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ITS1: 5" TCCGTAGGTGAACCTGCGG 3’
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Tab. 1 The homologous sequences used for ITS rDNA sequence analysis

Accession No. Species Sources Origins
EF064134 Saprolegnia anomalies' Soil Poland
AY270032 Saprolegnia longicaulis River Argentina
AM228790 Saprolegnia ferax' Astacus astacus Finland
AM?228788 Saprolegnia ferax Water USA
AM228850 Saprolegnia diclina' fiff Nematalosa erebi Australia
DQ322632 Saprolegnia anomalies® Water India
EU124763 Saprolegnia ferax® Amphibian eggs *
EF126339 Saprolegnia mixta' Soil Poland
AB219390 Saprolegnia mixta® * Japan
AM?228845 Saprolegnia ferax* Water USA
AY310503 Saprolegnia litoralis Crayfish Germany
EF126324 Saprolegnia bulbosa' Soil Poland
AB219387 Saprolegnia ferax® * Japan
AY270031 Saprolegnia oliviae River Argentina
AY267011 Saprolegnia bulbosa® Stream Australia
AM228817 Saprolegnia australis' Salmo trutta eggs Spain
AM228811 Saprolegnia diclina’ Salmo trutta eggs Spain
AM228812 Saprolegnia australis® Salmo trutta eggs Spain
AM228813 Saprolegnia australis® Salmo trutta eggs Spain
AM228819 Saprolegnia australis* Salmo trutta eggs Spain
AM228816 Saprolegnia australis® Salmo trutta eggs Spain
AM228804 Saprolegnia parasitica’ Salmo trutta Finland
AY455771 Saprolegnia parasitica® Brook trout Japan
AY455776 Saprolegnia parasitica® Sockeye salmon Japan
AY 647193 Saprolegnia salmonis' Sockeye salmon Japan
EUS51153 Saprolegnia salmonis? Sockeye salmon Argentina
EUS51152 Saprolegnia salmonis® Sockeye salmon Argentina
AY455777 Saprolegnia parasitica®* Ayu fish Japan
AM228840 Saprolegnia parasitica’ Oncorhynchus mykiss Chile
AM228842 Saprolegnia parasitica® Oncorhynchus mykiss Chile
AM228843 Saprolegnia parasitica’ Water Spain
AM?228841 Saprolegnia parasitica® Oncorhynchus mykiss Chile
AM228839 Saprolegnia parasitica’ Oncorhynchus mykiss Chile
AM228727 Saprolegnia parasitica'® Water Spain
AM228724 Saprolegnia hypogyna' Water Spain
AM228814 Saprolegnia hypogyna’ Salmo trutta eggs Spain
AM228846 Saprolegnia hypogyna® Water Spain
AM228815 Saprolegnia hypogyna* Salmo trutta eggs Spain
AY 647188 Saprolegnia hypogyna’ * UK

BT
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Note: “*”represent that the source or region was unknown; Super-script numbers represent the different molecular sepecies with the
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Phylogenetic positions of isolates HSY (S. sp.) in relation to other homologous sequenced Saprolegnia species based on ITS rDNA region

Maximum Parsimony ; Bootstrap

A. It shows Neighbour-joining tree. B. It shows the Maximum Parsimony tree (MP); Bootstrap values are displayed on the branches; All
bootstrap values are indicated at 1000 repetitions
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s 3 3

CLADE I III MP CLADEIII
81% 91%— 31
100% CLADEIII ’
S. parasitica  S. salmonis S. hypogyna; S. de Bary & Woronin™  de Bary ’
australis S. diclina (AM228811) Coker & Mathews!"”
CLADEII: HSY 999 Johnson'®! Dick®* Seymour[s] Johnson.
CLADE ., CLADE etal. !

, MP HSY S. litoralis  S. bulbosa' 5
S. oliviae S. longicaulis S. bulbosa® S. ferax (2 >
S. mixta , NJ S. ferax > >

S. mixta , ; (Leptolegnia)

(74%) , , ,
HSY S. ferax ; (Aphanomyes)

1. R R ;2. N
, , ; 3. ) ,

)
1. Saprolegnia, characterized by clavate zoosporangia and diplanetic zoospores, the primary zoospores swim away when discharged from the
zoosporangia; 2. Leptolegnia, the zoospores and their discharge are similar to saprolegnia but the zoosporangia narrow and the zoospores in it
arranged one by one; 3. Aphanomyes has the Leptolegnia-like zoosporangia but primary zoospores encyst immediately on exiting the sporan-
gial tip; 4. Achlya, zoosporangial shape resembles saprolegnia and zoospore escape pattern is similar with Aphanomyes; 5. Thraustotheca,
zoosporangia disintegrate to release encysted primary zoospores which then germinate to release typical reniform secondary zoospores;
6. Dictyuchus hold clavata sporangia as in saprolegnia but the primary zoospores encyst within the zoosporangium and do not escape, instead
forming a net of cells within the sporangium and germinating to release secondary zoospores singly through papillae in the sporangial walls
( Primary zoospores, pyriform, with two acrogenous flagella; Primary zoospores encysted; -  The discharge of secondary zoo-

spores; The secondary zoospores, reniform, with two lateral flagella; The secondary zoospores encysted; Germinating zoo-

spores)
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SAPROLEGNIA IDENTIFICATION BASED ON THEIR MORPHOLOGICAL
CHARACTERISTICS AND ITS rDNA REGION

