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Abstract

In most cooperative breeders, reproductive skew is high. However, in the banded mon-
goose, Mungos mungo, multiple females reproduce concurrently within a social group, indi-
cating that skew is relatively low in this species. In order to evaluate the degree of
reproductive skew in the banded mongoose, we identified 14 polymorphic microsatellite
loci for parentage analysis. Markers were found to have low levels of variability in this
cooperative breeder, and several loci were found to be polymorphic in another member of
the Herpestidae, the slender-tailed meerkat (Suricata suricatta). For the banded mongoose,
this suite of polymorphic loci provides a paternity exclusion of over 90%.
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Kin selection theory predicts that cooperative breeding
would evolve in populations in which dispersal is limited
and localized inbreeding occurs (Hamilton 1964). Con-
sequently, levels of genetic variability might be expected
to be low in cooperative breeders (e.g. Pope 2000). Micro-
satellite markers are ideal for the study of such popu-
lations, because their high mutation rates make them
highly polymorphic (Bruford & Wayne 1993; Nauta &
Weissing 1996). Moreover, conservation in the sequences
flanking the microsatellite repeats means that primers
developed for one taxa may amplify variable regions in a
wide range of divergent taxa.

The banded mongoose is a cooperative breeding species
that occurs in social groups comprising 5-40 individuals of
different ages and both sexes. In contrast to other social
mongooses such as the meerkat (Suricata suricatta), in
which reproductive skew is high (Clutton-Brock ef al. 2001),
multiple, concurrent pregnancies are known within banded
mongoose social units. We were interested in assessing the
degree of reproductive skew in the banded mongoose by
identifying parentage and examining kinship levels within
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and between social groups. Initially, we selected and
screened a selection of 45 microsatellite loci developed for
other taxa. These included some developed for another
Herpestidae, the slender-tailed meerkat, Suricata suricatta
(Griffin 1999), and several for the Fissipedia (Felis and
Canis; Ostrander et al. 1995; Menotti-Raymond et al. 1999).
Of those screened that produced identifiable target prod-
ucts, only three were polymorphic, all of which were
derived from the slender-tailed meerkat (Ss7.1; Ss11.12;
5510.1). However, differential amplification was observed
among the alleles and consequently, priming sites were
repositioned further from the microsatellite repeat region,
in both the upstream and downstream directions. Modi-
fied priming sites successfully improved amplification of
all alleles (Table 1). To identify additional microsatellite
loci for parentage testing, we constructed a phagemid
library specific for the banded mongoose, screening it for
(TG),, (GATA),, (AAAC), and (AAT),, repeats.

Genomic DNA for library construction was extracted
from organ tissue provided by the Oregon Zoo (Portland,
USA). DNA was extracted using a DNeasy Tissue kit
(Qiagen) and approximately 5 ug of the genomic DNA
were digested with Sau3al (Gibco-Invitrogen). Fragments
were size separated on a 2% agarose gel and isolated by
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Table 1 Characteristics of polymorphic loci in the banded mongoose. Values are based on a sample of 15 individuals for Mungos mungo,
all of which were selected from different groups and were presumed to be unrelated, using the programs cervus (Marshall et al. 1998) and

GENEPOP (Raymond & Rousset 1995)

