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Isolation and characterization of twelve tetra-repeated microsatellite

loci from the Formosan grass lizard (Takydromus formosanus)

Abstract

Twelve tetra-repeated microsatellite loci were developed for the island-endemic
grass lizard Takydromus formosanus (Squamata: Lacertidae). We characterized
these loci by genotyping 51 individuals sampled from six localities. The number of
alleles per locus ranged between 12 — 23, while the observed heterozygosity ranged
between 0.686 — 0.941. None of these loci showed gametic disequilibrium or sex
linkage. With such highly polymorphism, we believe that these loci should be suitable
for fine-scaled analysis of population structure, hybridizations, or individual

identification of grass lizards.

Keywords: hybridization, microsatellites, speciation, Takydromus

Introduction

The East Asian grass lizards (Lacertidae: Takydromus spp.) are characterized by
their slender body shapes and extraordinarily long tails. They are distributed in the
Oriental and Palearctic regions with a total of 16 — 17 species (Arnold 1997). With 5
species including 4 endemics on a single island (Arnold 1997, Lue et al. 1999),
Taiwan shows the highest diversity of Takydromus among the regions of their
distribution. In recent times, two more cryptic species were identified from T.
formosanus on this island through mitochondrial DNA sequences (Lin 2003) and
morphological analysis (Lin, unpublished data). However, with parapatric distribution
and occasionally intermediate morphotypes found at the contact zone, this species

complex might serve as an ideal system to study the evolutionary consequence of
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natural hybridization between sister species. To detect the existence of probable
hybrids, a set of highly polymorphic makers are needed. In this study, we constructed
a microsatellite-enriched partial genomic library for the Formosan grass lizard
(Takydromus formosanus) following the protocol proposed by Hsu et al. (2003).
Twelve tetra-repeated microsatellite loci were isolated and tested in this study.
Materials and Methods

Genomic DNA was extracted from muscle tissue of an adult male grass lizard
using a modified LiCl method (Gemmell & Akiyama 1996). About 0.6 pug of genomic
DNA was digested with three restriction enzymes, Haelll, Rsal and Alul (BioLabs®
Inc.), in a volume of 50 pl. Digested DNA fragments were ligated with SNX linkers
(Hamilton et al. 1999) to provide priming sites for the subsequent polymerase chain
reaction (PCR). The PCR was set up in a volume of 50 pl containing 1 uM SNX linker
(forward), 0.5 mM dNTP, 1x PCR buffer (10 mM Tris-HCI, pH9.0; 50 mM KCI, 0.01%
(w/V) gelatin, and 0.1% Triton X-100), 3.5 mM MgCl,, 2.5 U Tag DNA polymerase
(Amersham Biosciences), and 7 ul linker-ligated fragments. The condition of PCR
process was set at 94 °C for 5 min, 30 cycles at 94 °C for 1 min, 55 °C for 1 min, and
70 °C for 2 min, and followed by 70 °C for 5 min using iCycler Thermal Cycler
(Bio-Rad). Solid-phase hybridizations were conducted with 3"-biotin-labelled (GATA)1o
or (GAAA);o oligonucleotides to preferentially select amplified DNA fragments
containing microsatellites. We captured these fragments by Dynabead M280
streptavidin (Dynal®) according to the manufacturer’s instruction. These
microsatellite-enriched DNA fragments were PCR-amplified again and then ligated
into pPGEM®-T Easy vectors (Promega) and transformed into JM109 competent cells.
Transformed cells grew at 37 °C for 16 h on LB agar plate containing ampicillin, X-gal
and IPTG for blue/white selection. A total of 1200 white colonies were lifted to

Hybond-N+ membranes (Amersham Pharmacia Biotech) and hybridized with [r**P]
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ATP 5’ end-labelled oligonucleotides of motif (GATA)10 or (GAAA)10. We identified 190
positive clones and determined their sequences using a DYEnamic ET Dye
Terminator Cycle Sequencing Kit for MegaBACE on MegaBACE 1000 autosequencer
(Amersham Bioscience). Sequences were determined in both directions and
proofread by using SEQUENCHER software version 4.0.5 (Gene Codes Corporation).
Among these clones, 164 contained microsatellite sequences. Excluding repetitive
clones, we obtained 145 different microsatellite loci. Primers were designed from 20 of
these clones with the aid of program FASTPCR 2.3.10
(http://www.biocenter.helsinki.fi/bi/bare-1_html/oligos.htm).

PCR products were successfully obtained of expected sizes from all 20 loci.
Twelve among them were chosen and the reverse primers of these loci were labeled
with HEX, FAM or TAMRA fluorescent dyes. PCR were conducted in a 15 pl reaction
volume containing about 50 ng genomic DNA, 0.2 uM each primer, 0.625 mM dNTP,
1x PCR buffer (10 mM Tris-HCI, pH9.0; 50 mM KClI, 0.01% (w/V) gelatin, and 0.1%
Triton X-100), 0.4 U Tag DNA polymerase (Amersham Biosciences) and 1.5 mM
MgCl, (Table 1). The PCR condition was set to denaturation at 94 °C for 3 min, then
30 cycles of 94 °C for 30 sec, 58 °C for 30 sec, and 72 °C for 30 sec, followed by a
final extension at 72 °C for 3 min. All fragments of the 12 loci could be successfully
obtained from the same protocol. The PCR products were electrophoresed in
MegaBACE 1000 autosequencer (Amersham Biosciences) using ET-400 (Amersham
Biosciences) as size standards. Sizing of alleles was analyzed with the software
GENETIC PROFILER 2.0 (Amersham Biosciences). In this study, 51 individuals from
6 sample locations were included for characterization of these loci.

