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Abstract We identified 247 unique ruff (Philomachus
pugnax) microsatellite sequences. Primer sets were
designed from 102 selected loci and tested in 12-24 indi-
viduals from a captive population. Sequence homology was
used to assign locations in the chicken (Gallus gallus) and/
or zebra finch (Taeniopygia guttata) genome for the
majority of these loci. Fifty-two loci were found to be
polymorphic and 47 of these were typed in known families.
Forty-six loci displayed Mendelian inheritance including
Ppu058, which was confirmed to be Z-linked by the
complete absence of any heterozygous females.

Keywords Lek - Male morphs - Microsatellite -
Scolopacidae - Shorebird - Simple tandem repeat (STR)

We have isolated and characterized microsatellite markers
for the ruff (Philomachus pugnax). The ruff is a lekking
shorebird with an autosomal genetic polymorphism for
male mating behaviour (Lank et al. 1995) and belongs to
the Scolopacidae family. A proportion of the ruff micro-
satellites isolated will be of utility in closely related species
(Primmer et al. 1996), including other species of Scol-
opacidae (n = 88, Sibley and Monroe 1990). Within this
family, several species are of conservation concern,
including the critically endangered spoon-billed sandpiper
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(Eurynorhynchus pygmeus; IUCN Red List, Birdlife
International).

Blood was collected from captive ruff individuals at
Simon Fraser University, Canada (population maintained
by DBL since 1985), and stored in absolute ethanol.
Genomic DNA was extracted using ammonium acetate
(Nicholls et al. 2000).

Two ruff microsatellite-enriched libraries were created
following Armour et al. (1994). For both libraries, genomic
DNA from a single female ruff (Bird ID 6233) was
digested with Mbol, size selected (178-856 bp) and enri-
ched for (CA),, (CAG),, (GCC),, (TTTC), and their
complements. The first library was additionally enriched
for (AT),. Clones were sequenced in both directions using
BigDye terminators and a consensus sequence created. We
used BlastN 2.2.4 software (Altschul et al. 1997) to check
for duplication of new and published ruff microsatellites
(n = 9 published, Thuman et al. 2002). In total, 247 unique
microsatellite sequences were identified and primers
designed for 102 loci using PRIMER3 (Rozen and Ska-
letsky 2000; Tables 1, 2). Primers were designed for just
three of the 104 sequences that contained only mononu-
cleotide (A or T) repeats (Ppu017, Ppu033 and Ppu071).

One hundred and two markers were tested in 12-24
known-sex individuals using multiplex PCR. Each 2-ul PCR
contained approximately 10 ng of genomic DNA, 0.2 pM of
each primer and 1 pl Qiagen Multiplex PCR Mix (Qiagen
Inc.; Kenta et al. 2008). PCR amplification was performed
using a DNA Engine Tetrad 2 Thermal Cycler (MJ Research,
BioRad UK) with the profile: 15 min at 95 °C, followed by
35 cycles of 94 °C for 30 s, annealing temperature
(Tables 1, 2) for 90 s, 72 °C for 1 min, and a final step of
60 °C for 10 min. Products were loaded on an ABI3730
Genetic Analyzer (Applied Biosystems) using ROXS500 size
standard and genotypes scored with GENEMAPPER v4.0
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Fig. 1 Chromosomal locations in the chicken and zebra finch assessed in 12 individuals; all other loci were tested in 24

genomes of 102 ruff microsatellite loci. Locations were assigned as
in Table 1. Gga, chicken (Gallus gallus) chromosome; Tgu, zebra
finch (Taeniopygia guttata) chromosome; Underlined loci are poly-
morphic, loci listed in bold were monomorphic (*polymorphism

software (Applied Biosystems). Observed and expected
heterozygosities were calculated using CERVUS v3.0
(Kalinowski et al. 2007; Table 1). Deviations from
Hardy—Weinberg equilibrium (HWE) and linkage disequi-
librium were assessed using GENEPOP v.4.0 (Rousset
2008). All loci were assessed for Hardy—Weinberg equilib-
rium and linkage disequilibrium in captive individuals,
selected to avoid parent—offspring relationships and full
and half sibs. Polymorphic loci were suspected of Z-linkage
if no females were heterozygous. Mendelian inheritance
was assessed in 64 families, consisting of both parents and
5-33 offspring per family, comprising 381 known-sex
individuals. Any Z-linked loci were tested for HWE in males
only.

