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Abstract Based on the comparative study of the DNA
extracts from two soil samples obtained by three com-
mercial DNA extraction kits, we evaluated the influence
of the DNA quantity and purity indices (the absorbance
ratios A260/280 and A260/230, as well as the absorbance
value A320 indicating the amount of humic substances)
on polymerase chain reaction (PCR)-based denaturing
gradient gel electrophoresis (DGGE) and a functional
gene microarray used in the study of microbial commu-
nities. Numbers and intensities of the DGGE bands are
more affected by the A260/280 and A320 values than by
the ratio A260/230 and conditionally affected by the DNA
yield. Moreover, we demonstrated that the DGGE band
pattern was also affected by the preferential extraction due
to chemical agents applied in the extraction. Unlike
DGGE, microarray is more affected by the A260/230

and A320 values. Until now, the successful PCR
performance is the mostly used criterion for soil DNA
purity. However, since PCR was more influenced by the
A260/280 ratio than by A260/230, it is not accurate
enough any more for microbial community assessed by
non-PCR-based methods such as microarray. This study
provides some useful hints on how to choose effective
DNA extraction method for the subsequent assessment of
microbial community.

Keywords DNA purity indices . DNAyield . DGGE .
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Introduction

In the past decade, a significant number of studies
dealing with microbial diversity utilized molecular tools,
among which DNA-based characterization techniques
were very popular (Morris et al. 2002; Dorigo et al.
2005). These approaches are required to obtain DNA with
sufficient quantity and purity, characterized by the
absorbance ratios A260/280 and A260/230. However, the
environmental samples, such as soil and sediment, often
contain a high level of organic matters. Their DNA
extraction presents a great challenge itself (Ogram 2000;
LaMontagne et al. 2002). The most critical step for
extracting DNA from such samples is the separation of
DNA from coextracted humic substances since both of
these are acid macromolecules (Niemi et al. 2001). As the
widely reported impurities in nucleic acid extracts from
soil and sediment (Wilson 1997), humic substances can
inhibit the activity of the Taq DNA polymerase in
polymerase chain reaction (PCR) (Tebbe and Vahjen
1993; Al-Soud and Radström 1998; Fortin et al. 2004)
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and reduce the specificity of DNA hybridization (Zhou et
al. 1996; Cho and Tiedje 2001; Wu et al. 2001; Zhou and
Thompson 2002). Therefore, the spectrometric value
A320, which reflects the amount of coextracted humic
substances (Miller 2001), is also an important purity index
for DNA extracts while studying the soil and sediment
samples.

To improve extraction and purification of total microbial
community DNA from soils and sediments, numerous new
methods have been investigated (Zhou et al. 1996; Kuske et
al. 1998; Krsek and Wellington 1999; Miller et al. 1999;
Bürgmann et al. 2001; Hurt et al. 2001; Roose-Amsaleg et
al. 2001; Dong et al. 2006; Arbeli and Fuentes 2007). In
recent years, commercial kits have also been increasingly
utilized for DNA extraction and purification from soils and
sediments (Martin-Laurent et al. 2001; Orphan et al. 2001;
Tiquia et al. 2002; Kormas et al. 2003; Mumy and Findlay
2004; Klerks et al. 2006; Whitehouse and Hottel 2007;
Mitchell and Takacs-Vesbach 2008). Due to the fact that the
currently widely used approaches in the microbial commu-
nity study, such as denaturing gradient gel electrophoresis
(DGGE) analyses, often rely on PCR amplification (Dorigo
et al. 2005), the evaluation of the suitable DNA extracts for
subsequent assessment methods is mostly based on its
suitability for PCR amplification. However, few studies
have reported how the purity indices and quantity of DNA
extracts, such as A260/280, A260/230, A320, and DNA
yield, influence the PCR and, therefore, also the microbial
community study.

Besides the PCR-based methods, microarray technology
has shown, in recent years, a great potential to analyze
microbial communities and metabolic functions (Stine et al.
2003; Taroncher-Oldenburg et al. 2003; Zhou 2003; Stahl
2004; Wu et al. 2004; Franke-Whittle et al. 2005; Schadt et
al. 2005; He et al. 2007). Since total genomic DNA is
generally used as target for microarray studies, effective
and repeatable DNA extraction from the environment is,
therefore, a key step (Schadt et al. 2005). Similar as in the
PCR-based methods assessing the microbial community,
few studies were carried out to evaluate the influence of the
DNA purity indices and quantity on microarray analyses.

