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 Cerrado, recognized as the "hotspot" of global biodiversity, supports a great abundance 

of endemic species. More than 11,627 native plant species have already been cataloged. 

Among them, Caryocar brasiliense, also known as Pequi, is a species of immense 
environmental and social importance in this biome. The rapid develpoment of the 

agricultural frontier and the intensive exploitation of the Cerrado, however, have put the 

preservation and the genetic variability of this species at grave risk. Besides, 
widespread Pequi extraction can lead to losses of genetic material, because almost the 

enitire quality of fruits, borne by the superior genotypes, is collected. Therefore, the 

objective of this study was to analyze the donor trees of the Pequi bank using 
microsatellite markers, with the aim of improving and conserving the species. To 

extract the genomic DNA, leaf samples from 20 mothers of Caryocar brasiliense were 
used, 16 of which were drawn from the State of Black River Park (São Gonçalo do Rio 

Preto - MG) and the others from the Experimental Farm of UFVJM - Campus Moura ( 

Curvelo - MG). The DNA amplification involved the testing of ten specific 
oligonucleotides of Pequi. Following the amplification, the DNA fragments were 

separated on a denaturing polyacrylamide gel of 10% in 6 M urea and 1X TBE. From 

this reading we generated a binary matrix in which the individuals were genotyped for 
the presence (1) or absence (0) of bands using the statistical program R. On this donor 

tree the genetic distances were calculated and the dendrogram was obtained by the 

Jaccard's similarity coefficient. Genetic distances were seen to vary from 0.15 to 0.70. 
Cluster analysis, shown by the dendrogram enabled the inference that the donor trees 

were distinguishable into four groups. Thus, the Pequi Improvement Program can 

incorporate this data for the establishment and evaluation of progeny tests, for the 
purposes of production or conservation. 
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INTRODUCTION 
 

Extending over an area of 2,036,448 km2, the 

Cerrado covers about 20% of the country. It includes 

the states of Goiás, Tocantins, Mato Grosso, Mato 

Grosso do Sul, Minas Gerais, Bahia, Maranhão, 

Piauí, Rondônia, Paraná, São Paulo and the Federal 

District, and the enclaves of the Amapá, Roraima and 

Amazonas (Brazil, 2012). Well recognized as a 

hotspot of global biodiversity and biological 

importance, supporting 11,627 native plant species 

that have been cataloged to date, the Cerrado has the 

lowest percentage of areas under full protection 

(Brazil, 2012). Apart from its environmental features, 

the Cerrado has great social importance, as several 

people survive on the natural resources available 

there. In fact, more than ten types of edible fruits are 

found here, regularly consumed by the local 

populace and sold in urban centers (Brazil, 2012). 

The species Caryocar brasiliense, commonly 

called Pequi, belongs to family Caryocaraceae and 

genus caryocar. Found in ten Brazilian states, the 

fruit size can vary from shrub to tree, where the 

largest trees reach dimensions of nearly 11 m tall and 

83 cm dbh in adulthood. This species has adapted 

well to the poor soil, shallow, sandy and low in 

nutrition. Its roots multiply horizontally, are pivoting 

and deep, which enables their adaptation to this type 
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of soil (Antunes et al., 2006; Borges et al., 2012). 

This is a globular green fruit, with a fleshy, yellow 

mesocarp and a thorny, woody endocarp (Almeida et 

al., 1998). Its pulp finds use in the production of 

jams, jellies and animal feed (pigs); however, the 

fruit can not be consumed raw. It is also used in 

dishes typical of some parts of Brazil (Oliveira et al., 

2008). 

However, uncontrolled extraction, rapid growth 

of the agricultural sector and the intensive 

exploitation of the Cerrado have put the preservation 

and genetic variations of this fruit species at risk 

(Angelo et al., 2012). This situation can result in 

irreplaceable loss of genetic material, because almost 

the entire fruit quality, produced from superior 

genotypes, are gathered. Thus, determining the 

degrees of variability and understanding the 

dynamics of the movement of the alleles in the 

natural populations of the species may offer support 

for species conservation (Melo Junior et al., 2004). 

