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SHORT COMMUNICATION

Abstract In the present study, we aimed to identify Saprolegnia spp. from infected rainbow trout eggs in 
a hatchery in the north (Mazandaran province) of Iran. Morphological identification was conducted by 
light microscopic observation of various life stages of Saprolegnia. For the molecular characterization, the 
internal transcribed spacer (ITS) region was amplified by using universal primers ITS 1 and ITS 4. Based 
on morphological and molecular findings, two Saprolegnia spp. have been identified. i.e., Saprolegnia 
parasitica (Isolate KMG3, MW819780) and S. salmonis (Isolates KMG1, MW819740 and KMG2, 
MW819707). It is worth mentioning that the latter - S. salmonis - is the first report in Iran. The phylogenetic 
tree inferred by a Neighbor-Joining model revealed that three representative isolates with a well-supported 
value together with the known isolates of S. parasitica and S. salmonis formed a well-defined clade. An in 
vitro experiment was conducted to study the growth of S. salmonis (KMG2) and S. parasitica (KMG3) at 
various incubation temperatures. Both species showed similar hyphal growth rates at 10 and 18°C after 3 
days of incubation (P > 0.05). 
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Introduction

Members of the genus Saprolegnia are one of the main pathogens which are responsible for the ‘typical 
water mold infection’ or saprolegniasis of freshwater fish and their eggs (Ke et al. 2009; Noga 2010). Sap-
rolegniasis causes annually great losses in the production of different freshwater fish hatcheries in the world 
(Mousavi et al. 2007; Shahbazian et al. 2010; Ghiasi et al. 2010; Eissa et al. 2013). High mortality rates of 
rainbow trout eggs in hatcheries in Iran have become widespread in recent years and shreds of evidence 
have shown that fungal infection may cause up to 50% of annual egg loss (Shahbazian et al. 2010). Besides 
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adopting new strategies to manage the infection, there is an essential need to understand the phylogeny, 
taxonomy, and epidemiology of etiological agents (Magray et al. 2019; Elameen et al. 2021). 

Saprolegniasis in fish eggs is featured by the presence of cotton-like tufts on them (Elameen et al. 2021). 
Saprolegnia spp. are capable of colonizing the surface of the dead eggs and suffocating the surrounding 
living eggs (Kitancharoen and Hatai 1996). Fish eggs are also thought to be killed by a direct adhesion 
mechanism followed by penetrating the chorionic membrane regulating the osmosis of the embryo (Eissa 
et al. 2013; Liu et al. 2014). The most important species in the genus Saprolegnia is S. parasitica (Shin et 
al. 2017). The species was found to be the most destructive pathogen that caused primary infections in both 
salmon eggs and fish (Shin et al. 2017; Elameen et al. 2021). However, other species such as S. diclina, S. 
ferax, S. australis, S. monica, and S. salmonis are also reported from different fishes and geographical areas 
(Hussein and Hatai 1999; Die´guez-Uribeondo et al. 2007; Ghiasi et al. 2010; Sandoval-Sierra et al. 2014; 
Liu et al. 2017).

Traditionally, fish pathogenic Saprolegnia spp. were identified based on some morphological features 
including the structure and shape of sporangia, mode of zoospore release, and the characteristics of their 
sexual structures (Kitancharoen et al. 1997). Due to some ambiguous results of these types of taxonomy, 
molecular methods, especially polymerase chain reaction (PCR) and partial sequencing of intsernal tran-
scribed spacer ITS gene could be invaluable tools (Sarowar et al. 2014) and were effectively adopted by 
many authors to designate the species (Die´guez-Uribeondo et al. 2007; Sandoval-Sierra et al. 2014, Paul 
et al. 2015; Liu et al. 2017; Tedesco et al. 2021). 

Identification of Saprolegnia spp. in different regions of Iran has been carried out mostly based on mor-
phological characteristics (Mousavi et al. 2007; Shahbazian et al. 2010; Khosravi et al. 2012). However, 
S. parasitica and S. diclina have been identified for the first time in Persian sturgeon (Acipenser persicus), 
Rainbow trout, and Caspian trout (Salmo trutta caspius) eggs by Random amplification of polymorphic 
DNA-Polymerase chain reaction (RAPD-PCR) (Ghiasi et al. 2010; 2014). Then, Masigol et al. (2020) char-
acterized four Saprolegnia spp. including S. parasitica, S. anisospora, S. ferax, and S. diclina from Anzali 
lagoon (in the north of Iran) by morphological and molecular methods.

