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Introduction
The genomic DNA extraction is a primordial stage in several 

practices and genetic analyses such as those that involves the use of 
molecular markers, which has had a growing application in the plant 
systematics and in the population analysis. Studies based in molecular 
markers can be used successfully in phylogenetic analyses, serving as 
a great help in matters unresolved by traditional methods of analysis 
[1-4]; the characterization of genetic diversity of germplasm banks, 
discrimination among accessions and cultivars, detecting duplications, 
mixed seeds, drift and uncontrolled intersections [5,6]; in determining 
the degree of relatedness between individuals [7]; the study of 
population’s genetic structure, genetic effects of fragmentation and 
gene flow [8-11]; construction of genetic maps [12-15]; in studies of 
polyploidy [16,17] and speciation [18].

All molecular analyses, to be successful, depend on obtaining 
DNA samples of quality. Therefore, procedures are needed for efficient 
collection and storage of plant material, as well as isolation of the DNA 
molecule [19-26]. Experience shows that the use of fresh material is 
ideal for holding the DNA isolation [21]. However, in studies that 
involve the collection of wild plants it is not always possible, since in 
most cases the populations are far from the research laboratory.

An alternative is to perform the freezing of plant material in liquid 
nitrogen during collection in the field. However, this practice is not 

feasible in many cases, given the difficulty and danger of transporting 
liquid nitrogen container in rough terrain and difficult access. Thus, a 
method much used in the preservation of plant tissue for subsequent 
DNA extraction is rapid dehydration in silica gel [20,25-27]. This 
technique is generally simple and efficient, since the dehydrated state, 
the DNA is less susceptible to chemical or enzymatic degradation 
[28]. However, some species do not respond well to this type of 
conservation, with losses in quality of the obtained DNA [24]. Other 
ways of preserving material may be used; however, not all are simple 
or require the availability of some specific equipment such as freeze 
dryers.

Pimenta pseudocaryophyllus (Gomes) Landrum is a tree of the 
Myrtaceae family, known regionally in Vale do Ribeira (São Paulo, 
Brazil) with the name of Cataia. The occurrence of the species in 
Brazil is recorded from southern Bahia to Rio Grande do Sul [29-32]; 
besides Brazil, the species was also collected in Bolivia [33]. In Vale do 
Ribeira, the leaves of P. pseudocaryophyllus, producing essential oils, 
provides a tea much appreciated by local communities [29], using it as 
a diuretic and for fighting colds, flu and fatigue. Its leaves are also used 
for the preparation of inhalations, alcoholic solution for massage and 
to obtain the “cachaça with Cataia”, typical of the region. This drink is 
marketed not only in craft stores, but also at service stations along the 

*Corresponding author: Patrícia Gleydes Morgante, UNESP-Univ Estadual
Paulista, Campus Experimental de Registro, Rua Nelson Brihi Badur, 430, Vila
Tupi, 11900-000, Registro, SP, Brazil, Tel: +55 13 3828-3049; Fax: +55 13
3822.2309; E-mail: pgleydes@registro.unesp.br 

Received June 24, 2013; Accepted August 23, 2013; Published August 30, 2013

Citation: Morgante PG, Vicente FF, Coffani-Nunes JV, Moreno PRH (2013) 
Establishment of Simple and Efficient Methods for Plant Material Harvesting 
and Storage to Allow DNA Extraction from a Myrtaceae Species with Medicinal 
Potential. Int J Genomic Med 1: 109. doi:10.4172/2332-0672.1000109

