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ABSTRACT 
Studies on Fish Parasitic Myxozoans in Lake Balaton, Hungary and in Freshwater 

and Marine Biotopes in Malaysia 

There are only few data on the occurrence of parasitic myxozoans on Malaysian 
fishes. In this study, we report on collection of some new myxosporean species between 
2010 and 2013 from this country. Four of them infected freshwater fishes; one was 
collected from an estuarine fish host. Besides morphological characterization of the 
species found, we made a molecular analysis on their 18S rDNA. In this study, we 
described Myxobolus tambroides sp. n. (60%) from the gills of an appreciated cyprinid, 
Tor tambroides collected from the Lake Kenyir Water-reservoir. Another new species 
elucidated was Myxobolus op/ziocarae sp. n. (8.3% prevalence) found in Ophiocara 
poroceplzala (Gobiidae) col lected from Merang Estuarine, Kuala Terengganu. The 
following specimens are yet to be described: Myxobolus sp. I. (1 5% prevalence) was 
found in the muscle tissue of a Labiobarbus sp. (Cyprinidae). Sequences of Myxobolus sp. 
I resembled toM. cyprini with 94.6% similarity. Myxidium sp. I (66.7% prevalence) was 
found in the gall bladder of Notopterus notoptents (Notopteridae). Myxidium sp. II (15.4% 
prevalence) was found in the gall bladder of Tor tambroides (Cyprinidae). For the 
Myxidiwn sp. I, partial sequences of the specimen showed 90.6% similarity to M 
cwzeiforme; while complete sequences of Myxidium sp. ll specimen collected from T 
tambroides showed 87.2% identity to M. anatidum. Phylogenetic analyses of the 18S 
rDNA were performed to estimate and analyze relationships between myxozoan entities. 

In another study made in Hungary after morphological analysis, we have examined 
18S rDNA sequences of actinospores isolated from oligochaetes of Lake Balaton and Kis
Balaton Reservoir and compared them with sequences of known myxospore stages. In 
between 2010 to 2012, we studied the natural infection of the oligochaetes, Branchiura 
sowerbyi Beddard, 1892, Jsochaetides miclzaelseni Lastockin, 1936 and Nais sp. MUller, 
1774. Thirteen actinosporean stages ( 4 triactinomyxon-types, 5 aurantiactinomyxon-types, 
2 raabeia-types, 1 neoactinomyxum-type and 1 synactinomyxon-type) were found. Our 
molecular data showed that three types of actinospores (triactinomyxon-type 1, 2, 3) had 
99.9-100% similarity to myxospores of Myxobolus e1ythrophtha/mi, M shaharomae and 
M. fundamentafis. Another complete sequence analysis of aurantiactinomyxon-type 4 
collected from B. sowerbyi showed 99.4% match with Thelohane/lus kitauei Egusa & 
Nakajima, 1981, though the myxospores ofT kitauei have not been recorded in Hungary 
hitherto. In addition, partial sequence of aurantiactinomyxon-type 5 isolated from a Nais 
sp., corresponded to Thefohanellus nikolsA:-ii Akhmerov, 1955 showing 99.9% similarity. 
Elucidation of the myxosporean fauna and their life cycle presented herein shows 
significant diversity among pre-investigated biotopes (Lake Kenyir, Merang Estuary, Lake 
Balaton and Kis Balaton). During this study, we have detected five new species of 
myxospores from Malaysia, we have presented new data on actinosporeans infecting 
oligochaetes in Lake Balaton and revealed the life cycle of five new myxosporeans in 
Hungary. 
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KIVONAT 
Vizsgalatok Balatoni-, Valamiot Malajziai Edesvizi- Es Teogeri Biotopokon 

