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Abstract
“Sucupira branca” is a plant found in the Brazilian Cerrado and is adapted to low fertility soils, and its fruit
extract has anti-inflammatory, healing, antiulcerogenic, antimicrobial, cercaricidal, leishmanicidal and
antioxidant activities. Furthermore, it provides protection against oxidative stress, is a natural biocontrol
agent of Aedes aegypti, has very resistant wood, is a melliferous plant and has been used in reforestation
programs. The development of conservation strategies is important for maintaining diversity in natural
populations of “sucupira branca” since these populations are in the process of genetic erosion. Molecular
biology techniques, which are important for characterizing the genetic diversity of plants to develop
conservation strategies, require sufficient high-quality genomic deoxyribonucleic acid (DNA). This study
aimed to compare five methods to extract DNA from “sucupira branca”. The quality and concentration of
DNA were revealed by agarose gel electrophoresis, and only the protocols of Dellaporta, Wood and Hicks et
al. (1983) and Khanuja et al. (1999) did not result in satisfactory quantities of DNA. When PCR (Polymerase
Chain Reaction) was performed with three inter-simple sequence repeat (ISSR) primers, DNA was
successfully amplified from extractions performed with the protocols proposed by Doyle and Doyle (1987),
Romano and Brasileiro (1998) and Ferreira and Grattapaglia (1995), which are less expensive than
commercial purification kits. These protocols resulted in DNA of sufficient quality and quantity after the
amplification reactions were performed.
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1. Introduction
Pterodon emarginatus Vog. (Leguminosae) is a tree popularly known as “sucupira branca”. It is widely
found in the Brazilian Cerrado and is adapted to low fertility soils (Brandão and Ferreira 1991).
“Sucupira branca” is widely used in traditional medicine in Brazil since its fruit extract has antiinflammatory, healing, antiulcerogenic, antimicrobial, cercaricidal, and antioxidant activities (Carvalho et al.
1999; Donati et al. 2015; Oliveira et al. 2018). The oil obtained from the seed has protection against oxidative
stress and leishmanicidal activity and is a natural biocontrol agent of Aedes aegypti (Oliveira et al. 2016).
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Furthermore, it is a melliferous plant with potential for urban reforestation and landscaping; it has
very resistant and long-lasting wood, which is used in the manufacture of furniture and in civil and naval
construction (Silva-Junior 2005). Because it is a highly resistant plant tolerant to direct light, “sucupira
branca” has been used in reforestation programs in degraded areas and permanent preservation areas
(Lorenzi 1992).
Impacts caused by anthropogenic disturbances such as deforestation and fragmentation induce
changes in the organization and distribution of genetic diversity (Corrêa and Bertuci-Junior 2012).
Accordingly, the development of conservation strategies is important for maintaining diversity (Lacerda and
Kageyama 2003). From this perspective, to carry out molecular studies associated with genetic conservation,
it is necessary to obtain deoxyribonucleic acid (DNA) of appropriate quality and quantity for amplification
with the selected primers and to obtain reliable and reproducible bands (Mondragon-Jacobo et al. 2000).
Commercial DNA extraction kits are a fast and efficient method for obtaining DNA (Sousa et al. 2014);
however, in some cases, they may not present satisfactory results due to the great heterogeneity that exists
in the chemical composition of plant cells, resulting in the presence of secondary compounds during the
extraction process. In addition, polysaccharides form complexes with nucleic acids and inhibit the enzymes
used during polymerase chain reaction (PCR), such as Taq polymerase (Shedbalkar et al. 2010; Raimundo et
al. 2018). Moreover, DNA extraction by kits has a higher cost, and a few studies in the literature have
reported that DNA extraction using a commercial kit generated so little DNA that molecular studies were not
possible (Bitencourt et al. 2007). Thus, it is important to modify and adapt the protocols described in the
literature and adjust the concentrations of reagents to adapt to the existing variation in the chemical
composition of plant tissues (Viana et al. 2015; Almeida et al. 2017).
Because no research has focused on selecting a DNA extraction method for “sucupira branca”, this
work aimed to compare the efficiency of five protocols for DNA extraction by PCR amplification in “sucupira
branca” leaves using three inter-simple sequence repeat (ISSR) primers, aiming to achieve an efficient
(simple and rapid), low-cost procedure to obtain high-quality DNA for molecular analysis.
2. Material and Methods
Plant material
Leaves of “sucupira branca” were collected and stored in saturated sodium chloride and
cetyltrimethylammonium bromide (NaCl-CTAB) solution. The samples were kept in a freezer at -20 °C for
three weeks before DNA extraction.
