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Abstract
AIM: To study whether selected bacterial 16S ribosomal
RNA (rRNA) gene phylotypes are capable of disting
uishing irritable bowel syndrome (IBS).
METHODS: The faecal microbiota of twenty volunteers
with IBS, subdivided into eight diarrhoea-predominant
(IBS-D), eight constipation-predominant (IBS-C) and
four mixed symptom-subtype (IBS-M) IBS patients, and
fifteen control subjects, were analysed at three timepoints with a set of fourteen quantitative real-time

polymerase chain reaction assays. All assays targeted
16S rRNA gene phylotypes putatively associated with
IBS, based on 16S rRNA gene library sequence analysis.
The target phylotypes were affiliated with Actinobacteria , Bacteroidetes and Firmicutes . Eight of the target
phylotypes had less than 95% similarity to cultured
bacterial species according to their 16S rRNA gene sequence. The data analyses were made with repeatedmeasures ANCOVA-type modelling of the data and principle component analysis (PCA) with linear mixed-effects
models applied to the principal component scores.
RESULTS: Bacterial phylotypes Clostridium cocleatum
88%, Clostridium thermosuccinogenes 85%, Coprobacillus catenaformis 91%, Ruminococcus bromii -like,
Ruminococcus torques 91%, and R. torques 93% were
detected from all samples analysed. A multivariate
analysis of the relative quantities of all 14 bacterial
16S rRNA gene phylotypes suggested that the intestinal microbiota of the IBS-D patients differed from
other sample groups. The PCA on the first principal
component (PC1), explaining 30.36% of the observed
variation in the IBS-D patient group, was significantly
altered from all other sample groups (IBS-D vs control,
P = 0.01; IBS-D vs IBS-M, P = 0.00; IBS-D vs IBS-C,
P = 0.05). Significant differences were also observed
in the levels of distinct phylotypes using relative values
in proportion to the total amount of bacteria. A phylotype with 85% similarity to C. thermosuccinogenes
was quantified in significantly different quantities
among the IBS-D and control subjects (-4.08 ± 0.90 vs
-3.33 ± 1.16, P = 0.04) and IBS-D and IBS-M subjects
(-4.08 ± 0.90 vs -3.08 ± 1.38, P = 0.05). Furthermore, a phylotype with 94% similarity to R. torques
was more prevalent in IBS-D patients’ intestinal microbiota than in that of control subjects (-2.43 ± 1.49 vs
-4.02 ± 1.63, P = 0.01). A phylotype with 93% similarity to R. torques was associated with control samples when compared with IBS-M (-2.41 ± 0.53 vs
-2.92 ± 0.56, P = 0.00). Additionally, a R. bromii -like
phylotype was associated with IBS-C patients in comparison to control subjects (-1.61 ± 1.83 vs -3.69 ±
2.42, P = 0.01). All of the above mentioned phylotype
specific alterations were independent of the effect of
time.
CONCLUSION: Significant phylotype level alterations
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in the intestinal microbiotas of IBS patients were observed, further emphasizing the possible contribution
of the gastrointestinal microbiota in IBS.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gastro
intestinal (GI) disorder with a worldwide prevalence of
10%-20% [1]. The main symptoms include abdominal
pain or discomfort, diarrhoea, constipation, abdominal
bloating, and flatulence. The symptoms are associated
with changes in the frequency and form of stool, im
proved by defecation, and they typically fluctuate with
time. Although IBS does not predispose to malignancies,
it essentially lowers the patients’ quality of life. Multiple
interacting mechanisms lie behind IBS aetiology [2,3].
These include psychological stress and disturbances,
physiological features, such as altered GI motility and
visceral hypersensitivity, low-grade inflammation, and
bacterial gastroenteritis.
The possible role of the GI microbiota in IBS aetiology
(for review, see Parkes et al[4]) is supported by low-grade
mucosal inflammation in the GI tract of IBS patients[5,6],
onset of GI symptoms after a gastroenteritis (generating a
subset of patients diagnosed with post-infectious IBS[7,8]),
and observations suggesting the presence of altered GI
microbiota in IBS[9-12]. Recently, Gecse et al[13] associated the
elevated level of non-endogenous colonic serine protease in
diarrhoea-predominant IBS patients with increased mucosal
permeability and subsequent visceral hypersensitivity. The
detected increase in the level of colonic serine protease was
suggested to originate from intestinal bacteria. In addition,
antibodies to bacterial flagellins A4-Fla2 and Fla-X
associated with the Clostridium cluster XIVa are elevated in
IBS compared to healthy controls[14]. The potential role of
GI microbiota in IBS is further supported by studies where
probiotics have alleviated IBS symptoms (for a review, see
Spiller et al[15]). In the recent study of Kajander et al[16], a
multispecies probiotic was also shown to stabilize the gut
microbiota, but the microbial alterations were not specified.
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16S ribosomal acid (rRNA) gene based methods have
identified almost 900 bacterial phylotypes in the human
GI tract with, of which only 18% represent cultured
species[17]. Richness estimates within an individual’s colon
extend to 300 phylotypes [18], while a vast variation is
introduced by disparities in the phylotype composition
between individuals[18-20]. The main phyla found in 16S
rRNA gene sequencing based studies are Firmicutes,
Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria, and
Verrucomicrobia[18,21-23].
Using culture-based techniques, the GI microbiota
of IBS patients has been characterized to have less
lactobacilli and bifidobacteria and an elevated amount of
aerobes relative to anaerobes[24-26]. Specific divergences
have been observed with quantitative real-time polymerase
chain reaction (qPCR) assays targeting Lactobacillus spp,
Veillonella spp, Bifidobacterium spp, Clostridium coccoides, and
Bifidobacterium catenulatum[10], and with 16S rRNA cloned
sequence-based assays targeting phylotypes within the
genera Coprococcus, Collinsella, and Coprobacillus[11]. With a
16S rRNA gene-based phylogenetic microarray analysis
targeting over a 1000 human intestinal phylotypes, the
faecal microbiota of IBS patients and control subjects
could be distinguished by hierarchical cluster analysis and
stronger variation in the composition of the microbiota
was seen in the IBS patients’ profiles[12]. Furthermore, a
higher degree of temporal instability among IBS patients
has been detected with ribosomal RNA-based denaturing
gradient gel electrophoresis[9]. Mucosal bacteria have also
been found to be more abundant in IBS patients than in
healthy controls[27].
In this study, we applied a set of eight novel and six
previously published[11] qPCR assays to the analysis of
faecal samples obtained from IBS patients and healthy
controls to detect possible aberrations in the GI micro
biotas of IBS patients. The design of the novel qPCR
assays was based on comparing the 16S rRNA clone
libraries of IBS patients and healthy controls, but in this
study three time-points per subject during a 6-mo survey
were analysed instead of one[11].

