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Abstract

The Pampas deer (Ozotoceros bezoarticus) is one of the most endangered Neotropical cervid with populations that
have been drastically reduced to small and isolated ones, mainly because of its habitat destruction. Random amplified
polymorphic DNA (RAPD) markers were used to analyze population divergence and genetic variation within and
between two populations corresponding to distinct subspecies. The RAPD markers displayed substantial genetic vari-
ation with all animals possessing unique RAPD phenotypes over 105 polymorphic bands produced by 15 primers. An
analysis of molecular variance (AMOVA) and a neighbor-joining cluster analysis were performed to assess levels of
differentiation between populations. No differentiation was recorded and about 96.0% (P < 0.00001) of the total vari-
ance was attributable to variation within populations. This result is quite distinct from data obtained by the analysis of
the mtDNA control region, and is discussed on the basis of genetic differences between the different markers and the
male-biased dispersal patterns generally observed in the mammal species. The data presented herein are potentially
useful for future taxonomic and genetic studies in this species, for the monitoring of the genetic variation observed
within these populations, and for the development of management guidelines for its conservation.
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Diversidade genética de duas populacoes brasileiras de
Veado-campeiro (Ozotoceros bezoarticus, Linnaeus 1758)

Resumo

O Veado-campeiro (Ozotoceros bezoarticus) é uma das espécies de cervideos neotropical mais ameacadas devido a
destrui¢d@o de seu habitat e conseqiiente reducao e isolamento de suas populagdes. Marcadores do tipo RAPD (Random
amplified polymorphic DNA) foram utilizados na andlise da divergéncia populacional e estimativa da variagdo genética
dentro e entre duas populacdes correspondentes a diferentes subespécies. Os marcadores RAPD mostraram uma varia-
¢do genética substancial, sendo que as 105 bandas polimérficas obtidas pelo uso de 15 primers produziram fenétipos
tnicos para todos os individuos analisados. Para avaliar o nivel de diferenciac@o entre as populagdes, foi realizada uma
andlise da varidncia molecular (AMOVA) e uma andlise de agrupamento utilizando o método de neighbor-joining.
Nenhuma diferenciac@o foi observada, sendo aproximadamente 96,0% da variacdo encontrada atribuida a variagio
dentro das populagdes estudadas. Este resultado difere do obtido através da andlise da regido controle do mtDNA, e é
discutido levando-se em consideracdo as diferencas genéticas entre os diferentes marcadores utilizados e o padrdo de
dispersdo geralmente observado nas espécies de mamiferos (realizada principalmente pelos machos). Os dados aqui
apresentados poderdo ser Uteis para futuros estudos taxondmicos e genéticos desta espécie, para 0 monitoramento da
variagdo genética observada em suas populagdes e para o desenvolvimento de estratégias de manejo para sua conser-
vagdo.

Palavras-chave: Cervidae, Ozotoceros bezoarticus, RAPD, diversidade genética, estrutura populacional.
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1. Introduction

The Pampas deer (Ozotoceros bezoarticus) is a me-
dium-size cervid that could be originally found in a vast
area at the south-eastern part of South America (between
5° and 41° S) occupying open habitats as grasslands,
pampas, savannas, and cerrado (Brazil). Due to human
activities, these habitats have been drastically reduced so
that this species is, perhaps, the most endangered tropi-
cal Latin American deer and is currently listed as in dan-
ger of extinction according to Appendix 1 of the CITES
(Wemmer, 1998; Weber and Gonzdlez, 2003). The largest
population is found in Brazil, where at least 60,000 indi-
viduals are found in the Pantanal biome (Mourao et al.,
2000). In other Brazilian sites and in Argentina, Bolivia,
Paraguay, and Uruguay, it exists in small and isolated
populations (Merino et al., 1997).

