Journal of Biotechnology Research Center (Special edition) Vol.8 No.1 2014

Characterization of Saprolegnia spp. isolates from infected eggs, fry and
adults of common carp Cyprinus carpio L. based on molecular data in
Al-Manahel and Al-Wahda fish hatcheries, in middle of Iraq
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Abstract

The aim of this study was to identify Saprolegnia spp. isolated from inffected common carp
Cyprinus carpio L. eggs and fry in two fish hatcheries (Al-Manahel and Al-Wahda) in the middle
part of Iraq, during the period from March-June 2009. It was evident from molecular diagnosis
(PCR Technique) that isolates of the genus Saprolegnia, shared one feature (production of
secondary zoospores with long hooked hairs). These isolates were divided into four groups based
on the findings of molecular diagnostics PCR. Isolates of Saprolegnia spp. were characterized
genetically and physiologically. The majority (25 from45) of the isolates in both hatcheries were
almost genetically identical as assessed by RAPD-PCR. The remaining isolates belonged to three
different groups.
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Introduction
Today, molecular methods, especially polymerase chain reaction (PCR) coupled with restriction
fragment length polymorphism analysis (RFLP) is one of the most important methods to identify
different Saprolegnia species and it could distinguish S. parasitica from S. diclina . In addition,
RAPD-PCR had applied for analysis of the fish pathogenic Saprolegnia genome. In the last few years,
molecular tools have been developed that can be applied also to Oomycetes. Using random amplified
polymorphic DNA-PCR (RAPD-PCR) which has been described by [1] in this technique, single or a
pair wise combination of primers, typically 9-10 nucleotides in length, are used to amplify target
genomic DNA by polymerase chain reaction (PCR). Fragments of DNA are generated by PCR
amplification if the primer target sites for the primer happen to occur within approximately 5 kb of
each other on opposite DNA strands. Amplified products, which form strain-specific fingerprints, are
then analyzed by separation through an agarose gel and ethidium bromide stained. Randomly
amplified polymorphic DNA (RAPD) analysis seemed to be efficient in distinguishing different
isolates; it has a high discriminatory power, it is easy to perform, does not require radiolabel led
probes, and it is applicable to several microorganisms [2]. In the fermentation industry, this procedure
has been useful for the characterization of different isolates of Fusarium [3].
There are other techniques to study the genetic diversity of Oomycete pathogens and thus reveal
population structures [4,5]. Techniques such as differential screening or differential display Reverse
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Transcriptase-PCR [6] can be used to find genes expressed at certain time points also in organisms
where genetic approaches or screening for mutants are not possible. [7] used internal transcribed
spacer (ITS) region and the 5.8S rRNA, they found a group of currently identified saprolegnia species
including S. litoralis and S. ferax shared an almost identical ITS sequence (above 99% similarity) with
that of isolate. Amplification of DNA by (PCR) using oligonucleotides as primers appears to be useful
for taxonomic studies at levels ranging from populations to species [1,8]. Random amplification
polymorphic DNA (RAPD)-PCR has been used within the Oomycetes to distinguish both different
strains and species. For example, in a closely related species Aphanomyces astaci, a crayfish pathogen,
genetic diversity among several isolates were studied by this technique [9]. Recently, it was showed
that a strain of Aphanomyces astaci exhibited physiological properties different from those shown by
previously characterized strains of Aphanomyces astaci and the application of RAPD-PCR
demonstrated that this isolate were genetically separated from all other hitherto described strains [10].
RAPD-PCR has also been used in some other species of Oomycetes, i.e. Phytophthora spp. [11] and
Saprolegnia by [12]. The aim of this study usage of RAPD-PCR technology to study phylogenic
relationship of 45 Saprolegnia isolates from different habitat and to facilitate the understanding of their
predominance.