MATERIALS AND METHODS
Subjects and study design
Faecal samples were collected from 20 IBS patients and
15 healthy control subjects (Table 1) at time-points 0, 3
and 6 mo of a 6-mo follow-up period.
The IBS patients were recruited by experienced
physicians and fulfilled the Rome Ⅱ criteria[28], except for
three subjects who reported slightly less than 12 wk of
abdominal pain during the preceding year[29]. All patients
had undergone clinical investigation and endoscopy or
barium enema of the GI tract less than a year prior to
the study. Exclusion criteria included pregnancy, lactation,
organic intestinal disease, other severe systematic disease,
antimicrobial medication during the previous 2 mo,
previous major or complicated abdominal surgery, severe
endometriosis and dementia or otherwise inadequate
cooperation capability. Patients with lactose intolerance
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Table 1 Characteristics of IBS patients and control subjects

n
Age (yr): mean
(range)
Gender
(female/male)
Predominant
bowel habit

IBS-D

IBS-C

IBS-M

Controls

8
43.6 (26-60)

8
48.6 (24-64)

4
50.8 (31-62)

15
47 (25-64)

4/4

9/1

3/1

10/5

Diarrhoea

Constipation

Mixed-type

-

IBS: Irritable bowel syndrome; IBS-D: Diarrhoea-predominant IBS; IBS-C:
Constipation-predominant IBS; IBS-M: Mixed symptom-subtype IBS.

