample cost and
sufficient resolution for a majority of studies aimed to
initial characterization of the communities and their
comparison between each other.

While molecular techniques reached the plateau
of their abilities and software side of metabarcoding
protocols can be adjusted even after the original study
was finished, improper sample collection protocols can
hinder the downstream analysis without any way to
correct the obtained data. At the very beginning of the
metabarcoding protocol of the aquatic communities, the
bacterial and/or microeukaryotic cells are often filtered
to collect the biomass. There are several types of filters,
which are made of different materials: polyethersulfone
(PES), polyvinylidene fluoride (PVDF), nylon, cellulose
nitrate (CN), mixed cellulose ester (MCE), cellulose
acetate (CA), polycarbonate (PC), etc (Moldovan et al.,
2020). While the effect of the pore size on the observed
biodiversity is intuitive (the smaller the pore - the
more diversity is captured) the effect of filter material
may be less obvious (Eichmiller et al., 2015; Li et al.,
2018). As the number of eDNA (environmental DNA)
collection strategies increases, the type of filter mem-
branes used also changes: fiberglass, cellulose paper
and other synthetic thermoplastic membranes are often
used for eDNA collection (Takahashi et al., 2023).
However, there is not enough work on the effect of fil-
ters when collecting material for subsequent analysis of
the bacterial community by metabarcoding (Moldovan
et al.,, 2020). It has been shown that real pore sizes
can vary significantly around the average nominal pore
size stated by the manufacturer (Turner et al., 2014).
Moreover, the values of these deviations are unpre-
dictable even for derivatives of the same material. As a
result, smaller organisms may bypass filter while being
larger than the nominal pore size. In addition, the sur-
face characteristics of filters may also play a role: some
filter types are intended to serve as a barrier adsorbing
all microorganisms on their surface, while others are
prone to capturing smaller organisms within their vol-
ume (Djurhuus et al., 2017). This, in turn, may affect
the ratios of DNA fragments from different organisms
because of the difference of the biomass washing-out
process from distinct filter types.

In our work, we tested filters made from poly-
carbonate (PC) and cellulose acetate (CA) to collect
the bacterial biomass from freshwater communities in
order to identify the effect of the filtering step on the
efficiency of total DNA extraction and the downstream
results of the bacterial community profiling by 16S
rRNA metabarcoding.

2. Materials and methods
2.1. Sample collection and DNA extraction

Water samples were collected on the 3rd of
September 2017 at the central station of the transect

889

ter; B) CA filter after filtration of water sample; C) PC filter;
D) PC filter after filtration of water sample. Scale bar: 5 pm
—-A, G 2pum-B; 4 um -D.

Listvyanka-Tankhoi (Lake Baikal, Russia) from the pho-
tic zone at the depths 0, 5, 10, 15, 20 and 25 m using
a Niskin bottle and combined into single integral sam-
ple. Twenty liters of the integral sample were filtered
through PC filter (Whatman, USA) with 0.2 um pore
size (Fig. 1C) and CA filter (Vladisart, Russia) with 0.2
pm pore size (Fig. 1A) in two repetitions. Each filter
with the biomass was transferred into sterile bottle,
stretched with the forceps and the biomass was washed
out of the filter with 10 ml of TE buffer (1ImM EDTA
and 10 mM Tris-HCI; pH 7.5) using automatic pipette.
The washed-out sample was frozen and stored at -80 °C
until further analysis. Total DNA was extracted from
samples with lysozyme (1 mg-mL-1), proteinase K (310
pg'mL-1), 10% SDS and phenol:chloroform:isoamyl
alcohol mixture (25:24:1) (Bukin et al., 2023).

2.2. Scanning electron microscopy

For scanning electron microscopy (SEM), 20 mL
from 200 mL of the samples was precipitated by filtra-
tion onto a filter with a diameter of 13 mm and pore
diameter of 0.2 pm on PC and CA filters. Then, 20 mL
of 70% ethanol was passed through the filter. The filter
with the studied material and clean filter dried at room
temperature was attached to the SEM stub with double
tape, coated with gold in an SDC 004 vacuum evap-
orator (SD 004 Balzers, Liechtenstein) and examined
using a QUANTA 200 SEM (FEI Company; Hillsboro,
OR, USA).

2.3. DNA library preparation and
sequencing

Preparation of the amplicon libraries was per-
formed as described in “Illumina 16S Metagenomic
Library Preparation Guide #15044223 Rev. B”. The V3-
V4 region of the 16S rRNA gene was amplified using uni-
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versal primers U341F (5-CCTACGGGRSGCAGCAG-3")
and U785R (5-GGACTACCVGGGTATCTAAKCC-3)
(Baker et al.,, 2003). Libraries were analyzed using
[llumina MiSeq (San Diego, USA) in Evrogen company
(Moscow, Russia) with Reagent Kit v2 to obtain 250 bp
paired-end reads. Two amplicon libraries were gener-
ated for each filter type.

2.4. OTU detection and diversity analysis

Read pairs merging and quality filtering was con-
ducted using Usearch v11.0.667 (Edgar, 2010), with
maximum expected error of 1 bp per read and min-
imum length of 350 bps. Sequence dereplication was
conducted in Vsearch v2.16.0 (Rognes et al., 2016)
with minimum abundance of 2. Sequence pre-cluster-
ing with 97% identity threshold and subsequent de
novo and reference-based chimera filtering was con-
ducted in Vsearch. Chimera-free sequences were then
preclustered in Vsearch with the same 97% identity
threshold. Taxonomic classification of the resulting
OTUs was conducted in Mothur v.1.48.0 (Schloss et al.,
2009) with Silva v.138.1 database using Wang method
and the cutoff value of 80. Unindentified OTUs were
omitted from the analysis.

Alpha-diversity metrics and Bray-Curtis dissim-
ilarity were calculated using the diversity function of
the vegan 2.6.4 package (Oksanen et al., 2022). The
Weighted Unifrac distance was calculated in phyloseq
1.40.0 package (McMurdie and Holmes, 2013) using
IQ-TREE 2.2.0 (Minh et al., 2020) consensus phylog-
eny generated with GTR+G+I substitution model
and 1000 ultrafast bootstrap replicates (Hoang et al.,
2018). Differential abundance analysis was conducted
in DESeq2 1.36.0 package (Love et al., 2014) with local
fit type.

3. Results and discussion

We performed a qualitative assessment of PC and
CA filters by the SEM method (Fig. 1). This allowed
us to identify the structure and morphology of pores
depending on type of the filter material. Bacterial cells
are located separately or as conglomerates on the sur-
face of the PC filter (Fig. 1D). When using CA filters,
bacterial cells were located both on the filter surface
and inside the filter pores (Fig. 1B). We assume this fea-
ture of the CA filters contributed to the fact the biomass
was not completely washed off the filter surface, and
some cell remained inside the filter material. This may
alter the community profiles collected with CA filters.

