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In the study of bacterial community composition, 16S rRNA gene amplicon sequencing is today among the preferred methods of
analysis. The cost of nucleotide sequence analysis, including requisite computational and bioinformatic steps, however, takes up
a large part of many research budgets. High-resolution melt (HRM) analysis is the study of the melt behavior of specific PCR
products. Here we describe a novel high-throughput approach in which we used HRM analysis targeting the 16S rRNA gene to
rapidly screen multiple complex samples for differences in bacterial community composition. We hypothesized that HRM analy-
sis of amplified 16S rRNA genes from a soil ecosystem could be used as a screening tool to identify changes in bacterial commu-
nity structure. This hypothesis was tested using a soil microcosm setup exposed to a total of six treatments representing different
combinations of pesticide and fertilization treatments. The HRM analysis identified a shift in the bacterial community composi-
tion in two of the treatments, both including the soil fumigant Basamid GR. These results were confirmed with both denaturing
gradient gel electrophoresis (DGGE) analysis and 454-based 16S rRNA gene amplicon sequencing. HRM analysis was shown to
be a fast, high-throughput technique that can serve as an effective alternative to gel-based screening methods to monitor micro-
bial community composition.

The increased availability of sequencing facilities and the rela-
tive reduction in sequencing costs have made nucleotide se-

quencing a common tool in research. Despite this, the costs of
sequencing and subsequent bioinformatic analyses still represent
a substantive expense in many project budgets. A cheap and effi-
cient initial screening of samples before sequencing is therefore an
attractive way to discriminate samples and thus potentially reduce
costs by focusing the effort on the most interesting ones. Tradi-
tional fingerprinting methods such as denaturing gradient gel
electrophoresis (DGGE) (1) or terminal restriction fragment
length polymorphism (T-RFLP) have previously been used exten-
sively to study diversity changes in complex environmental sam-
ples. However, these methods require considerable technical
experience and are laborious and time-consuming (2). An alter-
native to these gel-based methods is desirable, and we suggest here
that high-resolution melt (HRM) analysis (3) as a screening tool
could provide a superior alternative. The thermal stability of a
PCR product is determined by its GC content, sequence length,
and primary structure (4). This stability is used in melt curve
analysis, in which specific PCR products are denatured under
tightly controlled conditions and their melting behavior observed.
Melt curve analysis of a PCR product was initially developed in
conjunction with the quantitative PCR (qPCR) approach for
quantifying a particular amplicon product (4). With this method
it is possible to identify nonspecific PCR products or primer
dimers. To examine PCR products in further detail, HRM analysis
was developed (5). The bases of HRM analysis include a high-
quality (saturating) double-stranded DNA (dsDNA) dye and an
HRM machine capable of precise temperature increments of
0.1°C or less (6). This technology has been used to study single
nucleotide polymorphisms (SNPs) and to identify genotypes and
the presence of heterozygotes in individuals (7). HRM studies

targeting the 16S rRNA gene and using the melt curve as molecu-
lar fingerprint for species identification were first done by Cheng
et al. (8). They were able to distinguish between 25 different
pathogenic bacteria with 94% accuracy. Since then, others have
used this technique to identify different species of Chlamydiaceae
(9), Bartonella (10), and a wide array of pathogenic bacteria (11).
Similar experiments have been done using denaturing high-per-
formance liquid chromatography (DHPLC), which also suc-
ceeded in discriminating between a wide range of pure bacterial
cultures (12).

Melting profiles of PCR amplicons can be chosen as a terminal
integrated part of any qPCR protocol following amplification on
many modern quantitative thermal cyclers. By combination of
qPCR and software for HRM analysis, a fast and simple means to
screen metagenomic DNA or metatranscriptomic RNA samples
for compositional differences, prior to the commitment and ex-
pense of deep sequencing (e.g., of 16S rRNA gene amplicons),
exists.

The aim of the current study was to examine the use of HRM
analysis of 16S rRNA gene amplicons from metagenomic DNA
and RNA as a screening method for changes in bacterial commu-
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nity composition using a mixed-culture approach. We added dif-
ferent pesticides and ammonium sulfate, alone and in combina-
tion, to a suite of soil microcosms and used HRM analysis to
examine the resultant alterations in soil bacterial community
structure during the time course of the experiment. To verify the
findings from the HRM analysis, selected samples were also sub-
jected to PCR-DGGE and to 16S rRNA gene amplicon pyrose-
quencing.

