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ABSTRACT. Microeukaryotes are an important component in aquatic ecosystems and can be used as
an indicator of environmental conditions. Changes in their abundance or diversity can indicate changes
in the habitat. In the last decade to addition to light microscopy method, DNA metabarcoding is used a
monitoring of microeukaryote community. In order to optimise the metabarcoding method, it is import-
ant to determine the necessary sample volume and sequencing depth. This study compared samples with
different filtered water volumes (50, 10 and 1.2 L) and sequencing depths to determine their impact on
the diversity and taxonomic composition of the unicellular microeukaryotic community in Lake Baikal.
ANOSIM analysis revealed similarity among samples with different filtered volumes. This suggests that a
small filtered sample volume (1.2 L) is sufficient to reveal a high diversity of taxa in an oligotrophic res-
ervoir, comparable to that obtained with a larger filter volume (50 L). Ciliophora species were detected
the highest number of reads by metabarcoding at the large volume of filtered sample (50 L), while dia-
toms and green algae were better read in smaller volumes (10 and 1.2 L). It is seems that samples vol-
umes in 10 and 1.2 L are sufficient for microalgae monitoring. Samples with different sequencing depths
produced similar results in the characterisation of dominant species. Differences were observed in minor
taxa, some of which were only detected with a higher number of reads. These results are important for
improving the monitoring of oligotrophic bodies using metabarcoding.
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1. Introduction species. Over the past decade, metabarcoding has been

. . employed for biomonitoring. This approach involves
Microeukaryotes, a group of unicellular organ- analysing the diversity of marker gene sequences in the

isms including microalgae, protozoa and microscopic total DNA of a community (Zimmermann et al., 2015;
fungi, are an important component of aquatic ecosys- Abad et al., 2016; Andersson et al., 2023; Gelis et al.,
tems. They participate in the global cycles of carbon 2024; Mikhailov et al., 2025). Given the multi-stage
(©), silicon (Si), and other nutrients, forming the basis nature of the metabarcoding method, it is important to
of aquatic food W‘?bf (Falkowski et al., 2003; Calbet and select optimal conditions for each stage. The expected
Landry, 2004; Williams et al., 2008; Fuhrman, 2009). result can be influenced by various factors: 1) the vol-
The structure of microeukaryotic communities is influ- ume of the filtered sample; 2) the selected DNA marker;
enced by environmental changes such as temperature, 3) the methods used at different stages of molecular
nutrient content, salinity and light. Therefore, changes analysis (e.g. DNA extraction methods and sequencing
in their abundance and species composition can serve technologies), and 4) the approaches to bioinformatics
as early warning signs of disturbances to the ecosystem analysis (e.g. primary data processing methods, cluster-
associated with pollution or climate change (Winder ing algorithms, and taxonomic classification methods).
and Sommer, 2012). The classic method of monitoring For the purposes of biomonitoring, these stages must
unicellular microeukaryotes is microscopy, which is be standardised. Many studies have been conducted on
based on morphological features and requires special- the selection of marker genes for metabarcoding (Gran-
ist knowledge. It can also be complicated by the small Stadniczefiko et al., 2017; Casey et al., 2021; Ficetola
size of the cells and the morphological variability of the et al., 2021; Bukin et al., 2023; Kezlya et al., 2023), the
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comparison of different DNA extraction methods (Maki
et al., 2017; Vasselon et al., 2017), and the optimisation
of high-throughput sequencing data processing (Prodan
et al., 2020; Abellan-Schneyder et al., 2021; Brandt et
al., 2021). Sample volume also affects the final results,
including the amount of extracted DNA and the qual-
ity of the samples obtained for sequencing. The choice
of sample volume for filtration depends on the type of
water body. Marine ecosystems are rich in phytoplank-
ton and zooplankton; to capture the full diversity of
organisms, large sample volumes of 50-100 litres are
recommended (Govindarajan et al., 2022). In contrast,
shallow mesotrophic estuaries require only a small
volume of water (25-500 ml) for biodiversity assess-
ment using metabarcoding (Andersson et al., 2023). In
freshwater bodies, the required sample volume varies
depending on the trophic status of the body of water
and the cell concentration of various microorganisms.
Lake Baikal is an oligotrophic freshwater body
with low nutrient and primary production concen-
trations (Votintsev et al., 1975). This study aimed to
estimate the required sample volume and sequencing
depth for determining microeukaryotic diversity using
metabarcoding of 18S rRNA gene fragments.

2. Materials and methods
2.1. Field Sampling

Sampling was carried out at Station, 3 km
from Maritui village (51°45.546’N; 104°13.222E) in
the southern basin of Lake Baikal, on 18 July 2023.
Samples were collected from the research vessels
“G.Yu. Vereshchagin” using an SBE 32 Carousel water
sampler (Sea-Bird Electronics, USA), from depths of 0,
5,10, 15, 20 and 25 m.

Phytoplankton were analysed in parallel using
microscopy and DNA sequencing. Analysis was per-
formed on integrated water samples (an equal volume
of water from the different layers was combined into
one sample). To quantify and identify phytoplank-
ton using light microscopy, 1.2 L of each integrated
sample was filtered through a 3 um REATREK filter
(Obninsk-3, Russia) and then fixed in 50 mL of form-
aldehyde solution to achieve a final concentration of
3.7%. Microalgae cells were counted using an Axiostar
Plus microscope (Zeiss, Oberkochen, Germany) in two
replicates, as previously described (Firsova et al., 2023).

2.2. DNA extraction, amplification and
high-throughput sequencing (HTS)

For the DNA analysis, 1.2, 10 and 50 L of the inte-
grated samples were pre-filtered using 100 um nylon
mesh to remove zooplankton, and then filtered through
3 um pore-size filters (REATREK Filter, Obninsk-3,
Russia). These volumes were chosen to represent
those obtained by microscopy, which we typically use
to assess biodiversity using DNA metabarcoding, and
those used for shotgun sequencing. Filtration was car-
ried out immediately after sampling. The biomass on
the filters was washed into sterile bottles with 10 ml of
sterile TE buffer (1 mM EDTA and 10 mM Tris-HCI; pH
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7.5), after which it was stored at -20 °C, then -80 °C,
until further analysis. Total DNA was extracted from
the samples using lysozyme (1 mg/mL), proteinase K,
10% SDS, and a phenol:chloroform:isoamyl alcohol
mixture (25:24:1) (Bukin et al., 2023). Amplification
and sequencing of amplicons was performed on the
[llumina MiSeq platform at the Genomic, Proteomic and
Cell Biology Department of ARRIAM (Saint Petersburg,
Russia). To compare samples of different volumes, uni-
versal primers targeting the V8-V9 region of the 18S
rRNA gene were used. Sequencing was performed with
different numbers of reads per sample: the most com-
monly used number was approximately 20,000 reads,
and an increased number was approximately 50,000
reads.

2.3. Dataset Preprocessing

Sequencing data were analyzed using DADA2
v1.16 (the dada2 R package). Paired-end reads were
filtered and merged, chimeric and short sequences were
removed, and amplicon sequence variants (ASV) were
generated (Callahan et al., 2016). Rarefaction curves,
richness, and diversity indices (Chaol, Shannon, and
Simpson) were calculated using R version 4.4.3. The
ANOSIM test was used to compare samples with dif-
ferent volume and different number of reads. Analysis
was performed in PAST 4.06b. Taxonomic identifi-
cation was performed using the Silva 132 taxonomy
(Bremen, Germany). The heatmap is based on the 80
most numerous ASVs in R. The pairwise distance matrix
computed with the Bray-Curtis dissimilarity index was
used for clustering community profiles by UPGMA in
heatmap using vegan (Oksanen et al., 2019) and pheat-
map (Kolde, 2019) packages.

Sequence data were uploaded to the Sequence
Read Archive database (https://www.ncbi.nlm.nih.
gov/sra/) of the National Center for Biotechnology
Information (NCBI) under the accession number
PRJINA1348943.

