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Abstract Confined to a small region in central Angola, the
giant sable antelope (Hippotragus niger variani) experienced
a dramatic decline in numbers and is currently one of the most
endangered African mammals. In spite of its iconic status,
conservation efforts have been hindered by unsustainable
hunting and lack of adequate tools to promote its recovery.
In this work, we developed a set of 57 microsatellites specific
for the giant sable, which revealed depleted levels of genetic
diversity and an allele frequency spectrum consistent with a

recent evolutionary history characterized by severe population
crashes. In contrast, the high number of private alleles exhibited by other H. niger populations from Zimbabwe and Tanzania may suggest the occurrence of reduced levels of gene
flow among sable populations. Our microsatellite panel was
successfully tested on the roan antelope, Hippotragus
equinus, and will prove highly applicable on the characterization of different Hippotragus populations, but in particular for
the conservation of the Angolan giant sable antelope.
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Introduction
The giant sable Hippotragus niger variani is an emblematic
antelope restricted to an isolated population in central Angola
and critically endangered (IUCN 2008). It is characterized by
a dark facial mask, retention of brown hocks in bulls, and
much longer sweeping horns that can grow on average ca.
30 cm longer than in other sable populations (Estes 2013). The
giant sable was feared extinct until a combined effort with
camera traps and molecular tools led to its rediscovery (Pitra
et al. 2006) but remains on the brink of extinction and reduced
to a few dozen individuals.
The sable species H. niger ranges from coastal Kenya to
southern Africa and is often sympatric with the congeneric
roan antelope Hippotragus equinus, although the latter has a
wider distribution extending to the savannas of western Africa
(East 1999). Naturally occurring in low densities, both species
are rare outside managed areas (East 1999). In recent years,
the sable in particular has become one of the most highly
prized trophy hunting species, boosting its commercial value
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Table 1 Genetic diversity measures for three populations of Hippotragus niger and one of H. equinus based on 57 and 54 microsatellite loci,
respectively (three loci did not amplify for H. equinus)
Number of samples

HO

HE

NA

NPA

FIS

20
20
20

0.315 (0.038)
0.485 (0.038)
0.474 (0.036)

0.306 (0.035)
0.524 (0.033)
0.489 (0.035)

2.3 (0.2)
4.4 (0.3)
4.2 (0.3)

9
54
53

−0.023 (0.024)
0.081 (0.035)
0.023 (0.028)

20

0.359 (0.041)

0.407 (0.044)

4.5 (0.5)

145

0.106 (0.026)

H. niger
Angola
Tanzania
Zimbabwe
H. equinus
Namibia/S. Africa

Standard error values are given in parenthesis
HO observed heterozygosity, HE expected heterozygosity, NA mean number of alleles per locus, NPA number of private alleles, FIS inbreeding coefficient

and leading to widespread introductions on private land in
southern Africa (East 1999; Bothma and Van Royen 2005).
In spite of the conservation importance and significant
investment channeled for intensive conservation programs
dedicated to both species, including breeding efforts, genetic
research has, until now, mainly relied on mitochondrial DNA
(mtDNA) analysis. Matthee and Robinson (1999) provided a
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Fig. 1 Allele frequency spectrum
(AFS) obtained from 57 and 54
microsatellite loci, respectively,
for a the three Hippotragus niger
populations and b the H. equinus
sample

first comprehensive mtDNA phylogeography of sable and
roan antelopes, and subsequently the genetic structuring of
H. niger was further refined and introgression events were
inferred from populations in eastern Africa (Pitra et al. 2002).
More recent mtDNA studies have focused specifically on the
giant sable antelope and have established its monophyletic
status (Pitra et al. 2006; Jansen van Vuuren et al. 2010).
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Notwithstanding this, the use of specific nuclear markers
could be critical to understand intraspecific evolutionary relationships (Avise 1994; Godinho et al. 2008), to assist ongoing
conservation initiatives (Frankham 2008) and to the implementation of breeding programs (Robert 2009) for both sable
and roan antelope (Chardonnet and Crosmary 2013; Estes
2013). In particular, the giant sable antelope is currently being
subjected to an intensive management program in situ (Vaz
Pinto 2009; Estes 2013), and its conservation could benefit
directly from the development of such novel molecular tools.
Here, using next-generation sequencing, we developed and
characterized 57 microsatellite markers for sable, and further
tested them on roan antelope. In addition, we provide a first
assessment of nuclear genetic diversity within the giant sable
of Angola and compared it with two other conspecific populations, evaluating preliminary gene flow and demographic
patterns.

We used GENALEX 6.501 (Peakall and Smouse 2012), to
test for Hardy-Weinberg (HW) proportions, to estimate observed and expected heterozygosities (HO and HE) for all loci
in each population and to calculate the mean number of alleles
(NA) and the number of private alleles (NPA) within populations. GENEPOP 4.2 (Raymond and Rousset 1995) was used
to test for genotypic linkage disequilibrium (GLD) among loci
within populations. The presence of null alleles was tested
using MICROCHECKER 2.2.3 (van Oosterhout et al. 2004).
The distribution of allele frequencies at all loci was determined and visualized in a histogram with ten frequency classes as an allele frequency spectrum (AFS; Chakraborty et al.
1988). The shape of the AFS is influenced by long-term
demography, being a recent population expansion detected
by an excess of rare alleles, while a recent population collapse
results in a deficit of rare alleles and an excess of common
alleles (Maruyama and Fuerst 1985). This analysis was conducted to determine whether current levels of genetic diversity
in the giant sable antelope may reflect a demographic history
different from other sable populations.