Actually, there are five recognized Pampas deer sub-
species. Based on morphological data, Cabrera (1943,
1960) suggested that O. b. bezoarticus can be found
from central Brazil, south of Amazonia, between the
Mato Grosso plateau and upper the Sdo Francisco River,
while O. b. leucogaster can be found from south-west-
ern Brazil, south-eastern Bolivia, Paraguay, and north
Argentina. In the Argentinean pampas, O. b. celer sub-
species could be found from the Atlantic coast to Andean
foothills and southward to the Negro River. More re-
cently, Gonzélez et al. (2002), based on morphometric
and genetic differences, proposed that populations from
Uruguay should be considered as two separated subspe-
cies, O. b. uruguayensis and O. b. arerunguaensis.

Until now, only one genetic study was done in this
species. In this work, Gonzdlez et al. (1998) found a re-
markable high level of genetic diversity within Pampas
deer populations when analyzing the control region of
the mitochondrial DNA (mtDNA). A high sequence di-
vergence correlated with geographic distance was found
between populations, suggesting that genetic differen-
tiation in this species is largely explained by the limited
dispersal abilities of individuals rather than the presence
of long-standing ecological or geographical barriers.
The pronounced mtDNA sequence divergence found
between populations from central and western Brazil
(classified as O. b. bezoarticus and O. b. leucogaster,
respectively) led these authors to suggest that popula-
tions from these regions should be treated as distinct
management units.

It is consensus in the scientific community that,
whenever possible, more than one kind of genetic marker
should be used to characterize the genetic diversity and
population structure of a species. Comparing markers
with different modes of inheritance is useful to avoid bi-
ased results originated by differences in its characteristics
and to provide insights into patterns of sex-biased disper-
sal and gene flow. The use of female-inherited markers
(such as mtDNA) and bi-parentally inherited autosomal
markers (like RAPDs and microsatellites, among others)
has been widely reported in the literature revealing con-
trasting genetic patterns that can be found accordingly to

the kind of marker that was used (Ishibashi et al., 1997,
Gibbs et al., 2000; Prugnolle and Meeus, 2002).

Random Amplified Polymorphic DNA (RAPD)
markers (Welsh and McClelland, 1990; Williams et al.,
1990) present several interesting characteristics that
make them very useful for the survey of genetic diversity.
Among these, are the numerous loci that can be assayed
at relatively low cost and without previously knowledge
of its genome, the sampling of the whole genome, and
their high polymorphism (Perez-Sweeney et al., 2003).
In mammals, RAPD technique has been used to solve
several tasks like hybridization detection (Tsvirka et al.,
2006), species diagnosis (Martinez and Danielsdottir,
2000; Basckevich et al., 2004), genetic mapping (Shiue et
al., 1999), evaluation of genetic diversity and population
differentiation (Petrosyan et al., 2002; Spiridonova et al.,
2004), and determination of systematic relationships be-
tween taxa (Bellinvia et al., 1999; Mishra et al., 2002).

In order to improve our knowledge on the genetic
structure and diversity found in the Pampas deer, we
used RAPD markers to study two distinct populations:
one from the cerrado biome (O. b. bezoarticus, from
central Brazil) and other from the Pantanal biome (O. b.
leucogaster, from western Brazil).

2. Material and Methods

2.1. Sample collection

Forty-two free-ranging individuals were sampled and
used in the analysis; 23 from Emas National Park (Goias
State, central Brazil - 18° 15” S and 52° 53’ W), and 19
from Pantanal (Mato Grosso do Sul State, western Brazil
- 19°59° S and 56° 39’ W). Animals were captured using
the “fast-setting net” method (Nunes et al., 1997) and an-
esthetized with a mixture of intramuscular xylazine hy-
drochloride (1 mg.kg!) and ketamine (5 mg.kg™"). Blood
samples were collected using vacuum tubes containing
heparin salt (Vacuntainer®) and placed on ice until they
could be processed in a field lab, which was done within
5 hours of collection. In the field lab, leukocytes were
separated from blood samples and preserved in liquid ni-
trogen (—196 °C) until DNA extraction was performed.