As a result of sequencing, the total number of
raw reads for 16S rRNA was 313 500, of which 289 100
(92.22%) were merged and aligned. Out of remaining
reads, 16% were discarded due to >1 expected errors.
Read pre-clustering was performed with 3% identity
threshold which resulted in 590 clusters, out of which
49.3% were de novo identified as chimeras and 50.7%
as non-chimeras. This seemingly high proportion of
chimeric reads is, in fact, common for different pipe-
lines (e.g. Fonseca et al., 2012, Salonen et al., 2021).
Subsequent reference-based filtering discarded 5.4% of
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the resulting clusters as chimeras. Reclustering of these
filtered sequences with the same threshold and omit-
ting unidentifiable OTUs resulted of 277 OTUs for the
analysis. The final sequencing depth was in range from
40 000 to 52 000 reads per sample, that is sufficient for
downstream analyses of community profiles (Fig. 2).

A very noticeable difference of samples was
observed by alpha-diversity metrics. PC filter allowed
for capturing 1.425 times more OTUs than CA filter
(Fig. 2, Table 1). The samples’ Shannon’s and Simpson’s
diversity indices differed 1.512-fold (p 0.02) and
1.169-fold (p = 0.03) accordingly between the filter
materials. Considering the commonly used 97% iden-
tity threshold, such differences may influence the
downstream interpretation of seasonal dynamics, tro-
phic networks or metabolic pathways of the communi-
ties. Interestingly, membranes of mixed cellulose ether,
cellulose acetate and cellulose nitrate were previously
reported to be the best filter types for bacterial com-
munities of karst sources (Moldovan et al., 2020). As
expected from alpha-diversity metrics, beta-diversity
was also different between PC and CA profiles (Table
2), while the profiles of the same filter type were very
close each other.

Analysis of differential abundance of OTU profiles
(Fig. 3, Table 3) revealed, that both major and minor
OTUs can be specifically abundant on the filters made
of different materials. Most noticeably, PC-treated pro-
files had a greater fraction of minor OTUs than CA ones.
At the same time, PC-treated profiles had a greater pro-
portion of chloroplast-specific sequences, uncultured
Methylacidiphilaceae, unclassified Sporichthyaceae
and CL500-29 marine group while having a lower pro-
portion of Cyanobium gracile PCC-6307 and unclassified
Cyanobiaceae OTUs. Enrichment of different bacte-
rial OTUs may be explained by bacteria being trapped
in the CA filter or even passing through its pores. An
alternative explanation might be a release of chem-
ical compounds by the CA filter, affecting the PCR.
Hypothetically, such compounds may influence the

=-pPC-1
PC-2

~CA-1
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Reads

Fig.2. Rarefaction curves for analyzed bacterial commu-
nity profiles.

Table 1. Alpha-diversity of bacterial communities

PC-1 | PC-2 | CA-1 | CA-2

Species richness (OTUs) 240 | 236 | 174 | 160
Shannon’s index 229 22 [ 156 | 1.41
Simpson’s index 0.77 | 0.75 | 0.66 | 0.64
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PCR at the primer annealing stage causing primer bind-
ing only to the most conservative motifs thus increasing
the specificity of the PCR which can result in preferen-
tial amplification of certain taxa (Chua et al., 2015).

Analysis of differential abundance by DESeq2
revealed 15 OTUs that differed significantly between
PC- and CA-treated community profiles (p < 0.05,
abs(log,FC) > 1.5) (Table 3). These OTUs belonged
to Cyanobium gracile PCC-6307, CL500-29 marine
group, Sphingomonas, Methylacidiphilaceae, SAR11
Clade III, Williamsia, Sporichthyaceae hgcl clade and
Nocardioides. Relative abundance of 12 out of these 15
OTUs was above 0.1%. The composition of the identi-
fied bacterial community is consistent with previously
obtained data for Lake Baikal during this time period
(Mikhailov et al., 2022).

4. Conclusions

In this study we tested two filter types to collect
biomass from freshwater samples. We believe that such
testing is necessary for better control of potential biases
and batch effects when designing the complex metabar-
coding experiments and comparing data from different
metabarcoding studies. When choosing an appropri-
ate membrane filter type, it is necessary to account
for the filter’s ability to collect microorganisms. It is
evident that PC-treated amplicon profiles have higher
alpha- and beta-diversity than those of CA-treated ones.
Possible explanations of this effect may be: i) the struc-
ture of the CA-filter, as the three-dimensional maze-
like CA-membrane pores able to irreversibly capture
some part of the biomass inside the filter or even on
the membrane surface; ii) the release of chemical com-
pounds that can potentially affect the specificity of the
polymerase chain reaction.

The bias introduced by the filter material indi-
cates that results obtained on different filters must not
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Table 2. Beta-diversity of bacterial communities: Bray-
Curtis dissimilarity (above diagonal) and weighted unifrac
(below diagonal) distances

PC-1 PC-2 CA-1 CA-2
PC-1 0.074 0.237 0.173
PC-2 0.009 0.202 0.173
CA-1 0.058 0.054 0.129
CA-2 0.065 0.061 0.008

be compared, except with the express purpose to esti-
mate their difference in filtration efficiency. Filter man-
ufacturer, type and preferably, batch should be selected
for studies considering the comparison of the commu-
nity structure and composition. Chemical inertness of
the filter material should also be considered to avoid
the release of compounds affecting DNA extraction
and amplification. According to our results, PC filters
turned out to be superior compared to CA filters for
profiling the freshwater bacterial communities.
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Table 3. Differential abundance of OTUs by filter material

ID Taxon Pug log,-fold change CA’ PC’
OTU161 Cyanobiaceae unclassified 5.18e-13 -1.79 5262.58 1518
OTU1 Cyanobium PCC-6307 6.85e-11 -1.67 27504.73 8613.97
OTU25 Methylacidiphilaceae uncultured 1.83e-09 1.85 188.74 684
OTU130 Cyanobiaceae unclassified 6.78e-09 -1.79 1229.24 355.35
OTU9 Sporichthyaceae unclassified 4.60e-06 1.81 209.26 739.81
OTU10 CL500-29 marine group 3.33e-05 1.73 233.16 780.59
OTU2 Cyanobium PCC-6307 9.74e-05 -1.38 30819.91 11809.67
OTUS8 CL500-29 marine group 9.74e-05 1.59 203.45 610.51
OTU19 Sporichthyaceae unclassified 4.44e-03 2.35 16.58 86.64
0OTU20 Sporichthyaceae unclassified 5.83e-03 2.4 14.05 75.02
OTU14 Clade III 1.17e-02 1.86 30.81 110.69
OTUS80 Nocardioides 1.71e-02 5.64 0 14.02
OTU13 Methylacidiphilaceae uncultured 2.68e-02 1.54 51.42 149.39
OTU114 Sphingomonadaceae unclassified 2.73e-02 2.6 8.35 47.39
0TU149 Actinobacteria unclassified 4.86e-02 -2.58 25.04 4.25