In the present study, we aimed to isolate and identify aquatic fungi from infected rainbow trout eggs by 
using some physiological and morphological characteristics as well as molecular phylogenetic analysis of 
ITS of the ribosomal DNA. 

Materials and methods

Rainbow trout eggs with fungal infection were collected from a trout hatchery in Tonekabon (Mazandaran, 
Iran) from January to February 2020 to study the fungal species. The eggs were maintained in conditions 
similar to the hatchery system; placed in a tray with flow-through water at the temperature of 10 °C, but 
no prophylactic treatment was provided. The infected eggs were collected in screw cap bottles containing 
50 ml sterile distilled water (SDW) which was supplemented with chloramphenicol (10 mg/L) to prevent 
bacterial contamination. Then, they were washed several times with SDW and inoculated in sterile plates of 
yeast extract glucose chloramphenicol (YGC) agar. Culture plates were incubated at 18°C for 5-6 days with 
regular daily inspection for any expected fungal growths. Harvested fungal colonies were purified and the 
slide culture technique was adopted on retrieved colonies for initial morphological identification (Hussein 
et al. 2001; Eissa et al. 2013). 

For morphological identification, isolates were grown in Glucose Yeast (GY) broth (D(+)-glucose 
monohydrate 10 g, yeast 2 g, potassium dihydrogen orthophosphate (KH2PO4) 2.04 g, disodium hydrogen 
phosphate anhydrous (Na2HPO4) 0.596 g in 1 L of distilled water and autoclaving) (Ghiasi et al. 2010), for 2 
d at 18 °C and allowed to sporulate. The isolates were assigned to the genus level according to the discharge 
of zoospores (Fig. 1d) (Sandoval-Sierra et al. 2014). Moreover, 5mm agar plugs with fungal hyphae were 
excised from the advancing edge of 6 d old colony and incubated with autoclaved hempseed and 5ml SDW 
in a glass petri dish at 18 and 5 °C for 4 w. The cultures were examined for producing of asexual (zoospo-
rangia, gemmae) and sexual (oogonia and antheridia) organs once a week (Hussein and Hatai 1999). All 
chemicals used, unless otherwise stated, were obtained from Merck Company (Darmstadt, Germany).

The inoculum was prepared by cutting at the advancing edges of a young colony growing on SDA agar 
with a 6 mm diameter border. The different Saprolegnia isolates were inoculated on a fresh SDA agar dish. 
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The colony hyphal radial growth rates were determined after 3 d of incubation at 10, 18, and 30°C (Ghiasi 
et al. 2010).

For molecular identification, a small piece of mycelium was removed from the purified YGC agar plates 
of Saprolegnia spp. and the genomic DNA was extracted by using a DNeasy Blood and Tissue Kit (Qiagen) 
according to the manufacturer’s instruction (Caruana et al. 2012). DNA concentration was measured at 260 
nm and stored at −20 °C. The 750 base pair segment of the ITS region of ribosomal DNA was amplified 
by using  5′-TCCGTAGGTGAACCTGCGG-3′ (ITS1) and 5′-TCCTCCGCTTATTGATATGC-3′ (ITS4) 
primers (White et al. 1990) as follows: 3 min at 95°C, followed by 35 cycles of 45 s at 93°C, 60 s at 58°C 
and 90 s at 72°C. PCR product was then purified by using GF-1 PCR Clean-up, and electrophoresis was 
done on 2% agarose gel. The nucleotide sequences of purified PCR products were analyzed with an auto-
mated Sanger dideoxy fluorescent nucleotide assay using an ABI 3730XL DNA Analyzer (Erfanmanesh et 
al. 2019). For confirmation, resulted sequences including the region spanning the 5.8S rDNA and the two 
ITS1 and ITS2 were compared with other ITS regions in the gene bank database by using the Basic Local 
Alignment Search Tool (nucleotide BLAST). 

The phylogenetic tree was inferred by a Neighbor-Joining model. The bootstrap consensus tree which 
was inferred from 1000 replicates was taken to represent the evolutionary history of the taxa analyzed. The 
percentage in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown 
next to the branches. Evolutionary analysis was conducted in Molecular Evolutionary Genetics Analysis 
(MEGA, version 7.0,) (Kumar et al. 2016). Aphanomyces invadans was chosen as the outgroup.

