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Abstract

The aim of the study was to establish a DNA isolation protocol Nectandra megapotamica (Spreng.) 
Mez., able to obtain samples of high yield and quality for use in genomic analysis. A commercial kit 
and four classical methods of DNA extraction were tested, including three cetyltrimethylammonium 
bromide (CTAB)-based and one sodium dodecyl sulfate (SDS)-based methods. Three drying methods 
for leaves samples were also evaluated including drying at room temperature (RT), in an oven at 40ºC 
(S40), and in a microwave oven (FMO). The DNA solutions obtained from different types of leaves 
samples using the five protocols were assessed in terms of cost, execution time, and quality and yield 
of extracted DNA. The commercial kit did not extract DNA with sufficient quantity or quality for 
successful PCR reactions. Among the classic methods, only the protocols of Dellaporta and of Khanuja 
yielded DNA extractions for all three types of foliar samples that resulted in successful PCR reactions 
and subsequent enzyme restriction assays. Based on the evaluated variables, the most appropriate DNA 
extraction method for Nectandra megapotamica (Spreng.) Mez. was that of Dellaporta, regardless of 
the method used to dry the samples. The selected method has a relatively low cost and total execution 
time. Moreover, the quality and quantity of DNA extracted using this method was sufficient for DNA 
sequence amplification using PCR reactions and to get restriction fragments.
Key words: CTAB. SDS. Cost. Quality. Yield.

Resumo

O objetivo do estudo foi estabelecer um protocolo de isolamento de DNA de Nectandra megapotamica 
(Spreng.) Mez., capaz de obter amostras de alto rendimento e qualidade para emprego em análises 
genômicas. Foram testados um kit comercial e quatro métodos clássicos de extração de DNA, incluindo 
três métodos baseados em brometo de cetiltrimetilamônio (CTAB) e um baseado em dodecil sulfato 
de sódio (SDS). Três métodos de secagem de amostras de folhas foram também avaliados, incluindo 

1	 Discente do Curso de Doutorado do Programa de Pós-Graduação em Engenharia Florestal, Universidade Federal de Santa Maria, 
UFSM, Santa Maria, RS, Brasil. Bolsista CNPq. E-mail: leonardosev@gmail.com

2	 Profª Drª, Departamento de Fitotecnia, UFSM, Santa Maria, RS, Brasil. Bolsista PQ/CNPq. E-mail: liarsr@ufsm.br 
3	 Prof. Dr., Departamento de Ciências Rurais, Universidade Federal do Pampa, UNIPAMPA, São Gabriel, RS, Brasil. E-mail: 

valdirstefenon@unipampa.edu.br
4	 Profª Drª, Departamento de Farmácia Industrial, UFSM, Santa Maria, RS, Brasil. Bolsista PQ/CNPq. E-mail: berta.heinzmann@

gmail.com
5	 Discente do Curso de Graduação em Tecnologia de Alimentos, UFSM, Santa Maria, RS, Brasil. E-mail: adrieltca@gmail.com
*	Author for correspondence



1178
Semina: Ciências Agrárias, Londrina, v. 37, n. 3, p. 1177-1188, maio/jun. 2016

Costa, L. S. da et al.

a secagem à temperatura ambiente (RT), em estufa a 40ºC (S40), e em forno microondas (FMO). As 
soluções de DNA obtidas a partir de diferentes tipos de amostras foliares utilizando os cinco protocolos 
foram avaliadas em termos de custo, tempo de execução e qualidade e rendimento de DNA extraído. O 
kit comercial não extraiu DNA com quantidade ou qualidade suficiente para o sucesso das reações de 
PCR. Entre os métodos clássicos, apenas os protocolos Dellaporta e Khanuja proporcionaram extração 
de DNA para os três tipos de amostras foliares, que resultaram em reações de PCR e ensaios com 
enzimas de restrição bem sucedidos. Com base nas variáveis avaliadas, o método de extração de DNA 
mais apropriado para Nectandra megapotamica (Spreng.) Mez. foi o Dellaporta, independentemente do 
método utilizado para secar as amostras. O método selecionado apresenta custo e tempo de execução 
total relativamente baixos. Além disso, a qualidade e quantidade do DNA extraído utilizando o método 
foram suficientes para amplificação de fragmentos de DNA por meio de reações de PCR e para obter 
fragmentos de restrição.
Palavras-chave: CTAB. SDS. Custo. Qualidade. Rendimento.

