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Abstract We report on the isolation and characterization
of nine microsatellite markers in the takin (Budorcas
taxicolor) from genomic DNA-enriched libraries. Twenty-
eight microsatellites were screened from the libraries, and
nine of the screened microsatellites were polymorphic. The
number of observed alleles for each locus in 28 individuals
ranged from two to seven, and the expected and observed
heterozygosity was 0.105-0.758 and 0.071-0.821, respec-
tively. Four loci (TKO1, TK02, TK04 and TKO08) of nine
deviated from Hardy-Weinberg expectation and no signif-
icant linkage association was found among all these loci.
These microsatellite markers provide useful tool for
population genetic studies of the takin.
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Takin (Budorcas taxicolor), a large ungulate belonging to
Bovidae, is found in China, Myanmar (Burma), India, and
Bhutan. Most of its present distribution is in the provinces
of Shaanxi, Sichuan, Gansu, Yunnan and Tibet within
China. Because takins live in mountainous terrain, their
range within these provinces is largely limited to the
Qinling, Minshan, Qionglai, Liangshan, Gaoligong, and
Himalaya Mountains (Wu et al. 1990). The takin popula-
tions have declined drastically within past 30 years due to
habitat loss and fragmentation, over-hunting and other
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human-caused disturbances. The overall population of
takin was estimated to be about 20,000 in 2003 (Zeng et al.
2003). At present, the takin is listed as the first-class key
species with state-protection in China, as an endangered
species in China Species Red List (Wang and Xie 2004),
and as a vulnerable species in the 2007 IUCN List category
(http://www.redlist.org/). In order to develop adequate
conservation and management strategies for this species, it
is important to have a reliable understanding of its popu-
lation structure and evolutionary history, genetic diversity
and kinships. This requires a set of microsatellite markers
as a powerful tool (Zhang and Hewitt 2003). Here, we
report the isolation and characterization of nine novel
microsatellite loci in B. taxicolor.

A genomic library was produced according to an
enrichment method similar to that described by Hammond
et al. (1998). The muscle samples of B. taxicolor were
collected and stored in ethanol and preserved at —20°C.
Total DNA was extracted from a muscle sample using a
standard phenol—chloroform method (Sambrook et al.
1989) and digested with Mbol restriction enzyme (Pro-
mega). Then a 300-1,000 bp DNA fragments was isolated
from total genomic DNA and ligated to Mbol linkers
made by annealing equimolar amounts of Mboll (5'-G
ATCGCAGAATTCGCACGAGTACTAC-3') and Mbol2
(5’-CGTCTTAAGCGTGCTCATGATGC-3'). The ligated
fragments were enriched and made double-stranded by
polymerase chain reaction (PCR) (5 min 72°C, then 30
cycles of 30 s denaturation at 94°C, 30 s annealing at 67°C
and 2 min extension at 72°C) using Mboll as the PCR
primer. The whole PCR products were hybridizated to bio-
tin-labelled probe [biotin-ATAGAATAT (CA),o] (Kandpal
et al. 1994) and subsequently isolated with the streptavidin-
coated magnetic beads (Promega). The enriched microsat-
ellite fragments were ligated into pMDI18-T vector
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Table 1 Characteristics of nine polymorphic microsatellite loci in takin (Budorcas taxicolor)

Locus  Primer sequence (5'-3') Repeat Labelling T, A Size Ho Hg GenBank

(F, forward; R, reverse) motif dye (°C) range Accession
(bp) no.

TKOl1 F: CGATCTGCTTTCAAACTAGGA? (GT),, FAM 54 2 160-168 0.107 0512 EU315216
R: GGAAATGGCAACCCAC

TK02 F: GAGGAGCCTGGTGGGTTATG?" (CA)3 HEX 53 5 129-137 0.107 0408 EU315217
R: AGAATTCGCACGAGTACTACG

TKO03 F: GGCTCTCCTTCAGTAATCTCA® (TG)y; HEX 53 2 151-161 0.071  0.105 EU315218
R: CGGAGGAAGAGCAGTATTG

TK04 F: GCACAGTGATGTCTATGGGTT? (TG)oTA(TG); HEX 53 7 154-168  0.321 0.758  EU315219
R: AATTCGCACGAGTACTACG

TKO05 F: CCACCTGTACCACTGTACACA® (AO)14 FAM 53 7  112-132 0321 0353 EU315220
R: CCCAAGTCTGGATACGAC

TK06 F: CGGAGGAAGAGCAGTATTG* (TC);;TG(TC), HEX 53 2 148-160  0.107 0.137 EU315221
R: GGCTCTCCTTCAGTAATCTCA

TKO07 F: ACGATCACCTTGTGACAATCA® (TG) 3 FAM 55 2 148-156  0.071 0.105 EU315222
R: GCAACCCACTCCAGTATTCT

TK08 F: CCCTGGAGGAGGAAATAGCA? (AC)3AT(AC)s FAM 55 2 160-164 0.821 0.493 EU315223
R: CGCACGAGTACTACGATCACC

TK09 F:CCCTCACCACTCCACAGTCC? (AC), FAM 55 2 156-162 0.071 0.105 EU315224

R:AATGCAATCAATGGGTAGCAG

? Labelled primer

T,, annealing temperature; A, number of alleles; Hp, observed heterozygosity; Hg, expected heterozygosity

(TaKaRa) and transformed into competent Top10 cells, then
plated up on Luria Bertani (LB) agar containing ampicillin,
isopropyl-f-D-thiogalactopyranoside (IPTG) and X-gal.
Colonies were screened following the polymerase chain
reaction based screening method of Lunt et al. (1999). Of
the 288 colonies screened, 71 were positive and were
sequenced using the ABI PRISM Big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems) and
an ABI 377 automated DNA sequencer. Sixty-five colonies
had repeat sequences. Twenty-eight primer pairs were
designed using the software program oligo™™ 6.0 (Molecular
Biology Insights).