The differences between hyphal radial growth rates of Saprolegnia spp., at different temperatures, were 
compared by using the independent t-test. Differences between treated and controls were evaluated at a 
p-value < 0.05. The analysis was performed by using the SPSS software package v. 15 for Windows (Mic-
rosoft Corporation, USA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Morphological characteristics of Saprolegnia spp. (a) Full growth of the S. parasitica (KMG3) on SDA. (b) 

Presence of abundant zoosporangia and (c) gemmae in chains in hemp seed culture of S. salmonis (KMG2). (d) 

Saprolegnoid type of zoospore discharge in S. parasitica (KMG3) 

  

Fig. 1 Morphological characteristics of Saprolegnia spp. (a) Full growth of the S. parasitica (KMG3) on SDA. (b) Presence of 
abundant zoosporangia and (c) gemmae in chains in hemp seed culture of S. salmonis (KMG2). (d) Saprolegnoid type of zoospore 
discharge in S. parasitica (KMG3).
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Results 

Visual inspection of the cultured SDA plates has exposed the prominent growth of mold colonies in both 
species. The colonies were represented as cysts of whitish cottony long hairs. The morphological features 
of the isolates were observed by optical microscopy. Both species were characterized by extensive and 
dense mycelium. They showed the appearance feature of branched coenocytic hyphae along with masses of 
immature and mature sporangia (zoospore discharge was saprolegnoid) as well as the abundance of gem-
mae, often in chains, which are indicative of asexual reproduction. The isolates did not show any sexual 
reproduction in this study (Fig.1). 

The hyphal radial growth rates of two isolates (KMG3, and KMG2) were compared at different tem-
peratures. At 10 and 18 °C, all of the isolates grew similarly, and no significant differences were found 
between them (P >0.05) (Fig. 2). However, none of the isolates were able to grow at 30 °C (Fig. 2).

The aligned rDNA ITS matrix comprised 654 characters. The nucleotide sequence of three represen-
tative isolates was submitted to Gene Bank. BLAST alignment demonstrated that two isolated specimens, 
MW819740 and MW819707, were 99.59 and 100% similar to the type strain S. salmonis (AY647193), re-
spectively, and the other one (MW819780) was 99.32% similar to the type strain S. parasitica (AY455776) 
(Table 1). The phylogenetic analysis using the neighbor-joining method showed that the amplified speci-
mens of S. parasitica and S. salmonis were grouped with the known specimens of these species from other 
studies. They belonged to a well-supported monophyletic group showing similar evolutionary relationship 
with other specimens of these species (Fig 3). Also, the sequence of S. parasitica in this study was evolu-
tionarily separated from S. parasitica specimens in Anzali lagoon (Iran) and Scotland (Fig. 3). Furthermore, 
the obtained specimens from this study were isolated from other groups belonging to S. hypogyna, S. ferax, 
and other Saprelegnia spp. in other locations.

Discussion

Tonekabon is an important center for the production of rainbow trout eyed egg, fry, and fingerling in the 
north of Iran. For this reason, we chose this center as the source of Saprolegnia strains causing saprolegni-
asis in rainbow trout in the north of Iran. In this study, the isolates KMG 1-3 from infected eggs of rainbow 
trout showed no sexual reproduction, and the asexual characters were featured with an abundance of gem-
mae in chains or catenulate shapes. Sterility is a common feature of many isolates obtained from fish lesions 
and infected eggs (Ke et al. 2009; Vega-Ramírez et al. 2013; Shaheen et al. 2015; Tandel et al. 2021). How-

 

 

 

 

 

 

 

 

 

 

Fig. 2 Schematic diagram based on colony diameter (cm) Saprolegnia parasitica (KMG3), and S. salmonis (KMG2) 

after 3 days of incubation at 10 and 18°C 

  

Fig. 2 Schematic diagram based on colony diameter (cm) Saprolegnia parasitica (KMG3), and S. salmonis (KMG2) after 3 days of 
incubation at 10 and 18°C
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ever, based on sequence analysis of the ITS region of the rDNA, the isolates KMG1 and 2 were identified 
as S. salmonis and the isolate KMG3 was detected as S. parasitica. Contrary to our findings (unattainable 
sexual reproduction after 28 days of incubation for all isolates), sexual reproduction has been reported by 
some researchers in both S. salmonis (Hussein and Hatai 1999; Liu et al. 2017) and S. parasitica (Stueland 
et al. 2005; Eissa et al. 2013). Environmental variables could influence the growth, reproduction, and inten-
sity of water mold infections (Hussein et al. 2001). Therefore, using molecular tools such as PCR together 
with partial sequencing of the ITS gene was one of the most important choices for species designation in 
the genus Saprolegnia (Eissa et al. 2013). 

