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Abstract We isolated 137 unique microsatellite loci from
an enriched Light-bellied Brent goose (Branta bernicla
hrota) genomic library. Thirty-seven polymorphic loci
were characterised in 24 unrelated individuals sampled
from a Light-bellied Brent goose population located at
Ringneill quay in Strangford Lough, Northern Ireland. The
37 polymorphic loci displayed between 2 and 38 alleles.
Sequence homology was used to assign a predicted chro-
mosome location for 31 polymorphic loci (31 in the
chicken (Gallus gallus) and 30 in the zebra finch (Taeni-
opygia guttata) assembled genome). Two polymorphic
microsatellite loci were Z-linked based on the typing of
known sex individuals (24 females and 25 females) and
sequence homology.

Keywords Aves - Branta bernicla hrota - Brent goose -
Microsatellite - Predicted genome locations - Z-linked loci

The East Canadian High Arctic (ECHA) population of the
Light-bellied Brent goose (Branta bernicla hrota) breeds in
the Canadian eastern Queen Elizabeth Islands, stages in
western Iceland and winters around the coast of Ireland
(Robinson et al. 2004). This species is amber listed in the
Birds of Conservation Concern in the UK because 50% or
more of the non-breeding population can be found at 10 or
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fewer sites (Eaton et al. 2009). We have isolated and
characterised new microsatellite loci in the Light-bellied
Brent goose in order to investigate kin structure and
relatedness in the migratory flyway.

Genomic DNA was extracted using an ammonium
acetate precipitation method (Nicholls et al. 2000). A
microsatellite-enriched library was constructed from a
single female ECHA Light-bellied Brent goose (ring
combination NZRY) sampled at Alftanes, Iceland in 2008.
The library was constructed using the method of Armour
et al. (1994) and enriched for the following di- and tetra-
nucleotide microsatellite motifs: (GT),, (CT),, (GTAA),,
(CTAA),, (TTTC), and (GATA), and their complements,
which had been denatured and bound to magnetic beads
following Glenn and Schable (2005). Transformant colo-
nies were not screened for the presence of a repeat region
but were directly sequenced by the NERC Biomolecular
Analysis Facility at the University of Edinburgh.

A total of 137 unique Light-bellied Brent goose micro-
satellite sequences were isolated (EMBL accession num-
bers: FN691780-FN691904 and FN812687-FN812698).
Primer sets were designed for all 137 unique microsatellite
sequences using PRIMER3 (Rozen and Skaletsky 2000).
Fifty-two primer sets were initially tested for amplification
and polymorphism in two unrelated Light-bellied Brent
goose individuals from the ECHA population. The two
individuals were amplified using a gradient of 12 different
annealing temperatures (56-64°C) using a DNA Engine
Tetrad 2 thermal cycler (MJ Research, Bio-Rad, Hemel
Hempstead, Herts., UK). Polymorphic loci were typed in 24
additional individuals using the temperature that produced
the cleanest and strongest PCR product when observed on a
1.5% agarose gel stained with SYBRSafe. Each 2-ul PCR
contained approximately 10 ng of lyophilised genomic
DNA, 0.2 uM of each primer and 1 pul QIAGEN multiplex