3. Results and Discussion

To assess the diversity and taxonomic composi-
tion of microeukaryotes in samples with different fil-
tered volumes and sequencing depths, 972,147 reads
were analysed. Samples with lower sequencing depths
yielded 34,931-52,392 reads per sample, while samples
with higher sequencing depths yielded 90,721-137,764
reads (Table). After quality filtering of the obtained
reads, which included removing primer regions and
sequences with fragment lengths of less than 250 bp,
merging paired reads and removing short and chime-
ric sequences, 25,328-103,680 reads remained per
sample. After removing sequences related to Metazoa,
more than half of the reads in almost all samples were
removed. Despite the mechanical removal of large
eukaryotic DNA during sample filtering, it still makes
its way into the samples and can account for the major-
ity of reads. During ASV generation, a total of 67-121
ASVs were obtained per sample, with an average length
of 331 bp.
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Table. Sequencing metrics and biodiversity indices in different samples analysed by metabarcoding (50, 10 and 1 L of fil-

tered water).

50L1 | 50L2 | 10L_1 | 10L2 | 1L_1 1L2 | 50L1 | 50L 2 | 10L_1 | 10L2 | 1L 1 1L 2
rep rep rep rep rep rep rep* rep* rep* rep* rep* rep*
Initial number of reads | 40,419 | 34,931 | 52,392 | 51,857 | 48,786 | 43,390 |109,918| 90,721 |135,541(137,764|126,154|100,274
Reads after filtration | 38,565 | 33,164 | 49,811 | 49,416 | 46,481 | 41,413 |104,974| 86,536 |129,633|131,377|119,792| 95,645
Reads after removal 26,993 | 25,328 | 39,534 | 37,841 | 38,886 | 36,945 | 72,053 | 64,074 |103,680/100,215| 98,822 | 85,129
of chimeric and short
sequences
Reads after removed 11,709 | 8,084 | 18,553 19,953 |12,361 (13,381 | 33,241 | 23,400 | 51,697 | 55,129 | 35,839 | 30,087
Metazoa sequences
ASV 73 67 84 87 78 76 107 95 112 121 105 105
Simpson-index 73 67 84 87 78 76 107 95 112 121 105 105
Shannon-index 2.7 2.72 2.85 2.88 2.93 31 2.82 2.76 2.95 2.96 3.01 3.16
Chaol-index 0.84 0.86 0.87 0.88 0.90 0.91 0.85 0.86 0.88 0.88 0.9 0.92

Note: samples with an increased number of reads are marked with an asterisk (*).

3.1. Richness and Diversity Assessment

Alpha diversity analysis revealed similar ASV
abundances across filtration volumes of 1.2, 10 and 50 L
(Table). Rarefaction curves showing ASV numbers ver-
sus sample sequence depth indicated that the sequenc-
ing depth in our study was sufficient to estimate species
richness (Fig. 1). The Chaol index ranged from 67 to
121, with the highest values observed in samples with
an increased number of reads. This suggests a correla-
tion between species richness and sequencing depth,
enabling the detection of rare species (Zaheer et al.,
2018; Bardenhorst et al., 2022; Schmitz and Rahmann,
2025). For both sequencing depths, the highest rich-
ness was observed in the 10 L samples (Fig. 2A; Table).
This result suggests that this volume may be the most

optimal of those selected. Filtration, which concen-
trates cells from the sample onto the filter, is faster and
results in better sample preservation compared to 50 L.
More species are also captured in the sample compared
to 1.2 L.

The ANOSIM test showed slight differences in
composition between samples with different filtered
volumes (R=0.2384, p=0.0482). This demonstrates
the sensitivity of the metabarcoding method: the small
filter volume (1.2 L) revealed a taxon diversity com-
parable to that of the larger volume (50 L). This result
was similar with studies examining samples from the
mesotrophic @re River estuary, which compared vol-
umes of 0.25, 0.5, and 1.2 L (Andersson et al., 2023).
In their study, diversity was detected even at the lowest
sample volume examined — 0.25 L.
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S FOLTrep
& fl.2L_2repi[1.2L_1rep*|
S
o | ]
[ee)
——— L
50L 1rep
‘ 50L 2rep
32 |l
< © i
o |
¥
2
o
I I I I I
0 10,000 20,000 30,000 40,000 50,000

Number of reads

Fig.1. Rarefaction curves for samples with different volumes of filtered water (50, 10 and 1.2 L) and different sequencing
depths. Samples with an increased number of reads are marked with an asterisk (*).
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Fig.2. Diversity and richness indices for samples with different filtered volumes (50, 10 and 1.2 L) and sequencing depths
(20,000 and 50,000 reads). (A) Chaol and Shannon indices; (B) distribution of the 50 most abundant ASVs. Samples with an
increased number of reads are marked with an asterisk (*).

The Shannon and Simpson diversity indices were and Simpson index values were observed in the 50 L
similar between samples with different sequencing samples. Low values of these indices indicate the dom-
depths (Fig. 2A and Table). The Shannon index ranged inance of individual taxa in the community (Genomics,

from 2.7 to 3.1 with 20,000 reads and from 2.76 to 2024). Comparing the ASV composition of the samples
3.16 with 50,000 reads. The Simpson index varied from reveals that more than half of the reads in the 50 L sam-
0.84 to 0.91 with 20,000 reads, and from 0.85 to 0.92 ples belong to a single ASV (Fig. 2B).

with 50,000 reads. Thus, the overall community struc-

ture (i.e. relative species abundance) remains stable 3.2. Taxonomic Structure

even with increasing sequencing depth. The highest

diversity values were observed in the 1.2 L samples, To estimate the impact of volume filtration on
which are characterised by a more uniform distribution the taxonomic composition of the microeukaryotic com-
of species within the sample. The minimum Shannon munity, we compared the prevalence of dominant and
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Fig.3. Taxonomic structure of samples with different filtered sample volumes (50, 10, and 1.2 L of filtered water). Family-
level metabarcoding analysis of 11 dominant ASVs (A) and minor ASVs; results of microscopic analysis of the 1.2 L sample (C).
Samples with an increased number of reads are marked with an asterisk (*).
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minor ASVs at the family level (Fig. 3). Thus, ASVs were
related to the Oligotrichia (Ciliophora) represented the
largest share in the 50 and 10 L samples. The heatmap
also shows that ASV1, which belongs to Strombidium
genus, is dominant in the 50 and 10 L samples, and
there are significant rate of the 1.2 L samples (Fig. 4).
Cryptomycota and Ochromonadales are represented in
roughly equal proportions in the samples (Fig. 3A), and
are either subdominant or dominant. ASV3, classified
as a representative of the genus Dinobryon, is one of the
most abundant ASVs in all samples. This is compara-
ble with the results obtained by phytoplankton micros-
copy (Fig. 3B), in which Ochromonadales, Dinobryon
cylindricum (65.4 x 103 cells L) and Dinobryon sociale
(48.2x 103 cells L) also dominated in abundance. In
contrast to the 50 and 10 L samples, there is a significant
share of the Thoracosphaeraceae (Dinoflagellata) family
in the 1.2 L samples. Dinoflagellates inhabit cold water
bodies and are highly sensitive to increased tempera-
ture, which causes their rapid destruction (Kobanova,
2009). It is possible their cell were destructed and DNA
degradation due to a longer filtration time of the 50
and 10 L samples. Thus, according to microscopy data,
the share of dinoflagellates was small, while ones were
among the 11 dominant families by metabarcoding
data (Fig. 3A, 3B).

The dinoflagellate genome is multicopy and
dinoflagellates often have a ‘mesokaryotic’ nucleus in
which the chromosomes are not packaged in histones
as they are in other eukaryotes. This results in a more
extended state which may facilitate more frequent and
easier copying of chromosomal material (Wisecaver and
Hackett, 2011). As result, dinoflagellates can account
for a significant share of the sequence data even at low
abundance.