Over the recent years, many methods have been 

developed for the detection and analysis of the 

genetic variability at the molecular level, which has 

provided data for other studies related to the 

conservation and use of germplasm banks (Faleiro, 

2007). The relevance of utilizing molecular markers 

as a tool for improvement is because the markers are 

virtually unlimited in quantity, easy to detect and 

unaffected by the environment (Melo and Morais, 

2011; Faleiro, 2007). 

Studies performed in the '80s revealed different 

classes of repeated sequences in the eukaryotic 

genomes. These sequences, when present in complex 

forms, are termed a minisatellite. The simplest 

sequences represent microsatellites (Ferreira and 

Grattapaglia, 1998). Microsatellites, otherwise called 

SSR (Simple Sequence Repeats - Simple Repetitive 

sequences) are small DNA fragments having one to 

five base pairs that repeat (Brammer, 2000). When 

they occur with greater frequency, and are distributed 

randomly, they form more polymorphic genetic loci. 

Uilizing the PCR technique these loci can be 

amplified and the results can be studied 

comparatively with other subjects (Grattapaglia and 

Ferreira, 1998). 

Some features of these markers are noteworthy 

regarding the use of forest species: they have 

codominant inheritance, are multi-allelic, with 

abundant and evenly distributed sequences of 

microsatellites in the genome. When compared with 

other techniques, the analysis of microsatellite 

polymorphism is much simpler, and can be 

transferred between individuals, either within a 

species or between taxonomically related species 

(Grattapaglia, 2007). 

By utilizing these molecular markers 

information can be gained on genetic diversity 

(Grattapaglia and Ferreira, 1998). A thorough 

knowledge of genetic diversity must be developed 

prior to implementation any breeding program, 

because an in-depth understanding enables the 

selection of the genotypes for planting seed orchards 

and maximizing the genetic distance by 

recombination of genes or gene complexes in new 

favorable combinations (Caixeta et al., 2003). 

Pequi has significant qualities, opening up the 

possiblity for multiple uses of the fruit, socially, as 

well as economically and environmentally. In 

particular, it can be introduced into regions like the 

Jequitinhonha Valley where mining occurs, and 

where there is a low financial status of the population 

and the soil is poor with a high water deficit. The aim 

of this study was to analyze a group of matrices 

regarding Pequi, employing microsatellite markers, 

with the intention of improvement and conservation 

of the species. 

 

MATERIAL AND METHODS 

 

Extraction of genomic DNA: 

In order to extract the genomic DNA, leaf 

samples were taken from 20 mothers of Caryocar 

brasiliense, 16 of which were taken from the State of 

Black River Park (São Gonçalo do Rio Preto - MG) 

(RP 04, RP 05, RP 06, RP 07, RP 08, RP09, RP 10, 

RP 13, RP 14, RP 19, RP 21, RP 24, RP 25, RP 28, 

RP 32, RP 40) with the others coming from the 

Experimental Farm of UFVJM - Campus Moura 

(Curvelo - MG) (MO 01 and MO 08). 

Two to three young leaves were collected per 

donor tree, carefully selecting those with no apparent 

damage or signs of illness. After proper identification 

in the field, the material thus gathered was 

transferred to the Laboratory of Genetics and 

Biotechnology UFVJM Forest, where they were 

stored in a freezer at -80°C until use. 

The extraction process used was the modified  

CTAB method (Doyle and Doyle, 1991) in which 

250 mg of leaf tissue was macerated in a porcelain 

crucible in the presence of liquid nitrogen until finely 

powdered. This was transferred to 1.5 mL Eppendorf 

tubes and correctly identified. To each tube 700 uL of 

preheated extraction buffer (2% CTAB, 1.4 M NaCl, 

20 mM EDTA, 100 mM Tris HCl pH 8.0, 1% PVP - 

polyvinylpyrrolidone, β-mercaptoethanol 0.1 %, 

proteinase K, 0.01%) was added. The tubes were 

then vortexed and placed in a water bath set at 65°C 

for 30 min. Every 10 min they were stirred by 

manual inversion. 