@ Springer
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- 3 PCR mix (QIAGEN Inc.; Kenta et al. 2008). PCR amplifi-
Z % é g cation was performed using a DNA Engine Tetrad 2 thermal
A L: A C; cycler (MJ Research, Bio-Rad, Hemel Hempstead, Herts.,
- - T UK) with the following program: 95°C for 15 min, followed
== = by 35 cycles of 94°C for 30 s, annealing temperature
- < § E (Table 1) for 90s, 72°C for 1 min, and finally 60°C
5 % g N N ol for 30 min. Amplified products were loaded an ABI 3730
£52|&é Lé 48-well capillary DNA Analyser (Applied Biosystems,
_ o 2 California, USA) and allele sizes were assigned using
E o s | - & GENEMAPPER v3.7 (Applied Biosystems, California,
2 é; gl 2 i; g USA). Individuals were sex-typed with the ZO02A primer set
g 5 (Dawson 2007) to enable the identification of sex-linked loci.
I =}
f: S B ZI Of the 52 loci tested in two individuals, 9 loci did not did
(=)
§ o not amplify or produced non-specific product, 6 were
& 2 < f monomorphic and 37 were polymorphic (Table 1). These 37
< [ . . . . ..
g g polymorphic loci were then typed in 24 unrelated individuals
S § § % = (12 male/12 female) belonging to the ECHA population and
%5 E sampled at Ringneil Quay in Strangford Lough, Northern
< <o 7‘§§ § Ireland (Co-ordinates: 54.51584 N, 5.64585 W). The 37
< o -‘é g8 polymorphic loci displayed between 2 and 38 alleles when
Z é : genotyped in the 24 individuals. Two loci (Bbh008, Bbh067)
- sc § i displayed a genotype pattern consistent with linkage to the Z
E ? e %2 S e % chromosome with both loci being homozygous in all 24
SZ2g (5 £ % f female individuals amplified but were heterozygous or
S I 2 é 2 homozygous in 25 males. A Fisher’s Exact test comparing
]
B S % numbers of male and female homozoygotes confirmed
E‘ g ;—.; 5@ 2 that both loci were Z-linked (both P-values <0.001).
SE3 %) g 2 Observed and expected heterozygosities, and predicted null
. - ;"E f allele frequencies were calculated using CERVUS v3.0.3
= N & ; %0 (Kalinowski et al. 2007). Tests for departures from Hardy—
8 g 35 % Weinberg equilibrium and assessment of genotypic disequ-
& g 3 3 : 5 librium were conducted in GENEPOP v3.4 (Rousset 2008).
o & & ;:';‘ Three loci deviated from Hardy—Weinberg equilibrium after
E o €3 correction for multiple tests (Bbh115, Bbh131, Bbh133)
2 (E s é- % (Rice 1989). Seven loci displayed a high predicted null allele
5 3 5 o 5 frequency (Table 1). Nine pairs of loci showed evidence of
_ % § é 2 ‘; linkage disequilibrium (Bbh018-Bbh056, Bbh021-Bbh129,
T g & -q'é 2 8 Bbh027-Bbh115, Bbh043-Bbh070, Bbh083-Bbh135, Bbh
< E EE: éé = 083-Bbh136, Bbh112-Bbh062, Bbh113-Bbh086, Bbh126—
§ g SE E Bbh056) however following a sequential Bonferroni cor-
g 8 5 § E % rection, no pairs of loci showed evidence of linkage dis-
g Eé § éfﬁ g equilibrium. Fifteen markers were selected for the creation
£ oo °Z g of a multiplex marker set (Table 1).
_ g & g Predicted chromosome locations were assigned by
%% 52626 % é = comparing the sequence of the Light-bellied Brent goose
& E g & o 2 with the location of its sequence homolog on the chicken
< s § ::F (Gallus gallus) genome and zebra finch (Taeniopygia
3|2 = § 5 8 guttata) genome assemblies (methods as in Dawson et al.
2|2 z éf g 2006, 2007). A genome map was prepared using MapChart
§ ig 2 software (Voorrips 2002) (Fig. 1). Two loci were less than
- -3 % & 2 1 Mb apart in the chicken genome (Bbh086 and Bbh126)
% z g E 2_ g g and therefore may be physically linked in the Light-bellied
=S EN <20 Brent goose.
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Ggal TgulA Gga2 Tgu2 Ggad Tgwd
Bbh113 () Bbh047 ~0)—— - Bbh047" N Bbh087
Bbh089 —H——" 1 Bbh089 +*Bbh083 ] | ™ Bbh083u / Bbh062

Bbh075 ——— [~ Bbh075 * Bbh094~{ || pio31  Bbho87+] /
Bbh128 Bbh062 -T]|
Bbh031 -T1” \MH~ Bbh094
Bbh130 | Bbh130 Bbh129 - [[ Bbh128
Bbh112 .~ ] T~H-Bbh129
Bbh091-Hy N .
Bbho68 /| |\ | |/ Bbh018 Bbh123 —~—1 Bph123
Bbh021 /1 \ | |/ BPh068 Gga5 Tgus
Bbh018 H_BbhooL* 9 o
Bbh112 Bbh120 ———— (- Bbh120" N N
*ggzégé | ——Bbh021 Bbh136 —|~———H— Bbh136* Bbh135 —H—— - Bbh135
Bbh126 27 -
Bib12e H % |/ Bonl26 +Bbh0 Bbh027
Bbh056 | Bbh056 *
L Bbh029 ——H——[-— Bbh029
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Y Bbh011 ﬂ/ﬁ Ggaz Tguz
Tgul N N
Bbh008
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Bbh067 —
Bbh008
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Fig. 1 Chromosomal locations on the chicken (Gallus gallus) and
zebra finch (Taeniopygia guttata) assembled genomes of thirty-one
microsatellite loci which are polymorphic in the Light-bellied Brent
goose (Branta bernicla hrota)—location assignments were based on
sequence homology and BLAST comparisons made against the zebra
finch genome assembly (using the assembled zebra finch genome as
released on 5/3/2009 version Taeniopygia guttata-1.1 http://www.ncbi.
nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=59729) and
chicken genome assembly (using the assembled chicken genome as
released on 29/11/2006 version Gallus gallus-2.1 http://www.ncbi.
nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9031). Genome

These polymorphic microsatellites will be useful for
population genetics studies of Branta bernicla and may
also be of utility in studies of endangered congeners such
as the Hawaiian goose (Branta sandvicensis) and the red-
breasted goose (Branta ruficollis).
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