The share of reads of diatoms (Bacillariophyceae
and Mediophyceae families, and Fragilariales order)
and green algae (Trebouxiophyceae and Chlorophyceae
families) were high in the 1.2 L samples. In contrast, the
contribution of these microalgal groups were small in
the 50 L samples (Fig. 3B), despite these groups being
subdominant microscopically (Fig. 3C).

Comparing samples with different sequencing
depths reveals that most taxa have a similar propor-
tion (Fig. 3 and 4). Some differences were occurred in
minor taxa, some of which are only detected with a
larger number of sequences obtained (Fig. 4). ANOSIM
testing confirmed differences in sample composition
at different sequencing depths (R=0.513, p=0.0029).
The heatmap shows that the microeukaryotic commu-
nity is most fully represented in the 10 L samples with
an increased sequencing depth, and it is likely optimal
condition for detection of microeukaryotic.

4. Conclusion

It was found that the optimal approach for the
monitoring of unicellular microeukaryotes in the oli-
gotrophic Lake Baikal during the summer were: i) to
collect 10 L of water; ii) perform sequencing at a depth
of 50,000 reads per sample using the 18S rRNA gene
metabarcoding. A relatively small water volume (1.2 L)
is sufficient to characterise dominant taxa. In the largest

1217

samples (50 L), over half of all sequences belonged to
Ciliophora, while the number of reads belonging to dia-
toms and green algae was underestimated. This makes
collecting such a large sample volume unjustifiable
for phytoplankton research. Increasing the sequencing
depth allows more minor taxa to be covered, while the
proportion of dominant taxa remains similar at differ-
ent sequencing depths. It is required to optimise the
metabarcoding method for use in other seasons.
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BAauaHue o6benma npo6b1 M KoAMuecTBa
NPOYTEeHUH HA PEe3yAbTAT CEKBeHUPOBaHUA
MMKPO3YKapHOTHUYECKOro coobwecrea us3
oAMroTpogHoro osepa

baimmenxaeBa M.B.*

JlumHostoeuyeckuti uHcmumym Cubupckozo omdesteHus Poccutickoti akademuu Hayk, yi. YaaH-Bamopckas, 9. 3, Hpkymck, 664033,
Poccua

AHHOTAILAA. MukposyKapruOThHI UTPAIOT KJII0UYEBYI0 POJIb B BOOHBIX SKOCHUCTEMAaX U ABJIAITCA 3¢ dek-
TUBHBIMM MHAUKATOPAMHU WX COCTOAHMA. M3MeHeHUs B UX YMCJIEHHOCTU WM pa3HOOOpasuyu MOTyT
roBOpUTh 00 M3MEHEHUSAX B cpede oOuTaHuA. B mocjieqHue rofpl, IOMHUMO KJIACCUYECKHUX METOAOM
MHKPOCKOIIMY, AJI1 MOHUTOPHHIA MUKPO3YKapHUoT Havyaiu npuMeHAaTs Meton JJHK meTabapkogupoBa-
HuA. 1A onTUMM3anuy MeToAa MeTabapKOANMPOBaHUA aKTyaJlbHO yCTaHOBUTH HEOOXOAVMEIN 00beM
oTobpaHHOTrO 06pa3ija 1 IrJ1yornHy ceKBeHHMpOBaHUsA. B aHHOI paboTe mpoBefileH CpaBHUTEJIbHBIN aHa-
Jiu3 06pasloB C pa3HbBIM 00beMOM OT(UIBTPOBAHHON NpoOHl (50 1, 10 g u 1.2 j1), a Takke pa3HOU
rJIyOMHOV CEKBEHUPOBAHMSA U BIMAHUSA 3TUX (PaKTOPOB Ha pa3HOOOpa3ue U TAKCOHOMHYECKU cocTaBa
coo0ImiecTBa OAHOKJIETOYHBIX MHUKPO3YKapuoT B osurorpodHomMm ozepe Baiikan. Tect ANOSIM mnoka-
3aJI CXOACTBO 00pa3IoB C pa3HBIMU OTOUILTPOBAHHBIMU OO6bemMamu. To ecTh Jaxe HeEOOIbIIOr0 00B-
eMa mpoObl AjA puabTpoBaHus (1.2 y1) xBaTaeT, YTOOBI BBISIBUTH BBICOKOE pasHOOOpasue TaKCOHOB,
CONOCTaBMMOE € pa3HooOpa3ueM Mpu GpuiIbTpoBaHUU OoJbIIOro 06bemMa, 50 j. [Ipu GoabiioM 06beMe
OT(PUIBTPOBAHHON IIPOOHI IO pe3yJIbTaTaM MeTabapKoAUPOBAaHUs HauboJIblllee KOJIMYECTBO IPOUYTEHNI
oTHOcmJIOCh K npefcTraBuressiM Ciliophora. [luatoMoBsie 1 3eJIEHbIE BOOOPOCJIH OBLIIN JIyYllle JeTeKTH-
POBaHbI pU MeHbIleM o0beMe — 10 J1 u 1.2 1, m03TOMY AJIA MOHUTOPUHra MUKPOBOAOPOCJIEN 3TOTO
obbemMa foctaTouHO. CpaBHEHUE 00pa3l|oB C pasHOU ITyOUHOIN CEKBEHUPOBaHMs MOKA3aJi0 CXOAHBbIE
pe3yJibTaThl B XapaKTepUCTHUKe NOMUHHPYIOMNUX BUAOB. Pa3HuIla mposBJisgeTcA B MUHOPHBIX TaKcCo-
HaX, HEKOTOpbIe 13 KOTOPHIX BBIABJIAJINCH TOJIBKO IIPHU GoJibllieM KOJIMYecTBe NMpouTeHui. [losyueHHbIe
pe3yJibTaTbl BaXXHBl AJIA ONTHUMU3ALUK MOHUTOPHHIA OJIMTOTPOMHBIX BOAOEMOB C IpPUMEHEHHEeM
MeToAa MeTabapKOAMPOBaHUA.

Kiouegwie citoga: pasHooOpasue, o0beM IpoOHl, IJIy0rHa CeKBeHNpOoBaHusA, MeTabapkoauposaHue, 18S pPHK,
o3epo baiikan

Jlna mutupoBaHuA: BamenxaeBa M.B. BiusAHue o6beMa npoObl M KOJIMYeCTBA IPOYTEHUH Ha pe3yJIbTaT CeKBEHHPOBAHUA
MUKPO3YKapHUOTHUIECKOro cooliiecTBa u3 ourorpodHoro ozepa // Limnology and Freshwater Biology. 2025. - Ne 5. - C. 1212-
1226. DOI: 10.31951/2658-3518-2025-A-5-1212

1. Beepenne €o00IIeCTB MUKPO3YKapHOT, NaHHbe 00 UX OOUIUU U

BU/IOBOM COCTaBe MOTYT CJIy>XXUTb PaHHUM IpelayIpe-

MHKpOSyKapuOThl — Tpynna OfiHOKJIETOYHBIX KJIEHWEM O HapyLIEHUAX B OKOCHCTEME, CBA3AHHBIX C
OpraHM3MOB, KOTOpad BKJIYAE€T MHKPOBOAOPOCIH, 3arpsisHeHVeM WM u3MeHeHueM kimMata (Winder
NpocTeillie ¥ MHKPOCKONMYECKHe TIpubbl — Bax- and Sommer, 2012). KnaccudeckuM MeTOAOM MOHU-

HBIF KOMITOHEHT BOJHBIX dKocucTeM. OHM y4acTBYIOT
B rmiobampHoM nukiae C, Si u Apyrux OHOTeHHBIX
DJIEMEHTOB U SIBJIAIOTCSA OCHOBOM IIHINEBBHIX CETEH B
BogHoui cpene (Falkowski et al., 2003; Calbet and
Landry, 2004; Williams et al., 2008; Fuhrman, 2009).
IToCcKOJIbKY M3MEHEHUs B OKpYyXarwllel cpejle, TaKue
Kak TeMIlepaTypa, cojiepXaHue OUOTeHHBIX BEIeCTB,
COJIEHOCTh M OCBEIIEHHOCTh BJIUAIOT HA CTPYKTYPY

*ABTOp IJI IIEPENUCKU.

