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Abstract. Dalbergia nigra (rosewood) is a long-lived leguminous

species, which is endemic to the Brazilian Atlantic forest. Because of
the high economic value of its wood, this species has been over-explored in recent years. Currently, rosewood is included in the IUCN Red
List as vulnerable. We examined the genetic diversity of 87 specimens
of D. nigra sampled from a continuous forest in the Veracel Reserve and
Brazilwood Ecological Station, Porto Seguro, Bahia state, with random
amplified polymorphic DNA markers. Grouping analyses were done
using unweighted pair group method with arithmetic averages. Using
the 16 most informative primers, 112 markers were obtained; 39% (44
bands) were polymorphic. A genetic similarity matrix was made based
on the polymorphic bands. The dispersion graph and dendrogram analyses showed three distinct sub-populations. The degree of polymorphism
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was high, near that of other populations of similar species; however, it
was considered low for the conservation of this species.
Key words: Conservation, Leguminosae, Molecular variation,
Polymerase chain reaction

Introduction
Dalbergia nigra Vell. Allemão ex Benth. (rosewood or Brazilian rosewood) is a tree
species endemic to the Atlantic forest of Brazil; the natural distribution is in the states of Rio
de Janeiro, Espírito Santo, Minas Gerais, and southern Bahia (Leão and Vinha, 1975). The Atlantic coast forest originally stretched along the coast from Rio Grande do Norte to Rio Grande
do Sul; currently it is limited to less than 10% of its original area (MMA, 2000; Câmara, 2005).
In addition to its ecological importance, D. nigra has a high-quality wood, which is used for the
manufacturing of furniture, musical instruments and decorative objects (Almeida, 2001). According to Rizzini and Mattos Filho (1986) and Sperândio and Fonseca (1986), it is one of the
most important and valuable Brazilian woods. Because of its high commercial value, rosewood
has been over-explored, causing its near extinction (Sperândio and Fonseca, 1986). Rosewood
is considered by the IUCN Red List as vulnerable, with a high risk of extinction in the wild in
the medium-term future (Varty, 1998). Currently, a few individuals can still be found in the remaining forest fragments of the southern Bahian Atlantic forest (Almeida, 2001). Information
on genetic variability is important for species that are rare in native forests and for which there
is little demographic information.
Genetic variability or genetic polymorphism is hereditary variation in DNA sequences
among individuals of a population (Alberts et al., 1997). Differences of this nature can be
found between geographically distinct populations within a local group, or within a progeny
(Falconer, 1989). According to Lacy (1988) and Fritsch and Rieseberg (1996), Conservation
Genetics attempts to estimate the level and distribution of the genetic variation in species that
are at risk of extinction. Accurate estimates of species diversity are useful to optimize sampling strategies and for the conservation and administration of genetic resources (Hamrick et
al., 1991; Schaal et al., 1991; Chalmers et al., 1992). The loss of genetic variability can be a
consequence of fragmentation. Forest fragmentation is a disruptive process that cuts off and
decreases gene flow, and consequently limits species evolution (Barrett and Kohn, 1991). Genetic diversity can be evaluated using genetically inherited markers that distinguish individuals or populations. Generally, genetic markers are grouped into morphologic, biochemists and
molecular groups, each with specific advantages and disadvantages (Gepts, 1995). Studies of
genetic variability can determine the level of genetic variation of populations or species and its
distribution among populations (Hamrick, 1983).
In genetic polymorphism evaluation studies, the use of molecular markers within plant
species has been greatly expanded through methods that use polymerase chain reaction. random amplified polymorphic DNA (RAPD) markers provide a larger number of potential markers that are useful for the analysis of genetic diversity, often using fast, simple and reliable
protocols that minimize the amount and quality of DNA required. It has been especially used
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to study the genetic structure of populations (Almeida, 2001) and for conservation studies of
endangered organisms (Calero et al., 1999).
Genetic variability analyses using RAPD have many practical applications in crop
breeding and species conservation, such as: genotype classification in genetically similar
groups, genitor selection, based on genetic relationship information; patent protection for new
breeding varieties and the organization of germplasm banks by groups of interest (Barbosa
Neto and Bered, 1998). Bai et al. (1998) verified the efficiency of RAPD markers in the detection of kindred degree between bean genotypes. Additionally, RAPD analysis has been used to
describe population structure and genetic polymorphism in many species, especially in those
that do not possess specific molecular tools, such as SSR, e.g., Gliricidia sepium (Chalmers
et al., 1992), Buchloë dactyloides (Huff et al., 1993), Hordeum spontaneum (Dawson et al.,
1993), Theobroma cacao (Russell et al., 1993), Pseudotsuga menziesii (Aagaard et al., 1995),
Eucalyptus globulus (Nesbitt et al., 1995), Grevillea scapigena (Rossetto et al., 1995), Spartina
alterniflora (Stiller and Denton, 1995), Populus tremuloides (Yeh et al., 1995), Argyroxiphium
sandwicense (Friar et al., 1996), Medicago truncatula (Bonnin et al., 1996), Allium aaseae
(Smith and Pham, 1996), Amentotaxus formosana (Wang et al., 1996), Caesalpinia echinata
(Cardoso et al., 1998), Fitzroya cupressoides (Allnutt et al., 1999), Sophora toromiro (Maunder et al., 1999), Eucalyptus microtheca (Chunyang, 2000), Leucopogon obtectus (Zawko et
al., 2001), Medicago truncatula (Bonnin et al., 2001), Plathymenia reticulata (Lacerda et al.,
2001), Dalea purpurea (Gustafson et al., 2002), Borderea chouardii (Segarra-Moragues et al.,
2005), Vigna unguiculata (Xavier et al., 2005), and some legumes (Jena et al., 2004).
The preservation of Brazil’s Atlantic Forest remnant species is important for scientific
and economic reasons. More information on the history, biology, ecological characteristics,
and genetic bases of these species is also required, especially for endemic species, species
with restricted distribution, rare species, and those in risk of extinction. Furthermore, the study
of genetic diversity is important because of its evolutionary implications and the facilitation
of species conservation. We evaluated the genetic diversity of a continuous population using
RAPD markers. The results should help identify the best individuals for incorporation in reforestation and enrichment programs and in the formation of germplasm banks.

