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ABSTRACT. Themicrosatelliteloci FCA 045, FCA077, FCAQ08, and
FCAQ96 are highly variable molecular markers which were used to de-
termine the genetic diversity in 148 captive Leopardus sp. The PCR-
amplified productsof microsatelliteloci were characterized in ABI Prism
310 GeneticAnalyzer. Allele numbers, heterozygosity, polymorphismin-
formation content, exclusive allele number, and shared alleleswere cal-
culated. Sixty-fivealleleswerefound and their sizesranged from 116 to
216 bp in four microsatellite loci. The heterozygosity ranged from 0.36
to 0.81 in Leopardus pardalis, 0.57 to 0.67 in L. tigrinus and 0.80 to
0.92inL. wiedii. The polymorphism information content was from 0.80
t0 0.88in L. pardalis, 0.76 t0 0.88 in L. tigrinusand 0.77 t0 0.90 in L.
wiedii. The margay (L. wiedii) showed the highest index of polymor-
phism among the three species in this study. These results imply that
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microsatellite DNA markers can help in the study of the genetic diver-
sity of Leopardus specimens.

Key words. Heterozygosity, Leopardus pardalis, Leopardus tigrinus,
Leopardus wiedii, Microsatellite

INTRODUCTION

The ocelot (Leopardus pardalis), margay (L. wiedii) and tigrina (L. tigrinus) are
Neotropical felidswhose survival assured in Conservation Unitsor captivity. These speciesare
listed as vulnerable or endangered according to the International Union for the Conservation of
Nature (IUCN) and U.S. Fish and Wildlife Service listing, respectively (O’ Brien et al., 1996).
The ocelot, margay and tigrina are threatened by habitat |oss and fragmentation, hunting and
human persecution (Eizirik et al., 1998). Crossing programs are planned to avoid inbreeding.
These strategies are indispensabl e to brighten the outl ook for the remaining popul ation. Repro-
ductionin captivity isanimportant tool to safeguard the genetic diversity of felids (Foose, 1983;
Avise, 1994; Oliveira, 1994).

DNA analysis shows us genetic variability and alows us to refine the geneal ogies of
savage and captive populations (Mace et a., 1996). Microsatellites, due to their abundancein
the genome and their high mutation rates, are molecular markers used to detect levels of genetic
variability and to plan future breeding strategies. Animportant characteristic of microsatellitesis
that primers developed for a specific species can be used for other species of related taxons
(Menotti-Raymond and O’ Brien, 1993, 1995; Shankaranarayanan et a., 1997). Ten highly poly-
morphic microsatellite loci of dinucleotide repetitions (dC.dA)n/(dG.dT)n developed from the
domestic cat genome showed amplified products of the same size in lions, cheetahs, pumas,
leopard cat, and geoffroy cat (Menotti-Raymond and O’ Brien, 1995). A broad range of het-
erozygosity was observed among the species for asingle locus and among loci within asingle
feline species. Thischaracteristic demonstratesthat amicrosatelliteisan important informative
marker (Menotti-Raymond and O’ Brien, 1993, 1995).

The aim of the preasent research was to determine the potential usefulness of micro-
satellite markers of Felis catusto verify inter- and intra-group genetic level diversity of captive
species of L. pardalis, L. tigrinus and L. wiedii.

MATERIALAND METHODS

The feline samples were collected by workers from Associagdo Mata Ciliar (Jundiai,
SP, Brazil) and the animalswere housed in different zoosin Brazil (Table 1). The domestic cat
(Felis catus) was used as control and it was supplied by Menotti-Raymond from the Labora-
tory of Genomic Diversity, Frederick, MD, USA.

Genomic DNA was isolated from peripheral blood leukocytes from specimens of L.
tigrinus (N = 46), L. wiedii (N = 25) and L. pardalis (N = 77). Proteinase K digestion and
treatment with phenol-chloroform was used for DNA extraction (Sambrook et al., 1989).
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We used four dinucleotide primers (FCA 008, FCA045, FCAQ77, and FCA096) that
were devel oped by Menotti-Raymond and O’ Brien (1995). Multiplex PCR amplificationswere
performed in afinal volume of 10 L containing 10 ng feline genomic DNA, 2 pmol forward and
reverse primers (Invitrogen Life Technologies), 200 mM of the four deoxyribonucleoside 5'-
triophosphates (dATP, dCTP, dGTP, and dTTP) (Invitrogen Life Technologies), 25 mM MgCl,
(Applied Biosystems), 2 units AmpliTag GOLD (5 U/uL) (Applied Biosystems), 1.5 L PCR
buffer (containing 200 mM Tris-HCI and 500 mM K Cl) (Applied Biosystems) and completed
with ultrapure water (Invitrogen Life Technologies). The forward sequenceswere fluorescently
|abel ed using tetramethyl-rhodamine, hexachl oro-6-carboxyfluorescein and 6-carboxyfluorecein
(Table 2). Amplification was performed using PTC-100 Thermocycler (MJ-Research). The
amplification parameterswere: one cycle of 94°C for 10 min followed by 10 cyclesof 95°C for
15s,55°Cfor 30 s, 72°Cfor 30 s, 10 cyclesof 89°Cfor 15 s, 55°C for 30's, 72°C for 30 s, one
cycle of 72°C for 30 min, and the samples were cooled to 4°C. All PCR fragments were
submitted to automated DNA sequencing. Pooled product (1 pL) was mixed with 12 yL deion-
ized formamide and 0.5 pL DNA standard ROX 500 molecular weight marker (Applied
Biosystems). The sampleswere denatured in aPTC-100 Thermocycler (M J-Research) at 95°C
for 5 min, snap-cooled on ice and placed in an auto-sample tray in ABlI PRISM 310 Genetic
Analyzer (Applied Biosystems) for automatic injection. The samples were run for 25 min at
constant temperature of 60°C in polymer GEL POP4 (Performance Optimized Polymer 4, Ap-
plied Biosystems). The electrophoresis data were analyzed using ABI PRISM GENESCAN
500 2.0 and GENOTY PER 2.0 DNA software (Applied Biosystems).

