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Abstract

Genetic diversity studies in natural forest species populations have consistently expanded in recent years.
Considering that biodiversity is directly related to genetic variation among and within populations, its
study has become essential to the knowledge of genetic patterns. The study assessed genetic diversity of
a Mezilaurus itauba population, detecting similarity and dissimilarity evaluating distribution intensity
of adult and juvenile trees in remnant rain forest fragments in southern Amazon, Brazil. Leaf and
cambium samples were randomly collected from 36 reproductive individuals. Eleven RAPD (random-
amplified polymorphic DNA) primers were tested for genetic similarity analyses. The obtained data
demonstrated that the species presented 79.77% polymorphism among the loci observed, with genetic
diversity occurring between juvenile and adult trees. The population studied presented genetic diversity,
forming three well-distinguished groups.
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Resumo

Estudos de diversidade genética em populagdes de espécies florestais naturais t€ém expandido
consistentemente nos ultimos anos. Considerando que a biodiversidade esta diretamente relacionada a
variagdo genética entre ¢ dentro das populagdes, o seu estudo tornou-se essencial para o conhecimento
dos padroes genéticos. O estudo avaliou a diversidade genética de uma populagdo de Mezilaurus
itauba, detectando similaridade e dissimilaridade em fragmentos de floresta tropical remanescente no
sul da Amazodnia, Brasil. Amostras de folhas e do cambio foram coletadas aleatoriamente a partir de
36 individuos reprodutivos. Onze RAPD (DNA polimérfico aleatoriamente amplificado) iniciadores
foram testados para a analise de similaridade genética. Os dados obtidos demonstraram que a espécie
apresentou 79,77% de polimorfismo entre os loci observados, com diversidade genética que ocorre
entre individuos arbéreos juvenis e adultos. A populagdo estudada apresentou diversidade genética,
formando trés grupos bem distintos.
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Introduction

Vegetation is a major bioindicator in ecological
studies of biodiversity in forest systems. A well-
known approach to studying plant diversity is
to identify the genetic differentiation among
and within populations (COSTA et al., 2015;
FERREIRA; GRATTAPAGLIA, 1998). Pires et
al. (2011) emphasized the importance of genetic
resource conservation programs in economically
explored forest communities to avoid the collapse
of target forest species. Genetic equilibrium is
naturally manifested in large populations in the
absence of migration, mutation and selection
with allelic and genotypic frequencies remaining
constant across several generations according to the
Hardy-Weinberg ‘s theorem.

Mezilaurs itauba (Meins.) Taub. Ex Mez is
an Amazon species distributed throughout South
America, from the southern Amazon and northern
Brazil to Colombia, Venezuela, Guyana, French
Guiana and Ecuador. It is the fifth most exploited
timber species in the region, due the excellent
technical characteristics of the wood, and it is listed
as threatened for extinction in the Amazon region
by the International Union for Nature Conservation
(IUCN, 2009). The spatial pattern of the population
of Mezilaurus itauba in the southern Amazon was
random, though a tendency to aggregation at very
close distances was detected (EBERT et al., 2016).

Genetic diversity refers to the variation of genes
within and between species and their structure,
corresponding to the diversity of genotypes and
their abundance or variation within populations.
High genetic diversity in a population is especially
valuable when the environment is unstable and
unpredictable because it improves adaptation to
natural or anthropic interventions through genotype
selection (BERG, 2001).

The standards established by current Brazilian
legislation concerning timber harvest in the Amazon
rain forest, which basically apply dendrometric
patterns, may lead to irreparable ecological and

genetic losses to the structural dynamic of Amazonian
forests. An approach is receiving attention from the
contemporary scientific community is population
monitoring of the structure and genetic diversity
of explored timber tree species, which seeks to
establish genetic indicators that contribute to
biodiversity conservation initiatives (BOYLE,
2000). However, Kageyama et al. (2003) described
the difficulty in including a large number of species
in genetic diversity studies due to the wide range of
natural tropical forest species, and they suggested
the assessment of selected species, which would
serve as representatives for a common group due to
their ecological and genetic characteristics.

The
a Mezilaurus

study assessed genetic diversity of

itauba population, evaluating
distribution of adult and juvenile trees in remnant

rain forest fragments in southern Amazon, Brazil.

