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Abstract We describe the characterization of ten poly-

morphic microsatellite loci from the Liolaemus fitzingerii

species complex with cross-amplification for nine of the 10

loci in L. chehuachekenk. The number of alleles within L.

fitzingerii ranged from 7 to 24 and the observed hetero-

zygosity ranged from 0.311 to 0.956 for 45 individuals.

Nine of the ten loci conformed to Hardy–Weinberg equi-

librium and we did not detect linkage disequilibrium

between loci in L. fitzingerii. Cross-species amplification in

L. chehuachekenk was successful for nine of the ten loci

with polymorphisms detected for each successfully

amplified locus. These microsatellite loci are the first

developed for the Eulaemus clade of the genus, and will aid

in both ongoing and future studies focusing on gene flow,

historical divergence and population structure within the

Liolaemus fitzingerii species complex.
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Liolaemus is one of the most species-rich genera of lizard

throughout southern South America (Cei 1986, 1993;

Lobo et al. 2010). In particular, L. fitzingerii is distributed

throughout central areas of Patagonia, including Santa

Cruz and Chubut province, extending as far north as the

southern slopes of Somuncura plateau (Avila et al. 2006).

Previous work has recognized extreme inter and intra

population variation in morphology, coupled with sexual

and ontogenetic variation, making species delimitation

difficult in some groups (Etheridge 1993; Avila et al.

2006).

Because of the broad range and extensive species

diversity within the genus Liolaemus fitzingeri complex,

DNA was isolated from L. chehuachekenk and L. fitzingeri

using the DNeasy Animal Tissue Kit (QIAGEN). Muscle

tissue from the caudal region was used to prevent contam-

ination from potential liver parasites. Microsatellite librar-

ies were enriched using 454 sequencing and primers were

designed at the Savannah River Ecology Laboratory. A total

of 20 primer pairs were chosen to test for allelic variation,

and ten of those primer pairs showed positive amplifica-

tions. Rather than use each forward primer with a fluores-

cent label, we adapted the M13-tailed microsatellite

protocol of (Schuelke 2000), where each forward primer

is 50 augmented with an M13 forward sequence (CAC-

GACGTTGTAAAACGAC). This tailed primer was then

used in combination with a 6-FAM fluorescently labeled

M13 primer. Thus, amplification reactions contained three

primers: a forward M13 fluorescent primer, 50-augmented

microsatellite forward primer, and an unmodified micro-

satellite reverse primer. Reactions consisted of 1 lL of

DNA, 0.04 lL of the 10 lM forward M13 tailed primer,

0.45 lL of the 10 lM reverse primer, 0.45 lL of 10 lM

fluorescently labeled reverse primer, 1.25 lL of MgCl2,

1.25 lL of PCR Buffer II (Perkin Elmer), 0.21 lL of a

10 lM dNTP mixture, 0.1 lL of taq and 7.75 lL of water

for a total volume of 12.5 lL. The thermal profile was 94�C

for 2 min followed by 19 cycles of 94�C for 30 s, the primer

specific annealing temperature (Table 1) for 30 s and 68�C

for 30 s, followed by a 3 min extension at 68�C. A second

N. Hanna � D. Brown � J. W. Sites Jr. � F. M. Fontanella (&)

Department of Biology and Bean Life Science Museum,

Brigham Young University, 401 WIDB, Provo, UT 84062, USA

e-mail: fonta@byu.edu

L. J. Avila � M. Morando

CENPAT-CONICET, Boulevard Almirante Brown 2915,

U9120ACD Puerto Madryn, Chubut, Argentina

123

Conservation Genet Resour (2012) 4:105–107

DOI 10.1007/s12686-011-9485-5



round of 10 cycles was run with an annealing temperature of

53�C to ensure proper annealing of the fluorescently labeled

primer. Loci were first sequenced to ensure the amplifica-

tion of the correct microsatellite locus.

All ten loci produced appropriate sized bands when

visualized via electrophoresis using a 2% agarose gel.

