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Abstract We developed 17 variable microsatellite

markers for the threatened Saiga antelope. Using one

Illumina Miseq lane resulted in 105,948 unique fragments

containing a microsatellite motif. Eighty-one ordered pri-

mer pairs resulted in 26 analyzable fragments, of which 17

markers showed variability in at least one population from

Kazakhstan. Number of alleles ranged from 2 to 11 and

values of heterozygosity varied from 0.08 to 0.91 (HO) and

0.08 to 0.88 (HE). The markers are currently used to

delineate conservation units and to help understanding

annual migration dynamics in this species.

Keywords Short tandem repeats � Next generation

sequencing � Kazakhstan � Antelopes � Antilopinae

The Saiga antilope Saiga tatarica (Linnaeus, 1766) was

historically distributed over the vast steppe plains of

Eurasia, until massive anthropogenic persecution repeat-

edly led to the near-extinction of this species within the

past century. While some of the relict populations of the

western subspecies (S. t. tatarica) currently increase in size

across their mostly Kazakh distribution range, a lack of

knowledge concerning its annual migration dynamics and

population connectivity requires the use of high-resolution

genetic markers in order to assist conservation manage-

ment for this emblematic species.

Genomic DNA from liver samples of two Saiga speci-

mens from the Ural population was extracted using the

Blood and Tissue Kit (Qiagen). 5 lg of pooled DNA was

used for library preparation and shotgun sequencing by

Genterprise (Mainz, Germany) following the protocol of

the manufacturer (Illumina, San Diego, CA). Samples

where loaded on one lane of an Illumina� MiSeq250;

yielding 19,879,594 sequences in one read (both ends).

Paired fragments of both reads were aligned with Cope v

1.1.3 (Liu et al. 2012), with a lower limit of fragment

overlapping = 1 in order to increase the number of aligned

sequences. 6,245,870 sequences were filtered for micro-

satellite motifs using the software QDD2 beta (Meglecz

et al. 2010) and subsequently aligned. 225,276 sequences

contained at least one microsatellite (105,948 of these

being unique). Primer pairs for 81,886 fragments were

developed using standard approaches and a subsample of

suggested sequences was manually controlled for over-

lapping results with PALfinder v 0.2.3 (Castoe et al. 2012),

to double-check for specific and unique flanking regions.

After manual check of primer positions 81 primer pairs

were ordered, of which 45 amplified a fragment of the

target length checked by standard gel electrophoresis. PCR

was performed in a total volume of 10 ll with 3.4–3.8 ll

template DNA, 100–150 nM of each primer, and 5 ll

HotStarTaq MasterMix Kit (Qiagen, Hilden). Cycling
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conditions consisted of a 15 min initial denaturation step at

95 �C, 34 amplification cycles following a touchdown

protocol with 94 �C for 30 s, annealing step for 90 s, 72 �C

for 60 s, and a final elongation step at 72 �C for 30 min.

Annealing temperature was set to 60 �C for 4 cycles, 58

and 54 �C for 5 cycles, and 50 �C for 25 cycles. Two

specimens for each primer pair were chosen for Sanger

sequencing, resulting in 29 polymorphic primer pairs.

Multiplex PCR was performed on blood samples (FTA

cards) from 25 individuals each from two populations

(Betpak-Dala and Ural).

Twenty-six markers resulted in scorable fragments, of

which 17 loci showed considerable genetic variation

(HE = [0.1 in at least one of the populations), while nine

loci were completely monomorphic among the tested

samples (Table 1). Allelic variation was moderate at most

loci, with only three loci exceeding five alleles summarized

over both populations (STa39 = 7, STa41 = 11,

STa43 = 12 alleles). Genotyping success was 92 % across

samples and loci, which is a relatively high value given the

relatively low quality of many blood samples used. Error

rates were moderate at all loci but STa07 and STa55, which

showed increased rates of allelic dropout.

The Illumina� MiSeq-approach resulted in a plethora of

microsatellite-containing fragments, of which we extracted

a robust set of 17 variable markers. Compared to previous

approaches in our laboratory using classical enrichment

protocols or 454 NGS approaches for microsatellite

development (e.g. Geismar et al. 2011; Geismar and No-

wak 2013), this approach had the best cost-value ratio. The

markers are currently used to assess fine-scale genetic

patterns in this species.
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