M. mungo S. suricatat
No. of No. of
Locus (aN) Primers (5"-3") Repeat T,(°C)  Sizerange  alleles  H PIC alleles
Ss7.1* F gCTACCTGTTTTCAAATATGCC (GT),,(2G) 4, 52 181 4 0.66  0.61 1
R cCAAAGCCTCAGAAATCCC
Ss10.1* F GTGAGTAGATACTTTATCATCC (CR),y 52 154 4 0.64 057 3
R ACCAGGAACATTGAAGCC
Ss11.12* F CTCATTTTCAGGAAATTTTCATCC  (GT),, 54 153 8 0.68 0.63 4
R TCATCATTCTTTTCCCTAGC
Mm10-7 F CTATGAATGAAGGGGAGCAG (TG),,A(TG), 57 195 3 046 039 1
AY142693 R AGACAGGCTGGGTCAAAGTGA
Mm7-5 F GGAGGCAGGAAATGAGATG (GT),A(TG)5 57 137 2 014 013 2
AY142694 R GGGTGAGGTGGCACTCTTG
Mmé6 F CCGTGGAGGGTTCGACAGC (CACACG), 55 129 2 0.10  0.08 1
AY142695 R GAAGACAATCTCGCAGGAG
Mm18-1 F CTACAAGATGTTTGATTATATTG @)y 57 144 3 040 031 3
AY155580 R CAGAAGGTGTATTAATTAGCTG
Mm2-10 F CTTCTCGTGTGCCCAAGTCCT (TG) ,GA(GT),, 56 173 2 032 026 2%
AY142696 R CTGCCAGATGGGGTGACAAC
Mm2-3 F GATTTGGAGGAGTAGGTGG (TG),(GT), 54 157 2 040 030 2%
AY142697 R TTGGATCAGCTCTGGGACC
Mm18-2 F TTGTTGCTGATTGTCTTC (TG)g 55 208 3 047 037 1
AY142698 R CAAGGTTCAGAAACTATGGA
Mm18-3 F TTCTTAGAAGACAGTGACGCC (©)g 59 183 2 030 024 1
AY146696 R CAGTGTGTTTCTCCATGTCTCC
Mm19 F GAACACCTTTCATCACTACT (TG 57 173 4 036 033 1
AY142700 R GCCACTATTCCAAGTCAG
MmAAAC6  F CAACATGGAGCCTCCTTGGG (ARAC), 58 105 3 054 043 2
AY142702 R TCTAAACCAGACTAGAAAGTG
MmAAAC5  F GTTGGGCTTTGCACTGACA (AAAC); 58 214 3 049 040 3
AY142703 R GAAGAATGGACCCCTACAG

*Suricata suricatta sequences courtesy of A. Griffin, University of Edinburgh. tSample of 6 individuals screened. $All heterozygotes.

centrifugation of excised gel fragments into two size cat-
egories: 200-350 bp and 350-550 bp. Digested DNA was
then ligated into Lambda Zap Express (Stratagene) as out-
lined in the manufacterer’s guidelines in a 2: 1 DNA to
vector ratio. Cloning methods followed those outlined by
Hughes & DeLoach (1997). Lifts were carried out using
Hybond N (Amersham-Biosciences) filters and approx-
imately 500000 plaques were screened using (TG),,
(AAACQ),, (GATA), and (AAT), oligos, labelled by incor-
portation (Oligolabelling kit, Amersham-Biosciences).
Collectively, 186-(TG),,, 10-(AAT), gy, 11-(AAAC), and six-
(GATA)g g9 positive plaques were identified. One hun-
dred and forty-five inserts were recovered using Ex-Assist
helper phage (Stratagene). These were sequenced using an
ABI sequencing machine at the Institute for Molecular
Biology and Biotechnology (McMaster University) and the
DNA sequencing facility at Cambridge University. Primers

© 2003 Blackwell Publishing Ltd, Molecular Ecology Notes, 3, 236—-238

were developed for 82 of the sequences using the software
package PRIMER v3 (Rozen & Skaletsky 2000). DNA was
then extracted from tail tips of individually identifiable
banded mongooses from our study population in Queen
Elizabeth Park, Uganda, using the DNeasy tissue extrac-
tion kit (Qiagen) or 10% Chelex 100™. (with 0.5 mg/mL
proteinase K, 200 mMm dithiothreitol). A subset of 14-30
randomly selected individuals was used to screen for poly-
morphic loci. Polymerase chain reactions (PCRs) were
carried out in 10 pL reaction volumes in a buffer of 100 mm
Tris (pH 8.3), 500 mm KCl, 0.1% Tween 20, 0.1% gelatin,
0.1% NP40, 15 mm MgCl,, 0.1 mm dATP, DTTP, dGTP and
0.01 mMm dCTP. Each reaction used 400 nm of each primer,
0.1 uCi [032P]-dCTP, and approximately 0.2 U Taq. Alleles
were run on a 6% polyacrylamide gel and visualized using
autoradiographs. Collectively, nine of the 82 species-
specific loci and three cross-species loci were polymorphic
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with easily recognizable phenotypes (Table 1). Some of the
loci derived from the banded mongoose were also found to
be variable in the meerkat (Mm7-5; Mm18-1; MmAAAC;;
MmAAAC; Mm2-10; Mm2-3; Table 1).

