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ABSTRACT

We report the first complete mitochondrial genome of visceral bird schistosome Trichobilharzia szidati
(Platyhelminthes, Trematoda: Schistosomatidae). The circular genome is 14293 bp in length and contains
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12 protein-coding genes, 12S and 16S rRNAs genes, 22 tRNAs and one non-coding region (202 bp)

(accession number MF136777). Phylogenetic relationships based on 12 protein-coding gene sequences
(PCG) of mitogenomes of a number of trematode and cestode species have shown that T. szidati is the
closest genetic relative to nasal bird schistosome T. regenti. The complete mitogenome sequence of
T. szidati may serve as a resource for comparative mitogenomics and trematode evolution studies.

Zoonotic disease cercarial dermatitis (swimmer's itch) occurs
when larval stages of bird schistosomes that normally
develop in birds penetrate human skin. The majority of bird
schistosomes Trichobilharzia spp. including T. szidati live in
the blood system of visceral organs, only mature T. regenti
occurs in the nasal mucosa of its definitive host (Horak and
Kolarova 2011). The complete mitochondrial genome s
known only for nasal representative of bird schistosomes
(Webster et al. 2007).

We report for the first time the complete sequence of
mitogenome of visceral species T. szidati and revise its phylo-
genetic position. It will be useful for the studies in population
genetics, comparative mitogenomics, phylogenetics and evo-
lutionary studies of trematodes.

Cercariae of T. szidati were collected from host snail Lymnaea
stagnalis from Lake Naroch (54°54'24.1848"N, 26°42’
14.3532"E) in Belarus. The specimen (N15Lst1) is stored in the
Laboratory of Genome Organization, Institute of Gene Biology
of the Russian Academy of Sciences, Moscow, Russia. Total
genomic DNA was extracted by NEB #E6000 Kit (lllumina, Inc,
San Diego, CA) following the instructions of the manufacturer.
DNA sequencing was conducted using lllumina Hiseq 2000
(Ilumina, Inc, San Diego, CA).

Library preparation, DNA sequencing, mitogenome assem-
bling using MITObim (Hahn et al. 2013) were performed at
the Genoanalityka JSC, Moscow. The mitogenome annotation
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was conducted via BLAST (Altschul et al. 1990) against mito-
genome of T. regenti (DQ859919). Phylogenetic position of
T. szidati was estimated on the base of protein-coding genes
(PCG) of the mitogenomes of platyhelminth species from
class Trematoda: Schistosomatidae: T. regent Schistosoma
haematobium, S. mansoni, S. japonicum, S. mekongi;
Paragonimidae: Paragonimus westermani; Fasciolidae: Fasciola
gigantica and F. hepatica and two species from class
Cestoda: Diphyllobothrium latum and Taenia solium (as an out
group). We constructed a phylogenetic tree using PhyML

(Guindon et al. 2010) and MrBayes (Ronquist and
Huelsenbeck 2003).
The complete mtDNA sequence of T. szidati is

14,293 bp in length, which is slightly larger than the mito-
genomes of two Asiatic mammalian flukes, S. Mekongi
(14,072bp) and S. japonicum (14,085 bp), but smaller than
mitogenomes of two African flukes S. mansoni (14,415 bp),
S.  haematobium  (15,003bp) and nasal schistosome
T. regenti (14,838 bp).

The gene order of T. szidati mitochondrial genome is iden-
tical to T. regenti and Asiatic mammalian schistosomes
described earlier (Webster and Littlewood 2012) and contains
12 PCG, 22 transfer RNA genes and two ribosomal RNA
genes. The size of the PCG of the T. szidati and T. regenti did
not vary, except of nad3 (360bp vs. 363bp), nad5 (11590 bp
vs. nd 1599bp) and cytb (1107 bp vs. 1110bp). The overall
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Figure 1. The phylogenetic relationship of nine trematode species, including T. szidati (marked with black circle), based on the nucleotide sequences of 12 PCGs. ML
bootstrap values and Bayesian posterior probabilities are shown at the nodes of the tree. The species names and GenBank accession numbers provided as follows:
Trichobilharzia regenti, DQ859919.1; Schistosoma mansoni, AF216698; Schistosoma japonicum, AF215860; Schistosoma mekongi, AF217449; Schistosoma haematobium,
DQ157222; Paragonimus westermani, NC_002354.2; Fasciola gigantica, KF543342.1; Fasciola hepatica, NC_002546; Taenia solium, AB086256.1; Diphyllobothrium latum,

AB269325.1.

sequence difference between concatenated PCG of T. regenti
and T. szidati is 17.6%.

In both Trichobilharzia species, the genes of two mitochon-
drial rRNA subunits, rrnL and rrnS, are separated by trnC. The
mitogenome of T. szidati includes a non-coding region
(202 bp) with two similar short sequences (25 bp). In contrast,
the long non-coding region in T. regenti includes three tan-
dem repeats of 184 bp each.

The phylogenetic study provides a strongly supported
framework for the monophyly of the Schistosomatidae sub-
group and supports that the T. szidati is closely related to
T. regenti (Figure 1).

Disclosure statement

The authors report that they have no conflict of interest. The authors
alone are responsible for the content and writing of the article.

Funding

This study was partly supported by the Russian Science Foundation No.
14-14-00832 and the RAS Program Molecular and Cell Biology.

ORCID

Andrei Guliaev
Alexey Ryskov

http://orcid.org/0000-0002-6329-2421
http://orcid.org/0000-0002-4159-0671

References

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol. 215:403-410.

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W, Gascuel O.
2010. New algorithms and methods to estimate maximum-likelihood
phylogenies: assessing the performance of PhyML 3.0. Syst Biol.
59:307-321.

Hahn C, Bachmann L, Chevreux B. 2013. Reconstructing
mitochondrial genomes directly from genomic next-generation
sequencing reads-a baiting and iterative mapping approach. Nucleic
Acids Res. 41:e129.

Horak P, Kolafova L. 2011. Snails, waterfowl and cercarial dermatitis.
Freshwater Biol. 56:779-790.

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics. 19:1572-1574.

Webster BL, Littlewood DT. 2012. Mitochondrial gene order change in
Schistosoma (Platyhelminthes: Digenea: Schistosomatidae). Int J
Parasitol. 42:313-321.

Webster BL, Rudolfova J, Horak P, Littlewood DT. 2007. The complete
mitochondrial genome of the bird schistosome Trichobilharzia regenti
(Platyhelminthes: Digenea), causative agent of cercarial dermatitis.
J Parasitol. 93:553-561.



	The complete mitochondrial genome of the causative agent of the human cercarial dermatitis, the visceral bird schistosome species Trichobilharzia szidati (platyhelminthes: Trematoda: Schistosomatidae)
	Disclosure statement
	Funding
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