In this study, using three commercial DNA extraction
kits, we isolated from two soil samples several DNA
extracts representing different purities (characterized by
A260/280, A260/230, and A320) and quantities and
compared their representativeness of microbial populations
by PCR-based DGGE and a functional gene microarray.
Three independent replicates were included in each analy-
sis, and the results were examined separately. Based on this
comparative study, we evaluated the different influences of
the purity indices and quantity of the DNA extracts on the
PCR-based method (DGGE) and the microarray analyses in
microbial community studies.

Materials and methods

Sampling

Soil samples were taken from a pilot-scale constructed
wetland at the experimental site in Bitterfeld (Germany) for
treating groundwater contaminated with complex organic
matters. The hydrogeochemical characteristics of the study
site, the process scheme, and the operation conditions of the
constructed wetland were described previously (Weiss et al.
2001; Vogt et al. 2002; Braeckevelt et al. 2007). Briefly,
this subsurface constructed wetland was composed of two
tank segments filled with autochthonous quaternary aquifer
material predominantly containing Bitterfeld mica sand
(25%) and gravel (67%), which was embedded in lignite
(10%) with an effective porosity of 28%. One of the tank
segments was cultivated with Phragmites australis, while
the other one was vegetation-free. The soil samples were
collected from both segments 1 m from the inflow. The
samples were stored at −80°C until analyses.

DNA extraction

For the two soil samples, three commercial DNA extraction
kits were applied. All DNA extractions were performed
following the manufacturer’s instructions with variations as
indicated below.

The Bio101 extracts were obtained by using FastDNA
Spin Kit for Soil (MP Biomedicals, LLC, Solon, OH,
USA). To enhance the ability of the purification, 350 μL of
Protein Precipitation Solution (PPS) was used, instead of
250 μL as indicated in the manufacturer’s protocol.

The UltraClean and PowerSoil extracts were obtained by
using UltraClean Soil DNA Isolation Kit and PowerSoil
DNA Isolation Kit (MoBio Laboratories, Carlsbad, CA,
USA). The PowerSoil method distinguishes itself from the
UltraClean method by a humic substance/brown color
removal procedure.

In addition, the unplanted soil sample was also extracted
by using a modified protocol of PowerSoil in which the cells
were disrupted by the FastPrep instrument used in the
Bio101 kit. The rest of the DNA extraction steps were
performed according to the original manufacturer’s protocol.

Prior to the subsequent molecular analyses, the DNA
extracts from Bio101 and UltraClean were purified with the
Wizard DNA Clean-Up System (Promega, Madison, WI,
USA).

DNA quantification

The DNA purity indices, such as A260/280, A260/230, and
A320, were quantified by the NanoDrop Spectrophotometer
(ND-1000, NanoDrop Technology, Wilmington, DE, USA).
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DNA yield was quantified by the PicoGreen assay
(Molecular Probes, Eugene, OR, USA). The PicoGreen
assay uses an ultrasensitive fluorescent nucleic acid stain
for quantifying double-stranded DNA in the DNA extracts
(Ahn et al. 1996; Rengarajan et al. 2002). A standard curve
was constructed by a dilution series of 0, 0.004, 0.01, 0.04,
0.1, and 0.4 ng/μL of standard lambda phage DNA
(100 ng/μL). For each sample, triplicate 50-μL aliquots of
the DNA extracts were transferred to a Costar Plate
(NUNC, Roskilde, Denmark). The plates were sealed and
shaken (IKA–Schüttler MTS 4, AL-Labortechnik, Amstet-
ten, Germany) for 5 min. After adding 50 μL of 1x
PicoGreen solution to the DNA extracts, the plate was
sealed and shaken again for 5 min. After incubation,
fluorescence of DNA extracts was measured at 520 nm
after excitation at 480 nm using a CARY Eclipse
fluorescence photometer (Varian, Mulgrave, Australia).
DNA concentration was calculated from the standard curve.
During the whole procedure, all samples were protected
from light to avoid photobleaching.

