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Abstract. The neriid fly Telostylinus angusticollis is being developed as a model organism for experimental research on
developmental plasticity, nongenetic inheritance, ageing and sexual selection. No genetic information is currently available
for T. angusticollis, so to facilitate paternity analyses for experimentation we characterised 17 polymorphic microsatellites
for this species based onMiSeq sequences. The loci had, on average, 4.1 alleles and the observed heterozygosity ranged from
0.250 to 0.889. We show that MiSeq can be used successfully to develop microsatellite markers.
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Neriidae is a small family of true flies (Diptera) notable for
the spectacular sexual dimorphism and male–male sexual
competition seen in many species (de Meijere 1911; Eberhard
1998; Preston-Mafham 2001; Bonduriansky 2006). Two neriid
species are knownendemics inAustralia: the tropicalTelostylinus
lineolatus, which breeds on rotting fruit and also occurs on
several Pacific islands, and the temperate T. angusticollis, which
breeds in rotting tree bark and forms mating aggregations on
damaged trunks of Acacia longifolia and other trees
(Bonduriansky 2006, 2007). T. angusticollis displays a large
range of natural variation in body size and shape, which can be
experimentally replicated in the laboratory by manipulating
larval diet (Bonduriansky 2007, 2009). Interestingly, despite no
obvious forms of paternal investment or care, environmental
variation in male body size is inherited by offspring via a non-
genetic paternal effect (Bonduriansky and Head 2007). This
species is being developed as a model for research on
developmental plasticity, parental effects, ageing and sexual
coevolution (Eberhard 1998; Bonduriansky 2006, 2007, 2009;
Bonduriansky and Head 2007; Kawasaki et al. 2008; Adler and
Bonduriansky 2011, 2013; Bath et al. 2012; Adler et al. 2013;
Sentinella et al. 2013). To facilitate research on this species,
we sequenced fragments of the genome and developed
microsatellite markers for use in paternity analyses and other
genetic analyses.

Neriid flies (T. angusticollis) were collected from aggregations
on the trunks of A. longifolia trees in Fred Hollows Reserve,
Sydney, Australia (33.912�S, 151.248�E) and maintained as a
large outbred population in the laboratory at the University of
New South Wales with ad libitum access to food and water. The
outbred laboratory population was supplemented annually with

new wild-collected flies so that the gene pool of the laboratory
population should resemble thatof thewildpopulation. Inaddition,
inbred lines were established from single mating pairs in August
2010, and maintained in the laboratory through sibling matings.
DNA from twomales of the 16th generation of one inbred linewas
used to develop microsatellites. Flies were frozen at �20�C until
extraction. DNA was extracted from whole flies with a Gentra
PureGene DNA extraction kit (Qiagen) following manufacturer’s
instructions, and1mgof this extractedDNAwas used as a template
for sequencing.A librarywas preparedwith aTruSeqDNAsample
preparation kit (Illumina). Microsatellites were then identified
from data produced on a MiSeq Next-Generation Sequencer
(Illumina) targeting 550 bp fragments using the 2x250 bp read
length configuration. MiSeq data were assembled using ABySS
1.3.0 (Simpson et al. 2009). QDD ver. 2.1 Beta (Meglécz et al.
2010) was used to detect microsatellite repeat motifs and primers
were designed with Primer 3 (Rozen and Skaletsky 2000). We
addedaM13 tail to all forwardprimers.Fluorescently labelledM13
universal primers have lower annealing temperatures than the
sequence-specific primers and anneal to the M13 tails when the
annealing temperature is decreased during PCR (Schuelke 2000).
Weused fourM13 universal primers, each labelledwith a different
fluorescent dye, in order to be able to multiplex four loci when
screening for polymorphisms. The primers used were the M13
primer detailed in Schuelke (2000) and the three universal primers
described by theUCDavisVeterinaryGenetics Laboratory (http://
www.vgl.ucdavis.edu/dogset/help.jsp#m13). We selected 20 loci
with pure microsatellite repeats and screened 20 flies from the
outbred laboratorypopulation for polymorphismsat these loci. The
5mL PCR volume contained 0.5mLmultiplex primer mix (1.5mM

reverse primer, 0.25mM forward primer and 0.375–1.125mMM13
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primers), 2.5mLQiagenMultiplexKit� (Qiagen), 1mLwater and
1mL DNA template. The following touchdown PCR conditions
were used: 15min initial activation at 95�C, followed by cycles of
30 s denaturation at 94�C, 90 s annealing at 62� (5 cycles)/58�

(5 cycles)/55� (5 cycles)/50�C (20 cycles) and 90 s extension at
72�C, followedbyafinal extensionstepof10minat 72�C.Samples
were run on an ABI 3730 DNA Analyser and analysed with
GeneMapper ver. 3.7 software (both Applied Biosystems) using
GS-500 (Liz) as a size standard. The number of alleles per locus
and heterozygosity were calculated in GENALEX (Peakall and
Smouse 2006) and statistical tests were performed using
GENEPOP (Rousset 2008).

The MiSeq run resulted in 16.27 Mega reads that passed the
Illumina chastity filter. These reads were assembled into 95 632
contigs. Because QDD ver. 2.1 Beta could not process 95 632
contigs at the same time, we divided the dataset into several
subsets. Of 59 122 contigs that were longer than 90 bp, 398
contigs contained at least one microsatellite. From the 20 pure
microsatellite loci selected for screening for polymorphism,
17 loci amplified andwere polymorphic (Table 1). Loci Tangus 5
and Tangus 6 as well as Tangus 8 and Tangus 19 showed
evidence for linkage; all other locus pairs showed no evidence
for linkage disequilibrium after sequential Bonferroni correction
(Rice 1989). Without Bonferroni correction, the following locus
pairs appeared to be linked: Tangus 4 and Tangus 19, Tangus 9
and Tangus 10, Tangus 10 and Tangus 12, Tangus 5 and
Tangus 12, Tangus 2 and Tangus 15, Tangus 8 and Tangus 15,
Tangus 12 and Tangus 19. None of the loci showed deviation
from Hardy–Weinberg equilibrium after sequential Bonferroni
correction (Rice 1989) (Table 1). The number of alleles and
observed heterozygosity ranged from 2 to 6 and 0.250 to 0.889
respectively.We designed amultiplex containing eight unlinked,
polymorphic loci of complementary lengths (Table 1). Testing of
the multiplex on five mothers and 16 of their offspring revealed
that Tangus 6 was not suitable for the study population because
mothers and offspring appeared to be homozygous for different
alleles on locus Tangus 6, which indicates the presence of null
alleles. The remaining seven loci in the multiplex and the other
polymorphic loci identified (Table 1) are likely to shed light on
relatedness in future studies.

MiSeq data proved very useful, andwas time and cost efficient
for identifying microsatellites, as has been shown for other next-
generation sequencing platforms (Castoe et al. 2012). Of the
tested microsatellite loci, 85% amplified and were polymorphic.
Our success rate was higher than the 60% success rate (average
of 11 species) from 454 shotgun sequencing reported in Gardner
et al. (2011).

The assembly requirement of MiSeq data may appear as a
disadvantage of our approach but it is offset by two main
advantages: due to the assembler’s requirement for 5-fold
coverage of all contigs, the assembly removes most sequencing
error, improving the reliability of primer design. In our case,
the assembly of one lane of MiSeq data took <24 h (8-core
server with 90GB RAM) and gave quite long contigs (N50
~17 kb). This was most likely a consequence of the
T. angusticollis genome being relatively small (estimated
~170Mbp, comparable to that of Drosophila melanogaster).
The length of contigs will decrease for larger genomes, yet
even for medium-sized genomes a single assembly will yield a

large number of 2 kb contigs. The only disadvantage of the
assembly approach is the requirement for computing facilities,
which are, however, becoming increasingly widely available,
including cloud-based options.
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