In general, the use of young leaves is recommended because DNA with a higher purity can be
obtained due to the low concentrations of phenolic compounds in young leaves (Azevedo et al. 2019).
However, adult “sucupira branca” individuals can reach up to 15 m in height, and the youngest leaflets are
at the top of the plant (Silva et al. 2005).
DNA extraction
Five DNA extraction methods described by Dellaporta, Wood and Hicks (1983); Doyle and Doyle
(1987); Ferreira and Grattapaglia (1995); Romano and Brasileiro (1998); and Khanuja et al. (1999) were
analyzed. However, the evaluated methods may require different reagents and/or reagent concentrations
due to the variability present in the biochemical composition of plant tissues. In this way, modifications in
the weight of foliar tissue and in the quantity of reagents were performed for a greater efficiency in the
isolation of the DNA free of impurities and are listed below. However, the concentrations of reagents applied
to each extraction solution were prepared as described in the original protocols.
The DNA in each sample was extracted from 100 mg of fresh leaf tissue macerated in liquid nitrogen.
To cover all the foliar tissue in the Eppendorf tube, 500 µL of DNA extraction buffer was standardized in all
samples because for some protocols, lower amounts were not sufficient to submerge all the macerated
tissue. To ensure the elimination of oxidizing substances, 10 µL of β-mercaptoethanol was used in each
sample, followed by a water bath at 65 °C for 40 minutes and inverting the tubes for 10 minutes.
Subsequently, three washes were performed with 500 µL of chloroform:isoamyl alcohol (24:1) for
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deproteinization, and the samples were centrifuged at 10000 rpm. After extraction, the pellet was washed
with 70% alcohol three times and dried in air for 30 minutes. After drying, the DNA was diluted in 100 µL of
Tris-ethylenediamine tetraacetic acid (EDTA), TE buffer (1 mM EDTA, 10 mM Tris-HCl, pH 8.0).
DNA quantification and amplification
For quantification on a 0.8% agarose gel with 0.5X Tris-borate (TBE), 5 μL of each sample and the nonfragmented DNA marker (λ uncut DNA) at a concentration of 100 ng/µL that were separated at 90 V for 1.5
h. The gels were stained with ethidium bromide, and samples that generated clearer bands were selected
for amplification.
Amplifications were performed in a VeritiTM 96 Well Thermal Cycler (Applied Biosystems®, USA) with
an initial denaturation step of 60 seconds at 94 °C, followed by 40 repetitions of a 45 second cycle at 94 °C
and 45 seconds for annealing, extension at 72 °C for 120 seconds, and a final step of 72 °C for 6 minutes; the
products were stored at 4 °C. The reagents used for the amplification reaction were as follows: 1.0 µL of DNA
(7 ng/µL), 1 U of Taq polymerase QuatroG, 1.0 µL of amplification buffer (100 mM Tris-HCl, pH 8.4; 500 mM
KCl, pH 8, 5), 0.8 mM dNTP (dATP, dCTP, dGTP, and dTTP), 0.8 µM primer, and ultrapure H 2O in a 10 μL final
volume. Three ISSR primers, developed by the University of British Columbia, Vancouver, Canada, were used:
UBC 812 (5'-GAG AGA GAG AGA GAG AA-3'); UBC 890 (5'-VHV GTG TGT GTG TGT GT-3') and UBC 807 (5'-AGA
GAG AGA GAG GT-3'). Amplified products were separated on a 1.5% agarose gel with 0.5X TBE buffer at 80
V for 3 h. The gels were stained with GelRedTM (Uniscience), visualized under an ultraviolet transilluminator,
and documented by comparing the DNA resolution of the samples with a molecular weight marker
(Invitrogen) of 1 kb.
3. Results
DNA isolation is a primary and critical step in the molecular analysis of any plant species, as DNA
quality is often determined by several factors; therefore, the presence of phenolic compounds and other
secondary metabolites has many effects on the amount and quality of purified DNA (Leza et al. 2017).
Some extraction procedures were common among the five protocols tested, such as cell lysis, cell
separation from other cellular components, DNA purification and isolation. Cell membrane rupture was
performed by applying CTAB detergent to the solution, except in the protocol of Dellaporta, Wood and Hicks
(1983), who used sodium dodecyl sulfate (SDS). Being positively charged, CTAB forms a complex with
negatively charged DNA, and with the aid of NaCl, it aids in the separation of DNA from proteins and the
formation of an almost insoluble complex, which facilitates precipitation. In general, the detergents CTAB
and SDS are used in plant cell lysis (Cota-Sánchez et al. 2006; Stefanova et al. 2013).
