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ABSTRACT

In this study we analyzed a population of Bradypus torquatus with individuals originally distributed
in different localities of Bahia, and two populations of B. variegatus with individuals from Bahia and
Sdo Paulo States. Using the DNA fingerprinting method, we assessed the genetic variability within
and between populations. Analysis of the DNA profiles revealed genetic similarity indices ranging
from 0.34 £ 0.07 to 0.87 £ 0.04. Similar low levels of genetic variability were found only in isolated
mammalian populations or among related individuals. This study presents the first analyses of genetic
diversity in sloth populations.
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RESUMO

Diver sidade genética em diferentes populactes de preguicas estimada por intermédio da
técnica de DNA fingerprinting

Neste estudo foram analisadas uma populacgéo de Bradypus torquatus composta por individuos pro-
venientes de diferentes localidades do Estado da Bahia e duas populacdes de B. variegatus, uma na
Bahia e outra em S&o Paulo. A estimativa da variabilidade genética dentro e entre as popul agdes foi
feita utilizando-se a técnica de DNA fingerprinting. A partir da andlise dos padrfes de bandas de DNA,
foram calculados indices de similaridade genética que variaram de 0,34 + 0,07 a 0,87 + 0,04. Valores
semel hantes, que indicam baixa variabilidade genética nas populacfes de preguicas analisadas, foram
encontrados somente em populacdes de mamiferos isolados ou grupos de individuos aparentados.
Este trabalho apresenta os primeiros resultados no estudo da diversidade genética em popul acdes de

preguicas.
Palavras-chave: Bradypus: DNA fingerprinting, variabilidade genética.

INTRODUCTION

Sloths are neotropical mammals belonging
to the order Xenarthra. They inhabit tropical forest
areas of Central and South America (Wetzel, 1982,
1985) and are classified in two genera containing
five species: the three-toed sloths (Bradypus sp.)
and the two-toed sloths (Choloepus sp.) (Emmons,
1990).

All doth species are found in Brazil, including
the maned sloth, Bradypus torquatus, which is

considered in danger of extinction (Bernardes et
al., 1990; Baillie & Groombridge, 1996). Some
authors include this species in the genus Scaeopus
(Santos, 1977; Paula-Couto, 1979; Wetzel & Avila-
Pires, 1980), while others treat Scaeopus as a sub-
genus of Bradypus (Wetzel, 1982). This species
is endemic to the eastern and southeastern Atlantic
forest (Wetzel & Avila-Pires, 1980; Emmons, 1990;
Oliver & Santos, 1991; Fonseca et al., 1994). B.
variegatus has a much wider geographic distri-
bution, including most of Brazil and Central Ame-
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rica (Wetzel, 1982; Oliver & Santos, 1991) and
is considered threatened where habitat is destroyed
(Emmons, 1990). The Atlantic forest has been
subjected to intense levels of disturbance and defo-
restation since the arrival of Europeansin the early
16th century (Dean, 1995) and today is fragmented
and reduced to 5-12% of the original forest (Brown
& Brown, 1992). To measure the impact that such
fragmentation of habitats has on natural popu-
lations, the study of the genetic composition and
analysis of genetic variability is very important.

The DNA fingerprinting technique has proven
successful in measuring genetic diversity in animal
populations through the use of human hypervariable
minisatellite probes (Jeffreys et al., 1985a) to ge-
nerate restriction fragment profiles (Blanchetot,
1992; David-Gray et al., 1998; Gilbert et al., 1990;
Signer et al., 1994; Tegelstrom & Sjéberg, 1995).

Despite a number of cytogenetic and mole-
cular phylogenetic studies (Goldschmidt & Almeida,
1993; Goldschmidt et al., 1995; Hoss et al., 1996;
Jorge et al., 1977; Jorge, 1981; Jorge & Pinder,
1990; Murata & Matsuda, 1996; Pinder, 1993; Van
Dijk et al., 1999), there is as yet no analysis of
genetic diversity in sloth populations.

We have used the DNA fingerprinting tech-
nique to evaluate the genetic variability of two
different species of sloths inhabiting the Atlantic
forest. The study is focused on a population of B.
torquatus from Bahia, and two populations of B.
variegatus from both Bahia and S&o Paulo.

