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Identification and characterisation of ten microsatellite loci in the Noisy Scrub-
bird Atrichornis clamosus using next-generation sequencing technology.
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Abstract

The Noisy Scrub-bird is an endangered species of songbird endemic to the south coast
of Western Australia that has undergone a major and prolonged population bottleneck.
Using shotgun 454 next-generation DNA sequencing we have identified and
characterised ten polymorphic microsatellite loci in this species. Observed allelic

diversity was relatively low (2-5 alleles per locus) and significant deviations from



Hardy-Weinberg Equilibrium observed, although the presence of null alleles was only
postulated for two loci. The microsatellite loci characterised in this study will be

useful in a future population genetics studies in this endangered species.



The Noisy Scrub-bird (NSB) (Atrichornis clamosus Gould, 1844) is a small semi-
flightless passerine (Danks et al. 1996). The Action Plan for Australian Birds 2010
(Garnett et al. 2011) lists it as Endangered (Blab(iii,v)+2ab(iii,v)) under IUCN Red
List criteria (IJUCN 2011). Discovered in 1842 in the Darling Range, south of Perth,
and was found widespread throughout the south-west of WA. However, by the end of
the 19" century, the NSB was designated "extinct" (Danks et al. 1996). In 1961, NSB
was rediscovered at Mount Gardner (MG) in southwest WA. This severe contraction
of range and population poses a genetic bottleneck risk. Hence, considerable
importance in the ascertainment of levels of genetic variation and inbreeding in this

species is important for future management strategies.

Microsatellites are short tandem repeating DNA which are frequently used as markers
in population studies (Goldstein and Schlétterer 1999). However, they are relatively
less abundant in the avian genome (Primmer et al. 1997). A previous study
(McLoughlin, unpublished) used the screening of a small random shotgun fragment
library method (Taylor et al, 1999) to identify four NSB di-nucleotide microsatellites
and suggested that some genetic variability remained in the population. Enrichment
techniques using oligonucleotide capture hybridisation can also identify microsatellite
loci (Munyard et al. 2009). However, these methods are relatively time consuming
and expensive (Saarinen and Austin 2010). The use of NGS for population genetics
studies is increasing, particularly as it is able to generate considerable sequence
information relatively economically (Csencsics et al. 2010).

DNA was extracted from blood samples using a DNeasy Kit (QIAGEN). DNA was
also extracted from one feather sample (99MO07) using the XytXtract — Animal
(http://www.xytogen.com.au) (Castalanelli et al. 2010). One sample (male: NSB
01M04) was sequenced using a Roche 454 Genome Sequencer FLX at the
Lotterywest State Biomedical Facility: Genomics unit (Royal Perth Hospital, Perth,
Western Australia).

454 sequencing data was screened for tetra-nucleotide repeats (>4 repeats) using
MSATcommander version 0.8.2 (Faircloth 2008). Primer design was performed using
PRIMERS3 version 0.4.0 (Rozen and Skaletsky 2000), screened for self-



complementarity, self-dimerization and hair-pin loops using Oligocalc (Kibbe 2007)
and synthesised by Geneworks (Adelaide Australia).

PCR amplification was performed using 20 ng of genomic DNA, 0.05ul Bioline
MyTaqg DNA Polymerase (5U/ul) and 19.95ul Bioline MyTaq Reaction Buffer master
mix containing 0.75-1uM each of forward and reverse primer using an Eppendorf
thermocycler with parameters set at: denaturing 95°C, 5 minutes; 1 cycle of 95°C, 1
minute, 55°C,10 seconds and 72°C, 2 minutes; 15 cycles of 94°C, 20 seconds, 55°C,
10 seconds, 72°C, 1 minute; 23 cycles of 92°C, 20 seconds, 56°C,10 seconds, 72°C, 1
minute with a final extension at 72°C for 10 minutes. PCR was optimised by altering
the annealing temperature, with the parameters varying from 54°C/55°C to
59°C/60°C for individual primer sets.

Fragment analysis was performed on a CEQ 8000 (Beckman Coulter, USA) in
combination with the FRAG-4 program. Dye-labelled (Well-RED (Sigma-Aldrich))
forward (0.25uM) and non-labelled reverse primers (0.5uM) were used to amplify
each locus using parameters previously described. The loading solution contained
DNA Size Standard 400 (Beckman Coulter, USA) was added to the PCR products
(39:1). Results were assessed for errors using the proprietary CEQ 8000 software
(Beckman Coulter, USA). Deviation from Hardy-Weinberg equilibrium, linkage
disequilibrium and observed heterozygosity (Ho) vs. expected heterozygosity (Hg)
was determined using GENEPOP version 4.0.10 (Raymond and Rousset 1995). Loci
were assessed for null alleles using Micro-checker 2.2.3 (van Oosterhout et al. 2004).
Microsatellite sequences were screened for matches in the NCBI database using
BLAST (Altschul et al. 1997) (http://blast.ncbi.nlm.nih.gov/).