Note: * Mean count of taxon abundance in the corresponding group (CA or PC)
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AHHOTAIIUS. B cBA3u c OBICTPHIM pa3BUTHEM METOAOB OLIEHKU OMopa3HO0Opa3us MUKPOOPraHMU3-
MOB M MPOoQUIMPOBAHUA COODIIeCTB ¢ MoMOIIbi0 MeTabapkoaupoBanusa JJHK pacteT moTpebGHOCTH B
BBIABJICHUM KJIIOUEBBIX 3TAIOB, BJIMAIIINX Ha pe3yJbTaThl 3KCIepUMeHTOB. YTOOHl 0OecleunTh BHICO-
KOKauyeCTBEeHHbIE BOCIIPOM3BOAVMEIE Pe3yJIbTaThl, HEOOXOAUMO U3YyYWUTh BCEe IOTEHIHaJbHBEIE HCTOY-
HUKHU CcHUCTeMaTrhyeckol omubku. XoTsa 6monHGOopMaIloOHHble KOHBeHephl YaCTO MOXHO HCIPaBUTh U
ONTUMU3UPOBATh [JIA IlepecyeTa pe3yJibTaTOB, HayasIbHbIE STAIbl IpoLeAyphl cOopa 06pasioB, NOTeH-
[[MaJIbHO BJIMAIOIIME Ha MOocjeAyloliye pe3yJbTaThl Ipo(uINpoBaHusa 6akTepuajibHOIO COOOLIeCTBa,
ropasfio CJIOXHee MCIPaBUTh Oe3 IOBTOPEHHsA BCEro sKclieprMeHTa. MBI MccileoBal pas3jinyusd B
aMIUIMKOHHBIX Npoduiax 6akTeprasbHBIX COOOIECTB, IOJyYeHHBIX M3 BOAHBIX 00pasloB Ipu cOope
6roMaccsl ¢ ToMoIIbi0 GUIBTPOB M3 Pa3HOro MaTepuasa: nojukapbonara (PC) u alnerara I[eJIII0I03bI
(CA). INokazaHo, yTo NMpodPryIi MUKPOOHBIX COOOIIECTB CYyI[eCTBEHHO pa3JjIMYaloTcsA Mo 61opasHoobpa-
3uto. [Ipu ucnons3oBanuu PC-unbTpoB anbda- u 6eTa-pasHooOpasre coobiiecTB ObLIO 3HAYUTEIBHO
BhIe. JluddepeHnaabHbI aHaINU3 YMCIeHHOCTH II0Ka3asl oboraiieHre MHOIOYMCIeHHBIX MaHOoOakK-
TepuanbHbix OTU B npoduiisix cooOiecTs, MOJIyYeHHBIX ¢ moMobio CA. Ha ocHOBaHMU 3TUX pe3yJIbTa-
TOB HCIOJIb30BaHue PC-GuiabTpoOB sBJisieTcsl HauboJlee ONTUMAJIBbHBIM JIJIs1 MPO(PUIPOBaHNsA OaKTepu-
aJIbHBIX COO00IIecTB MyTeM MeTabapkoaupoBaHus pparmeHToB reHa 16S pPHK.
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1. Beepenne 6aHM1 cocTaBa COOOIIECTB, HO M MOMOTAalT OLIEHUTh

9KOJIOTMYECKOE BO3MEHCTBUE KOHKPETHBIX (PaKTOpOB
OKpY’Xalollel cpedpl, YTO OCOOEHHO aKTyaJIbHO MOJIA
OIIEHKM aHTPOIOTeHHOr0 BO3JIeMCTBUA Ha MPUPOAHBIE
coo0bI11ecTna.

[IpopunnpoBanre cocTaBa MHKPOOHBIX COO00-
IIEeCTB ABJIAETCA OQHOM M3 OCHOBHBIX I[eJIel MHOTHX
OMOJIOTMYECKUX MCCJIeJOBAHUI, B TAKUX 00JIACTAX KaK

6uoMeauIHA, OMOTEXHOJIOTUA, UCCJIeOBAHUA OKpPY-
xatoren cpefipl U T. A. CocTas coobijecTBa MOXeT MHO-
roe pacckasarthb O ero cTabMJIbHOCTH, CUMOUOTHUYECKUX
OTHOIIEHUSIX U pa3HOOOpa3uu AOCTYIHBIX MeTaboJiu-
yeckux nyTei. Takue gaHHble MOXHO WCIIOJIB30BAaTh
OJIA pa3jIUYHBbIX I[eJiel, Harpumep, OJsA OTCJIeXUBa-
HUA Ce30HHBIX KoJiebaHuil Guopa3zHO0Opa3us, BBIAB-
JeHus (PaKTOpOB, BAMAIIIMX HA COCTAB COOOIIECTBA.
BcectopoHHue wucciaegoBaHuA OuopaszHooOpas3us He
TOJIBKO CIIOCOOCTBYIOT BBISIBJIEHUIO CE30HHBIX KOJIe-
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XoTa HabmomaTh 3a cooOIlecTBOM Makpoopra-
HM3MOB JIOBOJIBHO IIPOCTO (3a HCKJIIOUEeHHEeM CJIydyaeB
CKpHITOI'O WJIM T.H. KPUNMu4eckoeo pa3HooOpasus),
MHKpOOHOe pa3HooOpa3sue OLleHUTh Iropa3fo TpyaHee.
TpaAuIMOHHBII MOAXOA K 3TOMY BONIPOCY BKJIIOYAJI
KyJIbTUBHPOBaHNE MUKPOOPraHW3MOB Ha pPa3jIM4HBIX
nuTaTesIbHBIX Cpeflax € Mocjeqylolell XapakTepucTu-
KON KOJIOHHMHM U OaKkTepuasibHOM MUMKPOCKOMHMYECKOM
mop¢osiornu. OAHAKO 3TOT MeToh ObUI TPYAOEMKUM
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U uMeJl HM3KOe paspelleHue U3-3a OrpaHHYeHHOIo
Yylcila 4YeTKO OIpeJieJIeHHBIX pas3jIMYMMBIX IIPU3HAKOB
B MHKpockonndeckoM Macmrabe. Hemocratku Takoro
noaxoAa ObICTPO CTaIU OYeBUHBI, KOTJa YMCI0 OaKTe-
puii, MOACUNTAaHHOE HellOCPeACTBEHHO U3 P00 U KyJIb-
TUBMPYEMBIX Ha Yallkax, pas3jidvyajioch Ha HECKOJIbKO
nopsakoB (PazymoB, 1931). DBosiee mpOOBUHYTHIN
MeToJ IpeArnoJaraeT kiaccudukanuio U rpyninupoBKy
(dparMeHTOB MOBCEMECTHO MPUCYTCTBYIOIMX I'eHOB
JIOMalllHero Xo3sAicTBa, KJIOHMPOBAaHHBIX U3 00pa3loB
OKpYy’Kalollleil cpeJibl, HA OCHOBE T'eHeTHYeCKUX PaccTo-
AHAA ¥ QUJIOTeHeTHKU. DTOT MeTOoJ MoKasasl, YTo IIO
KpaiiHeil Mepe [OJiA IMOJIOBUHBI OlpefesisieMbIX OakTe-
puanpHbIX ¢parMeHTOB 16S pPHK He uMmeetcsa KyJib-
TUBMPYEMBIX IIpe[iIcCTaBUTesIell paHra Toro xe guiyma
(Rappé and Giovannoni, 2003). B HacTosIee BpeMs
J10J15 M3BECTHBIX HEeKYyJIbTUBUPYeMbIX GUIIyMOB yBeJIu-
yeHa N0 ¥, a OLIeHKU JOJIM HeKyJIbTUBHUPYEMBIX TaK-
COHOB 0aKTepUaJibHOTO pa3Hoo6pa3us gocTurawT 99%
(Hugon et al., 2017).

