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Abstract
Saprolegniosis is considered one of the most common fungal diseases in freshwater aquaculture, affect-
ing eggs and fish of all ages, and is causing great economic losses worldwide. In sturgeon aquaculture, 
highest harm is caused by caviar saprolegniosis (byssus), a mycotic disease of caviar, which is char-
acterized by damage through saprolegnium fungi during hatchery incubation. The main infectious 
agents are aquatic mold fungi of the genus Saprolegnia spp. A sample of water mold was isolated from 
infected eggs of a hybrid of Russian sturgeon (Acipenser gueldenstaedtii) with kaluga (Huso dauricus) 
with characteristic signs of the disease. Microscopic examination of an isolated oomycete revealed 
morphological features characteristic of Saprolegnia spp., but no oogonia or antheridia were found, 
which complicates further species identification. To identify the isolated pathogen, molecular tools 
such as PCR and sequencing of a DNA section including 18S rRNA, ITS1, 5.8S rRNA, ITS2 and 28S 
rRNA were used to distinguish between different species of aquatic molds. Analysis of the obtained 
nucleotide sequence showed more than 99% identity with the previously known DNA sequences of S. 
parasitica. According to the results of phylogenetic analysis, the obtained nucleotide sequence was in 
the same group with the known sequences of S. parasitica and separated from other species belonging 
to S. ferax, S. diclina, S. delica, and S. australis.
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Introduction

Sturgeons are valuable fish species of great biological and economic importance. 
More than 80% of existing sturgeon species are at risk of extinction due to late sex-
ual maturity, long spawning periods in the wild, overfishing, and their environment 
pollution (Ciulli et al. 2020).

Sturgeon aquaculture is actively developing around the world and plays an im-
portant role in the restoration of natural populations and the production of fish 
and caviar, which is especially appreciated by consumers (Bronzi et al. 2014, 2017). 
A serious problem for sturgeon aquaculture is represented by various infectious 
diseases, including the fungal disease saprolegniosis, which is widespread among 
freshwater fish. The main infectious agents are aquatic molds of the genus Saproleg-
nia spp. (Thoen et al. 2011; Sandoval-Sierra et al. 2014a). Individuals of all ages, es-
pecially juveniles, and eggs during hatchery incubation are susceptible to this infec-
tion. Sturgeons are believed to be comparatively more disease resistant than other 
fish species (Radosavljevic et al. 2019), but the aquatic mold Saprolegnia spp. causes 
great damage during the incubation of sturgeon eggs (Jalilpoor et al. 2006; Ghiasi et 
al. 2010), in which damaged and unfertilized eggs are affected with gradual infec-
tion of live eggs. The death of eggs during this period can reach 70-90% (Radosav-
ljevic et al. 2019).

Since the ban on the use of malachite green dye in the fight against Saproleg-
nia, there have been no effective measures to control and combat this infection in 
aquaculture. Until now, there are performed active searches for new substances with 
fungicidal properties. As an alternative to malachite green, the antimycotic activity 
of a wide range of chemicals was studied (Ali et al. 2014; Hu et al. 2016; Tedesco et 
al. 2019), as well as of natural biologically active substances (Madrid et al. 2015; Te-
desco et al 2020), bacterial isolates (Liu et al. 2015; Heikkinen  et al. 2016; González-
Palacios et al. 2019). Most of these compounds are either not very effective or have 
negative effects on fish health or the environment, which hinders their practical use 
in aquaculture.

Currently, effective control of caviar saprolegniosis remains one of the main 
tasks in sturgeon aquaculture. To develop effective and safe methods for the preven-
tion and treatment of this disease, it is necessary to identify the type of the main 
causative agent of the infection. The aim of this study was to identify the pathogen 
Saprolegnia isolated from sturgeon eggs.

Materials and methods

Sampling and isolation of culture

The material for the study was caviar of hybrids of the Russian sturgeon (Acipenser 
gueldenstaedtii) with Kaluga (Huso dauricus) with signs of saprolegniosis, obtained 
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in the fish farm "Chernozem Sturgeon" in December 2020. A sample of infected 
caviar was washed with sterile distilled water, transferred to solid Saburo medium 
containing gentamicin (1 μg/ml) and incubated at 22° C for 5 days. To obtain a pure 
culture, repeated sequential cultivation (5 passages) was performed by cutting and 
transferring a small section of growing mycelium to a new dish using a sterile surgi-
cal blade, the dish was covered with a layer of sterile tap water 2 mm high. Incuba-
tion under a layer of water was carried out at 22° C for 5 days.

