Diversity and Parasitological Traits of Myxozoan Parasites Infecting Various Mullidae Species Along the Mediterranean Coasts of Türkiye

Erkan ÖZDEMİR1 and Cem Tolga GÜRKANLI1,2*
1Ordu University, Institute of Science, 52200, Ordu, Türkiye
2Ordu University, Fatsa Faculty of Marine Sciences, 52400, Fatsa-Ordu, Türkiye
*Corresponding author: ozdemir.erkan@outlook.com.tr
ORCID1: 0000-0001-7896-0317
ORCID2: 0000-0001-5837-6893

Journal: ACTA Parasitologica



[image: ]
Figure S1. Map showing the geographical locations where samples of the host species (Mullus barbatus, Mullus surmuletus, and Upeneus moluccensis) were collected.


Table S1. Source information and GenBank accession numbers of the Kudoa genotypes obtained in the present study, together with those of related Kudoa species retrieved from the NCBI database and used for phylogenetic analyses.
	Species
	Host
	Tissue / Organ
	Locality
	GenBank Acc. No.
	Source

	Kudoa mediterraneus n. sp. 
(E-5)
	Mullus barbatus
	Muscle
	Mersin / Türkiye
	XXXXXXXX
	(This study)

	Kudoa aburakarei
	Atheresthes stomias
	Trunk muscle
	Pacific Ocean: Bering Sea
	LC493827
	[12]

	Kudoa cheilodipteri
	Cheilodipterus quinquelineatus
	-
	Australia
	JX090295
	[83]

	Kudoa grammatorcyni
	Grammatorcynus bicarinatus
	Somatic muscle
	Australia
	AY302739
	[84]

	Kudoa gunterae
	Chrysiptera cyanea
	-
	Australia
	FJ792710
	[85]

	Kudoa hexapunctata
	Thunnus orientalis
	Trunk muscle
	Japan
	LC200462
	[86]

	Kudoa iidae
	Pentanemus quinquarius
	Trunk muscle
	Atlantic Ocean, off Africa
	LC493822
	[12]

	Kudoa javaensis
	Alepes djedaba
	Trunk muscle
	Indonesia
	LC543974
	[87]

	Kudoa lateolabracis
	Lateolabrax sp.
	-
	Japan
	AY382606
	[88]

	Kudoa megacapsula
	Nemipterus virgatus
	Trunk muscle
	China
	LC705029
	[89]

	Kudoa minithyrsites
	Pempheris ypsilychnus
	-
	Australia
	AY152749
	[28]

	Kudoa monodactyli
	Monodactulus argenteus
	Somatic muscle
	Australia
	DQ439814
	[90]

	Kudoa ovivora
	Thalassoma bifasciatum
	-
	Australia
	AY152750
	[28]

	Kudoa paraquadricornis
	Caranx ignobilis
	-
	Australia
	FJ792718
	[85]

	Kudoa parvibulbosa
	Megalaspis cordyla
	Trunk muscle
	Pacific Ocean: South China Sea
	LC626079
	[40]

	Kudoa permulticapsula
	Scomberomorus commerson
	-
	Australia
	AY078429
	[91]

	Kudoa quadricornis
	Carangoides fulvoguttatus
	-
	Australia
	FJ792721
	[85]

	Kudoa saudiensis
	Rastrelliger kanagurta
	-
	Saudi Arabia
	KF830719
	[92]

	Kudoa scomberomori
	Scomberomorus commerson
	Somatic muscle
	Australia
	AY302737
	[84]

	Kudoa thyrsites
	Paralichthys olivaceus
	Trunk muscle
	Japan
	LC128644
	[93]

	Kudoa trifolia
	Liza aurata
	Connective tissue
	Spain
	AM183300
	[28]

	Kudoa unicapsula
	Liza ramada
	Intestine
	Spain
	AM490334
	[39]

	Kudoa whippsi
	Amphiprion akindynos
	-
	Australia
	FJ792722
	[85]