Table 1. The list of the recovered Saprolegnia isolates with their Gene bank accession number 

 
Isolates Scientific name Host Accession number 

KMG1 S. salmonis Rainbow trout eggs MW819707 

KMG2 S. salmonis Rainbow trout eggs MW819740 

KMG3 S. parasitica Rainbow trout eggs MW819780  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Phylogenetic tree of Saprolegnia isolated from infected rainbow trout eggs in this study based on the 

sequences of internal transcribed spacer (ITS) rDNA. This phylogenetic tree was constructed with the Neighbor-

Joining method using MEGA version 7 and boot strapped 1000 times to assess the reliability of data. Numbers next 

to the branches indicate bootstrap values and scale bar represent evolutionary distance. Sequences were compared 

with the Aphanomyces invadans as outgroup of phylogenetic analysis. 

 

Table 1 The list of the recovered Saprolegnia isolates with their Gene bank accession number

Fig. 3 Phylogenetic tree of Saprolegnia isolated from infected rainbow trout eggs in this study based on the sequences of internal 
transcribed spacer (ITS) rDNA. This phylogenetic tree was constructed with the Neighbor-Joining method using MEGA version 7 
and boot strapped 1000 times to assess the reliability of data. Numbers next to the branches indicate bootstrap values and scale bar 
represent evolutionary distance. Sequences were compared with the Aphanomyces invadans as outgroup of phylogenetic analysis.



Int Aquat Res (2022) 14:223-230228

As shown by the phylogram (Fig. 3), the strains KMG1-3 formed a well-defined clade, which was as 
same as Saprolegnia strains obtained from fish lesions in the Republic of Korea (KX494868) (Shin et al. 
2017) and Japan (EU551153, AY647193, AY455776) (Ke et al. 2009) congruent with previous studies 
(Die´guez-Uribeondo et al. 2007; Elameen et al. 2021). However, we also found that this clade comprises 
isolates from water (KF717839) (Sandoval-Sierra et al. 2014) in agreement with the previous study (Die´-
guez-Uribeondo et al. 2007). The S. hypogyna strain (AY647188) formed a very well-supported sister 
clade (96%) and corresponded to Clade Ia in Die´guez-Uribeondo et al. (2007). Interestingly, S. parasitica 
recovered from rotten leaves in Anzali lagoon, Iran (MK911017 and MK911020) (Masigol et al. 2020) fell 
into another branch apart from ours. Clustering of the animal pathogenic oomycete species in a group aside 
from plant pathogenic/saprotroph was also recorded by other authors (Die´guez-Uribeondo et al. 2007; 
Sarowar et al. 2019). Plant pathogenic/saprotroph oomycetes carry genes encoding a large array of en-
zymes to degrade the plant cell wall (mainly composed of pectin), including polygalacturonase, pectin, and 
pectate lyases, whereas, these appear to be absent in the animal pathogenic oomycetes (Jiang et al. 2013). 
Moreover, unlike the isolate KMG3, the isolates MK911017 and MK911020 did not produce gemmae in 
the hemp seed culture (Masigol et al. 2020), a characteristic that might be associated with pathogenicity, 
and could be used as a criterion for classification of the animal pathogenic Saprolegnia spp. (Yuasa and 
Hatai 1995).

Based on several authors, S. australis, S. delica, and S. diclina were found to be the major causes of 
fungal infection in the eggs and embryonic stages of salmonid fishes (Hussein et al. 2001; Sandoval-Sierra 
et al. 2014; Magray et al. 2021). However, our results are more in line with previous studies (Mousavi et al. 
2007, Shahbazian et al. 2010, Khosravi et al. 2012; Ghiasi et al. 2014), which found that S. parasitica was 
the most frequently identified species associated with egg infections in Iran. Such discrepancies could be 
due to local environmental factors that may influence the prevalence of a particular species (Hussein et al. 
2001; Shahbazian et al. 2010). 

The occurrence of saprolegniasis in hatcheries may be related to water quality and temperature (Hus-
sein et al. 2001). Our results showed that S. salmonis (KMG2) and S. parasitica (KMG3) could grow at 10 
and 18 °C with a similar radial growth rates (P >0.05), but no growth was observed at 30 °C (Fig 2). The 
observed similar temperature tolerance in two isolates may be due to the high genetic similarity as well as 
the source of isolation (rainbow trout hatchery). This finding was confirmed by Kitancharoen et al. (1996), 
who demonstrated that the temperature tolerance of the fungi is related to the source from which they were 
isolated.

Conclusion

Overall, the current study contributes to the first species-level morphological and molecular identification 
of S. salmonis from rainbow trout eggs in Iran. The isolates together with S. parasitica isolate belonged 
to a well-defined phylogenetic group and shared similar morphological and physiological characteristics. 
Further studies are needed to evaluate the degree of pathogenicity of such species.
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