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Abstract: The substrates used as culture media for the plants are conducive to proliferation of 
pathogenic microorganisms and can be identified by the nucleic acids isolation technique. In order to 
optimize a protocol for genomic DNA extraction established for soils, this study aimed to compare the 
efficiency of three extraction methods by assessing the purity and quantity of the genetic material 
extracted. Substrates whose seedlings died, were collected at different stages of the production process 
and the DNA was extracted by the following methods: M1-Zhou; Bruns and Tiedje (1996), M2-
Hardeman and Sjoling (2007) and M3-Wang et al., 2012. The extractions were analyzed by agarose gel 
electrophoresis and by measuring the spectrophotometric absorbance of the solution at a wavelength of 
260 nm. Amplifications were performed by the polymerase chain reaction (PCR) using pairs of primers 
specific to fungi, based on the analysis of the region of ribosomal genes (5.8S) and internal (ITS1, ITS4 
and ITS5) and a pair specific for bacteria. The Analyses performed by PCR resulted in specific 
amplification of genes for fungi and bacteria, which indicated a DNA contamination-free. The methods 
M1 and M3 did not show satisfactory results since they have failed to detectable quantities of DNA. 
This study suggested that the method M2 was the most effective, especially for obtaining a DNA of 
sufficient quality and quantity to achieve good results in the PCR technique. 
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INTRODUCTION 

 
 Substrates are products used as growth medium for plants, and as such must follow certain requirements as 
to replace the soil in plants production (Kampf, 2000). Normally, these are rich in organic matter, nutrients and 
have high water retention capacity, making them amenable to the proliferation of pathogenic microorganisms. 
Due to many features of the pathosystem that hinder control, the losses caused in nurseries can promote 
significant economic reduction in the production of seedlings. 
 It is expressive the quantity of dead seedlings during the production process of eucalyptus clonal seedlings. 
These remain in the trays together with the healthy seedlings until the selection processes occur. Normally, the 
first selection happens thirty days after the staking and one or two more selections until the age of expedition. 
After the selection, substrates of those seedligns that died are crammed into a corner until they have an amount 
of material to be transported to disposal areas. Beyond direct economic losses, the substrate which remains 
stored in the above condition may be responsible for the spread of diseases, for being a source of harmful 
inocula, causing considerable economic losses (Alfenas et al, 2009). 
 In nurseries, issues related to diseases during the stages of production of eucalyptus seedlings (Júnior et al, 
2001; Alfenas et al, 2009) are subjects of some studies. On the other hand, are scarce the trials assessing the 
medium in which the plants develop, especially as regards microbial diversity.  
 The isolation of nucleic acids has great potential for the studies of identification and assessment of the 
diversity of microorganisms found in a given environment. Should be subjected to polymerase chain reaction 
(PCR) (Mullis and Fallona, 1987), because the amplification of a specific region of the gene shows a DNA free 
of contamination. This tool is distinguished by sensitivity especially for molecular genetic studies, involving a 
large number of individuals of any living organism (Grattapaglia and Ferreira, 1995). Therefore are becoming of 
great aid in taxonomy, through studies of conserved regions based on internal transcribed regions of the 
ribosomal DNA (ITS rDNA) (Van Elsas et al, 2000). Furthermore, they can serve as markers for more distant 
groups, especially for the identification of fungal species facilitating therefore the resolution of the total 
diversity of the system (White et al, 1990). The DNA that encodes for the ribosomal subunit 5.8 S and 
transcribed spacer regions ITS that flank it, have been used for developing universal primers and used in the 
amplification of this region (White et al, 1990). An interesting feature is due to the repetitive nature of rDNA, 
becoming of easy amplification from small amounts of samples (Gardes and Bruns, 1993). 
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 For the amplification of these regions, in first place is necessary to obtain adequate methodology for the 
isolation of deoxyribonucleic acid (DNA) of high molecular weight, contaminant free and compatible with other 
molecular techniques, especially PCR (Danner et al, 2011) . Limitations to the use of these techniques are more 
expressive in some media poorly evaluated, as is the case of the substrates used for production of eucalyptus 
seedlings. Consequently, the identification of micro-organisms such as substrates, in a short time, becomes a fact 
desired, especially for the companies to certify the quality control in the production of seedlings. Since to date, 
no method of DNA extraction was described in these environments, the methodological standardization 
becomes necessary and desired. Thus, adjustments are essential to provide adequate isolation for diverse 
molecular analyzes existing (Molinari and Crochemore, 2001; Kotchoni and Gachomo, 2009). 
 Two methods of extracting nucleic acids from soil are normally used. One of them, called direct method, 
includes direct extraction of the DNA after lysis that occurs in the presence of soil (Zhou, Bruns and Tiedje, 
1996) and another called indirect method, first it separates the cells from the soil particles to occur lysis 
(Hardeman and Sjoling, 2007). According Robe et al, (2003), a comparison between the two methods showed 
that the direct extraction have higher yields. On the other hand, the indirect extraction methods produce less 
fragmented DNA with high molecular weight and less contaminated with organics. 
 Each soil type presents particular challenges, since the presence of organic matter attracts ions positively 
and negatively charged (Brady and Weil, 2002) that can affect the quality of the DNA. Whereas several methods 
have been described and used successfully for the isolation of nucleic acids from the soil. The same can be 
applied to substrates to produce seedlings, which will result in a considerable achievement. 
 Therefore, in order to adjust a methodology for the isolation of DNA from substrates and identify the 
presence of pathogens, this study aimed to: 
• Evaluate three different DNA extraction protocols and adjust if necessary, in order to get a simple, fast, and 
efficient methodology 
• Check the quality of DNA obtained by amplification by polymerase chain reaction (PCR) based in the region 
of the ribosomal genes (5.8S) and internal (ITS1, ITS4 and ITS5) and a pair specific for bacteria. 
 