The tubes were then removed from the ice bath 

and allowed to cool. Next 600 uL of a solution 

containing 24: 1 v / v chloroform / isoamyl alcohol 

(CIA) was added, continually stirring at 12,000 rpm 

for 5 min. The supernatants were carefully removed 

and 50 ul of 10% CTAB solution - 0.7 M NaCl (pre-

warmed to 65°C) was added followed by 600 uL of 

CIA. The samples were manually homogenized and 

then centrifuged at 8000 rpm for 5 min. The 

supernatants were transferred to new tubes and once 

again, 600 uL of CTAB of the precipitation solution 
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(1% CTAB, 50mM Tris HCl pH 8.0, 10 mM EDTA 

pH 8.0) were added to them. The tubes were left to 

rest in a water bath set at 65°C for 30 min and then 

centrifuged at 12,000 rpm for 30 min. The 

supernatant was discarded and 500 uL of the TE 

buffer solution saturated with NaCl (10 mM Tris HCl 

pH 8.0, 1 mM EDTA pH 8.0, 1 M NaCl) was added 

to each tube. They were then left in a water bath set 

at 65°C for 30 min. After 300 uL of isopropanol was 

added to the tubes they were homogenized 

thoroughly and placed in the freezer at -20°C for at 

least 30 min. 

After the period of precipitation, the tubes were 

centrifuged at 12,000 rpm for 30 min and the 

supernatant was again discarded. Then 1 ml of 70% 

ethanol was added to the tubes, which were again 

centrifuged at 12,000 rpm for 5 min. The 

supernatants were discarded, and the step was 

repeated twice more (one time using 70% ethanol 

again, and the other time using 95% alcohol). The 

pellet was vacuum dried and resuspended in 50 uL of 

TE solution 10: 0.1 (10 mM Tris HCl pH 8.0, 0.1 

mM EDTA) with RNase 10 mg / mL. Manual stirring 

was performed until the pellet was completely 

dissolved. The tubes were then stored at -20°C for 

future use. 

The quantity and quality of the DNA from each 

of the samples were analyzed by electrophoresis in 

0.8% agarose gel in 1x TAE buffer (Tris-acetate-

EDTA) in a horizontal vessel. The samples were 

stained with ethidium bromide and visualized under 

ultraviolet light. The bands were compared with the 

standard of a known quantity of DNA. 

Analysis and conditions of the PCR (Polymerase 

Chain Reaction) 

For DNA amplification the reactions were 

performed in a final volume of 13 uL which 

contained 1 ul of the genomic DNA; 0.39 uL MgCl2; 

1x 10x buffer (200 mM Tris-HCl pH 8.4 and 500 

mM KCl) enzyme; 1 ul of dNTP (10 mM of each 

deoxinucleotíde); 0.2 uL of each oligonucleotide (10 

pMoles / uL) (Table 1); and 1 U of enzyme (Taq 

DNA polymerase 5 U / uL). 

The reactions were performed in an automatic 

thermocycler MastercyclerR Gradient (Eppendorf) 

and subjected to an initial denaturation at 96°C for 2 

min. This was followed by 40 cycles, in which each 

cycle lasted for 1 min at 96°C, for 1 min at 53°C and 

1 min at 72°C. Finally, an extension for 7 min at 

72°C was performed. Then, the temperature was 

maintained at 4°C until the samples were withdrawn. 

 

Electrophoresis of amplified products: 

Post amplification, the DNA fragments were 

separated on the denaturing polyacrylamide gel 10% 

in 6 M urea and 1X TBE (Tris-Borate-EDTA). Prior 

to the gel preparation, the glass plates were rinsed, 

towel dried and cleaned with commercial alcohol. 

The glass plates were assembled using appropriate 

spacers. For the gel preparation 20 mL of solution of 

polyacrylamide 10% urea and 6 M, 140 uL of 10% 

ammonium persulfate and 14 uL TEMED were used. 

This solution was homogenized and applied onto the 

gel using a disposable plastic syringe. The plates 

containing the solution were placed on the bench to 

rest for 60 min and complete the polymerization 

process. Next, the plates were placed upright in an 

vessel to which 1X TBE buffer was added in the 

appropriate compartments and a pre-run was 

performed, to heat the gel at 80 W for 60 min. 