MATERIALS AND METHODS
Soil. The soil was an agricultural clayey sand soil (37% coarse sand, 42%
fine sand, 10% silt, 9% clay, and 2% organic C) from the experimental
station in Askov, Denmark (latitude, 55°28=20N, and longitude, 9°6=36E).
The soil contained 1% total C, 19.9 mg kg�1 of NO3

�-N, and 1.53 mg
kg�1 of NH4

�-N and had a pH of 6.4 and a C/N ratio of 4.7. Soil analysis
was performed by the OK Laboratorium for Jordbrug (Viborg, Den-
mark), according to Danish procedures (13). We sieved the soil (4-mm
mesh) and stored it at 5°C in the dark for 8 months prior to the experi-
ment.

Microcosm setup. The soil was air dried at room temperature in the
dark for 3 days and then homogenized by sieving (2-mm mesh). The
microcosms were prepared by adding 10 g of sieved soil into 50-ml pro-
pylene tubes (for a total of 90 tubes). We then prepared a full factorial
design with six treatments: Basamid GR, Tridex DG, and no pesticide,
each with and without ammonium sulfate. The treatment with neither
pesticide nor fertilizer addition served as a negative control. The two for-
mulated pesticides Basamid GR and Tridex DG were added to the system
in concentrations of 266 mg kg�1 and 13.3 mg kg�1, corresponding to one
and five times the field dose, respectively. Ammonium sulfate (100 mg N
kg�1 of soil) was added to stimulate microbial growth and simulated
fertilizer addition in an agricultural setting. Sterile H2O was added to a
final soil moisture content of 60% of water holding capacity (WHC). All
microcosms were covered with polyvinyl chloride film and incubated in
the dark at 20°C. Each treatment was prepared in triplicate and sampled
destructively after 0, 3, 12, 20, and 28 days. Samples were frozen in liquid
nitrogen and stored at �80°C until extraction of nucleic acids.

Extraction of nucleic acids. DNA and RNA were coextracted from a
500-mg subsample using a phenol-chloroform protocol (14) with the
following modifications: to inhibit DNA sorption to clay particles, 0.5 ml
of G2 blocking agent (GEUS, Copenhagen, Denmark) was added to
1.4-mm ceramic bead tubes (Mo Bio Laboratories, Inc., Carlsbad, CA),
and the tubes were freeze-dried prior to use. Hexadecyltrimethylammo-
nium bromide (CTAB) and phenol-chloroform were added to the bead
tubes together with the frozen soil samples. Then bead beating was per-
formed at speed 5 for 20 s in a FastPrep FP120 (BIO 101, Farmingdale,
NY). Two bead beating runs were performed with a 1-min cooling step on
ice in between. The aqueous phase was separated by centrifugation for 10
min (16,000 � g) at 4°C. After removal of residual phenol with chloro-
form-isoamyl alcohol extraction using standard techniques, 1 �l of glyco-
gen (20 mg/ml) (Roche, Basel, Switzerland) was added instead of polyeth-
ylene glycol, and the samples were placed on ice for 2 h to facilitate nucleic
acid precipitation. Samples were kept on ice during all steps of the extrac-
tion. Precipitated DNA and RNA were purified using the RNA purifica-
tion kit (NucleoSpin RNA Cleanup XS kit; Macherey-Nagel GmbH & Co.
KG, Düren, Germany) and eluted in 20 �l of RNase-free H2O. The sam-
ples were then split into two parts. One part was diluted 10 times with
RNase-free H2O and stored at �80°C until DNA analysis. The second part
was immediately subjected to DNase treatment using the RTS DNase kit
(Mo Bio) according to the manufacturer’s protocol. A subsample of the
DNase-treated sample was used as a template for cDNA production using
random hexamer primers (Fermentas, Vilnius, Lithuania) and the Rever-
tAid Premium RT kit (Fermentas) in a reverse transcriptase PCR (RT-
PCR) procedure according to the manufacturer’s protocol. Extraction,
DNase treatment, and conversion to cDNA by reverse transcription were
done in one working day. The quantity and quality of extracted RNA were

checked on an Agilent 2100 bioanalyzer with the prokaryote total RNA
picochip, which uses the relative signal intensity of 16S rRNA and 23S
rRNA to calculate the RNA integrity number (RIN).