Introduction

Nectandra megapotamica (Spreng.) Mez. 
(Lauraceae), popularly known in Brazil as “canela-
preta” is a tree species native to the Atlantic 
Forest, which shows some medicinal properties, 
such as anti-rheumatic and analgesic (SANTOS-
FILHO; GILBERT, 1975), anesthetic (TONDOLO 
et al., 2013), sedative (ALVES et al., 2008), anti-
inflammatory (SILVA et al., 2004), anti-oxidizing, 
anti-microbial (GARCEZ et al., 2009), and anti-
tumoral (SILVA et al., 2004). Forest species, 
particularly those that show medicinal properties, 
usually have high levels of secondary metabolites that 
complicate the isolation of pure DNA. High quantities 
of polysaccharides, polyphenols, and secondary 
metabolites, such as alkaloids, flavonoids, and 
tannins, interfere with the isolation of genomic DNA 
(MISHRA et al., 2008) mainly by co-precipitating 
irreversibly with nucleic acids (DABO et al., 1993; 
VARMA et al., 2007). Therefore, the attributes 
that make it interesting from a pharmacological 
point of view are simultaneously those that make 
difficult genetic studies, as well as genomic and 
transcriptomic assays. Such studies are important 
towards assist, allow, increase and / or accelerate 
in vitro biosynthesis of substances that are relevant 
for human and animal health and plant protection, 
especially with respect to the organic system.

Contamination with polysaccharides gives 
isolated DNA a highly viscous consistency, which 
makes it difficult to pipette and precludes its use 

in enzymatic reactions (DO; ADAMS, 1991). 
Extraction with phenol is highly efficient for 
removing polysaccharides (GEHRIG et al., 2000; 
PADMALATHA; PRASAD, 2006; TEL-ZUR et 
al., 1999); however, due to its high toxicity and 
the restrictions regarding its disposal, its usage 
has been limited. A quick, efficient, and low-cost 
alternative to remove polysaccharide contamination 
is the application of high concentrations of sodium 
chloride (NaCl) (FANG et al., 1992; LODHI et 
al., 1994). Another drawback is the presence of 
phenolic compounds which results in an oxidized, 
browned DNA (GUILLEMAUT; MARÉCHAL-
DROUARD, 1992; KATTERMAN; SHATTUCK, 
1983). To remove these compounds, present in high 
quantities in mature and inadequately stored leaves, 
polyvinylpyrrolidone has been used by several 
authors (CRUZ et al., 1997; KIM et al., 1997; 
POREBSKI et al., 1997).

For the application of diverse genomic 
techniques, sufficient quantities of high quality 
genomic DNA is necessary (SAHU et al., 2012). 
The DNA isolation protocol must comply with 
various requirements such as breaking cellular 
walls and membranes, inhibiting the action of 
deoxyribonucleases (DNAses), separating nucleic 
acids from proteins and polysaccharides, and 
protecting nucleic acids from action of phenolic 
compounds, thus preventing its oxidation.

Similarly, the methodologies used to collect, 
process and store plant tissue samples for DNA 
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isolation are directly related to the quality of 
the isolated nucleic acid. In the case of forest 
tree species, in particular, which are under 
development, in most cases, in places distant from 
research laboratories, coupled with difficulties in 
collecting due to the large size and small number 
of individuals available, the sample storage during 
transport to the laboratory and after your arrival, it 
is essential to keep them viable for long periods of 
time (BHATTACHARJEE et al., 2009). The most 
common method for preserving foliar samples is 
to store them in plastic bags with hermetic seals 
containing silica gel (CHASE; HILLS, 1991). This 
procedure is efficient because it quickly dehydrates 
plant material, thus preventing DNA degradation 
(ŠTORCHOVÁ et al., 2000). It has numerous 
advantages, such as low cost, simplicity, and the 
possibility of reusing and preserving the material 
for long periods. Furthermore, in its dehydrated 
state, DNA is less susceptible to chemical or 
enzymatic degradation (MURRAY; THOMPSON, 
1980). An alternative to silica gel is the dehydration 
via a forced-air circulation oven. While silica gel 
is used at room temperature and absorbs humidity, 
dehydration occurs at an elevated temperature 
with circulation and renovation of the air. For both 
methods, the drying procedure aims to reduce 
material deterioration by water content reduction, 
preventing enzyme and microorganism action and 
enabling long-term sample preservation (SILVA; 
CASALI, 2000).