TOPUHTA OJHOKJIETOYHBIX MHUKDPO3YKapHOT SIBJISIETCS
MMKPOCKOIINA, KOTOpas OCHOBaHa Ha MopdoJioruye-
CKUX IMPHU3HAKAaX, 4TO TpeOyeT SKCIIePTHHIX 3HAHUHN U
MOXeT YCJIOXKHATHCA U3-32 MaJIBIX pa3MepoOB KJIETOK U
Mop®OoI0ornYecKkoll M3MEHYNBOCTH BUIOB. B mocien-
Hee JecATWIeTHe A1 GMOMOHUTOPUHTA CTAJIN IIpUMe-
HATHh MeTOo]1 MeTabapKOAMPOBaHUsA, B OCHOBE KOTOPOT'O
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JIeXUT aHalIu3 pasHooOpasus IocjeoBaTeIbHOCTeMN
MapKepHbIX reHoB B cymMapHoi JJHK (Zimmermann et
al., 2015; Abad et al., 2016; Andersson et al., 2023;
Gelis et al., 2024; Mikhailov et al., 2025). YuuTsiBas
MHOT'03TaHOCTh MeTo/ia MeTabapKOAMpOBaHUA, aKTy-
ajieH BBIOOD ONTUMAJIBHBIX YCJIOBUI IJIs KaXIOro n3
3TanoB. Ha moJiyueHHHIII pe3yJibTaT MOTYT IOBJIUATH
pasauyHble (pakTopHl, Takue kak: 1) o6bemM GUIbTpye-
Moro obpasnia; 2) BeiopanHbiil JIHK-mapkep; 2) meTobl,
HCII0JIb3yeMble Ha Pa3/IMYHBIX dTanax MOJIEKYJISIPHOTO
aHaim3a (Meto/sl Beiiesienus JHK, TexHoioruu cexse-
HUpOBaHUA) U 3) pasjiMuHble MOAX0bl GronHbopMa-
TUYECKOro aHaju3a (MeToAbl MepBUYHON 06paboTKU
JIaHHBIX; aJITOPUTMBI KJIacTEPU3AlUU U METOIBl TaKCOo-
HOMHUYecKoH kyaccudukanuu). Jia ueneit 6MOMOHU-
TOPUHTra HYXHO NPOBECTU CTAaHAAPTU3ALHUI0 ITUX ITa-
moB. Ha AaHHEII MOMEHT CyllecTByeT Hemaso paboT
10 BHIOOPY MapKepHOro reHa JJisi MerabapKoaupoBa-
Hus (Gran-Stadniczefiko et al., 2017; Casey et al., 2021;
Ficetola et al., 2021; Bukin et al., 2023; Kezlya et al.,
2023); cpaBHEHUIO PA3JIMUHBIX METOLOB BBIJIeJI€HNA
JHK (Maki et al., 2017; Vasselon et al., 2017) u ontu-
Mu3anuy o6paboTKU I0C/IeI0BATEIbHOCTEN TaHHBIX
BBICOKOIIPOM3BOUTEJIBHOTO cekBeHHpoBaHua (Prodan
et al., 2020; Abellan-Schneyder et al., 2021; Brandt et
al., 2021). O6beM TpoOBI TaKXke BJIUSAET Ha UTOTOBBIE
pe3yJIbTaTHl, BKJIIOYAs KOJIMYECTBO BhesieHHOHN JJHK
U Ka4yecTBO IOJIyYeHHBIX 06pa3loB [Jid CeKBEHHUPOBA-
HUA. Beibop o6beMa nmpoOsl 1A GUIbTPOBAHUSA 3aBU-
CUT OT THIa BojoeMa. Mopckue 3KocHCTeMbl 60raThl
&bUTO- U 300IIJTAHKTOHOM, U YTOOBI y4ecTb BCE pas3Ho-
obpasuie OpraHu3MoOB peKOMeHyeTcsi OTOMpaTh 6OJIb-
mue oobeMsl — oT 50 go 100 siutpoB (Govindarajan et
al., 2022). [na HerJiyOOKHUX Me30TPOGMHBIX 3CTyapuil
JocTaToyHo HeboJpimoro oobema Boasl (25 —500 M),
4TOOBI OIeHUTh Gropa3Hoobpasue C IOMOILIBI0 MeTa-
6apkomgupoBanusa (Andersson et al., 2023). B npecHbIX
BOJIOeMax HeoOXOJUMBIN 00beM MpoObl MOXET Bapbu-
poBaTh B 3aBUCUMOCTU OT TPOGMHOCTH BofoeMa U KOH-
[[eHTpaluy KJIeTOK pa3sHOOOpasHBIX MHKPOCKONMYe-
CKUX OPTaHU3MOB.

Osepo Batikan sABsieTcs: oIUroTpodHEIM BoJj0€e-
MOM C HU3KOH KOHIIeHTpauvell 6MOreHHBIX BellecTB U
He6oJIBbIIION epBUYHOM MpoayKuuel (BoTuHnes u ap.,
1975). Lenpio faHHO!U paboThl ObLIa OlleHKa HeobXo-
auMoro odbema npob U ITyOUHbBl CEeKBEeHUPOBAHUA JJIs
omnpefieyieHNs pa3HOOOpa3ys MUKPOIYKApHUOT € ITOMO-
e MeTtabapkoaupoBaHusa ¢parMeHToB reHa 18S
pPHK.

2. MaTepuanbl U MeTOADI
2.1. OT60p Npo6

OT160p po6 BOAB! MPOBOAWJIN Ha CTaHLWUY, pac-
MOJIOXKEeHHOU B 3 KM OT oc. Maputyii (51°45.5467 c.i.;
104°13.222’ B.A.), B 10)KHOU KOTJIOBUHe 03epa Baiikai,
18 utosia 2023 r. [Ipo6s1 O6bLIM 0TOOpaHH ¢ HopTa Hayy-
HO-HccjefoBaTesibckoro cynHa «[.}HO. Bepemarus» c
nmomoInbelo BogocOopuuka SBE 32 Carousel (Sea-Bird
Electronics, CIIIA) u3 BepxHux cjoeB 0, 5, 10, 15, 20
u 25 M. [ina panpHelmniell paboThl paBHBIE OOBEMBI
BOJbl U3 pa3HHBIX CJI0eB 00beJUHAIN B UHTErpPaIbHYI0
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po0y. PUTOIIAaHKTOH aHAJIW3UPOBAJIM NapasjlesIbHO
¢ noMompbio Mukpockonuu u JHK merabapkoauHra.
J1A KoJIM4ecTBEHHOIO onpefesieHUsA U UAeHTH(UKa-
1My (GUTOIJIAHKTOHA MEeTOAOM CBETOBOM MUKPOCKO-
nuu 1,2 J1 UHTerpajbHOU Mpo6sl GUIBTPOBAIN Yepe3
¢unpTp ¢ pasmepom mop 3 mMkm (PEATPEK-Ousnbtp,
O6nuHCK-3, Poccus) u dukcupoBanu dopmanbie-
rujioM B oobemMe 50 MJI O KOHEYHOM KOHILIEHTpaIuu
3,7%. IloacueT KJIETOK MHKPOBOAOPOCJIEH IpPOBO-
VT C TIOMOINbI0 MUKpockomna Axiostar Plus (Zeiss,
l'epmanusA) B AByX MOBTOPHOCTAX, KaK ONMCAHO paHee
(Firsova et al., 2023).