The samples were denatured by the addition of 

13 uL of the loading buffer (0.5% bromophenol blue, 

6 M urea, 0.5 M EDTA pH 8.0, 1M Tris pH 7.5) to 

each tube containing the sample DNA. It was then 

amplified in a thermocycler and heated at 95°C for 5 

min. After removal from the thermocycler the tubes 

were transferred immediately into a container of ice 

and left there until its application on the gel, which 

was applied to 13 uL of the denatured reaction. The 

run lasted for about 60 min at a power of 80 W. The 

gel was then removed from the bath and stained with 

ethidium bromide in 1X TBE solution for 15 min and 

photographed under UV light. 

 

Statistical analysis of the data obtained: 

By the reading the gels a binary matrix was 

generated in which the individuals were genotyped 

for the presence (1) or absence (0) of bands. Using 

this matrix, the statistical environment R (R Core 

Team, 2012) was obtained by employing the 

Jaccard's similarity coefficient, where values closer 

to 0 indicate related individuals and values closer to 

1 indicate less related individuals (Jacard, 1901). 

Based on this distance matrix, a dendrogram was 

generated using the UPGMA method. Finally, a 

cophenetic correlation matrix and dendrogram were 

generated. The correlation between the two was 

indicative of whether fidelity between the 

dendrogram and the matrix that generated it existed. 

 

RESULTS AND DISCUSSION 

 

Extraction of the genomic DNA, Polymerase 

Chain Reaction (PCR) and Electrophoresis of the 

Amplified Products: 

After incorporating a few adjustments in the 

protocol of DNA extraction from the Pequi leaves, a 

good quality insulation was obtained for use in the 

PCR reactions. The purity of the DNA samples is 

foundational to the development of quality molecular 

work. The samples should be pure enough not to 

inhibit the enzyme action in the course of PCR or 

interfere in the gel migration patterns during 

electrophoresis. In initial tests of the extraction, the 

β-mercaptoethanolwas used in a concentration of 

0.2%, according to Laia (2001). 

As the results obtained with this concentration of 

β-Mercaptoethanol were unsatisfactory, the 

component concentration was changed to 0.01%. 

This concentration gave the best results for extracting 
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the genetic material of the Pequi sheets. A clear pellet 

(white to colorless), free from polyphenol 

contamination was extracted, thus indicating that the 

DNA sample obtained was of good quality. 

Moreover, the use proteinase K 0.01% was added to 

the protocol to degrade the various impure proteins 

which hamper the extraction process and thus 

facilitate the separation of the chromatin proteins 

from the DNA. Thus, a white colored pellet, free of 

polyphenol contamination was obtained, indicating 

that the samples of were of good quality and with an 

appreciable amount of DNA. 

The main problems encountered in the plant 

DNA extraction process involves the contamination 

by the polysaccharides and phenolic compounds, 

depending upon the species, tissue and physiological 

condition of the plant. Certain species have a DNA 

very highly contaminated by polysaccharides, 

making it difficult to obtain the pellet. Thus, a proper 

modification of the protocols is required to optimize 

the process of obtaining the genetic material, in order 

to get DNA samples that are as pure as possible, 

without damage to the DNA and without altering the 

enzyme actions in the amplification process. 

Further, adjustment and optimization of the 

parameters of the amplification reaction needed to be 

done, as those described by Collevatti et al., (1999) 

were inadequate. It mainly invovled the MgCl2 

concentration and temperature of the oligonucleotide 

pairing. In Hordeum vulgare L., many 

polymerization reaction parameters also required 

standardization to be able to obtain adequate 

amplification (Ahmed et al., 2009). Furthermore, 

according Roux (2009), the most critical parameters 

of a PCR are the MgCl2 concentration and 

temperature of the oligonucleotide pairing 

Finally, in the last step just prior to submitting 

the final sample analysis is the standardization of the 

method of separating the amplified fragments. First, 

the separation in agarose gel is tested, because of its 

ease of preparation, low cost and prior usage in the 

successful separation of the microsatellite fragments 

(Escandon et al, 2005;. Faleiro et al., 2003 ; Rabel et 

al., 2010; Pinheiro et al., 2012). Even with the 

utilization of high agarose (3.5%) concentrations 

there was no success. Thus, we chose to use non-

denaturing polyacrylamide gels, as employed by 

Mengpei et al., (2011), Gomez et al., (2008), Rabel 

et al., (2010) and Ahmed et al., (2009). In the final 

stage, we attempted to separate the microsatellite 

fragments in the denaturing polyacrylamide gels, 

according to the procedure of Martins et al., (2006), 

who used the 4% concentration and Amorim et al., 

(2008) who was successful with gels up to 6%. 