MATERIAL AND METHODS

Study species

Individuals sampled were captured or received
by two governmental institutions. DEPAVE (De-
partamento de Parques e Areas Verdes do Estado
de S&o Paulo, Divisao Técnica de Medicina Ve
terindria e Biologia da Fauna— S3o Paulo, SP) and
CEPLAC — Reserva Zooboténica (Comissdo Exe-
cutiva do Plano da Lavoura Cacaueira— Itabuna,
BA). The animals were originally distributed in
different localities within two widely separated
Brazilian states, Bahia, and S&o Paulo, and we
assumed that individuals studied in each population
are unrelated. A total of 19 sloths were sampled
and classified in three populations: one B. torquatus
population with 9 individuals from Bahia, and two
populations of B. variegatus from both Bahia (6
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individuals, B. variegatus BA) and S&o Paulo (4
sloths, B. variegatus SP).

DNA fingerprinting method

For each sloth at least 6 ml of blood were
collected and stored at —20°C. Approximately 5-
6 pg of genomic DNA from each sloth were di-
gested with the restriction enzyme Mbo | at 37°C.
All samples were electrophoresed in a 1% agarose
gel (20 x 30 cm) at 40 V for 72 h (when the 2.3
kilobase (kb) A Hind 111 band migrated to the bot-
tom of the gel). DNA fragments were transferred
to a nylon membrane (Hybond-Nfp, Amersham)
by capillary Southern blotting (Sambrook et al.,
1989).

The same membrane was hybridized with
minisatellite 33.6 and 33.15 probes (Jeffreys et
al., 1985a), which were labeled by random priming
with [a-*P] dCTP. Pre-hybridization in 0.263 M
Na,HPO,, 1 mM EDTA, 7% SDS, and 1% BSA
at 65°C lasted for 4 h, then one of the probes was
added and |eft overnight at the same temperature.
The membrane was washed in 0.25 M Na,HPO,,
1% SDS; 2XSSC, 0.1% SDS, and 1XSSC, 0.1%
SDSat 65°C. Thefilter was then autoradiographed
at —70°C using Kodak RX film with one or two
intensifying screens.

The patterns of eletrophoretic migration were
analyzed and only the bands between 23 and 4 kb
were marked on acetate overlays as described by
Westneat (1990). Only bands of the same elec-
trophoretic mobility (migration distance of band
centers within 0.5 mm) between two individuals
were considered identical. We used the band-sha-
ring coefficient, x (index of band similarity between
two individuals), and the individual specificity of
the DNA fingerprints, x" (the probability that two
unrelated individuals would have an identical fin-
gerprint), for ng genetic variability. The band
sharing coefficient (index of similarity) between
the individuals was calculated using the formu-
lao x=2N, /(N, + N_), where N is the number
of bands shared between the individuals A and B,
and N, and N are the number of bands present
inindividuals A and B, respectively (Wetton et
al., 1987; Bruford et al., 1992). Assuming that each
band represents an independent marker, the mean
probability that all bandsin an individual’s pattern
are present in another unrelated individual chosen
at random is X", where x corresponds to the mean
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band sharing coefficient and n, the mean number
of scored bands (Jeffreys et al., 1985a). For sta-
tistical analysis we used a Mann-Whitney test.

RESULTS

Hybridization of 33.6 and 33.15 probes to
Mbo | digested sloth DNA samples revealed infor-
mative band patterns in both B. torquatus and B.
variegatus (Fig. 1). The 33.6 probe detected a
restriction fragment found exclusively among all
individuals of B. torquatus while the 33.15 probe
detected another band present only in all individuals
from B. variegatus (Fig. 1).

kb

9.0 -

6.0 -

4.0 -

2.3-

We observed very similar band patterns among
individuals from the B. variegatus SP population
and consequently higher values of mean band-
sharing coefficients (0.87 + 0.04 using the 33.6
probe and 0.62 + 0.06 for the 33.15 probe). The
B. variegatus BA population presents mean band-
sharing coefficients of 0.57 + 0.08 using 33.6
probe, and 0.51 + 0.06 with 33.15 probe while for
the B. torquatus population these values were 0.53 +
0.08 and 0.34 + 0.07 for 33.6 and 33.15 probe,
respectively (Table 1). Using both probes, the
estimated probability that two DNA profiles would
be identical can be considered low and adequate
for our purposes (Table 1).

