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Abstract We report on the isolation and characterization
of eight microsatellite markers in the Hainan Eld’s deer
(Cervus eldi hainanus) from genomic DNA-enriched
libraries. Thirty-three microsatellites were screened from
the libraries, and 8 of the screened microsatellites were
polymorphic. The number of observed alleles for each
locus in 47 individuals ranged from 2 to 9, and the
expected and observed heterozygosity was 0.141-0.792
and 0.128-0.957, respectively. Three loci (CEH-2, CEH-6
and CEH-8) of eight deviated from Hardy-Weinberg
expectation and no significant linkage association was
found among all these loci. These microsatellite markers
provide useful tool for population genetic studies of the
Eld’s deer.
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The Hainan Eld’s deer (Cervus eldi hainanus) is a sub-
species of the Eld’s deer (Cervus eldi) and only occurs in
Hainan Island of China (Zeng et al. 2005). In the 1970s, the
Hainan Eld’s deer was once reduced to 26 individuals due
to poaching and the degradation of habitats (Wang 1979),
thus has experienced a severe population bottleneck. At
present, the species is listed in Appendix I of the Con-
vention on International Trade in Endangered Species
(CITES) and is considered endangered by the World
Conservation Union (IUCN). The overall population size
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has now increased to more than 1000 individuals (Yuan
et al. 2001), largely due to restoration and captive-breeding
programs implemented over the last 30 years. However,
earlier conservation efforts have largely focused on
increasing population size, and not enough attention was
paid to breeding management. There is practically no
information on genetic relatedness of the 26 founder indi-
viduals. This will undoubtedly affect further effective
management of the deer population and place them under
potential risk of serious inbreeding. Therefore, genetic
analysis of Hainan Eld’s deer populations will play an
increasing role in their conservation, and these microsat-
ellite loci presented in this work and those screened from
published bovine microsatellites in previous study (Zhang
et al. 2005) will be an important tool in these genetic
analyses (Zhang and Hewitt 2003).

A genomic library was produced according to an
enrichment method similar to that described by Hammond
et al. (1998). The blood samples of C. e. hainanus were
collected and stored in DNA preservation buffer [0.1 M
Tris-HC1 (pH 8.0):0.1 M EDTA (pH 8.3):1% SDS, vol-
ume ratio of blood and buffer 1:1] and preserved at —
20°C. Total DNA was extracted from a blood sample
using a standard phenol-chloroform method (Sambrook
et al. 1989) and digested with Mbol restriction enzyme
(Promega). Then a 300-1000 bp DNA fragments was
isolated from total genomic DNA and ligated to Mbol
linkers made by annealing equimolar amounts of Mboll
(5-GATCGCAGAATTCGCACGAGTACTAC-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 anneal-
ing at 67°C and 2 min extension at 72°C) using Mboll
as the PCR primer. The whole PCR products were
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Table 1 Characteristics of eight polymorphic microsatellite loci in Hainan Eld’s deer (Cervus eldi hainanus)

Locus  Primer sequence (5'-3') Repeat motif Labelling T, (°C) A Size Hp Hy GenBank
(F, forward; R, reverse) dye range (bp) Accession no.

CEH-1 F:TAGGTGGACATGCTTGCC* (GT)sGC(GT)4AT(GT); HEX 55 2 132-146  0.234 0.209 EU016518
R:GAGTACTACGATCGAACCTGC

CEH-2 F:TTCCCTTCTGGCGGTTGA? (GT),s FAM 55 9 216-242 0.830 0.792 EU016519
R:AAGAGGATATGCGCGTGTGTA

CEH-3 F.CTGTGAGGTGCTTGATTGAA?® (AC);AT(AC)o FAM 52 3 9197 0.191 0.197 EU016520
R:TACTGTAGGTGGACATGCTTG

CEH-4 F:ACGTGTGATGAGCGGTGT? (GT)s FAM 54 2 143-147  0.277 0.259 EU016521
R:CACTATTACCTGAACCCTTCG

CEH-5 F:GAGCTGGTCCTCTGCGTGAT* (AC);AA(AC);, FAM 55 5 190-198  0.660 0.682 EU016522
R:CAGGCAGATTCTTTACCGTTG

CEH-6 F:CTACGATCTGTTTGTGAGCAT?® (GT)sGCA(GT), FAM 52 2 93-95 0.851 0.506 EU016523
R:TATAAGCACGTGCACC

CEH-7 F:AGTACTACGATCGAACCTGC* (AC);, FAM 54 2 128-132  0.128 0.141 EU016524
R:ACTGTAGGTGGACATGCTTGC

CEH-8 F.TGGTCACAGGTGTGGACG* (TG)3 FAM 57 2 128-206  0.957 0.504 EU016525

R:CAGAGGAGCCTGGTGGGTTAT

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

hybridizated to biotin-labelled probe [biotin-ATAGAA-
TAT (CA)yo] (Kandpal et al. 1994) and subsequently
isolated with the streptavidin-coated magnetic beads (Pro-
mega). The enriched microsatellite fragments were ligated
into pGEM-T easy vector plasmid (Promega) and trans-
formed into competent Escherichia coli DHS5a cells, then
plated up on Luria Bertani (LB) agar containing ampicillin,
isopropyl-beta-D-thiogalactopyranoside (IPTG) and X-gal.
Colonies were screened following the polymerase chain
reaction based screening method of Lunt et al. (1999). Of
the 392 colonies screened, 117 were positive and were
sequenced using the ABI PRISM Big Dye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Biosys-
tems) and an ABI 377 automated DNA sequencer. 90
colonies had repeat sequences. Thirty-three primer pairs
were designed using the software program oligo ™ 6.0
(Molecular Biology Insights).

PCR amplifications were performed in 10 ul 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 uM 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).
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Allele sizes were assigned against the internal size standard
and individuals were genotyped using Genescan version
2.0 (Applied Biosystems).

We observed that eight microsatellite loci showed
polymorphic in 47 individuals. Population genetic param-
eters 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 2 to 9. Observed heterozy-
gosity (Hp) ranged from 0.128 to 0.957 and expected
heterozygosity (Hg) ranged from 0.141 to 0.792. After
sequential Bonferroni corrections, three loci (CEH-2, CEH-
6 and CEH-8) of eight showed deviation from Hardy-
Weinberg predictions (exact probability test). The depar-
ture from HWE is probably caused by random sampling
from different populations (Datian, Bangxi, Ganshiling,
Fengmu, Jinniuling and Wenchang populations) and we
have no information about the relationship among indi-
viduals. No significant linkage association was found
among all these loci. The result showed that the eight
microsatellite markers will provide a powerful tool for the
further investigation of the genetic diversity of Hainan
Eld’s deer. Furthermore, these microsatellite markers can
be used in genetic studies of .other 3 subspecies of Eld’s
deer, C. e. eldi, C. e. siamensis and C. e. thamin to develop
conservation measures for this species.
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