
©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 10 (1): 353-358 (2011)

Leaf age affects the quality of DNA extracted 
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ABSTRACT. Isolation of high-quality DNA from plants, especially 

plants from the Cerrado, is notoriously difficult because of polysaccharides 
and secondary compounds produced by plants from this biome. DNA 

isolation and its quality may be compromised by chemical defenses 

such as tannins and phenols. Quantitative plant defenses tend to have a 

cumulative effect, increasing in concentration during leaf development, 

reducing DNA quality extracted in mature compared to young leaves. We 

report the effect of leaf age on DNA extraction of Dimorphandra mollis. 

Our working hypothesis was that the young leaves have more DNA than 

old leaves of the same individual because chemical defenses accumulate 

in older leaves. Young and old leaves were sampled from eight mature 

trees as well as leaves from eight seedlings in the north region of Minas 

Gerais State. Genomic DNA extraction followed the standard CTAB 

procedure. DNA isolation was very successful from young leaves of 16 

individuals of D. mollis. The extracted DNA exhibited high quality and 
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the DNA quantity was also high, with an A
260

/A
280

 ratio above 1.8, which 

is within the optimal sample range. In contrast, DNA isolation from 

old leaves was not successful. When the DNA was extracted from old 

leaves, the DNA was brownish, indicating contamination by phenolic 

compounds. These metabolites oxidize the DNA irreversibly, which 

hinders amplification of DNA by PCR by inhibiting the action of 
enzymes such as Taq polymerase. PCR performed with DNA from 

young leaves of D. mollis was successful and produced strong bands 

for RAPD markers.

Key words: “Fava d’anta”; DNA extraction; Cerrado; 

Metabolic compounds; Dimorphandra mollis

INTRODUCTION

Plant biodiversity research using molecular markers has increased for species from 

Brazil (Lemes et al., 2007; Moreira et al., 2009; Novaes et al., 2010; Souza and Lovato, 2010). 

These studies have used leaves of plants as the DNA source. For this kind of analysis high-

quality DNA is necessary for polymerase chain reaction (PCR). However, isolation of high-

quality DNA from plants, especially plants from the Cerrado, is notoriously difficult (Novaes 
et al., 2009). This problem has been attributed to content of polysaccharides and secondary 

compounds produced by plants from this biome (Couch and Fritz, 1990; Faleiro et al., 2003).

The Cerrado biome is considered to be one of the 34 hotspots for biodiversity conser-

vation (Mittermeier et al., 2004). Many trees from the Cerrado are known for their potential 

for bioprospecting. Native plants have been used in folk medicine, search for new pharmaceu-

ticals, the cosmetics industry, production of biofuels, and for other purposes (Oliveira et al., 

2006). Many of these uses are possible because of secondary compounds produced by plants 

against natural enemies, such as herbivores (Coley et al., 1985).

DNA isolation and its quality may be compromised by chemical defenses such as tan-

nins and total phenolics (Katterman and Shattuck, 1983). These compounds bind to DNA upon 

cell lysis and can be removed during DNA extraction procedures adding polyvinyl pyrrolidone 

and β-mercaptoethanol to the buffer (John, 1992). However, quantitative plant defences tend 
to have a cumulative effect, increasing in concentration during leaf development (Loyola and 

Fernandes, 1993; Coley and Barone, 1996; Cornelissen and Fernandes, 2001; Matsuki et al., 

2004), thus reducing DNA quality extracted in mature compared to young leaves. This can 

be especially important for Cerrado plants, which produce large amounts of secondary com-

pounds for defenses (Cornelissen and Fernandes, 2001).

The effect of chemical defenses against herbivore attacks has been shown in some stud-

ies, which reveal higher levels of secondary compounds in mature than in young plants (Del-Val 

and Dirzo, 2003; Boege, 2005; Boege and Marquis, 2006). Old plants are capable of maintaining 

stronger chemical defenses than young plants possibly because young individuals need to allocate 

their resources to early growth (Coley et al., 1985; Herms and Mattson, 1992; Elger et al., 2009).

In this paper, we report on the effect of leaf age in DNA extraction of Dimorphandra 

mollis Benth., a tropical tree species from the Cerrado. Our working hypothesis was that the 

young leaves have more DNA than old leaves of the same individual because of chemical 
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defenses accumulated in older leaves.

MATERIAL AND METHODS

Species tested

Dimorphandra mollis Benth. is a tropical Leguminosae tree from the Cerrado, which 

has been greatly exploited because of its secondary compounds (Gomes and Gomes, 2000). 

D. mollis has a high economic value (Giuliano et al., 2005) because the flavonoid it con-

tains, rutin, has been used by the pharmaceutical and cosmetic industries (Gomes and Gomes, 

2000). Rutin has anti-oxidant, anti-tumoral, anti-diuretic, and anti-inflammatory properties. It 
increases the absorption of vitamin C in the body and the resistance of capillaries, preventing 

baldness and hemorrhoids (Yokozawa et al., 1997; Féres et al., 2006). Therefore, efforts are 

necessary to prevent the extinction of D. mollis by anthropogenic pressure since this species is 

responsible for 50% of the world production of rutin (Gomes and Gomes, 2000). The preda-

tory extraction of trees can cause the deterioration of genetic diversity and genetic studies can 

be used to establish effective conservation and management measures for D. mollis.