It was possible to determine heterozygote or homozygote genotypes and the size of
alelesfor loci of each animal through the electrophoretograms. CERVUS program model 2.0
(Marshall et al., 1998) was used to obtain results on expected and observed heterozygosity,
polymorphism information content (PIC), number of allelesfor loci, and Hardy-Weinberg equi-
librium. The exclusive aleles of each specimen, the shared alleles among speciesinvestigated
and thetotal number of alleles observed for each microsatellitelocuswere characterized (Table
2).

RESULTSAND DISCUSSION

Menotti-Raymond and O’ Brien (1995) demonstrated that ten pairs of cat microsatellite
primers amplified predicted size products in the lion, cheetah, puma, Asian leopard cat, and
geoffroy cat. Eizirik et a. (2001) used 29 Felis catus microsatellite markers to investigate
genetic diversity in Panthera onca specimens. Our results showed that thefour primers (FCAQ08,
FCA045, FCAQ77, and FCA096) can amplify productsin L. pardalis, L. tigrinusand L. wiedii,
suggesting their evolutionary conservation across Felidae.

Chakraborty and Kimmel (2000) observed that dinucleotide microsatellite aleles showed
the highest mutation rate. The high allele number average for loci observed in Table 2 can be
related to the fact that the microsatelliteswere multiallelic and dinucleotide repetitions. Micro-
satellites determine the possibility of repetitionsin different species, which are able to change
quickly among limited states. The number of repetitions would provide comprehension of the
peculiar ability of a species to adapt to environmental changes. We observed a difference in
allelesize variation and high allele number for loci among the three species (Table 2). The four
microsatellite primers produced an allele average of 12.5 for L. pardalis, 11.5 for L. tigrinus
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and 11 for L. wiedii. The existence of exclusive alleles for each species was observed. The
difference among alleleswas probably dueto extensiveinter-specific biologic diversity resulting
from the mutation of microsatellite markers.

It has been suggested that differences in the mutation rate for individual microsatellite
loci are determined by the wide heterozygosity levels (Menotti-Raymond and O’ Brien, 1995;
Menotti-Raymond et al., 1999). The speciesthat showed the highest heterozygosity averagefor
the four loci was L. wiedii (0.81), and the lowest level (0.64) was observed in L. pardalis
(Table 3). The difference between observed heterozygosity and expected heterozygosity was
significant in L. pardalisfor the FCA096 locus, showing that this population was not in Hardy-
Weinberg equilibrium for thislocus. The heterozygosity levelsfrom medium to high polymor-
phismindicated that thereis high genetic variability among the species studied (Table 3). Medi-
um to high heterozygosity levels observed within the species studied demonstrate that they have
not lost their heterozygosity, even whilelivingin captivity.

Thedegree of polymorphism observed in amicrosatel lite sequenceisusually correlated
with the length of therepeat unit. Microsatellites with more than ten dinucleotide repeatstend to
be highly informative (Weber, 1990). According to DeWoody (1995), PIC values are useful to
determine the extent of polymorphism of the marker for each locus, and therefore PIC values
were calculated. Each of the four markershas PIC values higher than 0.5, being highly informa-
tivefor genetic studies of Leopardus. PIC determination obtained from CERVUS analysis, for
the three species, indicated values higher than 0.5 for al loci (Table 3). The PIC average values
indicated a high efficiency rate of primers in characterizing the genetic variability of these
species. Moreno et a. (2006) found, in other felids specimens (Herpailurus yagouaroundi,
Puma concolor and Panthera onca), PIC values between 0.41 and 0.92 for the same micro-
satelliteloci. Inthisstudy, it wasfound PIC values between 0.76 and 0.90, which indicate that in
Leopardus these microsatellite loci show a high level of polymorphism, and they, therefore,
seem to be suited for genetic studies of these species.

In conclusion, among the speciesanalyzed, L. wiedii hasthe highest genetic variability
for these microsatellite markers. The research proved that the genetic variability of these felid
species, evenin captivity, still exists. Molecular analysis of genetic structure and integration of
ecology, history and feline reproduction could provide agreater comprehension of thefactorsto
be considered in the management of threatened species.
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