MATERIAL AND METHODS 
 
Substrate used in the Study: 
 Substrates at different stages were collected in nursery production of clonal seedlings of eucalipto in April 
2012 in the company Plantar Reforestamentos S.A. in Curvelo-MG. Samples were collected as follows: 
seedlings substrates that did not develop between the ages of: a) 35 to 45 days, b) 60 to 70 days c) 100 to 110 
days after staking d) substrate "in natura "ready for use, e) old substrate in the discard pile. 
 
DNA Isolation Methodologies: 
 
 In order to obtain a DNA isolation from substrates used for seedlings production, three methodologies 
described in the literature were tested. A direct method performed according to Zhou, Bruns and Tiedje (1996) 
(M1), a second indirect method performed according Hardeman and Sjoling (2007) (M2) and a third and final 
method according to Wang et al, (2012) (M3). 
 DNA extraction carried out according to protocol M2 was adjusted with changes in the following steps: the 
substrates were not washed in TE pyrophosphate buffer and in CTAB buffer. Approximately 5 g of substrates at 
different stages were added directly to 50 mL of culture medium LB (10.0 g / L tryptone, 5.0 g / L of yeast 
extract, 5.0 g / L of NaCl); previously autoclaved, and multiplied by 12 h at 30oC. After the cell multiplication 
proceeded to the filtration of suspensions in sterile gauze. The filtrates were transferred to centrifuge tubes 2.0 
mL and subjected to centrifugation 12,000 xg for 5 min at 4 °C (Beckman Coulter model Allegra X-22R). 
Following DNA extraction according to M2, at the end, the DNA was resuspended in TE (10 mM Tris.Cl pH 
8.0, 0.1 mM EDTA pH 8.0) containing 10 ug / ml RNase and stored at - 20 °C until the use time. 
 