As predicted, levels of variability were low in this co-
operative breeding species. Polymorphic loci identified
had between two and eight alleles, with an average hetero-
zygosity of 0.46 (range 0.14 to 0.68). Nevertheless, pater-
nity analysis based on these polymorphic loci provide an
assignment probability of over 90%. Using these 12 loci,
parentage analysis will be used to confirm the maternity
of pups to known pregnant females, and to evaluate the
extent of reproductive skew among male group members
for the banded mongoose.

Acknowledgements

The authors are extremely grateful to the Oregon Zoo for pro-
viding tissue samples for this cloning work. We also wish to thank
Dr B N White (McMaster University) and B. Amos (University of
Cambridge) for providing access to their laboratory facilities to
conduct this work. Funding for this work was provided by a Royal
Society grant to J.P.

References

Bruford MW, Wayne RK (1993) The use of molecular genetic
techniques to address conservation questions. In: Molecular
Techniques in Environmental Biology (ed. Garte SJ) pp. 11-28,
CRC Press, Boca Raton, FL, USA.

Clutton-Brock TH, Brotherton PNM, Russell AF et al. (2001) Co-
operation, control, and concession in meerkat groups. Science,
291, 478-481.

Griffin A (1999) A genetic analysis of cooperative breeding in
meerkats. PhD Thesis, University of Edinburgh, UK.

Hamilton WD (1964) The genetical theory of social behavior.
American Naturalist, 97, 354-356.

Hughes CR, Deloach DM (1997) Developing microsatellites when
they are rare: Trinucleotide repeat loci in the northern mocking-
bird Mimus polyglottos. Molecular Ecology, 6, 1099-1102.

Marshall TC, Slate J, Kruuk LEB, Pemberton JM (1998) Statistical
confidence for likelihood-based paternity inference in natural
populations. Molecular Ecology, 7, 639-655.

Menotti-Raymond M, David VA, Lyons LA et al. (1999) A genetic
linkage map of microsatellites in the domestic cat (Felis catus).
Genomic, 57, 9-23.

Nauta MJ, Weissing FJ (1996) Constraints on allele size at micro-
satellite loci: Implications for genetic differentiation. Genetics,
143, 1021-1032.

Ostrander EA, Mapa FA, Yee M, Rine ] (1995) One hundred and
one simple sequence repeat-based markers for the canine
genome. Mammalian Genome, 6, 192-195.

Pope TR (2000) Reproductive success increases with degree of kin-
ship in cooperative coalitions of female red howler monkeys
(Alouatta seniculus). Behavioral Ecology and Sociobiology, 48, 253~
267.

Raymond M, Rousset F (1995) GENEPOP Version 1.2. Population
genetics software for exact tests and ecumenicism. Journal of
Heredity, 86, 248-249.

Rozen S, Skaletsky HJ (2000) Primer 3 on the WWW for general
users and for biologist programmers. In: Bioinformatics Methods and
Protocols: Methods in Molecular Biology (eds Krawetz S, Misener S),
pp. 365-386. Humana Press, Totowa, NJ (http://www-
genome.wi.mit.edu/genome_software/other/primer3.html).

© 2003 Blackwell Publishing Ltd, Molecular Ecology Notes, 3, 236—-238


http://wwwgenome.wi.mit.edu/genome_software/other/primer3.html).

