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dissociation analysis.
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4.1. Abstract

A functional ANOVA analysis of the thermal dissociation of RNA hybridized to DNA
microarrays was used to improve discrimination between two soil microbial communities.
Following hybridization of in vitro transcribed 16S rRNA derived from uncontaminated and
2,4,6-trinitrotoluene contaminated soils to an oligonucleotide microarray containing group-
and species-specific perfect match (PM) probes and mismatch (MM) variants, thermal
dissociation was used to analyze the nucleic acid bound to each PM-MM probe set.
Functional ANOVA of the dissociation curves generally discriminated PM-MM probe sets
when 7y values (temperature at 50% probe-target dissociation) could not. Maximum
discrimination for many PM and MM probes often occurred at temperatures greater than the
T4. Comparison of signal intensities measured prior to dissociation analysis from
hybridizations of the two soil samples revealed significant differences in domain-, group-, and
species-specific probes. Functional ANOVA showed significantly different dissociation
curves for 11 PM probes when hybridizations from the two soil samples were compared, even

though initial signal intensities for 3 of the 11 did not vary.
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4.2. Introduction

Microarrays containing DNA oligonucleotide probes that target rRNA molecules were
developed to detect single species in environmental matrices (/) and to evaluate the bacterial
composition of complex environmental systems (2-6). Ideally, 16S rRNA microarrays should
provide a direct characterization of the bacteria present in the system and information on their
relative abundances. When nucleic acids isolated from pure cultures are examined with DNA
microarrays, unambiguous hybridization patterns are generally observed, even between
closely related bacterial species (7). However, when microarrays are used to evaluate
environmental samples, the relative abundance of target and closely related nontarget
molecules in the environment is unknown. Therefore, it is difficult to determine the extent of

cross-hybridization events using signal intensity values at a single wash temperature (6).

Previous studies using thermal dissociation analyses (dissociation curves) were successful at
discriminating hybridization events of perfect match (PM) and single mismatch (MM)
duplexes. El Fantroussi et al. (6) visually evaluated (i.e., without statistical analysis) the
extent of the discrimination between dissociation curves of PM and MM duplexes. Liu et al.
(8) used Ty values (temperature at which 50% of the probe-target duplexes remain intact) and
obtained clear discrimination between PM and MM duplexes. Urakawa et al. (9) found that 74
values did not effectively discriminate PM from MM duplexes. Therefore, they used a
discrimination index (DI) to determine an optimum discrimination temperature defined as the
temperature corresponding to the maximum product of difference and ratio of the signal
intensities of PM and MM duplexes. However, these differences in signal intensities were not
demonstrated to be statistically significant. In order to establish an appropriate statistical
framework for analysis, Bugli et al. (manuscript submitted) developed a functional ANOVA
calculator to analyze each dissociation curve and identify statistically different dissociation

curves.

Changes in microbial communities of polluted soil samples are the subject of numerous
investigations. 2,4,6-Trinitrotoluene (TNT) is frequently found as a soil pollutant at TNT-
production facilities and at sites used for ammunition testing and destruction. Despite its
recalcitrance to microbial degradation and its toxicity for many microorganisms, few reports

describe the effect of TNT on soil microbial populations, and there are currently no reports
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providing extensive identification of bacterial populations in TNT-contaminated soils. Fuller
and Manning (/0) showed that Gram-positive bacteria are more sensitive to TNT than Gram-
negative bacteria using heterotrophic plate counts and phospholipid fatty acid analyses.
However, the identity of the bacteria was not resolved using these techniques. Eyers et al. (/7)
showed that the presence of TNT caused a dramatic alteration in soil populations using
denaturing gradient gel electrophoresis of 16S rRNA gene amplicons, but sequencing of

clones from the 16S rRNA gene amplicons was not performed in that study.

The general objective of this study was to further document the utility of DNA microarrays to
resolve shifts in microbial community structure associated with TNT contamination. Specific
objectives were to (i) compare hybridizations of in vitro transcribed 16S rRNA derived from
uncontaminated soil and TNT-contaminated soil, and (ii) assess the effectiveness of
functional ANOVA to discriminate PM and MM duplexes compared to traditional approaches
based on signal intensity measured prior to dissociation analysis and 7y values. Functional
ANOVA was used to compare thermal dissociation curves of PM probes hybridized with
native RNA of Pseudomonas putida and in vitro transcribed 16S rRNA of P. putida,
uncontaminated, and TNT-contaminated soil. To evaluate the specificity of each PM probe
hybridized with RNA from soil samples, two single MM probes were designed for each PM
probe. Dissociation curves generated from hybridizations of RNA from uncontaminated and
TNT-contaminated soil samples were used to compare PM and MM probe performance and
microbial composition of the two soil samples. The functional ANOVA was shown to resolve
differences between most PM and MM probe sets, providing for much greater resolution of

microbial communities than could be achieved using only differences in signal intensity or 7.
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4.3. Materials and methods

Sample collection and processing of nucleic acids. Pseudomonas putida sp. JLR 11 was
used because of its known association with TNT degradation (/2) and because it is a suitable
reference target to validate probes Univ907, Univ1390, Eub338, Eub927, and Gam42a. The
strain was provided by Dr. J. L. Ramos (CSIC, Estacion Experimental del Zaidin, Spain).
Samples were collected from TNT-contaminated soil (23.0 = 2.2 g TNT/kg soil) and
uncontaminated soil (i.e., TNT was not detected (detection limit of 1 mg TNT/kg soil)) at a
site in Bourges, France that was used for TNT destruction during the past 20 years. The
uncontaminated soil, which was sampled a few meters from the contaminated soil, was
unpolluted due to the presence of a protecting wall at the destruction field. Both samples were
collected from the top 5-cm layer of soil, homogenized, and stored at 4 °C for 1 month until

DNA extraction.

RNA used for microarray hybridizations was native RNA (i.e., total RNA - including rRNA,
tRNA, and mRNA - harvested from cellular biomass at the time of lysis) isolated from P.
putida, and non-native RNA was derived from in vitro transcription of the P. putida 16S
rRNA gene or 16S rRNA gene sequences amplified from soil DNA. Native RNA of P. putida
was isolated with the Qiagen RNeasy mini kit (Valencia, CA) following the manufacturer’s
instructions. Total DNA from P.putida was extracted by lysozyme and sodium
dodecylsulfate lysis followed by phenol extraction (/3). DNA was extracted from soil
samples with the UltraClean Soil DNA kit from Mo Bio (Carlsbad, CA) following the
manufacturer’s instructions. DNA isolated from P. putida and soil samples was used as a
template for PCR amplification of the 16S rRNA gene under conditions described in the
Supporting Information. PCR products were purified with the Qiaquick PCR purification kit
(Qiagen, Inc.) following the manufacturer’s instructions. T7 RNA polymerase (Invitrogen,
Inc., Carlsbad, CA, Cat. No. 18033-019) was used for in vitro transcription to produce 16S
rRNA according to the manufacturer’s protocol. RNA samples were purified with the Qiagen
RNeasy mini kit.