Table S2. Source information and GenBank accession numbers for the Myxobolus genotypes obtained in this study and related myxozoan species downloaded from the NCBI database for phylogenetic analyses.
	Species
	Host
	Tissue / Organ
	Locality
	GenBank Acc. No.
	Source

	Myxobolus mullus n. sp. (E-2)
	Mullus barbatus
	Gall bladder
	Mersin / Türkiye
	XXXXXXXX
	(This study)

	Myxobolus aeglefini
	Bothrocara hollandi
	Muscle
	South Korea
	KR029786
	[94]

	Myxobolus albi
	Pomatoschistus microps
	Gill arch cartilage
	Scotland
	EU420055
	[95]

	Myxobolus albi
	Cyclopterus lumpus
	Cartilage
	USA
	JF776164
	[96]

	Myxobolus acanthogobii
	Acanthogoibius flavimanus
	Brain cavity
	Japan
	AY541585
	[97]

	Myxobolus arapinus
	Piaractus brachypomus

	Pyloric cecum
	Brazil
	MN239502
	[98]

	Myxobolus aureus
	Salminus brasiliensis
	Liver
	Brazil
	KF296348
	[99]

	Myxobolus batalhensis
	Salminus hilarii
	Ovaries
	Brazil
	MF361090
	[100]

	Myxobolus colossomatis
	Colossoma macropomum
	
	Brazil
	MK032220
	[101]

	Myxobolus figueirae
	Phractocephalus hemioliopterus
	
	Brazil
	MG181226
	[102]

	Myxobolus groenlandicus
	Reinhardtius hippoglossoides
	Muscle
	Greenland
	JF694785
	[103]

	Myxobolus iquitoensis
	Otocinclus cocama
	Gill flaments
	Peru
	MN995338
	[104]

	Myxobolus iwagiens
	Oryzias latipes
	Brain
	Japan
	LC861743
	[42]

	Myxobolus macroplasmodialis
	Salminus brasiliensis
	Serosa of the visceral cavity
	Brazil
	KF296357
	[99]

	Myxobolus matosi
	Colossoma macropomum
	-
	Brazil
	MK032219
	[101]

	Myxobolus mauriensis
	Alosa pseudoharengus and A. aestivalis
	Cartilage of ribs
	USA
	KU255436
	[105]

	Myxobolus pirapitingae
	Piaractus brachypomus
	Pyloric cecum
	Brazil
	MK492647
	[98]

	Myxobolus platessae
	Platichthys flesus
	Cartilage
	Iceland
	KX886734
	[106]

	Myxobolus sdermatoulcerans
	Pygocentrus nattereri
	Skin
	Peru
	MT912631
	[107]

	Myxobolus stellatus
	Thoracocharax stellatus
	Cranial nerves
	Colombia
	MN795057
	[108]

	Myxobolus tai
	Pagrus major
	Brain of Pagrus major
	Japan
	LC884833
	[43]

	Myxobolus tai
	Evynnis tumifrons
	Kidney
	Japan
	LC886104
	[43]

	Henneguya basifilamentalis
	Hemibagrus nemurus
	Gills
	Malaysia
	EU732604
	Eszterbauer et al. (Unpublished)

	Henneguya mystusia
	Hemibagrus nemurus
	Gill filaments
	Malaysia
	EU732603
	Eszterbauer et al. (Unpublished)

	Hennegoides pangasii
	Pangasius hypophthalmus
	Gill filaments
	Malaysia
	EU732605
	Eszterbauer et al. (Unpublished)

	Hoferellus cyprini
	Cyprinus carpio
	Urinary bladder
	Czech Republic
	KU141402
	[109]

	Hoferellus carassii
	Carassius gibelio
	Urinary bladder
	Czech Republic
	KU141400
	[109]

	Thelohanellus lepturus
	Hypopygus lepturus
	Central nervous system
	Brazil
	MF765753
	[110]

	Unicauda fimbrethilae
	Ictalurus punctatus
	intestinal tract
	USA
	KT072742
	[111]

	Unicauda pelteobagrus
	
	
	
	KC193254
	Li et al. (Unpublished)