were included if they were reported to follow a low-lactose
or lactose-free diet. All IBS patients were advised not to
make any changes to their medication, including ongoing
IBS medication (mainly commercial fibre analogues,
laxatives, or antidiarrhoeals). The IBS patients formed
the placebo group of a 6-mo probiotic intervention
study[29]. They received daily a placebo capsule consisting
of microcrystalline cellulose, magnesium stearate, and
gelatine as the encapsulating material. Consumption of
probiotic products was not allowed during the study.
Control subjects devoid of GI symptoms were also
recruited and originally age- and gender-matched with
the IBS patients as a whole[26]. Volunteers with regular
intestinal disturbances, lactose intolerance, celiac disease,
or antibiotic therapy during the preceding 2 mo of the
study were excluded. The faecal samples of the controls
and IBS subjects[9-11,26,29,30] have been studied previously.
The novelty in the present study resides in the eight
previously unpublished 16S rRNA phylotype targeting
assays, the analysis of several time-points during the
6-mo survey, and in the in-depth statistical analysis of the
results.
Ethics
All participants gave their written informed consent and
were told that they could withdraw from the study at
any time. The Human Ethics Committee of the Joint
Authority for the Hospital District of Helsinki and
Uusimaa (HUS) approved the study protocol for the IBS
patients. The ethical committee of the Technical Research
Centre of Finland (VTT) approved the study protocol for
the healthy controls.
Extraction and purification of DNA from faecal samples
Faecal samples were preserved anaerobically immediately
after defecation, stirred and aliquoted, and stored at -70℃
within 4 h of delivery. For qPCR analysis, total DNA
was isolated from 1 g of faecal material according to
Apajalahti et al[31], which included removing the undigested
particles from the faecal material by three rounds of
low-speed (200 × g) centrifugation and collection of the
bacterial cells with high-speed centrifugation (30 000 × g)
at 15℃ for 15 min using a Beckman AvantiTM centrifuge
(Fullerton, CA, USA) with the rotor JA 25.50 or JLA
16.250 rotor, respectively. The bacterial cells were lysed
after centrifugation with a combination of freeze-thaw
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cycles (freezing for 1 h at -70℃ and thawing for 15 min
in a 37℃ water bath), lysozyme and vortexing with glass
beads. DNA concentrations were determined with a
NanoDrop ND-1000 Spectrophotometer (NanoDrop
products, Wilmington, DE, USA).
Design of qPCR assays
Divergences detected by comparing the sequence data of
16S rRNA gene clone libraries of healthy controls and
symptomatically sub-grouped IBS patients (diarrhoeapredominant IBS, IBS-D; constipation-predominant
IBS, IBS-C; and mixed symptom-subtype IBS, IBS-M)
were used as the basis for selection of qPCR targets[11].
Prior to cloning and sequencing, the faecal microbial
genomes had been profiled and fractioned on the basis
of genomic guanine-plus-cytosine content [11]. Partial
16S rRNA gene sequences encompassing the variable
regions V1 and V2 combined from all four sample types
were aligned using either the version Beta 2003-08-22 of
ARB[11,32] or ClustalW 1.83[33]. For the ARB alignment,
an aligned sequence database (ssu_jan04_corr_opt.arb)
was downloaded from the ARB home page (http://www.
arb-home.de) and the in-house sequences[11] were aligned
using the ARB-EDIT FastAlign function, followed by
manual correction of the alignments with special attention
to the ends of the sequences. Finally, the sequences were
imported into an existing tree file of the database (TreeBacteria) by filtering the data against a sequence of similar
length as the imported partial 16S rRNA gene sequences.
Regions of the tree where sequences derived from one
subject group (healthy vs IBS or healthy vs IBS subtypes)
dominated over the other groups were considered as
potentially interesting. In addition, a ClustalW 1.83
alignment (FAST DNA pairwise alignment algorithm
option, gap penalty 3, word size 4, number of top
diagonals 1 and window size 1) was constructed covering
approximately 450 bp from the 5’ end of the 16S rRNA
gene and visually inspected and cut from the Escherichia
coli position 430 (universally conserved GTAAA) with
BioEdit version 7.0.5.3 [34] . Distance matrices were
calculated from the ClustalW alignment with Phylip 3.66
Dnadist[35] using Jukes-Cantor correction. The distribution
of sequences into operative taxonomic units (OTUs) was
determined using DOTUR[36] by applying the furthest
neighbour rule option and 98% cut-off for sequence
similarity. Uneven distribution of sequences originating
from the different sample types within an OTU was used
as criteria for qPCR target selection.
Potential primer target sites for specific quantitative
analyses were assessed manually from ClustalW 1.83
alignments. Primer 3 online interface[37] and mfold 3.3
DNA-folding servers[38] were used for optimizing the final
primer sequences and secondary structure analyses. The
primer specificity against publicly available prokaryotic 16S
rRNA sequences was checked with FASTA[39] provided
by the European Bioinformatics Institute (http://www.
ebi.ac.uk/) and against in-house 16S rRNA clone library
sequences of human faecal origin, using the blastall
option of Parallel BLAST [40] with Corona hardware
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(http://corona.csc.fi) maintained by the Finnish IT Center
for Science (CSC - Scientific Computing Ltd., Finland).
The qPCR primers were synthesized commercially by
Oligomer Oy (Helsinki, Finland). The clone sequences
used to generate the standard curve in each qPCR assay
were classified using The Ribosomal Database Project
[41]
Ⅱ Classifier . The assays were named according to the
most similar 16S rRNA gene sequence of a cultured
bacterial species with the similarity percentages below
98% indicated.
qPCR optimization and conditions
For each assay, the optimal annealing temperature and
MgCl2 concentration were defined using the iCycler iQ
Real-Time Detection System (Bio-Rad, Hercules, CA,
USA) associated with the iCycler Optical System Interface
software (version 2.3; Bio-Rad). Actual samples were run
as triplicates with optimized reaction conditions using
SYBR Green Ⅰ chemistry and 25 ng (specific phylotype
targeting assays) or 0.5 ng (universal 16S rRNA gene as
say) of faecal bacterial DNA. For all assays, the samples
were run with different sample groups randomly mixed
in the individual runs to minimize the effect of techni
cal deviation between runs. Amplified clonal 16S rRNA
genes were used as standards, ranging from 102 to 107
gene copies per reaction. The reaction mixtures consisted
of a 1:75 000 dilution of SYBR Green Ⅰ (Lonza biosci
ences, Basel, Switzerland), 10 mmol/L Tris-HCl (pH
8.8), 50 mmol/L KCl, 0.1 % Triton X-100, 2-5 mmol/L
MgCl2, 100 μmol/L each dNTP, 0.5 μmol/L each primer,
0.024 U Dynazyme Ⅱ polymerase (Finnzymes, Espoo,
Finland) and 5 μ L of either template or water. The
amplification involved one cycle at 95℃ for 5 min for
initial denaturation, followed by 40 cycles of denatura
tion at 95℃ for 20 s, primer annealing at the defined
optimal temperatures for 20 s, extension at 72℃ for 30 s
and a fluorescence detection step at 80-89℃ for 30 s.
The specificity of the qPCR assays was checked with a
reassociation curve analysis after amplification by slow
cooling from 95℃ to 60℃, with fluorescence collection
at 0.3℃ intervals for 10 s at each decrement. The qPCR
efficiencies were calculated from the standard curves us
ing the equation E = (101/k)-1, where E and k stand for
efficiency and slope, respectively.
Statistical analysis
In the raw data from qPCR assays, microbe groups with
low abundance were occasionally undetected (below
qPCR detection limit). These values may not be truly zero
or missing values, but are caused by limitations in the
technical accuracy of the qPCR equipment. Therefore,
for data analysis, zeros and missing values were imputed
with the mean values obtained from the qPCR runs with
the same primer pair applied to molecular grade water.
If those too were undetected, the minimum of all the
detected water runs was used.
After imputing the undetected values, the raw data
was transformed to log10 ratios of relative amount of 16S
rRNA gene copies detected vs the amount of bacterial
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16S rRNA gene copies detected with the universal
qPCR assay. Using the ratio will, to some extent, control
the sample specific variation due to lab procedures
and sample handling affecting the overall bacterial
concentration. All the statistical analyses were carried out
with these values.
Statistical analyses were made with standard mixedeffect linear models having fixed effects for the time,
and the IBS subtype, and a random effect for individual
(taking into account the repeated measures from the same
subject). In summary, this set up results in a repeatedmeasures ANOVA-type modelling of the data.
The model selection between whether to use the full
model with interaction term between time and group and
the age term, or the simpler model without interaction
and the age was based on F-tests. The inference from the
estimated models was based on the standard F-tests and
t-tests.
For multivariate analysis of the data, principal
component analysis (PCA) was used to visualize the data
sets. Linear mixed-effects models were also applied to the
first four principal component scores to quantify potential
multivariate effects present in the data.
All the analyses were made with statistical program
ming language R 2.6.2[42] utilizing the package lme for
mixed-effects linear models[43] and contrast for computing
the contrasts.

