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Abstract

Many studies have evaluated the effects of biochar application on soil structure and plant growth.

However, there are very few studies describing the effect of biochar on native soil microbial commu-

nities. Microbial analysis of environmental samples requires accurate and reproducible methods for

the extraction of DNA from samples. Because of the variety among microbial species and the strong

adsorption of the phosphate backbone of the DNA molecule to biochar, extracting and purifying high

quality microbial DNA from biochar-amended soil is not a trivial process and can be considerably

more difficult than the extraction of DNA from other environmental samples. The aim of this study

was to compare the relative efficacies of three commercial DNA extraction kits, the FastDNA® SPIN

Kit for Soil (FD kit), the PowerSoil® DNA Isolation Kit (PS kit) and the ZR Soil Microbe DNA Kit

MiniprepTM (ZR kit), for extracting microbial genomic DNA from sand treated with different types of

biochar. The methods were evaluated by comparing the DNA yields and purity and by analysing the

bacterial and fungal community profiles generated by PCR-DGGE. Our results showed that the

PCR-DGGE profiles for bacterial and fungal communities were highly affected by the purity and

yield of the different DNA extracts. Among the tested kits, the PS kit was the most efficient with re-

spect to the amount and purity of recovered DNA and considering the complexity of the generated

DGGE microbial fingerprint from the sand-biochar samples.
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Introduction

The addition of biochar to soil has been promoted as a

tool to minimise atmospheric CO2 emissions in agricultural

systems (Laird, 2008; Novak et al., 2009) and to improve

plant productivity (Kwapinski et al., 2010). Biochar is the

product of the thermal degradation of organic materials in

the absence of oxygen (pyrolysis), and it differs from char-

coal in its use in soil amendment (Lehmann et al., 2009).

Currently, well known benefits of addition of biochar

to soil include increasing the pH and humidity, preserving

nutrients, improving the soil structure and reducing N2O

and CH4 emissions from the soil (Amonette et al., 2009).

Some studies have also demonstrated that biochar can mod-

ify the composition and abundance of soil biological com-

munities (Pietikäinen et al., 2000; Yin et al., 2000; Kim et

al., 2007; O’Neill et al., 2009; Liang et al., 2010; Grossman

et al., 2010; Jin, 2010). The changes produced by biochar

treatment may have effects on the recycling of nutrients

(Steiner et al., 2008) or even on the soil structure (Rillig et

al., 2006) and may indirectly affect plant growth (Warnock

et al., 2007). Bacteria and fungi from the rhizosphere may

also directly promote plant growth (Schwartz et al., 2006;

Compant et al., 2010). The possible connections between
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biochar properties and the soil microbiota, and the implica-

tions of these connections, have not been systematically de-

scribed, and Lehmann et al. (2011), have indicated that this

is a priority research area.

In the last few decades, molecular techniques based

on the 16S rRNA gene, the fungal ITS region and other ge-

netic markers have been developed to analyse microbial

communities from environmental samples (Ovreas et al.,

1997; Nakatsu et al., 2007). These methods have advan-

tages over classical protocols because only 1-10% of the

microorganisms in an environmental sample can be cul-

tured (Hugenholtz et al., 1998; Zeyaullah et al., 2009). Fin-

gerprinting techniques, which combine target gene amplifi-

cation with amplicon separation by DGGE can provide

important information about changes in the microbial com-

munity in response to environmental changes (Ovreas et

al., 1997; Nakatsu et al., 2007). The success of molecular

tools, including PCR-DGGE, is strongly affected by the

DNA or RNA extraction method used (Santos et al., 2012).

DNA isolation methods involving insufficient cell lysis or

too much DNA degradation may result in underestimates

(Holland et al., 2000; McOrist et al., 2002). Inhibitors

within environmental samples, such as humic acids and ex-

cess protein, may create similar problems (Ariefdjohan et

al., 2010).

Because of the strong adsorption of the phosphate

backbone of DNA to biochar, microbial DNA extraction

and purification from biochar-amended soil can be more

difficult than the extraction of DNA from other environ-

mental samples (Wilson et al., 1997; Thies et al., 2003). Jin

(2010) added 10 �g of DNA to pure biochar particles and

observed that the DNA recovery decreased in the presence

of biochar. Approximately 30.6% of the added DNA was

recovered in the absence of biochar, in contrast to 2.7% in

the presence of biochar. This result indicates that biochar

effectively adsorbed the DNA, demonstrating the necessity

of efficient methods to improve to recovery of DNA from

biochar-associated microbial communities.