Fragmentation and labeling of RNA. RNA was simultaneously fragmented and end-labeled
following the protocol of Bavykin et al. (/4) with modifications given in the Supporting

Information.
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Microarray fabrication and hybridization. CodeLink and gel-pad microarray formats were
used in this study. The two formats are described in the Supporting Information. The gel-pad
microarrays contained 29 different PM oligonucleotide probes (13-25 nucleotides in length)
that were complementary to universal-, domain-, group-, and species-specific rRNA
sequences (Table S-1 in the Supporting Information). Fifteen of these 29 probes were spotted
on the CodeLink microarrays (Table S-1). In addition to PM probes, single MM probes were
printed on the gel-pad microarray. The design of PM and single MM probes was based on
several criteria given in the Supporting Information. Hybridizations were conducted in
triplicate for each sample, using 5 pg of RNA that was fragmented, labeled, hybridized, and

washed as previously described (6), except that the hybridization time was reduced to 1 h.

Analysis of images and thermal dissociation curves. Fluorescence signal intensities were
recorded and dissociation curves were generated as described in the Supporting Information.
Data of hybridizations to the gel-pad and CodeLink microarrays are available at the Gene
Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo) under respectively the accession
numbers GSE3499 and GSE3525. Data from each hybridization were analyzed with the
functional ANOVA calculator (available at http://stahl.ce.washington.edu) developed by
Bugli et al. (manuscript submitted) with Matlab 7.0. Functional ANOVA is an adaptation of
linear modeling to analyze curve data (/5). Functional ANOVA uses penalized spline
regressions to smooth data points of individual dissociation curves and obtain continuous
curves. The functional ANOVA calculator was used to (i) obtain continuous curves, (ii)
identify and reject outlier curves, (iii) normalize individual curves by setting the lowest
intensity in a profile at a value of 0 and the highest intensity at 1, (iv) retrieve the 74 value of
individual curves, (v) average curves for each probe, (vi) calculate an interval of confidence
for each average curve and obtain the p-values associated to the comparison of these curves,
(vii) calculate, when the confidence bands of two average curves do not overlap, the
maximum difference (MAXpcsp, where DCSD stands for “dissociation curves significantly
different”) in normalized signal intensities between the lower limit of the interval of
confidence of the upper dissociation curve and the upper limit of the lower dissociation curve,
(viii) calculate the temperature corresponding to the MAXpcsp, and (ix) identify when signal
intensities and 7y values between probes were significantly different (unpaired tests described

in the Supporting Information).
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Calculation of confidence bands was performed with an a value of 0.05. Outlier dissociation
curves were not included in the functional ANOVA model, calculation and comparison of Ty
values. Outlier curves were detected using leave-one-out error. The “leave-one-out error” is
the error of the computed functional ANOVA model determined by successive single
exclusion of each of the observed curves. The error was calculated by summing for each point
the square difference between observed points and estimated points determined with the
model. A boxplot of the leave-one-out errors for each of the curves allowed the detection of
extreme values of the errors and consequently outlier curves. The rejection of outliers often
resulted in the calculation of different confidence intervals and 7y values than without

rejection.
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4.4. Results and discussion

Discrimination of PM and MM probes with signal intensity and 7g4s. Our ultimate
analytical goal is to develop a combined experimental and statistical framework to determine
sequence identity of nucleic acid hybridized to each array element (PM vs MM). For example,
a common design feature of DNA microarrays has been the incorporation of mismatch
variants of probes complementary to specific target sequences, setting a threshold of
hybridization between match and mismatch variants as a basis to evaluate hybridization to the
intended target sequence (/6). However, given the complexity and undefined composition of
natural microbial communities, we anticipate that such an assignment will not be possible
using data collected at a single stringency of hybridization. For example, a highly abundant
but closely related nontarget sequence could skew PM/MM hybridization values.
Alternatively, unknown microbial species present in the sample may have sequences
complementary to a subset of the MM probes. Therefore, identifying hybridization events that
deviate from expectations is of utmost importance for correct assignment. In this study, we
used a new statistical package (functional ANOVA calculator developed by Bugli et al.,
manuscript submitted) to analyze data collected using nonequilibrium dissociation of rRNA

hybridized to PM and MM probes (Table S-1) on oligonucleotide microarrays.

Initial analysis of collected dissociation curves revealed some curves that deviated from the
general sigmoid shape of the majority of the curves. The shapes of these “outlier” curves
differed from those reported by Pozhitkov et al. (/7). Three classes of outliers were detected
and are described elsewhere (Bugli et al., manuscript submitted). One hundred fifty-one
individual curves from a total of 1548 were statistically identified as outliers and excluded
from further analysis (Bugli et al., manuscript submitted). Ongoing studies have identified
several contributing factors (movement of the microarray during data collection, sporadic
occurrence of fluorescent particles, and the formation of bubbles within the hybridization
chamber at high temperature) that are being alleviated by improvements in the experimental

protocol and image analysis software (e.g. ref /8).
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Significant differences in initial signal intensities between PM and their respective c-MM
and/or g-MM variants' were achieved for 24 PM probes using nucleic acid derived from
uncontaminated soil and for 23 PM probes with contaminated soil (Table S-2). Thus, initial
signal intensity data provided some discriminatory information about the two soil
communities. However, dissociation analysis provided the basis for a higher resolution
comparison of the two communities. For instance, comparison of dissociation curves from in
vitro transcribed 16S rRNA of P. putida with in vitro transcribed 16S rRNA of the
uncontaminated and TNT-contaminated soil sample showed no differences in the shape of the
curves for the Bacteria probe Eub338 (Figure 1A). This and previous studies (6, &)

demonstrate that a robust and reproducible reference curve can be established for each probe.

' ¢-MM and g-MM probes consist in a substitution of G to C or C to G, respectively (cfr. Supporting

Information)
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Normalized signal

Normalized signal

Figure 1. Dissociation curves analysis. Average normalized dissociation curves of probe Eub338
hybridized with in vitro transcribed 16S rRNA of P. putida (black triangles, n=18), uncontaminated
(blue squares, n=18), and TNT-contaminated soil sample (pink circles, n=18) to CodeLink
microarrays (A). Average normalized dissociation curves of probe Eub338 (blue lozenges, n=12),
Eub338-gllc (green lozenges, n=12), and Eub338-t7g (red lozenges, n=12) hybridized with in vitro
transcribed 16S rRNA of uncontaminated soil sample to gel-pad microarrays (B). Error bars represent
the standard deviation. Average normalized dissociation curves with functional ANOVA analysis of
probe Eub338 hybridized with in vitro transcribed 16S rRNA of P. putida (black line),
uncontaminated (blue line), and TNT-contaminated soil sample (pink line) to CodeLink microarrays
(C). Average normalized dissociation curves with functional ANOVA analysis of probe Eub338 (blue
line), Eub338-gllc (green line), and Eub338-t7g (red line) hybridized with in vitro transcribed 16S
rRNA of uncontaminated soil sample to gel-pad microarrays (D). The number of individual
dissociation curves of C and D are identical to A and B, respectively. Confidence bands are indicated
by non-continuous lines. The big and small arrows represent, respectively, the MAXpcsp of

Eub338/Eub338-gl1c and Eub338/Eub338-t7g.