Mertonuka MeTabapKOOVMpPOBaHUA couyeTaeT B
cebe IpeuMyllecTBa MCIOJb30BaHUA TEeXHOJIOTUN
BBICOKOIIPOM3BOAUTEJIBHOTO cekBeHHpoBaHua (HTS)
U OOILenpuHATHIX 'eHeTUYeCKUX MapKepoB OCHOBHBIX
nomeHoB xu3HU: reH 16S pPHK n1s 6akTepuii u apxei,
reH 18S pPHK n14 9ykapuoT B 1{eJIOM U F'eHbl MUTOXOH-
apuanbsHoi 12S pPHK u cox1 koHkpeTHO 11 Metazoa.
XoTs crnocoOHOCTh MeTabapKOANPOBaHNUA 0OHAPYKUTh
reHeTnyeckoe pasHooOpasue B oOpasle B Macmrabe
BCero reHoMa Huxe [0 CpaBHEHHUIO C MOJIHOMAacIITal-
HBIMH MeTareHOMHBIMU HCCJIEJOBAaHUAMH, OHO UMeeT
MEHBIIYI0 CTOMMOCTh Ha oOpasel] U JOCTaTOYHOe pas-
pelieHue AjiA OOJIBIIMHCTBA KCCJIE[OBaHUI, Hampas-
JIeHHBIX Ha IepBOHAYaJIbHYyl0 XapaKTepUCTHUKy CO00-
IIecTB U UX CpaBHeHUe JIpYyT C JPYTOM.

B To BpeMAa Kak MOJIEKyJIApDHBIE MeTOJb
JOCTUTJIA IJIATO CBOMX BO3MOJXKHOCTEH, a NporpamM-
HasA 4acTb NPOTOKOJIOB MeTabapKOAWPOBAaHUA MOXET
OBITb CKOpPPEKTHpOBaHa Aaxe IIOcjle 3aBeplleHUs Iep-
BOHAQYaJIbHOI'O HCCJIeJOBaHUs, HellpaBUJIbHBIE IIPOTO-
KoJibl cOopa 00pasioB MOIYT 3aTPyAHUThH IOCJIeAyo-
mui aHannu3 6e3 KaKoi-In00 BO3MOXHOCTH UCTIPaBUTh
noJiyuyeHHble AaHHble. Ha mepBhIX marax NpOTOKOJIA
MeTabapKOAUpOBaHUA IpU aHajlu3e BOJHBIX COOO-
mecTB OaKTepHUasbHble U/NIN MUKPO3yKapuoTHiecKre
KJIeTKH 4acTo (QuiIbTpPyoT u3 Ipob BoAwl s cbopa
6uomaccel. CyllecTByeT HECKOJIbKO THIIOB MaTepua-
JIOB, M3 KOTOPBIX H3TrOTaBJIMBAIOT (PUJIBTPHL: IOJIN3-
dupcynpdon (PES), nonusuHununendpropusg (PVDE),
HEWJIOH, HUTPAT LesUTios103bl (CN), cMmerniaHHble 3QUPHI
nesutiosiossl (MCE), anerar riesumiosiossl (CA), noaukap-
6onat (PC) u 1. 1. (Moldovan et al., 2020). Xota BiuA-
HUe pa3Mepa Iop Ha HabyrogaeMoe OvopasHooOpasue
WHTYUTUBHO MOHATHO (4eM MeHbllle IIOphl, TeM 0O0JIb-
niee pasHooOpasye MOXHO MOJIyYUTh B UTOTOBOM IIPO-
duse coobuiecTBa), BIUAHNE PUIBTPYIOLIET0 MaTepu-
asa MoxeT ObITh MeHee oueBuaubiM (Li et al., 2018;
Eichmiller et al., 2015). ITo Mepe yBeIU4YeHUsS KOJIU-
yecTBa crpareruii cbopa eDNA (environmental DNA)
TUN UCMOJIb3yeMbIX (QUIbTPYIOIUX MeMOpaH TakKxe
MeHsercs: Ay coopa eDNA 4YacTo MCIOIb3yIOTCA CTe-
KJIOBOJIOKHO, ILIeJIII0JI03HasA Oymara M Apyrue CHUHTe-