Materials and Methods

Isolation of Saprolegnia from Eggs, fry and adults

In this study, Saprolegnia spp. isolates tested by RAPD-PCR were isolated from infected carp fish
(adults, fry and eggs) and from water, isolation of Saprolegnia collected from both fish and water were
carried out between March-July 2009 during the artificial propagation in two fish hatcheries (Al-
Manahel and Al-Wahda) in the middle part of Iraq, as the method stated by [13]. During incubation
period eggs collected from incubators randomly, eggs coated with fungal mycelium collected in100ml
sterile glass bottles filled with sterile distilled water and transferred to the laboratory. On sampling
time, water temperature was 17-19 C°. Isolation of Saprolegnia from adults was carried out from
naturally infected fish. Samples were collected from fish showing skin lesions, eye, fins, gills, mouth
and inoculated onto Corn Meal Agar (CMA) medium plates and incubated at 20 + 2°C for 3-4 days
,Subculture on the same media was done for purification.

Isolation of Saprolegnia from water

Baiting method which adapted by [14] was used to collect Saprolegnia spp. using sesame seeds
Sesamum indicum.

Pure Culture Preparation for Morphological Diagnosis

The samples were washed several times in sterile distilled water, and egg membranes with attached
fungal hyphae were separated and washed again in sterile distilled water three times. Then, the egg
membranes were placed in glass Petri dishes (5-10 eggs per plate) containing 25-40 ml of sterilized
distilled water with Chloramphenicol and Gentamycin at a concentration of 100pg/ml to prevent
bacterial contamination and maintained in hatcheries at 18 C° for one day. Then, the egg membranes
directly were inoculated in CMA agar plates and incubated in the same temperature for 3-5 days.
Preparing Saprolegnia Isolates for RAPD-PCR

These forty five Saprolegnia isolates were selected that having secondary cysts with long hairs,
depending on previous studies considered Saprolegnia isolates secondary cysts with long hairs as
potential pathogenic for fish [15].

Saprolegnia isolates were used in RAPD-PCR Table (1) are:

a: Two isolates with antheridia and investigated oogonia ( Saprolegnia 10) and indirect germination
obtained from cutaneous lesions of carp fish adults formerly identified as S. parasitica .

b: Twelve isolates non-investigated oogonia ( Saprolegnia O) with little or no indirect germination and
scarce secondary cysts. From carp lesions and water.

c: Thirty one asexual Saprolegnia with abundant indirect germination from water and infected eggs
and larvae.
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Table (1): Characteristics and origin of the 45 long-hairs Saprolegnia isolates.

Number of Host: habitat

isolates Water Mucus Cutaneous lesion Isolate

2 Saprolegnia 100 @
Carp adults (with invested Oogonia)

2 Carp adults
1 Fins
1 operculum Saprolegnia O ©®®
8 Water (with non Invested Oogonia)
13 Fry
12 eggs
6 water
45 14 16 15 Total

@ Formerly identified as S. parasitica.

@ Abundant indirect germination.

© Non antheridial invested oogonia. Isolates quite similar to the former S. diclina.
@ Little or no indirect germination and scarce secondary cysts.

Preparation of genomic DNA from Saprolegnia Mycelium

DNA isolation

A small piece of mycelium (approximately 1.5 mg dry weight) grown in PG-agar culture for three
days, the mycelia were harvested, washed with sterile distilled water and ground in liquid nitrogen
with a mortar. Total genomic DNA was extracted as described by [16]. DNA extracts were stored at -
20 C°. The DNA was confirmed by running each sample on 1% agarose gel with Ethedium bromide
0.5 pg/mL for 1 hour 70 Volts/ cm?.