PCR amplification of general 16S rRNA gene fragments
for DGGE analysis

The 16S rRNA gene fragments were amplified using the
primer pair F968GC (5′-CGCCCGGGGCGCGCCCCGGG
CGGGGCGGGGGCACGGGGGGAACGCGAA
GAACCTTAC-3′) and L1401 (5′-CGGTGTGTACAA
GACCC-3′) (Nübel et al. 1996). Because of the lower
purity, PCR of the DNA extracts from the unplanted soil
was performed with a dilution series (0, 1:5, 1:10, and
1:100). According to Liebich et al. (2003), the reaction
mixture (50 μL) was composed of 1 μL template DNA,
5 μL 10x Thermo-Start Standard buffer (ABgene), 2 μL
20 mM dNTP Mix (ABgene), 2.5 μL dimethyl sulfoxide
(Sigma), 2 μL each primer (10 pmol/μL, MWG Biotech),
0.4 μL Thermo-Start DNA Polymerase (5 U/μL, ABgene),
and 35.1 μL sterile water (18.2 MΩcm, Milli-Q 185
Plus, Millipore). After 10 min of denaturation at 95°C, 35
cycles of 1 min at 95°C, 1 min at 54°C, and 1 min at 72°C
were carried out. A final extension step of 7 min at 72°C
was used to complete the reaction. Products were controlled
by electrophoresis in 1.2% agarose gels after ethidium
bromide staining. For the following DGGE investigation,
the PCR products were purified with the QIAquick PCR
Purification Kit (Qiagen, Hilden, Germany).

Denaturing gradient gel electrophoresis

The DGGE system (Dcode universal mutation Detection
System; Bio-Rad, Hercules, CA, USA) was used according
to the manufacturer’s instructions. Denaturing gradients of
40% to 60% denaturant (100% denaturant correspond to

7 M urea plus 40% [v/v] of deionized formamide) were
prepared. The 6% acrylamide gels were polymerized for 3–
4 h. Purified PCR products (100 ng) were loaded onto the
gel and DGGE was performed in 1x TAE buffer at 60°C
and a constant voltage of 70 V for 16 h. Gels were silver-
stained according to the following protocol: After three
times repeated fixation in 250 mL buffer containing
absolute ethanol (10%, v/v) and acetic acid (0.5%, v/v) for
3 min, the gels were rinsed thoroughly with Milli-Q water.
The gels were submersed in 250 mL of a 0.1% (w/v) silver
nitrate solution for 10 min and rinsed twice with Milli-Q
water to remove excess silver. The silver-stained gels were
developed in 250 mL of a solution containing 1.5% NaOH
(w/v), 0.01% NaBH4 (w/v), and 0.15% formaldehyde (v/v),
until the bands were visible (∼20 min). To stop further
staining, the gels were fixed with an aqueous solution of
0.75% Na2CO3 (w/v) for 10 min. Finally, the gels were
scanned using ScanMaker i900 (Microtek, Hsinchu, Tai-
wan) and analyzed by Quantity One (Bio-Rad, Hercules,
CA, USA).

To compare the similarity of the DGGE band patterns of
the extracts from the same soil sample, the number of the
bands was counted and their similarity indices were
calculated with Dice’s similarity coefficients (Suchodolski
et al. 2004).

Microarray techniques

Microarray chips

The functional gene microarray used in this study consisted
of about 2,000 oligonucleotide probes of 50 base pair
length. The microarray was designed following the proce-
dure described by Schadt et al. (2005). Briefly, probes
targeting key microbial functional genes involved in
carbon, nitrogen, sulfur, and phosphorus metabolism as
well as organic contaminant degradation and heavy metal
resistance were designed from sequence information in the
National Center for Biotechnology Information database or
from clone libraries at the Environmental Science Division
of Oak Ridge National Laboratory (Oak Ridge, TN, USA)
using a modified version of the software PRIMEGENS (Xu
et al. 2002). Based on global optimal alignments, segments
of 50 bases length which had <90% nucleotide identity to
the corresponding aligned regions of any of the Basic Local
Alignment Search Tool hit sequences were selected as
potential probes, considering also predicted probe–target
melting temperature, probe self-complementarities. All
probes met the probe design criteria as proposed by Liebich
et al. (2006), which are the simultaneous consideration of
percent similarity (≤90%), the length of identical sequence
stretches (≤20 bases), and the binding free energy
(≥−35 kcal mol−1). The oligonucleotide probes were
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synthesized by MWG Biotech (High Point, NC, USA) and
were printed in duplicate spots onto aminopropyl silane-
coated glass slides (UltraGAPS, Corning, Corning, NY,
USA).