RESULTS
Design and optimization of qPCR assays
A total of 14 qPCR assays were designed and optimized
(Table 2) for analyzing alterations in the faecal microbiotas
of IBS patients sub-grouped according to symptom
subtype and healthy controls. The optimized annealing
and detection temperatures ranged from 60℃ to 67℃
and 80℃ to 89℃, respectively. For the universal assay,
an annealing temperature of 50℃ was used. The PCR
efficiencies for the optimized qPCR reactions were
above 80% with the exception of Collinsella aerofaciens-like,
Coprococcus eutactus 97% and Spiroplasma chinense 84% assays.
Non-specific product peaks with a lower melting
temperature than the desired product were observed for
some of the faecal DNA samples in the reassociation
analyses of several assays (Bacteroides intestinalis-like,
Butyrivibrio crossotus-like, Clostridium cocleatum 88%, C. eutactus
97%, S. chinense 84%, Ruminococcus torques 91%, R. torques
94% and Slackia faecicanis 91%). The fluorescence detection
temperatures in these assays were set above the melting
point of the unspecific products to avoid detecting them.
Analysis of faecal samples
The log10 number of bacterial 16S rRNA gene copies
detected ranged from 11.71 to 11.93 per gram of faeces
(wet weight) and the average relative log10 numbers of
16S rRNA gene copies detected with phylotype targeting
assays in proportion to the universal bacterial assay
ranged from -7.34 to -0.72 (Table 3; time-point specific
averages are presented in Supplementary Table 1). Target
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Table 2 Phylum level classification, primers and assay conditions of qPCR assays
qPCR assay (Phylum)

