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Abstract Nineteen novel microsatellite loci were isolated

from Adenomera andreae, a widespread Amazonian frog

considered to be a species complex. Three multiplex kits

were optimized. Genetic diversity was assessed in 66

individuals sampled in three populations along the West of

the Approuague River catchment (French Guiana). We also

tested the multiplex kits in four other Adenomera and nine

Leptodactylus species with 43.4 and 17.5% success

respectively.

Keywords Amphibians � Amazonia � French Guiana �
Enriched library � Multiplex PCR � Cross-amplification

The genus Adenomera (Leptodactylus marmoratus group

sensu Frost et al. 2006) includes 12 described species, all

small terrestrial burrowers. Of these, A. andreae is a forest

litter species considered to be a species complex (Angulo

et al. 2003) virtually continuously distributed throughout

Amazonia, from sea level to 800 m above sea level. It is

found in most type of forest and occurs in very large

populations. Despite these characteristics, many non

overlapping mtDNA lineages have been found in relatively

restricted area within French Guiana (Fouquet et al. 2007;

Fouquet 2008). This strong genetic structure can have

several causes ranging from reproductive mode (e.g. no

larval dispersion) to landscape barriers such as rivers,

which could limit gene flow, and a complex evolutionary

history with past range fragmentation linked to climatic

fluctuations (Noonan and Gaucher 2005, 2006). For all of

these reasons A. andreae represents an interesting species

to study species boundaries and the evolutionary history of

Amazonian forest biota. In order to investigate microevo-

lutionary processes and fine scale genetic structure, and

also to obtain data on the species’ evolutionary history,

highly variable, unlinked markers, such as microsatellites,

are needed. To date, little is known of the true diversity of

Amazonian amphibians, their geographic boundaries, lev-

els of intraspecific diversity, and origins (Köhler et al.

2005); microsatellites will help fill these gaps and establish

effective conservation strategies.

Microsatellites were developed following the biotin

enrichment protocol of Glenn and Schable (2005). Total

genomic DNA was extracted from liver tissue using Pu-

regen Gentra DNA Tissue Kit (QIAGEN). Genomic DNA

was digested with RsaI and XmnI. Double-stranded linkers

(SuperSNX Forward; SuperSNX24?4P Reverse) were

ligated to the blunt ends of these fragments using T4 DNA

Ligase (NEB). Biotin-labelled oligonucleotides corre-

sponding to microsatellites motif (AG)12 was hybridized

with the linker-ligated DNA and captured using Strepta-

vidin magnetic beads and a magnetic separation rack

(NEB). Unbound genomic fragments (lacking compli-

mentary repeat motifs) were removed with successive

washes (Glenn and Schable 2005). Recovered fragments

were amplified in a 25 ll PCR reaction using SuperSNX

Forward primer for 25 cycles of 95�C for 20 s, 60�C for
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20 s, and 72�C for 90 s and a final extension step of

30 min. Amplified fragments were then cloned using the

TOPO TA Cloning Kit (Invitrogen). Recombinant clones

were identified via blue-white selection and replated to

allow for additional growth. Colony scrapes of these clones

were placed directly into 25 ll PCR reactions (cycle as

above, except 47�C for annealing temperature) containing

M13F (-20) and M13R primers. One hundred and nine-

teen inserts of appropriate size (300–1000 bp) were

obtained and bidirectionally sequenced on an ABI 3130

Genetic Analyser (Applied Biosystems). Vector sequence

was trimmed and fragments were aligned and edited using

Geneious 4.0.4 (Gene Codes Corp.). Among them, 42

sequences for which primers could be designed (mainly

containing a perfect motif with more than 5 repeats) were

isolated. Sixty-seven primer pairs were designed for these

42 loci (for a total of 109 primers, two pairs designed for

25 loci). Primers pairs were optimized for both size range

and homogeneity in annealing temperatures (57–63�C)

using Geneious 4.0.4. Amplifications were performed for

each of the 57 primers pairs in a total volume of 10 ll

containing 0.5 ll of total DNA extract using QIAGEN

Multiplex PCR Kit following the manufacturer’s protocol,

with 30 cycles and an annealing temperature at 57�C.