Aiming to optimize a protocol for DNA isolation 
which overcomes such difficulties, this study 
evaluated three drying methods for foliar samples and 
five methodologies for genomic DNA isolation of N. 
megapotamica (Spreng.) Mez., comparing purity, 
concentration, execution time and cost per sample. 

Materials and Methods

Plant material and drying methods

Leaves samples from 20 individuals of N. 
megapotamica (Spreng.) Mez. were collected in 

bulk, homogenized, and divided into three equal 
subsamples. The first subsample was dried at room 
temperature (RT), the second was dried in a forced-
air circulation oven with a constant temperature of 
40°C for 24 h (S40), and the third was dried in a 
microwave oven for 2 min (FMO). After drying, 
all subsamples were stored in individual paper 
bags and kept at RT. For each drying method eight 
replications were performed.

DNA isolation protocols

After drying, 150 mg of foliar sample from 
each drying treatment were macerated with liquid 
nitrogen and immediately inserted into 2.0 mL 
microtubes. Five genomic DNA isolation methods 
were tested: the QIAGEN DNeasy Plant MiniTM 
Kit (Q) following the manufacturer’s instructions; 
three methods using the cationic detergent 
cetyltrimethylammonium bromide (CTAB): Ferreira 
and Grattapaglia (1996) (F), Mazza and Bittencourt 
(2000) (M), and Khanuja et al. (1999) (K); and one 
method using the detergent sodium dodecyl sulfate 
(SDS): Dellaporta et al. (1983) (D). For each DNA 
isolation method eight replications were performed. 
Table 1 presents the main characteristics of each 
protocol.

Cost and time estimation

The cost and execution time of the DNA 
isolation procedures were assessed following the 
method proposed by Chen et al. (2010). The cost of 
each method was estimated by summing the costs 
of the chemical products, enzymes, and disposable 
products (microtubes and micro-pipette tips) used 
in a single extraction of 150 mg of plant tissue. 
The minimum time required to complete the DNA 
isolation was estimated for each method, including 
incubation, centrifugation and drying. The 
preliminary stages of weighting and maceration of 
plant tissue in liquid nitrogen were not considered.
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Table 1. Comparative list of steps and chemicals used in DNA isolation methods Nectandra megapotamica (Spreng.) 
Mez.

Chemicals
Methods

Dellaporta (D) Ferreira and 
Grattapaglia (F) Khanuja (K) Mazza and 

Bittencourt (M)

Lysis buffer 

SDS 20%; Tris 
HCl 100mM pH 

8,0; NaCl 500mM; 
EDTA 50mM, 

β-Mercaptoethanol 
0,2%

CTAB 2%; Tris 
HCl 100 mM pH 
8,0; NaCl 1,4M; 
EDTA 20 mM; 

β-Mercaptoethanol 
0,2%

 CTAB 2,5%; Tris 
HCl 100 mM pH 
8,0; NaCl 1,5M; 
EDTA 25 mM; 

β-Mercaptoethanol 
0,2%; PVP 1%

 CTAB 2%; Tris 
HCl 100 mM pH 

8,0; EDTA 20 mM; 
β-Mercaptoethanol 

0,1%; PVP 1%; 
Proteinase K 0,01% 

(20mg/mL)
Potassium Acetate 5 M --- --- ---
Sodium Acetate 3 M --- --- ---
Iso-propanol Absolute --- --- ---
Chloroform Isoamil 
Alcohol (CIA) --- 24:1 (v/v) 24:1 (v/v) 24:1 (v/v)