PCR amplifications were performed in 10 pl reaction
mixture, consisting of approximately 30 ng of template
DNA, 0.2 mM of each dNTP, 1 x PCR buffer (TaKaRa
Biomedical), 1.5 mM Mg>*, 0.15 U of Tag DNA poly-
merase (TaKaRa Biomedical) and 0.15 pM of each primer.
The reaction mixture was amplified using an MBS Satellite
thermal cycler (Thermo Electron Corp., USA), using an
initial denaturing step of 5 min at 94°C and 35 cycles of
94°C for 30 s, 50-58°C for 30 s, and 72°C for 30 s, fol-
lowed by 7 min at 72°C. For genotyping, fluorescently
labelled PCR products (Table 1) were electrophoresed
along with GeneScan ROX 400 internal size standard on an
ABI PRISM 3700 Genetic Analyser (Applied Biosystems).
Allele sizes were assigned against the internal size standard

and individuals were genotyped using Genescan version
2.0 (Applied Biosystems).

We observed that nine microsatellite loci showed poly-
morphic in 28 individuals. Population genetic parameters
were estimated with Genepop version 3.4 (Raymond
and Rousset 1995; available: http://wbiomed.cutin.edu.au/
genepop/), all the effects of multiple tests were adjusted by
Bonferroni method (Rice 1989). The number of observed
alleles per locus ranged from two to seven. Observed het-
erozygosity (Hp) ranged from 0.071 to 0.821 and expected
heterozygosity (Hg) ranged from 0.105 to 0.758. After
sequential Bonferroni corrections, four loci (TKO01, TKO02,
TKO04 and TKOS) of nine showed deviation from Hardy-
Weinberg predictions (exact probability test). The departure
from HWE is probably caused by random sampling from
different regions and we have no information about the
relationship among individuals. No significant linkage
association was found among all these loci. The result
showed that these nine polymorphic microsatellite loci will
provide a powerful tool for the population genetic studies
and conservation efforts of takin.

Acknowledgements This work was financial supported by projects
of the National Natural Science Foundation of China (No. 30770304).
We gratefully thank Mr. Gong Hui-Sheng, Mr. Gong Ming-Hao and
China Adventure Travel (Zheng An) Ltd. for providing the takin
samples.

@ Springer
D ) Journal : Large 10592
h Article No. : 9496
w MS Code : COGE-07-417

Dispatch :  5-8-2008 Pages : 1375
O LE O TYPESET
v cp ¥ pisk



http://wbiomed.cutin.edu.au/genepop/
http://wbiomed.cutin.edu.au/genepop/

Conserv Genet (2008) 9:1373-1375

1375

References

Hammond RL, Saccheri 1J, Ciofi C, Coote T, Funk SM, McMillan O,
Bayes MK, Taylor E, Bruford MW (1998) Isolation of micro-
satellite markers in animals. In: Karp A, Isaac PG, Ingram DS
(eds) Molecular tools for screening biodiversity. Chapman &
Hall, London, pp 279-287

Kandpal RP, Kandpal G, Weissman SM (1994) Construction of
libraries enriched for sequence repeats and jumping clones, and
hybridisation selection for region-specific markers. Proc Natl
Acad Sci USA 91:88-92

Lunt DH, Hutchinson WF, Carvalho GR (1999) An efficient method
for PCR-based isolation of microsatellite arrays (PIMA). Mol
Ecol 8:891-894

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

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

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual, 2nd edn. cold. Spring Harbor Press, New
York

Wang S, Xie Y (eds) (2004) China species red list. Higher Education
Press, Beijing

Wu JY, Han YP, Qu H, Liu SX, Zhu XM, Jia JX, Liu JY, Zhang L
(1990) The Chinese takin. China Forestry Publishing House,
Beijing (In Chinese)

Zeng ZG, Zhong WQ, Song YL, Li JS, Zhao LG, Gong HS (2003)
Present status of studies on eco-biology of takin. Acta Theriol
Sinica 23:161-167 (In Chinese)

Zhang DX, Hewitt GM (2003) Nuclear DNA analyses in genetic
studies of populations: practice, problems and prospects.
Mol Ecol 12:563-584

Journal : Large 10592
Article No. : 9496

§i)

MS Code : COGE-07-417

@ Springer
Dispatch :  5-8-2008 Pages : 1375
O LE O TYPESET
v cp ¥ pisk




	Isolation and characterization of nine microsatellite loci �for the takin (Budorcas taxicolor)
	Abstract
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