2.2. Molecular methods

DNA was extracted from leukocytes using a standard
phenol-chloroform method (Sambrook and Russel, 2001)
and diluted to 4 ng.uL"! as the working solution. In order
to select primers that produce clearly identifiable poly-
morphic bands, we screened 80 random primers (Kits B, J,
K, and M, from Operon Technologies, Inc.; Alameda, CA,
USA) on five individuals from each population. Fifteen
out of the eighty primers yielded the desirable pattern and
were used in all the samples. PCR reactions were per-
formed in a volume of 15 UL containing 10 mM Tris-HCI
(pH 8.4), 50 mM KCl, 3.5 mM MgClz, 0.2 mM of each
dNTP, 0.2 uM of primer, 1.25 U.L of Tag DNA polymer-
ase, and 4 ng of template DNA, covered with a thin layer
of mineral oil. DNA amplifications were carried out in a
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M. J. Research PTC-100 thermocycler programmed for an
initial denaturation step of 94 °C for 5 minutes, followed
by 40 cycles of 15 seconds at 94 °C, 30 seconds at 40 °C,
and 60 seconds at 72 °C. The reaction was completed with
a final run at 72 °C for 5 minutes. Amplification products
were separated on 1.4% agarose gels in 0.5x TBE buffer
for 2 hours and 15 minutes at 100V. After electrophoresis,
gels were stained with ethidium bromide (0.5 mg.mL™),
visualized under UV light, and photographed for later
scoring and analysis.

2.3. Data analysis

Each obtained marker was considered as a distinct
and independent phenotype, and bands with same elec-
trophoretic mobility were considered identical inde-
pendently of their intensity. Ambiguous and extremely
light bands were disconsidered. Electropherograms were
used for the construction of a binary matrix, where the
presence of a band was designated as 1, and its absence
as 0. Using the RAPDistance 1.04 software (Armstrong
et al. 1994), banding patterns were converted into pair-
wise distance matrices using both the Euclidean metrics
of Excoffier et al. (1992) and Nei and Li (1979), which
is equivalent to the Dice (1945) algorithm. The genetic
distance between populations was estimated by averag-
ing distance values obtained in pairwise comparisons
between individuals of these populations. We used the
Analysis of Molecular Variance (AMOVA) procedure
(Excoffier et al., 1992) to estimate variance components
for RAPD phenotypes, partitioning the variation among
individuals within population and among populations.
The AMOVAs were performed using the Arlequim 3.11
program (Excoffier et al., 2005). A cluster analysis tree
was produced using the NEIGHBOUR program from
the PHYLIP package, version 3.66, using the neighbor-
joining option (Felsenstein, 2004). The treefile produced
by the PHYLIP program was visualized and manipu-
lated using the software MEGA4 (Tamura et al., 2007).
Average gene diversity across all loci (Nei, 1987) within

and among populations was calculated using Arlequim
program.

3. Results

The 15 selected primers generated a total of
160 scorable bands (10.66 bands/primer), 55 mono-
morphic (3.66 bands/primer) and 105 polymorphic
(7.0 bands/primer). Unique RAPD fragments were found
at both populations: eight in individuals from Emas
National Park, and three in individuals from Pantanal.
Eight of the 105 polymorphic markers were fixed at
Emas National Park, while 11 were fixed into Pantanal.

Pairwise genetic distances were computed between
all individuals in the study, according to Nei and Li
(1979) and Excoffier et al. (1992) coefficients. Since
results obtained with both metrics were almost identi-
cal, here we present only those obtained with Nei and Li
(1979) algorithm. Distances between individuals varied
from 0.12 to 0.33 for comparisons within populations,
and from 0.10 to 0.35 among populations. Averaged
distances were very similar at both populations, corre-
sponding to 0.210 and 0.216 to Emas and Pantanal popu-
lations respectively, and to 0.222 between them. Average
gene diversity across all loci was similar for both popu-
lations too, showing a value of 0.259 for the entire sam-
ple. Estimates of genetic distance and gene diversity are
shown in Table 1.

Estimates of variance components within and be-
tween populations, calculated using AMOVA (Table 2),
revealed that almost 96.0% (P < 0.0001) of the total vari-
ance could be attributed to variation within populations,
while among-population variation represented only 4.0%
of the total variation.

To analyze individual relationships within and
among populations we used the pairwise distance com-
parisons to construct a neighbor-joining tree. As shown
in Figure 1, cluster analysis was not able to set individu-
als into their population of origin.

