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an overexploited marine fish
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Abstract Geelbeck (Atractoscion aequidens) represents a

valuable fishery resource in the Benguela Current region in

southwestern Africa. Due to overexploitation the species is

considered depleted in South Africa, and little information

is available for the rest of its distribution in the region.

Genetic studies of the species are essential to inform

management plans for sustainable harvesting and conser-

vation. To facilitate such studies 12 polymorphic micro-

satellite DNA loci were isolated from an enriched genomic

library. Genotyping of 41 individuals revealed an average

of 17.75 alleles per locus (range 2–37), and observed/

expected heterozygosity per locus of 0.024–0.951 and

0.024–0.962, respectively. These loci constitute the first

microsatellite markers isolated for geelbeck and are

applicable to multiple areas of research on this species.

Keywords Enriched library � Fishery resource � Benguela

cold current � Management plan � Stock � Conservation

Geelbeck (Atractoscion aequidens (Cuvier 1860)) is a

benthopelagic sciaenid fish, occurring off southern Africa

and eastern Australia. Geelbeck is considered an overex-

ploited fishery resource in the Benguela Cold Current

region off southwestern Africa, where it is targeted both by

commercial and recreational fisheries (Hutton et al. 2001;

Heemstra and Heemstra 2004). In South Africa it has been

among the most important handline fish resources since the

line-fishery started in the 19th century (Hutton et al. 2001),

but continuous exploitation led to depletion of the stock by

2002 (FAO 2005). In Namibia and Angola little is known

about the ecology and population dynamics of the species.

Determining the species genetic population structure is

fundamental to establish an effective management plan and

achieve sustainable exploitation of the resource. To facil-

itate this goal 12 species-specific microsatellite markers

were developed.

Microsatellites were isolated from an enriched partial

genomic library created by methods outlined by Glenn and

Schable (2005) and McKeown and Shaw (2008). Genomic

DNA extracted from fin tissue was digested with RsaI

restriction enzyme (New England Biolabs), ligated to

matching linkers and amplified by polymerase chain reac-

tion (PCR) using the linkers as PCR primers. Enrichment

was performed by selective hybridisation of biotin-labelled

repeat motif oligonucleotide probes (TG)12, (GA)12,

(AAAT)8, (AACT)8, (AAGT)8, (ACAT)8 and (AGAT)8 to

the PCR products. Hybridised complexes were captured

using streptavidin-coated magnetic beads (DYNAL).

Microsatellite enriched eluates were PCR amplified and

cloned using the TOPO-TA cloning kit (Invitrogen).

Recombinant colonies were identified by inactivation of

the B-galactosidase gene, individually transferred into

50 ll of 10 mM Tris–HCL (pH 8.5) and incubated at 95�C

for 10 min to promote plasmid DNA release. One ll of

each plasmid extract was submitted to PCR involving M13

forward and reverse primers. The amplification reaction

contained 19 buffer, 1.5 mM MgCL2, 0.2 mM dNTPs, 0.2

U of Taq DNA polymerase (Bioline, UK), 10 pmol of each

primer and was performed through 30 cycles of 30 s at
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95�C, 30 s at 52�C and 30 s at 72�C. PCR products were

cleaned using ExoSap and sequenced using the internal

T7 vector primer. Sequences were analysed using the

TANDEM REPEATS FINDER (Benson 1999) and, where

appropriate, primer pairs designed using Primer 3 (Rozen

and Skaletsky 2000).

From 32 primer pairs tested 12 polymorphic loci

(Table 1) were selected for screening of genetic variation

in 41 geelbeck individuals collected at Namibe, Angola.

For each locus the respective forward primer was labelled

with a fluorescent dye at the 50-end (Applied Biosystems).

Each locus was individually amplified in a 10 ll reaction

mixture containing 100–200 ng of DNA, 19 buffer,

2.0 mM MgCl2, 0.8 mM dNTPs, 0.2 pmol of each primer,

0.8 U of Taq DNA polymerase (Bioline, UK). PCR ther-

moprofiles included an initial denaturation step of 94�C for

2 min, followed by 35 cycles of 94�C for 1 min, optimized

annealing temperature (Ta—see Table 1) for each primer

pair for 30 s, and 72�C for 1 min. PCR products were

separated using an AB3500 (Applied Biosystems), and

allelic calls performed using the GENEMAPPER software

(version 4.1, Applied Biosystems).

All loci generated high quality products with allele sizes

differing by expected multiples of their repeated motifs.

Standard diversity indices for each locus, calculated in

FSTAT (Goudet 1995), are presented in Table 1 along with

primer sequences and allele size ranges. Tests for linkage

disequilibrium (LD) and deviations of genotype propor-

tions from expectations of Hardy–Weinberg equilibrium

(HWE) were performed using default parameters in

GENEPOP 4.0 (Raymond and Rousset 1995). No signifi-

cant LD was detected between any locus pair. Genotype

proportions conformed to HWE expectations for 10 of the

12 screened loci, with significant departures to HWE found

in loci Geelb28 and Geelb31 due to an excess of homo-

zygotes (Table 1).