Primers (5’→3’)

Standard

Bacteroides intestinalis-like
(Bacteroidetes)
Bifidobacterium catenulatum/
Bifidobacterium
pseudocatenulatum-like[11]
(Actinobacteria)
Butyrivibrio crossotus-like
(Firmicutes)
Clostridium cocleatum 88%[11]
(Firmicutes)
Clostridium thermosuccinogenes
85%
(Firmicutes)
Collinsella aerofacien-like[11]
(Actinobacteria)
Coprobacillus catenaformis 91%
(Firmicutes)
Coprococcus eutactus 97%[11]
(Firmicutes)
Ruminococcus bromii-like
(Firmicutes)
Ruminococcus torques 91%[11]
(Firmicutes)
R. torques 93%1
(Firmicutes)
R. torques 94%[11]
(Firmicutes)
Slackia faecicanis 91%
(Actinobacteria)
Spiroplasma chinense 84%
(Firmicutes)
Universal[61]

F: AGCATGACCTAGCAATAGGTT
R: CCTTCTCGTTATACTATCCGGTAT
F: ACTCCTCGCATGGGGTGTC
R: CCGAAGGCTTGCTCCCGAT

AM277809

124

3

63

83

87 ± 6

AM277149

275

3

68

87

90 ± 8

F: TGCTAATACCGCATAAAACAGCAGA
R: CGCTGGATCAGGCTTTCG
F: AATACATAAGTAACCTGGCRTC
R: CGTAGCACTTTTCATATAGAGTT
F: ACATGCAAGTCGAACGGAAGTC