Hybridization

DNA extracted from the soil samples was labeled with
Cy5-dUTP (GE Healthcare, Piscataway, NJ, USA) by using
BioPrime Array CGH Genomic Labeling System (Invitro-
gen, Carlsbad, CA, USA) according to the manufacturer’s
protocols, which followed the principle of random priming
labeling method. The hybridization was performed in
hybridization chambers (Corning Incorporated, Acton,
MA, USA). The prehybridization solution consisted of
50% formamide (v/v), 25% 20x SSC (v/v), 10 μL 10%
sodium dodecyl sulfate (SDS), and 1% 10 mg/μL bovine
serum albumin (v/v). Prehybridization was carried out at
45°C for 45 min followed by a washing procedure as
described below. For hybridization of the wetland DNA,
10 μL formamide, 2.82 μL 20x SSC, 0.56 μL 10% SDS,
1.41 μL sperm DNA, 0.17 μL dithiothreitol, and 0.17 μL
spermidine were combined with 4.86 μL labeled Cy5-DNA
and denatured at 95°C for 5 min. The hot mixture was
applied to the microarray slide. In the hybridization
chamber, the mixture was incubated at 45°C overnight. In
the posthybridization washing procedure, the arrays were
washed at first in solution containing 2x SSC and 0.1%
SDS at 45°C for 5 min with gentle shaking. After washing
two times in a solution containing 0.1x SSC and 0.1% SDS
at room temperature for 5 min with gentle shaking, the
arrays were transferred to a solution containing 0.1x SSC
and incubated at room temperature for 5 min with gentle
shaking. Then the arrays were rinsed in a 0.01x SSC
solution for 10 s and dried by blowing clean compressed
nitrogen. The slides were scanned in a laser scanner
(GenePix 4000, Epicentre) at 635 nm.

Data analysis

Data analysis was performed using ImaGene 6.0 (Biodis-
covery, El Segundo, CA, USA) and Excel 2003 (Microsoft,
Redmond, WA, USA). Using ImaGene 6.0, spots with
signal-to-noise ratios ≥2 were considered positive. Correc-
tion for background signal intensity was performed using
the mean value of the local background intensity of a spot.
After adjustment of positive spots and background correc-
tion by using ImaGene 6.0, the data were transferred to
Excel (version 2003) for data analysis. The spots in
duplicate were chosen for the following analysis: mean
intensity of all of the chosen positive spots, ratio of
intensity of every chosen spots to mean intensity of all
the spots, and mean value of the duplicate. To compare the

different intensities of spots in both soil samples, the
intensity of each spot of the planted soil was divided by its
intensity of the unplanted soil. The spots were considered
as significantly changed when the absolute value of the
logarithmic ratio was greater than log 2.

Results

Purity and quantity of DNA extracts and their PCR
performance

DNA was extracted from the soil samples of planted and
unplanted segments in the constructed wetland in Bitterfeld
(Germany) by three commercial DNA extraction kits
(Bio101, UltraClean, and PowerSoil). To improve the
purity of the original Bio101 and UltraClean extracts from
both soils, they were additionally purified by the Wizard
DNA purification kit. To increase the DNA yield of the
PowerSoil extracts from the unplanted soil, DNA was also
extracted by a modified method. Altogether, 11 different
DNA extracts were obtained. Their DNA purity indices and
quantity (A260/280, A260/230, A320, and DNA yield in
Table 1) varied significantly not only with respect to the
applied extraction kits but also to the analyzed soil samples.

Generally, the A320 value of the PowerSoil extracts was
the lowest among all original and purified DNA extracts
from the same soil sample. The Bio101 extracts were
characterized by the high DNA yields among the extracts
with the same treatment (original or purified). It is
important to notice that, among the extracts applied later
for the DGGE and microarray analyses, e.g., the original
PowerSoil extracts and the purified Bio101 and UltraClean
extracts from both soil samples, the Bio101 extracts had the
highest A260/280 ratio and DNA yield, while the Power-
Soil extracts the highest A260/230 and the lowest A320
value. Furthermore, the DNA yield of the PowerSoil
extracts from the unplanted soil was increased threefold
after using the modified method and reached the similar
value (0.40 μg DNA/g soil) as the purified Bio101 extracts
from the unplanted soil (0.41 μg DNA/g soil).