Eloskodo Halparazita Nyalkasporasokon 

Malajziai nyalkasp6ras paraziuik vonatkozasaban napjainkig csak keves 
szakirodalmi adat all rendelkezesre. Disszertaci6mban a mar rneglevo isrneretanyaghoz 
lovabbi adatokat szolgaltatok, es beszamolok nehaoy 2010 es 2013 kozott gyiijtott uj 
rnalajziai nyalkasp6nis fajr61, rnelyek koztil negy faj edesvizi hal-gazdakb61, egy pedig 
brakkvizi halgazdab61 keri.ilt kimutatasra. A kimutatott nyalkasp6nis fajok morfo16giai 
jellemzese mellett azok rnolekularis biol6giai m6dszerekkel val6 vizsgalatat (18S rDNS 
gen) is elvegeztem. Az elsa kimutatott fajt a Tasik Kenyir viztaroz6ban elo, Malajziaban 
magasan ertekelt pontyfele, a Tor tambroides kopoly(Ijar6l gyiijtottiik, es azt Myxobo/us 
tambroides neven uj fajkent frtuk le (Szekely et al., 20 12). A Kuala Terengganu kozeleben 
talaJhat6 Merang Lagunab61 szarrnaz6 Oplziocara porocephala nevii geb faj kopolty(Ijar61 
ugyancsak kimutattunk egy uj nyalkasp6rast (8.3% prevalencia), rnelyet Myxobolus 
ophiocarae neven irtunk !e. A Tasik Kenyir Viztaroz6b61 gyiijtott tovabbi fajok lefnisa 
folyamatban van. Ezek a kovetkezok: egy Labiobarbus sp. (Cyprinidae) izornzataban 
eloskod6 Myxobolus faj ( 15% prevalencia). Szekvenciaja 94.6%-os genetikai 
hasonl6sagot mutatott a genbankban megtalalhat6 M. cyprini fajjal. Notopterus 110/opterus 
(Notopteridae) epeh61yagjab61 izolalt Myxidium faj (66.7% prevalencia). Reszleges 
szekvenciaja 90.6%-os hason16sagot mutatott a M. cuneifonne fajjal, mig a Tor 
tambroides (Cyprinidae) epeh61yagjab61 kirnutatott Myxidium faj teljes szekvenciaja 
87.2%-os genetikai hasonl6sagot rnutatott a M. anatidwn-mal. A kimutatott uj 
nyalkasp6ras eloskodok rendszertani besorolasahoz filogenetikai elemzeseket vegeztem. 

Magyarorszagi vizsgalataim soran a Balatonb6l es Kis-Balatonb61 2010 es 2012 
kozott gyi.ijtott kevessertejil fergekbol (Branchiura sowerbyi Beddard, 1892, Isochaetides 
michaelseni Lastockin, 1936 es Nais sp. MUller, 1774) tobb aktinospora tipust izolaltunk. 
Ezeket morfol6giailag jellemezttik, majd molekularis m6dszerekkel meghataroztuk 1 8S 
rDNS szekvenciajukat. A kapott adatokat egybevetetttik a Genbankban rnegtalalhat6 
adatokkal. Osszesen 13 aktinospora tfpust izolaltunk, melyekbol 4 a triactinomyxon 
tipusba, 5 az aurantiactinornyxon tipusba, 2 a raabeia tipusba, 1 pedig a neoactinomyxurn 
tipusba volt sorolhat6. Molekularis vizsgalataink alapjan az 1., 2. es 3. triactinomyxon 
tipusok 99.9-100% hasonl6sagot mutattak aM. eJythroplzthalmi, M. shaharomae es M. 
fimdamentalis nevi.i, Balatonb61 leirt nyalkasp6ras fajokkal, melyek a vorosszamy(I 
keszeg, a kUsz es a bodorka parazitai. A B. sowerbyi-b6l izolalt 4. aurantiactinomyxon 
tipus teljes szekvenciaja 99.4% azonossagot rnutatott a The/ohanellus kitauei Egusa & 
Nakajima, 198 I parazitaval, j61Jehet ezt a fajt meg nem mutattak ki hazai halakb61. Egy 
Nais fajb61 izolalt 5. aurantiactinornyxon tipus reszleges szekvenciaja 99.9% hasonl6sagot 
mutatott a The/ohanellus nikolsldi Akhmerov, 1955 fajjal. Az egyes biot6pokon (Lake 
Kenyir, Merang Estuary, Balaton es Kis Balaton) vizsgalt myxozoak elofordulasa jelent6s 
diverzitast rnutatott. A munka soran ot uj malajziai nyalkasp6ras fajt sikertilt kirnutatnunk, 
uj adatokat szolgaltattunk a Balatonban elo aktinosporakr61, valamint tisztaztuk a 
Balatonban elo halakon e16skodo ot nyalkasp6ras faj fejlodesi ciklusal. 
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ABSTRAK 
Kajian ke atas Parasitik Myxozoa Ikan di Tasik Balaton, Hungary dan di Biotop Air 