KE Xiao-Li" 2, WANG Jian-Guo', GU Ze-Mao’, LI Ming4 and GONG Xiao-Ning1

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072; 2. The Graduate University of the
Chinese Academy of Sciences, Beijing 100049; 3. College of Fisheries, Huazhong Agricultural University, Wuhan 430070,
4. Feed Science Department, Wuhan Polytechnic University, Wuhan 430023)

Abstract: Saprolegnia is one of the main genus of water molds responsible for fungal infections of freshwater fish and
their eggs. These infections are usually termed “saprolegniasis”, which can cause severe losses of freshwater fish in both
nature and commercial fish farms. However, identification of the causative agent is often unmanageable, especially to
those isolated from fish lesions. Traditionally, the generic definition was mainly based on the asexual characters, espe-
cially the mode of zoospores discharge, and species differentiation was mainly on the features of sexual reproductive
organs including oogonia, antheridia, antheridial origin and oospore. However, many of these characters may be variable
in one species or similar in different species and some strains either lose the ability to produce sexual reproduction or
cannot be induced to form them under laboratory conditions. So, it is difficult to make definitive identification only
using traditional morphological criteria in species level.

In this study, we identified one saprolegnia isolate HSY obtained from yellow catfish (Pelteobagrus fulvidraco)
based on the morphological and molecular characteristics. Results showed Isolate HSY grew luxuriantly on hemp seeds
in water at 18—23°C and were measured 1.5—4.0cm in diameter. The hyphae were stout, sparingly branched and
measured between 20—58um in diameter. Zoosporangia had formed abundantly and were often fusiform, clavate,
straight or bent, lateral or terminal and renewed internally, measured 110—490 x 25—62um. Primary zoospore dis-
charge was typically saprolegnoid, pyriform; secondary zoospores emerged from the encysted, reniform; encysted zoo-
spores were globose and measured 9—12um in diameter. Oogonia were formed abundantly within three weeks at 15°C,
not 18°C and 23°C, mainly terminal, rarely lateral, and measured 75—108um in diameter. Oogonial walls were sooth,
and stalks were stout and bent. The attachment of antheridial cells was moderate (mainly androgynous and monoclinous,
rarely diclinous). The oosproes were centric or subcentric, 3—25 per oogonium, and meansured 18—30um. These
morphological were very similar to S. litoralis and S. ferax.

Comparing 744 base pairs of internal transcribed spacer (ITS) region and the 5.8S rDNA, we 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 HSY. Then, thirty-nine available sequences for representative Saprolegnia
spp. formed three phylogenetically separate clades. Isolate HSY fell into clade I which also comprised a group of iso-
lates showing high similarities among ITS sequences but different in their morphological features. Moreover, both NJ
and MP tree showed that almost all these species in clade I were parallel to each other. These suggested the isolates in
clade I might be the same or closely related phylogenntic species and showed how unsatisfactory oogonium morphology
appeared to be as a predictor of genetic relatedness.

Consequently, in our opinions, HSY should be identified as S. ferax because S. litoralis and S. ferax could not be
differentiated only by morphology; secondly, S. ferax was the first named one which has the similar sexual organs with
isolate HSY; finally, the similarity of the ITS regions of S. ferax and HSY was above 99%. Meanwhile, the present re-
sults evidently suggested that Saprlegnia classification only based on sexual organs were likely to lead to artificial spe-

cies. Many species once identified as different might be just one thing in fact.

Key words: Oomycetes; Saprolegnia; Taxonomy; ITS rDNA; Phylogenetics
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L. ;2. ) ( )3.15 (
); 4. ) ¢ %S ; 6.
( ); 7. ( ); 8. . 50 pm
1. The discharge of primary zoospores; 2. The matured zoosporangia () and emptied zoosporangia ( ); 3. Large numbers of sexual organs
were produced after incubating one week in water at 15  (arrowhead show the oogonia); 4. The spores of the global oogonium( )and
pyriform oogonuium ( ) were well differentiated; 5. The global oogonium with curved stalk ( ) and diclinous antheridial hyphae ( );
6. The global oogonium attached by monoclinous antheridial hyphae; 7. The global oogonium attached by androgynous antheridial hyphae;

8. The centre differentiated spores. Scale bar=50 pm



