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ABSTRACT. The sea cucumber Holothuria scabra is an endangered
species. In this study, nine new polymorphic microsatellite loci were
developed and tested in 30 individuals. The number of alleles ranged
from 2 to 5, and the observed and expected heterozygosities ranged
from 0.1200 to 0.7391 and from 0.2408 to 0.5983, respectively. No
loci significantly deviated from the Hardy-Weinberg equilibrium af-
ter a Bonferroni correction, and no significant linkage disequilibrium
was found between pairs of loci. These polymorphic microsatellite
loci will be useful in studying the genetic diversity of H. scabra and
its conservation.
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INTRODUCTION

Holothurians, commonly known as sea cucumbers, have been a dietary delicacy and
medicine in Asia for several centuries (Toral-Granda et al., 2008). Holothuria scabra is one
such sea cucumber, and is widely distributed in shallow, soft-bottom habitats throughout the
Indo-Pacific. It is the only tropical Holothurian species that can be mass-produced in hatcher-
ies. However, because of commercial exploitation, natural stocks of H. scabra have decreased
throughout their geographic range (Hamel et al., 2001), and it is listed as ‘Endangered’ on the
IUCN Red List (Hilton-Taylor and Mittermeier, 2000). Microsatellites, repeating sequences
of 1-6 base pairs of DNA, are considered powerful genetic and molecular markers due to their
abundance in the genome and their high frequency of polymorphisms (Bruford and Wayne,
1993). Although 18 polymorphic microsatellite loci have been identified in H. scabra (Fitch et
al., 2013), further microsatellite loci should be developed in order to investigate the species’
population structure.

MATERIAL AND METHODS

Nine polymorphic microsatellite loci were developed following the fast isolation by
amplified fragment length polymorphism of sequences containing repeats according to the
FIASCO method (Zane et al., 2002). Genetic DNA was extracted from tube-foot tissues using
a Genomic DNA Extraction Kit (Tiangen, China). The DNA was digested using the restriction
enzyme Msel (Fermentas, Lithuania) for 3.5 h at 65°C, and the digested fragments were ligated
to Msel adaptor A (5-GACGATGAGTCCTGAG-3")/Msel adaptor B (5'-TACTCAGGA
CTCAT-3") using T4 DNA ligase (Fermentas, Lithuania) overnight at 22°C. The ligated
fragments were hybridized to the biotinylated probes (CT)  and (GT) ,, and captured by
streptavidin-coated magnetic sphere particles (Promega, USA). The recovered DNA fragments
were amplified using an Msel primer (5'-GACGATGAGTCCTGAG-3") and purified using a
GenClean Cycle Pure Kit (Omega Bio-Tek, USA) to remove extra adaptors and deoxynucleotide
triphosphate (ANTPs). The purified products were ligated with a pMD19-T vector (Takara,
Japan), and transformed into the Escherichia coli-competent cells, DH50 (Tiangen, China). The
transformants were selected on lysogeny broth agar plates containing ampicillin. Recombinant
clones were amplified using universal M13 primers, and the polymerase chain reaction (PCR)
products were visualized on 1% agarose gels. One hundred and fifty-nine positive clones that
were 500 to 1000 bp in length were selected for sequencing by Major Bio (Shanghai, China),
and 34 pairs of primers were designed by Primer Premier 5.0.

All 34 pairs of primers were validated in 30 individuals of H. scabra that had been
collected from Hainan Island, China. PCR amplification was performed in a 10-pL reaction
volume containing 50 ng of genomic DNA, 10X Dream Tag buffer (2 mM MgCl,), 0.25 U
Dream 7ag DNA Polymerase (ThermoFisher Scientific, USA), 0.2 mM dNTP, and 0.4 uM
of primer, using a peqSTAR thermal cycler (Peqlab, Germany). The PCR was carried out
under the following conditions: 95°C for 5 min, 32 cycles at 95°C for 40 s, at the annealing
temperature (Table 1) for 40 s, 72°C for 1 min, 72°C for 10 min, and then stored at 4°C. The
amplified products were resolved on 6% denaturing polyacrylamide gels using a Sequi-Gen®
Sequencing Cell (Bio-Rad, USA).

The number of alleles per locus (N,), the polymorphic information content (PIC),
and the observed (H,,) and expected (H,) heterozygosities were calculated using the POP-
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GEN 32 (version 1.32) and the CERVUS 3.0 (version 2.2.3) software. Deviations from the
Hardy-Weinberg equilibrium (HWE) and genotypic linkage disequilibrium were tested using
POPGENE 32 (version 1.32).

RESULTS AND DISCUSSION

We successfully amplified nine polymorphic loci (Table 1). The N, ranged from 2
to 5, and the PIC ranged from 0.402 to 0.670. The H_ and H ranged from 0.1200 to 0.7391
and from 0.2408 to 0.5983, respectively. No significant linkage disequilibrium was detected
for any pairwise combination of loci. All of the loci were at HWE after sequential Bonferroni
corrections (P > 0.00556). The novel microsatellite loci identified in the present study will be
useful in studying the genetic diversity and population structure of this species, and in design-
ing an effective conservation strategy for it.

Table 1. Nine polymorphic microsatellite loci in Holothuria scabra.

Locus ID GenBank Primer sequence (5'-3") Repeat motif ~ Ta (°C) Allele size (bp) N,  PIC H, H,
CHSI1-17 KJ875899 F: GCCGACTTGTCTTCATTCC

R: CCTCGCCTTCTGTCATTTT (AO),, 42 148-154 3 0.554 0.6364 04339
CHSI1-22 KJ875900 F: CTGCGAGAAGCGACCTGT

R: TCTTCACTGTCCACCATCCA (GT),, 45 130-134 2 0402 0.1200 0.2408
CHS1-30 KJ875901 F: TTGACCGAGTGTGCTCTTTA

R: CTGTCTCCTGGGGTTGTTGT (AQ),, 45 86-92 3 0499 03810 03084
CHS2-1 KJ875902 F: AACCGCACCTGACACTCT

R: GACGGGAACATCACCATC (GACAAQG), 49 152-154 3 0514 05769 04815
CHS2-13 KJ875903 F: TGCACCAGCAGCACTTCAC

R: GGACTCATCCTAAATCCTTTCACT  (AG), 45 192-206 3 0.568 04545 04628
CHS2-18 KJ875904 F: CAGACGGGAACATCACCA

R: CCGCACCTGACACTCTTT (GACAAG), 49 148-156 5 0.670 0.7391  0.5983
CHS3-11 KJ875905 F: CACGCACTGTCATACTCCAC

R: CACGCACTGTCATACTCCAC (CA),N(CA),, 42 240-258 4 0554 05600 0.4224
CHS3-33 KJ875906 F: AGTGGCGTTTCTTAGGTGGC

R: AGGGGTCTGGAGGAGGTTCT  (CA),N(GAA), 42 110-114 3 0.520 0.6000 0.4488
CHS3-67 KJ875907 F: ACCCGAGCGAAGATTAGT

R: CGAAAGTTCATCGTGTCC (GCAA), 57 178-184 2 0456 02857 0.4898

Ta, Annealing temperature; bp; PIC, polymorphism information content; N,, number of alleles per locus; H,,
observed heterozygosity; H,, expected heterozygosity.
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