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Genetic support for behavioral studies of primate
social systems is fundamental in order to assess
reproductive success of individuals. Molecular
markers such as microsatellites have found broad
application in population genetics as well as con-
servation assessments and serve as a powerful tool
for paternity analysis (Bruford and Wayne 1993).
The effort required to characterize highly poly-
morphic microsatellite loci may be reduced if
primers developed for the human genome may be
utilized for non-human primates through cross-
species amplification (Moore et al. 1991; Coote
and Bruford 1996; Morin et al. 1997, 1998). Only a
limited number of New World monkey microsat-
ellite primers have been reported to successfully
amplify owl monkey DNA. Twenty polymorphic
microsatellite loci were characterized in three
species of owl monkeys (Aotus azarai, A. lemuri-
nus, A. nancymaae) for use in parentage analysis
from human and New World monkey genomes.
Genetic variation across the three species and
within a subset of a wild population of A. azarai
has been examined.

Fibroblast cells, whole blood, and tissues were
obtained from the Center for Reproduction of
Endangered Species (CRES) of the Zoological
Society of San Diego in California, the DuMond
Conservancy in Miami, Florida, and the Province
of Formosa, Argentina (Fernandez-Duque et al.

2001). Genomic DNA was extracted from fibro-
blast cell cultures using a modified protocol of
Priest (1997) for dispersion of monolayer cells
followed by DNA extraction utilizing a kit
(QIAGEN Inc). DNA from blood and tissue was
extracted following a modified version of Geyer
et al. (1993). A total of 39 individuals from three
different species were available for this study.
Twelve individuals were from a wild population
in Formosa where individuals from different
social groups are regarded as unrelated and
twenty-seven were from captive groups; 21
belonged to five reference families (one family of
A. azarai x A. nancymaae, one of A. lemurinus,
and three of A. nancymaae).

A total of 215 published human microsatellite
primer pairs (GDB, NCBI) and six published
primers designed to amplify microsatellites in
Saimiri boliviensis (Witte and Rogers 1999) and
Cebus apella (Escobar-Páramo 2000) which had
been reported to amplify Aotus DNA were
screened using a gradient PCR thermal cycler
(Eppendorf Scientific, Inc.) to carry out PCR
amplification. A 15 ll volume was used and the
reaction mix contained 15 ng of genomic DNA,
0.2 lM of each primer, 0.05 mM of each dNTP,
10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2,
0.001% (w/v) gelatin and 0.5 U of AmpliTaq
GoldTM (Zhang et al. 2001). PCR conditions were
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as follows: initial denaturation at 94 �C for 10 min
followed by 40 cycles of 94 �C for 1 min, anneal-
ing temperatures ranging from 40 to 60 �C for
1 min, 72 �C for 1 min and 72 �C for 10 min at the
end. No attempt was made to adjust MgCl2 con-
centration or other reaction conditions that might
have yielded additional useful primers.

PCR products were electrophoresed on 1.25%
TBE agarose gel, stained with ethidium bromide
and visualized under ultraviolet light using the Al-
phaImagerTM 2200 Documentation and Analysis
System (Alpha Innotech Corp.). Amplified prod-
ucts were sized on an ABI 3100 Genetic Analyzer
using the GeneScan Analysis 3.7 program (Applied
Biosystems). Characterization was based on the
entire sample pool of individuals not known to be
related (23) with no attemptsmade to optimize PCR
conditions and therefore assignment of monomor-
phic microsatellites should be considered tentative.
The program Arlequin version 2.000 (Schneider
et al. 2000) set at the default parameters was used to
calculate the observed heterozygosity (Ho). The
mean allele numbers and mean Ho across poly-
morphic loci (17) were used as measures of genetic
diversity. The t distribution was used to obtain
confidence intervals for gene diversity estimates
(Nei 1987; Gutiérrez-Espeleta et al. 2000).

We applied a collection of published human
microsatellite primers known to be conserved be-
tween humans and Old World primates (Morin
et al. 1997, 1998; Rogers et al. 2000) to test for
amplification in Aotus. Out of 215 analyzed human
microsatellite loci, 107 were found to produce
amplification products for Aotus species. Of these,
81 had the dye chemistry suitable for our ABI 3100
Genetic Analyzer. Of these 81, 18 were both

polymorphic and informative for Aotus species.
Altogether, 20 polymorphic loci were identified
based on reliable and reproducible amplification of
single bands; 18 derived from human microsatellite
primers, one designed for Cebus apella (Escobar-
Páramo 2000) and one for Saimiri boliviensis
(Witte and Rogers 1999) (Table 1). Mendelian
inheritance was observed in all 20 loci in each of
the five families with three exceptions. The exis-
tence of null alleles (Callen et al. 1993) would ex-
plain the non-Mendelian patterns observed once
for each of these loci (D5S178, D5S353, and
D16S417). Otherwise, Mendelian inheritance of
microsatellite alleles was displayed in the examined
pedigrees. Although our findings are consistent
with the presence of null alleles at these loci in our
captive population samples, confirmation of their
existence requires additional investigation. Two or
three repeat amplifications were undertaken on all
individuals with identical results; offspring that
initially genotyped as heterozygotes qualifying to
both parents were repeated at least once and
individuals scored as homozygotes were repeated
at least twice.

Summary data for diversity levels in each species
are provided in Table 2. The A. azarai individuals
were subdivided into captive and wild individuals
and the mean allele numbers and mean Ho were
calculated with only those loci that were polymor-
phic (13) for the wild population (Table 2).
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Species N n Mean Ho (95% interval)

Aotus azarai (captive and wild individuals

combined)

11 4.8 0.39(0.36, 0.42)
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thank P. Morin, Axys Pharmaceuticals, Inc. (ac-
quired by Celera Genomics) for providing all the
human microsatellite primers, Y.Z. Zhang, PhD
for helpful discussions, and M. Houck, S. Charter,
B. Baum and J. Fronczek at the Center for
Reproduction of Endangered Species for growing
all the fibroblast cell cultures used in this study.

References

Bruford MW, Wayne RK (1993) Microsatellites and their
application to population genetic studies. Curr. Opin. Genet.
Dev., 3, 939–943.

Callen DF, Thompson AD, Shen Y, Phillips HA, Richards RI,
Mulley JC, Sutherland GR (1993) Incidence and origin of
‘‘null’’ alleles in the (AC)n microsatellite markers. Am. J.
Hum. Genet., 52, 992–927.

Coote T, Bruford MW (1996) Human microsatellites applicable
for analysis of genetic variation in apes and Old World
monkeys. J. Hered., 87, 406–410.

Ellsworth JA, Hoelzer GA (1998) Characterization of micro-
satellite loci in a New World primate, the mantled howler
monkey (Alouatta palliata). Mol. Ecol., 7, 657–666.
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