RAPD-PCR

PCR was carried out in 25 pl volumes of 1X PCR buffer contains 100 ng mycelia DNA
approximately 1.2 pl, 12.5 pl master mix 10 mM Tris-HCI (pH 8.60), 50 mM KClI, 1.5 mM MgCI2,
0.1% Triton X-100, 0.2 mM of each dNTP and 2.5 units of Tag DNA polymerase) (Sinagen
Company), 0.4 mM prime approximately 1.3 pl (Sinagen Company) and 10 pl distilled water.
Amplification was performed in thermo cycler PCR (Thermo) programmed for one cycle of initial
denaturation at 95 C° for 5 min, 40 cycle of denaturation 94 C° annealing at 38 C° for 45 s and
extension at 72 C° for 1.5 min and final extension at 72 C° for 10 min. Ten ml of PCR product were
separated on 1.5% agarose gel and 100 bp ladder DNA (Fermentans) was used as the molecular
weightmarker. Gels were stained with ethidium bromide, visualized UV illumination at 336 nm, and
photographed with a Polaroid camera. PCR mixture without DNA template was used as negative

control. Table (2) showed the following primers were used.
Table (2): Primers used in the PCR Technique.

Primer signal Sequence and direction Reference
A06 5-GGTCCCTGAC-3’ [17]
A07 5-GAAACGGGTG-3’ [17]

Data Treatment and Statistical Analysis.

Similarity coefficients (F) between 2 isolates were calculated according to the formula of [18] F =
2Nxy/Nx Ny, where Nxy, is the number of common fragments between 2 isolates, and Nx and Ny, are
the number of fragments in isolates X and Y, respectively. Pooled data from 8 primers were used for
this calculation.

Results

Amplification of Saprolegnia isolates genomic DNA in preliminary experiments, the 2 primers listed
in ‘Materials and methods’ gave consistent results and produced a reasonable number of identifiable
and polymorphic bands. They produced in total 722 clearly amplified PCR bands in 62 different
positions, and the average number of bands per isolate was 33.5. The number of amplified DNA
fragments generated by each RAPD primer ranged from 2 when primer A06 was used to 10 in case of
using primers A07. The size of the fragments produced ranged from 180 to 1500 bp and there were 38
positions, i.e. 31% of total, with a product size larger than 1 kb. An example of an RAPD pattern
generated by primer A07 showed in Figure (1-A).
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The RAPD profiles obtained by using the A06 primer on 45Saprolegnia spp. isolates gave two
distinguishable PCR markers Figure(1-B). Of these, two fragments, i.e. 380 and 1100 bp, were
consistently present in all isolates. It is possible that the 380 bp product could be useful for the
development of diagnostic tools within the S. parasitica- diclina complex.
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Fig. (1): Amplification of genomic DNA from different Saprolegnia spp. isolates. (A): using the primer AQ7.
(B): using the primer A06. 100 bp ladder size marker (M), S. parasitica, S. diclina, 71W, 95M, 246M,
11M, 200W, 81W, 34M, 25M, 32W, 248M, 195W, 170M, 154M, 151M, 51W, 237M.

Genetic Variation among Isolates Based on Analysis of RAPD Pattern

All PCR fragments obtained were utilized for genetic distance analysis. A similarity matrix indicated
that the 45 Saprolegnia isolates which share one feature (production of secondary zoospores with long
hooked hairs), can be grouped into four distinct groups Table (3).

The first group is the largest group contain 25from 45 isolates (32M throughl72W, 245M, 247M,
248M, 22W, 1W, 2W, 3M, 4M, 6M, 7M, 8M, 9M, 10M, 12W, 13W, 15M, 17M, 25W, 48W, 70M,
154M, 195W, 210W).
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The second group is formed by 10 isolates of 6M, 11M, 15W, 146M, 178W, 200W, 151M, 154M,
178W and 45W. The third group consists of 8 isolates237M,262M,51W,74M, 34M,25M and 81W .
The final group consist of 2 isolates 71W and 95M.

Within each group, members share at least 90% of the PCR products Table (3).

Table (3): Grouping of Saprolegnia species according to the average similarity of isolates based on
Random amplification of polymorphic DNA (RAPD).

