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TECHNICAL NOTE
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Abstract The papillose woolly bat (Kerivoula papillosa)
is one of the most well known species of an understudied
bat genus that may be particularly vulnerable to distur-
bance and fragmentation events. We describe 22 novel
microsatellite loci, 17 of which are polymorphic in
K. papillosa, and one of which is polymorphic in a related
species K. pellucida. When tested in a single population,
none of the markers significantly deviated from Hardy-
Weinberg expectations, showed the presence of null alleles
or exhibited linkage disequilibrium. These markers will be
useful in determining impacts of forest fragmentation on
this species.
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Introduction

The woolly bats of the genus Kerivoula are an understudied
animal group distributed within the Asian and African
tropics, and are represented by ten Asiatic forest-dwelling
species (Vanitharani et al. 2003). Taxonomic and ecolog-
ical knowledge of the genus is limited because these
species have been infrequently encountered historically.

The papillose woolly bat, Kerivoula papillosa, is the
largest and most well known of the Asiatic Kerivoula and
is distributed from India to Sulawesi (Vanitharani et al.
2003). Although it is moderately common in undisturbed
forests (Kingston et al. 2003; Struebig et al. 2006), its
adaptations to foraging and roosting in these habitats
(Kingston et al. 2003) suggest that forest disturbance and
fragmentation may pose serious threats. Microsatellite
markers will prove useful for studying the conservation
genetics of this species.

Genomic DNA was extracted from liver of a male
K. papillosa individual collected from Krau Wildlife
Reserve, Pahang, Peninsular Malaysia, using a salt pre-
cipitation method (Bruford et al. 1998). DNA was digested
with Mbol (QBIOgene) and 200-800 bp restriction frag-
ments used to produce two genomic libraries—one
unenriched, and one enriched for dinucleotides and tetra-
nucleotides ((AG),,(AC),, (AAAG),, (GTAA),, (GATA),,
(CTAA),, (TAAA), and their complements), using the
protocol of Armour et al. (1994) as modified by Gibbs
et al. (1997). For both libraries, Mbol DNA fragments were
ligated into pUC19BamHI/BAP (QBIOgene), and trans-
formed into XL1-Blue competent cells (Strategene).

From the unenriched library, two thousand recombinant
clones were screened by hybridisation to the dinucleotide
and tetranucleotides probes as listed above, along with
(TTTC) ,. All probes were radiolabelled with [**P]-dCTP
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except (TAAA),, which was radiolabelled with [o¢**P]-
dATP. Sixty-one (3%) positive clones were identified , of
which thirty-five were sequenced (EMBL Accession
numbers AM157680-157702 and AM180142-180152).
Twenty-nine primer pairs were designed. From the enri-
ched library, 384 clones produced 25 positives (7%).
Twelve enriched positives were sequenced (AM408241—
408252) and seven primer pairs were designed. In total, 36
primer pairs were designed, all using Primer3 software
(Rozen and Skaletsky 2000). The 5" end of the forward
primer of each pair was fluoro-labelled and for some loci
‘pigtail’ modifications were added to the reverse primer
(Table 1) to reduce noise from variable adenylation during
the PCR (Brownstein et al. 1996).

Primers were initially tested for amplification and
polymorphism using 24 individuals from a single popula-
tion at Krau Wildlife Reserve. To identify optimal PCR
conditions, loci were tested with a range of twelve different
annealing temperatures and four different MgCl, concen-
trations on a T gradient thermocycler (Biometra). Each
10-uL PCR reaction contained 1.5 pmol of each primer,
0.15 mM of each ANTP, X mM MgCl, (X was either 1.5,
2.0, 2.5 or 3.0 mM) using 0.5-1.0 unit Gold Tagq poly-
merase (PE Applied Biosystems) in the manufacturer’s
buffer. The following PCR thermo-cycling profile was used
on a DNA Engine Tetrad Thermal Cycler (MJ Research):
95°C for 15 min; followed by 36 cycles of 95°C for 30 s,
Y°C annealing temperature (Y was between 50-65°C for
30 s, and 72°C for 30 s; followed by 72°C for 10 min.

Allele sizes were assigned on an ABI 3700 Sequencer
using GENOTYPER 3.6 NT software (PE Applied Bio-
systems). Primer pairs that yielded scorable products and
amplified at least 3 alleles in a minimum of ten individuals
were used to genotype between 39 and 69 K. papillosa
individuals, most of known sex from Krau Wildlife
Reserve, to assess genetic diversity more fully. A minimum
of 10 individuals of each known sex were included. PCR
reactions were performed as before but using the optimum
MgCl, and annealing temperatures previously identified
(Table 1). Null allele frequencies and observed and
expected values of heterozygosity were calculated using
CERVUS version 2.0 (Marshall et al. 1998). Tests for
linkage disequilibrium and departures from Hardy-Wein-
berg equilibrium were performed using a Markov-chain
method implemented in GENEPOP v3 (Raymond and
Rousset 1995).

Of the 36 primer pairs optimised, 22 produced scorable
products (Table 1). Seventeen markers were polymorphic
and the number of alleles when genotyped in 10-69 indi-
viduals ranged from 2 to 19 (Table 1). Null allele
frequency estimates were less than 0.05 for all but three
loci (Kpa26, 0.07; Kpa30, 0.06; and Kpa35, 0.08) and none
of the loci significantly deviated from Hardy—Weinberg

expectations after Bonferroni correction for multiple
comparisons. Marker independence was indicated by the
absence of significant linkage disequilibrium for any pair
of loci after Bonferroni correction but these tests are
limited, since some loci were tested in few individuals and
Kpa20, Kpa46 and Kpa47 were genotyped in a different
selection of individuals.

Six of the seven loci with <2 alleles in K. papillosa
were tested in ten individuals of a related species,
Kerivoula pellucida. Four loci did not amplify and one
locus was monomorphic. However, locus Kpal7 was
polymorphic with 6 alleles (250-285 bp), suggesting that
several of the other 16 loci will prove useful for genotyping
related species.

All 22 loci amplified in females (XX), so none are Y
linked. When the sequences for the 22 loci were compared
to the human genome sequence, 8 loci were assigned an
autosomal chromosome location (E-val < 107> or better)
but no loci were assigned to either of the human sex
chromosomes (Table 1). Of the fifteen polymorphic loci
tested in a minimum of 10 male (XY) individuals, all loci
amplified some heterozygotes, suggesting none were
X-linked (Table 1). It was not possible to test reliably for
sex linkage at the other loci.

The polymorphic loci will be used to study the popu-
lation genetic structure and dispersal of K. papillosa bats
across continuous and discontinuous forest landscapes in
Malaysia. Many loci should also prove useful for genetic
studies of the nine other Kerivoula species and for perhaps
some of the more closely related vespertilionid bat species.
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