Tawar dan Marin d i Malaysia 

Terdapat hanya beberapa data mengenai kehadiran parasit myxozoan pada ikan 
Malaysia. Dalam kajian ini. kami melaporkan koleksi baru spesies myxosporean antara 
tahun 2010 dan 2013. Empat spesis menjangkiti ikan air tawar; satu species dikumpuJkan 
dari ekosistem muara. Selain pencirian morfologi spesies yang ditemui, analisis molekular 
18S rDNA juga dijalankan pada mereka. Dari kajian ini, Myxobolus tambroides sp. n. 
dikenalpasti dari insang Tor tambroides yang diambil dari Tasik Kenyir (Szekely et al. 
2012). Satu lagi spesies baru dijelaskan adalah Myxobolus ophiocarae sp. n. (8.3% 
kekerapan) telah ditemui di Ophiocara porocepha/a (Gobiidae) diambil dari muara 
Merang , Kuala Terengganu. Spesimen berikut masih belum di identifikasi ; Myxobolus sp. 
I. ( 15% kekerapan) telah dijumpai dalam tisu otot Labiobarbus sp. (Cyprinidae). Jujukan 
sikuensi Myxobolus sp. I menyerupai M cyprini dengan 94.6% pcrsamaan. Myxidium sp. I 
(66.7% kekerapan) ditemui di dalam pundi hempedu Notoptems notopterus 
(Notopteridae). Myxidium sp. II (15.4% kekerapan) ditemui di dalam pundi hempedu Tor 
tambroides (Cyprinidae). Bagi Myxidiwn sp. I, sebahagian jujukan sikuensi spesimen 
menunjukkan 90.6% persamaan dengan Myxidium cuneiforme, manakala jujukan lengkap 
Myxidiwn sp. II yang dikutip dari T tambroides menunjukkan identiti 87.2% kepada M. 
anatidum. Filogenetik analisis l8S rDNA telah dijalankan untuk menganggarkan dan 
menganalisis hubungan antara entiti myxozoan. 

Selepas anal isis morfologi, kajian jujukan 18S rDNA aktinospora yang diasingkan 
daripada oligocheta Tasik Balaton dan empangan Kis-Balaton dijalankan dan 
perbandingan mereka dengan jujukan peringkat myxospora dilakukan. Di antara tahun 
2010 hingga 2012, kami mengkaji jangkitan semulajadi pada oligochaetes, Branchiura 
sawerbyi Beddard , 1892 , Isochaetides michaelseni Lastockin , 1936 dan Nais sp. Muller, 
1774. Tiga bel as aktinospora ( 4 triactinomyxon -jenis, 5 aurantiactinomyxon -jenis, 2 
raabeia -1 neoactinornyxum -jenis dan 1 synactinomyxon -jenis ) telah dijumpai. Data 
molekular menunjukkan tiga aktinospora ( triactinomyxon - jenis 1 , 2, 3 ) mempunyai 
99,9-100 % persamaan dengan M elylhrophthalmi , M. slzaharomae dan M. 
fimdamentalis myxospores. Satu lagi analisis jujukan lengkap aurantiactinomyxon - jenis 
4 menunjukkan 99.4 % persarnaan dengan Thelolzanellus kitauei Egusa & Nakajima, 
1981, walaupun myxospores T. f.titauei belum direkodkan di Hungary sehingga kini. Di 
samping itu, jujukan separa aurantiactinomyxon - jenis 5 dari Nais sp., sepadan dengan 
Thelohanellus nikolsf...:ii Akhmerov, 1955 dengan 99.9% persamaan. Myxosporeans fauna 
dan pcnjelasan kitaran hidup mereka yang dibentangkan di sini menunjukkan 
kepelbagaian yang ketara dalarn biotopes yang disiasat (Tasik Kenyir, Muara Merang, 
Lake Balaton dan Kis Balaton ). Kajian ini melampirkan lima spesies baru myxospores 
dari Malaysia, data baru akinospora dan lima kitaran hidup baru myxozoa dari Hungary. 
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