Copyright: © 2013 Morgante PG, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Abstract
Genomic DNA isolation is an essential procedure to allow many genetic applications and analyses like that 

using molecular markers. Obtaining good quality DNA samples is the first step to succeed in such analysis and it 
depends on effective procedures for harvesting and preserving the plant material, and also for DNA extraction. The 
use of fresh material is ideal for DNA isolation, however, in studies that involve the harvesting of wild plants this is 
not always possible, since in most cases, populations are distant from the research laboratory. An alternative is 
freezing the plant material in liquid nitrogen in the field, but this practice is not feasible in many cases, given the 
difficulty and danger of transporting the liquid nitrogen tank on places of difficult access. In this study, we present 
four simple, efficient and low cost methodologies that have been successfully tested for a Myrtaceae species with 
medicinal potential collected at different biomes, Atlantic Rainforest and Brazilian Savanna (Cerrado). Among the 
main advantages observed are the reduced use of liquid nitrogen, the use of inexpensive materials and ease of 
transport and storage of samples. The methods presented here can potentially be applied to other species of this 
botanical family.
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highway BR 116 in Vale do Ribeira. The plant is obtained by predatory 
extractive and despite its use for human consumption there is little 
scientific knowledge about it [34]. Some early studies have showed the 
presence of chemotypes that may be genetically determined [35], and 
other investigations have suggested a pharmacological potential for the 
species [36-38], and it seems that this potential is related to its essential 
oils [39,40]. It is important to note that other species of Pimenta genus 
have a greatest economic importance and have been the most studied 
for their pharmacological action [41].

The effective genetic conservation of a species requires the prior 
knowledge of their reproductive system, structure and genetic diversity. 
This knowledge allows the design of strategies for recombination, 
sampling and use of genetic material. In the case of woody species, 
conservation programs have attempted to emphasize the determination 
of levels of genetic variability maintained within and among natural 
populations, as a way to plan for the sustainable use and conservation 
in situ. This type of conservation is considered ideal for tropical tree 
species, however, in certain circumstances, ex situ conservation is 
essential and complementary to in situ, as in the case of rare species in 
danger of extinction [42].

Considering the lack of knowledge about the structure and genetic 
diversity of their populations and the strong pressure of exploitation 
that have suffered in the Vale do Ribeira, it becomes fundamental the 
development of scientific studies that may provide support for the 
handling and conservation of P. pseudocaryophyllus. Thus, we began a 
study based on microsatellite markers to evaluate the genetic diversity 
and structure of natural populations of the species, which occur in plant 
formations quite distinct as Montana Atlantic Rainforest and Atlantic 
Rainforest’s Restinga from the state of São Paulo (Brazil), and Brazilian 
Savanna (Cerrado) from the state of Minas Gerais (Brazil). Some of 
these areas, like Montana Atlantic Rainforest, are very difficult to access, 
requiring hours of hiking through dense forest. Other areas of study are 
far from the research laboratory, such as those from the state of Minas 
Gerais. Therefore, to enable the study of genetic characterization, it was 
necessary to standardize the methods of collection and preservation of 
plant material for subsequent DNA extraction that were inexpensive, 
simple and efficient. The results of this standardization work are 
presented in this article and are potentially applicable to other species 
of Myrtaceae.

Material and Methods
Plant material and origin

Were collected leaves and branches of P. pseudocaryophyllus from 
three locations: Ilha do Cardoso State Park, São Paulo, Brazil (25° 04’ 
32” S, 47° 55’ 37” W), where the species is in a Atlantic Rainforest’s 
Restinga vegetation; Serra do Guaraú, Cajati, São Paulo, Brazil (24° 47’ 
24” S, 48° 06’ 36” W), in which the plants can be found in so-called 
“Morro da Cataia”, which is characterized by an area of  Montana 
Atlantic Rainforest; and Reserva do Patrimônio Particular Natural 
(RPPN) Morro Grande, Caldas, Minas Gerais, Brazil (21° 53’ 16” S, 46° 
26’ 57” W), whose vegetation is a Brazilian Savanna.