Material and Methods
Population studied
The study sites included natural populations from 6800 continuous hectares of forest located in the Veracel Reserve (RPPN) and in the Brazilwood Ecological Station, Porto
Seguro, Bahia state (Figure 1). The D. nigra trees in this forest were mapped, and 87 of these
were sampled. Leaf samples were collected from each individual and stored at -80oC until
DNA extraction.
Molecular analysis
The DNA was extracted from the frozen leaves following the CTAB protocol (Doyle
and Doyle, 1987), modified by Almeida (2001). The RAPD (Williams et al., 1990) amplifications of each individual followed the procedures described by Corrêa et al. (1999).
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Figure 1. Location of the Dalbergia nigra population in the Atlantic Forest, Bahia State, Brazil. Location number
represents Porto Seguro (1).

Twenty-two primers were evaluated to test their degree of polymorphism. The 16 most
polymorphic primers were selected for the genetic variability analysis. DNA fragments, generated by amplification, were separated according to size on 1.2% agarose gels that were stained
with ethidium bromide. These were observed using UV light and photographed with the EDAS
290 (Kodak). Reproducibility and repeatability of the amplification products were tested for
each of the primers.
Statistical analysis
Although the visualizations varied in size, the results from each RAPD product were
assumed to represent a single locus, and data were scored as the presence (1) or absence (0) of
a DNA band. Only those fragments that amplified consistently were considered for analysis.
The parameters and the percentage of polymorphic loci were calculated using the Past
1.34 program (Hammer et al., 2001). A matrix of genetic similarity was obtained between pairs
of individuals using the Dice coefficient (Dice, 1945). The same program was used to construct
a dendrogram, using unweighted pair-group method with arithmetic averages (UPGMA), which
shows the relationships between individuals. A co-phenetic value was produced from the tree
matrix using the COPH program from NT-SYS 1.70 software (Rohlf, 1992).
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Results and Discussion
The 16 most informative RAPD primers were used on the 87 D. nigra samples, originally tested with 22 primers, producing 112 reproducible RAPD markers, 39% were polymorphic, with an average of seven bands per primer (see Table 1). Primers OPB11, OPD11 and
OPD10 gave the highest degree of variability per locus, the first two having 78% and the last
having 75% polymorphic bands. The markers OPC02 and OPD03 gave low polymorphism indexes (14%). We found that D. nigra has a degree of variability within the range of that found
in populations of Eucalyptus urophylla (Pigato and Lopes, 2001), Bauhinia forficate (Santos,
1994) and Myrciaria floribunda (Vasconcelos, 2002), with 23.3, 45.1 and 38.6% polymorphic
bands, respectively. Based on alloenzymes, Hamrick and Godt (1990) found population level
variability averages of 14.9% for tree species, 15.9% for widely distributed species, 10.9% for
tropical species, and 12.4% for species pollinated by animals. Though the degree of polymorphism in D. nigra was high in comparison to figures found in these RAPD and isoenzyme studies, it was low in terms of what is desirable for species conservation. According to Kageyama et
al. (2003), there is higher genetic variability within than among tree populations. Consequently,
we are concerned about the conservation of rosewood.
The 16 primers allowed us to discriminate the 87 specimens. Good results have been obtained for other species using a similar number of markers. For example, Dwivedi et al. (2001) evaluated the genetic diversity of 26 peanut plants with eight polymorphic markers. They determined
five genotype groups and indicated that a relatively small number of markers are capable of generating information about genetic variability. Additionally, Chen et al. (1997) found 16 polymorphic
markers among 40 tested, in 11 individuals, in an evaluation of soybean polymorphism.
Table 1. Oligonucleotide primers selected for amplification and polymorphism detection in rosewood specimens.
Primers

