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TECHNICAL NOTE
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DNA primers for the African bonytongue, Heterotis niloticus
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Abstract We report the development of nine polymor-
phic nuclear-encoded microsatellite DNA loci for the
African bonytongue (Heterotis niloticus), the only species
of the osteoglossiform family Arapaimidae distributed in
the Eastern Hemisphere. We describe the process to isolate
these loci, and the primers and conditions for amplifying
them using the polymerase chain reaction. We tested these
primers with a sample of 40 individuals from two natural
populations in Benin, West Africa. The number of alleles
for the nine microsatellites ranged from 2 to 9, observed
heterozygosity from 0.125 to 0.882, and expected hetero-
zygosity from 0.156 to 0.810. No significant deviations
from Hardy—Weinberg equilibrium or linkage disequilib-
rium were observed, and there is no indication of null
alleles.

Keywords Conservation genetics - Genetic diversity -
Artisanal fishery

The African bonytongue, Heterotis niloticus, is a member
of the family Arapaimidae within the order Osteoglossi-
formes, the most primitive subdivision of the Teleostei.
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This freshwater fish ranges across the Nile-Sudan region of
Africa, including drainages within the basins of the Gam-
bia, Senegal, Niger, Volta and Nile rivers, as well as Lake
Chad and coastal drainages in Togo and Benin (Nelson
2006). This species supports important artisanal fisheries
throughout its range. In some regions of West Africa,
however, heavy exploitation may be unsustainable (Adite
et al. 2006). Therefore, research on the genetic structure
and genetic diversity of African bonytongue populations is
needed to inform fisheries management and conservation
(Allendorf and Luikart 2007). Herein, we report the
development of polymorphic microsatellite loci for this
species, which will help to advance conservation genetics
for this phylogenetic relict and economically important fish
species.

Muscle samples were collected from several locations in
the Ouemé and Niger rivers in Benin and preserved in 70%
ethanol. We extracted DNA of four individuals using the
DNeasy Blood and Tissue Kit (Qiagen), following the
manufacturer instructions and overnight Proteinase-K
digestions to ensure complete digestion of tissue samples.
We combined the DNA from the four individuals and used
the protocol described in Renshaw et al. (2009) to isolate
and characterize microsatellites. The only variant was that
during the hybridization period, mixtures were heated to
95°C for 10 min and then kept at 58°C [(CA);3 hybrid-
ization] or 47°C [(CAT)g and (GAT)g hybridizations] for
one and half hours. Two 96-well tissue culture plates
containing microsatellites were sent to the Interdisciplinary
Center for Biotechnology Research at the University of
Florida (http://www.biotech.ufl.edu/) for sequencing with
universal M13 primers.

A total of 55 candidate loci containing microsatellite
motifs were identified. Primers flanking these microsatellite
regions were designed using Primer3 (http://frodo.wi.mit.
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Table 1 Nine polymorphic microsatellites for the African bonytongue, Heterotis niloticus

Loci Primer sequence (5'-3') GenBank Repeat Ta (°C)? Size range

Hni94 F-GCCACCGTTTGAGTGAATTT HEX JE279686 (GT)y3 55.0° 166-174
R-TCTGAGAACACGGTAGGATGC

Hni67 F-CGCCTGTAAGCAATGAATGA ¢FAM JE279687 (CA)6 55.0° 307-315
R-TGCCATGGATGTCACAAGTT

Hnil9 F-GGCTGTGCAATTTGACATGA HEX JF279688 (GT)y7 55.8° 119-123
R-GTGCCTACAGCCATTTACCC

Hni61 F-AGCTTGCATCTGGAAGCATT ¢-FAM JE279689 (CA)» 55.0° 327-352
R-GTATCCACCTGGACCCACAG

Hni62 F-CCTGGCTTTAGAGGCAGTTG ¢FAM JE279690 (CA), 55.0° 276-294
R-CAGCTGTAGCAGGTTTGCTG

Hnil4 F-CAACCACTGCCATAGGAGGTHEX JF279691 (GT),7 55.8° 125-152
R-GAACCAAGTCGAGCCATCAT

Hni52 F-AAGGGGACCCTTGCAGTAGT HEX JF279692 (CA)6 55.0° 267-279
R-GATGCAACATGCACTGCTCT

Hnid7 F-AACACATTACGCCCTTGGAG S FAM JF279693 (CA)6 55.8° 270-279
R-CAGCCCTGTGTACACTTCCA

Hni37 F-CCACTTCAGAAAAAGCCATTGHEX JE279694 (CA)y; 52.1° 234-239

R-CAGGACCATAACACAACACCTG

* T, annealing temperature, 6-FAM and HEX fluorescent tags

Table 2 Microsatellite allelic diversity, Hardy—Weinberg and inbreeding coefficient (F;s) for two natural populations of the African bony-

tongue, Heterotis niloticus

Loci SOK LCO

N NJNp AR Ho He Puw  Fis N NJNp AR Ho He Puw  Fis
Hni94 18  4/0 3342 0389 04769  0.107 0212 21 5/1 3864 0.524 0.553 0.464 0.078
Hni67 17 3/0 2.198 0.177 0.164 1.000  —0.043 19  4/1 2764  0.263  0.240  1.000 —0.071
Hnil9 19  3/0 2901 0421 0.554 0.175 0265 21  3/0 2842 0476 0418  0.830 —0.114
Hni6l 18 32 2.143  0.167 0.156 1.000  —0.041 19 1/0 1.000  1.000 0.000 N/a N/a
Hni62 16 2/0 1978 0313 0.264 1.000 —0.154 15 3/1 2.896 0467 0424 0.715 —0.065
Hnil4 10  8/0 7470  0.800 0.810 0.194 0.065 10  8/0 7470 0.800 0.810 0.174 0.065
Hni52 17 71 5785 0.882  0.789 0.775  —0.088 13 6/0 3203 0923 0.760  0.954 —0.176
Hni47 19 82 5652  0.790 0.731 0.755 —-0.053 21 6/1 4.625 0810 0.744  0.688 —0.064
Hni37 8 200 2.000 0.125 0.492 0.054 0.774 11 2/0 2.000 0455 0.351 1.000 —0.25