DNA Quantification and Amplification: 
 It was determinated the amount of DNA and the presence of protein contaminants in samples containing 
genomic DNA of each substrate in a spectrophotometer (Perkin Elmer Lambda Bio) measuring the absorbance 
in contrast to a sample of ultra pure water, at wavelengths 260 and 280 nm. Concomitantly was applied in 0.8% 
agarose gel in 1X TAE buffer (Tris-acetate EDTA, pH 8.0) added with ethidium bromide (0.5 mg / mL) with 
current of 80 V for 2 h. A 4uL aliquot of DNA added of 1uL loading buffer (0.025% bromophenol blue and 50% 
glycerol) was applied to the gel as a DNA sample containing multiple fragments of known size of 1kb 
(Fermentas). The gels were visualized under UV light and photo documented in a fotodocumentador (Loccus 
Biotechnology Transluminator L. Pix) aclopado to a microcomputer. 
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Analysis and PCR Conditions: 
 In addition to the quantitative and qualitative evaluations, DNA samples obtained by the methods described 
above were used in PCR reactions for amplification. Four pairs of primers were selected for this study (Table 1). 
Three of them specific to fungi (White et al, 1990), based on analysis of the region of the ribosomal genes 
(5.8S) and internal (ITS1, ITS4 and ITS5) and a specific couple for bacteria, produced by Grilo (2009). 
 
Table 1: List of primers that were used in this study. 

Primers Bases Sequence 5' - 3' 
ITS1 TCCgTAggTgAACCTgCGG 
ITS4 TCCTCCgCTTATTgATATgC 
ITS5 ggAAgTAAAAgTCgTAACAAgg 
58S CgCTgCgTTCTTCATCg 

BacF* CAgACTCCTACgggAAggCAgCAg 
BacR* TAACCCgACACCTCACggCACgAg 

*GRILO (2009) 
 
 PCR reactions were performed in automatic MastercyclerR Gradient thermocycler (Eppendorf) in a final 
volume of 25uL with the following composition in reaction: 0.2 mM dNTPs, 0.4 pmol each of primers (10 pmol 
/ uL ) 0.2mM dNTPs (10 mM of each deoxynucleotide), 1x 10x PCR buffer (200 mM Tris-HCl pH 8.4 and 500 
mM KCl), 2 mM Mg2+ (50 mM MgCl2), 100 ng / uL of the genomic DNA and 1 U of the enzyme (Taq DNA 
polymerase 5 U / uL). The values in brackets indicate the formation and / or the concentration in which the 
reagents were prepared in advance, or acquired from specialized companies. This concentration is referred to in 
this text as a stock concentration or work. 
 The amplification program consisted of denaturation cycle at 94 ° C for 5 min followed by 35 cycles 
consisting of a step of 30 s at 94 ° C, another 30 s at 50 ° C and a final 72 ° C for 2 min. After 35 amplification 
cycles, a final extension of 7 min at 72 ° C was performed. The visualization of the results was performed on 
agarose gel as section 2.1. 
 
Results: 
 There were differences in the methodologies tested on both the quantity and the quality of the DNA. After 
agarose gel electrophoresis, it was possible to establish that the methods M1 and M3 were not efficient in 
obtaining DNA in substrates (Figure 1A and 1C). The low quality of the samples can be explained by the 
presence of degraded DNA, observed by a drag along the channels in the gel. 
 Considering the quality and quantity of the DNA, results were satisfactory compared to the second method 
M2. After electrophoretic migration, DNA extracted showed itself in the form of a single band above 10.000 pb 
(Figure 1B) without degradation thereof. The intense staining shows the large amount of extracted DNA, 
expressed by well defined bands in agarose gel 0.8%, due to the excellent resolution. The ratio 260/280 (Table 
2) indicated little contamination by protein since it was greater than 1.78, what indicates high purity of the 
DNA. 
 The values of concentration and purity of the three protocols are listed in Table 2. Although M1 has 
provided some at concentrations above 1.5, it was not possible to obtain PCR amplifications indicating a lower 
purity of the DNA. For samples extracted by M3, yield of DNA was low relative to concentration, varied 
between 14 and 60 ng / uL. However, the absorbance readings of 260/280 was between 0.786 and 8.000 (Table 
2). 
 