Many commercial DNA extraction kits have been de-

veloped to simplify and accelerate DNA purification. The

goal of this study was to compare the relative efficacies of

three commercial DNA extraction kits (the FastDNA®

SPIN Kit for Soil, the PowerSoil DNA Isolation Kit and the

ZR Soil Microbe DNA Kit) for extracting microbial geno-

mic DNA from soil treated with different types of biochar.

These kits were compared based on the amount and the pu-

rity of the recovered DNA and on the complexity of the

bacterial and fungal DGGE profiles obtained from the ex-

tracted DNA.

Materials and Methods

Sampling

Sampling was performed using microcosms main-

tained at Embrapa Arroz e Feijão (Santo Antônio de Goiás,

GO, Brazil) on December 2009. The microcosms were con-

structed in flowerpots with sand (7 kg each). Biochar (12:1,

vol/vol) was milled, passed through a 2-mm sieve and then

carefully mixed with the sand to produce a homogenous

mixture. Two different types of biochar were mixed with

the sand: sugar cane straw biochar and Eucalyptus sp. wood

biochar. Three field repetitions were made for each treat-

ment, for a total of 9 microcosms. The treatments were soil

+ sugar cane straw biochar (SSB); soil + Eucalyptus sp.

wood biochar (EWB) and soil (control, SC).

Soil DNA extraction

In this study, we tested three different methods for

DNA extraction: The FastDNA® SPIN Kit for Soil (MP

Biomedicals, Solon, CA, USA) (FD kit), the PowerSoil®

DNA Isolation Kit (MoBio Laboratories, Carlsbad, CA,

USA) (PS kit) and the ZR Soil Microbe DNA Kit Mini-

prepTM (Zymo Research, Irvine, CA, USA) (ZR kit). All

methods are based on direct cell lysis with subsequent re-

covery and purification of nucleic acids. Up to 500 mg of

soil was added to the lysis tubes, and the samples were ho-

mogenised in a FastPrep® for 40 s at a speed setting of

6.0 m/s. The DNA extraction was performed according to

manufacturer’s recommendations for each kit.

DNA quantification and purity

The DNA purity was quantified using a NanoDrop

Spectrophotometer (ND-1000, NanoDrop Technology,

Wilmington, DE, USA) by measuring the A260/280 and

A260/230 ratios. The DNA yield was quantified using a

Qubit® 2.0 Fluorometer (Invitrogen, Carlsbad, CA, USA).

The Qubit® assay uses an ultrasensitive fluorescent nucleic

acid stain to quantify double-stranded DNA (Invitrogen,

2010).

Co-extracted humic acids and proteins are two major

contaminants of DNA extracted from environmental sam-

ples. The levels of humic acids and proteins were deter-

mined by measuring the absorbances at 230 nm and

280 nm, respectively, whereas the amount of DNA was de-

termined by measuring the absorbance at 260 nm. In this

study, the purity of the DNA was assessed spectrophoto-

metrically by calculating the A260/A230 and A260/A280

ratios to evaluate the levels of humic acid contamination

and protein impurities, respectively. A260/A230 ratios

greater than 2 and A260/A280 ratios greater than 1.7 indi-

cate high-purity DNA, and lower ratios indicate humic acid

and protein contamination, respectively (Ning et al., 2009).

PCR-DGGE of the 16S gene and ITS region

The amplification of specific regions of the gene en-

coding the 16S rRNA was performed using the primers

U968f GC (5’ CGC CCG CCG CGC GCG GCG GGC

GGG GCG GGG GCA CGG GGG GAA CG CGA AGA

ACC TTA C 3’) and L1401r (5’ GCG TGT GTA CAA

GAC CC 3’) (Heuer et al., 1997). The amplification was
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performed in a solution containing 1X PCR buffer, 0.2 mM

dNTPs, 2.5 mM MgCl2, 2.5 U of recombinant Taq DNA

polymerase (Promega), 4 ng of total DNA, 200 �mol of

each primer and sterile Milli-Q water in a final volume of

50 �L. The reaction was performed in a thermocycler

(Mastercycler Gradient, Eppendorf, Hamburg, Germany)

with the following conditions: initial denaturation at 94 °C

for 3 min; 35 cycles at 94 °C for 1 min, 55 °C for 1 min and

72 °C for 1 min and a final extension at 72 °C for 10 min.