SOK So river, LCO Lake Codo, N number of individuals assayed, N4/N,, number of alleles/number of private alleles, AR allelic richness,
Ho observed heterozygosity, He expected heterozygosity, Py probability of deviation from Hardy—Weinberg expectations, Fjs inbreeding
coefficient, n/a only one allele amplified and Pyw and Fjg cannot be assessed

edu/) and purchased from Integrated DNA Technologies
(IDT). We tested for amplification by screening individuals
using 15 pl PCR reactions containing 50-100 ng DNA,
1x PCR buffer, 0.5 U Tag DNA polymerase (Genscript),
0.5 uM of each forward and reverse primer (IDT), 200 uM
of each dNTP(Genscript), and 2 mM MgCl, (New England
Biolabs). Our PCR amplifications in a MyCycler (Biorad)
consisted of an initial denaturation at 95°C for 2 min, fol-
lowed by 38 cycles of denaturation at 95°C for 30 s,
annealing at 52.0-59.0°C for 50 s, extension at 72°C for
50 s, and a final extension at 72°C for 10 min. We visualized
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PCR products under UV light after electrophoresis ona 1.5%
agarose gel stained with Ethidium Bromide.

We obtained PCR products for 19 microsatellites. For
these, we purchased fluorescently tagged forward primers
with either 6-Fam or Hex from IDT. Nine primer combi-
nations consistently amplified PCR products. Information
on these primers is summarized in Table 1. To determine
levels of variation for each locus, we extracted DNA from
40 individuals, 19 from the So River and 21 from the Lake
Codo populations in Benin, and PCR-amplified the nine
loci using fluorescently labeled primers under conditions
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outlined above. We ran PCR products on an ABI 377
automated sequencer using Genescan®-400 HD Rox Size
Standard (Applied Biosystems) for sizing. We carried out
allele sizing and calling using Applied Biosystem’s
Genescan® 3.1.2 and Genotyper® version 2.5 software. We
estimated the number of alleles, expected and observed
heterozygosities, and F;s with the software program
FSTAT (Goudet 1995). We tested for significant departures
from Hardy—Weinberg equilibrium (HWE) and genotypic
equilibrium for each pair of microsatellites markers using
Fisher’s exact test, as implemented in GENEPOP (http://
genepop.curtin.edu.au/; Raymond and Rousset 1995;
Rousset 2008). We checked for the presence of null alleles
using MICRO-CHECKER (Van Oosterhout et al. 2004).
The number of alleles identified for the nine polymor-
phic loci ranged from two (Hni37) to nine (Hni47); gene
diversity (expected heterozygosity) ranged from 0.156 to
0.810, while observed heterozygosity ranged from 0.125 to
0.882 (Table 2). No significant deviations from HWE
expectations were encountered after Bonferroni corrections
(Rice 1989). No pairwise comparison of microsatellites
deviated significantly from genotypic equilibrium, sug-
gesting that none of these microsatellites are linked in these
populations. MICRO-CHECKER did not suggest null
alleles were present. The nine microsatellites developed in
this study will be useful for ecology and conservation
genetic studies of Heterotis niloticus, which will help in
conservation and management of this species.

Acknowledgments We thank Alphonse Adite for providing us with
the African bonytongue samples, and David S. Portnoy and Isabel

Valdivia Rojas for assistance on genetic analyses. Funding was pro-
vided by the estate of George and Caroline Kelso. This is Contribu-
tion Number 189 of the Center for Biosystematics and Biodiversity at
Texas A&M University.

References

Adite A, Winemiller KO, Fiogbe ED (2006) Population structure and
reproduction of the African bonytongue Heterotis niloticus in the
S6 River-floodplain system (Benin, West Africa): implications
for management. Ecol Freshw Fish 15:30-39

Allendorf FW, Luikart G (2007) Conservation and the genetics of
populations. Wiley Publishing, pp 10-13

Goudet J (1995) Fstat version 1.2: a computer program to calculate
Fstatistics. J Hered 86:485-486

Nelson JS (2006) Fishes of the world, 3rd edn. Wiley Publishing, New
York, pp 100-104

Raymond M, Rousset F (1995) GENEPOP (version 1.2): population
genetics software for exact tests and ecumenicism. J Hered
86:248-249

Renshaw MA, Portnoy DS, Gold JR (2009) PCR primers for nuclear
encoded microsatellites of the groupers Cephalopholis fulva
(coney) and Epinephelus guttatus (red hind). Conserv Genet
11:1197-1202

Rice WR (1989) Analyzing tables of statistical tests. Evolution
43:223-225

Rousset F (2008) Genepop’007: a complete reimplementation of the
Genepop software for Windows and Linux. Mol Ecol 8:103-106

Van Oosterhout C, Hutchinson WF, Shipley P (2004) MICRO-
CHECKER: software for identifying and correcting genotyping
errors in microsatellite data. Mol Ecol Notes 4:535-538

@ Springer


http://genepop.curtin.edu.au/
http://genepop.curtin.edu.au/

	Isolation and characterization of nuclear-encoded microsatellite DNA primers for the African bonytongue, Heterotis niloticus
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


