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ABSTRACT
The complete mitogenome sequences of the intestinal fluke Fasciolopsis buski are presented for the first
time in this study. It is 14,119bp long and is thus the shortest trematode mitochondrial genome
sequenced to date. The F. buski mtDNA genome has a close resemblance with F. hepatica and has a
similar gene order tallying with that of other trematodes. The overall base composition of F. buski mito-
genome is 17.89% for A, 9.16% for C, 27.59% for G and 45.36% for T, and has a GC content of 36.75%.
The assembled mitogenome (GenBank accession number KX449331) consists of 12 protein-coding
genes (PCGs), 22 transfer RNAs and two ribosomal RNA genes. The mtDNA for the intestinal fluke
reported herein would help investigate Fasciolidae taxonomy and systematics with the aid of mtDNA
NGS data.
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Fasciolopsis buski is a socioeconomically important and one
of the largest intestinal flukes of pigs and humans with a flat
and thick body of 2–10 cm in length and 0.8–3 cm in width
that causes the disease fasciolopsiasis. It is primarily found in
Asia, and in particular, the Indian subcontinent. The infective
cysted stages of this flatworm develop on the surface of
aquatic plants, e.g. water caltrop and reach their host due to
ingestion of such contaminated vegetation. In several coun-
tries, this neglected tropical disease is aggravated by factors,
such as poverty, malnutrition, and an uncontrolled food mar-
ket associated with lack of food inspection, poor sanitation
and other helminthiases (Keiser & Utzinger, 2009). Although
fasciolopsiasis can be controlled along with other food-borne
parasitoses, it still remains a public health problem in many
endemic areas including India despite sustained World Health
Organization (WHO) control programmes. The parasite is a
close relative of liver flukes (Fasciola). Very little is known
about this parasite and its relationship with its hosts at the
molecular level (Hotez et al. 2008).

Within a short span of time, next-generation sequencing
(NGS) technologies now provide prospects for high through-
put sequencing, assembly and annotation. We have success-
fully sequenced the F. buski mitotgenome using NGS
platforms such as Ion Torrent and Illumina. Freshly slaugh-
tered pigs, Sus scrofa domestica at local abattoirs meant for
human consumption was harnessed for collecting F. buski

from the host intestines and these flukes represented the
geographical isolates from Shillong (coordinates 25.57�N
91.88�E) area in the state of Meghalaya, Northeast India.
The parasite specimen was submitted in the Department of
Zoology, North Eastern Hill University, Shillong with the speci-
men voucher accession NEHU/Z-TM/27. High quality and vec-
tor filtered reads from Ion Torrent and Illumina platforms
were assembled using Mira-3.9.15 (http://sourceforge.net/
apps/mediawiki/mira-assembler). Further incorporating whole
genomic DNA from an independent F. buski sample replicate
using Sanger sequencing on two independent regions exhib-
ited 98% identity and thus validated our findings.

The mtDNA assembled into a single contig was annotated
(GenBank accession number KX449331) using MITOS (Bernt
et al. 2013), DOGMA (Wyman et al. 2004) and NCBI BLAST
(Altschul et al. 1990). We could identify 12 PCGs that can be
broadly categorised into nicotinamide dehydrogenase com-
plex (nad1–nad6 and nad4L subunits); cytochrome c oxidase
complex (cox1–cox3 subunits); cytochrome b (cob) and adeno-
sine triphosphatase subunit 6 (atp6). Besides, two rRNA coding
genes namely the large subunit (rrnL or 16S) and small subunit
(rrnS or 12S), separated by trnC (encoding the transfer RNA
(tRNA) for cysteine) were also present. A total of 22 tRNAs were
inferred with tRNA-Leu having the highest GC composition.
The start and stop codons comprised of ATG/GTG and TAG/
TAA, respectively. The whole platyhelminth mitogenomes for
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species belonging to the family Schistosomatidae,
Opisthorchiidae, Troglotrematidae, Echinostomatidae,
Fasciolidae and Ascarididae (outgroup) were aligned in MAFTT
(Katoh et al. 2002)) and a neighbour-joining phylogenetic tree
(Figure 1) was computed using 1000 bootstrap replicates.
Fasciolopsis buski cladded well in the Fasciolidae family with
100 bootstrap values. Thus the complete mtDNA sequences of
F. buski (Indian isolate) will enhance the existing organelle data
for trematode parasites and will aid in evolutionary studies of
the family Fasciolidae.
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Figure 1. Phylogenetic tree computed using the neighbour-joining method based on complete helminth mitochondrial genomes with 1000 bootstrap replicates.
GenBank accession numbers for the published sequences are Clonorchis sinensis (FJ381664.2), Echinostoma hortense (NC_028010), Fasciolopsis buski China
(NC_030528.1), Fasciolopsis buski India (KX449331), Fasciola gigantica (NC_024025), Fasciola hepatica (NC_002546), Fascioloides magna (NC_029481), Opisthorchis feli-
neus (NC_011127), Opisthorchis viverrini (JF739555.1), Paragonimus westermani (NC_002354), Schistosoma haematobium (NC_008074), Schistosoma mansoni
(NC_002545); Ascaris lumbricoides (NC_016198.1) and Ascaris suum (NC_001327.1).

694 D. K. BISWAL ET AL.



Biodiversity of medico-veterinary significance in North-East India” (Grant
ID BT/48/NE/TBP/2010).

ORCID

Devendra Kumar Biswal http://orcid.org/0000-0003-1093-7166
Ruchishree Konhar http://orcid.org/0000-0003-1147-1054
Veena Tandon http://orcid.org/0000-0003-4315-2082

References

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

Bernt M, Donath A, J€uhling F, Externbrink F, Florentz C, Fritzsch G,
P€utz J, Middendorf M, Stadler PF. 2013. MITOS: improved de novo
metazoan mitochondrial genome annotation. Mol Phylogenet Evol.
69:313–319.

Hotez PJ, Brindley PJ, Bethony JM, King CH, Pearce EJ, Jacobson J. 2008.
Helminth infections: the great neglected tropical diseases. J Clin
Invest. 118:1311–1321.

Katoh K, Misawa K, Kuma K, Miyata T. 2002. MAFFT: a novel method for
rapid multiple sequence alignment based on fast Fourier transform.
Nucleic Acids Res. 30:3059–3066.

Keiser J, Utzinger J. 2009. Food-borne trematodiases. Clin Microbiol Rev.
22:466–483.

Wyman SK, Jansen RK, Boore JL. 2004. Automatic annotation
of organellar genomes with DOGMA. Bioinformatics.
20:3252–3255.

MITOCHONDRIAL DNA PART B: RESOURCES 695


	Complete mitochondrial genome annotation of the giant intestinal fluke, Fasciolopsis buski (Indian isolate) as revealed by ion torrent and illuminanext-generation sequencing
	mkchap1222249__ack
	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


