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Abstract: In the last decade, events of mass disease and mortality of sponges have been observed
in Lake Baikal, which indicates an ecological crisis of the lake. Based on the crucial role of sponges
as filter feeders and bioindicators, their comprehensive study in this situation is of great interest.
Despite the presence of genomic and transcriptome data for several species of endemic Baikal sponges,
their population structure has never been studied before. The analysis of the population structure
of both marine and freshwater sponges is successfully carried out using microsatellite markers.
For freshwater sponges, the only species for which microsatellite markers have been published is
Ephydatia fluviatilis, a close relative of the Baikal endemic sponges. Microsatellite markers show a
high percentage of interspecies cross-specificity among invertebrates. According to this, here we
attempted to access the suitability of these microsatellite markers for population genetic studies of
endemic Baikal sponge Lubomirskia baikalensis based on genomic data. The presence of microsatellite
sequence markers homologous to the flanking regions in the L. baikalensis genome was shown for
63.6% of markers, 71.4% of which contained microsatellite sequences. However, all of these markers
require the development of species-specific primer pairs.
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1. Introduction

Sponges are one of the oldest multicellular organisms capable of biomineralization.
There are cosmopolitan [1,2] and endemic [3–5] families among the freshwater sponges.
One of these endemic families—the Lubomirskiidae—inhabits the unique ancient Lake
Baikal. A bouquet of species of endemic sponges has been forming in Lake Baikal for
the last 2–4 Ma [4,6–9]. Baikal sponges have a high morphological plasticity [10–12] and
a reduced rate of evolution of the mitochondrial COI [7,9,13] gene, which is commonly
used as a barcode for species identification. These factors not only complicate the species
identification, but can also indicate unfinished speciation processes. Despite the availability
of published genomic data for Lubomirskia baikalensis [14], the population structure of this
species has not been studied before. Therefore, such a study would be of great interest, since
it is not known whether the sponges living in different basins of the lake make up different
populations, how the loss of the ability to form gemmules affects the population structure
compared to cosmopolitan freshwater sponges, [15,16] and whether the mass events of
disease and mortality of sponges observed in Lake Baikal over the last decade [17–22]
affected the population structure in heavily diseased areas.

To answer these questions, it is necessary to select molecular genetic markers suit-
able for a population analysis. Microsatellite markers have been successfully used for
population genetic studies of marine and cosmopolitan freshwater sponges [15,16,23–26].
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Microsatellites are short tandem repeats with higher evolutionary rates than other regions
of the genome. Several approaches can be used to develop microsatellite markers. First
is to test previously developed markers for closely related species (E. fluviatilis [15]), and
the second is to develop markers de novo. Since the cross-species specificity testing of
microsatellite markers has shown good results for invertebrates [27], here, we tried to test
the suitability of microsatellite markers developed for E. fluviatilis on the Baikal endemic
sponge L. baikalensis, using bioinformatics methods based on draft genome data, and using
standard laboratory tests.

2. Experiments
2.1. Data Analysis

To study the suitability of E. fluviatilis microsatellite markers for population genetic
analysis of the Baikal endemic sponges of the L. baikalensis species, we searched for flanking
regions of microsatellite markers in the L. baikalensis draft genome [14] (NCBI SRA, accession
number PRJNA431612). The search for flanking sequences of microsatellite markers (left
and right separately) was carried out using the BLAST + software package [28]. Aligned
sequences for matches of more than 25 base pairs, plus 500 base pairs on each side were
extracted using the SeqinR package in the programming language R. Sequences obtained
from the draft genome data for L. baikalensis were aligned to the original microsatellite
sequence with flanking regions of E. fluviatilis [29], and to the primer sequences for them
using the BioEdit 7.0 software package [30] and the MAFFT v 7 online service [31].

2.2. DNA Isolation, PCR, Electrophoresis

Total DNA was isolated using the CTAB method [32]. PCR was carried out using a
Techne TC 5000 thermal cycler (UK) using the Encyclo Plus PCR kit (Eurogen, Moskow,
Russia). PCR products were visualized by electrophoresis in 2% agarose gel for 40 min. For
loci which gave clear single bands on the agarose gel, fragment analysis was performed.

3. Results

Based on the results of the bioinformatic analysis of L. baikalensis genomic data, hits
with the flanking regions of the Efl3–Efl22 microsatellite markers were identified, extracted
from the draft genome, and analyzed [29].

Since the published draft genome of the L. baikalensis was incomplete, in ad-
dition to the bioinformatics analysis, the cross-species specificity of the Efl3–Efl22
microsatellite markers was also assessed using standard laboratory methods (PCR, gel
electrophoresis, and a fragment analysis). When analyzing the genome, hits were found
for seven markers; microsatellite sequences were present only in five of them. For
the remaining two markers, more than one hit was found in different regions of the
genome. For Efi-3, a hit was found in NODE_133600_length_504_cov_14.1171, for Efi-4 in
NODE_15577_length_2618_cov_33.3609, for Efi-5 in NODE_3929_length_6454_cov_36.6491
and in NODE_50989_length_1056_cov_44.9704, for Efi-9 in NODE_5049_length_5597_cov_
19.842, for Efi-14 in NODE_100388_length_621_cov_27.2923, for Efi-17 in NODE_4777_
length_5775_cov_22.5239, and for Efi-20 in NODE_68985_length_832_cov_30.9788. All
sequence names was given for a draft genome assembly with NCBI SRA, accession number
PRJNA431612 [14].

Each marker Efl3–Efl22 was amplified with three samples of L. baikalensis. Only
for two markers out of eleven (Efl7 and Efl20), clear single bands were obtained on gel
electrophoresis. The rest of the markers either did not produce a PCR product, or a multiple
PCR product was amplified.

According to the results of the fragment analysis, the length of the Efl7 locus was
337 base pairs for all three samples. It was not possible to assess the expected length
based on the genomic data of L. baikalensis, since no hits were found for this marker. The
reason may be the incompleteness of the genome data. The Efl20 locus was 158 bp in all
samples, although the expected length based on genomic data was 213 bp. The absence
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of heterozygous individuals and individuals with different alleles among the analyzed
samples indicated the unsuitability of these two markers for population genetic studies of
L. baikalensis.

We also analyzed the coincidences of the E. fluviatilis primer sequences with similar
regions in the L. baikalensis genome. The analysis revealed that the primer pairs, published
for microsatellite markers for E. fluviatilis (Efl3–Efl22), were not suitable for the specific
amplification of markers of the Baikal endemic sponges L. baikalensis, since the genome
regions containing primer sequences also contained a large number of substitutions.

4. Discussion

According to the data obtained, the presence of homologous flanking regions to the
microsatellite markers sequence in the L. baikalensis genome was shown for 63.6% of the
markers, 71.4% of which contained microsatellite sequences, namely, markers Efl3, Efl4,
Efl9, Efl17, and Efl20. The obtained values were 10% lower than the average value of
cross-species-specific microsatellite markers for invertebrates [27]. Despite the presence of
microsatellites and hits in the flanking regions of these loci, they all require the development
of new specific primer pairs.

5. Conclusions

Thus, the microsatellite markers developed and successfully used for the population
genetic studies of E. fluviatilis [15,16] were not suitable for the population genetic studies of
endemic Baikal sponges L. baikalensis.

The development of microsatellite markers based on L. baikalensis genomic data was
more promising. It is possible that the search for universal microsatellite sequences in
the published genomes of freshwater sponges could create a basis for the development of
universal microsatellite markers for many closely related species. This work is underway
at the moment.
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