Fig. 1 — DNA fingerprints of unrelated sloths of three populations: 1 — B. torquatus; 2 — B. variegatus Bahia; 3 — B. variegatus
Sao Paulo. The same membrane was hybridizated with 33.15 (A) and 33.6 (B) probes. The 33.15 probe detected a band present
only on all individuals from B. variegatus species while the 33.6 probe detected another restriction fragment found exclusively

among all individuals of B. torquatus (see arrows).
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TABLE 1

Compar ative DNA fingerprint data for soth populations using two different probes. Number of comparisons
among individuals within population (N), average number of DNA fragments scored for each animal (n),
and mean band-sharing coefficient (x), are given. The propability that two unrelated individuals would have
an identical fingerprint (x") and standard error (+ se) are also shown.

. 33.15 probe 33.6 probe
Population N
n+se X+se X" n+se X+se x"
Bradypus torquatus 36 | 3533+335| 034+£007 | 280x107Y | 36.33+4.15 | 053+£0.08 | 9.62x 10
Bradyp“g‘f”egatus 15 | 3217+366 | 051+006 | 3.91x10 | 3801+201 | 057+0.08 | 526x 107
BradypusvariegatusSP | 6 | 3825+574 | 0.62+006 | 1.14x10° | 3625275 | 0.87+004 | 64x1072

The mean pairwise band-sharing coefficients
calculated between individuals from B. variegatus
BA and B. variegatus SP populations were 0.41 +
0.06 for the 33.15 probe, and 0.41 + 0.08 using
the 33.6 probe, and are lower than those found
within these two populations (Table 2).

DISCUSSION

Our indices of mean band-sharing coefficients
for both probes, 33.15 and 33.6, exceeds the value,
around 0.2, that has been reported for human
(Jeffreys et al., 1985b) and natural populations
(Wetton et al., 1987; Baker et al., 1993) and revedl
low genetic variability within the sloth populations
we studied.

The highest mean band-sharing coefficients
were observed for the B. variegatus SP population
and are similar to the very high values found for
aCdlifornia Channel Idand fox population (Gilbert
et al., 1990), a first-order relationship group of
black bears (Schenk & Kovacs, 1996), Swedish

beavers (Ellegren et al., 1993), and the koala bear
(Cocciolone & Timms, 1992; Timms et al., 1993).
The medium values obtained for Bradypus
variegatus BA population with both probes, 33.6
and 33.15, are higher than those reported for un-
related chamois (Pérez et al., 1996) and forest
islandsred squirrels (Wiegand & Schrdpfer, 1997).
In the B. torquatus population, the estimated ge-
netic variability by using 33.15 probeis similar to
the low levels found in unrelated red squirrel using
the same probe (Wiegand & Schropfer, 1997).

These results suggest low levels of genetic
variability in the sloth populations. Comparing the
two populations of B. variegatus, we also observed
a significant regional difference in the levels of
genetic variation between S&o Paulo and Bahia
populations (p < 0.01 for values obtained with each
probes). In addition, we noted that these two groups
of individuals are genetically distinct at hyper-
variable minisatellite loci (Table 2), an expected
divergence since these two populations inhabit very
distant geographical regions.

TABLE 2

Values of mean band-sharing coefficients between individuals of the two B. variegatus populations obtained
with two different minissatelite human probes.

Bradypus variegatus BA

Bradypus variegatus SP

41 +0.06" (33.15 probe)

0.41 + 0.08" (33.6 probe)

1. Values of mean band-sharing coefficients + standard errors.
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Even though the number of samples available
at thistime is too small for drawing strong con-
clusions, the data presented here result from the
first genetic study of sloth populations and show
low variability for the groups studied. The indi-
viduals sampled were originally distributed in
different localities of two large geographical re-
gions and probably represent different populations
within Bahia and Sao Paulo. Nevertheless, the
values of mean band-sharing coefficients detected
within the populations are higher than those re-
ported between some mammal subpopulations and
even within populations.

These high values for similarity could be
either a characteristic observed only in these sloth
populations or ageneral characteristic of the spe-
cies. Further molecular characterization of these
and other sloth populations are needed to evaluate
the causes of thislow variability, specialy in the
B. variegatus SP population which showed the
higher values for similarity. However, we believe
that in the populations here studied the lack of
genetic diversity could be explained by bottleneck
and founder effects.
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