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Complete mitochondrial genome of the sheepshead minnow
Cyprinodon variegatus (Cyprinodontiformes: Cyprinodontidae)
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Abstract

The complete mitochondrial genome of the sheepshead minnow (Cyprinodon variegatus) with
the length of 16,498 bp was determined using long PCR and Sanger sequencing. The
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mitogenome contains 13 protein-coding genes, 22 transfer RNA (tRNA) genes, 2 ribosomal RNA

(rRNA) genes and a D-loop region of 831 bp in length. All protein-coding genes except NADH

History

dehydrogenase subunit 6 (nd6) are encoded on the heavy strand (H-strand). ATG acts as the

start codon for all protein-coding genes except cytochrome c oxidase subunit | (col), which has
GTG as a start codon. Fourteen tRNA genes and both rRNA genes are also encoded on the
H-strand, as observed in other Actinopterygiian fishes. This complete mitogenome sequence
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will facilitate studies on adaptation of C. variegates to local variation in temperature, salinity and
chemical pollution conditions, as well as inform studies of genetic introgression by C. variegatus

into other Cyprinodon species that have imperiled protection status.

The sheepshead minnow Cyprinodon variegatus (Lacépede 1803)
is a small killifish (Cyprinodontiformes), which inhabits fresh-
water, brackish and marine environments of the Eastern coasts of
North America and Central America as well as islands of the
Caribbean Sea region. This species exhibits remarkable capabil-
ities for salinity and thermal tolerance (Bennett & Beitinger,
1997; Nordlie, 1985), it has been a model organism for studying
how salinity, temperature, and environmental hypoxia influence
metabolism (Barton & Barton, 1987; Haney & Nordlie, 1997,
Jordan et al., 1993; Nordlie et al., 1991; Peterson, 1990) and for
mechanistic investigations of osmo- and ion-regulation (Karnaky
et al., 1976). Cyprinodon variegatus is also a model teleost fish
for studying the toxic and endocrine-disrupting effects of
environmental chemical pollutants (Folmar et al., 2000;
Heitmuller et al., 1981; Karels et al., 2003).

Here, we report the complete mitochondrial genome of
C. variegatus (Genbank accession no. KR061357). A female
C. variegatus (variegatus subspecies) was collected on 12 May
2011, from an estuary near Charleston, South Carolina, USA
(32°44'54.05"N 79°54'06.06"W). Genomic DNA was extracted
from liver tissue (DNeasy Blood and Tissue Kit; Qiagen,
Valencia, CA) and amplified (GoTaq® Long PCR Master Mix,
Promega Corp., Madison, WI) using primers designed for
C. rubrofluviatilis (EF442803) to generate overlapping sequence
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products of 6,112 to 10,731 bps in length, which were then Sanger
sequenced (MCLab, South San Francisco, CA) and assembled
(Sequencher v5, Gene Codes Corp., Ann Arbor, MI).

The complete mitochondrial genome of C. variegatus is
16,498 bp in length and encodes 13 protein-coding genes, 22
tRNA genes and the 12S and 16S rRNA genes. Genome synteny
adheres to the arrangement typical for vertebrate mitogenomes,
and all genes are encoded on the heavy strand (H-strand) except
the nd6 protein-coding gene and the following tRNAs: tRNA”",
tRNA™, tRNA®"", tRNA™", tRNA®”, tRNA™", tRNA™* and
tRNA®™. The nucleotide composition of the H-strand is 26.20%
A, 27.25% T, 17.03% G, and 29.52% C, and the combined G + C
content (46.55%) is similar to mitogenomes of congeners
C. rubrofluviatilis (46.53%; EF442803) and C. nevadensis
pectoralis (47.05%; KP064222). Phylogenetic analysis using the
complete mitogenome nucleotide sequence confirmed its identity
within the Cyprinodontidae clade of Cyprinodoniformes
(Figure 1), and estimates of evolutionary change are 0.049 base
substitutions per site compared to the mitogenome of
C. rubrofluviatilis, and 0.068 substitutions per site relative to
C. n. pectoralis (Maximum Composite Likelihood model, Tamura
et al., 2011).

