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The complete mitochondrial genome sequences of two Isospora species
(Eimeriidae, Eucoccidiorida, Coccidiasina, Apicomplexa) causing coccidiosis
in superb glossy starlings, Lamprotornis superbus (Aves: Sturnidae)
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ABSTRACT

Complete mitochondrial genomes are reported for two Isospora species causing systemic coccidiosis in
Superb Glossy Starlings (Aves: Sturnidae). The A/T rich (34.7% G/C) genomes were 6223 bp in length for
Isospora greineri and 6217 bp for Isospora superbusi. Each encoded 3 protein-coding genes, (COIl, COIIl
and CytB) plus 18 LSU and 14 SSU rDNA fragments. Arrangement of protein- and rRNA-coding regions
was identical to known Eimeria sp. mt genomes; start codon usage was conventional. The mitochondrial
genome structures of Isospora and Eimeria species are conserved and reflect the close phylogenetic
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association between these eimeriid genera of apicomplexan parasites.

Passeriformes (e.g. canaries, finches, sparrows, grosbeaks and
starlings) and other birds are commonly parasitized by coc-
cidia transmitted via the fecal-oral route (Box 1981; Levine
1982; Schrenzel et al. 2005). More than 90% of all the
described coccidia infecting wild birds belong to the genus
Isospora (see Pellérdy 1974). In passeriform birds, enteritis
caused by Isospora spp. resembles coccidiosis in poultry and
subclinical infections are common (Page and Haddad 1995).
Systemic (extraintestinal) coccidiosis is caused by some
Isospora species that migrate during merogony (Quiroga et al.
2000; Upton et al. 2001; Cushing et al. 2011; Hafeez et al.
2014). Host specificity of Isospora species is believed to be
relatively narrow, perhaps at the host genus level, like many
other eimeriid coccidia (Long 1982). Levine (1982) generalized
that a particular coccidium is likely to be transmissible
between host species within the same host genus but not to
a different host genus, even if in the same family.

Specific identification based on microscopy is almost
impossible because some Isospora species possess morpho-
logically indistinguishable oocysts (Hafeez et al. 2014).
Molecular data from avian Isospora species are scarce and,
where available, are usually nuclear small subunit rDNA
sequences (Carreno and Barta 1999). Schrenzel et al. (2005)
also obtained short mt COIl sequences in one of the first such
uses of mt sequences in molecular studies of these coccidia.
In the present study, the complete mitochondrial genome
sequences are reported for two recently named Isospora spp.
(see Hafeez et al. 2014) that caused systemic coccidiosis in
captive Superb Glossy Starlings (Lamprotornis superbus; Aves:
Sturnidae) held at the Toronto Zoo (43.819583, -79.184722).

DNA was extracted from oocysts and infected tissues
containing numerous merozoites obtained during diagnostic
necropsy (liver, spleen, lungs and intestine) as described
(Hafeez et al. 2014) and the mt genome amplified using
long-range PCR with coccidia-specific primers to obtain com-
plete mt genomes from Isospora greineri (6223bp) and
Isospora superbusi (6217bp) assembled using de novo
sequence assembly within Geneious software (Version 6.1
and later, from http://www.geneious.com). The mitochondrial
genomes of [ greineri (GenBank: KP108298.1; Canadian
Museum of Nature hepatotype series CMNPA 2014-0002)
and . superbusi (GenBank: KT203396.1; Canadian Museum of
Nature hepatotype series CMNPA 2014-0003) had three pro-
tein-coding genes (COI, COIll and CytB) as well as 18 LSU
and 14 SSU rDNA fragments but no regions encoding
tRNAs. The two Isospora spp. had 99.2% pairwise sequence
identity with the majority of differences within the protein-
coding or intergenic regions (Figure 1). Genome organiza-
tion was identical to that observed in a variety of eimeriid
mt genomes (Ogedengbe et al. 2014); start codon usage,
start positions and TAA termination codons for COI, COIll
and CytB were consistent with those documented previously
for other coccidian mt genomes (Ogedengbe et al. 2013).
Our amplification of overlapping PCR products covering the
complete mt genome suggests that the Isospora spp. mt
genome is physically either circular (like Plasmodium spp.;
Feagin et al. 2012) or a concatemer of multiple genome
copies; the latter form is probable because concatenated mt
genomes are reported for closely related Eimeria spp. (see
Hikosaka et al. 2010).
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Figure 1. Phylogenetic tree based on the protein- and rRNA-coding regions of
complete mitochondrial genome sequences from a variety of eimeriid coccidia
demonstrates the close relationship between Isospora superbusi and Isospora
greineri. The Bayesian analysis was performed on an alignment of 5394bp from
each complete mitochondrial genome from the 3 CDS and 32 rDNA fragments;
the dataset was partitioned so that the CDS were analyzed using a codon-based
(mtmet translation) substitution model and the rDNA regions analyzed using a
GTR+ G+ substitution model. Scale bar indicates hypothesized evolutionary
divergence and numbers at nodes indicate Bayesian posterior probabilities.
Superb Glossy Starling image was modified from the original of Sumeet Moghe
and used under license CC BY-SA 3.0.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of this article.