Group Similarity
number Members %
Group L 32M,172W,245M .247M,248M . 22W.1W.2W.3M 4M.6M,7M.8M.9M, 90

10M,12W,13W,15M,17M,25W,48W,70M,98M ,195W,210W
Group 2 246M,11M,15W,146M,178W,200W, 151M, 154M ,178W,45W 95
Group3 237M,262M,51W,58\W, 74M,34M 25M,81W,63M 93
Group 4 71W.95M 98
Discussion

RAPD profiles obtained in this study revealed a genetic variation among Saprolegnia isolates from
carp fish isolates and from water, eggs and fry from both hatcheries and separated the isolates into four
different groups, such variables lead to separate the isolates to four groups, group 1 contained isolates,
indicating that the group of closely related strains. Remaining carp fish isolates could be divided into
group 2 group 3and group 4.

This spread of a group of closely related strains came in agreement with [19] whom compared
different isolates of Saprolegnia parasitica from trout by the RAPD-PCR technique and demonstrated
that a group of closely related strains were spread over a large area and isolated from each other in
well-separated water systems.

It is likely that the spreading of Saprolegnia sp. from pond to pond at one farm may be caused by
farming management and the spreading from farm to farm may be due to birds, which feed on the fish.
Many pathogenic strains of Saprolegnia spp. isolated from fish lesions apparently lack a sexual stage
[20]. One would assume that asexual reproduction or sexual propagation in homothallic strains may
lead to clonal propagation, i.e. a single genotype becomes widely spread. This may explain the high
degree of homology within Saprolegnia species strains on a farm. [21] assessed pathogenic and
genotypic variation in Aphanomyces euteiches expressed through asexually reproduced zoospores they
noted that the small RAPD pattern variations within single-zoospore progenies suggest that some
genetic changes might occur in A. euteiches during asexual reproduction. Therefore it is possible that
the genetic diversity observed between Carp fish Saprolegnia species isolates within each group, of a
single pond, may be caused by events during the asexual phase of reproduction (such as mitotic cross-
over, mutations or somatic recombination).

Highly variable parasite populations, in general, are better adapted to changes in environmental
conditions than those with little variation are. The presence of at least four very distinct groups or
strains of Saprolegnia species in lIraqi hatcheries indicates that there are mechanisms to confirm that
variable genotypes are spread in asexual Saprolegnia. Physiological properties of Saprolegnia have
been used for the classification of different subgroups within a species. Studies with esterase
isoenzyme patterns [20] and the relationships between growth rate and temperature [22] identified
different groups of fish lesion isolates

These daughter colonies not only showed similar growth rate at original temperature as the parent
strains, but they also exhibited an adaptation to high temperature. This event was suggestive of
induction of cytoplasmic rather than a genetic change. In contrast, [22] studied daughter colonies of
Saprolegnia isolates that stably expressed a slow growing

Phenotype and had suggested to be true genetic mutants, Possibly, our slowest growing isolates, 51W
and 172W are stable mutants since repeated sub culturing did not affect their growth rates. From this
study we recommended to focus on the molecular methods using specific primers for detecting
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virulence factor and using Reverse Transcriptase PCR (RT-PCR) for isolation mRNA then forming

cDNA then studying fungi behavior under certain conditions .

References

1. Williams, J.G.K., Kubelin, A.R., Livak, K.J., Rafalski, I.A. and Tingey, S.Y. (1990). DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucl. Acid Res. 18:
6531-6535.

2. Hadrys, H., Balick, M., and Schierwater, B. (1992). Application of random amplified
polymorphic DNA (RAPD) in molecular ecology. Mol. Ecol. 1:55-63.

3. Woo, S.L., Zoina, A., Sorbo, G., Lorito, M.D., Scala, N.B.F. and Noviello, C. (1996).
Characterization of Fusarium oxysporum by pathogenic races, VCGs, RFLPs and RAPD.
Phytopathol. 86: 966-973.

4. Huang, T.S., Cerenius, L. and Soderhall, K. (1994). Analyses of the geneticdiversity crayfish
plague fungus, Aphanomyces astaci, by random amplification of polymorphic DNA assay.
Aquacul. 26: 1-10.

5. Goodwin, S.B. (1997). The population genetics of Phytophthora. Phytopathol. 87:462-473.

6. Liang, P. and Pardee, A. B. (1992). Differential display of eukaryotic messenge RNA by
means of the polymerase chain reaction. Scien. 257:967-971.