Microscopic examination

To study the morphology of the isolated culture, an oomycete preparation was 
prepared in a crushed drop and microscoped using a BiOptic B-200 microscope 
equipped with an Indus trial Digital Camera 3.0MP ½ COLOR USB2.0 APTINA 
CMOS SENSOR at 120x and 600x magnifications.

Molecular and phylogenetic analysis

Genomic DNA was isolated from colonies of microorganisms using the Proba-GS 
kit (DNA technology, Russia) according to the attached instructions. For molecular 
identification of fungi, the section of the internal transcribed spacer ITS was used. 
To amplify the DNA section, including the intergenic spacers ITS1 and ITS2, the 
following universal primers for eukaryotes were used: forward ITS1 TCCGTAG-
GTGAACCTGCGG, reverse ITS4 TCCTCCGCTTATTGATATGC [17].

The polymerase chain reaction was carried out using Taq polymerase on a Mas-
ter cycler personal device (Eppendorf, Germany). The following components were 
mixed in a test tube: 5X reaction buffer - 5 µl; 10 mM dNTP - 1 μl; 10 μmol primer 
- 1 μl; 10 μmol reverse primer - 1 μl; 25 mM Mg2 + - 3 μl; DNA matrix - 2 μl; ther-
mostable Taq polymerase - 2.5 units; deionized water - up to 25 μl. The following 
temperature cycles were used: 94° C 4 min, 35 cycles: 94° C 30 sec, 54° C 30 sec, 72° 
C 45 sec, final elongation 72° C 10 min.

Visualization of PCR products was performed by electrophoresis in 2% agarose 
gel on a TCP-20LM transilluminator at a wavelength of 312 nm. Ethidium bromide 
was used as a dye for nucleic acids. The size of the products was determined by com-
parison with DNA markers of known length (Evrogen, Russia).

Extraction from agarose gel and purification of the amplicon was performed us-
ing the commercially available CleanupStandard kit (Evrogen, Russia). Sequencing 
of the purified PCR products was performed on an Applied Biosystems 3500 genetic 
analyzer using the BigDyeTerminator v3.1 CycleSequencingKit. The primers used 
were the same primers as for PCR procedure (see above).

Phylogenetic analysis was performed using the MegaX program. Apodachlya 
minima was selected as the outgroup. Evolutionary discrepancy between groups 
was assessed using Kimura's 2-parameter model.
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Result

Microscopic examination 

The mushroom cultured on Sabouraud solid medium showed the characteristic cul-
tural characteristics of Saprolegnia. After 5 days of incubation, abundant growth of 
white round colonies with a felt structure was observed (Figure 1).

Microscopic examination revealed branched non-septic mycelium, thin hyphae, 
young and proliferating clavate zoosporangia with spherical zoospores (Figures 2, 
3). Oogonia and antheridia were not observed.

Figure 1. Cultural features of the isolated oomycete under a layer of sterile water.

2 3

Figures 2–3. 2 – Morphological features of Saprolegnia oomycete, magnification 120x. 
3 – Morphological features of Saprolegnia oomycete, magnification 600x.
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Molecular analysis 

A fragment from the DNA of a fungal culture, presumably Saprolegnia, was ampli-
fied and sequenced using primers specific to the DNA section including 18S rRNA, 
ITS1, 5.8S rRNA, ITS2, and 28S rRNA.