Funding

This research was supported by a Discovery Grant (400566) to JRB from
the Natural Sciences and Engineering Research Council of Canada
(NSERQ).

References

Box ED. 1981. Isospora as an extraintestinal parasite of passeriforme birds.
J Protozool. 28:244-246.

Carreno RA, Barta JR. 1999. An eimeriid origin of isosporoid coccidia with
Stieda bodies as shown by phylogenetic analysis of small subunit ribo-
somal RNA gene sequences. J Parasitol. 85:77-83.

Cushing TL, Schat KA, States SL, Grodio JL, O’Connell PH, Buckles EL.
2011. Characterization of the host response in systemic isosporosis
(atoxoplasmosis) in a colony of captive American goldfinches
(Spinus tristis) and house sparrows (Passer domesticus). Vet Pathol.
48:985-992.

Feagin JE, Harrell M, Lee JC, Coe KJ, Sands BH, Cannone JJ, Tami G, et al.
2012. The fragmented mitochondrial ribosomal RNAs of Plasmodium
falciparum. PLoS One. 7:38320.

Hafeez MA, Stasiak |, Delnatte P, El-Sherry S, Smith DA, Barta JR. 2014.
Description of two new Isospora species causing visceral coccidiosis in
captive superb glossy starlings, Lamprotornis superbus (Aves:
Sturnidae). Parasitol Res. 113:3287-3297.

Hikosaka K, Watanabe Y, Tsuji N, Kita K, Kishine H, Arisue N, Palacpac
NM, Kawazu S, Sawai H, Horii T, et al. 2010. Divergence of the mito-
chondrial genome structure in the apicomplexan parasites, Babesia
and Theileria. Mol Biol Evol. 27:1107-1116.

Levine ND. 1982. The genus Atoxoplasma (Protozoa, Apicomplexa).
J Parasitol. 68:719-723.

Long PL. 1982. The biology of the Coccidia. Baltimore (MD): University
Park Press.

Ogedengbe ME, Hafeez AM, Barta JR. 2013. Sequencing the complete
mitochondrial genome of Eimeria mitis strain USDA50 (Apicomplexa:
Eimeriidae) suggests conserved start positions for mtCOI- and mtCOlll-
coding regions. Parasitol Res. 112:4129-4136.

Ogedengbe ME, El-Sherry S, Whale J, Barta JR. 2014. Complete mitochon-
drial genome sequences from five Eimeria species (Apicomplexa;
Coccidia; Eimeriidae) infecting domestic turkeys. Parasit Vectors. 7:335.

Page CD, Haddad K. 1995. Coccidial infections in birds. J Exot Pet Med.
4:138-144.

Pellérdy LP. 1974. Coccidia and coccidiosis. 2nd ed. Berlin: Verlag Paul
Parey and Akademiai Kiady.

Quiroga MI, Aleman N, Vazquez S, Nieto JM. 2000. Diagnosis of
‘atoxoplasmosis’ in a canary Serinus canarius by histopathologic and
ultrastructural examination. Avian Dis. 44:465-469.

Schrenzel MD, Maalouf GA, Gaffney PM, Tokarz D, Keener LL, McClure D,
Griffey S, McAloose D, Rideout BA. 2005. Molecular characterization of
isosporoid coccidia (lsospora and Atoxoplasma spp.) in passerine birds.
J Parasitol. 91:635-647.

Upton SJ, Wilson SC, Norton TM, Greiner EC. 2001. A new species of
Isospora Schneider, 1881 (Apicomplexa: Eimeriidae) from the Bali
(Rothschild's) mynah Leucopsar rothschildi (Passeriformes: Sturnidae),
and comments concerning the genera Atoxoplasma Garnham, 1950
and Isospora. Syst Parasitol. 48:47-53.



	The complete mitochondrial genome sequences of two Isospora species (Eimeriidae, Eucoccidiorida, Coccidiasina, Apicomplexa) causing coccidiosis insuperb glossy starlings, Lamprotornis superbus (Aves: Sturnidae)
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/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.)
		/PTB <>
		/FRA <>
		/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.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/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.)
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