The DGGE gels (45-65% urea and formamide) were pre-

pared with a solution of polyacrylamide (6%) in Tris-

acetate (pH 8.3). Electrophoresis was performed in Tris-

acetate-EDTA buffer at 60 °C at a constant voltage of 75 V

for 16 hours. The DGGE gels were stained with SYBR

Green (Molecular Probes) and visualised using a Storm 860

Imaging System (GE Healthcare).

Fungal ITS regions were PCR-amplified using the

primers EF4 (5’ GGA AGG GRT GTA TTT ATT AG 3’)

(Smit et al., 1999) and ITS4 (5’ TCC TCC GCT TAT TGA

TAT GC 3’) (White et al., 1990). The first amplification

was performed in a solution containing 1X PCR buffer,

0.2 mM dNTPs, 3.75 mM MgCl2, 2.5 U of recombinant Taq

DNA polymerase (Promega), 4 ng of total DNA, 200 �mol

of each primer, 0.25 �L of bovine serum albumin (BSA) so-

lution (20 mg mL-1) and sterile Milli-Q water in a final vol-

ume of 25 �L. The reaction was performed in a thermo-

cycler (Mastercycler Gradient, Eppendorf, Hamburg,

Germany). The cycling parameters were 94 °C for 5 min;

35 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s;

and a final extension at 72 °C for 5 min.

The second amplification was performed with the

primers ITS1-F GC (5’ CTT GGT CAT TTA GAG GAA

GTA A 3’) (Gardes et al., 1993) and ITS2 (5’ GCT GCG

TTC TTC ATC GAT GC 3’) (White et al., 1990). A GC

clamp (5’-CGC CCG CCG CGC GCG GCG GGC GGG

GCG GGG GCA CGG GGG G-3’) (Muyzer et al., 1993)

was added to the 5’ end of the ITS1-F primer. The PCR and

cycling conditions were as described above except that

BSA was omitted from the reactions. The DGGE gels (30 to

60% urea and formamide) were prepared with a solution of

polyacrylamide (8%) in Tris-acetate (pH 8.3). Electropho-

resis was performed in Tris-acetate-EDTA buffer at 60 °C

at a constant voltage of 75 V for 16 hours. The DGGE gels

were stained with SYBR Green (Molecular Probes) and

visualised using a Storm 860 Imaging System (GE

Healthcare).

Analysis of the bacterial and fungal DGGE profiles

The similarities between the banding patterns in the

DGGE profiles were calculated based on the presence and

absence of bands and were expressed as similarity coeffi-

cients. In this study, the Jaccard similarity coefficient was

used for pairwise comparisons of the DGGE fingerprint

profiles obtained from the three DNA extraction kits. Den-

drograms that show clustering according to the similarity of

the DNA fragment patterns between samples were

constructed using the unweighted pair group method of

arithmetic averages (UPGMA) using BioNumerics soft-

ware (BioNumerics, Applied Maths, Inc., Austin, TX).

Statistical analysis

All extractions were performed in triplicate to ac-

count for analytical variability. The number of DGGE

bands was analysed using Statistica (version 9.1; SAS Insti-

tute, Cary, NC) by repeated measures ANOVA. Differ-

ences between treatments were grouped using the Tukey

test. Data were expressed as the mean � SD. Differences

were considered significant when the p value was < 0.05.

Results

Purity and quantity of extracted DNA

Although the three evaluated commercial kits are all

based on direct lysis, significant differences were observed

in the quantity and purity of the recovered DNA. In general,

the FD and PS kits were able to recover more DNA than the

ZR kit (Figure 1). No significant differences were observed

between the FD and PS DNA extraction kits when using the

control treatment (SC) samples. However, differences were

detected between these DNA extraction methods for sam-

ples containing biochar (SSB and EWB), in agreement with

the previously described difficulties with DNA extraction

from biochar-treated soil samples (Jin, 2010).

Based on the purity index of the extracted DNA (Ta-

ble 1), we observed that the FD kit resulted in a higher

amount of humic acids co-extracted together with the DNA

(about three times more than with the ZR kit). The PS kit re-

sulted in the lowest level of humic acids (it extracted 36

times less humic acids than the FD kit). The three methods

resulted in similar amounts of protein co-extraction.

