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Abstract We developed 12 highly polymorphic micro-

satellite markers for the eastern box turtle (Terrapene

carolina carolina). The number of alleles per locus ranged

from 5 to 27 (mean: 15.2 per locus) and the observed

heterozygosities ranged from 0.371 to 0.943 among 35

individuals. Two loci exhibited significant deviations from

Hardy–Weinberg equilibrium. Five loci exhibited putative

null alleles but this is probably due to the high number of

alleles relative to the sample size. There was no evidence

of linkage disequilibrium between pairs of loci. This library

should facilitate research on the population structure and

ecology of this threatened species.
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The eastern box turtle (Terrapene carolina carolina) is a

predominantly terrestrial turtle that ranges across many

eastern North American hardwood forests. It is experi-

encing population declines throughout much of its range,

likely due to a combination of road mortality, habitat loss

and fragmentation, and collection for the pet trade. It is

considered threatened or endangered in several states

(Dodd 2001). A greater understanding of the genetic con-

sequences of population declines and habitat fragmentation

are needed for successful management of this long-lived

species. Currently, no subspecies-specific library exists for

the eastern box turtle. While some confamilial and con-

specific markers have been shown to cross-amplify in

T. c. carolina, the levels of allelic richness were low and

neither the powers of exclusion nor the probabilities of

identity were reported.

We extracted DNA from blood samples from two east-

ern box turtles using a modified ammonium acetate pro-

tocol (modified from PUREGENE kit, Gentra Systems).

We constructed dinucleotide [(GT)12, (CT)12] and tetra-

nucleotide [(GATA)7, (GACA)7 and (GATC)7] genomic

libraries using a cloning protocol based on Hamilton and

colleagues (1999) and modified as described previously

(Beheler et al. 2004; Williams and DeWoody 2004). We

transformed enriched DNA into competent E. coli cells for

cloning and selected 530 colonies for amplification and

sequencing. We chose 44 simple sequence repeat (SSR)

sequences with suitable flanking regions in Sequencher 4.1

(Gene Codes Corporation). We designed primers with the

aid of Primer3 (Rozen and Skaletsky 2000). We optimized

13 of these loci for PCR in 10 lL reactions with *100 ng

of DNA template, 10 mM Tris–HCL, 50 mM KCL,

0.05 mg/mL BSA, 1 mM MgCl2, 0.2 mM of each dNTP,

0.3 lM of each end-labeled primer and 1 U of Taq poly-

merase (NEB). Thermocycler conditions were 94�C for

2 min, 94�C for 30 s, primer-specific annealing tempera-

ture (Table 1) for 30 s, 72�C for 30 s for 30 cycles, 72�C

for 10 min and a final extension at 60�C for 45 min. All 13

loci produced bands of the expected size when visualized

on 2% agarose gels for 35 individuals from a single pop-

ulation in Indiana. We then genotyped all samples on a

3730 automated sequencer (Applied Biosystems). We

assigned genotypes with GeneMapper 3.7 (Applied Bio-

systems). Of the 13 loci tested, 12 loci demonstrated
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polymorphism with an average of 15.2 alleles per locus

ranging from 104 to 281 bp in size.

We used CERVUS (Marshall et al. 1998) to calculate

expected heterozygosity (He) and observed heterozygosity

(Ho, Table 1), the average exclusion probability and

probability of identity. The average exclusion probability

with one known parent was 99.9989% and with two known

parents was 99.9999%. The probability of identity was

1.81 9 10-19. Using sequential Bonferroni corrections, we

calculated deviations from Hardy–Weinberg equilibrium

(HWE, a = 0.00417) and linkage disequilibria (a =

0.000758) using GENEPOP 4.0.10 (Raymond and Rousset

1995). Loci TCC_di_345 and TCC_tetra_309 were found

to be out of HWE. No loci were found to be out of linkage

equilibrium. We calculated the probabilities of null alleles

with MICRO-CHECKER (van Oosterhout et al. 2004).

Significant probabilities of null alleles were found for

TCC_di_045, TCC_di_189, TCC_di_345, tetra_012/342

and TCC_tetra_309, but are likely due to the high allelic

richness compared to the sample size.
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R: AGCTATGTTGGCGCTTAGGTC

TCC_di_318 HM622278 F: CTATGGAACTCACTGCCACAA (TG)26 152–216 26 57.0 0.957 0.943

R: TATGCCTTGAAGTGCGACA

TCC_di_345a,b HM622279 F: GTGACTTGTGGCCTGGCTAT (TG)23(GA)5(CA)5 146–196 27 63.0 0.959 0.771

R: GGACAGAGTGGGACTTGCTC

TCC_di_352 HM622280 F: GATCTGCTTGCAGAGGTTCC (GA)18 180–214 13 57.0 0.892 0.829

R: GAAATGATACATCTTCTAAGTGTGTGG

TCC_di_366 HM622281 F: ACAACAGATGTTGGCTGGAA (TG)11 158–174 8 57.0 0.817 0.857

R: TGGTCAACAAGAGCTAACTTGG

TCC_tetra_012/342b HM622282 F: TGCACCTACTAAAACCAAAATCC (TATC)17 196–254 15 60.0 0.825 0.686

R: GCACAGTTCTGACCCCTTAAA

TCC_tetra_043 HM622283 F: TGCTATGCAGTATCTAATAATCACG (TATC)10 168–220 13 60.0 0.874 0.857

R: AAGTCAAGGAAGTCTGAAGGATT

TCC_tetra_070 HM622284 F: TTGATGAGTGTGCATGATGA (GATA)14 178–250 15 58.0 0.931 0.914

R: CTTCCAGTCACCTAATTGATCTT

TCC_tetra_309a,b HM622285 F: TGTTTGAGCACATGGGTTGT (TATC)19 162–234 15 58.0 0.910 0.514

R: CTCATGACCTGACCCATGATT

a Significant deviation from Hardy–Weinberg equilibrium (a = 0.0042)
b Putative null alleles frequency [0.05

66 Conservation Genet Resour (2011) 3:65–67

123



Dodd CK (2001) North American box turtles: a natural history.

University of Oklahoma Press, Norman, OK, USA

Hamilton MB, Pincus EL, DiFiore A, Fleischer RC (1999) Universal

linker and ligation procedures for construction of genomic DNA

libraries enriched for microsatellites. BioTechniques 27(3):

500–507

Marshall TC, Slate J, Kruuk LEB, Pemberton JM (1998) Statistical

confidence for likelihood-based paternity inference in natural

populations. Mol Ecol 7:639–655

Raymond M, Rousset F (1995) GENEPOP version 1.2. Population

genetics software for exact tests and ecuminicism. J Hered

86:248–249

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 365–396

van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P (2004)

MICRO-CHECKER: software for identifying and correcting

genotyping errors in microsatellite data. Mol Ecol Notes

4:535–538

Williams RN, DeWoody JA (2004) Fluorescent dUTP helps charac-

terize 10 novel tetranucleotide microsatellites from an enriched

salamander (Ambystoma texanum) genomic library. Mol Ecol

Notes 4:17–19

Conservation Genet Resour (2011) 3:65–67 67

123


	Identification of 12 polymorphic microsatellite loci for the eastern box turtle (Terrapene carolina carolina)
	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