Tabela 2: Genomic DNA concentration and ratio A260/280 obtained from the samples in the three tests used. 

Sample Ratio 260/280 DNA Concentration 
 M1  

2a Selection (60 to 70 days) 1.41 1022 
Substrate in the Discar pile 1 809 

Substrate in natura 1.339 681 
1a Selection (35 to 45 days) 1.554 971 

Expedition (100 to 110 days) 1.537 1166 
 M2  

2a Selection (60 to 70 days) 2.02 1308 
Substrate in the Discar pile 1.958 1136 

Substrate in natura 1.995 1357 
1a Selection (35 to 45 days) 1.99 2328 

Expedition (100 to 110 days) 1.787 1264 
 M3  

2a Selection (60 to 70 days) 8 20 
Substrate in the Discar pile 1.167 18 

Substrate in natura 1.875 19 
1a Selection (35 to 45 days) 0.786 14 

Expedition (100 to 110 days) 1.5 60 
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Fig. 1: Electrophoretic analysis of genomic DNA at different stages of the substrates. Figure 2A protocol of 

Zhou, Bruns and Tiedji (1996); Figure 2B Hardeman and sjoling (2007) with modifications; Figure 2C 
Wang et al, (2012). M = 1kb DNA Ladder (Fermentas), 1 = a) 35 to 45 days; 2 = b) 60 to 70 days, 3 = c) 
100 to 110 days after staking; 4 = d) substrate "in natura" ready to use , 5 = e) old substrate in the 
discard pile. 

 
PCR Analysis: 
 Because the M2 was the most efficient, PCR reactions were performed with the DNA samples obtained. 
Four different combinations of primers were tested: ITS5 and 58S, ITS1 and NS2; ITS1 and ITS4; BacF and 
BacR. The analyzes of the results indicated that there were amplifications at all stages (Figure 2) with at least 
one pair of primers used (Table 1). 
 The results of PCR reactions (Figure 2) was highly effective in determining the species present, both for 
bacteria and for fungi present in the substrate. Especially DNA samples relating to the first selection (35 and 45 
days), second selection (60-70 days) expedition (100-110 days after staking), old substrate in the discard pile 
and substrato in natura ready to use ; showed bands related to groups of fungi. Regarding the bacteria only 
samples related to the second selection, amplification was not observed. 
 
Discussion: 
 On this study, the effectiveness of DNA extraction was evaluated by three methods already described in the 
literature, and clearly the quantity obtained ranged between them. In general, those described by Zhou et al, 
(1996) and Wang et al, (2012) were noted problems, especially samples with drag on the gel. Normally, this 
characteristic is due to degradation of DNA by enzymes such as DNases, or breakage may occur nucleic acid 
molecules during extraction with chloroform isoamyl alcohol. 
 Another reason could be that somehow was retained much of the material in the washing step of the 
substrates, and consequently great loss in yield. In these methods, the DNA had degraded and contaminated 
what precluded the amplification by PCR. These results are in agreement with Couto (2009), who obtained the 
genetic material (DNA) too fragmented for the isolation of DNA from mangrove soils, when used the method 
described by Zhou et al, (1996). 
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Fig. 2: Electrophoretic analysis of the amplification products by PCR with different primer pairs. A = ITS5 / 

58S, ITS1 = B / NS2, C = ITS1 / ITS4 D = BacF and BacR, - = negative control. The marker (M) refers 
to the 1kb Ladder (Fermentas), 1 = a) 35 to 45 days; 2 = b) 60 to 70 days, 3 = c) 100 to 110 days after 
staking; 4 = d) substrate "in natura "ready to use, 5 = e) old substrate in the discard pile. 