Plant material

Young and old leaves were sampled from eight D. mollis adult individuals as well as 

leaves from eight juvenile individuals from D. mollis. The samples were kept on ice and then 

taken to the laboratory, where they were stored at -20°C until DNA extraction.

DNA extraction

Genomic DNA extraction followed the standard CTAB procedure (Doyle and Doyle, 

1987) slightly modified as suggested by Faleiro et al. (2003). About 1 g frozen leaves was mac-

erated in a porcelain crucible with liquid N
2
. Part of the macerate was placed in a plastic tube 

and then 800 μL buffer was added consisting of 100 mM Tris-HCl, pH 8.0, 20 mM ethylenedi-
amine tetraacetic acid (EDTA), 2.8% hexadecyltrimethylammonium bromide (CTAB), 1.3 M 

NaCl, 1% polyvinylpyrolidone (PVP) and 0.2% β-mercaptoetanol. The macerate was mixed 
with buffer and the tubes were kept in a water bath (70°C) for 1 h, and shaken every 10 min. 

After that, 700 μL chloroform:isoamyl-alcohol (CIA) (24:1, v/v) was added and tubes were 
homogenized by gentle inversion for 10 min and centrifuged (4°C) for 10 min. The supernatant 

was transferred to new tubes and 55 μL 7% CTAB was added, and the CIA step was repeated. 
DNA was precipitated by adding 700 μL cold isopropanol and tubes were incubated at -20°C 
for 2 h and then centrifuged as before. The supernatant was discarded and the pellet was washed 

two times with cold 70% ethanol (v/v). After the last discard the pellet was dried at room tem-

perature and DNA was resuspended in 150 μL water with 40 μg/mL RNAse for 1 h at 37°C.

DNA quantification

DNA quantification was performed by spectrophotometry at 260 nm (Sambrook et 
al., 1989). The purity of DNA was evaluated by the ratio of the absorbance at 260 and 280 
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nm (A
260

/A
280

). The absorbance at 260 nm reflects DNA concentration and the ratio of A
260

/

A
280 

reflects the ratio of nucleic acids to proteins in the sample (Sambrook et al., 1989). DNA 
integrity was performed by electrophoresis on 0.8% agarose gels with 1X TBE buffer, stained 

with ethidium bromide and photographed under UV light.

DNA amplification

DNA extracted was tested by amplification on PCR with RAPD primers. Amplification 
products were electrophoretically separated on 1.5% agarose gels with 1X TBE buffer, stained 

with ethidium bromide and photographed under UV light. A 100-bp DNA ladder was used to 

estimate the molecular size of the fragments.

RESULTS AND DISCUSSION

DNA isolation was very successful from young leaves of 16 individuals of D. mollis. 

The DNA extracted exhibited high quality (Figure 1) and the DNA quantity was also high with 

an A
260

/A
280 

ratio above 1.8, which is within the optimal sample range (Sambrook et al., 1989). 

In contrast, DNA isolation from old leaves was not successful (Figure 1). During the DNA 

extraction from old leaves it was brownish, indicating contamination by phenolic compounds. 

These metabolites oxidize the DNA irreversibly, which hinders amplification of DNA by PCR 
by inhibiting the action of enzymes such as Taq polymerase (Romano and Brasileiro, 1999).

Figure 1. Total DNA genomic from Dimorphandra mollis. Old leaves are represented by lanes 1’ to 8’ and young 

leaves of the same trees are represented by lanes 1 to 8. Young leaves from juveniles are represented by lanes A to H.

Many trees from the Cerrado are used in the pharmaceutical and cosmetics industry, such 

as D. mollis, because of secondary compounds found in these plants. In fact, D. mollis is rich in 

the flavonoid rutin, which makes this tree the main source of rutin in Brazil (Gomes, 1998). The 
flavonoid is a secondary compound that could be responsible for the absence of nucleic acids 
during DNA extraction since phenolic metabolites bind to DNA and oxidize the DNA irrevers-

ibly (John, 1992; Romano and Brasileiro, 1999). Furthermore, old leaves accumulate chemical 
metabolites to defend plants against enemies, like insect herbivores that injure leaves. However, 

since young leaves need to grow they allocate their resources to growth and not to defenses.

The eight juveniles of D. mollis exhibit good quality and quantity of DNA (Figure 1). 

Juvenile individuals need to allocate their resources to early growth so their leaves do not have 
chemical compounds to defend against enemies yet.

PCR performed with DNA from young leaves of D. mollis was successful and pro-
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duced strong bands for RAPD markers (Figure 2). So, the DNA obtained from young leaves 

was pure enough to be appropriate for PCR amplifications. Novaes et al. (2009) was unable to 
produce bands of D. mollis in a PCR test for chloroplast and nuclear regions, the psbA-trhH 

and the internal transcribed spacer region of the rRNA, respectively. The absence of bands 

could be associated with chemical compounds present in the leaves used.

Figure 2. Amplification of RAPD markers from Dimophandra mollis DNA extracted from young leaves. The codes 

of samples are given in Figure 1. 

DNA isolation is a very important step for molecular analyses and could be obtained 

from leaves of different ages and even bark (Novaes et al., 2009). The choice of DNA sources will 

be specific to each species and tests of DNA sources need to be performed (old or young leaves, 
barks or roots) before field work is conducted to collect samples. These results are very important 
for future works of conservation genetics with Dimorphandra mollis and other species from the 

Cerrado that produce much phenolic metabolites since their leaves are a necessary DNA source.
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