RNase --- --- --- 3 µl (10 mg/mL)
Sodium Chloride (NaCl) --- --- 5 M ---
Iso-propanol --- --- Absolute ---
Ethanol --- --- 80% ---

High Salt TE --- ---
NaCl 1M; Tris-HCl 

10mM; EDTA 1 
mM

---

TE buffer
Tris-HCl 50mM 

pH 8,0 and EDTA 
10mM

--- --- ---

RNase --- --- 5 µl (10 mg/mL) ---
CIA 24:1 (v/v) --- 24:1 (v/v) 24:1 (v/v)
Acetate sodium 3 M --- --- ---
Iso-propanol --- Absolute --- Absolute
Ethanol 80% 70% and 99.99% 99.99% and 80% 70% and 95%

TE
Tris-HCl 10mM 

pH 8,0 and EDTA 
1mM

Tris-HCl 1M pH 8,0 
and EDTA 500 mM Water Tris-HCl 10mM pH 

8,0 and EDTA 1mM

RNase --- 3 µl (10 mg/mL) --- ---

DNA yield and quality analysis

The quality and yield of the isolated DNA 
solutions were assessed with an UV-Vis NanoDrop 

ND-1000 spectrophotometer. For quality analysis, 
the ratio of absorbance at OD260/280 (optical density 
gradient) was considered.

DNA restriction and amplification

The digestion reactions were performed in an 
Eppendorf MasterCycler thermocyclerTM, with a 

final volume of 25 µL, containing 50 ng of DNA, 
10 U of MseI enzyme and 20 U of PstI enzyme, 
incubated at 37°C for 24 h. For the PCR amplification 
reactions, six RAPD primers were used. The 
primers (Table 2) were selected according to the 
results obtained by Hanai et al. (2010) using Ocotea 
catharinensis (Lauraceae). The amplification 
reactions were performed in an AmpliTherm TX96 
PlusTM thermocycler. Each amplification reaction 
(25 µL) contained 10 mM TRIS-HCl (pH 8.3), 50 
mM KCl, 3 mM of MgCl2, 0.2 mM of dNTPs, 0.25 
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µM of RAPD primers (Sigma-Aldrich, St. Louis, 
MO, USA), 20 ng of DNA, 1.5 U µL-1 of Taq DNA 
Polymerase (Thermo Fisher Scientific, Waltham, 
MA, USA) and ultra-pure water. The thermal profile 
consisted of an initial denaturing stage at 94°C 
for 5 min, followed by 45 cycles of denaturing at 

94°C for 1 min, annealing at 35°C for 1 min and 
elongation at 72°C for 2 min, with a final extension 
of 72°C for 6 min. The amplification and digestion 
products were resolved through electrophoresis in 
agarose gel 1.5% (p/v).

Table 2. List of RAPD primers used in PCR reactions with DNA samples from Nectandra megapotamica (Spreng.) 
Mez.

Primer Sequence
OPA – 02 (A) 5′-TGCCGAGCTG-3′
OPA – 04 (B) 5′-AATCGGGCTG-3′
OPA – 07 (C) 5′-GAAACGGGTG-3′
OPA – 10 (D) 5′-GTGATCGCAG-3′
OPA – 11 (E) 5′-CAATCGCCGT-3′
OPA – 12 (F) 5′-TCGGCGATAG-3′

Results and Discussion

The concentration and quality of isolated DNA 
for each of the five methods are summarized in 
Table 3. For all leaves samples, the quantity of DNA 
isolated with the commercial kit was significantly 
lower than the quantities isolated using the classic 
methods. Independent of the drying method, 
the highest concentration was obtained with the 
M procedure, which might be explained by the 
presence of Proteinase K. This enzyme inhibits 
the action of the nucleases that are released during 
cellular lysis, thus preventing degradation of DNA 
(ALEKSANDRUSHKINA; VANYUSHIN, 2009; 
OH et al., 2013). Drying RT resulted in a higher 
DNA concentration than that observed in the other 
two methods.