 
 There are several methods of DNA isolation from published soils and each one has its own advantages and 
limitations. However, as in the present study, little is known about extraction from substrates, it was necessary to 
improve the extraction procedures previously described through from the soil. To this end, the methodology set 
according Hardeman and Sjoling (2007) was the best yield of DNA. The addition of 5M NaCl followed by 10% 
CTAB and 0.7 M NaCl showed that the mechanical lysis was improved by increasing the concentration of NaCl. 
The addition of salt to the DNA provides a favorable environment. If not for the presence of salt, it could 
disintegrate. For extractions performed by the methods of Zhou et al, (1996) and Wang et al, (2012) the salt 
concentration used in the extraction buffer was inversely lower, which may have contributed to the degradation 
of the DNA. 
 Another possible reason for the better performance when used the methodology and Sjoling Hardeman 
(2007) was that the DNA extraction was performed from the cell whose substrates were grown in LB broth. 
Moreover, during the extraction process was added in some steps of the lysozyme enzyme that has improved 
efficiency. The enzymatic lysis using this enzyme leads to digestion of the cell wall, thus favoring the amount of 
extracted nucleic acids (Torsvik, 1980; Tsay and Olson, 1991; Jacobsen and Rasmussen, 1992; Porteous et al, 
1994; Clegg et al, 1997). The efficiency of cell lysis, the yield and purity of DNA contribute positively to the 
success of analytical techniques such as PCR. 
 With the changes imposed on the method of Hardeman and Sjoling (2007), this proved to be efficient. The 
integrity and purity of the DNA obtained was confirmed by PCR amplification. The analysis showed that it was 
possible to verify the presence of micro-organisms such as fungi and bacteria in all substrates samples analyzed 
(Figure 2). Once the PCR is a sensitive technique and the presence of any contamination could interfere on the 
functionality of the reaction, the extracted DNA samples had sufficient purity for the study. Moreover, the use of 
a suitable combination of primers was essential to the success of the experiment. 
 The results of this study showed that the differences in extraction methodologies used were extreme. The 
method of Hardeman and Sjöling (2007) with modifications resulted in high concentrations of DNA from 
substrates. The biggest advantages presented by this modified protocol were the simplicity and speed of its 
implementation in the laboratory, since there was no need of washing steps, which reduced the extraction time. 
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With the indirect extraction method described by Hardeman and Sjöling (2007) and proposed modifications 
(growth of substrate in a culture medium, use of lysozyme, and Proteinase K washes with 70% ethanol) it was 
possible to obtain somewhat fragmented DNA, with good income. What was a major breakthrough in particular 
to establish and use molecular techniques to evaluate the microbial community present in these substrates. This 
review implies the basis for the development of tests for antimicrobial treatments aimed at reducing and 
dissemination of pathogens. However, we have to emphasize that many micro-organisms are not adaptable to 
culture media, so in a near future, should obtain the isolation of DNA samples directly from the substrate. 
 The other methodologies have resulted in relatively low yields of DNA, these variations can be explained 
by the drawbacks that occur when there is contamination by proteins, debris and other contaminants which 
reflect a negative effect on electrophoresis analysis and PCR. 
 
Conclusions: 
 It was possible to adapt a methodology for extracting DNA from substrates used for seedling production. 
 

ACKNOWLEDGMENTS 
 

 We thank Plantar Reforestation SA for kindly give the substrates used in this research. This work was 
supported by National Council for Scientific and Technological Development (Conselho Nacional de 
Desenvolvimento Científico e Tecnológico – CNPq) and Brazilian National Agency for the Support and 
Evaluation of Graduate Education (Coordenação Aperfeiçoamento de Pessoal de Nível Superior – CAPES), 
which are national funding agencies. 

REFERENCES 
 

Alfenas, A.C., E.A.V. Zauza, R.G. Mafia and T.F. Assis, 2009. Clonagem e doenças de Eucalypto. 2a edição. 
Editora UFV. 500p. 