2.2. Buipenenue AHK, amnanpuxkauma u
meTtabapkopupoBanue

Hna JHK metabapxoaupoBanus 1.2, 10 u 50 i
HMHTeTrpaJIbHBIX NIPO0 IpeaBapuTesbHO (UIBTPOBAIN
yepe3 rasoBbiii GuiabTp ¢ pasMepoMm nop 100 Mkm
(oma ypaneHuUss KpYnHOM (pakLUUM 300IJIaHKTOHA),
a 3areM ¢uibTpoBaiu 4epe3 (PUIBTPH C pasMepoM
mop 3 MkM (PEATPEK-®unstp, O6HUHCK-3, Poccus).
O6beMbl OBLIN BBIOpaHBI TakuM o6pa3om: obbeM 1,2 J1
paBHBIN 00beMy HpPoOH [Ji MUKpockonuu; 06bémM 10
JI, KOTOPBI¥ OOBIYHO UCMOJIb3YIOT B paboTe [JIs OLleHK!
6uopa3zHooOpa3ysa C IOMOIIbI0 MeTabapKOAWPOBaHUA
JHK, u o6béM 50 1, ucnosb3yeMblii [Jisi TOJIHOTe-
HOMHOI'0 CeKBeHHpoBaHUA. DduiabTpaiyio NpoBOANIIN
cpasy nocJie orbopa npob. buomaccy ¢ puabTpa cMbI-
BaJIu B cTepuJibHble GyakoHH ¢ 10 M crepuinbHOro TE
oydepa (1 MM SATA u 10 MM Tpuc-HCIl; pH 7,5) u
xpanuiu mnpu -20°C, a 3arem npu -80°C go majibHeN-
niero aHanusa. CymmapHyo JJHK u3 oOpasioB skcTpa-
ruposasnu iuzonumoM (1 mr/muit), nporennasoii K, 10%
SDS u cMmecsio ¢eHo1a, xj10podpopmMa U U30aMUTIOBOTO
crupta (25:24:1) (Bukin et al., 2023). AMmindukanuo
U ceKkBeHHpoBaHUe Ha iaTdopme I[llumina MiSeq npo-
BOAWJIU B lleHTpe reHOMHBIX TeXHOJIOTUH, IPOTEOMUKHU
u kietouHol 6uostoruu BHUUCXM (Cankr-Iletepbypr,
Poccusi). lna cpaBHeHUsA 00pasloB pa3HOro obobema
HCIIOJIb30BAJIU YHUBepcasibHBIN mpaiiMep 18S pPHK
yuactok V8-V9 (VBf(ATAACAGGTCTGTGATGCCCT)/1
510R(CCTTCYGCAGGTTCACCTACQC)). CexBeHrpOBaHUE
IIPOBOJWJIM C Pa3HbIM KOJIMYECTBOM IIPOYTEHHUH Ha
obOpaszel] ¢ yaile HCIoJb3yeMbM (mpruMepHO 20 TEHIC.
MpPOUTEHUI) U C yBeJuueHHBIM (mpumepHOo 50 THIC.
MPOYTEHUIT).

2.3. 06paboTka AaHHBbIX CEKBEHUPOBaHUA

JlaHHBIe CeKBEHMPOBaHUA aHaJIU3UPOBAIU C
momotgpio DADA2 v1.16 (R-maker dada2). ITapHble
KOHI[bl TpPOYTEHUU ObUIM OTHUIBTPOBAHBL, 00Bedu-
HeHBl, XUMepHble U KOpPOTKHe II0C/Ie[JOBaTesIbHOCTU
yAaJjieHbl, creHepupoBaHbl BapHaHTHl I0CJIeJoBaTesIb-
HOCTEeH aMILTUKOHOB (Mmo-aHrJjiniicky amplicon sequence
variants (ASV)) (Callahan et al., 2016). KpuBbie pas-
pexeHus, UHAeKCch 6oraTcTBa U pasHoobpasusa (Haol,
[ITerHoH 1 CHMIICOH) pacCUYUTaHbl C UCIOJIb30BaHUEM
R Bepcuu 4.4.3. JIna cpaBHeHUsA 00OpaslioB € pa3sHBIM
00beMOM M KOJIMYeCTBOM IIPOYTEHMI HCIIOJIb30BajICA
tecT ANOSIM. AHanu3 BoimosiHssIcs B PAST 4.06b. s
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TaKCOHOMUYECKON HAeHTU(PUKAIMNA HCIOJIb30BaJd
takcoHomuto Silva 132 (Bpemen, I'epmanus). TerioBas
KapTa 1nocTpoeHa Ha ocHoBe 80 Haubojiee MHOIOYMC-
neHHslx ASV B R. Marpuia mapHbIX pacCTOSHUM,
paccunTaHHas ¢ NoMomblo uHAekca bpes-Keptuca,
HCIOJIb30Bajlach AJIA KjlacTepusanuu npodusieil cooo-
mecTB B TerioBoil kapre UPGMA c ucnosib3oBaHuEM
naketoB vegan (Oksanen et al., 2019) u pheatmap
(Kolde, 2019).

JlaHHBIE O MOCjefoBaTeJIbHOCTAX ObUIM 3arpy-
keHbl B 6a3y AaHHbIX Sequence Read Archive (https://
www.ncbi.nlm.nih.gov/sra/) HauuoHanapHOTO IIeHTpa
6uoTtexHosiorndyeckoil nudopmaiuu (NCBI) nox peru-
cTpauoHHBIM HoMepoM PRINA1348943.

3. Pe3yAabTatbl M 06Cy)XAEHMUA

Jna oneHku pasHooOpasus M TaKCOHOMHYe-
CKOT'O coCTaBa MHKPO3YKapuoOT B obpasliax ¢ pa3HBIM
06beMoOM OTGUIBTPOBAHHOU MPOOBI U C pa3sHOMU IJIy-
OMHOII CeKBEHUPOBaHMsA BCero ObLIO NMPOAHAIU3UPO-
BaHO 972 147 npouteHuii. [l oOpasLoB ¢ MeHblIeil
rJIyOuHOI ceKBeHHpPOBaHUsA OBLIO MoJIyyeHo oT 34 931
1o 52 392 npouTteHuii Ha ob6pasel], Jis 06pas3I|oB C yBe-
JIMYeHHOU TJIyOMHOU cekBeHUpoBaHusA — oT 90 721 no
137 764 (Tabnuna). [loce puapTpauum MoJrydeHHbIX
IIPOYTEHMH N0 KayecTBy, KOTOpasA 3aKJio4asach B yaa-
JleHUuU npaliMepHbIX o0JacTel, yJajleHuu nocjeqoBa-
TeJIBHOCTU IIpyu AjiuHe dparMeHTa MeHblle 250 M.H.;
0o0beJHEHNY IapHBIX IPOYTEHHUI]; yJaJeHUU KOpOT-
KUX U XMMEpHBIX I0CJIeJOBAaTeJIbHOCTEN OCTajIoCh OT
25 328 no 103 680 Ha o6pa3el]. boJiblile TOJOBUHEI MTPO-
YTeHWH IIpPaKTHU4ecky BO Bcex oOpasijax OblIO yAasieHO
nocJjie yAajieHuA NocjIeJoBaTeIbHOCTEH, OTHOCAMMNXCA
Kk Metazoa. HecmoTps Ha MexaHHYeckoe yJaJieHue

KpPYIHBIX 3yKapuoT npu ¢uabTpanuu npob, nx JHK
BCE paBHO NolajaeT B 06pasibl ¥ cIOCOOHA 3aI0JHATh
6osbIIyI0 YacTh npouTeHuil. Ilpu popmuposanuu ASV
Bcero ObLJIO MOJTy4eHO oT 67 Ao 121 ASV Ha obpasern,
co cpenHel aamHOoM 331 m.H.