AM275497

232

4

63

85

82 ± 5

AM276544

104

4

60

80

88 ± 10

AM275406

373

2

62

81

88 ± 8

AM276090

260

4

67

89

75 ± 3

AM275478

133

4

62

82

93 ± 8

AM275825

97

2

63

83

73 ± 5

AM275413

156

4

62

81

97 ± 6

AM276624

119

5

62

82

88 ± 5

AM275798

396

4

61

83

85 ± 4

AM275522

137

2

65

85

81 ± 6

AM276086

75

4

64

86

90 ± 5

AM275518

101

4

66

83

79 ± 4

B. longum2

466

3

50

80

92 ± 6

R: TGCGTCAGAGTTTCCTCCATTG
F: CCCGACGGGAGGGGAT
R: CTTCTGCAGGTACAGTCTTGAC
F: CGGACGCGATGCTTCT(A/G)GC
R: AACATATCTCCCATGCGGTTG
F: AGCTTGCTCCGGCYGATTTA
R: CGGTTTTACCAGTCGTTTCCAA
F: CGAACGGAACTGTTTTGAAAGA
R: CAAAACCATGTGGTTCCGATAT
F: TGCTTAACTGATCTTCTTCGGA
R: CGGTATTAGCAGTCATTTCTG
F: GACTGCTTTTGAAACTGTCA
R: AGGTCCGGTTAAGGA
F: AATCTTCGGAGGAAGAGGACA
R: ACACTACACCATGCGGTCCT
F: GAGTAACGCGTGACCGACCTT
R: CCCGGAGTACCCGGTATCA
F: ATGGCCCAGTGAAGGTTG
R: CCCAACGAAAAGGTAGGTCA
F: TCCTACGGGAGGCAGCAGT
R: GGACTACCAGGGTATCTAATCCTGTT

Target
MgCl2 Annealing Detection Average PCR
size (bp) (mmol/L) T (℃)
T (℃) efficiency ± SD

1

For the R. torques 93% assay the sequence AY305319[62] was used for primer design; 2The Bifidobacterium longum DSM 20219T 16S rRNA gene was used as
standard in the universal qPCR assay. qPCR: Quantitative real-time polymerase chain reaction.

Table 3 The average relative log10 amount of the 16S rRNA gene copies detected with qPCR assays in proportion to the universal
qPCR results
qPCR assay
Bacteroides intestinalis-like
Bifidobacterium catenulatum/Bifidobacterium pseudocatenulatum-like
Butyrivibrio crossotus-like
Clostridium cocleatum 88%
Clostridium thermosuccinogenes 85%
Collinsella aerofaciens-like
Coprobacillus catenaformis 91%
Coprococcus eutactus 97%
Ruminococcus bromii-like
Ruminococcus torques 91%
R. torques 93%
R. torques 94%
Slackia faecicanis 91%
Spiroplasma chinense 84%

Control (n = 15)
1

-4.85 ± 1.52 (12)
-4.1 ± 2.22 (14)
-6.2 ± 2.03 (8)
-1.7 ± 1.32 (15)
-3.33 ± 1.16a (15)
-2.45 ± 1.16 (15)
-4.72 ± 0.77 (15)
-5.44 ± 2.53 (9)
-3.69 ± 2.42c (15)
-3.13 ± 0.77 (15)
-2.41 ± 0.53d (15)
-4.02 ± 1.63c (14)
-5.53 ± 2.26 (8)
-5.62 ± 2.04 (9)

IBS-C (n = 8)

IBS-D (n = 8)

IBS-M (n = 4)

-4.71 ± 1.42 (5)
-5.63 ± 2.52 (7)
-6.5 ± 1.97 (3)
-2.36 ± 2.35 (8)
-3.7 ± 0.84 (8)
-2.9 ± 2.33 (7)
-4.41 ± 0.67 (8)
-5.91 ± 2.61 (3)
-1.61 ± 1.83c (8)
-2.87 ± 1.10 (8)
-2.61 ± 0.72 (8)
-3.39 ± 1.40 (8)
-5.6 ± 2.33 (4)
-5.36 ± 2.20 (5)

-5.8 ± 1.32 (5)
-5.42 ± 2.63 (5)
-7.34 ± 1.58 (0)
-2.69 ± 2.33 (8)
-4.08 ± 0.90a,b (8)
-4.63 ± 2.35 (7)
-4.79 ± 0.61 (8)
-6.55 ± 2.28 (2)
-3.4 ± 2.49 (8)
-2.58 ± 1.09 (8)
-2.65 ± 0.59 (8)
-2.43 ± 1.49c (8)
-6.22 ± 2.16 (3)
-6.51 ± 1.98 (2)

-3.46 ± 1.26 (4)
-4.4 ± 2.54 (4)
-6.04 ± 2.19 (2)
-0.72 ± 0.98 (4)
-3.08 ± 1.38b (4)
-1.73 ± 2.61 (4)
-4.71 ± 0.25 (4)
-4.09 ± 2.69 (3)
-2.08 ± 1.56 (4)
-2.83 ± 1.26 (4)
-2.92 ± 0.56d (4)
-3.82 ± 2.16 (3)
-4.01 ± 2.28 (4)
-5.7 ± 2.22 (2)

The number of subjects with target 16S rRNA gene copies detected above the calculated threshold value in any of the three samples analysed are given in
parentheses. 1Values are presented as averages of log10-values ± SD from three time-points (0, 3 and 6 mo). aP = 0.04, bP = 0.05, cP = 0.01, dP = 0.00.

bacterial phylotypes were detected from all samples
with the C. cocleatum 88%, Coprobacillus catenaformis 91%,
Clostridium thermosuccinogenes 85%, Ruminococcus bromii-like,
R. torques 91%, and R. torques 93% assays (Table 3).