Regarding DNA purity, the OD260/280 for the 
procedures D, F and K were higher than 2.0, 
indicating presence of RNA residues. Usually, 
RNase treatment is employed at various stages of 
isolation to remove these residues. Despite the use 
of a final stage of RNase treatment, all isolation 
protocols tested show RNA residues, with special 
emphasis on F and K, despite the treatment with 
RNase. The procedures F and K revealed the 
highest values for the ratio OD260/280 (Table 1). In F 

3.0 µl (10 mg/ml) of RNase is added at the end of 
the process unlike that occurs in method K, where 
5.0 µl (10 mg/ml) ribonuclease is inserted between 
two washes with CIA. In M, 3.0 µl (10 mg/ml) of 
RNase is added between two washes with CIA, 
which seems to result in greater efficiency. The 
higher quantity of residues in the DNA solution is 
also supported by the OD260/280 and the digestion 
with restriction enzymes.

Although the DNA isolated using the methods 
D and K showed evidence of RNA contamination, 
amplification of DNA sequences was successful 
(Figure 1) for the three types of foliar samples. 
Using the DNA obtained with the protocol F, 
the amplification only occurred in RT samples, 
consistent with the M procedure. Using the DNA 
obtained with the method Q, no amplification 
occurred in all foliar samples.

Across the drying methods tested RT showed 
the best results in all protocols. Taylor and Swann 
(1994) report that samples dried at room temperature 
or up to 42°C, resulting in a useful amount of high 
molecular weight DNA and good quality, while 
the samples dried in a microwave oven show poor 
quality DNA. However, in this study the FMO 
samples showed better results than S40 in all 
methods, except in K.
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Table 3. Averaged values of yield and quality DNA isolated from leaf samples from Nectandra megapotamica 
(Spreng.) Mez. by different methods (eight replicates were performed for each method of isolation).

Isolation method Sample DNA yield (mean ± SE) (ng) OD260/280
Mean ± SE Variation

Kit QIAGEN DNeasy Plant 
MiniTM

RT 14.27 ± 1.64 1.61 ± 0.04 1.56 – 1.67
S40 16.36 ± 2.50 1.54 ± 0.10 1.42 – 1.70

FMO 23.77 ± 9.65 1.71 ± 0.05 1.63 – 1.78

Dellaporta et al. (1983)
RT 362.04 ± 51.33 2.05 ± 0.01 2.03 – 2.07
S40 174.4 ± 114.50 2.17 ± 0.52 1.76 – 3.45

FMO 157.48 ± 77.39 2.14 ± 0.12 2.06 – 2.44

Ferreira and Grattapaglia (1996)
RT 502.26 ± 101.79 2.21 ± 0.09 2.09 – 2.38
S40 351.55 ± 57.98 2.40 ± 0.18 2.21 – 2.77

FMO 408.96 ± 90.92 2.29 ± 0.26 1.97 – 2.77

Khanuja et al. (1999)
RT 243.06 ± 72.55 2.25 ± 0.08 2.19 – 2.42
S40 76.27 ± 10.55 2.40 ± 0.12 2.23 – 2.60

FMO 81.32 ± 24.40 2.57 ± 0.15 2.28 – 2.77

Mazza and Bittencourt (2000)
RT 849.58 ± 214.77 1.80 ± 0.05 1.73 – 1.90
S40 547.74 ± 43.67 1.55 ± 0.02 1.51 – 1.58

FMO 676.24 ± 116.12 1.70 ± 0.05 1.61 – 1.78
RT = drying at room temperature; S40 = drying in a forced-air circulation oven with a constant temperature of 40°C; FMO = drying 
in a microwave; OD = optical density gradient.

Digestion of DNA by restriction enzymes for 
each of the protocols and foliar samples is shown in 
Figure 2. Regardless of the drying method occurred 
digestion, except in method F and Q.