The PCR for all the extracts was performed with varying
success (Table 1). According to the A260/280 ratio and the
success of the PCR, the DNA extracts could be divided into
three groups (Table 1): group I included the original
PowerSoil extracts of the planted soil (A260/280=1.65)
and the additionally purified Bio101 and UltraClean
extracts of the planted soil (A260/280=1.74 and 1.56,
respectively), as well as the modified PowerSoil extracts of
the unplanted soil (A260/280=1.55). Their PCR amplifica-
tion was performed successfully without any dilution.
These extracts all had higher A260/280 ratio (≥1.55 in this
study) and lower A320 value (<0.1 in this study). In group
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II, an additional dilution is required prior to PCR. The
extracts in this group had an A260/280 ratio of about 1.5,
such as the original Bio101 extracts of the planted soil with
A260/280 ratio of 1.53, the original PowerSoil extracts of
the unplanted soil with 1.47, and the additionally purified
Bio101 and UltraClean extracts of the unplanted soil with
1.51 and 1.47, respectively. In this group, 1:5 dilution was
sufficient for a successful PCR performance if the A320
value is relative low (<0.1 in this study). When the A320
value is relative high (≥0.15 in this study), higher dilution
(such as 1:10) could also lead to a successful PCR in the
extracts with high DNA yield, e.g., in the original Bio101
extracts from the planted soil (9.12 μg DNA/g soil) with
1:10 dilution. However, no successful PCR was achieved in
the extracts with lower DNAyield under any dilutions, such
as in the purified UltraClean extracts from the unplanted
soil (0.14 μg DNA/g soil). For the extracts of group III,
whose A260/280 ratios were less than 1.35, no PCR
products could be observed.

Microbial composition assessed by DGGE

The PCR products of the original PowerSoil extracts and
purified Bio101 and UltraClean extracts were further
evaluated by DGGE. The DGGE patterns of each extracts
are displayed in Fig. 1a, and their similarity is compared
according to the numbers of detected bands (Table 2).
Generally, DGGE patterns of the three independent repli-
cate extracts were almost identical (Dsc>95%), indicating
the reproducibility of the results for both DNA extraction

and PCR amplification (Fig. 1a). Although the extracts
were obtained by using different kits, all of them from the
same soil sample were shown in a resembled pattern of the
community profiles (Dsc>84% for the planted soil, Dsc>
74% for the unplanted soil), especially between band
patterns of UltraClean and PowerSoil extracts of the planted
soil (Dsc=94%). However, differences on the band pattern
among the used extraction kits were also observed. The
Bio101 extracts always showed band patterns with different
intensities in comparison to the UltraClean or PowerSoil
extracts. Moreover, some additional bands were also
observed in the band pattern of the Bio101 extracts.

To eliminate the differences possibly caused by the
DNA yield, the DGGE pattern profiles were also
compared among the modified PowerSoil extracts without
and with 1:5 dilution, as well as other extracts from the
unplanted soil (Fig. 1b). Between the modified PowerSoil
extracts and its 1:5 diluted extracts, no significant differ-
ences were observed. Comparing to the DGGE band
patterns of the original PowerSoil extracts, the modified
PowerSoil extracts showed enhanced intensity of the bands,
as well as some new bands, which were also observed in
the band pattern of Bio101 (Fig. 1b). Therefore, the
similarity of the DGGE band pattern between the Bio101
and the PowerSoil extracts was improved from 74% to 90%
(Table 2) by using the modified method. However, some
predominant bands in the Bio101 extracts were still missing
in the extracts from the modified PowerSoil method. Thus,
the Bio101 extracts comprised the broadest band pattern in
this study.

Table 1 DNA extraction efficiency of the commercial extraction kits (Bio101, UltraClean, and PowerSoil) prior to and after purification (WZ)
assessed by the NanoDrop spectrometer (A260/280, A260/230, and A320), PicoGreen assay (DNA yield), and PCR