3.1. Ouenka 6orarcTBa u pasHoob6pasusa

Ananu3 anb@a-pasHooOpa3us IOKasajl, uYTo
kosinyecTBOo ASV He passnyaoch pu oobeMax Huib-
Tparuu Bofel 1,2 j1, 10 1 u 50 51 (Tabnuna). Kpussle
paspexeHusA, paccuMTaHHBle MJIA BceX 00pasLoB,
nocrurany HaceimeHus (Puc. 1), 4To ykaselBaeT Ha To,
YTO KOJIMYEeCTBO MPOYTEHHI OBLJIO AOCTATOYHBIM AJIA
oIleHKU BuoBoro 6orarcrsa. Unaexc Yaol BapsupoBa
oT 67 no 121, HauboJibiive 3HaUeHUs ObLTU B 06pa3nax
C yBeJINYEeHHBIM KOJIN4eCTBOM IIPOYTEHUH, YTO TOBOPUT
0 KOppeJiALiY BUI0BOrO OoraTrcTsa C riIyOMHOU cekBe-
HUPOBaHUsA, KOTOpOe II03BOJIAET BHIABJIATH OOJbllle
penkux BUmoB (Zaheer et al., 2018; Bardenhorst et al.,
2022; Schmitz and Rahmann, 2025). [Ipu He6O0IbIION U
yBeJINUeHHO! IilyOrHe CeKBeHHpOBaHHA HauOoJbllee
6oraTcTBO OBLJIO OTMeueHO B obpasuax 10 1 (Puc. 2A;
Tabsauna). DTOT pe3yJibTaT TOBOPUT O TOM, YTO JaHHBIN
o0beM MoXxeT OBITh HauboJjiee ONTHMAaJIbHBIM Cpeau
uccienyeMbox. OUIbTpoBaHUe, B Ipoliecce KOTOPOTo
KJIETKH U3 IPOOB! KOHIIEeHTPUPYIOTCA Ha QUIbTpe, NaeT
OBIcTpee, YTO JesaeT Oojlee COXpAaHHBIMU 00Opas3Ibl, O
cpaBHeHmuIo ¢ 50 J1, ¥ B Ipo0y nomnajgaeT 60Jiblie BUI0B
Ipu cpaBHeHuu ¢ 1,2 1.

Tect ANOSIM mnokasas, 4To oOpaslbl C pas-
HBIMU OT(QUIBTPOBAHHBIMU OO0beMaMH IPO0 HMeIT
eJiBa pa3jiMyMMble pas3jInyusA [0 COCTaBy MexXay coOom
(R=0,2384, p=0,0482). 5TO rOBOPUT O UYyBCTBUTEJIb-
HOCTHU MeToJia MeTabapKoAUPpOBaHNsA, YTO IIpY HeOOJIb-

Ta6smna. ITokasaTesyu ceKBeHUpPOBaHUA M UHAEKCH OMopasHoo0pa3uA B obpasnax ¢ pa3HbIM 00beMOM OT(GUJIbTPOBAaHHON
npo6sI (50, 10 u 1.2 1 GuIbTPOBaHHO! BOABL), IPOAHAIN3UPOBAHHBIX C IIOMOIIBI0 MeTabapKOAUPOBAHUA.

50J1.1 | 50J1.2 | 10J1.1|10J1 2 |1.2J11(1.2J1 2|50JI_ 1*|50J1 2*|10JI_1*|10JI 2% |1.2J1 1*|1.2JI 2*
HcxogHoe xonuue- |40 419|134 931 |52 392|51 857 (48 78643 390|109 918| 90 721 (135 541(137 764|126 154|100 274
CTBO MPOYTEHU
KosmuecTBo 38 565133 164 |49 81149 416 |46 481 |41 413|104 974| 86 536 |129 633|131 377|119 792 95 645
MPOYTEeHU! 1ocie
duribTpanuu
KosmuecTBo mpo- |26 993 |25 328 (39 53437 84138 886|36 945| 72 053 | 64 074 |103 680|100 215| 98 822 | 85129
YTeHu: IocJie yaa-
JIEHUs XUMEpHBIX U
KOPOTKHUX ITOCJIefI0-
BaTeJIbHOCTEN
KosmmuectBo 11 709| 8084 |18 5531995312 361 |13 381| 33 241 | 23 400 | 51 697 | 55129 | 35 839 | 30 087
IIPOYTEHUH IocJIe
yAajieHus rnoce-
JI0BaTeJIbHOCTE,
OTHOCAIIMXCA K
Metazoa
ASV 73 67 84 87 78 76 107 95 112 121 105 105
Hnpexc Yaol 73 67 84 87 78 76 107 95 112 121 105 105
Unpexc IlleHHOHA 2.7 2.72 | 2.85 2.88 | 2.93 3.1 2.82 2.76 2.95 2.96 3.01 3.16
Wnpexc Cummncona | 0.84 | 0.86 | 0.87 | 0.88 | 0.90 | 0.91 0.85 0.86 0.88 0.88 0.9 0.92

IIpuMmeuaHme: o6pasLbl C YBeJIMUEHHBIM KOJIMYECTBOM IIPOUYTEHNE OTMeUYeHBl 3Be3q0UKoi (*).
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Puc.1. KpuBsle pa3psbkeHUA I 06paslioB ¢ pa3HBIM 06beMoM OThUIbTpOBaHHOU npo6s! BoAs! (50 1, 10 mu 1.2 1) u ¢
pasHoli riybuHON cekBeHUpoBaHUA. OGpas3ibl ¢ yBeJIMYeHHBIM KOJIUeCTBOM IIPOYTEeHUI OTMeueHbI 3Be3/109KOH (*).

oM o6beme ¢rbTpanuu (1,2 j1) BeIABIIAETCSA BEICOKOE
pa3HooOpa3ue TakCOHOB, paBHOe OOJIbIIOMY 00beMy
(50 J1). DTOT pe3yJibTaT COOTHOCUTCA C pe3yJibTaTaMy,
MOJIy4YeHHBIMU Ha o0paslax Me30Tpo¢HOro 3CTyapus
peku 3Jpe, rae cpaBHuUBaiau ob6vemsl 0,25 11, 0,5 1 u
1,2 1 (Andersson et al., 2023). B ux paboTe pa3HOO-
6pasue 6bUT0 3ahUKCUPOBAHO yXe NIPU CaMOM HU3KOM
uccyieqOBaHHOM oO6beMe MpoOsL — 0,25 JI.

E 16 000

Wnupexkcel pazHooOpasusa IllenHoH n CUMIICOH
Mexay oOpasraMu ¢ pa3HBIMU KOJIMTYECTBAMU IIPO-
yTeHn ObIu cxomHeiMu (Puc. 2A; Tabimna). MHOekc
[ITenHona npu 20 THIC. IPOYTEHUII BapbupoBal OT 2,7
1o 3,1; mpu 50 ThIC. TpouTeHUt oT 2,76 Ao 3,16. UHAEKC
Cuwmricona nsmeHsica ot 0,84 go 0,91 npu 20 ThIC. IPO-
yrenni u ot 0,85 1o 0,92 npu 50 Thic. mpouTeHui. To
ecTb obmias CTpPyKTypa coobmiecTBa (OTHOCUTEJIbBHOE
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Puc.2. [Tokasarenu 6orarcTBa U pasHooOpasus i 06pa3loB ¢ pasHbIM 00beMOM OTGOUIBTPOBAHHOU P06l Boasl (50 I,
10 ;1 u 1.2 11) u ¢ pa3Hol TyIyOMHON cekBeHrpoBaHusA (20 Tric. 1 50 ThIC. pouTeHuit). A. 3HaueHus nHAekcoB Yaol u uHgekca
[MlenHoHa; B. Pacnpenenenue 50 Haubosiee MHorourcjaeHHbx ASV. O6GpasIisl ¢ yBeJIMUeHHBIM KOJIMYeCcTBOM IPOUYTEeHUl oTMe-

YyeHbI 3Be304K0M (*).
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obusive BUAOB) OCTaeTcs CTaOWIbHOM, Aaxe MpU yBe-
JIMYeHun TJyOuUHBI ceKBeHUpoBaHUsA. MakcuMasbHble
3HaueHUs pa3HooOpa3usA oTMedeHH B obpasuax 1,2 i,
YTO XapakTepusyercs 6oJjiee paBHOMEpHBIM pacipefe-
JeHueM BHUJOB B o6pasile. MuHHUMaIbHble 3HAUEHUS
uHpekcoB lllenHona u CumriicoHa ObUIM B oOpasnax
50 1. Huskue mokasaTesji JAHHBIX HWHIEKCOB CBHUE-
TEJIbCTBYIOT O JIOMUHHPOBAHUU B COODIeCTBe OTAENb-
HBIX TakcoHOB (Genomics, 2024). IIpu cpaBHeHUU
cocraBa ASV Mexny obpasiamMu BUAHO, YTO B oOpas-
nax 50 1 6GoJibllle TOJIOBUHBI MPOYTEHUN OTHOCUTCSA K
onnon ASV (Puc. 2B).

