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Abstract We tested the cross-amplification of 26 micro-

satellites developed for passerines and an additional three

developed for Gallinula species in eight European Coots

from two populations. Sixteen microsatellite markers suc-

cessfully amplified, of which nine were polymorphic with

2–6 alleles (mean 3.7 alleles) and an expected heterozy-

gosity (He) ranging from 0.375 to 0.805 (mean He = 0.589).

On average, we found 2.22 alleles/locus and a mean He of

0.440 in one nest, and 2.56 alleles/locus and a mean He of

0.494 in the other one. These nine polymorphic markers could

be of potential use in studies of genetic variability, population

structure and reproductive strategy of European Coots.

Keywords Coot � Fulica atra � Microsatellite �
Cross-amplification

Introduction

The European Coot (Fulica atra) is a widely distributed

waterbird species nesting on wetlands, ponds and rivers.

Individuals usually aggregate in flocks and pairs are

socially monogamous. Both parents build the nest, incubate

the eggs, defend the breeding territory and care for the

young that are semi-precocial.

In birds, alternative female reproductive behaviours

such as extra-pair paternity and conspecific brood parasit-

ism are widespread and are thought to be favoured by

aggregation. Conspecific brood parasitism is commonly

found in female American Coots (F. americana) (Lyon

et al. 2002). Brood parasitism can be detected when there is

a new egg two or more days after clutch completion or by

counting the number of new eggs per day (e.g. Lyon et al.

2002). In the latter case, the variation in the pigmented egg

shell is usually used as an indicator of maternal identity.

The method, which cannot be used to detect extra-pair

paternity, has been validated by fingerprinting in the

American Coot (Lyon et al. 2002).

Fingerprinting, however, reveals complex multiple

banding patterns in which it is not possible to assign alleles

to loci. Hence, a practical, repeatable and reliable tech-

nique is needed. Polymorphic microsatellites are a useful

tool to investigate mating strategies and also genetic vari-

ability, population structure and gene flow for a given

species. Cross-amplification is widespread and is conve-

nient to identify microsatellites in birds as it is less time

consuming and cost intensive than developing species-

specific markers (Primmer et al. 1996). Our aim was

therefore to test for the cross-amplification of microsatel-

lites in the European Coot F. atra.

Methods

We collected blood samples from eight individuals in the

region of Angers (47�270N, 00�320W, Maine et Loire,
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France). The individuals stem from two nests from two

ponds about 11 km apart. The chicks were caught on the

nest by hand. We took blood samples from the right jugular

vein and diluted them in 1 ml of PBS containing EDTA

(2 mM). The samples were stored at 4�C until extraction.

DNA was extracted using silica columns (QiaQuick 96 Kit,

Qiagen) according to the procedure advised by the manu-

facturer. After extraction, DNA concentration was mea-

sured with a NanoDrop ND-1000 spectrophotometer

(peQlab-Biotechnologie) and DNA was subsequently

diluted to obtain samples of approximately 50 ng ll-1.

