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ABSTRACT. Seven polymorphic microsatellite markers were
developed and validated for Bertholletia excelsa (Brazil nut tree)
population genetic studies. This species is a widespread monotypic
Amazonian tree with high non-timber economic value. Unfortunately,
Brazil nut production is currently less than 25% of historical production
levels, because of extensive deforestation. All pairs of primers produced
clearly interpretable and polymorphic bands. No linkage disequilibrium
was observed in an analysis of 46 individuals from one population, three
to seven alleles per locus were observed; the expected heterozygosity
ranged from 0.378 to 0.978, with significant heterozygote excess for
four loci. An analysis of individuals from two populations showed
private alleles at all loci. These primer pairs will be useful for population
studies, especially for comparing samples from different parts of the
Amazon forest.
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INTRODUCTION

The Brazil nut tree (Bertholletia excelsa Humb.; Bonpl.) is a widespread monotypic
species in upland forest areas in the Amazon. Its reproductive characteristics and longevity
make this species a good model to understand the genetic diversity of Amazon Forest species.
Brazil nuts are important non-timber products, and in some over-exploited areas, a lack of
juvenile trees and seedlings has been observed (Peres et al., 2003).

Genetic diversity across a species’ distribution throughout the Amazon Forest is an
understudied issue, especially in plants. Quantifying and understanding its population genetic
structure, as well as studies of gene flow and mating systems, provide important information
for the development of conservation strategies and species management. Such information can
also be helpful in identifying effects of habitat fragmentation (Erickson et al., 2004; Azevedo,
2007; Vandergast et al., 2007).

The use of genetics as a tool for conservation requires information about allelic dis-
tribution, heterozygosities, fixation indices and population structure. The need for information
on the populations’ recent history and the scarcity of information for non-model species, as
is the case for most tropical trees, make microsatellite markers valuable tools (Schldtterer,
2004). Microsatellites are co-dominant markers, with a high degree of polymorphism, found at
high frequency, and are well distributed throughout higher plant genomes (T6th et al., 2000).
The building of an enriched genomic library is a method capable of rapidly developing plenty
of these markers (Ostrander et al., 1992).

In the present study, we aimed to develop microsatellite primers for B. excelsa and
validate them for use in population genetic studies.

MATERIAL AND METHODS

Samples of B. excelsa were collected from two different areas in Brazil. One of them
was the Chico Mendes Extractive Reserve (Resex Chico Mendes), in Acre State, where six in-
dividuals were collected for genomic library construction and polymorphism tests. In another
site, the Iratapuru River Sustainable Development Reserve (RDS do Rio Iratapuru), in Amapa
State, a sample of 46 individuals was collected in a continuous forest area for the characteriza-
tion and validation of the markers. DNA was obtained from vascular cambium tissue using a
2% CTAB protocol (Doyle and Doyle, 1987), which was adapted.

A dinucleotide-enriched genomic library was constructed using the protocol devel-
oped by Rafalski et al. (1996) and adapted by Buso et al. (2003). A DNA digestion test was
performed with the restriction enzymes Sau3A (| GATC), Msel (| TAA) and Tsp 509 (J|AATT),
where the largest number of fragments from 200 to 800 bp was obtained with Msel. Digested
fragments were purified and recovered from a 2% agarose gel using the QIAquick Gel Ex-
traction kit (Qiagen; Hilden, Germany) and were linked to specific adaptors for the Msel
restriction site. Fragments with adapters were linked to a complex containing poly-AG/TC
oligonucleotide fragments, biotin and magnetic beads (Dynabeads - Streptavidin; Boehringer;
Mannheim, Germany) and were recovered and amplified by polymerase chain reaction (PCR).
Amplified fragment purification was performed using the QIAquick kit (Qiagen). Fragments
containing SSR sequences were ligated into the pGEM-T Easy Vector (Promega; Fitchburg,
Wisconsin, USA) and transformed into Escherichia coli strain XL1-Blue by electroporation.
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Positive clones were selected based on lack of B-galactosidase gene activity. Sequencing reac-
tion templates were generated by PCR amplification DNA fragments with M13 forward and
reverse primers, complementary to vector sequences. Templates were generated from 192
positive clones and were purified with exonuclease I and shrimp alkaline phosphatase (SAP).
Sequencing reactions were performed with the BigDye Terminator v3.1 Cycle Sequencing
kit (Applied Biosystems). PCR products were purified following purification by precipitation
with ethanol/EDTA, using the manufacturer protocol. Sequencing was performed using the
96-capillary ABI 3700 automatic DNA analyzer.

Sequences with di or tri-nucleotide repeats were selected for primer design with Primer3
web-based software (Rozen and Staletsky, 2000). Each forward primer in all primer pairs
designed was labeled with green (HEX) or blue (6-FAM) fluorochrome. Ideal PCR conditions
were determined using DNA from four B. excelsa trees sampled from natural populations.
PCR reaction mixtures contained 3-5 ng template DNA, 0.2 umol each primer, 1 U Taqg DNA
polymerase, 250 pmol each dNTP, 0.40 pg BSA and 1X reaction buffer (10 mM Tris-HCI, pH
8.3, 50 mM KCl, 1.5 mM MgCl,) in a total volume of 13 uL. Cycling conditions were: 94°C
for 5 min (one cycle); then 94°C for 1 min, 50° to 58°C (according to the primer annealing
temperature) for 1 min and 72°C for 1 min (30 cycles); and 72°C for 7 min (one cycle).
Amplified fragments were evaluated on a 3.5% agarose gel stained with ethidium bromide.