The NGS vyielded approximately 1,090,451 reads (average length of 278bp).
Approximately 1450 tetra-nucleotide (>4 repeats), 2625 di-nucleotide (>7 repeats)

and 989 tri-nucleotide (>7 repeats) microsatellites were identified (Table 1). The
density in the NSB genome is similar to that estimated for avian genomes by Primmer
et al. (1997). Thirty-seven, tetra-nucleotide repeat loci were selected for primer design,
with 24 primer pairs evaluated by PCR and 10 pairs ultimately used. The 10 loci had

33 alleles with two loci being bi-allelic (shown in Table 2).



Genetic diversity was determined using 22 individuals from the MG subpopulation.
Some loci had deviations from both HWE (p < 0.0001) and global tests for
homozygosity (p < 0.0001). NSBSC1 and NSBSC13 were identified as having
possible null alleles (p < 0.005). Locus NSBSC19 also contained possible null alleles
but this was not consistent in multiple tests. When these loci are excluded from HWE
exact tests, the population deviation from HWE is still significant (p < 0.05).
Significant linkage disequilibrium was observed for NSBSC1 & NSBSC7 (p < 0.005).
BLAST comparisons showed that NSBSC13 had similarity to lysyl oxidase 4 (LOX4)
gene on chromosome 10 of the chicken (Gallus gallus) genome.

The 10 microsatellite loci identified and characterized using NGS technology in this
study, show relatively low allelic diversity (2-5 alleles/locus) (Table 2), which is
comparable with other bird species having undergone significant genetic bottlenecks
(Tarr et al. 1998; Chan et al. 2011). An excess of homozygotes observed in this study
may simply reflect the rapid population contraction and presumed extinction of the
NSB in the late 1800s (Danks et al. 1996). Further analysis of these microsatellites in
other NSB populations will test for the presence of null alleles at these loci.
Heterozygote excess was observed for two loci (NSBSC11 & NSBSC22). However,
differential allele frequencies in males and females in small randomly-mating
populations can be due to binomial sampling error (Allendorf and Luikart 2007).
This study has confirmed the utility of NGS as a tool for relatively quick and cost-

effective marker generation.
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Table 1 Search results from MSATcommander (version 0.8.2 (Faircloth 2008)) for di-, tri- and tetra-nucleotide microsatellite from ~1.1

million sequence reads yielded from NGS on Roche 454 Genome Sequencer FLX

Minimum no. No. of sequence Density in NSB
Repeat Type «
repeats reads genome
Di-nucleotide 8 2625 ~1 per 116Kbp
Tri-nucleotide 8 989 ~1 per 309Kbp
Tetra-nucleotide 5 1450 ~1 per 210Kbp

* density in genome estimated from (total sequence reads/microsatelite sequence reads) x average read length



Table 2 Primer sequences, repeat motifs and levels of diversity of 10 microsatellites characterized from the noisy scrub-bird (Atrichornis
clamosus) from Two Peoples Bay Nature Reserve, Western Australia (n = 22)

Repeat No. Allele size  Hp He p

Locus GenBank Accession No. Motif Primer sequence (5' to 3') alleles (bp)

NSBSC1 KC355442 (GACA)y F - ACACAGCTTCCTTCCAAACAA 3 288-296 0.364 0.664  <0.001
R - GTGTGCGAGCTTGGCTGAT

NSBSC7 KC355443 (GACA), F - CAGCAAGTCCACAAGGGTTT 3 178-186 0545 0.664  0.026
R - AAGGTGCTAGGGGCTGATGT

NSBSC8 KC355444 (AGGG), F - ACAGGAGCACCTCCAGCTC 4 194-214 0500 0709 0.131
R - CTGCTCACCAGATGCTTCAA

NSBSC11 KC355445 (TAAA); F - GCTTTGCAAAACACCCATTT 2 226-230 0545 0.405 0.143
R-TTCCTTCCTGTGGGTACCTG

NSBSC13 KC355446 (AGGG)e F - TCCCGGGAATTTAATCCTGT 4 144-160 0.182 0.441  0.002
R - GTCTGTCCATCCCATCCATC

NSBSC14  KC355447 (AGAT)s F - CCAGACAGGGACACCAACTC 5 148-172 0.727 0729 0.961
R - ACGGGCAGTAGTGTGAGACC

NSBSC17 KC355448 (GGAT)1o F - CAAACTCAGTGCATGAGGAGA 3 154-162 0.227 0282  0.427
R - CCATAAATTGCTAAAATACACCATTG

NSBSC19 KC355449 (GGAT)g F - TGCTCCTGACTCTTCCTTCC 2 170-186 0.182  0.445  0.009
R - TGTCCGATTCCGTCCATC

NSBSC21 KC355450 (ATCC)q F - TTCAGATAGACCCGGAGAGC 4 244-256 0500 0.609 0.204
R - GCACATCACTGCCTGAAATC

NSBSC22 KC355451 (ATCC)10 F - TGCAGTGGGTGTGTAAGCTC 3 212-224 0.318 0.282 1.000

R - AACAAATCAGGAGCCTGTGG

bp length in base-pairs, He expected heterozygosity, Ho observed heterozygosity, p probability value for departure from Hardy-Weinberg
Equilibrium
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