Thermocycling was performed on a Mastercycler� gradient

(Eppendorf) with the following protocol: 95�C for 10 min,

followed by 30 cycles (94�C for 1 min, 57�C for 1 min,

72�C for 1 min), and 60�C for 45 min. Only 28 primer

pairs were retained, which displayed a clear amplification

pattern. All the 28 loci were then amplified separately as

described above; one primer of each pair was labeled with

either 6-FAM (Eurogentec), PET, NED or VIC (Applied

Biosystems) fluorescent dye. Visualization of the ampli-

cons was conducted on an ABI 3130xl Genetic Analyser

(Applied Biosystems). Alleles sizes were scored against an

internal GeneScan-500 LIZ� Size Standard and genotypes

Table 2 Cross-species amplification results (size range and, between parentheses, number of alleles per locus) in four Adenomera species and

nine Leptodactylus species

Species Adan-01 Adan-02 Adan-05 Adan-08 Adan-12 Adan-15 Adan-18 Adan-20 Adan-22 Adan-26

A. heyeri (n = 4) 141(1) 78(1) – – – 113(1) – – 175–217(2) 251(1)

A. hylaedactyla (n = 6) – – – – – 111–114(3) 92(1) – 173(1) –

A. lutzi (Guyana) (n = 1) – – – – – 112(1) – – – 211(1)

A. sp. (Peru) (n = 1) 141(1) – – – 203–207(2) 112(1) 117–121(2) – 201–207(2) 232–234(2)

L. knudseni (n = 4) – – – – – – – – – –

L. longirostris (n = 3) – – – – – – – – – –

L. myersi (n = 2) – – – – – – – – – –

L. mystaceus (n = 4) – – – – – – – – – –

L. pentadactylus (n = 1) – – – – – 116–120(2) – – – –

L. rhodomystax (n = 3) – – – – – – – – – –

L. wagneri A (n = 2) – – – – – – – – – –

L. wagneri B (n = 4) – – – – – – – – – –

L. wagneri E (n = 2) – – – – – – – – – –

Species Adan-27 Adan-29 Adan-30 Adan-34 Adan-37 Adan-38 Adan-40 Adan-42 Adan-43

A. heyeri (n = 4) 375–570(7) 114(1) – – – 79(1) – – 216(1)

A. hylaedactyla (n = 6) 213–297(6) – – – 137(1) 138–170(4) – – 203–214(3)

A. lutzi (Guyana) (n = 1) 388(1) – 402(1) – 131(1) – – – 201(1)

A. sp. (Peru) (n = 1) 376–402(2) 112(1) – – 129–149(2) 164(1) – – 201(1)

L. knudseni (n = 4) – – – – – 117(1) 118(1) 266–301(2) –

L. longirostris (n = 3) – – – – 154(1) 117–143(2) 118(1) – 220(1)

L. myersi (n = 2) – – – – 78(1) 117(1) 118(1) – –

L. mystaceus (n = 4) – – – – 155(1) 117(1) 118(1) – –

L. pentadactylus (n = 1) – 106–151(2) – – – 117(1) 118(1) 266(1) –

L. rhodomystax (n = 3) – 140(1) – – – 117(1) 118(1) 264–266(3) –

L. wagneri A (n = 2) – – – – – 117(1) 118(1) – –

L. wagneri B (n = 4) – – 435(1) – – 117(1) 118(1) – –

L. wagneri E (n = 2) 357(1) – – – – 117–169(3) 118(1) – –

–, no amplification
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were obtained using GeneMapper 3.7. Among the 28 loci, a

total of 19 loci that were associated with clear genotype

profile (low noise, high single peak and weak stutter) were

selected and combined into three PCR multiplex kits

(Table 1). Among these 19 loci, 11 were displaying perfect

motifs in the clone sequences and eight interrupted motifs

(Table 2). PCRs were conducted as described above.

Polymorphism was screened on 66 individuals of A.

andreae from three populations sampled along the West

part of the Approuague River catchment (French Guiana).

The number of alleles per locus ranged from 3 to 34 and

expected heterozygosity values ranged from 0.362 to 0.965

(Table 1). After Bonferroni correction, there was no indi-

cation of linkage disequilibrium among loci. 70% of loci

were at Hardy-Weinberg equilibrium (HWE), except for

Adan-02, Adan-38, Adan-26, Adan-08, Adan-34, Adan-20

and Adan-37 in the Cisame West sample, Adan-40, Adan-

05, Adan-08, Adan-20, Adan-27 and Adan-37 in the

Inselberg-Parare trail sample, and Adan-29, Adan-38,

Adan-26, Adan-05, Adan-20 and Adan-37 in the Régina

West sample, which show significant excess of homozy-

gotes. Departure from HWE could be caused by: (i) null

alleles; (ii) consanguineous mating or biased sampling of

related individuals; or (iii) a Wahlund effect. Departure

from HWE was observed in most loci in a previous study

using microsatellites in a Neotropical frog with comparable

life history traits and sampled at a fine geographical scale

(Elmer et al. 2007). They suggested that in this type of

species such pattern could be caused by a lack of panmixia

of inter-individual isolation by distance.

The multiplex kits were also tested on four other Ade-

nomera species (successful in 43.4% cases) and nine Le-

ptodactylus species (successful in 17.5% cases) (Table 2).

Polymorphism seems low in most cases, particularly for

Leptodactylus ssp. Consequently, the applicability of these

markers seems taxonomically circumscribed to the Ade-

nomera genus and may be even limited to Adenomera

andreae.
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