Polymorphism analysis was performed using DNA from six individuals from Acre
(Resex Chico Mendes) and six from Amapa (RDS do Rio Iratapuru), to detect loci with intra-
and inter-population polymorphism. DNA amplified fragments were separated and analyzed
using a 96-capillary ABI3700 Automatic Analyzer and GeneScan and Genotyper software
(Applied Biosystems). SSR loci were selected according to mean number of alleles per locus
and presence of private alleles, by direct observation of genotypes. Primer pairs that amplified
regions with at least three alleles or one private allele, with clearly identifiable bands, were
selected for population analysis.

A population analysis was performed with the sample from Amapa. Genetic diver-
sity was characterized by estimates of allele frequencies, mean number of alleles per locus,
and observed and expected heterozygosities under Hardy-Weinberg equilibrium (HWE). The
inbreeding coefficient /' was calculated with the F estimator (Weir and Cockerham, 1984),
using FSTAT (Goudet, 1995). Confidence intervals (95%CI) of f estimates were obtained us-
ing 10,000 bootstrap replicates, and linkage disequilibrium was tested using GDA software
(Lewis and Zaykin, 2001). The presence of null alleles (NA) was tested with FreeNA software
(Chapuis and Estoup, 2007).

RESULTS AND DISCUSSION

Of'the 171 DNA fragments sequenced, it was possible to design 16 primer pairs com-
plementary to SSR flanking region sequences. Seven primer pairs produced clearly interpre-
table and polymorphic bands and were used in the population analysis (Table 1). All seven loci
showed private alleles in at least one of the Acre or Amapa subpopulations.

Genetic diversity estimates of samples from Amapa are presented in Table 2. Among
the individuals sampled, we found a high heterozygote proportion, and many alleles were only
in heterozygotes. The mean number of alleles was lower than that usually observed in popula-
tion analysis with SSR markers (Collevatti et al., 2001; Bittencourt and Sebbenn, 2009; Bizoux
et al., 2009). Observed and expected heterozygosities were similar between subpopulations.
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Table 1. Characterization of seven microsatellite loci developed for Bertholletia excelsa, using 12 individuals
from Amapa and Acre.

Locus GenBank Repeat motif Primer pair sequence (5'-3") Allele range (bp) PA N,

Bet 01 EU179316 (GA), F: TTTAACTGATGAAAGGCGGACT 222-238 2 4
R: TACGCAGAACAGACTCGCTAAA

Bet 05 JX964793 (TO),, F: TAATCTCACAACAAATAACG 102-110 1 5
R: CTAGCTTGATCCTAGAGAAA

Bet 06 I1X964794 (TC), F: CTCTAGGATCAAGCTAGCCCAA 145-149 1 3
R: AGGTTATGCTCCAAATAGCAGG

Bet 12 JX964795 (TO),, F: ATAAGGACCGCCCATCATC 111-119 2 6
R: ATAGCGAGAGCAACCTTTGAAC

Bet 14 JX964796 (AG),, F: GTGTACTTCTCTGGTTGGGGC 97-129 8 6
R: CCCGAGTTCATTACCCAAACT

Bet 15 I1X964797 (GA) ((AGA),, F: ACTGCCATCACCAGCATGTAG 186-256 8 7
R: GTCCCTTGTGGTCTCTCACAAT

Bet 16 JX964798 (AG), F: TCTTCAAACACTCAAAGGGACA 124-136 4 4
R: TGTCTATAAATAGGGGCCTCCC

Mean over all loci 5

PA = number of private alleles; N, = mean number of alleles.

Fixation index (f) was positive for the locus Bet 01, not significant for Bet 05 and
negative for the other five loci. Estimates of fixation index indicated no inbreeding, with most
values less than or equal to zero. No linkage disequilibrium was observed. Moderate and low
frequencies of null alleles were found at loci Bet 01 and Bet 05, respectively (Table 2).

Table 2. Genetic diversity of samples from Amapa in each locus, with confidence intervals (95%CI) to fixation
index estimates (f) and null allele frequencies (NVA).

N, H, H, £(95%CI) NA

Bet 01 4 0.591 0.378 0.364 0.13
(0.114, 0.575)

Bet 05 5 0.643 0.674 -0.049 0.02
(-0.304, 0.163)

Bet 06 3 0.385 0.477 -0.242 0
(-0.356, -0.153)

Bet 12 6 0.833 0.978 -0.176 0
(-0.232, -0.128)

Bet 14 6 0.699 0.867 -0.243 0
(-0.368, -0.117)

Bet 15 7 0.760 0.911 -0.201 0
(-0.337, -0.077)

Bet 16 4 0.624 0.711 -0.141 0
(-0.318, 0.021)

Overall 5 0.648 0.714 -0.103

(-0.176, -0.051)

N, = mean number of alleles; H, = expected heterozygosity; H, = observed heterozygosity.

The primer pairs designed produced clearly interpretable and polymorphic bands. A
small number of alleles were found per locus, but all loci showed private alleles in samples
from Acre and Amapa. No linkage disequilibrium was observed. This study provides useful
information for population genetic studies of a very important tree species widely distributed
in the Amazon Forest.
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