895

TUYECKHe TepMoIutacTuyHble MeMOpanbl (Takahashi et
al., 2023). Ognako paboT Mo BIUAHUIO GUIBTPOB MPU
cbope Marepuasa JJjid ocjeAylollero aHanu3a 6akre-
pHaJIbHBIX COOOIIecTB MeTOAOM MeTabapKoAUpOBaHUA
Hegmocraroudo (Moldovan et al.,, 2020). Panee moka-
3aHO, YTO peajibHble pa3Mephl IOp MOTYT 3HaUUTEeJIbHO
OTJIMYaThCA OT CpeJJHero HOMHUHAJIBHOIO pa3Mepa 1op,
ykazaHHoro mpowusBoguteseM (Turner et al.,, 2014).
[Tpruem 3HaUYeHNUA 3TUX OTKJIOHEHU! HelpeacKa3yeMbl
Jlaxe 1JiA IPOM3BOAHBIX OQHOTO U TOTO Xe MaTepuala.
B pesynbTare Oosiee MesIKie KJI€TKU MOT'YT IPOXOAUTh
yepe3 NOpH GuibTpa npu cbope GroMaccel, XoTA Gop-
MaJIbHO pa3Mep KJIETKU IIpeBhIIIaeT 3asABJIeHHBIN aua-
MeTp nop. Kpome Toro, 3HauuTesbHYI0 pPOJIb MOLYT
WrpaTh M XapaKTepUCTUKU I[OBEPXHOCTHU (PUIIbTPOB:
HEKOTOphle TUIbl (GUIBTPOB NpeJHa3HaYeHbl CIIyXUAThb
6apbepoM, aAcopOUPYIOIINM BCce MUKPOOPraHU3MBl Ha
cBOell MOBEPXHOCTH, TOrJa Kak Jpyrye CKJIOHHHI yJIaB-
JuBaTh Oojiee MeJKHUe OpraHu3MBl B CBOeM oObeMe
(Djurhuus et al., 2017). 3To, B CBOIO oYepeflb, MOXET
IIOBJIMATH Ha cooTHouleHue pparmeHtoB JJHK pasnHbx
OpPraHu3MOB 13-3a pa3INnyHON 3(pHeKTUBHOCTU CMBIBA-
HUA cobpaHHO 6roMacchl ¢ GUIBTPOB, CAeJIaHHBIX U3
pasHOro MaTepuasia.

B Hamreil pa6ote MBI IPOTECTUPOBAIN (UIIBTPHI
u3 nosukapbonarta (PC) u anerara nesutoo3sl (CA)
1A cbopa OakTepuasibHOM OroMacchl M3 NPeCHOBO-
JHBIX cOO0IIecTB, 4TOOB! ONpefesuTh BJIMAHME 3Tana
unpTpanuy Ha 3pPeKTUBHOCTDH BBHIACJIEHUA CyMMap-
Ho¥i [IHK u nocieayomue pe3ysbTaTsl IpodUINpoBa-
HUA OaKTepuasIbHOro cooOIiecTBa € MOMOINBI0 MeTa-
6apkoaupoBanus 16S pPHK.

2. MaTtepuanbl M MEeTOADI
2.1. C60op npo6 u Bbipenenne AHK

[Ipo6Gel BOABI OTOOpPaHBl TpeTbero CeHTH-
6psa 2017 roga Ha IeHTpaJIbHOM CTaHIUM pa3pesa
noc. JluctBsHka - noc. Tauxoi (o3. Barikas, Poccus)
nu3 ¢oTuueckoi 30HH Ha riyomnax 0, 5, 10, 15, 20 u
25 M c nomolbio 6aToMerpa Huckuua u o0beJUHEHB!
B OJIHy MHTerpajibHyl0 poOy. JlBaanaTh JUTPOB MHTe-
rpajbHOro o6pasua (puiIbTpoBaJyd B [ABYX IOBTOPHO-
cTaAx yepe3 GuabTpsl PC (Whatman, CIIIA) ¢ pazamepom
mop 0,2 mxm (Puc. 1B) u ¢punstpel CA (Brmagucapr,
Poccus) ¢ pasamepom nop 0,2 mkm (Puc. 1A). OunbTp
¢ buomaccoii noMmemianau Bo ¢iakoH ¢ 10 M cTepuib-
Horo TE-6ydepa (1 MM SATA u 10 MM Tpuc-HCl; pH
7,5), paclpasJiaid IpU MOMOIIM NUHIeTa, U CMBIBAIN
6romaccy ¢ IOBepXHOCTU (pUIIbTpa IpU IOMOIIYU aBTO-
MaTHh4yeckoro gosaropa. CMbIBE 3aMOpaXxXuBad U Xpa-
Hum npu -80°C 1o fanpHelimero aHaausa. CyMMapHyIo
JHK sxcrparupoBanu u3 odpasuos jausonumom (1 mr/
M), nmpoteuHaso K (310 mxr/mmn), 10% JACH u cwme-
cbi0 GeHOoT:XJI0poPOPM:U30aMUIIOBBIN cIUPT (25:24:1)
(Bukin et al., 2023).

2.2. CxaHMpylowan 3N\eKTPOHHaA
MHUKPOCKONUA

[ cKaHUPYIOIIEH 3JIEKTPOHHON MUKPOCKOIUN
(C3M) 20 M u3 200 mi obpasnoB ocaxaanu Guib-
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TpoBaHueM Ha ¢uiabrpax PC u CA guametrpom 13
MM U pasMmepoM mop 0,2 MkM. 3aTeM uyepe3 QUILTP
npomnyckana 20 mi 70% sta”Hosia. @UIBTP ¢ UCCIe-
AyeMbIM MaTepuaJioM M YUCTHIH (UIIbTP, BBICYILIEH-
HBII IpU KOMHATHOM TeMIleparype, NPUKPeIUIAIN K
3arjiymke COM OBOVHOMN JIEHTO!H, TOKPBIBAJIU 30JI0TOM
B BaKyyMHOI HanbUIMTeJIbHOM ycTtaHoBke SDC 004 (SD
004 Balzers, JIMXTEeHIITENH) U KCCIENOBAINA C IIOMO-
mpio COM QUANTA 200 (FEI Company; Xusic6opo,
Operos, CIIIA).

2.3. lMoaroroBKka U cCEKBEHUpOBaHUe
6ubnnorexk AHK

[TogroroBky 6uUOIMOTEK aMIJINKOHOB IPOBO-
JWIY, KaK OMHCaHO B «PyKOBOJACTBE MO MOATOTOBKE
MeTareHoMHoI1 6ubanoreku Illumina 16S Ne 15044223
Pen. B». O6sacts V3-V4 rena 16S pPHK ammiupunu-
poBajid ¢ MCHOJIb30BaHHEM YHUBepCabHBIX MNpariMme-
poB U341F (5-CCTACGGGRSGCAGCAG-3’) u U785R
(5-GGACTACCVGGGTATCTAAKCC-3’) (Baker et al.,
2003). bubnuoreku aHaAJU3UPOBAJM C TOMOIIBIO
cexkBeHaropa Illumina MiSeq (San Diego, USA) c Ha6o-
pOM peareHTOB V2 JJIs MOJTy4YeHUs MapHBIX KOHIIEBBIX
npouyteHuN AyuHON 250 H.0. B kommnaHuu EBporeH
(MockBa, Poccus) Beumm co3zmaHbl [Be OHMOJIHMOTEKU
aMIUIMKOHOB AJIA KaXJ0oro Tumna GuibsTpa.