Material and methods
We analyzed a total of 80 tissue samples, 20 from each of three
presumably different populations of H. niger, collected in
Angola, Tanzania, and Zimbabwe, plus 20 from H. equinus
collected in Namibia and South Africa.
Total genomic DNA was isolated from a pool of ten
H. niger individuals with different geographic origins using
the QIAGEN DNeasy Blood & Tissue Kit and sent to
Genoscreen, France, for microsatellite development through
454 GS-FLX Titanium pyrosequencing of enriched DNA
libraries (Malausa et al. 2011). Total DNA was enriched for
AG, AC, AAC, AAG, AGG, ACG, ACAT, and ATCT repeat
motifs. Briefly, GS-FLX libraries were constructed following
manufacturer’s protocols (Roche Diagnostics) and sequenced
on a GsFLX-PTP. The bioinformatics program QDD
(Meglécz et al. 2010) was used to filter for redundancy,
resulting in a final set of 8224 sequences from which 652
primers pairs were designed. Fifty-seven out of 80 tested loci
had specific and reliable amplifications and were genotyped
for the 80 samples in nine multiplex reactions using M13primer genotyping protocol (Schuelke 2000) with four different dye-labeled tails and forward primer concentration of 1/10
of reverse and tail primers (Online Resource Table S1). PCR
amplifications were conducted using the Multiplex PCR Kit
(QIAGEN) following the manufacturer’s instructions in a
final 10-μl volume, always in the presence of a negative
control. Annealing temperatures were adjusted to each multiplex (Table S1). Amplicons were separated by size on an
ABI3130xl Genetic Analyser. Allele sizes were scored against
the G eneSc an500 LIZ Size Stand ard, using the
GENEMAPPER 4.0 (Applied Biosystems) and manually
checked twice independently.

Results
All 57 loci proved polymorphic for H. niger, but populations
exhibited very different diversity patterns. While 51 and 52
polymorphic loci were observed in Zimbabwe and Tanzania,
respectively, only 37 polymorphic loci were scored for the
Angolan giant sable. The total number of alleles detected for
all loci ranged from 2 to 16, and the expected heterozygosity
ranged from 0.05 to 0.87 (Online Resource Table S2). We
found no significant deviations from HW proportions after
Bonferroni corrections, except at loci HN60 and HN101 in
Tanzania, with an excess of detected homozygotes most likely
due to the presence of null alleles (Online Resource Table S2).
Only two significant GLD tests were observed after
Bonferroni corrections in H. niger populations (Online Resource Table S3). As expected, the Angolan giant sable exhibited the lowest genetic diversity parameters (HE =0.306;
mean NA=2.3; NPA=9), compared to Tanzania (HE =0.524;
mean NA=4.4; NPA=54) and Zimbabwe (HE =0.489; mean
NA=4.2; NPA=53), which did not experience significant
demographic events (Table 1).
The AFS chart produced typical L-shaped distributions for
populations from Tanzania and Zimbabwe, consistent with
populations in mutation-drift equilibrium (Fig. 1a). In contrast, the giant sable exhibits a rugged allelic distribution
profile predictable in populations that have undergone recent
bottlenecks (Fig. 1a).
For H. equinus, all but three loci (HN89, HN110, and
HN116) were successfully amplified, and 41 loci proved
polymorphic, with a total number of alleles ranging from 2
to 17 and expected heterozygosity between 0.05 and 0.91.
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Loci HN11 and HN17 deviated from HW proportions, with an
excess of homozygotes most likely due to the presence of null
alleles (Online Resource Table S2). Significant GLD after
Bonferroni corrections was detected for 17 pairs of loci (Online Resource Table S3). Average heterozygosity for the
H. equinus population was 0.407, and the average number
of alleles per locus was 4.5 (Table 1). The AFS for this species
is a typical L-shaped distribution (Fig. 1b).

Discussion
Since 2009, the giant sable antelope is under a conservation program that includes breeding efforts aimed to rescue the remnant population in Angola. Our results clearly
show a depletion of genetic diversity in this population
relative to Tanzanian and Zimbabwean populations and
highlight the utility of the large number of loci developed
in this work for the implementation of more effective
conservation measures. As expected, patterns of genetic
diversity are consistent with documented observations of
recent and severe bottlenecks and further reflected on the
very distinct AFS exhibited by the giant sable. Our results
are in line with the low levels of genetic diversity observed in other remnant and bottlenecked populations of
African ungulates such as the black rhino (Harley et al.
2005), the dorcas gazelle (Lerp et al. 2011; Godinho et al.
2012), the dama gazelle (Senn et al. 2014), or the addax
(Armstrong et al. 2011).
In contrast, much higher albeit similar genetic diversity
values were found for the two other H. niger populations
included in this study (Tanzania and Zimbabwe). Additionally, the number of private alleles found in these two populations is remarkably high, suggesting reduced levels of gene
flow on a larger scale. This pattern is consistent with both the
geographical distance between Tanzania and Zimbabwe and
the fact that the two populations exhibit distinct mitochondrial
clades (Jansen van Vuuren et al. 2010).
As no genus-specific nuclear markers were available to
date for population genetic analyses within Hippotragus species (but see Alpers et al. 2004 and Eblate et al. 2011 for crossgenus amplification of microsatellites on roan antelope), this
new panel can provide a decisive tool to be applied in evolutionary, conservation, and management practices. In particular, it may prove to be particularly useful to address relatedness and parentage analyses with direct application in breeding programs for these species. Furthermore, the fact that
some of the surviving giant sables are being closely managed
in semi-captivity (Vaz Pinto 2009; Estes 2013) offers a unique
opportunity to apply these findings directly on the conservation of one of the most endangered and iconic African
mammals.
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