Brady, N. and R.R. Weil, 2002. The nature and properties of soils. Pearson education, Inc, Upper Saddler 
River, New Jersey, 960 p. 

Couto, G.H., 2009. Caracterização de uma nova lipase isolada de uma biblioteca metagenômica do solo de 
mangue do pontal do Sul – PR. Tese (Doutorado em Ciências Bioquímica)Universidade Federal do Paraná. 

Danner, M.A., S.A.Z. Sasso, J.V.B. Bittencourt, I. Citadin and  M.R. Sachet, 2011. Proposta de protocolo 
para extração de dna de jabuticabeira. Ciência Florestal, 21: 363-367. 

Ferreira, M.E. and D. Grattapaglia, 1995. Introdução ao uso de marcadores. RAPD e RFLP em análise 
genética. Embrapa-cenargen, documento, 20: 220 p. 

Gardes, M. and T.D. Bruns, 1993. ITS primers with enhanced specifity for Basidiomycetes: application to 
identification of mycorrhizae and rusts. Molecular Ecology, 2: 113-118. 

Gomes, E.S., A.A. Navarrete, E.G.M. Lemos, S.M. Tsai and F.M.S. Moreira, 2009. A nova ciência da 
metagenômica: revelando os segredos do planeta microbiano. Boletim Informativo da SBCS. 

Grilo, A.M.S., 2009. Caracterização molecular de populações microbianas em reactores anaeróbio. 
Dissertação de Mestrado em Microbiologia Aplicada Lisboa. Universidade de Lisboa, Faculdade de Ciências 
departamento de Biologia Vegetal. 42p 

Hardeman, F. and S. Sjoling, 2007. Metagenomic approach for the isolation of a novel low-temperature-
active lipase from uncultured bacteria of  marine sediment. FEMS Microbiology Ecology, 59: 524 -534. 

Kotchoni, S.O. and E.W. Gachomo, 2009. A rapid and hazardous reagent free protocol for genomic DNA 
extraction suitable for genetic studies in plants. Molecular Biology Reports, 36: 1633-1636. 

Molinari, H.B. and M.L. Crochemore, 2001. Extração de DNA genômico de Passiflora spp. para análises 
PCR-RAPD. Revista Brasileira de Fruticultura, 23(2): 447-450. 

Mullis, K. and F. Fallona, 1987. Specific synthesis of DNA in vitro via a polymerase catalysed chain 
reaction. Methods Enzymology, 55: 335-350. 

Robe, P., R. Nalin, C. Capellano, T.M. Vogel and P. Simonet, 2003. Extraction of DNA from soil. European 
Journal of soil Biology, 39: 183-190. 

Torsvik, V.L., 1980. Isolation of bacterial DNA from soil Biology. Biochemistry, 12: 15-21. 
Van elsas, J.D., G. Frois-duarte, A. Keijzer-wolters and E. Smit, E., 2000. Analysis of the dynamics of 

fungal communities in soil via fungal-specific PCR of soil DNA followed by denaturing gradient gel 
electrophoresis. Journal of Microbiological Methods, 43: 133-151. 

Wang, S., Z. LI and G. Fan, 2012. Comparison of methods for total community DNA  extraction and 
purification from soilless substrate. African Journal of Microbiology Research, 6(13): 3270-3276. 

White, T.J., T.D. Bruns, S. Lee and J. Taylor,. 1990. Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ eds. PCR protocols, a 
guide to methods and applications.  Academic Press, 315-322. 



Aust. J. Basic & Appl. Sci., 7(9): 268-274, 2013 

274 
 

Williamson, K.E., J. Kan, S.W. Polson and S.J. Williamson, 2011. Optimizing the indirect extraction of 
prokaryotic DNA from soils. Soil Biology & Biochemistry, 43: 736-748. 

Zhou, J., M.A. Bruns and J.M. Tiedje, 1996. DNA recovery from soils of diverse composition. Applied and 
Environmental Microbiology, 62: 316-322. 

 