The DNA isolated from each foliar sample 
using the F protocol had a viscous appearance and 
light brown color, characteristic of contamination 
by polysaccharides and phenolic compounds, 
respectively (SANGWAN et al., 1998; SHIODA; 
MARAKAMI-MUOFUSHI, 1987; TEL-ZUR et 
al., 1999). These properties inhibited the digestion 
of these DNA solutions. The samples were trapped 
in the gel wells during separation of the molecules 
through electrophoresis, confirming the presence 
of polysaccharide contamination (SHARMA; 
PUROHIT, 2012).

The presence of RNA did not prevent digestion 
with restriction enzymes and PCR reactions. Some 
authors suggest that RNA contamination does not 
pose a problem for the subsequent application 

of the isolated DNA in PCR reactions, since it is 
degraded at high temperatures and in the presence 
of magnesium ions (MURRAY; THOMPSON, 
1980; HOUSELEY; TOLLERVEY, 2009; TAN et 
al., 2013).

Unlike RNA contamination, the presence of 
polysaccharides and phenolic compounds interferes 
in the efficiency of PCR reactions and enzymatic 
digestion, because it inhibits the action of Taq DNA 
polymerase and restriction enzymes (JAPELAGHI 
et al., 2011; IANDOLINO et al., 2004; MOSER 
et al., 2004; PANDEY et al., 1996; FANG et al., 
1992). Contamination by phenolic compounds is 
commonly observed in DNA isolation protocols 
(VARMA et al., 2007), since these compounds are 
released during cellular lysis and suffer from the 
action of the polyphenol oxidase enzyme, which 
causes oxidation of phenolic compounds when in 
contact with oxygen (CHOUDHARY et al., 2008; 
LOMMIS, 1974; MOHAMMADI et al., 2009).
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Figure 1. PCR reaction products for samples of DNA from Nectandra megapotamica (Spreng.) Mez. using RAPD 
primers. The first and last lines correspond to the 1 kb molecular weight marker (MP) (Ludwig, Porto Alegre, RS, 
Brazil). The first letter of the other lines indicates the protocol used: Ferreira and Grattapaglia (1996) (F), Mazza and 
Bittencourt (2000) (M), Dellaporta et al. (1983) (D), Khanuja et al. (1999) (K), and QIAGEN DNeasy Plant Mini 
KitTM (Q). The second letter indicates the primer: OPA 02 (A), OPA 04 (B), OPA 07 (C), OPA 10 (D), OPA 11 (E), 
and OPA 12 (F). Two negative controls were used with primers OPA 02 (CNA) and OPA 11 (CNF). RT = Samples 
dried at room temperature. S40 = samples dried in a forced-air circulation oven at 40ºC. FMO = samples dried in a 
microwave oven.

 
 

The estimated cost in dollars (USD) and the execution times for each DNA isolation method for 

150 mg dried foliar tissue samples are shown in Table 4. The results show that the Q procedure is the fastest 

isolation method and has the highest cost. Commercial kits for DNA isolation, in general, are faster and more 

expensive (with respect to the cost of reagents) than traditional procedures (VARMA et al., 2007). However, 
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their use is not feasible in studies involving large quantities of samples (RIBEIRO; LOVATO, 2007). The 

four traditional DNA isolation methods showed longer execution times than the commercial kit; however, 

they had a significantly lower cost. Due to the large diversity of polyphenols, polysaccharides, and secondary 

metabolites in plant species, optimized species-specific DNA isolation procedures are often required. 

 

Figure 2. Digestion of DNA using five isolation methods for Nectandra megapotamica (Spreng.) Mez. with 

The estimated cost in dollars (USD) and the 
execution times for each DNA isolation method 
for 150 mg dried foliar tissue samples are shown 
in Table 4. The results show that the Q procedure is 
the fastest isolation method and has the highest cost. 
Commercial kits for DNA isolation, in general, are 
faster and more expensive (with respect to the cost 