2.4. O6napyxenue OTU u anHanus
pa3Hoobpa3un

CnusAHMe ap IPoYTeHUH U GUIIbTpanna JaHHBIX
[0 KayecTBY IPOBOAWIM C HcHojb3oBaHueM Usearch
v11.0.667 (Edgar, 2010) ¢ MakcHUMaJIbHOU OXUAAEMOM
omubOKoi 1 H.0. Ha MpoYTeHUe U MUHUMAJIbHON IJIN-
Hoil 350 H.o. JlepemsuKanuio MocjeoBaTeIbHOCTE
npoBoawsu B Vsearch v2.16.0 (Rognes et al., 2016) c
MHHHMAaJIbHOH 4mcJIeHHOCThlo 2. [IpenBapuTesibHyIO
KJIacTepyU3aldi0 IOocjaefoBaTeJbHOCTEl € IOpOroM
UAEHTUYHOCTU 97% U NOCJeayrIlyl (QUIbTpaLuio
xuMep de novo 1 Ha OCHOBe pedepeHCHHIX 0CJIeJoBa-
tesibHOCcTel 16S pPHK npoBoawmm B Vsearch. 3atem
Habop mocJyiefoBaTesIbHOCTEN Oe3 xuMep ObLI IpeiBa-
pUTeJIBHO KJIacTepu30BaH B Vsearch ¢ TeM xe rmoporom
UAEHTUYHOCTU 97%. TakCOHOMUYECKYI0 Kiaccuduka-
o nosydeHHsx OTU npoBoawm B mothur v.1.48.0
(Schloss et al., 2009) npu nomormy 6a3sl JaHHBIX Silva
v.138.1 ¢ ucnonb3oBaHueM Metoda BaHra u moporo-
Boro 3HaueHusa 80. HeumpgentuduuuposaHHbie OTU
OBLTI MCKJII0YEeHBI U3 aHaIu3a.

Mertpuku asnbda-pasHo0Opasusas U HECXOACTBO
Bpes-KepTtuca paccuMTBIBAIMCh C MCIOJIb30BaHUEM
dyHKUMM pazHoobpasus nakera Vegan 2.6.4 (Oksanen
et al., 2022). B3pemeHnHb nHaekc Unifrac paccuuTsi-
Bas B nakete phyloseq 1.40.0 (McMurdie and Holmes,
2013) c ucnosb30BaHNEM KOHCEHCYCHOH (uiioreHuun
IQ-TREE 2.2.0 (Minh et al., 2020), co3maHHOI ¢ ITOMO-
me0 Mogaenu 3amemteHua GTR+G+1 u 1000 cBepx-
onIcTpBIX OyTcTpen-pertunanuil (Hoang et al., 2018).
JAuddepeHnuanpHblil aHaIN3 YNCJIEHHOCTU TMIPOBO-
g B makere DESeq2 1.36.0 (Love et al.,, 2014),
HCIIOJIb3Ys JIOKAJIBHEBIN THI IOATOHKHU.

Fe o % 2o " - 5 7 A
Puc.1. Ckanupymomas 3JIEKTPOHHas MHKPOCKONUSA
¢unpTpoB. A) CA-pusbTp; B) CA-duibTp nocse GuibTpanun
po6s Bogwl; C) PC-duinbtp; D) PC-pusnbsTp nocie ¢uibrpa-
nuu npoOs! Boabl. MacmtabHas jmHerka: 5 Mkm — A, C; 2
MKM — B; 4 mxMm — D.

250 "":_:"'"PC-].

“PC-2
200
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Puc.2. Kpusble paspexeHus I aHAJIM3HUPYEMBIX MpO-
(duteit 6aKTepUaIbHBIX COOOIIECTB.

Ta6suna 1. Anpda-pasHoobpasre 6aKkTepHraIbHBIX
cooO0IIecTB

PC-1 | PC-2 | CA-1 | CA-2
Species richness (OTUs) 240 | 236 | 174 | 160
Shannon’s index 229 | 2.2 | 1.56 | 1.41
Simpson’s index 0.77 |1 0.75 | 0.66 | 0.64

3. Pe3yabTaTtbl M 06cy)xpeHue

KauectBennas onenka ¢uiabtpoB PC u CA mpo-
BegeHa metosioM COM (Puc. 1). 3To mO3BOJIMIIO Ompe-
JeuTh CTPYKTYypPy U MOpP(OJIOrHIo IIOp B 3aBUCUMOCTHU
oT Tuna GuiabTpylollero Marepuasua. bakrepuasbHble
KJIETKH paclojiaralTcsa OTAeJIbHO WJIU B BHJe KOH-
rjoMepatoB Ha nosepxHoctu PC-¢uibrpa (Puc. 1D).
[TIpu ucnonp3oBaHuu GuinbTpoB CA OGakTepuasibHbIE
KJIETKH pacliojiarajiiich Kak Ha IIOBepXHOCTH (PUIIbTpa,
Tak 1 BHyTpHu nop ¢uubrpa (Puc. 1B). Mu npennoia-
raem, 4To 3Ta 0oco6eHHOoCTh PpruabTpoB CA criocobCTBO-
Bajla TOMy, 4yTOo OnMoMacca He IOJIHOCTBIO CMBIBajlach
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C MMOBepXHOCTU (UibTpa, a 4acTh KJIETOK OCTaBajlach
BHyTpU GuibTpylollero Mareprasnia. OTO MOXeT U3Me-
HUTh Ipoduan coolllecTBa, cOOpaHHBIE C IOMOIIBIO
¢unsTpoB CA.

B pesysbraTe cekBeHHpOBaHHUA oOlee KoJiMye-
cTBO HeoOpaboTaHHbIX npouteHuii 16S pPHK cocra-
Buito 313 500, u3 Hux 289 100 (92.22%) O6bLIU 00b-
eluHeHBl U BBIPOBHeHB. W3 Hux 16% mnpouyTeHUi
OBLIM WCKJIIOYEHBl U3-3a OXpjaemMon ommbku > 1.
ITpeaBapuTebHYIO KjlacTepy3alilio IPOYTEHHH IPOBO-
JWJIY C IOPOroM UAEHTUYHOCTU 3%, B pe3yJibTaTe yero
610 mosydyeHo 590 kacTtepoB, u3 KOTOPBHIX 49.3%
naeHTuduIpoBansl de novo kak xumepsl U 50.7%
Kak He XuMephl. JTa, Kasajochb OBI, BBICOKAas [0JIA
XMMEepHBIX YTEeHUH Ha camMoM Jejie ABjAeTcA obuiei
JUIA pasHBIX KOHBellepos (Hampumep, Fonseca et al.,
2012; Salonen et al., 2021). ITocnenymwomasa GUIbTPa-
1M Ha ocHoBe pedepeHcHON 6a3bl JaHHBIX 16S pPHK
1o3BoJinjIa OTOPOCUTh 5.4% IOJIyYyeHHBIX KJIacTepOB
Kak xumepdl. [Ipyu NOBTOpPHOH KJlacTepusali 3THUX
OTOUIBTPOBAHHBIX IOCJIEJOBATEJIbHOCTENl C TeM JXKe
IIOPOroM U HCKJIIoUeHHU HenaeHTuduuupyemsx OTU
6b110 noJtydeHo 277 OTU, ucnosb30BaHHBIX [JIA Jajlb-
Helmero aHanu3a. Utorosas riy0rHa CeKBEHHPOBa-
HMA Haxoawsachk B auamnasoHe oT 40 000 mo 52 000
IIpOYTEeHUH Ha o0pasel], 4YTO JOCTAaTOYHO JJIA IOoCJIeTy-
Ioliero aHanausa npodusiei coobmects (Puc. 2).