Population voucher specimens from Ilha do Cardoso State Park 
(J. V. Coffani-Nunes 569, date 1/31/2009) and Serra do Guaraú (J. V. 
Coffani-Nunes 581, date 8/12/2009) were deposited in the Herbarium 
Hermógenes Leitão Filho (SPVR) and in the Herbarium of the 
Departamento de Botânica of the Universidade Federal de Minas 
Gerais (BHCB). Population voucher specimens from RPPN Morro 
Grande were deposited in the Herbarium SPVR (J. V. Coffani-Nunes 

631, date 7/21/2010) and in the Herbarium of the Botanical Institute of 
São Paulo (SP; Nicolau 3949, date 11/25/2008).

Plant material collection and preservation tests

Initially, we evaluated three methods (A, B, C), described in table 
1, which were applied to 15 plants obtained in the Ilha do Cardoso 
State Park and 15 plants from Serra do Guaraú. Then a fourth method 
was evaluated (Table 1, D), using 10 plants of the three populations 
that composed the study. Plastic bags used remained closed and all 
the material was protected from light and sun. The storage period 
before DNA extraction was at least three months in all tests and for all 
materials collected.

DNA extraction

DNA extractions were standardized from a CTAB protocol 
previously described [43], using precipitation with absolute ethanol. It 
was used 100 mg of fresh plant material and 40 mg of dry plant material 
(samples preserved in silica gel). The leaf fragments were placed in 
microcentrifuge tubes and ground in the presence of liquid nitrogen. 
The extraction buffer proposed by the authors experienced a slight 
modification, being the concentration of PVP (Polivinilpirrolidona; 
Vetec, Rio de Janeiro, Brazil) increased to 2%. Rates of 3 µL of 
extracted samples were checked in 0.7% agarose gel electrophoresis, 
performing the measurement of the extraction income on the basis 
of a Lambda DNA marker (Invitrogen, Carlsbad, California, USA) of 
known concentration (200 ng and 300 ng). The gels were stained with 
ethidium bromide, visualized under ultraviolet light and photographed 
with digital equipment PHOTODOC-IT 55 (UVP – Ultra-Violet 
Products Ltd., Cambridge, UK). Electrophoretic procedures followed 
standard conditions [44].

Evaluation of the quality of the isolated DNA

The DNA obtained was analyzed for its quality by hydrolysis with 
restriction endonucleases and performing PCR reactions.

The hydrolyses were performed with endonucleases HindIII and 
EcoRV (New England Biolabs, Ipswich, Massachusetts, USA) and 
used DNA samples from all collection and conservation methods. The 
reactions were conducted using a final volume of 15 µL containing 
100 to 200 ng of DNA, 10 Units of enzyme, and 1X enzyme buffer. 
In reactions with EcoRV, were added 100 µg.mL-1 of BSA (Bovine 
Serum Albumin), following the manufacturer’s specifications (New 
England Biolabs). The hydrolysis reactions remained at 37°C for two 
hours. They were then analyzed by electrophoresis on 0.7% agarose gel, 
according to previously described procedure.

PCR reactions were performed with the primer pair Pp1A9 

Method Collection and conservation

A Leaves packed in plastic bags containing silica gel, maintaining at 
room temperature until DNA extraction

B
Leaves wrapped in paper towels and placed in plastic bags, keeping 
at room temperature for 24 hours, followed by freezing in liquid 
nitrogen and stored at -20°C until DNA extraction

C
Leaves wrapped in paper towels and placed in plastic bags, keeping 
in cooler with ice for 24 hours, followed by freezing in liquid nitrogen 
and stored at -20°C until DNA extraction

D

Branches bundled with tape and placed in plastic bags, keeping at 
room temperature for 24 to 48 hours, followed by selection of the 
best leaves for storage in silica gel at room temperature until DNA 
extraction