of reagents) than traditional procedures (VARMA et 
al., 2007). However, the results obtained using kits 
may be inefficient in terms of quality and quantity 
of isolated DNA, especially when the species 
under study contains high levels of polyphenols 
and polysaccharides (MICHIELS et al., 2003; 
SANGWAN et al., 1998). Additionally, considering 
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restriction enzymes MseI and PstI. The first and last lines correspond to the 1 kb molecular weight marker 
(MP) (Ludwig, Porto Alegre, RS, Brazil). The first letter of the other lines indicates the protocol used: 
Ferreira and Grattapaglia (1996) (F), Mazza and Bittencourt (2000) (M), Dellaporta et al. (1983) (D), 
Khanuja et al. (1999) (K), and QIAGEN DNeasy Plant Mini KitTM (Q). The number after the first letter in 
each line indicates the repetition. The method for drying foliar samples is represented by RT (dried at room 
temperature), S40 (dried in a forced-air circulation oven at 40ºC) and FMO (dried in microwave oven). 

 

 
 

Table 4. Estimated execution time and cost for each DNA sample from Nectandra megapotamica 
(Spreng.) Mez. by five extraction methods.  
Isolation method Execution time (h:min) Cost (USD) 
Kit QIAGEN DNeasy Plant MiniTM (Q) 01:00 6.78 
Dellaporta et al. (1983) (D) 04:42 0.12 
Ferreira and Grattapaglia (1996) (F) 04:10 015 
Khanuja et al. (1999) (K) 04:10 0.19 
Mazza and Bittencourt (2000) (M) 05:10 0.12 

 

Conclusions 

The results of this study indicate that the most efficient DNA isolation protocol for foliar samples 

of N. megapotamica is the method proposed by Dellaporta et al. (1983). It enabled isolation of DNA in 

adequate quantities and quality for subsequent applications, such as PCR reactions and digestion by 

restriction endonucleases. This procedure is less expensive and more versatile than the others, allowing for 

the use of isolated DNA solutions from foliar samples dried at RT, in a forced-air circulation oven, or in a 

microwave oven to obtain PCR products and restriction fragments. 
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the high cost per sample of the commercial kits, 
their use is not feasible in studies involving large 
quantities of samples (RIBEIRO; LOVATO, 
2007). The four traditional DNA isolation methods 
showed longer execution times than the commercial 

kit; however, they had a significantly lower 
cost. Due to the large diversity of polyphenols, 
polysaccharides, and secondary metabolites in plant 
species, optimized species-specific DNA isolation 
procedures are often required.

Figure 2. Digestion of DNA using five isolation methods for Nectandra megapotamica (Spreng.) Mez. with restriction 
enzymes MseI and PstI. The first and last lines correspond to the 1 kb molecular weight marker (MP) (Ludwig, Porto 
Alegre, RS, Brazil). The first letter of the other lines indicates the protocol used: Ferreira and Grattapaglia (1996) (F), 
Mazza and Bittencourt (2000) (M), Dellaporta et al. (1983) (D), Khanuja et al. (1999) (K), and QIAGEN DNeasy 
Plant Mini KitTM (Q). The number after the first letter in each line indicates the repetition. The method for drying foliar 
samples is represented by RT (dried at room temperature), S40 (dried in a forced-air circulation oven at 40ºC) and 
FMO (dried in microwave oven).

Table 4. Estimated execution time and cost for each DNA sample from Nectandra megapotamica (Spreng.) Mez. by 
five extraction methods. 

Isolation method Execution time (h:min) Cost (USD)
Kit QIAGEN DNeasy Plant MiniTM (Q) 01:00 6.78
Dellaporta et al. (1983) (D) 04:42 0.12
Ferreira and Grattapaglia (1996) (F) 04:10 0.15
Khanuja et al. (1999) (K) 04:10 0.19
Mazza and Bittencourt (2000) (M) 05:10 0.12

Conclusions

The results of this study indicate that the most 
efficient DNA isolation protocol for foliar samples 
of N. megapotamica is the method proposed by 
Dellaporta et al. (1983). It enabled isolation of DNA 
in adequate quantities and quality for subsequent 
applications, such as PCR reactions and digestion 

by restriction endonucleases. This procedure is 
less expensive and more versatile than the others, 
allowing for the use of isolated DNA solutions 
from foliar samples dried at RT, in a forced-air 
circulation oven, or in a microwave oven to obtain 
PCR products and restriction fragments.
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