3aMeTHas pasHUIA BBIOOpOK Habsrofasach IO
MeTpuKkaM ajbda-pa3Hoobpasusa. Ilpu wucnosb3oBa-
Huu PC-punbtpoB HabmogaeTcsa B 1.425 pasa Gosblie
OTU, uem npu wucnosis3oBaHuu CA-ounbTpoB (Puc.
2, Tabnuna 1). Uugekcsl pasHooOpasus IllenHoHa u
Cumncona paznuuanuch B 1.512 paza (p = 0.02) u
1.169 paza (p = 0.03) cooTBeTCTBEHHO MeXAy (UIb-
TPYIOLMMU MaTepuajaMu. Y YMThIBasA MKUPOKO HUCIIOJIb-
3yeMBIll IOpOr WIOEHTHUYHOCTU B 97%, Takue pasyiu-
4yl MOTYT BJIMATH Ha MOCJIeAYIOMyI0 MHTepIIpeTaluio
Ce30HHOH AWHAMUKH, TpPopUUYeCKUX ceTell WiIu MeTa-
f6osmyeckux myTel cooOilecTB. IHTepeCHO OTMETUTh,
YTO, KaK coo0I1anoch paHee, MeMOpaHbI U3 CMeIlIaHHBIX
3bUpOB IeJUTI0JIO3b], aleTara LeJUIIJIO3b U HUATpaTa
1[eJUTIOJIO3B!  YCIENIHO MKCMOJIb30Bajd IIpU aHau3e
O6akTepuasibHBIX COOOIIECTB KapCTOBBIX MCTOYHUKOB
(Moldovan et al., 2020).

Kak u oxmpasoch Ha OCHOBe MoOKasaTeJiell asib-
¢a-pazHooOpaszus, Oera-pa3zHoOOpasue TakXe pasJiu-
yasioch Mexnay npoduiamu PC u CA (Tabnuua 2), B TO
BpeMA Kak Npoduin 0JHOro U TOro Xe Tuna puibTpa
OBLJIU OYeHb OJIU3KU APYT K APYTY.

Ananu3 npepncrasieHHoctu OTU  (Puc. 3,
Tabsuna 3) mokasas, YTO KaKk MHOTOYMCJIEHHBIE, TaK
u MajouucygeHHele OTU moryT OBITh oOoraimieHbl Ha
duibTpax, M3rOTOBJIEHHBIX W3 Pa3HBIX MaTepuasioB.
Hanbosiee 3ameTHO, 4TO IpoduIH, IOJydeHHble NpU
ucnosb3oBaHuy PC-puibTpoB, uMean GOJIbIIYI0 JOJIIO
manouurcaeHHelx OTU, yem npopunau CA-GuibTpoB.
B 1O x)e Bpema PC-npodunu umenn OOJIBLIYIO OOJIIO
nocjefoBaTeJbHOCTeH, crieludUYHBIX AJIA HEeKYJIbTH-
Bupyembix Methylacidiphilaceae, Hekmaccuduupo-
BaHHBIX Sporichthyaceae u marine group CL500-29,
HO TIpY 3TOM UMeJIA MeHbIIyIo foro Cyanobium gracile
PCC-6307 u HexslaccubunupoBaHHbix Cyanobiaceae
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OTU. OGoraieHue pasjanyHbIXx OakTepuanabHbix OTU
MOXHO OOBACHUTH Te€M, UTO OaKTepuu 3aJ1epXUBal0TCA
B CA-dunbTpe niu Jaxe NPOXOAAT Yepe3 ero MOpHL.
AnbpTepHaTUBHBIM 00BbsICHEHHEM MOXeT OBITh BBIOpOC
XMMUYeCcKuX coeHeHU u3 ¢uabTpa CA, BAMAIOLUX
Ha IIIP. Tunorernyeckyn Takue COEOUHEHUA MOLYT
BauATh Ha [P Ha cTaguu oTXura npaiiMepa, BbI3bIBas
CBA3BIBaHUe IpaliMepa TOJIbKO ¢ HauboJiee KOHCepBa-
TUBHBIMYM MOTHBaMH, TeM CaMbIM IIOBBINIaA clielfuduy-
HocTh TP, 4TO MOXeT IPUBECTU K IIPENMYIeCTBEH-
HOU aMmunduKanuu onpefeeHHBX TakcoHoB (Chua
et al., 2015).

Anamuz nuddepeHIUAIBbHON YHCJIEHHOCTU C
nomoibio DESeq2 BeraBui 15 OTU, koTophble 3Hauyu-
TeJIbHO pa3jnyajivich MexAay NpoduiaAaMHu COOOIIeCTB,
o6pa6oTannex PC 1 CA (p < 0.05, abs(log,FC) > 1.5)
(Tabouuma 3). Ot OTU npunHapgiexanu Cyanobium
gracile PCC-6307, wmopckoii rpymnme CL500-29,
Sphingomonas, Methylacidiphilaceae, SAR11 Clade III,
Williamsia, Sporichthyaceae hgcl clade u Nocardioides.
OTHocuTesibHas 4MUCIeHHOCTh 12 m3 stux 15 OTU
6bu1a Beimle 0.1%. CocTaB BbISIBJIEHHOTO OaKTepHalb-
HOro coo0IlecTBa corjiacyercsa ¢ IoJy4YeHHbIMH paHee
JaHHBIMM [UUIA 03. balikas B 3TOT BpeMeHHO! Nepuof
(Mikhailov et al., 2022).