qPCR. The numbers of 16S rRNA gene copies and 16S rRNA mole-
cules were quantified by qPCR (CFX96 real-time system; Bio-Rad, USA)
(Fig. 1A). Genomic DNA from Escherichia coli K-12 was used as a standard
(15). All qPCR samples were run in technical duplicates. The master mix
consisted of 2 �l of bovine serum albumin (BSA) (20 mg/ml; BIORON,
Ludwigshafen, Germany), 10 �l of SsoFast EvaGreen Supermix (Bio-
Rad), 0.8 �l of forward primer 341f (5=-CCTAYGGGRBGCASCAG-3=; 10
�M) (16), 0.8 �l of reverse primer 806r (5=-GGACTACNNGGGTATCT
AAT-3=; 10 �M) (16), 1 �l of 10� diluted template, and distilled H2O
(dH2O) to a total of 20 �l. PCR conditions were 98°C for 15 min, followed
by 35 cycles of 98°C for 30 s, 56°C for 30 s, and 72°C for 30 s (with
fluorescence measurements) and ending with 72°C for 7 min. The PCR
efficiencies for the assay were 87.98% (standard error [SE] � 1.91), and R2

values were 0.984 (SE � 0.003).
High-resolution melt analysis. Following amplification and quanti-

fication of the 16S rRNA gene, a high-resolution melting curve analysis
was performed at the end of the PCR protocol. This procedure melted the
amplified 16S rRNA gene products starting at 72°C and ending at 95°C,
with fluorescence measurements taken at every 0.1°C increment (Fig. 1B).
Melting curves were normalized to relative fluorescence units (RFU) in a
specified “melt region” (83.5°C to 89.5°C), thereby negating the effect of
absolute RFU values (Fig. 1C). This melt region was autocalled by the melt
analysis software (Precision Melt Analysis; Bio-Rad). Only RFU values of
the melt region were used for downstream analysis. The control sample
(H2O day 0) was included as a standard in all PCR runs, and all other
melting curves are shown in relation to this, producing a so-called “dif-
ference curve” (Fig. 1D). This approach made graphical representation of
the data easier to interpret and facilitated comparison of curves from
different runs. In order to perform statistical analysis on the melt curves,
the Euclidian distance between the standard and each sample was calcu-
lated using the statistical program R (17) (Fig. 1E). This was done by
calculating the squared difference between the RFU values at each 0.1°C
temperature point (83.5°C, 83.6°C, and so forth). These were then sum-
marized and the square root was taken, thus resulting in larger Euclidian
distances for more dissimilar melt curves. The Euclidian distance was
subsequently used to test if the samples were significantly different from
the control (standard).

HRM sensitivity assay. Pure cultures of Bacillus thuringiensis and Co-
rynebacterium glutamicum were grown in LB broth for 24 h at 37°C with
rotary shaking at 120 rpm. DNA was then extracted using the UltraClean
microbial DNA isolation kit (Mo Bio) according to the manufacturer’s
protocol. DNA concentrations were measured on a Qubit (Invitrogen,
Carlsbad, CA). Based on the reported genome size and number of 16S
rRNA genes from B. thuringiensis (18, 19) and C. glutamicum (20, 21), the
DNA extracts were diluted to the same number of 16S rRNA gene copies
per unit volume. To estimate the sensitivity of the HRM analysis, the 16S
rRNA genes from the two bacteria were mixed in different ratios (see Fig.
S1 in the supplemental material) and subjected to the same PCR and
HRM protocol as described above. The sensitivity could then be deter-
mined as the mix with the lowest ratio having a Euclidian distance signif-
icantly different from that of the pure cultures (normalized to be 100%).

DGGE. DNA samples from all sampling days from the control (only
water), Tridex, and Basamid treatments of the microcosm experiment
were amplified with a master mix containing 4 �l of 5� Phusion HF
buffer, 0.4 �l of 10 mM deoxynucleoside triphosphate (dNTP) mixture,
0.2 �l of Phusion Hot Start DNA polymerase (2 units/�l; Finnzymes), 1 �l
of GC-clamped forward primer 341f-clamp (5=-CGCCCGCCGCGCCCC
GCGCCCGTCCCGCCGCCCCCGCCCGCCTAYGGGRBGCASC
AG-3=; 10 �M), 1 �l of reverse primer 806r (10 �M), 1 �l of template
(undiluted DNA), and dH2O to a total of 20 �l. PCR conditions were 98°C
for 30 s, followed by 30 cycles of 98°C for 5 s, 56°C for 20 s, and 72°C for 20
s and ending with 72°C for 5 min. DGGE was performed using the Dcode
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system (Bio-Rad). The PCR products were loaded into the wells of an 8%
acrylamide gel containing a gradient of 35 to 60% denaturant (urea and
deionized formamide). The gels were run at 100 V for 17 h in 1� Tris-
acetate-EDTA (TAE) buffer. Gels were stained with SYBR gold nucleic
acid gel stain (Invitrogen) for 45 min before being photographed.