According to Ning et al. (2009), an A260/A230 ratio

greater than 2 and an A260/A280 ratio greater than 1.7 indi-
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Figure 1 - Average DNA yield obtained using three commercial extrac-

tion kits (FD, PS and ZR) determined by the Qubit assay. FD: FD:

FastDNA® SPIN Kit for Soil; PS: PowerSoil® DNA Isolation Kit; ZR:

ZR Soil Microbe DNA Kit MiniprepTM.; SSB: soil + sugar cane straw

biochar; EWB: soil + Eucalyptus sp. wood biochar; SC: soil (control).



cate high-purity DNA, and lower ratios indicate humic acid

and protein contamination, respectively. In this study, the

ZR kit yielded the worst A260/280 ratio (~ 1.0), and the FD

and PS kits both showed better results, ranging from 1.8 to

2.5 (Figure 2A). The PS kit had A260/A230 ratio values near

2, demonstrating better performance with respect to remov-

ing humic substances than the ZR and FD kits (Figure 2B).

Bacterial and fungal profiles accessed by DGGE

PCR products representing the total bacterial and fun-

gal communities were evaluated by PCR-DGGE. The

DGGE profiles for each community (bacterial and fungal)

were evaluated for each DNA extraction method, and the

number and diversity of detected bands were compared

(Figures 3 and 4).

The ZR extraction method presented serious limita-

tions for the PCR-DGGE analyses due to the low quantity

of recovered DNA. The bacterial community was repre-

sented by a reduced number of bands when compared with

the number of bands obtained with the other extraction

methods (Figure 3A); for fungal communities, amplifica-

tion was only achieved for the SSB samples (Figure 4A-B).

For the bacterial community, the number of bands in

the DNA extracted using the FD and PS kits differed for the

SSB samples, whereas there were no significant differences

in the number of bands for the EWB and SC samples be-

tween kits (Figure 3A). In contrast, there was no significant

difference in the number of bands for the fungal community

between the FD and PS kits (Figure 4A).

The differences in the band resolution were best illus-

trated by comparisons of the profiles for the same sample

obtained using different DNA extraction kits, according to

Figures 3B and 4B.

Using the DGGE profiles of the microbial communi-

ties, we performed a cluster analysis to verify the influence

of the extraction method on the final dendrogram. Each

DNA extraction method resulted in different clusters for

the bacterial community (Figure 5). The DNA extracted

with the ZR and PS kits (Figure 5B-C) showed that bacte-

rial communities of the EWB and SC treatments were simi-

lar. However, the PS kit had a higher similarity coefficient

(� 72%) than the ZR kit (� 38%). This result was not ob-

served when the FD kit (Figure 5A) was used for the DNA

extraction. There was no clear clustering of the SC, SSB

and EWB samples, which exhibited only approximately

58% similarity to each other. The FD and PS kits yielded

very similar results for the fungal community profiles (Fig-

ure 6A-B) and indicated that the addition of biochar (EWB

and SSB) modified the native fungal community (SC).

When using the ZR kit, only the fungal community in the

SSB samples was detected, and therefore, it was not possi-

ble to do the cluster analysis.

Discussion

The use of molecular biology methods to analyse mi-

crobial communities from environmental samples requires

178 Leite et al.

Table 1 - DNA extraction efficiencies of the three evaluated commercial kits (FD, PS and ZR) assessed using a NanoDrop spectrometer (A230, A260,

A280).

FD Method PS Method ZR Method

A230 A260 A280 A230 A260 A280 A230 A260 A280

SC 10.9 � 0.6 0.4 � 0.0 0.2 � 0.1 0.2 � 0.0 0.2 � 0.0 0.1 � 0.0 1.9 � 0.3 0.3 � 0.1 0.3 � 0.1

SSB 11.0 � 0.4 0.6 � 0.1 0.3 � 0.1 0.3 � 0.0 0.4 � 0.3 0.2 � 0.2 3.2 � 2.3 0.3 � 0.0 0.3 � 0.0

EWB 11.1 � 0.7 0.7 � 0.0 0.3 � 0.0 0.3 � 0.0 0.4 � 0.0 0.2 � 0.0 3.9 � 1.8 0.4 � 0.1 0.3 � 0.1

*FD: FastDNA® SPIN Kit for Soil; PS: PowerSoil® DNA Isolation Kit; ZR: ZR Soil Microbe DNA Kit MiniprepTM.; SSB: soil + sugar cane straw

biochar; EWB: soil + Eucalyptus sp. wood biochar; SC: soil (control).

Figure 2 - Purity index for the DNA obtained using three commercial ex-

traction kits (FD, PS and ZR) with respect to co-extraction of (A) proteins

and (B) humic acids. FD: FastDNA® SPIN Kit for Soil; PS: PowerSoil®

DNA Isolation Kit; ZR: ZR Soil Microbe DNA Kit MiniprepTM.; SSB: soil

+ sugar cane straw biochar; EWB: soil + Eucalyptus sp. wood biochar; SC:

soil (control).



reproducible and efficient strategies for DNA extraction.