Table 1: Methods of collecting and preserving Pimenta pseudocaryophyllus plant 
material.
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(GenBank accession number JQ905582), designed from the analysis of 
a microsatellite-enriched library of P. pseudocaryophyllus [45]. DNA 
samples from all collection and conservation methods were tested. For 
a final reaction volume of 25 µL were used 50 ng of template DNA, 1X 
PCR buffer, 1.8 mM magnesium chloride, 0.2 mM of each dNTP, 20 
pmol of each primer, and 2 Units of Taq DNA polymerase (Invitrogen). 
Reactions were brought to the thermal cycler Mastercycler Gradient 
(Eppendorf AG, Hamburg, Deutschland) and subjected to the following 
TD-PCR (Touchdown-PCR) program: First step: 94°C for 5 min, and 
eight cycles of 94°C for 1 min, 56°C for 1 min (-1°C/cycle), and 72°C 
for 1 min; second step: 30 cycles of 94°C for 1 min, 49°C for 1 min, and 
72°C for 1 min [45]. They were then analyzed by electrophoresis on 3% 
agarose gel according to the procedure described above. The TD-PCR 
program was based on previously described methodology [46,47].

Results and Discussion
The success of any molecular study involves, firstly, the 

optimization of methods for collection and storage of plant material 
and DNA extraction. The aim of the current investigation was to 
establish practical and inexpensive methodologies to obtain DNA 
samples in quantity and quality for subsequent studies mediated by 
PCR amplification.

The first tests involved plants of P. pseudocaryophyllus obtained 
from two populations occurring in different environments in the State 
of São Paulo, Montana Atlantic Rainforest and Atlantic Rainforest’s 
Restinga. The leaves were collected and stored in three different ways 
(Table 1, Methods A, B and C) and DNA extractions occurred after 
three months of storage. 

Immediately after DNA isolation, samples were analyzed by 
electrophoresis on an agarose gel for quantification and visualization 
of the integrity of the molecules obtained. In all conditions tested, the 
DNA extracted showed great quantity and quality. The samples were 
quite intact (Figure 1) since there are no signs of degraded molecules, 
which are identified as a visible smear in the gel. Quantification revealed 
it was possible to obtain DNA concentrations ranging from 60 to 100 
ng.μL-1, results quite suitable for use in PCR reactions.

A fourth method was tested (Table 1, Method D), this time also 

including plants from the Brazilian Savanna (Cerrado) of Caldas 
(Minas Gerais). The inclusion of this new procedure in the analysis 
was intended to evaluate a methodology even more agile and simple 
to be implemented in the field, collecting up some branches, gathering 
them and putting them in dark plastic bags for subsequent laboratory 
screening of the best leaves, and storage in the presence of silica gel. 

After three months of storage, were extracted DNA samples and 
evaluated on agarose gel electrophoresis. The results also demonstrated 
the achievement of DNA in great quantity and quality (Figure 2), 
equating the results observed for other methods, both in the integrity 
of the DNA molecules as the amount obtained.

Once verified the presence of intact DNA molecules and concluded 
the quantification of samples, it was possible to perform hydrolysis 
tests with restriction enzymes and PCR reactions. As reported by 
several authors, the isolation and purification of plant DNA may be 
problematic due to the co-isolation of polysaccharides, proteins, 
phenolic compounds and other secondary compounds [43,48-50]. 

Figure 1: Electrophoresis using DNA samples of Pimenta pseudocaryophyllus 
plants obtained from Ilha do Cardoso State Park (São Paulo, Brazil). Lanes 
1, 2, 3 and 4 were obtained using A method (Table 1); lanes 5, 6 and 7 were 
obtained using B method (Table 1); lanes 8, 9 and 10 were obtained using C 
method (Table 1); lanes 11 and 12 correspond to Lambda DNA at 200 ng and 
300 ng respectively. 

Figure 2: Electrophoresis using DNA samples of Pimenta pseudocaryophyllus 
plants obtained with D method (Table 1). Lanes 1, 2 and 3 were obtained 
from RPPN Morro Grande (Caldas, Minas Gerais, Brazil); lanes 4 and 5 were 
obtained from Ilha do Cardoso State Park (São Paulo, Brazil); lanes 6 and 
7 were obtained from Serra do Guaraú (Cajati, São Paulo, Brazil); lane 8 
corresponds to Lambda DNA at 200 ng. 