3.2. TakcoHOMMHUYECKanA CTPYKTypa

Jna oneHku BIMAHUA oObeMa GUIBTPOBAH-
HBIX Npo6 Ha TAKCOHOMUYECKYI0 CTPYKTYpy c€O000-
IecTBa MHKPO3YKapHOT, MBI CPaBHWJIN OTAEJIbHO
JOMUHUpYOIIe 1 MUHOPHEIE ASV Ha ypoBHe ceMmell-
ctBa (Puc. 3). B nmpobax 50 1 u 10 1 HauOOJBIIYIO
Joso coctaasin ASV, oTtHocsamuecs k Oligotrichia
(Ciliophora). M3 TemioBOiiI KapThl TakXe BHUIHO,
yto ASV1, oTHocsAmeecsa Kk pony Strombidium, sBns-
eTcs JOMMHUpYIoel Bo Bcex obpasua 50 i1 u 10 i
U COCTaBJIsAeT 3HAUMTEJIBHYIO J0JII0 B obpasmax 1,2 i
(Puc. 4). IIpubanu3uTeIbHO OOUHAKOBO IPeJICTaBJIEHb
B mpo6ax Cryptomycota u Ochromonadales (Puc. 3A),
JaHHBle ceMelicTBa SBJIAIOTCA CyGAOMHHAHTAMM WJIN
JoMHHaHTaMu B mpobax. ASV3, kiiaccuduuupoBaHHOe
Kak npefcTraBuTesib poja Dinobryon, sBiseTcs OOHUM
13 Haubosiee MHOTOYMCJIEHHBIX cpefdu Bcex obpas-
1[0B. JIaHHBIN pe3yJIbTaT COIOCTABUM C pe3yJIbTaTOM,
[IOJIy4eHHBIM C IOMOIIBI0 MHKpOCKONmMU ¢GUTOILIAH-
kToHa (Puc. 3B), rlie Mo YMCJIEHHOCTH TOXe HOMUHU-
poBasm npepctraButrenu Ochromonadales, Dinobryon
cylindricum (65,4x10° kn/m) wu Dinobryon sociale
(48,20 x10° xy/n). B obpasuax 1,2 J1 3HaUYUTETbHAS
noinsa oTHocutes k cemelictBy Thoracosphaeraceae
(Dinoflagellata), B oTiuume ot o6pasuoB 50 g u
10 i, rge ux OBUIO B [ABa WM TPU pas3a MeHbIIe.
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JuHodaressiaTel, 0OUTAIOIIME B XOJIOJHBIX BOJj0eMax,
OUeHb YyBCTBUTEJIbHH K IMOBBIIIEHUIO TeMIepaTyphl,
KOTOPOE BBHI3BIBAET OBICTPOE paspylleHue XI'yTUKOHOC-
neB (Kobanosa, 2009). Bo3aMoxHO, OoJiee OJIMTEJIbHOE
¢unsTpoBanre 50 g1 u 10 51 cnocoOGCTBOBAIO paspy-
meHunro kjietok u gerpaganuu JHK. Ilo cpaBHeHUIo ¢
JaHHBIMU MeTabapKOAUPOBaHUsA, Tlle IpefCcTaBUTeNN
JauHo(darennAT O6siM B unciie 11 MOMUHHPYIOUUX
cemetictB (Puc. 3A), mo AJaHHBIM MHKPOCKONMWU, OOJIA
JuHo(areAT B obmiell yrcjieHHOCTU Oblia HeGOoJIb-
masa (Puc. 3B). Tl'eHom pmuHOGJAresUIAT ABJIAETCA
MHOTOKONUIHBIM, a TakXxe AUHOQJAreUIATHl 4acTo
061a1a10T «Me30KapUOTUYECKUM» SIJPOM, B KOTOPOM
XpPOMOCOMBI He YIIaKOBaHbI B TMCTOHBI, KaK y APYruUx
3YKapHOT, U HaxoAATcs B 0Oojiee pacTIHYTOM COCTO-
SIHUHW, 4TO MOXeT CIOCOOCTBOBaTh 0ojiee 4acTOMy U
JIETKOMY KOMNMPOBAaHUI0O XPOMOCOMHOI0 MaTepuasa
(Wisecaver and Hackett, 2011). CoOTBETCTBEHHO JaXe
NpU HU3KOM YHMCJIEHHOCTU AUHOGJIAresUIAThl MOTYT
UMeTh 3HAUUTEJIbHYI0 [OJII0 INPU CEKBEHUPOBAHUU.
Jomnsa npouyTeHUi, OTHOCAIUXCA K JUATOMOBBIM BOJIO-
pociaM (cemerictBa Bacillariophyceae, Mediophyceae
u nopsAaka Fragilariales), a Takxe 3eJIEHBIM BOAOPOC-
Jsam (cemeiictBa Trebouxiophyceae u Chlorophyceae),
6bU1a B obpasuax 1,2 1. B obpasuax 50 1 Bkjag obenx
rpynn MukpoBogopocell 6su1 Hebosbmon (Puc. 3B),
HEeCMOTpsI Ha TO, YTO MO0 MHUKPOCKONHUHN 3TU T'PYIIIbI
sABasAnuchk cybnomuHantamu (Puc. 3B).

[TIpu cpaBHeHUU 00pa3LOB C pa3HOMN IJTyOUHOM
CeKBEHNPOBAHUsA BUAHO, YTO OOJIBIIMHCTBO TAaKCOHOB
UMelT NpPUOIU3UTESIBHO OJNHAKOBOE COOTHOIIEeHUe
(Puc. 3, 4). Pa3Hura nposiBjisieTcsi B MUHOPHBIX TaKCO-
HaxX, HEKOTOphble M3 KOTOPHIX AETEeKTUPYIOTCS TOJIBKO
mpu OoJIbIIEM KOJIMYECTBe IOJIYYEHHBIX IOCJIe/I0Ba-
tenbHOCTel (Puc. 4). Tect ANOSIM noarBepauJ1 Hau-
Yyie pa3/IM4yuii B cocTaBe 00pa3lioB C pa3HOM ITyOUHON
cekBeHupoBaHus (R=0,513, p=0,0029). U3 Ttemnyo-
BOII KapThl BUJHO, YTO HauboJjiee MOJIHO COOOIIeCTBO
MHUKPO3YKapUoT IpeJicTaBJeHO0 B oOpaslax o0beMOM
10 51 c yBeTM4eHHOI IJIyOMHOM CEKBEHUPOBaHMsA, YTO B
JIaHHOM cJIy4ae sIBJIsIeTCs ONTHUMAaJIbHBIMU YCIJIOBUAMU.
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Puc.3. TakcoHOMMYecKas CTPYKTypa obpasijax ¢ pa3HbeM 06beMoM OThUIbTpoBaHHOM NpoOH (50, 10 u 1.2 1 dunbTpoBaH-
HOU BOJBI). AHa/IM3 C TOMOIIbI0 MeTabapKoAUpoBaHUA Ha ypoBHe ceMericTB 11 momunupymomux ASV (A) u MuHopHbIX ASV;
pe3yJibTaThl aHasu3a Mmpobel 1.2 1 MeTomoM Mukpockonuu (B). O6pasifsl ¢ yBeJIYeHHBIM KOJIMYeCTBOM IPOUYTEHUI OTMeueHbI