Figs. 1 and 2 show the pattern of concentration 

and quality of DNA extracted, respectively, after the 

optimization of the extraction protocol, amplification 

patterns and resolution of the amplified fragments 

following electrophoretic separation. 

 

Data analysis: 

Of the 10 primers used, four of them failed in 

the amplification of some. However, all the primers 

revealed some degree of polymorphism in the results. 

Souza (2002), working with different genotypes of 

banana also reported that the primers did not amplify 

in some genotypes. According to the author, the lack 

of amplification may reflect the differences in the 

sequences flanking the microsatellite, producing null 

alleles. However, these alleles can be detected for the 

microsatellite, after several repetitions of the 

experiment, to ensure that no failures had occurred in 

the reaction. 

 

 

Fig. 1: 18 Total DNA donor trees of Pequi in 0.8% agarose gel, stained with ethidium bromide. The intensity of 

the bands directly corresponds to the amount of DNA present in the gel. 
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Fig. 2: Results of PCR using the oligonucleotides Cb 23 in 10% polyacrylamide gel, stained with ethidium 

bromide. Presence of polymorphic bands. 

 

For the 10 oligonucleotides analyzed, a total of 

72 alleles were obtained, an equivalent of 7.2 alleles 

per locus. Three oligonucleotides showed the high 

number of the alleles obtained, 10 alleles on average. 

The remaining showed 5 alleles on an average (Table 

1). Zucchi (2002) in their work reported, on average, 

10.4 polymorphic alleles with Stenocalyx 

dysentericus (commonly called cagaita), using 

microsatellite markers. 

For the Cb 1 oligonucleotide, the RP 13 matrix 

did not amplify any DNA fragment, while the other 

amplified,  and 14 polymorphic bands were 

generated. A band of this oligonucleotide, however, 

did not serve to discriminate among the individuals 

because it was a band common in all (monomorphic).

 
Table 1: Size and number of alleles for each microsatellite oligonucleotide 

Oligonucleotide Variation in alleles (bp) Number of Alleles 

Cb 1 150-195 15 

Cb 3 130-175 7 

Cb 5 130-180 2 

Cb 6 105-160 10 

Cb 9 55-95 5 

Cb 11 135-185 5 

Cb 12 150-210 5 

Cb 13 125-170 4 

Cb 20 140-185 13 

Cb 23 110-185 5 

 

All the donor trees amplified their DNA 

fragments when analyzed with oligonucleotide Cb 3. 

This oligonucleotide generated three polymorphic 

and four monomorphic bands. Already the Cb 5 

oligonucleotide had the lower value and generated 

only two polymorphic bands. For the following 

oligonucleotide Cb 6, the monomorphic bands were 

obtained from a total of 10 bands generated. This 

oligonucleotide revealed a high degree of 

polymorphism, along with the CB 1. 

The Cb 9, Cb and Cb 11 12 5 generated 

polymorphic bands. Among these oligonucleotides 

were many mothers which did not amplify any DNA 

fragment. For example, in Cb 11, 12 did not amplify 

matrices: PR 06, PR 07, PR 10, PR 13, PR 25, PR 

28, PR 32, PR 40, MO 01 MO 08 MO 12 and MO 

18. In Cb 12, too, six donor trees failed. The Cb 13 

also possessing a low number of bands generated 

only four polymorphic donor trees; RP 32 did not 

amplify any DNA fragment. 

The oligonucleotide Cb 20 13 fragments were 

obtained as follows: 1 12 monomorphic and 

polymorphic band. Along with the 3 Cb and Cb 6, 

these oligonucleotides revealed the highest number 

of polymorphic bands obtained. The Cb 23 showed 

five polymorphic bands. In both cases, all matrices 

had amplified their DNA fragments. This implies that 

the oligonucleotides that failed for some matrices 

may have done so due to genetic mutations in the 

linkage site of those oligonucleotides, amplification 

having eliminated the possible errors. 