4. BoiBOADI

B s3TOM HccieqoBaHUU MBI IPOTECTHPOBAJIN ABA
thna GuiabTpoB [Jia cbopa OuoMaccel U3 00pasLoB
IIPECHOM BOABI U OLeHWJIU Npoduiin OGaKkTepHaJbHBIX
coobmecTB. MBI cunMTaeM, 4TO TaKoe TeCTHpPOBaHHE
Heo0XOAMMO [JIA JIy4lllero KOHTPOJIA NOTEeHIMaJIbHBIX
omunOOK U mnakeTHoro sddexra Ipyu JIAHUPOBAHUU
CJIOXXHBIX 3KCIEPHMMEHTOB M CpaBHEHUU AaHHBIX pas-
JIMYHBIX HCcJefoBaHUN MeTabapkoaupoBaHus. Ilpu
BbIOOpe MOAXOAAIIEro Tuna MeMmOpaHHOro GuibTpa
HeoO0XOAMMO YUYUTHIBAaTh CIOCOOHOCTh (UJIbTPA KOH-
I[EHTpPUPOBAaTh MUKPOOPraHU3MEI 1 CMBIBATh UX C €ro
nosepxHocTU. O4eBUHO, YTO NPOPUIN aMILJINKOHOB,
obpaboraunbix PC, umerT 6ojiee BeICOKOe anbda- u
6eTa-pazHoobpasue, yeM npoduin, oopaboraHHbie CA.
Hanbosnee BepoATHBIMM INpHUYMHAMU 3Toro sddekTa
MoryT O6bITh: 1) cTpykTypa CA-GuibsTpa, npeacrabiisi-
omasa JJabupUHTHBIE TpeXMepHBle IOpPH, CIOCOOHBIE
HeoOpaTHMO 3axBaThIBaTh HEKOTOPYIO YaCcTh GHOMacCCh
BHyTpU GuibTpa WM Jake Ha IOBEPXHOCTU MeM-
O6paHbl; 2) BBICBOOOX/IeHNEe XUMUYECKUX COeIMHeHU!,
KOTOpBble IOTEeHIMAaJbHO MOTYT MOBJUATh Ha 3Pdek-
TUBHOCTb IOJINMEPa3HOH I[e[THON peaKIuun.

Ta6auna 2. Bera-pasHoo6pa3ue 6akTepUasbHBIX CO00-
IecTB: UHJIEKC HecxocTBa Bpes-Kepruca (Haa [uaroHassio)
u B3BeleHHbIe paccrosHuA Unifrac (mog quaroHanso)

PC-1 PC-2 CA-1 CA-2
PC-1 0.074 0.237 0.173
PC-2 0.009 0.202 0.173
CA-1 0.058 0.054 0.129
CA-2 0.065 0.061 0.008
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Ta6suna 3. YucnenHocts OTU B 3aBUCHMMOCTH OT MaTepuasa GuibTpa

ID Taxon Pog log,-fold change CA’ PC’
OTU1l61 Cyanobiaceae unclassified 5.18e-13 -1.79 5262.58 1518
OTU1 Cyanobium PCC-6307 6.85e-11 -1.67 27504.73 8613.97
OTU25 Methylacidiphilaceae uncultured 1.83e-09 1.85 188.74 684
OTU130 Cyanobiaceae unclassified 6.78e-09 -1.79 1229.24 355.35
OTU9 Sporichthyaceae unclassified 4.60e-06 1.81 209.26 739.81
OTU10 CL500-29 marine group 3.33e-05 1.73 233.16 780.59
OTU2 Cyanobium PCC-6307 9.74e-05 -1.38 30819.91 11809.67
OTUS8 CL500-29 marine group 9.74e-05 1.59 203.45 610.51
OTU19 Sporichthyaceae unclassified 4.44e-03 2.35 16.58 86.64
0OTU20 Sporichthyaceae unclassified 5.83e-03 2.4 14.05 75.02
0OTU14 Clade III 1.17e-02 1.86 30.81 110.69
OTU80 Nocardioides 1.71e-02 5.64 0 14.02
OTU13 Methylacidiphilaceae uncultured 2.68e-02 1.54 51.42 149.39
OTU114 Sphingomonadaceae unclassified 2.73e-02 2.6 8.35 47.39
0TU149 Actinobacteria unclassified 4.86e-02 -2.58 25.04 4.25
IIpumeuanue: * Cpe[Hee 3HAYEHUE YHCJIEHHOCTU B cOOTBeTCTBYyIoLIei rpymnie (CA wiu PC)

Paznuuus, HabarogaeMble pyu MpoOUINPOBaHUN
COOOIIeCTB C UCNOJIb30BaHNEM Pa3HbIX QUIIBTPYIOMNX
MaTepHaJioB, yKa3bBaeT Ha TO, YTO pe3yJIbTaThl, OJIy-
YyeHHBle Ha pasHBIX QUJIbTpax, Hejib3s CpaBHUBATh, 3a
HCKJIFOUeHHEeM CJIyYaeB, KOT[a 3TO CllellaJIbHO CAeJIaHO
JJIs OL|eHKM UX pasHUIlbl B d9¢PEeKTUBHOCTU (pUiIbTpa-
uuu. A mpoBefieHUs HCCIIeJOBAHUM cjieyeT BBHIOU-
paTh NPOU3BOAUTEJIA, TUI U IPEANIOYTUTEILHO IapTUI0
¢uibTpa C yu4eToM CpaBHEHUA CTPYKTYpPH U cOCTaBa
cooOmecTBa. Takxe cjefyeT YYWUTHIBATb XUMHUUYECKYIO
WHepTHOCTh QUIbTpYIOLIEro MaTepuasa, yTobs nsbe-
’KaTh BbleJIeHUs COeqUHEHN!, BJUAINIMX Ha 9KCTPaK-
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OTU2: Cyanobium PCC-6307 . OTU10: CL500-29 marine group - OTU4: CL500-29 marine group

Hons npo4yTeHun

otus [ orut:cyanobiumpcc-6307 ] 0TU130: Cyanobiaceae

- QOTU161: Cyanobiaceae

. OTU9: Sporichthyaceae

nuio 1 amiuinoukanuo JHK. ITo HammM pesysibratam,
unpTpel PC oxasanuchk 6osiee 3p@PeKTHBHBIMU IO
cpaBHeHMIO ¢ QuibTpaMu CA 1npu npodpuinpoBaHUU
MIpeCHOBOAHBIX 6aKTepHaJIbHBIX COOOIECTB.

BAaaropapHoCTH

ABTOpEHI BEIpaxaroT 6J1aroq4apHOCTb COTPYAHUKAM
JINH CO PAH: 1.C. MuxaiiyioBy 3a IOMOIIb B POBe/ie-
HUU O0JIEBBIX UccjaenoBanuii u E.B. JIuxoiiBai 3a 1ieH-
HBIe COBeTHI ITPU HanMcaHuu pykomnucu. PaboTa BeINoJI-
HeHa IpU noafepxke npoekra MuHHCTepCTBa HayKu
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OTU. Ocransuble OTU o6beuHeHs! B KaTeroputo «Minor OTUs».
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