Thermal dissociation generates a large data set for each probe, and the analysis of several

hundred microarray elements requires computational processing to summarize the data. One
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method of data reduction is the determination of 7y for each probe. Although the strategy used
in designing single MM probes was to have a 4-6 °C difference in Tgs between PM and MM
probes, discrimination was not achieved for all probes using RNA from the complex soil
communities, and the extent of discrimination differed between samples. Significant
differences between PM probes and their respective c-MM and/or g-MM variants were
achieved for 21 PM probes using nucleic acid derived from uncontaminated soil and for only
16 PM probes with contaminated soil (Table S-3). In addition, 74s of PM probes Eub338-I1
and Eub338-III, which target Planctomycetes and Verrucomicrobia, respectively, and differ
by a single T or A nucleotide, were not significantly different when hybridizations were
realized with in vitro transcribed 16S rRNA of the uncontaminated or contaminated soil
(Table S-3). These data suggest that either detection of a single nucleotide change is
unattainable for most of the probes or that 7 alone is not a significant measure to discriminate

closely related targets from taxonomically distinct microorganisms.

Visual comparisons of normalized dissociation curves of PM and MM probes suggested that
discrimination was possible for many probes even when their 7gs were not different. For
example, when in vitro transcribed 16S rRNA of the uncontaminated soil sample was
hybridized to the microarray, a significant difference in 74 was detected between probes
Eub338 and Eub338-gllc but not between probes Eub338 and Eub338-t7g (Table S-3).
However, discriminating curves were observed for probes Eub338, Eub338-gllc, and
Eub338-t7g (Figure 1B). The reason for the lack of discrimination of 74 between probe
Eub338 and Eub338-t7g was that the primary region of difference for these curves occurred at
the final stages of probe-target dissociation (e.g., between 50 °C and 60 °C) at temperatures
greater than the 7ys for probes Eub338, Eub338-gllc, and Eub338-t7g (40.5 °C, 36.7 °C and
39.1 °C, respectively).

In a previous study, Urakawa et al. (9) reported small differences between the 7ys of PM and
single MM probes. The authors introduced the DI value (defined as the product of difference
and ratio of the signal intensities for PM and MM duplexes at a given wash temperature) as a
mechanism to determine the optimum wash temperature for each probe set (9). However, the
DI approach gives no indication that differences in dissociation curves are statistically

significant.
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Discrimination of PM and MM probes with functional ANOVA analysis. The functional
ANOVA was more efficient than the 7y approach in determining when dissociation curves
significantly differed. This is due to the fact that functional ANOVA compares signal
intensities of dissociation curves at each temperature, whereas 7ys only take into account
signal intensities at 50% dissociation. Examples of the curves produced by the functional
ANOVA calculator are shown in Figure 1C,1D. The comparisons of the dissociation curves
produced from the hybridizations of different samples to probe Eub338 showed no significant
difference with CodeLink (Figure 1C) and gel-pad microarrays (Table 1). The absence of
significant differences was also observed with these samples hybridized to probes Univ907,
Univ1390, and Eub927 with gel-pad (Table 1) and CodeLink microarrays (results not shown).
When the PM and MM Eub338 probes were compared on gel-pad microarrays, significant
differences in the dissociation curves were detected between probes Eub338, Eub338-gllc,
and Eub338-t7g hybridized with the uncontaminated soil sample (Figure 1D) as shown by
non-overlapping confidence bands. In addition to p-values (Table 1), MAXpcsp values were
calculated to provide an indication of the extent of discrimination between the 95%
confidence intervals (e.g., a MAXpcsp value of 0.100 indicates a 10% maximum difference in
normalized dissociation curves as they start at 1 and finish at 0). MAXpcsp values were 0.207
and 0.124 for the Eub338/Eub338-gllc and Eub338/Eub338-t7g probe sets, respectively
(Table 1). Although not demonstrated, the extent of discrimination may be related to the
number of mismatches and/or the presence of multiple targets contributing to the shape of the

curve.
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The functional ANOVA calculator revealed significant differences for practically all the PM-
MM probes sets when hybridized with uncontaminated and contaminated soil samples, with
MAXpcsp values ranging from 0.008 to 0.230 (Table 1). Twenty-four PM probes were
discriminated from their respective ¢c-MM and/or g-MM probes using nucleic acid from the
uncontaminated soil sample (Table 1). Of the 24 PM probes, 16 PM probes were
discriminated from both their c-MM and g-MM variants. Twenty-three of the 25 PM probes
were discriminated in the analysis of the contaminated soil sample (Table 1). Of the 23
probes, 12 PM probes were discriminated from both their c-MM and g-MM probes. In
addition, probes FEub338-II and Eub338-II were discriminated from each other in
hybridizations done with the uncontaminated and contaminated soil samples (MAXpcsp
values of 0.082 and 0.074, respectively). All PM-MM probe sets that had significantly
different 74s were also significantly different as determined using the functional ANOVA
calculator (Table S-3 and Table 1). For probes that were significantly different with the
functional ANOVA calculator but not by 74, discrimination generally occurred at higher
temperatures than the respective 7ys (e.g., with the uncontaminated soil sample, the
temperature of the MAXpcsp for probes Alf968 and Alf968-g7c was 47.5 °C, whereas their
respective Tgs were 37.3 and 36.6 °C (Table S-3 and Table 1)). For the probes that were
significantly different as determined by both functional ANOVA and Ty, discrimination often
occurred at temperatures near the 7ys (e.g., with the uncontaminated soil sample, the
temperature of the MAXpcsp between probes Alf968 and Alf968-c13g was 37.5 °C whereas
their respective Tys were 37.3 and 35.2 °C).