We tested the cross-amplification of a set of 29 micro-

satellite markers by trial and error (Table 1). Twenty-six of

them were originally developed for passerines. Three were

isolated in the Tasmanian Native-hen Gallinula mortierii

(Buchan 2000), a species belonging to the same family as

the European Coot, as the probability of successful

amplification and polymorphism is inversely related to the

evolutionary distance between the two species (Primmer

et al. 1996, 2005). One primer of each pair was labelled

with a fluorescent dye at the 50 end. We used a Taq PCR

Core Kit (Qiagen) to perform Polymerase chain reactions

(PCRs). Each 10-ll volume/sample contained: 1 ll of

Qiagen PCR Buffer 109 (TrisCl, KCl, (NH4)2SO4, 15 mM

MgCl2, pH 8.7), 0.75 ll of dNTP Mix (10 mM of each),

0.2 ll of each primer at 10 lM, 0.05 ll of Qiagen Taq

DNA Polymerase 5U, 1 ll of DNA and H2O. For Pca-8,

Tm-27 and Tm-105 we added 1 ll of MgCl2 (15 mM) and

accordingly decreased the amount of H2O. Samples were

amplified in a DNA gradient cycler (PTC-200, Peltier

Thermal Cycler) according to: 10 min of initial denatu-

ration at 94�C; 35 cycles of 94�C for 30 s, corresponding

annealing temperature (Ta) for 30 s and 72�C for 40 s; and

a final extension of 72�C for 10 min. Five ll of the PCR

products were controlled under UV light after electropho-

resis on a 2.5% TAE-agarose gel stained with ethidium

bromide. Thirteen of 26 passerine primers (50%) and all

three Tasmanian hen primers successfully amplified

(Table 1). Their amplification products were tested for

polymorphism on an ABI PRISM 3100 Genetic Analyzer

(Applied Biosystems) sequencer, except for Pca-7 that

amplified a sequence longer than 1000 bp. We read the

runs with GeneMapper v3.7 (Applied Biosystems).

Results and discussion

One primer (HrU-3) gave PCR products that were not

readable and its PCR conditions would need to be

improved by increasing the Ta. Four microsatellites were

monomorphic, while nine were polymorphic with 2–6

alleles (Table 1). The expected heterozygosity (He) in nest

1 was 0.440 (Ho = 0.556) with 2.22 alleles per locus. The

genetic variability was slightly higher in the second nest

with He of 0.494 (Ho = 0.630) and 2.56 alleles per locus.

Given the small sample size, we did not run a Hardy–

Weinberg equilibrium test nor tested for null alleles. The

proportion of passerine primers that amplified and were

polymorphic was exceptionally high given the evolutionary

distance between passerines and rails, suggesting that

additional passerine primers might be successfully

amplifyed in this species. Indeed, previous studies of cross-

amplification among bird species predicted 20% of

amplification and less than 10% of polymorphism

(Primmer et al. 1996), or 30% and 17.5%, respectively

(Primmer et al. 2005). Cross-amplification tends to produce

shorter alleles (Van Hooft et al. 1999). Two of the poly-

morphic loci (Ase-18 and FhU-2) had sizes of less than

50 bp and may therefore be prone to misgenotyping due to

a low resolution of current sequencers in that size region

and should be used with caution. However, the banding

pattern had been clear and consistent between runs on the

ABI PRISM3100 Genetic Analyzer used here.

The origin of our samples from two nests limits our

cross-amplification results in regard to the number of

alleles and heterozygosity reported. However, a marker

that is already polymorphic in a small sample size is very

likely to be highly polymorphic in a larger sample size. Our

results are therefore good indicators of the polymorphism

of the amplified markers in a population.

For the first time, we provide nine polymorphic

microsatellite markers that are of potential use in future

studies of genetic variability, population structure and

reproductive strategy of wild populations of the

European Coot F. atra.

Zusammenfassung

Polymorphe Mikrosatelliten, identifiziert durch

zwischenartliche Amplifizierung beim Europäischen

Blässhuhn (Fulica atra)

Wir prüften die zwischenartliche Amplifizierung vonins-

gesamt 29 Mikrosatelliten in 8 Europäischen Blässhühnern

aus 2 Populationen. Davon waren 26 spezifisch für Sper-

lingsvögel und 3 für den Genus Gallinula. 16 der Mikro-

satelliten amplifizierten erfolgreich und 9 waren mit

2–6 Allelen polymorph (Mittelwert = 3.7 Allele). Die

erwartete Heterozygotie (He) pro Mikrosatellit reichte von

0.375–0.805 (Mittlere He = 0.589). Im Mittel fanden

wir 2.22 Allele pro Locus und eine mittlere He von

0.440 im ersten Nest, und 2.56 Allele pro Locus und

eine mittlere He von 0.494 im zweiten Nest. Die 9 poly-

morphen Mikrosatelliten sind von potentiellem Nutzen für

Studien der genetischen Variabilität, der genetischen
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