All protocols resulted in the formation of a pellet except the method described by Dellaporta et al.
(1983), suggesting that there would be no DNA in this sample, which was confirmed after electrophoresis
(Figure 1).

Figure 1. Electrophoretic profile of DNA marker (λ uncut DNA) and DNA extracted from young leaves of
“sucupira branca” in a 0.8% agarose gel using five protocols: Dl = Dellaporta, Wood and Hicks (1983);
DD = Doyle and Doyle (1987); Gr = Ferreira and Grattapaglia (1995); Rm = Romano and Brasileiro (1998);
Kh = Khanuja et al. (1999).
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Some research has shown that the CTAB method provides high DNA yields for complex and difficult
samples; therefore, most plant DNA extraction protocols described in the literature use the CTAB cationic
detergent-based method, with distinct CTAB-based lysis buffer compositions according to species
characteristics (Mafra et al. 2008; Danner et al. 2011; Elsanhoty et al. 2011). There are studies that indicate
the efficiency of SDS buffer in obtaining good DNA quality and quantity for other legume species, such as
soybean (XIA et al., 2019).
In this study, the protocols described by Doyle and Doyle (1987), Ferreira and Grattapaglia (1995) and
Romano and Brasileiro (1998) presented more intense bands than the protocol of Khanuja et al. (1999). The
average DNA concentrations obtained in these four protocols were 3.25, 3.25, 2.0 and 1.75 ng/µL. In the
method described by Dellaporta et al. (1983), 0.0 ng/µL of DNA was obtained, confirming the absence of
DNA in these samples. Thus, the protocols described by Doyle and Doyle (1987); Romano and Brasileiro
(1998); Ferreira and Grattapaglia (1995) were used for the DNA amplification reactions (PCR) with three
different ISSR primers (UBC 812; UBC 890 and UBC 807), which generated visible bands; this result indicated
that the amount and the quality of the extracted DNA were sufficient to perform these reactions (Figure 2).
The presence of polymorphic bands in the electrophoretic profile of PCR products indicates that these
primers can be used for genetic diversity analysis in “sucupira branca”.

Figure 2. Electrophoretic profile of PCR products using the primers ISSR UBC 890, UBC 812 and UBC 807
and DNA extracted from young leaves of “sucupira branca”. DD = Doyle and Doyle (1987); FG = Ferreira
and Grattapaglia (1995); RB = Romano and Brasileiro (1998). kb = molecular weight marker (1 kb).
4. Discussion
According to Anerao et al. (2017), PCR is considered one of the most efficient techniques to indicate
the high quality of extracted DNA, which suggests that the extractions were sufficiently free of proteins and
polyphenolic and polysaccharide compounds. Protocol comparisons are crucial, especially when using
molecular techniques that require high-quality genomic DNA.
The protocol of Khanuja et al. (1999) presented the lowest concentrations of CTAB, EDTA and TrisHCl compared to the other methods tested. Interactions between CTAB and cell membrane proteins
contributed to cell lysis, while DNA interaction with phenolic compounds and polysaccharides may inhibit
subsequent amplification assays (Raimundo et al. 2018). Therefore, an adequate CTAB concentration is
required to ensure high yield and purity of the extracted DNA. Increased NaCl concentration in the CTAB
lysis buffer promotes high solubility of polysaccharides during isopropanol extraction, improving the DNA
quality (Syamkumar et al. 2003). The efficiency of the Doyle and Doyle (1987) method for isolating DNA from
“sucupira branca” was expected because this method is often used to extract DNA from leaves with high
levels of polysaccharide and polyphenol (Leza et al. 2017). The modifications made to the methods described
by Ferreira and Grattapaglia (1995); Romano and Brasileiro (1998) also proved to be efficient for the isolation
of DNA free of impurities.
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Several methods for plant DNA isolation are available. However, modifications are necessary
according to the particularities of each species. In this work, changes in the concentrations of βmercaptoethanol and of chloroform: isoamyl alcohol were the main factors for the isolation of DNA free of
impurities, because “sucupira branca” plants produce high amounts of phenolic compounds that degrade
and contaminate the extracted DNA samples.
5. Conclusions
The modifications made to the DNA extraction protocols described by Doyle and Doyle (1987);
Ferreira and Grattapaglia (1995); Romano and Brasileiro (1998) were fundamental for efficient DNA
extraction from “sucupira branca” leaves, providing a simple and low-cost DNA extraction protocol
compared to commercial purification kits and providing quality DNA for genetic analysis. In addition, the
ISSR primers UBC 812, UBC 890 and UBC 807 can be selected for molecular analysis in “sucupira branca”.
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