Table S3. Source information and GenBank accession numbers of the Ortholinea genotypes obtained in this study and related myxozoan species retrieved from the NCBI database for phylogenetic analyses.
	Species
	Host
	Tissue / Organ
	Locality
	GenBank Acc. No.
	Source

	Ortholinea mullusi (E-7)
	Mullus barbatus
	Gonad
	Mersin / Türkiye
	XXXXXXXX
	(This study)

	Ortholinea mullusi (E-9)
	Mullus barbatus 
	Kidney
	Antalya / Türkiye
	XXXXXXXX
	(This study)

	Ortholinea mullusi (E-13)
	Mullus barbatus
	Urinary bladder
	Antalya / Türkiye
	XXXXXXXX
	(This study)

	Ortholinea argusi
	Scatophagus argus
	Urinary bladder
	Malaysia
	MH197371
	Samshuri et al. (Unpublished)

	Ortholinea auratae
	Limnodriloides agnes
	Intestinal epithelium
	Portugal
	KR025869
	[112]

	Ortholinea concentrica
	Acanthistius patachonicus
	Kidney
	Argentina
	MH793351
	[113]

	Ortholinea divergens
	Symphodus cinereus
	-
	Sinop / Türkiye
	OR884253
	[78]

	Ortholinea labracis
	Dicentrarchus labrax
	Urinary bladder
	Portugal
	KU363830
	[114]

	Ortholinea mullusi
	Mullus barbatus

	Urinary bladder, kidney tubules
	Turkey
	MF539825
	[24]

	Ortholinea nupchi
	Paralichthys olivaceus
	Urinary bladder
	South Korea
	MW540886
	[115]

	Ortholinea scatophagi
	Scatophagus argus
	-
	India
	MN310514
	[116]

	Ortholinea sp.
	Rhizoprionodon terraenovae
	Kidney
	South Carolina / USA
	MK937851
	[117]

	Hoferellus gilsoni
	Anguila anguila 
	-
	UK
	AJ582062
	[118]

	Hoferellus gnathonemi
	Gnathonemus petersii
	Kidney
	Nigeria
	KU141398
	Alama-Bermejo et al. (Unpublished)

	Myxobilatus gasterostei
	Nais cummunis
	-
	USA
	EU861209
	[119]

	Sphaerospora festivus
	Mesonauta festivus
	Urinary bladder
	Brazil
	MW370523
	[120]




Table S4. 18S rDNA nucleotide sequence identity among some closely related Myxobolus species.
	
	Myxobolus albi
(EU420055)
	Myxobolus aeglefin
(KR029786)
	Myxobolus groenlandicus (JF694785)
	Myxobolus platessae (KX886734)

	Myxobolus albi
(EU420055)
	ID
	
	
	

	Myxobolus aeglefini
(KR029786)
	97.5%
	ID
	
	

	Myxobolus groenlandicus (JF694785)
	97.1%
	97.7%
	ID
	

	Myxobolus platessae (KX886734)
	98.2%
	96.9%
	96.9%
	ID





Table S5. Infection rates of myxozoan parasites recorded in this study according to hosts species and sampling localities. 
* Number of infected fishe
** Total number of fish examined
	
	Muğla
	Antalya
	Mersin

	
	Mullus barbatus
	Mullus surmuletus
	Mullus barbatus
	Mullus surmuletus
	Mullus barbatus
	Mullus surmuletus

	Kudoa mediterraneus n. sp.
	0.8%
1* / 120**
	-
0* / 73**
	1.7%
3* / 120**
	0.8%
1* / 120**
	13.3%
12* / 90**
	-
0* / 60**

	Myxobolus mullus n. sp.
	12.5%
15* / 120**
	27.4%
20* / 73**
	3.3%
4* / 120**
	5%
6* / 120**
	4.4%
4* / 90**
	1.7%
1* / 60**

	Ortholinea mullusi

	0.83%
1* / 120**
	-
0* / 73**
	1.66%
2* / 120**
	-
0* / 120**
	-
0* / 90**
	-
0* / 60**
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