Photometric absorption DNA yield μg/g soil Dilution for PCR PCR result Groups

A260/280 A260/230 A320

Planted segment

Bio 101 1.53±0.04 0.24±0.03 0.32±0.03 9.12±0.95 1:10 + II

UltraClean 1.35±0.03 0.61±0.03 0.20±0.03 1.15±0.26 All − III

PowerSoil 1.65±0.07 0.61±0.08 0.03±0.004 1.06±0.35 Undiluted ++ I

Bio 101_WZ 1.74±0.03 0.22±0.02 0.05±0.005 1.99±0.28 Undiluted +++ I

UltraClean_WZ 1.56±0.04 0.07±0.02 0.09±0.01 0.56±0.15 Undiluted ++ I

Unplanted segment

Bio 101 1.35±0.01 0.28±0.03 0.53±0.05 1.43±0.21 All − III

UltraClean 1.34±0.01 0.67±0.03 1.01±0.13 0.31±0.06 All − III

PowerSoil 1.47±0.04 0.55±0.05 0.07±0.01 0.12±0.05 1:5 + II

Bio 101_WZ 1.51±0.02 0.18±0.05 0.09±0.01 0.41±0.05 1:5 ++ II

UltraClean_WZ 1.47±0.03 0.08±0.02 0.15±0.02 0.14±0.06 All − II

PowerSoil_F 1.55±0.06 0.59±0.04 0.04±0.004 0.40±0.05 Undiluted ++ I

F application of FastPrep instrument, +, ++, +++ relative intensity of the PCR products in 1.2% gel electrophoresis, − no PCR products, All all
dilutions
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Microbial diversity assessed by functional gene microarray

In addition to DGGE analyses, the microbial diversity of
these extracts (without PCR) was also evaluated by a 50-
mer functional gene microarray simultaneously. This micro-
array contained probes targeting more than 2,000 functional
genes of various microorganisms, involved in carbon,
nitrogen, sulfur, and phosphorus metabolism and in the
degradation of organic contaminants. Positive spots were
observed in each extract. The PowerSoil extracts contained
more positive spots, 115 for planted and 80 for unplanted
soil, while the two Bio101 extracts and two UltraClean
extracts had 78, 58 and 49, 58 positive spots, respectively
(Fig. 2). Analyses of these spots showed that the PowerSoil
extracts nearly covered all of the positive spots detected in
Bio101 and UltraClean extracts, over 97% (76 out of 78
and 49 out of 49) in planted soil and over 91% (53 out of
58 and 54 out of 58) in unplanted soil. Additionally, the
PowerSoil extracts had about 30% (37 out of 115 and 24
out of 80) spots that could not be detected in the extracts by
the other two kits. Thus, the PowerSoil extracts appears to
be more suitable for the microarray analyses.

However, a high level of nonspecific hybridization could
have occurred by using the random priming labeling
method (Franke-Whittle et al. 2006). To neutralize the
nonspecific hybridization, the extracts from the planted and
unplanted soils obtained by the same kit were paired
together for further analyses. A positive spot was selected

when it was detected exclusively in one extract of the pair
or when it could be detected in both extracts but with
significantly different intensities. Altogether, 54 changed
spots were detected in PowerSoil extracts, while only 24
and eight spots were found in Bio101 and UltraClean
extracts, respectively (Table 3). Due to the low number
(eight) of the changed spots in the UltraClean extracts, only
the results of the PowerSoil and Bio101 extracts were used
in further comparative analyses. Since multiple positive
spots could correspond to the same gene and multiple genes
belong to the same microbial population, the comparative
analyses were performed according to the corresponding
genes of the changed positive spots and to the possible
microbial populations. The results are summarized in Figs. 3
and 4, respectively.

Table 2 Dice coefficients of DGGE profiles from the same soil
samples obtained by different DNA extraction kits

Comparison Dice coefficients (%)

Planted Unplanted

Bio101 vs UltraClean 84.1 –

Bio101 vs PowerSoil 87.0 74.3

UltraClean vs PowerSoil 93.8 –

PowerSoil_F vs Bio101 – 90.0

PowerSoil_F vs PS – 83.9

Fig. 1 DGGE of a DNA
extracts of the planted and the
unplanted soil obtained by
Bio101 (Bio), UltraClean (UC),
and PowerSoil (PS) (lanes 1–9
planted soil, lanes 1–3 Bio101,
lanes 4–6 UltraClean, lanes7–9
PowerSoil, lanes 10–13
unplanted soil, lane 10 Bio101,
lane 11 UltraClean, lanes 12–13
PowerSoil) and b extracts from
the unplanted soil obtained by
using different protocols
(PowerSoil and PowerSoil_F);
lane 1′ Bio101, lane 2′ Ultra-
Clean, lane 3′ PowerSoil, lane 4′
PowerSoil_F, lane 5′ Power-
Soil_F with 1:5 dilution
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In the PowerSoil and Bio101 extracts, 47 and 22
changed genes were detected, respectively. These genes
were grouped into four gene categories according to their
involved metabolic processes: carbon degradation, organic
contaminant degradation, alternative respiration processes
based on nitrate and sulfate as terminal electron acceptors
(denitrification and sulfate reduction), and others including
the genes involved in heavy metal resistance, carbon
fixation, and phosphorous metabolism. Among all of the
changed genes, 90% (47 out of 52) could be detected in the
PowerSoil extracts but only 40% (22 out of 52) in the
Bio101 extracts. Moreover, the superiority of the PowerSoil
extracts in representing the changed genes between the two
soils can be observed in all of the four gene categories
(Fig. 3).

