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Abstract We isolated 137 unique microsatellite loci from

an enriched Light-bellied Brent goose (Branta bernicla

hrota) genomic library. Thirty-seven polymorphic loci

were characterised in 24 unrelated individuals sampled

from a Light-bellied Brent goose population located at

Ringneill quay in Strangford Lough, Northern Ireland. The

37 polymorphic loci displayed between 2 and 38 alleles.

Sequence homology was used to assign a predicted chro-

mosome location for 31 polymorphic loci (31 in the

chicken (Gallus gallus) and 30 in the zebra finch (Taeni-

opygia guttata) assembled genome). Two polymorphic

microsatellite loci were Z-linked based on the typing of

known sex individuals (24 females and 25 females) and

sequence homology.

Keywords Aves � Branta bernicla hrota � Brent goose �
Microsatellite � Predicted genome locations � Z-linked loci

The East Canadian High Arctic (ECHA) population of the

Light-bellied Brent goose (Branta bernicla hrota) breeds in

the Canadian eastern Queen Elizabeth Islands, stages in

western Iceland and winters around the coast of Ireland

(Robinson et al. 2004). This species is amber listed in the

Birds of Conservation Concern in the UK because 50% or

more of the non-breeding population can be found at 10 or

fewer sites (Eaton et al. 2009). We have isolated and

characterised new microsatellite loci in the Light-bellied

Brent goose in order to investigate kin structure and

relatedness in the migratory flyway.

Genomic DNA was extracted using an ammonium

acetate precipitation method (Nicholls et al. 2000). A

microsatellite-enriched library was constructed from a

single female ECHA Light-bellied Brent goose (ring

combination NZRY) sampled at Alftanes, Iceland in 2008.

The library was constructed using the method of Armour

et al. (1994) and enriched for the following di- and tetra-

nucleotide microsatellite motifs: (GT)n, (CT)n, (GTAA)n,

(CTAA)n, (TTTC)n and (GATA)n and their complements,

which had been denatured and bound to magnetic beads

following Glenn and Schable (2005). Transformant colo-

nies were not screened for the presence of a repeat region

but were directly sequenced by the NERC Biomolecular

Analysis Facility at the University of Edinburgh.

A total of 137 unique Light-bellied Brent goose micro-

satellite sequences were isolated (EMBL accession num-

bers: FN691780–FN691904 and FN812687–FN812698).

Primer sets were designed for all 137 unique microsatellite

sequences using PRIMER3 (Rozen and Skaletsky 2000).

Fifty-two primer sets were initially tested for amplification

and polymorphism in two unrelated Light-bellied Brent

goose individuals from the ECHA population. The two

individuals were amplified using a gradient of 12 different

annealing temperatures (56–64�C) using a DNA Engine

Tetrad 2 thermal cycler (MJ Research, Bio-Rad, Hemel

Hempstead, Herts., UK). Polymorphic loci were typed in 24

additional individuals using the temperature that produced

the cleanest and strongest PCR product when observed on a

1.5% agarose gel stained with SYBRSafe. Each 2-ll PCR

contained approximately 10 ng of lyophilised genomic

DNA, 0.2 lM of each primer and 1 ll QIAGEN multiplex
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PCR mix (QIAGEN Inc.; Kenta et al. 2008). PCR amplifi-

cation was performed using a DNA Engine Tetrad 2 thermal

cycler (MJ Research, Bio-Rad, Hemel Hempstead, Herts.,

UK) with the following program: 95�C for 15 min, followed

by 35 cycles of 94�C for 30 s, annealing temperature

(Table 1) for 90 s, 72�C for 1 min, and finally 60�C

for 30 min. Amplified products were loaded an ABI 3730

48-well capillary DNA Analyser (Applied Biosystems,

California, USA) and allele sizes were assigned using

GENEMAPPER v3.7 (Applied Biosystems, California,

USA). Individuals were sex-typed with the Z002A primer set

(Dawson 2007) to enable the identification of sex-linked loci.

Of the 52 loci tested in two individuals, 9 loci did not did

not amplify or produced non-specific product, 6 were

monomorphic and 37 were polymorphic (Table 1). These 37

polymorphic loci were then typed in 24 unrelated individuals

(12 male/12 female) belonging to the ECHA population and

sampled at Ringneil Quay in Strangford Lough, Northern

Ireland (Co-ordinates: 54.51584 N, 5.64585 W). The 37

polymorphic loci displayed between 2 and 38 alleles when

genotyped in the 24 individuals. Two loci (Bbh008, Bbh067)

displayed a genotype pattern consistent with linkage to the Z

chromosome with both loci being homozygous in all 24

female individuals amplified but were heterozygous or

homozygous in 25 males. A Fisher’s Exact test comparing

numbers of male and female homozoygotes confirmed

that both loci were Z-linked (both P-values \0.001).

Observed and expected heterozygosities, and predicted null

allele frequencies were calculated using CERVUS v3.0.3

(Kalinowski et al. 2007). Tests for departures from Hardy–

Weinberg equilibrium and assessment of genotypic disequ-

librium were conducted in GENEPOP v3.4 (Rousset 2008).