Divergences in the intestinal microbiota in IBS
In a PCA of the 14 phylotype targeting assays and three
time-points (0, 3 and 6 mo), the IBS-D group differed
from the control group (P = 0.01), IBS-M (P = 0.00),
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Figure 1 Principal component analysis (PCA) of fourteen 16S rRNA phylotypes quantified from faecal samples of irritable bowel syndrome (IBS) patients
and healthy volunteers. A: The PCA plot with outermost data points within each sample group is outlined. The control samples are presented in green, the constipationpredominant IBS (IBS-C) in black, the diarrhoea-predominant IBS (IBS-D) in red and the mixed symptom-subtype IBS (IBS-M) in blue. Each time-point is presented
as a separate point. To quantify the multivariate differences between the groups, linear mixed-effects models were applied to the first (x-axis) and the second (y-axis)
principal component scores, which represent the dominant multivariate changes present in the data; B: The bars represent the relative contribution of each quantitative
real-time PCR (qPCR) assay to the principal component 1 (PC1). On PC1 the IBS-D samples differed from the control (P ≤ 0.01), IBS-M (P ≤ 0.01), and IBS-C (P ≤
0.05) samples; C: The bars represent the relative contribution of each qPCR assay to the principal component 2 (PC2). On PC2, the IBS-C patients diverged from the
control subjects (P ≤ 0.05) and time-points. In addition, the second time-point (3 mo) diverged significantly from the first (0 mo, P ≤ 0.01) and the third (6 mo, P ≤ 0.01)
time-points independent of sample group; The height of the bars in graphs in Figure 1B and C reflect the relative magnitude of the contribution and the direction the sign
of the contribution (in relation to the other assays and to the axis in Figure 1A). For example, in PC1 (Figure 1B), the largest contributor is the Coprococcus eutactus
97% phylotype, while the samples on the right in Figure 1A (mostly IBS-D) tend to have higher concentrations of Ruminococcus torques 94% and lower concentrations
of phylotypes with bars highly on the negative side. Similarly, on PC2 (Figure 1C) the samples with high PC2 value in the top part of the Figure 1A tend to have higher
concentrations of the Ruminococcus bromii-like phylotype, and lower concentrations of the Bifidobacterium catenulatum/Bifidobacterium pseudocatenulatum-like phylotype.
On PC2, the IBS-C patients diverged from the control subjects (P ≤ 0.05) and time-points. In addition, the second time-point (3 mo) diverged significantly from
the first (0 mo, P ≤ 0.01) and the third (6 mo, P ≤ 0.01) time-points independent of sample group. qPCR: Quantitative real-time polymerase chain reaction; IBS-C:
Constipation-predominant irritable bowel syndrome; IBS-D: Diarrhoea-predominant irritable bowel syndrome; IBS-M: Mixed-subtype irritable bowel syndrome.

and IBS-C (P = 0.05) on the first principal component
(PC1; Figure 1A and B). The R. torques 94% phylotype
was unique in being more predominant in IBS-D
(Figure 1A and B). On the second principal component
(PC2), the IBS-C patients diverged from the control
subjects (P = 0.03; Figure 1A and C). Time-points
were significantly different on PC1 and PC2 (data not
shown).
Quantities of C. thermosuccinogenes 85%, R. bromii-like,
R. torques 93%, and R. torques 94% phylotypes diverged
between different IBS symptom subtypes and healthy
subjects independent of the effect of time (Table 3).
Relatively high levels of the C. thermosuccinogenes 85%
phylotype were associated with IBS-M patients and
control subjects compared with IBS-D patients. The
relative amount of C. thermosuccinogenes 85% 16S rRNA
gene copies detected in proportion to the universal assay
were 0.08%, 0.05%, and < 0.01% for the IBS-M, control,
and IBS-D subjects, respectively. The R. bromii-like