The markers described here represent the first micro-

satellites isolated for geelbeck and will provide insights

Table 1 Primer sequences (GenBank accession numbers JF927900-

JF927911) and characteristics of 12 microsatellite loci developed for

geelbeck (Atractoscion aequidens): optimal annealing temperature

(Ta), allele numbers (Na) and size range, observed (HO)/expected (HE)

heterozygosity and P-values for tests of Hardy–Weinberg equilibrium

(PHW)

Locus Primer sequences (50–30) Repeat motif in

cloned allele

Ta

(oC)

Na Size range

(bp)

HO HE PHW

Geelb5 F: GCAAGGGTGGGCTTTATT (VIC)

R: GCACACAGGTGTGAGCAT

(GA)14 56 18 142–196 0.872 0.907 0.244

Geelb7 F: TTGTCTTCTCCATCGCTGA (6-FAM)

R: CCTCTGCAAAATGTTTGTGTT

(CA)8AA(CA)4 54 2 86–90 0.024 0.024 –

Geelb13 F: AACACTGCAGCTTCTGTCAA (PET)

R: AGGGCTGACCGAGCTAAC

(CTAA)9 56 8 101–129 0.610 0.643 0.485

Geelb16 F: CGCCGTCACGTAAGTCTG (NED)

R: CAGCAGACGCACCTTGTT

(CTAT)17 56 19 116–192 0.951 0.921 0.547

Geelb21 F: GCCATGAGCCTCACACAA (6-FAM)

R: CCGGATGGGACAGACAC

(CA)25 56 20 117–167 0.878 0.864 0.246

Geelb25 F: AATGTGCTTTGGCAATGG (VIC)

R: GGAAGAGATGTCTCTGAAGGAA

(GATA)30 56 19 146–234 0.925 0.914 0.786

Geelb27 F: TGGCCACCAGACTTTGTT (NED)

R: GTTGGAGCTCTCTTTTTCCT

(CTAT)27 54 19 175–255 0.902 0.926 0.540

Geelb28 F: CCTAATTTCCCTTGGGGTA (PET)

R: GCACGTAAATGAAAATGATGG

(CTAT)14 50 19 110–190 0.525 0.899 0.000

Geelb29 F: TGTGATGGAAATAGGCTGAA (NED)

R: TGACGATTGCATGTTCTTG

(CTAT)15 56 19 106–182 0.854 0.911 0.203

Geelb30 F: GGTAAACATGTCCCTGCCTA (6-FAM)

R: TTGGCAACAAGACTTTCCA

(GATA)17 54 17 174–258 0.927 0.911 0.127

Geelb31 F: GCTGTTACATAAACATAATATAGTGAA

(VIC)

R: TGCTGCTACTGGATCTTTG

(GATA)25 54 16 120–216 0.732 0.907 0.000

Geelb32 F: GGGGCTGAAGATGACCA (PET)

R: TGGGCTCCTTTTTGTTGTT

(GATA)24(GATA)25

(GATA)9

54 37 179–313 0.875 0.962 0.029

P-value in bold were significant following Bonferroni correction (Rice 1989)
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into species genetic diversity levels, population structure

and migration patterns. Thus, these loci will provide

information vital to the design of sustainable fisheries

management plans and ultimately ensuring the mainte-

nance of the species long-term evolutionary potential.

Acknowledgments This work was funded by a PhD fellowship

(SFRH/BD/36176/2007) awarded to R Henriques by the Portuguese

FCT (Foundation for Science and Technology). The authors would

like to thank Warren Potts for help with sample collection in Angola.

References

Benson G (1999) TANDEM REPEATS FINDER: a program to

analyze DNA sequence. Nuc Acid Res 27:573–580

FAO (2005) Review of the state of world marine fisheries resources.

FAO fisheries technical paper 457, Rome. Available at ftp://ftp.

fao.org/docrep/fao/007/y5852e/Y5852E00.pdf

Glenn TC, Schable NA (2005) Isolating microsatellite DNA loci.

Meth Enzym 395:202–222

Goudet J (1995) FSTAT (version 1.2): a computer program to

calculate F-statistics. J Hered 86:485–486

Heemstra PC, Heemstra E (2004) Coastal fishes of Southern Africa,

1st edn. South African Institute for Aquatic Biodiversity, South

Africa

Hutton T, Griffiths MH, Sumaila UR, Pitcher TJ (2001) Cooperative

versus non-cooperative management of shared linefish stocks in

South Africa: an assessment of alternative management strate-

gies for geelbeck (Atractoscion aequidens). Fish Res 51:53–68

McKeown NJ, Shaw PW (2008) Polymorphic nuclear microsatellite

loci for studies of brown crab, Cancer pagurus L. Mol Eco

Resour 8:653–655

Raymond M, Rousset F (1995) Genepop (version 1.2): population

genetics software for exact tests and ecumenicism. J Hered 86:

248–249. GENEPOP version 4.0 available at: http://wbiomed.

curtin.edu.au/genepop/.html

Rice WR (1989) Analyzing tables of statistical tests. Evolution

43:223–225

Rozen S, Skaletsky HJ (1998) PRIMER 3. Whitehead Institute for

Biomedical Research, Cambridge, Massachusetts. Code avail-

able at http://www-genome.wi.mit.edu/genome_software/other/

primer3.html

Conservation Genet Resour

123

ftp://ftp.fao.org/docrep/fao/007/y5852e/Y5852E00.pdf
ftp://ftp.fao.org/docrep/fao/007/y5852e/Y5852E00.pdf
http://wbiomed.curtin.edu.au/genepop/.html
http://wbiomed.curtin.edu.au/genepop/.html
http://www-genome.wi.mit.edu/genome_software/other/primer3.html
http://www-genome.wi.mit.edu/genome_software/other/primer3.html

	Isolation of 12 microsatellite markers for geelbeck (Atractoscion aequidens (Cuvier, 1860), Sciaenidae), an overexploited marine fish
	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