Depending on the overall strength of the amplification

reaction, PCR products were diluted 1:5 or 1:7 with water

into a single plate for genotyping. One microliter of the

diluted PCR product was added to a plate containing

0.09 lL of the GeneScan 500 LIZ genotyping standard and

9.91 lL of HiDi Formamide (Applied Biosystems). Reac-

tions were genotyped on an ABI 3730XL automated

sequencer and preliminarily scored using PEAKSCAN-

NER (Applied Biosystems). Final scoring of microsatellite

alleles was verified by eye for each sample.

We used GENODIVE (Meirmans and Van Tienderen

2004) to calculate the number of alleles, allele size range,

expected and observed heterozygosity (Table 1). All ten

loci scored showed varying levels of allelic diversity.

Using sequential Bonferroni corrections, we calculatded

deviations from hardy–Weinberg equilibrium and linkage

disequilibria using GENEPOP 4.0.10 (Raymond and

Rousset 1995). Incidence of null alleles and scoring errors

due to stuttering or large allele drop-out were assessed on

MICRO-CHECKER 2.2.2 (Oosterhout et al. 2004).

Microsatellite loci isolated from L. fitzingerii showed

medium to high levels of allelic diversity. The number of

alleles per locus varied from 7 to 24 (mean = 16.2),

ranging in size from 227 to 380 bp long. The expected

heterozygosity ranged from 0.644 to 0.944 and the

observed heterozygosity ranged from 0.311 to 0.956. We

did not detect deviation from Hardy–Weinberg equilibrium

or linkage disequilibrium between pairs of loci after

sequential Bonferroni correction, except in locus TET 3105

(P [ 0.01; Table 1). The expected distribution of homo-

zygote size classes calculated with MIICRO-CHECKER

suggested no incidence of null alleles or scoring errors due

to large allelic drop-out or stuttering. We used the same

procedure as above to successfully amplify nine out the ten

loci in L. chehuachekenk (n = 9). We were not able to

amplify locus TET_1177 in any sample of L. chehuache-

kenk despite multiple attempts with different annealing

temperatures and Taq polymerase enzymes. Of the

remaining nine loci that successfully amplified, the number

of alleles ranged from 3 to 11 (mean 7.5). We found sig-

nificant deviation from Hardy–Weinberg equilibrium for

each of the nine loci, however this is likely due to high

Table 1 Characterization of the ten microsatellite loci isolated from Liolaemus fitzingerii, and cross amplified in L. chehuachekenk

Locus Motif Primer sequence Annealing

temp (�C)

Allele size range

(bp)

NA HO HE

DI-7938 (AC)13 F-TCACAGCTTTCTTTATTTCAAC 49 346–358 (348–360) 7 (6) 0.533 (0.626) 0.838 (0.866)

R-AAGCAAGACCTTAGCACAAC

DI-159 (AC)11 F-TGCTCAATAAGGGACAGTTC 49 260–274 (260–280) 6 (5) 0.311 (0.875) 0.644 (0.786)

R-AATTAATGACTCAGTGCATAGG

TET-3500 (AAAG)12 F-GGTTACCCTGCATATTACACC 49 308–364 (332–364) 17 (9) 0.733 (0.875) 0.916 (0.902)

R-ATTAACGAGGACCAAGTTTG

DI-1570 (AC)10 F-TTACTACACCACACCGTCTG 49 354–366 (354–372) 6 (6) 0.512 (0.625) 0.740 (0.777)

R-TTTCAGAGCCACAACATACC

TET-2216 (AGAT)12 F-GACTCTTGCCATTTGTGAAG 49 227–308 (228–313) 18 (11) 0.614 (0.750) 0.891 (0.964)

R-AATTCATGCGTGTTCTGAG

DI-3138 (AC)11 F-CCTTCACTCCTTTCCTATTTC 55 263–290 (264–284) 21 (10) 0.667 (0500) 0.944 (0.964)

R-ATGTGAAGCTGGAAGTGTTC

TET-

3105*

(AAAG)12 F-ATCCATTTACCTGCCATATG 55 260–322 (260–304) 23 (11) 0.956 (0.625) 0.941 (0.982)