The functional ANOVA calculator was also used to examine the presumptive cross
hybridization of the 23S rRNA probe Gam42a with in vitro transcribed 16S rRNA of P.
putida. Dissociation curves from the 23S rRNA probe Gam42a hybridized to native P. putida
RNA and the in vitro transcribed 16S rRNA molecule of P. putida were significantly different
(MAXpcsp value of 0.469). The 23S rRNA molecule from native P. putida RNA 1is a suitable
reference standard because it is a PM target to the Gam42a probe, whereas the in vitro
transcribed 16S rRNA molecule of P. putida is a MM target to the Gam42a probe. Of note,
the dissociation curves of the Gam42a probe hybridized with in vitro transcribed 16S rRNA
of uncontaminated and TNT-contaminated soil samples were also significantly different than
the dissociation curve obtained with native P. putida RNA (MAXpcsp value of 0.428 and

0.441, respectively).
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Comparison of 16S rRNA profiles of uncontaminated and TNT-contaminated soils.
Significant differences in the nucleic acids amplified from the uncontaminated and TNT-
contaminated soil samples were detected when comparing initial signal intensity and
dissociation curves. Initial signal intensities showed that several domain-, group-, and species-
specific PM probes were significantly different between in vitro transcribed 16S rRNA of
uncontaminated and TNT-contaminated soils (Figure 2). The signal intensity of ten PM
probes was significantly lower with the TNT-contaminated soil than the uncontaminated soil.
The signal from the species-specific probe Bacill136 was significantly higher in the TNT-
contaminated soil. Significant differences in signal intensities were also detected for probes
Bet42a and Gam42a, which target the 23S rRNA molecule and for probes Euk502, Eury498,
and Cren499 which target small subunit rRNA sequences from Eukarya and Archaea. Clearly
these results were cross-hybridization events since these hybridizations were realized with in
vitro transcribed 16S rRNA amplified with primers designed to the Bacteria domain. Indeed,
the cross hybridizations with the Gam42a probe were confirmed with native RNA of P.
putida (see above); however, cross hybridization to the other probes was not verified with

microorganisms having a PM target sequence.
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Figure 2. Initial signal intensities from hybridizations with in vitro transcribed 16S rRNA of
uncontaminated and TNT-contaminated soil samples to gel-pad microarrays (data of Table S-2).
Significant differences in signal intensity between uncontaminated (black bars) and contaminated
(white bars) soil samples are marked with asterisks. Error bars represent the standard deviation. Probes
with significantly different dissociation curves (data of Table 1) when hybridized with the two soil
samples are indicated by a rectangle. Probe names are listed in Table S-1. The PM probes Gpos1192
and Gposl1200 could not be discriminated from their respective c-MM and g-MM with the
uncontaminated and/or contaminated soil samples with the functional ANOVA calculator (Table 1).
These two probes were not considered for comparison of 16S rRNA profiles of the uncontaminated

and TNT-contaminated soil samples.

Dissociation curves of PM probes hybridized to in vitro transcribed 16S rRNA of the
uncontaminated and TNT-contaminated soil samples further delineated differences between
the target nucleic acids. Eleven PM probes had significantly different dissociation curves
between the two soil samples with functional ANOVA (Figure 2; Table 1). Among these 11
probes, no differences in initial signal intensities between the two soil samples were detected
for 3 of them (Table S-2), and only 7 of these 11 had significantly different Tys (Table S-3).
This suggested that comparison of signal intensities and individual points in the dissociation

curve were ineffective in detecting differences in the sequence of target nucleic acid pools
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originating from complex mixtures of unknown microorganisms in unknown abundances. On
the other hand, functional ANOVA detected more differences between the dissociation curves
and provided a statistical robust method of analysis. Functional ANOVA of dissociation
curves of PM and respective MM probe sets revealed subtle differences between the
contaminated and uncontaminated sample target sequences (Table 1). Eleven PM/MM probe
sets were detected as significantly different with one of the soil samples but not the other one.
In addition, two PM/MM probe sets (i.e., Alf968/Alf968-g7c and Alf968/Alf968-c13g) had
temperatures more than 5 °C different between the two soil samples at the point of the

MAXDCSD (Table 1)

Several parameters may explain the observed differences between the two soil samples:
presence or absence of TNT, spatial heterogeneity (e.g., pH, granulometry and carbon
content), and PCR bias. Several authors (79, 20) have demonstrated that PCR-amplification
bias is low when the sample has diverse templates. In another study (/7), 16S rRNA gene
PCR amplicons from the same soil samples were analyzed with denaturing gradient gel
electrophoresis (DGGE). The number of bands identified in these two soil samples (more than
15 bands) indicated that the samples contained highly diverse templates. Therefore, we
suggest that the influence of PCR bias was probably small. The position of the bands differed
between the two soil samples, and three brighter bands were present in the TNT-contaminated
but not the uncontaminated soil sample (/7). These results corroborate the microarray results
that differences in amplicon sequences existed between the two soil samples. DGGE was also
used to characterize 9 additional soils sampled at the same TNT-destruction field (George et
al., manuscript in preparation). Three to seven brighter bands belonging to Proteobacteria
were present in all TNT-contaminated soils but not in the uncontaminated soils. Several
characteristics of these soils were investigated (pH, granulometry, and carbon content), but
the differences in DGGE fingerprints between uncontaminated and TNT-contaminated soil
samples were explained by the absence or presence of TNT. The influence of TNT in soil
microbial population was also supported by additional results of George et al. (manuscript in
preparation) who artificially contaminated a pristine soil with TNT and found a rapid

selection of Pseudomonadaceae.

Fuller and Manning (2/) showed that TNT was more toxic to Gram-positive than Gram-
negative bacteria. A significant decrease in signal intensity for the probes Hgc69a and

Lowgc353 targeting Gram-positive bacteria was observed for the contaminated soil sample
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(Figure 2; Table S-2), although the magnitude of this difference was relatively small. The
significant increase in signal intensity from the probe targeting Bacillus (Bacil1136) in the
contaminated soil and the difference in the dissociation curves for the Hgc69a probe between
the uncontaminated and contaminated soil sample further suggests a possible shift within the
Gram positive community. However, detection of specific microbial populations sensitive or
resistant to the toxicity of TNT is limited by the relatively small number of specific probes
(genus or species) on this prototype microarray. Ultimately, improvements in microarray
technology will be needed to not only identify differences among samples (e.g., how
differences in amplicon diversity and abundance influence signal intensities and dissociation
curves), but also to provide sufficient sequence information to identify specific target
sequences, and to determine appropriate stringency temperatures to compare signal intensities

of different environmental samples.