As a result of sequencing this region, a 715 bp sequence was obtained:
GCTCCCCCCACAACACCCCACGTGATGTACTCTTTATGAGGCTTT-
GCGCTGCCCTTGTGGCAGCTAGCCGAAGGTTTCGCAAGAAGCCGAT-
GTCAATTTGAATCCTTTTTAAAATACGACTGATCAAAACTGCAGA-
TAGAAATATCTGCATGCAATTGAAATACAACTTTCAACAGTGGAT-
GTCTAGGCTCGCACACCGATGAAGAACGCTGCGAACTGCGATACG-
TAATGCGAATTGCAGAATTCAGTGAGTCATCAAAATTTTGAACGCAT-
ATTGCACTTCCGGGTTAGTCCTGGGAGTATGTTTGTATCAGTGTCCGT-
GAACACAAACTTGTTTCATTTCTTGATTGGGATGGAGCAGACTGTGAAG-
GTCTTGTAATTACAAGTCCTTTTAAACGACGGTACCTATGCGTCCTAGT-
GAGATGTATTATTTAAAGGTATGCCTGCGCTCCTTTCGAAAGTCTTGT-
GTGGCGGCACACAGCACTCAAAGAGAGAGCAAATCGCGGTAGTTTT-
GCTTGTACTTCGGTACGAGTGGACACATATTGCTTTTTGTGATTTCT-
GCGAGTCTGTTGTCAAAGTACAAGGCACGTAAGGAGAGTTGGTAT-
GCTGGTGCATTTCTTGGCGTATGGAGGCAAATTGGGAATTCAATC-
CAATTTGGACCTGATATCAAACAAGACTACCCGCTGAACTTAAGCATAT-
CAATAAGGCGGAGGAA.

Analysis of the obtained nucleotide sequence using the international GenBank 
database showed more than 99% identity with previously registered DNA sequences 
of S. parasitica, including 18S rRNA, ITS1, 5.8S rRNA, ITS2, and 28S rRNA (Gen-
Bank accession numbers: MG597031.1, MH458749.1, KX494868.1, JN400038.1, 
etc.).

Phylogenetic analysis using the Kimura’s 2-parameter model showed that the 
obtained nucleotide sequence was in the same group with the known sequences 
of S. parasitica and separated from other species belonging to S. ferax, S. diclina, S. 
delica and S. australis (Figure 4, phylogenetic tree).

Discussion

The oomycete strain isolated from infected eggs of a hybrid of Russian sturgeon 
with kaluga was identified as S. parasitica based on morphological characteristics 
and genetic analysis. The caviar affected by water mold was characterized by the 
presence of abundant white fluffy mycelium on the surface. The isolated pathogen 
showed typical cultural and morphological features characteristic of Saprolegnia 
spp. as described in early works (Shin  et al. 2017; Ke et al. 2009). Species identifica-
tion of Saprolegnia spp. according to morphological characteristics is a difficult task. 
Several typical morphological features of asexual and reproductive organs of repro-
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duction are used for the classical identification of Saprolegnia (Sandoval-Sierra and 
Diéguez-Uribeondo 2015). In our study, no oogonia or antheridia (reproductive 
structures) were found in the isolated mold even after a long incubation period, 
which coincides with the data obtained by other authors (Eissa et al. 2013). The 
most reliable approach to the classification and identification of the genus Saproleg-
nia is the use of molecular methods of analysis that can reliably distinguish between 
different types of aquatic mold fungi (Sandoval-Sierra et al. 2014b).

Figure 4. Phylogenetic tree based on DNA sequence including 18S rRNA, ITS1, 5.8S rRNA, 
ITS2 and 28S rRNA in species of the genus Saprolegnia. The arrow marks the obtained nu-
cleotide sequence.
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The most informative genetic markers for eukaryotic identification are the non-
coding internal spacers ITS1 and ITS2, due to the relatively high variability of their 
sequences (Sandoval-Sierra and Diéguez-Uribeondo 2015). These non-coding sec-
tions are located between the 18S and 28S genes; the 5.8S gene is between ITS1 and 
ITS2. Thus, to identify the isolated oomycete, a genetic analysis of a DNA region 
containing 18S rRNA, ITS1, 5.8S rRNA, ITS2, and 28S rRNA was carried out. The 
comparison of this nucleotide sequence with known Saprolegnia DNA sequences 
from the international GenBank database and phylogenetic analysis confirmed that 
the isolated water mold strain belongs to S. parasitica. Our results are consistent 
with the data of early studies (Jalilpoor et al. 2006; Ghiasi et al. 2010), according to 
which S. parasitica is the most frequently found species infecting sturgeon eggs. In 
general, in freshwater aquaculture, this pathogen species accounts for the largest 
proportion of infections and mortality of fish eggs (Songe et al. 2016). The identifi-
cation of the saprolegniosis pathogen isolated from the caviar of the Russian stur-
geon-kaluga hybrid will serve as the basis for the development of effective and safe 
methods for the prevention and treatment of this disease in sturgeon aquaculture.
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