Table 1. Average genetic distance (D) and gene diversity (h) for Pampas deer populations.

D (Min-Max) h
Emas 0.210 0.122-0.321 0.253£0.128
Pantanal 0.216 0.130-0.330 0.254 £0.130
Emas/Pantanal 0.222%* 0.100-0.351 0.259 £ 0.128**

*Distance between populations, **Gene diversity for both populations together

Table 2. Analysis of molecular variance (AMOVA) for individuals from Emas National Park and Pantanal using Nei and Li
(1979) distance matrices calculated from 105 polymorphic RAPD bands.

Source of variation d.f. SS MS Variance Total (%) P-value
component
Among Populations 1 0.200 0.200 0.00451 4.06 <0.00001
Within population 40 4.260 0.1065  0.10651 95.94 -

d.f., degrees of freedom; SS, sum of squares; MS, mean squares.
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Figure 1. Neighbor-joining tree showing genetic relation-
ships among 42 Pampas deers based on Nei and Li (1979)
pairwise genetic distance. AE = Emas National Park indi-
viduals, oP = Pantanal individuals. Bootstrap values below
50% are not shown.

4. Discussion

Despite the problems usually associated to its use
(i.e., the dominant mode of inheritance and the consider-
able care required to obtain repeatable results), the RAPD
technique is still been applied in a variety of situations,
especially in the study of those species where other kinds
of nuclear markers, such as microsatellites, are not avail-
able. In mammal species, the most frequent use of RAPD
marker is related to the analysis of intraespecific genetic
variation and it has been applied in a variety of animal
groups like rodents (Vucetich et al., 2001; Chiappero

and Gardenal, 2003; Spiridonova et al., 2004), marsupi-
als (Cooper, 2000), carnivores (Ratnayeke et al., 2002),
and primates (Neveu et al., 1998). Few studies using the
RAPD technique have been reported on cervid species.
Among these, there are analysis related to the establish-
ment of systematic relationships (Comincini et al., 1996),
analysis of intra and interespecific variation (Scandura
et al., 1998; Tokarskaya et al., 2000), and development
of specie-specific markers (Wu et al., 2006).

In the present study, we used RAPD markers to an-
alyze genetic diversity and population structure of the
Pampas deer Ozotoceros bezoarticus, one of the most
endangered Neotropical cervid. Based on the average
gene diversity value obtained using Nei (1987) index, we
concluded that a moderate to high level of genetic diver-
sity is present at the two studied populations. Originally
derived to be used with codominant markers, the use of
Nei’s gene diversity index for dominant markers became
a measure of genetic variability of statistical value, with
values ranging from 0-0.5 (Lowe et al., 2004). Here, a
value of 0.26 was found when considering both popu-
lations together. The existence of considerable variation
within each population is also evident by the fact that
each individual was characterized by a unique RAPD
phenotype. Using the Nei and Li (1979) algorithm, we
found average distance values of 0.210 and 0.216 for
Emas and Pantanal populations, respectively. These val-
ues seem to be in the range of those usually reported in
the literature, but the lack of standard procedures for the
analysis of RAPD data and the use of different kinds of
similarity and distance indexes make comparisons with
other studies very difficult.

These results are concordant with Gonzélez et al.
(1998) that found a remarkably high variability in the
control region of the mitochondrial DNA. This high ge-
netic variability at nuclear (RAPD) and mtDNA at both
populations can reflect the historically large population
sizes and their recent decline. The abundance of this spe-
cies in the past can be deduced from archaeological sites
where it is commonly found (Tonni et al., 1992). Its ex-
ploitation and consequent population decline can also be
easily deduced when we check the numbers of pelts ex-
ported from Rio de La Plata in the nineteen century: about
2,130,000 only between 1860 and 1870 (Thornback and
Jenkins, 1982). Actually we can find about 1,300 indi-
viduals at Emas National Park (Rodrigues, 2003) while
at the Pantanal, where the largest population of this spe-
cies resides, there is about 60,000 individuals (Mourao
et al., 2000). Pampas’ deer is still suffering a strong pres-
sure over its populations, mainly by hunting activities,
contact with cattle disease, and habitat destruction pro-
moted by agricultural expansion (Merino et al., 1997).