Previous studies have documented the general utility of using dissociation analysis to provide
additional information about the sequence composition of RNA hybridized to microarrays.
However, those studies had not presented a fully elaborated experimental and statistical
approach for the generation and analysis of dissociation data sets. This study has more fully
developed the experimental and analytical approach. Functional ANOVA was shown to
resolve differences between most perfect-match and single mismatch probe sets, providing for
much greater resolution of microbial communities inhabiting TNT contaminated and
uncontaminated soils than could not be achieved by using either differences in signal intensity
or T4. Experimental replication demonstrated that dissociation curves were highly
reproducible (e.g., probe Eub338, Figure 1C). The ability to clearly resolve single nucleotide
mismatch variants and to identify dissociation curves that conform with a specific target
reference are essential to achieving the ultimate analytical goal of a robust assignment of
identity to nucleic acid hybridized to each array element. Although as yet there is no
established theoretical or analytical framework for using DNA microarrays to fully resolve
complex and undefined mixtures of nucleic acid sequences, we anticipate that the
development of a robust statistical framework that captures the additional information of
duplex composition available using dissociation analysis will provide a critical foundation for

advancing this important area of environmental biotechnology.
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Materials and Methods

Sample collection and processing of nucleic acids. PCR amplification of the 16S rRNA
gene was done with primers BACT 11 F (S7) containing the T7 promoter sequence and S-D-
Bact-1512-a-A-16 (S2) in a thermal cycler (Thermo Hybaid US, Franklin, MA) in 100 pl
reactions under the following conditions (reagents were from Invitrogen (Carlsbad, CA)): 1 X
PCR buffer, 2 pl of deoxynucleoside triphosphate mixture (2.5 mM each), 2.5 uM of each
primer, 5 U of Tag DNA polymerase, and 100 ng of template DNA. An initial denaturation
step of 3 min at 94°C was followed by 30 cycles of 30 s at 94°C, 30 s at 55°C, and 1 min at

72°C. A final extension at 72°C for 7 min was also done.

Fragmentation and labeling of RNA. RNA was fragmented in solution rather than on-
column. Fragmentation and labeling of RNA samples of uncontaminated and TNT-
contaminated soils was done in parallel using the same freshly prepared reactants. In brief,
RNA (30 pg) was suspended in 20 ul of diethyl pyrocarbonate (DEPC)-treated water and
incubated at 95°C for 4 min. The RNA solution was mixed with 122 pl of preheated (95°C for
30 s), filtered (0.22 um) fragmentation and labeling solution that contained 700 pl of 25 mM
sodium phosphate buffer (pH 7.0), 30 ul of 150 mM 1,10-phenanthroline, 3 pl of 150 mM
CuSOy, and 6 pl of 100 mg/ml lissamine rhodamine B ethylenediamine (Molecular Probes,
Inc., Eugene, OR). Three microliters of 200 mM H,0O; and 5 pl of 600 mM NaCNBHj; were
added, and the mixture was incubated at 95°C for 10 min. The reaction was stopped with 540
ul of cold 100% ethanol and 20 pl of stop solution (2.6 M sodium acetate and 68 mM EDTA,
pH 8.0). Following precipitation at -80°C for 10 min, RNA was centrifuged and washed three
times with 100% ethanol. The RNA pellet was suspended in 20 pl of DEPC-treated water and
stored before use at -80°C.

Microarray fabrication and hybridization. The CodeLink microarray contained
oligonucleotide probes deposited on CodeLink slides of uniformly coated hydrophilic
polymer containing amine-reactive groups (Amersham Biosciences, Buckinghamshire, UK).
Oligonucleotide probes were manufactured by Argonne National Laboratory and Qiagen, Inc.,
and approximately 6 fmol of each probe was printed in duplicate with a SpotBot arrayer
(Telechem International, Inc., Sunnyvale, CA). Probes were covalently attached to the slide
via a 3' C7 primary amine linker. Probe attachment, slide hydration, and blocking were done
as described by the slide manufacturer's instructions. Gel-pad microarrays, which were

fabricated at Argonne National Laboratory, consisted of 100 x 100 x 20 pm polyacrylamide
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gel pads photopolymerized to a glass slide with a center-to-center distance of 300 um (S3).
After activation of gel pads (54), oligonucleotide probes were spotted (2 pmol deposited) and
immobilized on each gel pad by Schiff base coupling to aldehyde groups within the gel pads
(85). The coupling was stabilized by reduction with NaCNBH;3; (S4). The design of
oligonucleotide probes targeting rRNA molecules was done as described previously (S6).
Design of single MM probes was based on several criteria: 1) GC content was not changed
(e.g., substitution of G to C (c-MM probes) or C to G (g-MM probes)), ii) mismatches at
terminal positions were avoided (S7), iii) non-complementarity of MM probes to any
microorganism was checked by comparing MM probe sequences to the GenBank database
(http://www.ncbi.nih.gov/Genbank), and iv) approximately 4°C differences in theoretical 7s
between PM and c-MM and about 6°C differences between PM and g-MM were chosen.
However, these are general rules, and often they cannot all be met when designing a probe.
For example, many of the MM probes to the general PM probes cannot simultaneously retain
the GC content of the PM probe and be a mismatch to all sequences in the databases.
Theoretical  differences in Tys  were calculated with  MeltCalc  software
(http://www.meltcalc.de). Several of the PM probes used in this study were validated by El
Fantroussi et al. (§6) and Kelly et al. (§8) with PM and MM reference RNA and RNA from

environmental samples.

Analysis of images and thermal dissociation curves. Fluorescence signal intensities were
recorded for each probe on the microarray with a custom epifluorescence microscope and
software (S3). Dissociation curves were generated by increasing the temperature of the
microarray (1°C/min) from 20°C to 68°C and recording signal intensities every 1°C or 2°C
(87). The hybridization signals were corrected by subtracting the local background signal and
normalizing the corrected hybridization signal to the background (S9). To compare initial
signal intensities of hybridizations of in vitro transcribed 16S rRNA derived from
uncontaminated and TNT-contaminated soil samples, no normalization was carried out since
the same amount of RNA (5 pg) was used for each hybridization. Liu et al. (S70) showed that
a temperature correction was necessary to compare dissociation curves collected with
different dyes. In our study, we used a single dye to label all samples, thus preventing the

need of temperature correction.

Unpaired Student’s ¢ tests were used to compare initial signal intensities between probes, as

most of the data followed a normal distribution (146 of 152 signal intensity measurements
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from PM and MM probes hybridized with in vitro transcribed RNA of the two soil samples
showed a normal distribution). In the case of 7y values, some of the data (41 of 152 T4
measurements) did not follow a normal distribution, especially with in vitro transcribed RNA
of the contaminated soil sample (35 of the 41 T4 measurements did not have a normal
distribution). Unpaired Wilcoxon and Student’s ¢-tests were done to compare T4 values. The
results obtained (i.e. hypothesis of equality of compared means accepted or rejected) using
Wilcoxon or Student’s #-tests were similar, except for 6 of 126 comparisons of 7y values
between PM probes hybridized with RNA from different soil samples, and between PM and
MM probes hybridized with RNA from the same soil sample. Unpaired tests were performed

with an o value of 0.05.

4-27



Chapter 4 Effect of TNT: phylogenetic microarrays

Literature Cited

(S1)  Kane, M. D.; Poulsen, L. K.; Stahl, D. A. Monitoring the enrichment and isolation of sulfate-
reducing bacteria by using oligonucleotide hybridization probes designed from environmentally
derived 16S rRNA sequences. Appl. Environ. Microbiol. 1993, 59, 682-686.