The sampling area, covering 185 hectares, was
located in a semi-decidual forest in the Sorriso
Municipality of the Northern Mato Grosso State,
Brazil (lat 12° 18’ 5.945” S, long 55° 48* 37.336”
W). From a population of 156 trees, samples were
collected from 36 individuals through simple random
sampling, providing 86% confidence interval. Fresh
samples of leaves and cambium were collected from
individual Mezilaurus itauba specimens. Leaves
were stored in identified plastic bags and transported
in styrofoam boxes containing ice. Cambium
samples were extracted and added to individual 50
mL tubes along with a transport solution containing
ascorbic acid, cetyltrimethylammonium bromide
(CTAB), B-mercaptoethanol and absolute ethanol.

Exsiccates samples were used in species
identification and were deposited in the Central
Herbarium of the Federal University of Mato

Grosso, Brazil.

Groups with samples distributed to maintain
proportionality in the number of individuals with
physiological or ontogenetic characteristics at
the reproductive stage. Trees harvested for timber
usually have a diameter at breast height (DBH)
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greater than 50 cm, and this parameter was used for
classifying adult and juvenile populations.

Samples were collected from a total of 36
individuals as follows: 20 individuals with a DBH
equal or greater than 50 cm, and 16 individuals
with a DBH less than 49.9 cm. A DNA extraction
protocol was performed as described by Ferreira
and Grattapaglia (1998). Briefly, plant tissue
was macerated, extracted using buffer solution
and stored in microtubes. DNA samples were
quantified by concentration and purity readings
using a NanoDrop® spectrophotometer. Following

quantification, the samples were diluted in ultrapure
water (milli-Q) to a concentration of 4.2 ng pL™.
DNA samples were frozen at a constant temperature
of —20°C. The polymerase chain reaction (PCR)
protocol consisted of denaturation of double-
stranded DNA for amplification, and the temperature
indicated for tropical tree species was used (92°C
for 1 minute). The annealing temperature was 38°C
for 2 minutes in 35 repeated cycles.

Eleven random amplified polymorphic DNA
(RAPD) primers (Table 1), from commercial
laboratories for the same family as the species
studied, were used.

Table 1. Primers utilized in the RAPD PCR, total number of bands, total number of polymorphic bands and the

percentage of polymorphism.

Ne° Name of oligonucleotide Sequence Total II\IEII;I :f;r(;fhl;acmds %

1 P4 ‘5-AAGTCCGCTC-3” 10 8 8.99
2 P6 ‘5-CCACGGGAAG-3’ 12 9 10.11
3 P10 ‘5-TCAGAGCGCC-3’ 3 3 3.37
4 P16 ‘5-AAGACCCCTG-3’ 12 10 11.24
5 P19 ‘5-CTTCACCCGA-3’ 8 5 5.62
6 P40 ‘5-AGCGCCATTG-3’ 11 9 10.11
7 P48 ‘5-GGCACGCGTT-3’ 10 9 10.11
8 P50 ‘5-ACGGCGTATG-3’ 1 1 1.12
9 P51 ‘5-CATCCGTGCT-3’ 8 6 6.74
10 P52 ‘5-AATCGGGCTG-3’ 11 9 10.11
11 P53 ‘5-ATATGCGCCA-3’ 3 2 2.25

For image analysis, Image LAB 4.0 software
(Bio-Rad Laboratories, Inc.) was used for capturing
open band classification during the electrophoretic
runs and documentation of the photographs. Gels
were analyzed by constructing binary matrices to
determine the presence of bands (1) and the absence
of bands (0). The distribution of genetic diversity
was evaluated by grouping analysis using the spatial
distribution of two individuals [Group 1, adult trees
(> 50 cm DBH); and Group 2, juvenile trees (<
50 cm DBH)]. Genetic dissimilarity between the
individuals was determined by grouping analysis
of the betweenness of each pair of observations, as
follows (HAIR et al. 2005): , where Sﬁ represents

the genetic similarity, a represents the presence of
banding in the genotypes, b represents the presence
of banding in the first genotype and the absence of
banding in the second genotype, and ¢ represents
the absence of banding in the first genotype and the
presence of banding in the second genotype.

The construction of a dendrogram of hierarchical
clustering from complete linkage was the grouping
technique adopted for the analyses of genetic
dissimilarity, and this technique grouped the
samples by mean distance between the object,
aiming for inclusion in a group and for each object
to pertain to that group.
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Through the
the interpretation of the bands, the percentage
of polymorphism in each oligonucleotide was
determined using the following formula: , where
P is the percentage of polymorphism, npb is the
number of polymorphic fragments, and nbt is the
number of total fragments.

binary matrix generated by

Polymorphism detection showed 89 bands
containing 71 polymorphic bands (79.77%). The P6
and P16 primers corresponded to high polymorphism
with 12 alleles identified for each primer, and the
P50 primer presented low polymorphism with only
1 allele identified (Table 1), proved effective for the
characterization and evaluation of M. itauba genetic
diversity with RAPD markers. The main advantages
found compared to other types of markers, as
reported by several researchers, were confirmed to
be low costs, reduced lab analysis execution time
and the small amounts of plant material required.