The analysis of microbial community revealed that 36
and 19 possible bacterial populations were found in
PowerSoil and Bio101 extracts, respectively (Fig. 4). The
superiority of PowerSoil extracts was also observed, in that
it contained over 75% (15 out of 19) of microbial
populations in the Bio101 extracts. Moreover, in the two
detected major groups (Actinobacteria and Proteobacteria),
at least 89% (eight out of nine) of the possible changed
microbial populations were detected in the PowerSoil
extracts while no more than 56% (five out of nine) in the
Bio101 extracts. Therefore, the PowerSoil extracts can
obviously demonstrate more variations with respect not
only to the changed genes but also to the possible changed
microbial populations. The PowerSoil extracts are more
suitable for the comparative microarray analysis than the
Bio101 extracts.

Discussion

In this study, the DNAwas isolated from the planted and the
unplanted soil samples in a constructed wetland by three
commercial DNA extraction kits. DNA extracts with diverse
purity indices and quantity were obtained and compared for
the subsequent microbial community study assessed by

DGGE and microarray. These different DNA extracts
resulted in diverse outcomes in DGGE and microarray
analyses.

The fact that DNA extraction could affect microbial
community profiles of DGGE from soils and sediment was
reported in the previous studies (De Lipthay et al. 2004;
Carrigg et al. 2007) and confirmed in this study as well.
Furthermore, the influence of DNA extraction on the
microarray results was also observed in this study. It is
interesting to notice that the influence of the DNA
extraction on these two assessment methods, reflected by
the suitability of the extracts, is quite different. While the
purified Bio101 extracts resulted in the broadest band
pattern of DGGE, the original PowerSoil extracts are more
suitable for microarray. Therefore, the outcomes of the
PCR-based DGGE and microarray analyses should be
significantly affected due to the different purity indices
and quantity of the DNA extracts.

Since DGGE analyses are usually performed after PCR
amplification, the success of PCR is an important criterion
that affects the microbial community studies while using
this method. According to Krsek and Wellington (1999),
the success of PCR amplification is more influenced by
A260/280 than by A260/230. This was confirmed by group
I and II extracts in this study (see the “Results” section).
However, a higher A260/280 ratio does not always lead to
successful PCR results; for example, no PCR products were
obtained in the UltraClean extracts of the unplanted soil in

Table 3 Numbers of the changed spots detected in the paired extracts
obtained by the same kit

Bio101 UltraClean PowerSoil

Only in P 11 1 27

Only in uP 7 6 11

P>uP 5 1 15

P<uP 1 0 1

Total 24 8 54

P planted soil extracts, uP unplanted soil extracts

Fig. 2 Venn diagram comparing
the numbers of the total detected
positive spots after microarray
hybridization of the DNA
extracts obtained by Bio101
(Bio), UltraClean (UC), and
PowerSoil (PS); a planted soil, b
unplanted soil
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any tested dilution (1:5, 1:10, and 1:100). This extract had
the same A260/280 ratio as the PowerSoil extract for the
same soil sample but a twofold higher absorption at
320 nm, suggesting that a low content of humic substances
is also crucial for the success of PCR prior to DGGE.

Moreover, DNA yield is also frequently discussed in
view of its representativeness to evaluate the microbial
diversity of an environmental sample by DGGE. Some
studies highlighted that the assessment of microbial
diversity is strictly dependent on the total DNA yield
recovered (Osborn et al. 2000; LaMontagne et al. 2002),
while others confirmed that there was no direct implication
in estimates of microbial diversity within a sample (Stach et
al. 2001; Gabor et al. 2003; Luna et al. 2006). Based on our
data, we conclude that the DNA yield may affect the

analysis of the microbial community conditionally. For the
group I extracts in this study (A260/280>1.55; A320<0.1),
a successful PCR amplification can be achieved without
any dilution. The representativeness on the microbial
communities was not obviously affected by the DNA yield,
even if the extract was diluted; for example, no significant
differences were observed in the DGGE pattern between the
modified PowerSoil extract and its 1:5 diluted extract
(Fig. 1b). However, the influence of DNA yield on the
representativeness of the microbial communities became
noticeable, when the A260/280 ratio of the extracts reached
a moderate level (about 1.5 in this study), just as the
extracts in group II. In this case, the dilution of extracts is
necessary for the success of PCR, but this could simulta-
neously result in either insufficient amount of the template