(S2)  Fry, N. K.; Frederickson, J. K.; Fishbain, S.; Wagner, M.; Stahl, D. A. Population structure of
microbial communities associated with two deep, anaerobic, alkaline aquifers. Appl. Environ.
Microbiol. 1997, 63, 1498-1504.

(S3) Guschin, D. Y.; Yershov, G. M.; Zaslavsky, A.; Gemmell, A.; Shick, V.; Proudnikov, D.;
Arenkov, P.; Mirzabekov, A. D. Manual manufacturing of oligonucleotide, DNA, and protein
microchips. Anal. Biochem. 1997, 250, 203-211.

(S4)  Proudnikov, D.; Timofeev, E.; Mirzabekov, A. D. Immobilization of DNA in polyacrylamide
gel for the manufacture of DNA and DNA-oligonucleotide microchips. Anal. Biochem. 1998, 259, 34-
41.

(S5) Bavykin, S. G.; Akowski, J. P.; Zakhariev, V. M.; Barsky, V. E.; Perov, A. N.; Mirzabekov,
A. D. Portable system for microbial sample preparation and oligonucleotide microarray analysis. Appl.
Environ. Microbiol. 2001, 67, 922-928.

(S6)  El Fantroussi, S.; Urakawa, H.; Bernhard, A. E.; Kelly, J. J.; Noble, P. A.; Smidt, H.; Yershov,
G. M.; Stahl, D. A. Direct profiling of environmental microbial populations by thermal dissociation
analysis of native rRNAs hybridized to oligonucleotide microarrays. Appl. Environ. Microbiol. 2003,
69, 2377-2382.

(S7)  Urakawa, H.; Noble, P. A.; El Fantroussi, S.; Kelly, J. J.; Stahl, D. A. Single-base-pair
discrimination of terminal mismatches by using oligonucleotide microarrays and neural network
analyses. Appl. Environ. Microbiol. 2002, 68, 235-244.

(S8) Kelly, J. J.; Siripong, S.; McCormack, J.; Janus, L. R.; Urakawa, H.; El Fantroussi, S.; Noble,
P. A.; Sappelsa, L.; Rittmann, B. E.; Stahl, D. A. DNA microarray detection of nitrifying bacterial 16S
rRNA in wastewater treatment plant samples. Water Res. 2005, 39, 3229-3238.

(S9) Fotin, A. V.; Drobyshev, A. L.; Proudnikov, D. Y.; Perov, A. N.; Mirzabekov, A. D. Parallel
thermodynamic analysis of duplexes on oligodeoxyribonucleotide microchips. Nucleic Acids Res.
1998, 26, 1515-1521.

(S10) Liu, W. T.; Wu, J. H.; Li, E. S.; Selamat, E. S. Emission characteristics of fluorescent labels
with respect to temperature changes and subsequent effects on DNA microchip studies. Appl. Environ.

Microbiol. 2005, 71, 6453-6457.

4-28



(\Yém%

‘pua-, g woiy A Jo uonisod a3 pue a3ueyod apriodonu a3 sojeorpur uaydAy oy Surmor[oy

OIME[OUAWION "UAAIS a1e saqord NN Jo sowreu 0Andiosa( , "[-S 231 uou moys se uonisod sojedrpuy , “sAeireordl Juryopo) uo papods osje orom soqoid osoy[

- - €10 ‘€14 ‘80 ‘LA ‘€0 ‘€4 [onu0d 2ANEFIN 93 VDLVOLVOLYDLVD 19 "BoN
P63 8010-71L0BSIN PIT6T 988-71L0edsIN vIL 60 DASOIN 9L DDLLDDHDIOVIIDILLIIND TILOBASIN
YIN ‘19 ‘6N ‘89 S¢10-861€J0 #10 1D ‘60 ‘8D 263-861€JD PIN PIV ‘6N 8V DLI2IIPGOAD]{-DEPYd0)) 9 OVIOVILOIOINIDIOOL e61€JO
LO 90 8L10-9¢ 1 T1oeg Ld ‘9d o¢18-9¢ 1 11oeg LN ‘9N snjpong 0 1OVVOOIDLOVOVLLIOOVILOV *9€ 1 11oeg
¥TH ‘6H 860-¢5go8moT] P11 °61 99e-£GEOBMOT ¥1D ‘6D ©LI2}ORq 2ANISOd-WRID) )40 MO 0S 10D1OVIDODLILYOVVYDHD #ESEIBMOT]
SI1O ‘s1d ‘010 ‘64 860-26995H ST ST 01 ‘64 968-26995H SId‘S1d ‘01d ‘6a DLLIIPQOUIY Ly 1520DI20VIOVLIOVLIVL 26998H
LH ‘9H 861-00z1s0dD L191 263-00z [s0dD LD ‘9D ©LIGJ0Eq 9ANISod-we1D) s DLYDOLYIDDDOVYV 00z1s0dD
SIN‘STd ‘0IN ‘64 301-z61150dD S10 ‘S1D ‘010 ‘6D op18-z611s0dD STIN STV ‘01N 6V L12}okq 2ATNISOd-teln 9% DOVOLLLYOLVOLVIDOHDOVVL z611s0dD
IN‘Td 8010-6789SN 200 91 18-5789SN TN TV SIOZIPIXO-RIUOWILIE-A 9 1IOVIILOOVVIIIIIDD ST8ISN
CIN ‘€14 ‘8N ‘L9 ‘€3 89o-ezpuen €10 €12 ‘80 ‘LD ‘€1 o] [e-egpwen ST €TV ‘SN ‘LY ‘¢er SET “DL21ODGOI0A -k 39 LLLODLVYIVIOOLLODD *BTHURD
0 8L0-¢ppASN [ 263-EHrASN d‘za “dds p.adsosouin €9 DDOOLLODLLLOIDVOLOID *EPPASN
TH 8Z10-95 [WsN 1 9L18-9G [WSN D “dds spuowoso.yiN 43 LVDOOLLLOLVOVOOVILVL x9S TWSN
IN‘1d 8G10-ZLY[9SN 10°1D 9L3-TLY19SN IN TV papdo.ina SPUOUIOSOIN L9 D0D2DVOLYILOVIIIOV TLYTOSN
1019 5010-81CoWN 1 293-g1zowWN 1d1a DYydo.4j03110 SPUOUIOSOIIN 19 LVODVVVVIILIDOIDND 81 COWN
™ 8Z10-gS9usN 1 91 [8-gSuwsN I “dds spuowoso.yiN 19 VIDLOVIDIDIDIOLIDID *ESUWSN
TH S119-0610SN u 9018-0610SN [43) SIoZIpIXO-gIuouIuIe-¢ 8¢ DJLOLLLLODLIOIDLVYOD x06T0SN
o} Sp10-GZTIOSN 1 988-GZC10SN o SIoZIpIXO-eruowwe-¢ Sy VDILOLODVLILVLIOLLYIODD STTIOSN
€13 ‘83 ‘€H 8go-erplog €17T°87T €l opI8-erHeg €108 €D SET DI219Dq0210.4d-f [39 LLLODLLOVIIOLLODD «BTH1d
€1H ‘SH ¥0 ¥4 SE10-896J1V €11°81 ‘P “vd 9/3-396JIV €1D ‘8D ¥d ‘v DLI2]IDGOD}OAJ-D 9 LIDDDDOIOLIOOVVIOD +896JIV
710 ‘714 ‘60 ‘89 ‘YN ‘vd 360-qIIV ¥1¥ ‘¥1d 64 ‘84 YO ¥O 201-qIIV $1d ‘P14 ‘6d ‘8A YN vV DLI2IIDO2}OAJ -0 € DVIIDVHLOLADILLOD auIv
9IN‘9IE ‘TIN ‘019 ‘¥ S6o-TI1-8€ €9 910 ‘91D ‘TT0 01D ‘¥'1 OTIS-TII-8€€ANT TN 9TV ‘TTIN 0TV ‘I DIqOADIUIO0IN.LID L9 1DIODYIDIOIVIOIDIID «[1-8€€qnT
91 “TTY ‘vH 860-11-8€€qng 9IT TIIT I o1 [8-11-8¢€qng 9IL “TIf ‘¥D so1204u01oUn] L9 L1OLHDVIHIDIVIIOHVID «[-8€€qng
9TH ‘TTH ‘SO ‘sd 8.1-g¢eqng 9IL“IT1°6Y ‘S o1 18-8¢€qany 91D ‘11D ‘sd ‘sa D1L2}ODg L9 1OVDHOVIOIIILIODLID *8€€qng
LTO LT ‘TIO ‘TTd ‘SN ‘s 861-Lz6and LT LT T T4 SO SO 983-,76qnd L1d°L1d TId ‘1A ‘SN SV ‘ed ‘€d DLIIDG LL 000DDDIDIOLLINIIV xLT6ANT
ST 0T S[19-664U0ID) SIT01T oB-66UID SIL°0Ir DJOIDYDADUL) SL 10950000229L1LOYDOVID 669210
STH ‘0IH 899-g6AIng SILOII op3-g6pAIng SID 01D D10DYDDANT SL LLODDDYDDIDLLD 86Ky
910 ‘914 ‘T10 ‘014 869-$16U21V 91 9T ‘11 ‘014 2€3-G 16TV 91d ‘91d ‘T1d ‘01d DaDYOLY 9 L1DJLLVVODDIIDDILIDLO SI6UdIY
LIN LT ‘TIN ‘119 8Z10-70$H LTO ‘L1D ‘TIO ‘11D ope-70SAINg LI LTV TIN ‘TTV odaynyg €9 DDLIDIDLIOVOVIOV 70$ng
LTH ‘TIH ‘SH 8011-06€1ATUN LITTIT ST o€ [8-06€ 1ATUN LD TID ‘SO ‘eN ‘ed JITNV 19 VVOVIOLOIODIDDDIVD x06E AU
LI T ‘s 881e-L06A1UN LITTIT ST 968-L06ANUN LILTILSE €0 ‘€D ATV 9t LLLOVOLLLOJLLVVILOIIDD «LO6AIUN
o+D
, Ae11e oy uo (S)uoneoo| ,2qo1d yojewsiu-3 , Ae11e 9y uo (S)uoneoo| 2qoxd yojewsiu-o , Ke1re 9y uo (s)uoneso dnoi3 je81e], % (.€ 01 .G) 2ouanbag Qweu 29qoid