Both collection methods (young leaves and
cambium) were shown to be effective because DNA
samples were successfully obtained from both.
However, the cambium samples stored in transport
buffer solution were better, due to the simplicity
and ease of field collection and the fewer labor
requirements for preparation of DNA in the lab.
From the 36 samples collected, 29 samples were
successfully extracted (80.55% success rate) to
obtain good quality material and amounts sufficient
for genetic analyses.

These results suggest that the elevated rate
of
high genetic variability and diversity, despite

intrapopulational polymorphisms indicates
the anthropic. A reduction of genetic diversity
in populations, which is often caused by human
actions, directly affects the evolutionary capacity of
the species. The effective population size is reduced,
thus making the population less able to adapt to
environmental changes because they become an
endogamous population via inbreeding, resulting
in a loss of heterozygosity (FRANKHAN et al.,
2002). Gomes et al. (2011) evaluated the genetic

diversity of Mauritia flexuosa L. f. (Areaceae) using
amplified fragment length polymorphism (AFLP)
markers in four populations, and they obtained
mean polymorphism percentages between 82 and
91.1%. Kageyama et al. (2003) utilized RAPD
molecular markers in a genetic diversity study of
an Ocotea odorifera (Lauraceae) population, and
they verified 95% polymorphic loci. Sandigawab
and Patil (2011) found 89% polymorphism using 11
RAPD primers in Cinnamomum zeylanicum Blume
(Lauraceae).

In the present study, the polymorphic loci analysis
of the two groups yielded 47.42% polymorphism for
the juvenile tree alleles and 53.58% polymorphism
for the adult tree alleles. These results suggested
that genetic diversity can be maintained if timber
harvest is based on strict forest management
regimes that remove individuals only from the adult
tree group (> 50 cm DBH). Accordingly, as it was
highlighted that important alleles can be lost during
exploitation, some loci were found only in the adult
species group.

A genotypedistribution equilibrium was observed
between the two groups, thus allowing genetic
diversity to be maintained across the generations
of existing trees in the population studied. This
equilibrium may be related to the alogamous
reproduction system, pollination syndromes and
seed dispersion, which maintain the natural genetic
structure of forest through stimulating genetic
exchanges given the current density and frequency
of individuals in the population.

The genetic dissimilarity dendrogram generated
by the complete hierarchical clustering method
illustrates the results (Figure 1). The cutoff line
for similarity was drawn at a mean dissimilarity of
55%, and three groups were formed. The further
13 samples showed similarity under cutoff line,
indicating genetic diversity among themselves and
with the three distinct groups.

The first group encompassed samples 1, 2, 7,
8, 11, 12, 13, 14 and 18. Samples 1, 2, 8, 11, 12
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and 13 were from the adult individuals, and 7, 14
and 18 were from the juvenile individuals. For
the second group, samples 3 and 4 were from the
juvenile group, and 6 and 9 were from the adult
group. For the third group, sample 15 was from the
adult group, and 16 and 17 were from the juvenile
group. Genetic diversity was maintained within the
population studied as a function of historical events
that had occurred and other more recent evolutionary
processes (LEE et al., 2002). Few studies related to
the M. itauba species with the data obtained relating
to the technology employed in timber production
have been performed.

The dendrogram revealed that the levels of
genetic diversity varied among samples, which
allowed the organization of the genetic variability
in the population to be known. This knowledge is
useful for genetic diversity conservation, and it
allows exploration of the evolutionary potential
of the species (HAMRICK; GODT, 1997). It is
important to analyze the genetic dissimilarity
among individuals within groups because it reflects
the differences in the phenotypic standards observed
using genetic analysis.

Figure 1. Grouping of individuals from the Mezilaurus itauba (Meinz.) Taub. Ex Mez population studied using the
similarity index in the grouping method. The cutoff line was estimated and shown to be at a 55% similarity.
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The population studied presented genetic
diversity, having three distinct groups and the
further 13 samples showed similarity under cutoff
line, indicating genetic diversity among themselves

and with the three distinct groups. The levels of

genetic diversity varied among samples, which
allowed the organization of the genetic variability in
the population. The primers used were effective in
identifying genetic variability of M. itauba and can
be used in study of forest management to the specie.
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