
Molecular Ecology Resources (2008) 8, 1454–1456 doi: 10.1111/j.1755-0998.2008.02215.x

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd

Blackwell Publishing LtdPERMANENT GENETIC RESOURCES

Eight polymorphic microsatellite markers developed in 
the Chinese scorpion, Mesobuthus martensii 
(Scorpiones: Buthidae)

YA-J IE  J I ,* L IANG LENG,*† CHENG-MIN SHI ,* YUE-PING HUA*† and DE-XING ZHANG*
*State Key Laboratory of Integrated Management of Pest Insects and Rodents, Institute of Zoology, Chinese Academy of Sciences, Datun 
Road, Beijing 100101, China, †Graduate School of the Chinese Academy of Sciences, Beijing 100039, China

Abstract

Eight polymorphic di- and trinucleotide microsatellite loci were developed in the Chinese
scorpion, Mesobuthus martensii. The expected heterozygosity at these loci ranges from
0.019 to 0.860, with the observed allele numbers varying from two to 25. Overall, there were
no deviations from Hardy–Weinberg equilibrium and no observed linkage disequilibrium
after Bonferroni correction. Cross-species amplification of these loci in Mesobuthus eupeus
revealed that five loci can amplify successfully in this species. The polymorphic microsatellite
DNA markers reported here should provide helpful means to address questions concerning
phylogeographical patterns and evolutionary history of M. martensii and closely related
species.
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Scorpions are among the few ‘living fossils’ known to be
highly conservative in morphology (Sissom 1990) and
widespread in distribution accommodating almost all
kinds of habitats (Fet et al. 2000), with the fossils of some
species dated back to the Silurian Period (ranging from 438
to 410 million years ago) (Kjellesvig-Waering 1966; Polis
1990). Moreover, these creatures have weak dispersal ability
(Polis et al. 1985) and are important players in ecological
trophic cascade. With such fascinating characteristics,
scorpions qualify as excellent model organisms for phylog-
eographical and evolutionary study. Up to date, 29 species
and subspecies have been reported in China (Zhu et al.
2004; Shi & Zhang 2005; Shi et al. 2007; and update
references therein), with four of them belonging to genus
Mesobuthus Vachon 1950. Mesobuthus martensii (Karsch,
1879), commonly called the ‘Chinese scorpion’, is the most
widespread and most toxicologically studied species in
China. Also, it has been popularly used in traditional
Chinese medicine for more than 1000 years (Shi et al. 2007).

Here, we report eight polymorphic microsatellite DNA loci
isolated from this scorpion.

The enrichment method used for isolation of the micro-
satellite loci has been described in Ji et al. (2003). In total,
1152 recombinant clones were screened with biotin-labelled
oligonucleotide probes using CDP-Star Universal Detection
Kit (Sigma), and 181 positive clones were found. Inserts of
positive clones were isolated using polymerase chain reac-
tion (PCR) amplification directly from bacterial colonies
using M13 universal forward and reverse sequencing
primers (–47 and –48, respectively, New England Biolabs),
then sequenced with ABI BigDye Terminator Cycle Seq-
uencing Kit (version 2.0) in an ABI PRISM 3100 automated
sequencer. Sequencing analysis showed that 12.4% of the
recombinant clones contained microsatellite DNA.

Twenty positive clones were finally selected to design
oligonucleotide primers, using oligo 6.31 primer analysis
software (National Biosciences Inc.). Oligos were synthe-
sized by Sangon Biotech. After extensive optimization, we
found that 10 pairs of primers gave satisfactory results and
each appeared to be a single-copy sequence in the genome.
Further analysis with high-resolution Metaphor agarose
gel (FMC Marine) electrophoresis suggested that these 10
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pairs are likely to be polymorphic in the scorpion population.
Nine of them were further tested by genotyping more than
70 Chinese scorpion individuals on an ABI PRISM 3100
automated sequencer using Pop4 gel matrix with GeneScan
400HD (ROX) as the internal size standard. The other
one locus was tested by genotyping 45 Chinese scorpion
individuals. Finally, eight loci are found to be polymorphic.
The optimal PCR conditions employed for these loci on
PerkinElmer GeneAmp 9700 thermocycler are as follows:
a 10-μL reaction containing 20–30 ng of template DNA,
0.2 mm of each dNTP, 1× PCR buffer (Dingguo Biotech),
1.2–2.4 mm Mg2+, 0.3 or 0.6 U of Taq DNA polymerase
(Dingguo Biotech), and 0.3 μm of each primer were dena-
tured at 94 °C for 4 min, then followed by 40 cycles of 20 s
at 95 °C, 30 s at the appropriate annealing temperature
(Table 1), and 10 s at 72 °C. The reaction was terminated by
a final extension of 2 min at 72 °C.

Table 1 shows the characteristics of these eight microsat-
ellite loci. The observed allele numbers vary from two to
25. The expected heterozygosity at these loci (calculated
using the program genepop,  Raymond & Rousset 1995)
ranges from 0.019 to 0.860 while the observed heterozygosity
from 0.019 to 0.492. The apparent deficiency of heterozygotes
was owing to that the genotyped samples were pooled
from several populations covering a large geographical
area that certainly includes more than one panmictic unit.
When individual populations were used as the analysis
unit, the locus MmSSR6 was found to deviate from Hardy–
Weinberg equilibrium (P < 0.05; using arlequin version
3.0, Excoffier et al. 2005) in some populations after Bonferroni
correction (Rice 1989). As expected, the presence of null
alleles was also detected at locus MmSSR6 in these popu-
lations (P > 0.05; tested using the software micro-checker,
van Oosterhout et al. 2004). No linkage disequilibrium
(arlequin version 3.0) was detected (α = 0.01) among
all possible pairwise locus comparisons after Bonferroni
correction.

Cross-species applicability of the microsatellite loci
developed here was tested in a geographically neighbouring
congeneric species Mesobuthus eupeus (C. L. Koch, 1839)
(Shi et al. 2007). Five of the eight loci can amplify success-
fully in this species, including MmSSR2, MmSSR4, MmSSR5,
MmSSR6 and MmSSR8 (Table 1). However, MmSSR2 can
only amplify a single weak band in M. eupeus.

A range-wide survey of the Chinese scorpion in our lab-
oratory has revealed an unexpectedly high mitochondrial
(mt) DNA haplotype diversity (over 200 mitotypes were
observed, C. M. Shi & D. X. Zhang, unpublished data). Yet,
little genetic difference and phylogeographical pattern
can be detected at local scale, which should indicate the
inappropriateness of the mtDNA marker and the significance
of relatively recent ecological and evolutionary forces. The
highly polymorphic microsatellite DNA markers reported
here should provide useful means to address such questions Ta
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in M. martensii. In addition, mtDNA study has not detected
any introgression between M. martensii and M. eupeus in the
contact zone recently discovered by Shi et al. (2007). The
availability of microsatellite markers will allow us to further
investigate this interesting issue from the nuclear context.
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