Fig. 3 Comparison on the corresponding genes of the changed
positive spots in the Bio101 (Bio) and the PowerSoil (PS) extracts
according to four main gene categories according to their involved
metabolic processes: carbon degradation, organic contaminant degra-
dation, alternative respiration processes based on nitrate and sulfate as

terminal electron acceptors (denitrification and sulfate reduction), and
others including the genes involved in heavy metal resistance, carbon
fixation, and phosphorous metabolism. Exclusive: spots detected only
in the respective kit

Fig. 4 Comparison on the pos-
sible changed microbial popula-
tions in the Bio101 (Bio) and the
PowerSoil (PS) extracts, divided
into two major groups (Actino-
bacteria and Proteobacteria) and
others (Firmicutes, Cyanobace-
ria, and Deinocuccus–Thermus).
Exclusive: spots detected only in
the respective kit
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DNA for the PCR, such as in the case of the purified
UltraClean extracts from the unplanted soil, or DGGE
profiles with fewer bands and weaker intensities, e.g., the
original PowerSoil extracts. Thus, the DNA yield could also
become critical for the microbial community investigations.

However, the discussion above could still not explain
why some bands with low or moderate intensity in the
Bio101 extracts were missing in the band patterns of the
modified PowerSoil extracts. According to the study of
Martin-Laurent et al. (2001), a preferential DNA recovery
and/or preferential DNA amplification could cause the
variations of band intensity in the fingerprint analysis due
to using different DNA extraction kits. In this study,
identical soil samples that were used for the extraction
and cells from all microorganisms are lysed in equal
proportions by using direct lysis (Reysenbach et al. 1992;
Sipos et al. 2007). Since uniform method was utilized in
PCR, differences caused by preferential amplification
should not be observed in the DGGE band pattern. Thus,
the main reason for the missing bands is due to preferential
DNA recovery, which may be caused by the specificity (at
strain or species level) of the different chemical agents
applied in the DNA extraction (Wilson 1997; Al-Soud and
Radström 1998; Theron and Cloete 2000; Lloyd-Jones and
Hunter 2001; Bakken and Frostegard 2006). In this respect,
the DGGE band patterns of the extracts from the planted
soil obtained by the kits UltraClean and PowerSoil, whose
methods differed mainly by a humic substances/brown
color removal procedure, showed higher similarity (94%).
Due to the preferential extraction of different extraction
kits, the effort to remove coextracted humic substances as
much as possible from the DNA extracts may not always be
the best way to gain suitable DNA extracts for PCR-based
fingerprint methods, like the PowerSoil extracts for DGGE
analyses in this study.

According to previous publications (Zhou and Thompson
2002; Lemarchand et al. 2005; Eads et al. 2006), poor
quality of extracted DNA may interfere with microarray
hybridizations yielding high background and false posi-
tives. To the authors’ knowledge, few studies are available
for a thorough discussion about the influence of DNA
extraction on microarray analyses. In this study, we could
conclude that the PowerSoil extracts with the highest A260/
230 and the lowest A320 value were more suitable for the
microarray. Due to the amount of the template DNA (2 μg)
that was significant enough for the microarray study
(Schadt et al. 2005), the different outcomes in microarray
must be caused by the DNA purity indices. Therefore, the
sample quality mentioned above, unlike in the PCR, was
obviously less dependent on the A260/280, but more on the
A260/230 and A320 values. Thus, using successful PCR
amplification as a criterion of suitable soil DNA purity, as
indicated by literature (Cullen and Hirsch 1998; Moreira

1998; Bürgmann et al. 2001; Lakay et al. 2007), is not
accurate enough any more for the microarray analyses.

In conclusion, the outcomes of the PCR-based methods
(DGGE in this study) and microarray hybridizations were
affected by different purity indices and quantity of DNA
extracts. The selection of a suitable DNA extraction kit (or
method) does not only depend on the type of sample or the
microbial population targeted, but also significantly on the
applied subsequent assessment method. The success of
PCR amplification, as the most used criterion for the purity
of the DNA extracts in the previous publications, is not
always suitable to decide the good DNA extracts for the
microarray analysis. As a key step in the microarray
studies, DNA extraction should continuously be improved
in line with the development of the microarray technique.
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