SADLDOADTW D1J2U230]AYd [N T JO 192ff7T

Kerreoxorw ped-138 oy uo pajurd saqoxd NN 2Andadsar pue A JO sonsLdveIey) *I-S d[qeL

¥ 423dvy )



Chapter 4 Effect of TNT: phylogenetic microarrays

Table S-2. Initial signal intensities of PM and MM probes*

Probe Uncontaminated sample Contaminated sample
name PM c-MM g-MM PM c-MM g-MM
Signal nt Signal n Signal n Signal n Signal n Signal n

intensity = SD intensity + SD intensity = SD intensity = SD intensity = SD intensity + SD
Univ907 0.756+0.248 15 0.714+0.124 9 0.746 +0.114 9 0.719 + 0.224 15  0.561+0.112 9 0.634+0.151 9
Univ1390 0.253+0.024 15 0.209+0.035 9 0.104+£0.020 9 0.262 + 0.047 15 0.201+£0.038 9 0.121+£0.020 9
Euk502 0.104+0.026 12 0.104+0.017 12 0.087+0.026 12 0.081+0.020 12 0.072+0.020 12 0.065+0.019 12
Arch915 0.050+0.010 12 0.490+0.060 12  0.416 +0.043 12 0.038 +0.018 12 0305+0.047 12 0.318+0.052 12
Eury498 0.079+0.012 6 0.111+£0.013 6 0.061 £0.013 6 0.059+0.016 6 0.078+£0.018 6 0.058 +£0.016
Cren499 0.338+0.022 6 0.442+0.033 6 0.162+0.013 6 0.187+0.018 6 0.252+0.013 6 0.143+0.016 ©
Eub927 0.253+0.052 24  0.076+0.013 18  0.141+£0.019 18 0.226+0.037 24  0.062+0.016 18  0.118+0.024 18
Eub338 0.789+0.113 12 0.567+0.080 12 0.590+0.073 12 0.738 £ 0.167 12 0.427+0.079 12 0.470+0.076 12
Eub338-II 0.086+0.007 9 0.065+0.008 9 0.059 +0.006 9 0.052 +0.011 9 0.048 £0.006 9 0.044 +0.009 9
Eub338-I1  0.357 +0.055 15 0.395+0.055 15 0.072£0.011 15 0.241 +0.046 15 0.291+0.038 15 0.046+0.013 15
Alflb 0.296+0.036 18  0.113+0.027 18  0.094+0.017 18 0.225+0.034 18  0.091 +0.028 18 0.072+0.015 18
Alf968 0.209+0.022 12 0.049+0.009 12  0.090+£0.010 12 0.187+0.019 12 0.056 +0.013 12 0.096+0.016 12
Bet42a 0.101 £0.007 9 0.113+0.010 9 0.065+0.008 9 0.083+0.012 9 0.084 +£0.007 9 0.055+0.013 9
Nmo218 0.112+0.013 6 0.147+£0.019 6 0.095+0.013 6 0.115+0.022 6 0.119+0.014 6 0.075 +0.016
Nsel472 0.230+0.017 6 0.182+0.015 6 0.160 £ 0.011 6 0.228+0.018 6 0.131 +£0.009 6 0.160 £0.009 6
Nsv443 0.105+0.009 6 0.088+0.014 © 0.054+0.009 6 0.075+0.019 6 0.070+0.016 6 0.036 +0.013
Gam42a 0.089 +0.015 15 0.189+0.038 15 0.062+0.014 15 0.064 +0.014 15 0.139+0.028 15 0.042+0.015 15
Nsc825 0.150+0.012 6 0.133+0.013 6 0.147+0.009 6 0.124+0.018 6 0.089 +0.013 6 0.127+0.009 6
Gpos1192 0.074+0.012 12 0.051+£0.009 12  0.055+0.013 12 0.055+0.011 12 0.040 £0.011 12 0.044+0.012 12
Gpos1200 0.046+0.006 6 0.034+£0.007 6 0.042+0.005 6 0.033+0.010 6 0.027+0.008 6 0.031+0.013 6
Hgc69a 0.062 +0.013 12 0.057+0.012 12 0.043 +0.011 12 0.041+£0.019 12 0.043+0.018 12 0.033+0.017 12
Lowgc353 0.240+0.028 6 0.133+0.011 6 0.051 £ 0.008 6 0.190+0.030 6 0.111+0.018 6 0.040 + 0.014
Bacill136 0.109+0.014 6 0.054+£0.014 © 0.050 +0.004 6 0.138 +0.011 6 0.046 +0.012 6 0.034 +0.013
Cf319a 0.457 +0.055 12 0.080+£0.013 12 0.171 £0.021 12 0.399+0.044 12  0.053+0.016 12  0.131+0.019 12
Ntspa0712 0.378+0.027 6 0.503 +0.053 6 0.159+0.017 6 0.334+0.056 6 0.380+0.037 6 0.091+0.017 6
Neg. ctrl. 0.031+0.011 18 na na 0.017+0.018 18 na na