Based on RAPD markers, we were not able to sepa-
rate individuals into their populations of origin. The data
presented here show a very low degree of structuring,
with a value of among population variance in AMOVA of
just 4.0%. This lack of population division is clearly vis-
ible in the neighbor-joining tree generated by the clus-
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ter analysis. These results are quite distinct from those
obtained by Gonzailez et al. (1998) for mtDNA. This
can be a consequence of the differences in the genetic
characteristics of the markers used in each study, since
different classes of markers can give rise to very distinct
results. According to Avise (2004), a species can show
distinct patterns in its geographical population structure
when the analyses are done using genes with biparental
transmission (which is the case for the majority of nucle-
ar loci) or using those in which the transmission occurs
mainly by one of the sexes (like in the mtDNA). One of
the most important characteristics of mtDNA is it ma-
ternal inheritance in most species. It means that evolu-
tionary relationships inferred by using this marker must
be interpreted as an inference of matriarchal phylogeny
(Avise, 2004). In that way, depending on the presence or
not of a sex-biased dispersal pattern in the species under
study, distinct genetic structures can be found when us-
ing nuclear or mitochondrial DNA markers. As a general
rule, males are the dispersal sex in the mammal species
(Greenwood, 1980; Handley and Perrin, 2007), and dif-
ferences in geographic structure of mitochondrial and
nuclear polymorphisms caused by this biased dispersal
pattern have been widely reported (Ishibashi et al., 1997;
Mesa et al., 2000; Escorza-Trevino and Dizon, 2000;
Prugnolle and Meeus, 2002). Unfortunately, dispersal
patterns in the pampas deer are poorly known, but the
hypothesis that in this species the dispersion is done
mainly by males can explain the differences on the data
found in our study from those obtained by Gonzilez
et al. (1998).

Although our data analysis evidenced a lack of ge-
netic structure and population subdivision, it is important
to note that 11 exclusive RAPD markers were found at
both populations. If it can not be taken as a proof of pop-
ulation distinctiveness, this data at least suggest a limited
dispersion between these two populations.

The analyzed populations are considered two dis-
tinct subspecies: O. b. bezoarticus (samples from Emas
National Park), and O. b. leucogaster (samples from
Pantanal). This classification, primarily based on mor-
phological characters (Cabrera, 1943), was reinforced
by the remarkable mtDNA sequence divergence between
them (Gonzalez et al., 1998). Aside this, the habitats oc-
cupied by these two populations present diverse climate
conditions. Emas National Park is located at the cerrado
of central Brazil between 650-1,000 m of altitude and
has a marked dry season lasting from April to September.
Pantanal is a low altitude flooded plain (80 m) composed
primarily by grassland with a very hot and humid climate
during almost all year, with food and area availability
depending on flooding cycles. Distinct environmental
conditions can give rise to different evolutionary forces,
which in turn can drive selection of adaptive characteris-
tics that could be useful in these different environments.
Until now, few studies on characteristics of adaptive
value have been conduct in Pampas deer. Among these,
studies on endocrine monitoring, antler cycle, and repro-
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ductive behavior seem to be insufficient for concluding
that there are physiological differences between Emas
and Pantanal populations (Pinder, 1992; Tomas, 1995;
Rodrigues, 1996; Pereira et al., 2005).

Concerning to population structure, the results pre-
sented here for RAPD are quite different from those ob-
tained from mtDNA analysis. More than just report these
differences, we would like to stress the need for assessing
patterns of genetic structure using multiple classes of ge-
netic markers. Different kinds of markers can underscore
different population histories and difficult-to-study be-
haviors. As demonstrated by Hoffman et al. (2006), even
the same kind of marker can give rise to distinct results
depending on the sample size and number of analyzed
loci. By this way, conservation efforts and management
recommendations need to be addressed with care and
based on as much information as possible. We suggest
that more studies using other nuclear markers (like mi-
crosatellites) and field works on Pampas deer dispersal
abilities are needed before effective conservation and
management guidelines could be done for this species
and its populations.
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