The first DNA extractions were performed using protocols

developed in-house that then became the basis for different

commercially available kits (Park et al., 2005; Miller et al.,

2009). Different extraction methods can vary with respect

to efficiency due to the physical and chemical characteris-

tics of samples. Therefore, diversity analysis and/or spe-

cific gene quantification is influenced by the DNA

extraction method (Park et al., 2005). In our study, we in-

vestigated the feasibility of using different methods to

extract microbial DNA from biochar-treated sand.

Jin (2010) suggests that biochar has a high affinity for

the phosphate backbone of DNA. This hypothesis is consis-

tent with studies performed by Chattoraj and Mitra (2009)

in which genomic DNA was found to have a high binding

affinity for charcoal. Jin (2010) also verified that the

amount of DNA that could be extracted decreased with an

increasing biochar application rate over a range from
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Figure 3 - Effects of the DNA extraction method (FD, PS and ZR) on the

revealed bacterial community structure in samples of microcosms repre-

senting three treatments (SC, SSB and EWB). The evaluation was per-

formed by comparing 16S rDNA amplicons by Denaturing Gradient Gel

Electrophoresis (DGGE). (A) The number of DGGE bands and (B) the

DGGE profile. FD: FastDNA® SPIN Kit for Soil; PS: PowerSoil® DNA

Isolation Kit; ZR: ZR Soil Microbe DNA Kit MiniprepTM.; SSB: soil +

sugar cane straw biochar; EWB: soil + Eucalyptus sp. wood biochar; SC:

soil (control). The numbers 1, 2 and 3 represent the replicates.

Figure 4 - ffects of the DNA extraction method (FD, PS and ZR) on the re-

vealed fungal community structure in samples of microcosms representing

three treatments (SC, SSB and EWB). The evaluation was performed by

comparing fungal ITS regions amplicons by Denaturing Gradient Gel

Electrophoresis (DGGE). (A) the number of DGGE bands and (B) DGGE

profile. FD: FastDNA® SPIN Kit for Soil; PS: PowerSoil® DNA Isola-

tion Kit; ZR: ZR Soil Microbe DNA Kit MiniprepTM.; SSB: soil + sugar

cane straw biochar; EWB: soil + Eucalyptus sp. wood biochar; SC: soil

(control). The numbers 1, 2 and 3 represent the replicates.



0 t ha-1 (control treatment, no biochar added) to 30 t biochar

ha-1. The quantity of recovered DNA decreased by half in

samples containing high levels of biochar relative to con-

trol samples (no biochar added).

Our results indicate that, among the three kits tested,

the FD and PS kits were the most efficient with regard to the

quantity of DNA that was obtained from the biochar-

treated sand samples (Figure 1). However, the FD kit co-

extracted more humic acids than the other kits; this result is

a key factor that may compromise the utility of the ex-

tracted DNA and thus interfere with DNA longevity and

PCR amplification.

As reported in previous studies, biochar is a com-

pound with a high adsorption capacity for organic matter

(Baldrock et al., 2002) and soluble nutrients such as ammo-

nium (Lehmann et al., 2002), nitrate (Mizuta et al., 2004),

phosphate (Beaton et al., 1960) and other ionic solutes

(Radovic et al., 2002). It is necessary to use methods that

remove substances that behave similarly to DNA and may

inhibit PCR amplification. The PS DNA extraction method

uses three steps to separate DNA from organic and inor-

ganic material including humic substances, cellular debris

and proteins to increase the DNA purity and facilitate

downstream DNA applications.

After cell lysis, the ZR kit uses column filtration dur-

ing DNA purification, which had low efficiency with re-

spect to DNA purity and yield for our samples (Figures 1

and 2). Just because biochar easily adsorbs ions, and be-

cause DNA is a negatively charged molecule, we suggest

that the filtration column method may not be effectively to

separate DNA from other contaminants derived from

biochar due to characteristics that are shared between DNA

and these contaminants.

The results obtained by PCR-DGGE analysis of the

biochar-associated microbial communities revealed a clear

influence of the DNA extraction method on the detected

microbial diversity and community composition.