Results and Discussion
We calculated the observed and expected heterozygosities using the software

CERVUS version 2.0 (Marshall et al. 1998) and represented the results in Table 1.
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The conformance to Hardy-Weinberg expectations of each locus was calculated using
GENEPOP version 3.4 (Raymond & Rousset 1995). The mean number of alleles per
locus was 17.67 (from 12 to 23), while the mean observed heterozygosity was 0.871
(from 0.684 to 0.941). Two loci (TF148 and TF163) represented significant differences
between observed and expected heterozygosity, which is probably due to the
Wahlund effect (Wahlund 1928) because samples from several geographically
isolated populations were put together in this analysis. We calculated gametic
disequilibrium using GENEPOP 3.4 (Raymond & Rousset 1995). When corrected for
multiple comparisons using Bonferroni method, no pairwise comparison between loci
showed significant gametic disequilibrium. Heterozygotes were discovered in both
genders for all these 12 loci, showing that no locus is sex-linked.

Microsatellite loci have been reported in several lacertid lizards, including Lacerta
vivipara (Boudjemadi et al. 1999), L. viridis (B6hme et al. 2005), Podarcis muralis
(Boudjemadi et al. 1999, Nembrini & Oppliger 2003), P. bocagei (Pinho et al. 2004),
and Gallotia galloti (Richard & Thorpe 2000). However, it is the first time to isolate
these polymorphic markers from the East Asian endemic genus, Takydromus.
Furthermore, none of the 12 loci developed in this paper showed sequence similarity
to those reported in the other lacertid lizards. With such high level of polymorphism,
these microsatellite loci should be suitable for fine-scaled studies of population

structure, hybridizations, and individual identification for the Takydromus lizards.
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Table 1: Characterization of the 12 microsatellite loci of Takydromus formosanus with a sample size of 51.

Locus R Primer sequences(5'3) Cavestpy MO Ge Mo M TWRIES’ accession no

TF013 (GATA)x F: ATTCCGTGGCACTTGGCAGG 178-230 58°C 13 0.902 0.878 0.380 DQ012386
R: TGGCTCATAGTATTGGCTTGC

TF046  (GATA), F: ACAGAAGAACTTGGGTCTCCAG 211-363 58°C 25 0.882 0.945 0.249 DQO012388
R: GCTCTCCAGCCAGGTGTCAC

TF064 (GAAA)1,AAAA(GAAA)s F: CGACTCATCTCCCGTGCCAG 230-290 58°C 16 0.902 0.911 0.392 DQ012390
R: ATTTCTCAAGGTGACATTGG

TF092 (GAAA);;GATA(GAAA), F:AAACAAACATTCCGCTATCG 183-259 58°C 20 0.863 0.929 0.348 DQ012392
R: TATTATGTCAAGTGCCATGC

TF098 (GAAA);s F: ATCTAAATGGTCCACTGATC 209-261 58°C 12 0.941 0.887 0.929 DQO012394
R: ACTGAAGGGATGGCAATGAG

TF100 (GAAA)y; F: GTTCCCTGGGGCTACCACAG 202-298 58°C 18 0.863 0.916 0.171 DQ012395
R: AATGGATAACTGGCTTCCTG

TF121 (GAAA), F: TCCACAAATCAGGGCACTGC 174-238 58°C 15 0.922 0.891 0.494 DQ012397
R: ACACTCAAAATCCATCACAG

TF130 (GAAA)y, F: AAGAACTGTCKGGCTCTGTC 166-262 58°C 19 0.922 0.907 0.902 DQO012398
R: TGTCTGAAATCAGTGGCAAC

TF148 (GAAA)g F: GGTCTACCAGGACTCCTTCC 155-217 58°C 18 0.843 0.913 0.002* DQ012401
R: TGCATGTGTGAACTGTGAGC

TF159 (GAAA),; F: CCTGTTAGATTCTGCCATTC 224-324 58°C 23 0.922 0.931 0.292 DQ012403
R: TGCCATACAAATTCCCACACC

TF163 (GAAA)y, F: TGGAAACACTGGCAAAGGAG 222-282 58°C 16 0.686 0.917 0.000* DQO012404
R: TTCTCTCATTCGGGGGTATC

TF167 (GAAA);s F: GTGACCTCGTCCATGTGTCG 261-323 58°C 17 0.804 0.899 0.111 DQ012405
R: CAAAGTCTATCGCAGCACTG

Abbreviations: T,: annealing temperature; Ho: observed heterozygosity; He: expected heterozygosity; and HWE: Hardy-Weinberg equilibrium.



Figure 1: Structure 6 Takydromus

viridipunctatus T. luyeanus