@ Springer

individuals); Loci listed in italics failed to amplify a product or
amplified a stutter/unreliable product (Table 2) and the loci in plain
text have not been tested for amplification or polymorphism

Of the 102 markers tested, 23 were monomorphic, 27
failed to amplify or amplified a stuttery/unreliable product,
and 52 were polymorphic (Tables 1, 2). Five polymorphic
autosomal loci (Ppu001, Ppu003, Ppu009, Ppu0l0 and
Ppu016) amplified a product >70 bp larger than the cloned
sequence but were all inherited in a Mendelian fashion
(Table 1). In total, 47 of the 52 polymorphic loci were
checked for Mendelian inheritance, which was confirmed
for all except Ppu002 (Tables 1, 2).

A high proportion of sequences (85 %) could be
assigned locations in both the zebra finch and chicken
genomes based on sequence homology (following Dawson
et al. 2006, 2007). Of the 102 newly-isolated ruff micro-
satellites, 95 could be assigned to a chromosome location
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in the chicken, 92 in the zebra finch and 87 in both chicken
and zebra finch (Fig. 1). Only two loci could not be
assigned a chromosomal location in either chicken or zebra
finch (Ppu002 and Ppu008, Tables 1, 2). There was no
statistical difference in the number of sequences that could
be assigned a location to each genome (Fisher’s two-tailed
Exact test p = 0.66). One locus (Ppu058) assigned to both
the zebra finch and chicken Z chromosomes (Fig. 1), was
homozygous in all of the 127 females genotyped, but
heterozygous in 27 of the 140 males typed, confirming
its sex-linked status (Fisher’s two-tailed Exact test
p < 0.001).

Twelve autosomal loci, assessed in 12 individuals, showed
significant deviation from Hardy—Weinberg equilibrium
(p < 0.05) or a deficiency of heterozygotes (Table 1). Three
groups of loci showed evidence of linkage disequilibrium
(p <0.05; Ppu010-Ppu016, Ppu036—Ppu038—Ppu041—
Ppu042—Ppu051-Ppu052, Ppu037-Ppu040; Table 1), how-
ever following FDR correction (Benjamini and Hochberg
1995) no p-values were significant. All loci in each group were
assigned to different chromosomes, except Ppu041-Ppu042,
which are closely neighbouring on chromosome 11 in chick-
ens and zebra finches, and therefore may be physically linked
(Table 1, Fig. 1). The deviation from Hardy—Weinberg
equilibrium and linkage disequilibrium displayed by some
groups of loci is probably due to the non-random structure of
our captive population. However, 46 of the 47 loci checked
displayed a pattern consistent with Mendelian inheritance
(Tables 1, 2).

The microsatellite loci developed during this study are
suitable for the analysis of parentage and population
structure and will be used to construct a linkage map for the
ruff. The utility of these loci in other shorebird species can
be predicted based on the BLAST E-value recorded from a
comparison of their sequences similarity with the chicken
genome (Kiipper et al. 2008, but see also Dawson et al.
2010). The sequences of three loci (Ppu004, Ppu0OO5 and
Ppu030) displayed particularly high sequence homology to
both the genetically distant chicken and zebra finch
(BLAST E-values < E-70; Table 1). These loci are there-
fore expected to amplify in a wide range of species,
including those of conservation interest. Additionally, if
required, these specific loci would be the most suitable to
develop into conserved markers, which would further
enhance their cross-species utility (Dawson et al. 2010).
Any primer sets designed as a consensus among all three
species (ruff, zebra finch and chicken) are expected to
display the highest cross-species utility.
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