Scored bands
OPA1
OPA11
OPA20
OPB05
OPB08
OPB11
OPC02
OPC07
OPD01
OPD03
OPD10
OPD11
OPD20
OPE10
OPG02
OPC07
Total

Amplified bands
Polymorphic bands

6
6
6
7
6
9
7
6
5
7
4
9
7
5
11
11
112
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Based on the similarity analyses and distance index, similarity coefficients ranged
from 0.070 to 0.965 among the 87 rosewood plants. The most similar individuals were individuals 56 and 58, with 96.5% similarity. Individuals 9 and 85 were the most distinct, with
7.7% similarity (Figures 2 and 3).
Further study of factors that can explain or contribute to the analysis of the degree
of polymorphism is important for the conservation of populations in isolated reserve areas.
Isolation of populations can influence genetic drift and can limit intra-specific diversity. Other
influential factors include the extraction of non-lumber products and fragmentation. Fragmentation disrupts the natural continuity of habitats and may cause a decrease in gene flow between
populations. This causes a loss of genetic variability and limits species evolution (Barrett and
Kohn, 1991). Hamrick and Murawski (1991) compared the average variability of 16 rare tree
species with 16 common tree species and observed significantly higher values for the common
ones. According to Ribeiro (2002), the effect of fragmentation in D. nigra populations in three
forest fragments was a decrease in allele frequency and loss of alleles in four of five loci.

Figure 2. Dispersion graph of the 87 Dalbergia nigra specimens, illustrating the three sub-groups within the population.
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Figure 3. UPGMA dendrogram based on RAPD-PCR of 87 Dalbergia nigra specimens, constructed from a genetic
similarity matrix using the Dice coefficient (Dice, 1945). The numbers along the branches represent bootstrap
proportions calculated from 10,000 replications.
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In this rosewood population, consisting of 87 individuals within a continuous forest,
three sub-groups were distinguished. There was some intersection among individuals in the
sub-groups, based on dispersion graph analysis (Figure 2). Based on the dispersion data, we
calculated a similarity coefficient of 0.53 in the dendrogram (Figure 3). This may mean that
there are rosewood sub-populations within this area. It would be interesting to determine if
there is any relationship between the genotypic similarities and their respective phenotypes,
using morphological analyses. According to Hamrick and Godt (1990), tropical tree species
have their species life history and ecological characteristics reflected in intra- and inter-populational variation and in population variability. However, molecular markers do not have a direct
effect on plant phenotype, and are therefore not directly affected by the selection process (Vera
et al., 1999). The UPGMA dendrogram tree (Figure 3) has a co-phenetic correlation value of
0.803. Intent matrix selection suggests a cut-off at 0.65 within the dendrogram, defining at least
10 groups for future conservation applications. According to Kageyama et al. (2003), species
sampling using genetic markers can help advance genetic understanding of natural tree species
populations, as well as help in monitoring actions, degraded area restoration and the determination of the number of maternal trees necessary for seed collection. In addition, selection of
maternal trees with high genetic variability could be used to orient seed collection, contributing
to the success of restoration projects.
When these issues are better understood, more accurate decisions about the future
recovery and conservation of this species can be made. Molecular analysis can help us understanding genetic systems in endangered plants and contribute to existing knowledge concerning conservation of genetic resources in rare populations of D. nigra.
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