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Motivation and Aim: Basal Holomycota include three groups of obligate intracellular
parasites — Rozellida, Microsporidia and Aphelida [1]. Their representatives are
suspected to influence on a function of food webs in different types of aquatic
ecosystems [2] and population dynamics of various microeukaryotes [3]. Since NGS
provides a new opportunity for extensive study of phylogenetic diversity of unculturable
species we obtained metabarcoding data on 9 samples of freshwater bottom sediments
from two closely located sampling sites (Turovskoye Lake and the stream between
Turovskoye and Zaklinskoe lakes, Leningrad region, Russia) and analyzed them with a
special focus on basal Holomycota [4, 5].

Methods and Algorithms: Amplification of the V4 region of 18S rRNA gene of rozellids
and aphelids from the total environmental DNA extractions was performed through
(1) nested PCR with eukaryotic primers 18SEUKS581F/18sEUK1134R [6] and
Holomycota-specific primers E572/1009R [7] subsequently or (2) single-step PCR with
the primers biased against metazoans EUK565F NGS/UnonMet_R [8]. Amplification
of V1-V3 regions of 18S rRNA gene of Microsporidia was performed through single-
step PCR with specific primers 18F/530R or V1F/530R [9]. Q5 High Fidelity DNA
Polymerase Kit (New England Biolabs) was used for each amplification. Amplicon
library construction and sequencing using lllumina MiSeq platform were provided by
the Core Facility Center “BioBank” of the St. Petersburg State University Research Park
(https://researchpark.spbu.ru/en/biobank-eng).

Quality-controlled reads were assembled into contigs wusing Mothur
(https://mothur.org/wiki/MiSeq_SOP) [10], with the same software used for data
proceeding up to unique sequences insertion into the eukaryotic reference alignment
from the SILVA database (https://mothur.org/wiki/silva_reference files/) and their
classification. Filtered target sequences were aligned using MAFFT v. 7.490
(https://mafft.cbrc.jp/alignment/server) [11], taxonomically attributed using BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and added into alignments of basal
Holomycota (2420 sequences from Genbank). SeaView v. 4.6.1 [12] was used for
alignments editing. ML analysis was performed by 1Q-TREE v1.6.12 [13] with the
model GTR+I+G+F, resulting phylogenetic trees were visualized using iTOL v.3
(http://itol.embl.de) [14].

Results: Each amplification approach resulted in sequencing a significant amount of
SAR representatives (Ciliophora, Chrysophyta, Bacillariophyta), some Archaeplastida
(Chlorophyta) and non-targeted Opisthokonta (Ascomycota, Basidiomycota,
Mucoromycota, Chytridiomycota) from all freshwater samples. Both PCR protocols
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used to obtain rozellids and aphelids (nested PCR with 18sEUK581f/18sSEUK134r and
E572/1009R primers subsequently and one-step PCR with anti-metazoan
EUK565F _NGS/UnonMet R primers) appeared comparable in terms of target
sequences amplification efficiency, while the second protocol is faster and implies less
loss of material. PCR protocols with microsporidia-specific primer systems 18F/530R
and V1F/530R appeared equally suitable for amplification of a wide range Microsporidia
corresponding to different phylogenetic lineages and also contributed to rozellids and
aphelids dataset.

After data processing we obtained 56 OTUs (366 reads) of Microsporidia, 112 OTUs
(954 reads) of Aphelida and 450 OTUs (3818 reads) of Rozellida. The discovered
sequences contributed to molecular clades within the entire basal Holomycota tree,
including both described species (Rozella, Paraphelidium, Aphelidium, Paramicro-
sporidium, Mitosporidium, Morellospora and numerous microsporidian species) and
consistently reproduced in previous phylogenetic studies environmental clades
(NAMAKO37, LKM46, NAMAKO35, hww6, LKM15, AZeuk2, LKM11, WIM27,
dpeuk6, LKM46). Numerous sequences clustering with microsporidian sequences from
aquatic habitats from clades 4(1V), 1(1), 3(V) [15, 16] were detected. A potentially
new group of early microsporidia basal to Core Microsporidia + Metchnikovellida +
RL107-1 (FN546176) was identified.

All analyzed samples showed rather similar diversity profiles, except the one taken from
an especially silted area of Turovskoye Lake (T.07.21). Sequences contributed to most
microsporidian clades, Mitosporidium clade, Rozella clade and Aphelida did not show
any visible correspondence to sampling site or sampling time, probably following a
continuous distribution pattern of potential multicellular hosts in closely located
sampling sites. Sequences contributed to Morellospora, Paramicrosporidium and
Nucleophaga clades shared patchy and sporadic distribution pattern of potential
unicellular hosts sensitive to unstable microhabitat conditions.

Conclusion: Since a significant fraction of obtained microsporidian and rozellids
sequences formed clades with environmental sequences from Genbank, and these clades
lack any described representatives, phylogenetic diversity of basal Holomycota in
different ecosystems clearly remain underdescribed and require further study.
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