The genetic distances obtained by the Jaccard 

coefficient varied from 0.15 to 0.70; when the values 

were closer to 0, it indicated more related individuals 

whereas values closer to 1 indicated less related 

individuals. Comparing only the donor trees of the 

State Park Black River (PRSP), values between 0.15 

and 0.68 were reported. This indicates that there 

donor trees with a high degree of kinship and others 

are more divergent, although C. brasiliense is 

pollinated by bats, which can potentially fly long 
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distances. To promote pollination they need to  fly 

from long distances, therefore the population may 

have had high rates of self-fertilization (Collevatti et 

al., 2010). The distance from one tree to another can 

be a cause for this similarity, indicating the 

occurrence of self- or cross-pollination between very 

close individuals. 

As the matrices of the Experimental Campus 

Moura are more closely related than those of the 

PRSP, and because the genetic distances between 

them ranged from 0.18 to 0.49, it indicated a higher 

degree of relatedness in this group. On comparing the 

two locations, the lower genetic distance is seen to be 

0.23 (MO RP 01 and 40) and between the dies is the 

higher RP RP 19 and 13; both compared with the MO 

donor tree 18 showed a  genetic distance equal to 

0.70, the highest degree of difference among all the 

donor trees. 

The dendrogram generated from the matrix of 

genetic distances shows that the donor trees could be 

distinguished into four distinct groups, in which the 

donor trees 04 and RP 13 RP were distanced from the 

others, and the other donor trees formed the two 

other groups. Matrices PR 19 and PR 25, which 

showed lower genetic distance were represented in 

the dendrogram in the same group, one alongside the 

other. This fact concurs with the result of the genetic 

distance matrix, indicating that these two donor trees 

are in reality quite similar. 

Analyzing more specifically, one can infer that 

the same dendrogram matrices were divided into 

seven distinct subgroups, in which the matrices PR 

04, PR 14 and PR 13 formed three subgroups each. 

The other subgroups were divided as follows: one 

was formed by the matrices RP 05, RP 28 and MO 

18; the other matrice was formed by RP 06, RP 40, 

RP 08, MO 01, MO 12, RP 24 and MO 09; another 

07 was formed by the dies RP RP RP 19 and 25 and 

the last RP formed by the dies 09, PR 10, PR 21 and 

32. The RP 04 RP matrix, compared with matrices 

PR 09, PR 19 and PR 21, revealed the highest values 

of genetic distance, also concurring with the result of 

the dendrogram. The highest genetic distance of 0.70 

were presented by the matrices RP13 and RP 19 

compared with 18. For the MO matrix, again, the 

data from the genetic distance matrix concurred with 

the dendrogram data, allocating each of the three 

donor trees to different groups (Fig. 3). Fig. 4 shows 

the cophenetic correlation between the matrix and the 

dendrogram. The correlation value was 0.79, 

indicating great dendrogram faithfulness to the 

matrix that generated it. 

 

 

Fig. 3: The dendrogram was produced based on the genetic distance matrix by the Jaccard's similarity 

coefficient of 20 matrices for Caryocar brasiliense (Pequi) using the UPGMA method. The 

dendrogram shows that the donor trees were distinguishable into four distinct groups. 



251                                                                    Thalyta Fernandes Godinho et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(31) September 2015, Pages: 245-252 

 

Fig. 4: The cophenetic correlation between the genetic distance matrix of Jaccard and the dendrogram. The 

correlation value indicates whether fidelity exists between the dendrogram and the matrix that 

generated it. The correlation value was 0.79, indicating high fidelity. 

 

Conclusion: 

The donor trees of the Campus Experimental 

Moura are more closely related to each other than the 

PRSP; 

PR 19 and PR 25 are the closest related matrices 

; 

PR 13 and PR 19 donor trees are the most 

divergent donor tree MO 18; 

The matrix of the group studied has a high 

genetic variability. 

The data obtained can be used in Pequi breeding 

programs  for establishing and evaluating the 

progeny tests for production and conservation. 
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