454 sequencing. The results of the HRM screening showed the largest
aberration in diversity composition in the samples from day 12. Thus, the
samples selected for sequencing were control treatment from day 0 (only
water) and all treatments from day 12, for a total of 39 samples. The
samples were amplified with a master mix containing 4 �l of 5� Phusion
HF buffer (Thermo Scientific, Waltham, MA), 0.4 �l of 10 mM dNTP
mixture, 0.2 �l of Phusion Hot Start II DNA polymerase (2 U/�l; Thermo
Scientific), 1 �l of forward primer 341f (10 �M), 1 �l of reverse primer
806r (10 �M), 1 �l of template (10� dilution), and dH2O to a total of 20
�l. PCR conditions were 98°C for 30 s, followed by 30 cycles of 98°C for 5
s, 56°C for 20 s, and 72°C for 20 s, with a final extension at 72°C for 5 min.
The samples were then run on a 1.25% agarose gel, and specific bands
were cut out and purified using the Montage DNA gel extraction kit (Mil-
lipore, Billerica, MA). Individual tags were added to the purified products,
in a second PCR, using identical primers but with 10-bp-long individual
multiplex identifiers (MIDs) (Roche) attached. Purified PCR products
were used as the template, and only 15 PCR cycles were performed. Con-
ditions and master mix were otherwise the same as in the first-round PCR.
PCR products with MIDs were purified as before and DNA concentra-
tions measured on a Qubit (Invitrogen). Samples were then mixed to-
gether (i.e., multiplexed) to create an equimolar mixture to a total of 1 �g
DNA. Adapter ligation, emulsion PCR, and 454 sequencing were done by
Beckman Coulter Genomics (Brea, CA) on a 454 GS FLX Titanium appa-
ratus (Roche) (1/2 titanium plate) producing, on average, 5,229 raw se-
quences per sample.

454 sequence analysis. The sequences were analyzed with the bioin-
formatics tool Qiime v.1.6.0 (22). First, low-quality reads, defined as hav-
ing a quality score (QC) below 25 in a sliding window of 50 bp, were
removed from the data set. The Roche 454 sequencing technology has
been shown to introduce errors in the sequences obtained, which artifi-
cially inflates the sequence diversity (23). To reduce these errors, the De-
noiser algorithm (24) was applied. Chimeric sequences were removed
using the script ChimeraSlayer (25). The sequences were then mapped to
a reference 16S rRNA gene database (Greengenes v.12.10). Singletons
were deleted to remove artificial sequences not picked up by the Denoiser
algorithm. The remaining sequences (�2,500 sequences per sample) were
used for construction of taxonomic tables and phylogenetic trees using
the Qiime tutorial on 454 sequence data analysis.

RESULTS

The sensitivity of the HRM analysis applied in this study was as-
sessed using a simple composite system consisting of only two
bacterial strains. This assay was used to elucidate the degree of
community change that was required in order to be detectable by
our HRM assay. We found that an introduction of 10% of B.
thuringiensis genomic DNA into 90% C. glutamicum genomic
DNA was needed to be able to observe a significant difference in

FIG 1 Overview of the steps in 16S rRNA gene HRM analysis. Amplification
and quantification of the 16S rRNA gene (A), melting of the PCR product in
0.1°C increments (B), normalization of the melt curves (C), conversion into
difference curves in relation to control sample (black curve) (D), and average
Euclidian distance between the different samples and the control (E) are
shown. Note that the control sample was the H2O day 0 sample. Bars represent
the means of triplicates from the Basamid GR samples. Error bars represent the
standard deviations. In panels A to D, data for only one of the triplicate sam-
ples are shown for easier visualization. Asterisks represent sample means that
were statistically different from the H2O day 0 samples (Tukey honestly signif-
icant difference [HSD]).
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Euclidian distance from the pure culture of C. glutamicum when
comparing the 16S rRNA genes by HRM analysis (data not
shown).