Three loci deviated from Hardy–Weinberg equilibrium after

correction for multiple tests (Bbh115, Bbh131, Bbh133)

(Rice 1989). Seven loci displayed a high predicted null allele

frequency (Table 1). Nine pairs of loci showed evidence of

linkage disequilibrium (Bbh018–Bbh056, Bbh021–Bbh129,

Bbh027–Bbh115, Bbh043–Bbh070, Bbh083–Bbh135, Bbh

083–Bbh136, Bbh112–Bbh062, Bbh113–Bbh086, Bbh126–

Bbh056) however following a sequential Bonferroni cor-

rection, no pairs of loci showed evidence of linkage dis-

equilibrium. Fifteen markers were selected for the creation

of a multiplex marker set (Table 1).

Predicted chromosome locations were assigned by

comparing the sequence of the Light-bellied Brent goose

with the location of its sequence homolog on the chicken

(Gallus gallus) genome and zebra finch (Taeniopygia

guttata) genome assemblies (methods as in Dawson et al.

2006, 2007). A genome map was prepared using MapChart

software (Voorrips 2002) (Fig. 1). Two loci were less than

1 Mb apart in the chicken genome (Bbh086 and Bbh126)

and therefore may be physically linked in the Light-bellied

Brent goose.T
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These polymorphic microsatellites will be useful for

population genetics studies of Branta bernicla and may

also be of utility in studies of endangered congeners such

as the Hawaiian goose (Branta sandvicensis) and the red-

breasted goose (Branta ruficollis).
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Dawson DA, Åkesson M, Burke T et al (2007) Gene order and

recombination rate in homologous chromosome regions of the

chicken and a passerine bird. Mol Biol Evol 24:1537–1552

Eaton MA, Brown AD, Noble DG, Musgrove AJ, Hearn R, Aebischer

NJ, Gibbons DW, Evans A, Gregory RD (2009) Birds of

conservation concern 3: the population status of birds in the

United Kingdom, Channel Islands and the Isle of Man. Br Birds

102:296–341

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

Methods Enzymol 395:202–222

Kalinowski ST, Taper ML, Marshall TC (2007) Revising how the

computer program CERVUS accommodates genotyping error

increases success in paternity assignment. Mol Ecol 16:1099–

1106

Kenta T, Gratten J, Hinten G, Slate J, Butlin RK, Burke T (2008)

Multiplex SNP-SCALE: a cost-effective medium-throughput

SNP genotyping method. Mol Ecol Res 8:1230–1238

Fig. 1 Chromosomal locations on the chicken (Gallus gallus) and

zebra finch (Taeniopygia guttata) assembled genomes of thirty-one

microsatellite loci which are polymorphic in the Light-bellied Brent

goose (Branta bernicla hrota)—location assignments were based on

sequence homology and BLAST comparisons made against the zebra

finch genome assembly (using the assembled zebra finch genome as

released on 5/3/2009 version Taeniopygia guttata-1.1 http://www.ncbi.

nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=59729) and

chicken genome assembly (using the assembled chicken genome as

released on 29/11/2006 version Gallus gallus-2.1 http://www.ncbi.

nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9031). Genome

locations in the chicken and zebra finch genomes were checked by

performing a WU-BLAST 2.0 implemented on the Washington Uni-

versity webpage http://genomeold.wustl.edu/tools/blast/ (using a

DUST/SEG filter and RepeatMasker). Sequence is also homologous to

a region on the ‘‘Unknown’’ chromosome which may be due to an

assembly error where the sequence has not been removed from the

Unknown chromosome when it was assigned to a named chromosome.

* Sequences with no significant hits in either the chicken or zebra finch

were subsequently assigned using an indirect BLAST (methods as in

Dawson et al. 2007). Gga: chicken (Gallus gallus) chromosome name;

Tgu: zebra finch (Taeniopygia guttata) chromosome name

370 Conservation Genet Resour (2010) 2:365–371

123

http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=59729
http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=59729
http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9031
http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9031
http://genomeold.wustl.edu/tools/blast/


Nicholls JA, Double MC, Rowell DM, Magrath RD (2000) The

evolution of cooperative pair breeding in thornbills Acanthiza
(Pardalotidae). J Avian Biol 31:165–176

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

43:223–225

Robinson JA, Colhoun K, Gudmundsson GA et al (2004) Light-bellied

Brent Goose Branta bernicla hrota (East Canadian High Arctic

Population) in Canada, Ireland, Iceland, France, Greenland, Scot-

land, Wales, England, the Channel Islands and Spain 1960/61–1999/

2000. Waterbird Review Series. The Wildfowl & Wetlands Trust/

Joint Nature Conservation Committee, Slimbridge

Rousset F (2008) GENEPOP’007: a complete re-implementation of

the GENEPOP software for Windows and Linux. Mol Ecol Res

8:103–106

Rozen S, Skaletsky HJ (2000) Primer3 on the WWW for general users

and for biologist programmers. In: Krawetz S, Misener S (eds)

Bioinformatics methods and protocols: methods in molecular

biology. Humana Press, Totowa, NJ, pp 365–386

Voorrips RE (2002) MapChart: Software for the graphical presenta-

tion of linkage maps and QTLs. J Hered 93:77–78

Conservation Genet Resour (2010) 2:365–371 371

123


	Isolation, characterisation and predicted genome locations of Light-bellied Brent goose (Branta bernicla hrota) microsatellite loci (Anatidae, AVES)
	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