7. Ke, X.L., Wang, J.G., GU, Z.M., Li, M. and Gong X.N. (2010). Saprolegnia identification based
on their morphological characteristics and ITS rDNA Region. J. Acta Hydrobiologica Sinica.
34(2):293-300.

8. Demeke, T., Adams, R.P. and Chibar, R. (1992). Potential taxonomic use of random amplified
polymorphic DNA (RAPD): a case study of Brassica. Theor, Appl. Genet. 84: 990-994.

9. Huang, T.S., Cerenius, L. and Soderhall, K. (1994). Analysis of the geneticdiversity crayfish
plague fungus, Aphanomyces astaci, by random amplification of polymorphic DNA assay.
Aquacul. 26: 1-10.

10. Dieguez-Uribeondo, I., Huang, T.S., Cerenius, L. and Soderhall, K. (1995). Physiological
adaptation of an Aphanomyces astaci strain isolated from the freshwater crayfish Procambarus
clarku. Myco. Res. 5:574-578.

11. Ersek, T., Scholez, J.E. and English, J.T. (1994). PCR amplification of species-specific DNA
sequences can distinguish among Phytophthora species. Appl. Environ. Microbiol. 60: 2616-
2621.

12. Ghiasi, M., Khosravi, A.R., Soltani, M., Binaii, H. and Hmzademousavi. (2010). Characterization
of Saprolegnia isolates from Persian sturgeon Acipencer persicus eggs based in physiological and
molecular data. J. Mycolo. Médical. 20:1-7.

13. Fregeneda-Grandes, J.M., Rodriguez-Codenas, F. and Aller-Gancedo, J.M. (2007). Fungi isolated
from cultured eggs, alevins and brood fish of brown trout in a hatchery affected by
saprolegniasis. J. Fish Biol. 71(2): 510-518.

14. Jones, E.B.G. (1971). Aquatic fungi. In: Booth C., Methods in Microbiology.vol:(4),2ed.
Academic press, New York. 795 p.

15. Fregeneda-Grandes, J.M., Fernandez-Diez, M. and Aller-Gancedo, J.M. (2000). Ultra structural
analysis of Saprolegnia secondary zoosporcyst ornamentation from infected wild brown trout.
Salmo trutta. L. and river water indicators two distinct. J. Fish Dis., 23: 147-160.

16. Dieguez-Uribeondo, J., Fregeneda-Grandes, J.M., Iniesta, L.C.E., Aller-Gancedo, J M., Soderhall,
K. and Martin, M P. (2007). Re-evaluation of the enigmatic species complex saprolegnia diclina-
Saprolegnia parasitica based on morphological, physiological and molecular data. Fung. Gene.
Biol. 44: 585-601.

17. Bangyeekhun, E., Pylkko, P., Vennerstrom, P., Kuronen, H., Cerenius, K. (2003). Perevalence of
a single fish-pathogenic Saprolegnia spp. Clone in Finland and Sweden. Dis. Aquat. Org. 53:47-
53.

18. Nei, M. and Li, W.H. (1979). Mathematical model for studying genetic variation in terms of
restriction endonucleases. Proc Natl. Acad. Sci. 76:5269-73.

19. Ke, X.L,, Wang, J., Gu, Z., Li, M. and Gong, X. (2009). Saprolegnia brachydanis, a new
Oomycetes Isolated from zebra fish. Mycopathol. 167: 107-113.

20. Beakes, G.W. and Ford, H. (1983). Esterase isoenzyme variation in genus Saprolegnia diclina-
parasitica complex. J. Gen. Microbiol. 129: 2605-2619.

21. Malvick, D.K. and Percich, J.A. (1998). Variation in pathogenicity and genotype among single
spore strain of Aphanomyces . Phaytopathology 88: 52-57.

22. Hatai, K., Willoughby, L.G. and Beakes, G.W. (1990). Some characteristics of Saprolegnia
obtained from fish hatcheries in Japan. Mycol. Res. 94: 182-190.

7