The availability of this complete mitogenome for C. variegatus
has the potential to advance research into how environmental
parameters including temperature, salinity and dissolved oxygen
regulate cellular respiration in fish. This mitogenome will also
facilitate assessments of genetic introgression by C. variegatus
into imperiled Cyprinodon species inhabiting deserts of the
southwestern USA and northern Mexico (Echelle & Echelle,
1997).
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Figure 1. Maximum likelihood tree of the mitogenomes of C. variegatus (KR061357), other Cyprinodontiformes fishes, and select Beloniform and
Atheriniform fishes. Complete mitogenome nucleotide sequences for each taxa (excepted J. floridae, APO06778, which lacks the D-loop control region
sequence) were aligned using ClustalX, and a phylogenetic tree was constructed using a Tamura-Nei Model with partial deletion of gaps (50% cutoff)
using MEGA v5 (Tamura et al., 2011). Coho salmon (O. kisutch, EF126369; Salmoniformes) was used as the outgroup. Bootstrap values (1000
replicates) are indicated at each node. Beloniform and Atheriniform orders were selected for comparison based on the phylogenies provided by
Betancur-R et al. (2013). Note that order Beloniformes is not monophyletic in the phylogeny shown here. Genbank accession nos. for component taxa
are as follows: F. heteroclitus (FJ445402), F. grandis (F1445396), F. diaphanus (F1445394), F. olivaceus (AP006776), X. eiseni (AP006777), C. n.
pectoralis (KP064222), C. rubrofluviatilis (EF442803), P. reticulata (KJ460033), G. affinis (AP004422), X. hellerii (F1226476), X. maculatus
(AP005982), N. furzeri (EU650204), K. marmoratus (AF283503), A. panchax (AB373005), O. latipes (AP004421), O. javanicus (AB498067), A. hians
(AB373007), C. saira (AP002932), H. sajori (AB370892), C. hiraii (AB182653), E. volitans (AP002933), M. menidia (AB370893), C. humboldtianum
(KJ921739), I. hawaiiensis (AB373006), H. tsurugae (AP004420), M. lacustris (AP004419).

Declaration of interest

This research was funded by College Based Fee support from California
Polytechnic State University to B. Barcelon. The authors report no
conflicts of interest and are alone responsible for the content and writing
of this manuscript.

References

Barton M, Barton AC. (1987). Effects of salinity on oxygen consumption
of Cyprinodon variegatus. Copeia 1987:230-2.

Bennett WA, Beitinger TL. (1997). Temperature tolerance of the
sheepshead minnow, Cyprinodon variegatus. Copeia 1997:77-87.

Betancur-R R, Broughton RE, Wiley EO, Carpenter K, Lopez JA, Li C,
Holcroft NI, et al. (2013). The tree of life and a new classification of
bony fishes. PLoS Curr Tree Life 1. doi: 10.1371/currents.tol.
53ba26640df0ccaee75bb165c8c26288.

Echelle AA, Echelle AF. (1997). Genetic introgression of endemic taxa
by non-natives: A case study with Leon Spring pupfish and sheepshead
minnow. Conserv Biol 11:153-61.

Folmar LC, Hemmer M, Hemmer R, Bowman C, Kroll K, Denslow
ND. (2000). Comparative estrogenicity of estradiol, ethynyl estradiol
and diethylstilbestrol in an in vivo, male sheepshead minnow
(Cyprinodon variegatus), vitellogenin bioassay. Aquat Toxicol 49:
77-88.

Haney DC, Nordlie FG. (1997). Influence of environmental salinity on
routine metabolic rate and critical oxygen tension of Cyprinodon
variegatus. Physiol Zool 70:511-18.

Heitmuller PT, Hollister TA, Parrish PR. (1981). Acute toxicity of 54
industrial chemicals to sheepshead minnows (Cyprinodon variegatus).
Bull Environ Contam Toxicol 27:596-604.

Jordan F, Haney DC, Nordlie FG. (1993). Plasma osmotic regulation and
routine metabolism in the Eustis pupfish, Cyprinodon variegatus
hubbsi (Teleostei: Cyprinodontidae). Copeia 1993:784-9.

Karels AA, Manning S, Brouwer TH, Brouwer M. (2003).
Reproductive effects of estrogenic and antiestrogenic chemicals on
sheepshead minnows (Cyprinodon variegatus). Environ Toxicol Chem
22:855-65.

Karnaky KJ, Ernst SA, Philpott CW. (1976). Teleost chloride cell.
1. Response of pupfish Cyprinodon variegatus gill Na,K-ATPase and

RIGHTS LI N Hiy



Mitochondrial DNA Downloaded from informahealthcare.com by 162.236.242.65 on 05/30/15
For personal use only.

DOI: 10.3109/19401736.2015.1041118

chloride cell fine structure to various high salinity environments. J Cell
Biol 70:144-56.

Nordlie FG. (1985). Osmotic regulation in the sheepshead
minnow  Cyprinodon variegatus Lacépéde. J Fish Biol 26:
161-70.

Nordlie FG, Walsh SJ, Haney DC, Nordlie TF. (1991). The influence of
ambient salinity on routine metabolism in the teleost Cyprinodon
variegatus Lacepede. J Fish Biol 38:115-22.

Mitogenome of the pupfish Cyprinodon variegatus 3

Peterson MS. (1990). Hypoxia-induced physiological changes in two
mangrove swamp fishes: Sheepshead minnow, Cyprinodon variegatus
Lacepede and sailfin molly, Poecilia latipinna (Lesueur). Comp
Biochem Physiol A 97:17-21.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. (2011).
MEGAS: Molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony methods.
Mol Biol Evol 28:2731-9.

RIGHTS LI N Hiy



	Complete mitochondrial genome of the sheepshead minnow Cyprinodon variegatus (Cyprinodontiformes: Cyprinodontidae)
	Declaration of interest
	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
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/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 <>
		/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.)
		/NOR <>
		/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
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/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
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/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