The bacterial community compositions of the six microcosm
treatments were compared by HRM analysis and following con-
version into Euclidian distances. This screening approach identi-
fied the Basamid HRM profiles as being statistically different from
the treatment with only water (Fig. 2). This was observed in treat-
ments with Basamid alone and in combination with ammonium
sulfate. The most pronounced change in 16S rRNA gene compo-
sition caused by the Basamid treatments was observed at day 12
(Fig. 2A and B). A similar result was seen for the cDNA samples,
but the effect was less distinct as shown by the lower Euclidian
distances (Fig. 2C and D). Ammonium sulfate and Tridex either
alone or in combination had no significant effect on the HRM
profiles, except for a small deviation at day 3.

In agreement with the HRM analysis, the DGGE fingerprints of
DNA samples exposed to Basamid revealed a minor change com-
pared to the control at day 3 while showing a clear change in band
pattern at day 12. This change was predominantly caused by the
appearance of two new dominant bands, which were still visible at
day 20 but less dominant (Fig. 3). Large variations appear among

FIG 2 HRM analysis of the bacterial community compositions of DNA samples (A and B) and cDNA samples (C and D). Treatments either did (B and D) or did
not (A and C) include ammonium sulfate amendment. The data presented are the means and standard deviations of three replicates. The Euclidian distance,
shown on the y axis, is the distance between the H2O day 0 samples and the respective sample. Asterisks represent sample means that were statistically different
from the H2O day 0 samples (Tukey HSD). Bas, Basamid GR; Tri, Tridex DG; Amm, ammonium sulfate.

FIG 3 DGGE analysis of PCR amplified 16S rRNA gene fragments originating
from the Basamid GR-treated microcosm. The H2O day 0 control sample in
the far left lane is used as a standard. The DNA of the Bas day 12 sample A was
not extracted successfully and therefore produced no bands on the DGGE gel.
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the biological replicates of the Basamid-treated soil, as are also
reflected in the large error bars of the Euclidian distance calcula-
tion when analyzing the DNA using HRM (Fig. 2A and B). In
correspondence with the HRM analysis, no changes in DGGE
band patterns were seen for the control and Tridex treatments (see
Fig. S2 and S3 in the supplemental material).

The 454 16S rRNA gene amplicon sequencing showed a dis-
tinct alteration of the bacterial community composition in the
Basamid-treated samples from day 12 (Fig. 4). These samples
showed a large relative increase in the phyla Proteobacteria and
Firmicutes, more specifically in the orders Burkholderiales and
Bacillales, respectively. A similar shift was observed in the treat-
ment including both Basamid and ammonium sulfate (data not
shown). There were no effects on the bacterial community com-
position of the treatments including Tridex (Fig. 4) or ammonium
sulfate alone or in combination (data not shown).

In our experimental setup, the use of Euclidian distance calcu-
lation was very useful to compare the effects of different treat-
ments in relation to a control sample, where only water was added.
In other studies where no such control or standard exists, a direct
clustering of the normalized melt curves may be preferable. We
tested the result of direct clustering on a subset of the HRM sam-
ples and found the existence of two clusters. The first cluster con-
tained the Basamid samples and the second cluster included the
remaining samples (Fig. 5). The same samples were also clustered
on the basis of the 454 sequence results, which resulted in an
identical cluster pattern (Fig. 6).

DISCUSSION

In this study, we successfully validated the HRM analysis of 16S
rRNA gene amplicons as a robust method for directly comparing
total bacterial community composition. The HRM analysis was

done in the same workflow as the qPCR quantification of the 16S
rRNA gene, thus requiring little extra work. The changes in bac-
terial community composition were confirmed with 454 ampli-
con sequencing and DGGE using the same primer set as in the
HRM analysis, eliminating potential primer biases.

The HRM melt curves do not provide any phylogenetic infor-
mation themselves. Yet, we propose a strategy whereby samples
with differing bacterial community structures can be rapidly iden-
tified by HRM and then those samples of interest subjected to
further analysis (e.g., via 16S rRNA gene amplicon sequencing) to
elucidate bacterial community composition in detail. The use of a
96-well qPCR system and the capability of running three sets of
reactions per day facilitate both quantification and HRM screen-
ing of �250 samples per day. In comparison, it is our experience
that the DGGE method can be used to screen around 30 samples in
a full 2-day workload, an observation also discussed by Green (2).

FIG 4 Relative abundance of the 12 most abundant phyla within the microcosm day 12 samples and H2O at day 0 control. One of the Basamid GR day 12
triplicates was not sequenced due to low quality of the extraction.