3Be310uKkoi (¥).
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ASV1_SAR_Oligotrichia_Strombidium

ASV2_Opisthokonta_Cryptomycota_ LKM11
ASV3_SAR_Ochromonadales_Dinobryon
ASV7_Opisthokonta_Cryptomycota_ LKM11
ASV10_SAR_Ochromonadales_Dinobryon ==
ASV8_SAR_Protaspidae Cryothecomonas _—
ASV9 SAR_Oligotrichia_Strombidium 3

ASV4_SAR Thoracosphaeraceae
Eﬁ o | ASV5_SAR_Gymnodiniphycidae_Gyrodinium
ASV6_SAR_Eustigmatales_Nannochloropsis
. ASV44 SAR_Chrysophyceae Spumella
ASV53_Cryptophyceae
ASV38_SAR_Ebriacea_Ebria
ASV35_Archaeplastida
ASV36_SAR_Chrysophyceae
ASV39_Opisthokonta
ASV47_Archaeplastida_Trebouxiophyceae
ASV51_SAR_MAST-12C_unclassified
ASV56_Archaeplastida_unclassified_unclassified 1
ASVE5_Cryptophyceae_unclassified_unclassified
ASV41_Cryptophyceae =
ASV57_Cryptophyceae
- ASV58_unclassified_unclassified_unclassified
ASV74_SAR_Ochromonadales_uncultured
ASV49_SAR_unclassified_unclassified
ASV64_Haptophyta_Chrysochromulina
ASV46_SAR_Choreotrichia_uncultured
ASV45_SAR_Suessiaceae_Symbiodinium
I ASV14_Cryptophyceae
ASV13_SAR_Oligotrichia_Strombidium
ASV21_SAR_unclassified_unclassified
ASV19_Archaeplastida_Incertae_Sedis_Choricystis
ASV22_SAR_Ochromonadales_Dinobryon
ASV18_Archaeplastida_Trebouxiophyceae
ASV17_Archaeplastida_Chlorophyceae
ASV16_SAR_Suessiaceae_Biecheleria
ASV15_SAR_Choreotrichia_uncultured
ASV_][ipyrue
ASV11_SAR_Synurales_Mallomonas
ASV12_SAR_Chrysophyceae_uncultured
ASV24_SAR_Mediophyceae_Stephanadiscus
ASV25_SAR_Hypotrichia_Halteria
ASV20_SAR_Bacillariophyceae_Nitzschia
ASV23_SAR_Ochromonadales_Dinobryon
ASV33_SAR_Chrysophyceae_Ochromonas
ASV34_SAR_Suessiaceae_Biecheleria
ASV40_Archaeplastida_Trebouxiophyceae
ASV42_SAR_unclassified_unclassified
ASV27_SAR_Thecofilosea_uncultured
ASV29_Archaeplastida_unclassified_unclassified
ASV31_SAR_Chrysophyceae_uncultured
ASV26_SAR_Suessiaceae_Biecheleria
ASV28_SAR_uncultured_eukaryotic_picoplankton

o5
1

=]

ASV78_Opisthokonta_Filobasidiaceae_unclassified
ASV77_SAR_Aphanomyces_Saprolegnia_sp. SAP4
ASV75_Opisthokonta_Agaricomycetes_Agaricales
ASV8B0_SAR_unclassified_unclassified
ASV71_SAR_Gymnodiniphycidae_Gyrodinium
ASV6E9_SAR_Chrysophyceae_uncultured
ASV70_Cryptophyceae
ASV76_SAR_Ochromanadales_Dinobryon

] | ASV54_SAR_Thoracosphaeraceae
ASVE0_SAR_Ochromonadales_Dinobryon
ASV72_Opisthokonta_Rhizophydiales
ASVE6_Opisthokonta_Gromochytriaceae
ASV73_SAR_unclassified_unclassified
ASV48_SAR_Fragilariales_Fragilaria
ASV55_SAR_unclassified_unclassified
ASV32_SAR_Chrysophyceae_
ASV43_SAR_Fragilariales_Ulnaria
ASV50_SAR_Chrysophyceae
ASV61_SAR_Chrysophyceae
ASV30_unclassified
ASV37_SAR_Chrysophyceae
ASV59_Archaeplastida
ASVE7_Archaeplastida_Sphaeropleales
ASVE3_SAR_MAST-12C_uncultured_Eimeriidae
ASV52_SAR_Suessiaceae_Biecheleria
ASV68_Haptophyta_ ESS2202_uncultured_haptophyte

. h ASV62_Opisthokonta_Chytridiomycetes
ASV81_SAR_Chrysophyceae
Y
=
[aY]
—

T

50M_2

1.2n_2*

1.20 1*
120 2
501_1*
50M1_2*
1011_1
100 _2
1001_2*
100_1*

50M_1

Puc.4. TerioBas kapTa 00pa3ij0B MUKPO3yKapHOTHYeCKOro coobIiecTBa ¢ pa3HbIM 06beMOM OTGUIbTPOBaHHOM pobH! (50,
10 1 1.2 51 GuibTpOBAaHHOH BOJBI), CO3aHHasA Ha ocHOBe Habopa u3 80 HauboJiee pacnpocTpaHeHHbIX ASV. [l nocTpoeHUs
KJIaCTepHBIX JiepeBbeB 0 BEIOOpKaM U o ASV mcnoJsib3oBasiach KjlacTepusalys MaTpyll NapHbIX paccrosHuil bpes—Keprtuca ¢
nomoibio UPGMA. O6pasiibl ¢ yBeJIM4eHHBIM KOJINYeCTBOM IIPOUYTEHNE OTMeUYeHbl 3Be3J0UKoil (*).
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4. 3aknioueHue

Takum o6pa3oM, 11 MOHUTOPHUHTa OAHOKJIETOY-
HBIX MHUKPO3YKapHuoT B oJUroTpodHOM o3epe Barikain
B JIETHUH NepuoJ MeTOAOM MeTabapKOoAWpOBaHUA IIO
redy 18S pPHK ontumasnbHO oTOOpaTh npoly oObe-
MoM 10 Jj1 1 IpoBecTU ceKBeHHpOBaHUe ¢ IJIyonHoi 50
THICSY NMPOYTEHUHN Ha obpa3el], YTOOBI OoJiee JJeTaJibHO
oxapakTepu30BaTh cooOIiecTBo. 1A XxapaKTepuCTUKHU
JOMMHUPYIOINX TaKCOHOB JOCTAaTOYHO OTHOCHUTEJIBHO
Heboubioro oovema Boanl (1,2 j1). B mpobax ¢ Hau-
6ospmuM o6beMoMm (50 J1) GoJiblile MOJOBUHBI BCEX
CEeKBEHHPOBAHHLIX IOCJIe[0OBaTeJbHOCTEeH, OTHOCU-
sack k Ciliophora, a koysiuecTBO MPOYTEHUI, OTHOCH-
muxcs K AUaTOMOBBIM U 3eJIeHBIM BOJOPOCIAM, 3aHU-
’KaJI0Ch, YTO He ONpaBAbIBaeT OTOOpP TAaKOro OOJIBLIOTO
ob0beMa MHpoOBl [JiA HccaeoBaHUA (UTOMIAHKTOHA.
VBenuueHue TJIyOMHBI CEeKBEHUPOBaHUSA I103BOJIAET
0XBaTUTh 00JIbIlle MUHOPHBIX TAKCOHOB, B TO BpeM:A KakK
J0J11 TOMUHUPYIOIIUX TaKCOHOB IPU Pa3HOU TIyOuHe
CeKBeHHpOBaHUA ObUIa cxXofHa. [ljnA onTuMu3anuu
MeToAa MeTabapKOAMPOBaHUA JJid MCCIeNOBaHUM U
B Apyrue ce30HH HeoOXOAMMO NpoBefeHUe JOIOJIHU-
TeJIbHBIX paboT.
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