R-CCTGCTTCTGTTCAAACTTC

TET-1177 (AAAG)12 F-ATGACTTGCCCAATATTACC 49 280–310 (NA) 16 (NA) 0.689 (NA) 0.861 (NA)

R-TTTGTAGCCCTCAATATGC

TET-1501 (AAAG)12 F- AGAGCTTTCTTGGTGCTTAG 49 316–380 (322–373) 24 (7) 0.778 (0.375) 0.943 (0.848)

R-ATCTGGTAGGTGTGCACATC

TET-1102 (AAAG)14 F-AGCCAGAGGATCTTTGAGAG 48 228–242 (240–246) 8 (3) 0.575 (0.00) 0.839 (0.464)

R-TCATTCTCCCTTTGTCAGTG

Numbers in parenthesis are values from L. chehuachekenk (n = 9). All loci for L. chehuachekenk showed significant deviation from HWE

NA number of alleles, HO observed heterozygosity, HE expected heterozygosity

* Locus showing significant departure from HWE for L. fitzingerii
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allelic richness compared to the sample size. Our ongoing

microsatellite-based studies should contribute to better

characterization of species boundaries, hybrid zone inter-

actions, and the formulation of adequate conservation

measures.

Acknowledgments Support was provided by the NSF ‘‘Partnership

for International Research and Education’’ award (OISE 0530267) for

collaborative research on Patagonian biodiversity, granted to the

following institutions (listed alphabetically): BYU, Centro Nacional

Patagónico, Dalhousie University, Darwinion Botanical Institute,

George Washington University, Universidad Nacional de Cordoba,

Universidad Austral de Chile, Universidad Nacional del Comahue,

and the Universidad de Concepción. Additional funds were provided

by grants from Consejo Nacional de Investigaciones Cientı́ficas y

Técnicas (CONICET, PIP), and Fondo Nacional de Ciencia y Tecnica

(FONCYT, PICT) issued to L.J. Avila and M. Morando. We also

thank the BYU Office of Research and Creative Activities (ORCA)

for support of undergraduate student research.

References

Avila LJ, Morando M, Sites JW Jr (2006) Cogneric phylogeography:

hypothesizing species limits and evolutionary processes in

Patagonian lizards fo the Liolaemus boulengeri group (Squa-

mata: Liolaemini). Biol J Linn Soc 89:249–275

Cei JM (1986) Reptiles del centro, centro-oeste y sur de la Argentina.

Museo Regionale di Scienze Naturali, Torino, Monografie 4,

pp 1–527

Cei JM (1993) Reptiles del noroeste, nordeste y este de la Argentina.

Museo Regionale di Scienze Naturali, Torino, Monografie 14,

pp 1–949

Etheridge R (1993) Lizards of the Liolaemus darwinii complex

(Squamata: Iguania: Tropiduridae) in Northern Argentina.

Bolletino del Museo Regionale di Scienze Naturali Torino 11:

137–199

Lobo F, Espinoza RE, Quinteros S (2010) A critical review and

systematic discussion of recent classification proposals for

liolaemus lizards. Zootaxa 2549:1–30

Meirmans PG, Van Tienderen PH (2004) GENOTYPE and GENO-

DIVE: two programs for the analysis of genetic diversity of

asexual organisms. Mol Ecol Notes 4:792–794

Raymond M, Rousset F (1995) GENEPOP version 1.2. Population

genetics software for exact tests and ecuminicism. J Hered 86:

248–249

Schuelke M (2000) An economic method for the fluorescent labeling

of PCR fragments. Nat Biotechnol 18:233–234

Van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P (2004)

MICRO-CHECKER: software for identifying and correcting

genotyping errors in microsatellite data. Mol Ecol Notes 4:

535–538

Conservation Genet Resour (2012) 4:105–107 107

123


	Characterization of 10 polymorphic microsatellite loci in the South American lizard Liolaemus fitzingerii with cross-amplification in L. chehuachekenk
	Abstract
	Acknowledgments
	References