FIG 5 Hierarchical clustering of HRM normalized curves (pv.clust package, R
V. 3.02). Distance measure was set to “Euclidian,” and agglomerative method
was set to “average.” Node numbers represent approximately unbiased (AU)
multiscale bootstrap value with 1,000 bootstrap repetitions. The DNA of the
Bas.a sample was not extracted successfully and is therefore not included.
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In our experiments, we used the strong soil fumigant Basamid
GR, which targets biological thiols and amines and thus has a
broad mechanism of action and a strong bactericidal effect (26).
The HRM analysis clearly showed that soil samples that had been
exposed to Basamid were significantly different from the control
samples. This was observed in both the DNA and cDNA from
these samples, representing bacterial abundance and activity, re-
spectively (Fig. 2). We also observed large changes in specific taxa
at the phylum level, as shown by the 454 sequencing results in Fig.
4. Using the HRM analysis in an initial screening step, we were
able to target our sequencing strategy, which, in turn, increased
our understanding of the bacterial community response to soil
fumigants. Admittedly, fumigant treatment likely represents an
extreme perturbation producing large changes in bacterial com-
munity composition, while many other studies might have
smaller perturbation and resultant compositional differences be-
tween treatments. The sensitivity of the HRM assay will be of
importance in such studies. It is also worth mentioning that melt-
ing curves of some closely related bacterial species have been
shown to be indistinguishable by standard HRM analysis (8).
Consequently, small phylogenetic shifts in the bacterial commu-
nity might not be detectable by HRM analysis. In that respect,
HRM analysis, as used in this study, might not be suitable for
discriminating between highly similar bacterial communities.
This is observed in the lack of discrimination between the Tridex
and control samples from day 12 in the HRM clustering (Fig. 5),
compared to the 454 amplicon clustering (Fig. 6). Similar sensi-
tivity problems also exists for DGGE however, where bands of
related species may overlap (27), and in some respect for next-
generation sequencing, where the number of amplicons typically
is in the range of 104 to 105 per sample, whereas the number of
bacterial cells typically is several orders of magnitude higher (28).

This topic of sensitivity was addressed with our genomic
DNA mixing experiment indicating that a 10% change in 16S
rRNA genes was necessary before it was detectable using HRM.
The sensitivity of the particular assay is, of course, dependent
on the difference in melt behavior of the specific sequences
used. The two bacterial strains used in this assay were chosen
because of the large difference in the GC contents of their 16S
rRNA genes, which resulted in large differences in melt behav-
ior. If the chosen 16S rRNA genes had come from more closely
related species, the sensitivity would probably be higher than
10%. Additionally, the numbers of 16S rRNA gene copies/ge-
nome differ widely among bacteria (29); thus, they might cor-
respond to a higher or lower change in bacterial cell number. A
similar sensitivity (12.5%) has previously been reported for
determination of the ratio between two different PCR frag-
ments using HRM analysis (30), although the two fragments
had a much higher similarity than the 16S rRNA gene se-
quences used in this experiment.

Degenerate primers, as used in this study, can maximize the
number of different PCR products obtained (31), leading to an
increase in the melt curve variation and thus lower sensitivity. An
optimization of the 16S rRNA gene HRM assay, including the use
of nondegenerate primers or more specific primers (e.g., for spe-
cific groups or taxa or functional genes), probably would result in
increased sensitivity. Furthermore, targeting shorter gene frag-
ments (3) and using the high-sensitivity dye LCGreen Plus (32) for
fluorescence labeling of the PCR products could be applied for
improvement of the assay.

In conclusion, the HRM analysis is an efficient screening tool
for discrimination of microbial community variations among
samples. The analysis can, e.g., be used for identification of major
breakpoints of xenobiotic compound effects in natural microbial

FIG 6 UPGMA clustering of 16S rRNA gene sequences from the microcosm 454 day 12 DNA samples without ammonium sulfate and H2O day 0 samples. Node
labels represent confidence level of clustering based on 10 jackknife replicates. The DNA of the Bas.a sample was not extracted successfully and is therefore not
included.
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environments. Furthermore, the analysis can be used to screen
large sample sets for the more interesting samples prior to deep
sequencing, thus saving time and money on sequencing cost and
bioinformatics. HRM analysis is fast, requires limited technical
training, and is within the economical reach of most laboratories
in regard to HRM-compatible qPCR instrument access or pur-
chase.
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