Figure 3: Electrophoresis using DNA samples digested with HindIII and EcoRV 
restriction enzymes. The gel represents the results obtained for Pimenta 
pseudocaryophyllus plants from Ilha do Cardoso State Park (São Paulo, 
Brazil). Lanes 1 and 2 were obtained using A method (Table 1); lanes 3 and 4 
were obtained using B method (Table 1); lanes 5 and 6 were obtained using 
C method (Table 1); lanes 7 and 8 were obtained using D method (Table 1). 
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Such compounds adhere to DNA, and inhibit the action of restriction 
endonucleases and other enzymes such as polymerases used in PCR 
reactions [43,51,52]. So, these procedures (hydrolysis with restriction 
enzymes and PCR) are very useful to evaluate the quality of DNA 
samples.

Thus, the samples were first tested for hydrolysis ability of the 
restriction endonucleases HindIII and EcoRV. DNA samples from all 
methods and the three populations were hydrolyzed, and all of them 
were fully digested (Figure 3), confirming the good quality achieved 
with the methods evaluated.

The quality of extracted DNA was also verified by PCR reaction, 
using a pair of primers designed from a P. pseudocaryophyllus 
microsatellite-enriched library [45]. Using DNA samples from all 
populations and methods tested it was possible to obtain specific 
PCR products (Figure 4), within the expected size range, calculated 
on 121 base pairs for the individual plant used in the construction of 
microsatellite-enriched library [45]. This result denotes the high quality 
of the DNA isolated in all cases examined.

All procedures tested provided good results, so it is possible to 
adopt the simpler and independent of freezing for future works. These 
methods are those that comprise the collection of leaves packed in 
plastic bags containing silica gel, keeping at room temperature until 
DNA extraction (Method A), and the obtaining of branches bundled 
with tape and placed in plastic bags, keeping at room temperature up to 
48 hours, followed by selection of the best leaves for storage in silica gel 
at room temperature until DNA extraction (Method D). Importantly, 
plants of all populations studied were collected with these methods and 
many are stored for four years and still provide high quality DNA when 
used for extractions.

A very important factor that has a direct influence on the 
extraction yield is the efficiency of grinding tissue. The leaves of P. 
pseudocaryophyllus proved very difficult to be crushed due to its 
leathery character [53]. It was possible to obtain good results using 
microcentrifuge tubes of 2 mL capacity containing strips of the plant 
material, and grinding them in liquid nitrogen with appropriate 
pestles [43].

Another factor that appeared to influence the performance of the 

extraction was the type of plant material collected. It is known that 
young and tender leaves are best for DNA extraction, since mature 
tissues normally present phenolic compounds involved in defense 
against herbivory [20,21,43,51]. In the initial stages of the study, some 
individuals collected showed strong signs of herbivory, and generally 
had low income or complete absence of DNA after extraction. In 
situations like this, the best procedure is to seek to collect young and 
tender leaves. However, when the material is obtained from natural 
populations in the field and from woody plants, this kind of sampling is 
not always possible. Thus, a small change in extraction buffer was made 
by increasing the amount of PVP to 2%. This reagent acts as antioxidant 
and reduces the undesirable effect of oxidizing phenolic compounds 
[43], and its concentration in most extraction protocols can vary from 
1 to 2% [27,43,50,54]. This adjustment in the composition of the buffer 
was essential to obtain the desired results.

The procedures presented are simple, efficient and inexpensive, 
and can potentially be applied to other species of Myrtaceae, although 
it is advisable to carry out small prior tests for possible adjustments. 
Among the main advantages observed are the reduced use of liquid 
nitrogen, the use of inexpensive materials and ease of transport and 
storage of samples.
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