* Values shown are average initial signal intensities = standard deviation of triplicate hybridizations to gel-pad
microarrays. Signal intensities of MM probes significantly different (Student’s #-tests) than the ones of
corresponding PM probes are indicated in bold. Shaded zones correspond to signal intensities of PM probes
significantly different (Student’s #-tests) when hybridized with uncontaminated or TNT-contaminated soil.
Probes Nso1225, Nso190, Nsm653 and Nsm156 were not analyzed with the functional ANOVA calculator
because of the low number of observations (n<4). * Number of hybridized microarray elements. na: not

applicable.
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Table S-3. Ty values of PM and MM probes*

Probe name Uncontaminated sample Contaminated sample
PM c-MM g-MM PM c-MM g-MM

Tq+SD nt T4+ SD n T4+ SD n T4+ SD n Tq+SD n T4+ SD n
Univ907 385+1.3 12 36.2+1.2 9 37.2+14 9 38.6+22 15 37.8+0.9 7 389+1.2 7
Univ1390 392+1.8 13 37.8+1.0 9 38.6+2.1 9 402+2.5 14 38.6+0.5°F 7 405+1.5 7
Euk502 36.6+1.7 12 329+0.7 11 38.0+14 11 36.0+3.5 11 322+25 11 37.6+43% 11
Arch915 383+2.7 12 33.0+0.6 12 36.1£0.7 11 37.0+3.0 7 32.5+2.6 12 357+32 11
Eury498 357+14 6 31.9+£0.6 6 33.6+1.1 5 36.9+39 5 30619 6 322425 5
Cren499 329+04 6 332+04 6 35.0+0.9 6 327+14 5 332+1.7 5 345+3.1 5
Eub927 40.0+1.8 20 382+1.6 17 38.7+1.7 17 40.1+2.1 24 39.0 £ 0.9 14 402+14 14
Eub338 40.5+3.1 12 36.7+1.3 12 39.1+2.1 12 414+1.7 10 379+13 10 40.8+1.8 10
Eub338-II 357+1.1 9 36.6+2.2 9 39.0+£2.2 9 34.1+32 6 354+34 7 39.6+1.1 5
Eub338-I11 353+0.8 15 37.0+£0.9 14 36.0+1.4 14 359+07" 12 37.4£2.0 13 35.0+2.4 11
Alflb 36.5+1.3 18 37.1+1.8 18 36.6+1.8 18 375+1.6 16 38.0+0.9 12 36.8+2.3 15
Alf968 373+1.2 12 36.6+1.7 11 352+1.0 12 39.6+0.7 10 363+14 9 372422 11
Betd2a 32.1+04 9 31.7+04 8 33.6+1.2 8 31.7+2.1 8 314£1.5 8 328+1.1 6
Nmo218 35015 6 31.6+£0.7 6 33.8+1.2 6 37.8+0.6 6 32.7+04 6 354+0.9 6
Nsel472 33.8+1.0 6 315+ 04 5 344+1.1 5 35.6+04 6 324+04 6 358+0.5 6
Nsv443 348+ 14 6 332x11% 6 350+ 1.7 6 36.0+09 6 33.5+0.8 5 346+1.5 4
Gam42a 31.8+0.5 14 31.7+£0.3 14 35.6+33 15 313+0.8 13 31.2+0.6 13 34325 12
Nsc825 33.8+0.8 6 329+£0.1 3 344+0.7 4 346+0.5 6 33.2+0.6 6 345+0.6 6
Gpos1192 354+12 12 38.0 +2.8 12 345+79 12 352429 11 344+36 9 36.0£3.5 10
Gpos1200 38256 6 4124622 6 393+3.1 6 389+39 6 357+5.6 6 34+12 6
Hgc69a 333+1.7 12 334+£13 12 37.5+3.6 11 31.3+2.0 10 31.0+24 9 348+52 8
Lowgc353 354+0.6 6 33.8+0.7 6 35.1+0.7 4 350+2.7 5 320+2.7 6 34.1+2.7 4
Bacil1136 358+09 6 36.1+1.5 6 373+15 6 355+13 6 342+15 5 36.0+22 5
Cf319a 36.8+1.2 12 349+1.5 12 351+0.8 12 37.6+23% 11 342 +1.1 6 35415 11
Ntspa0712 37.7+09 6 33.6+0.5 6 354+0.5 6 39.1+0.5 4 33217 5 342+13 5
Neg. ctrl. 45+21 18 na na 43+13 18 na na

* Values shown are average T + standard deviation of triplicate hybridizations to gel-pad microarrays. Ty values
of MM probes significantly different (Student’s #-tests) than the ones of corresponding PM probes are indicated
in bold. Shaded zones correspond to 7y values of PM probes significantly different (Student’s #-tests) when
hybridized with uncontaminated or TNT-contaminated soil. Probes Nso1225, Nso190, Nsm653 and Nsm156
were not analyzed with the functional ANOVA calculator because of the low number of observations (n<4). *
Number of dissociation curves after rejection of outliers. * Results (i.e. hypothesis of equality of the compared

means accepted or rejected) of Wilcoxon tests differed from Student’s 7-tests. na: not applicable.
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Figure S-1. Images of representative hybridizations of in vitro transcribed 16S rRNA of

uncontaminated soil (A) and TNT-contaminated soil (B) to gel-pad microarrays.
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