Some studies have shown that the incorporation of

biochar into soil may influence soil microbial communities

in a different way (Lehmann et al., 2001). After biochar ad-

dition, the soil pH may increase or decrease depending on

the pH of the biochar. Biochar can have pH as low as 4 or as

high as 12, depending on the feedstock type, the pyrolysis

temperature (Lehmann, 2007; Chan et al., 2009) and the de-

gree of oxidation (Cheng et al., 2006). Therefore, very dif-

ferent environmental conditions can be created in biochar

pores when using different types of biochar. For example,

fungal and bacterial populations react differently to

changes in pH. Bacteria are likely to increase in abundance

with increasing pH up to values of approximately 7,

whereas fungi may exhibit no change in total biomass

(Rousk et al., 2010) or may show dramatic reductions in

growth at higher pHs (Rousk et al., 2009).
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Figure 5 - Cluster analysis of the bacterial communities in samples from the three treatments (SSB, EWB and SC). The dendrograms were generated from

the PCR-DGGE profiles of the 16S rDNA amplicons obtained with DNA extracted using commercial kits: (A) FD, (B) PS and (C) ZR. The dendrograms

were based on UPGMA and the Jaccard correlation. FD: FastDNA® SPIN Kit for Soil; PS: PowerSoil® DNA Isolation Kit; ZR: ZR Soil Microbe DNA

Kit MiniprepTM.; SSB: soil + sugar cane straw biochar; EWB: soil + Eucalyptus sp. wood biochar; SC: soil (control). The Roman numerals i, ii and iii rep-

resent the replicates.

Figure 6 - Cluster analysis of the fungal communities in samples from the

three treatments (SSB, EWB and SC). Dendrograms were generated from

the PCR-DGGE profiles of the fungal ITS region amplicons obtained with

DNA extracted using commercial kits: (A) FD and (B) PS. The

dendrograms were based on UPGMA and the Jaccard correlation. FD:

FastDNA® SPIN Kit for Soil; PS: PowerSoil® DNA Isolation Kit; ZR:

ZR Soil Microbe DNA Kit MiniprepTM.; SSB: soil + sugar cane straw

biochar; EWB: soil + Eucalyptus sp. wood biochar; SC: soil (control). The

Roman numerals i, ii and iii represent the replicates.



Bacterial communities

The PS and FD kits yielded DNA with an enriched

band profile when compared with the DNA obtained with

the ZR kit, which yielded a lower number of weaker bands

with lower intensities. The results obtained for the DNA

isolated with the ZR kit may be related to the lower amount

of DNA recovered after extraction, which may have inter-

fered with the PCR-DGGE profiles (Figure 3B). The DNA

extracted with the ZR and PS kits demonstrated that bacte-

rial communities in the SC (control) and EWB (eucalyptus

wood biochar) samples are more similar to each other than

to the communities in the SSB (sugarcane straw biochar)

samples (Figure 5B-C). The same patterns were not ob-

served when the FD (Figure 5A) kit was used to extract the

DNA; in this case, the samples containing biochar (SSB

and EWB) and the control (SC) were 58% similar.

These results demonstrate that the choice, evaluation

and standardisation of DNA extraction methods are critical,

further highlighting the importance of the DNA extraction

step in microbial ecology studies. These data are in accord

with the result of the studies of De Lipthay et al. (2004) and

Carrigg et al. (2007), who observed that bacterial commu-

nity profiles, when analysed by denaturing gradient gel

electrophoresis (DGGE), were affected by different meth-

ods of DNA extraction.

Fungal communities

We did not observe differences between the fungal

community profiles generated by PCR-DGGE analysis of

DNA samples extracted using the PS and FD kits (Figure

6A-B). In both cases, the fungal communities profiles from

biochar-treated samples were grouped together (SSB and

EWB). The same pattern was not observed with the ZR kit,

which only yielded detectable fungal DNA from the SSB

samples (Figure 6A). Furthermore, the DNA extracts re-

covered from replicate samples were not reproducible.

Reproducibility is a very important consideration for mi-

crobial ecology studies because variability can come not

only from environmental heterogeneity but also from vari-

ability introduced by sampling and analysis (Prosser,

2010).

In conclusion, the PCR-DGGE results for bacterial

and fungal communities were affected by the purity and

yield of the DNA obtained with different extraction meth-

ods. The appropriate DNA extraction method depends not

only on the sample type and microbial population targets

but also on the analytical method used. The PS and FD kits

both extracted large quantities of DNA, but only the PS kit

yielded high DNA purity and a tendency towards a large

numbers of bands in the DGGE profiles. The ZR kit did not

cover the bacterial and fungal diversity of biochar-treated

sand with the same efficiency as the PS and FD kits.
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