phylotype was significantly (P = 0.01) more abundant
in the IBS-C (relative abundance 2.45%) than in the
control (relative abundance 0.02%) subjects’ samples
and the R. torques 93% phylotype was significantly (P =
0.00) more abundant in the control (relative abundance
0.39%) than in the IBS-M subjects’ samples (relative
abundance 0.12%). The lowest amount of R. torques 94%
phylotypes was quantified in the control samples (relative
abundance < 0.01%) significantly differing (P = 0.01)
from the relative amount detected among the IBS-D
patients’ samples (relative abundance 0.37%).
Additional time-point dependent divergences between
the sample groups were also detected (Supplementary
Table 1): The B. intestinalis-like and C. cocleatum 88%
phylotypes were relatively abundant in the IBS-M and
control samples, and were detected in lower amounts in
the IBS-D patients’ samples. The relative amounts
of C. aerofaciens-like phylotype detected were lowest
in samples of the IBS-D patients, whereas the relative
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amounts of R. torques 91% phylotype were lowest in the
control subjects’ samples.

DISCUSSION
The aim of this study was to test the capability of a
set of qPCR assays targeting the 16S rRNA gene on a
phylotype level to differentiate between IBS symptom
subtypes and healthy controls. Eight novel and six
previously published[11] qPCR assays were used to study
faecal samples of 20 IBS patients grouped according to
symptom subtype and 15 healthy controls at three timepoints (0, 3 and 6 mo). None of the assays have previously
been applied to samples from several time-points. The
knowledge of putative alterations on phylotype level may
be essential in association with health, as has been shown
to be the case for Faecalibacterium prausnitzii in Crohn’s
disease[44,45].
In our approach, the selection of faecal bacteria
phylotypes for analysis was based on a comparison of
clone sequence libraries of IBS patient symptom subtypes
and healthy controls[11]. The amount of bacterial 16S
rRNA genes detected with the universal qPCR was in
accordance with previous findings[46]. Quantities relative to
the amount of bacterial 16S rRNA gene copies detected
with the universal bacterial qPCR assay were used in data
analyses. The diarrhoea-predominant symptom subtype
diverged significantly from the other IBS symptom
subtypes and healthy controls in a PCA of all 14 qPCR
analyses and three time-points (Figure 1). In addition,
C. thermosuccinogenes 85%, R. bromii-like, R. torques 93%, and
R. torques 94% phylotypes diverged between different IBS
symptom subtypes and healthy controls independent of
the time-point analysed (Table 3). According to the results
presented here and in previous studies[10-12,47,48], grouping
of IBS patients based on their main symptom subtype is
advisable in future studies.
The C. thermosuccinogenes 85% -phylotype represents an
uncultured firmicute within the human GI microbiota. It
was detected in significantly lower amounts in IBS-D pa
tients’ samples in comparison to healthy controls or IBS-C
patients. The target sequence of the C. thermosuccinogenes
85% -assay has previously been found from human fae
cal samples in several studies[11,18,49] and from human mu
cosal biopsy samples taken from the caecum, descending
and sigmoid colon, and the rectum[18], implying that the
phylotype truly represents a human intestinal bacte
rium. However, the closest isolated strain has negligible
similarity according to the 16S rRNA sequence (85%
similarity with Ruminococcus sp. 16442 strain 16S rRNA
sequence).
The R. bromii-like phylotype was significantly more
abundant in IBS-C patients than in healthy controls
samples. R. bromii is a common starch degrader of the
human intestinal microbiota[50]. The amounts of R. bromii
-related phylotypes have been shown to increase with a
diet high in resistant starch[51]. In the present study, the
possible effect of diet could not be ruled out, but it is
more likely that the slowed colonic transit in IBS-C, rather
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than a dietary effect, results in a favourable environment
for the R. bromii-like phylotype associated with IBS-C.
Ruminococcus torques, a resident mucin-degrading
member of the human GI microbiota [52] , has been
associated with the mucosa of Crohn’s disease patients[53].
The specific target sequence of the R. torques 94%
-assay applied in this study has been found from human
faecal samples in several studies[19,54,55] and has also been
associated with Crohn’s disease[56]. In the present study,
a comparatively higher abundance of R. torques 94%
phylotype was linked with IBS-D in both the multivariate
and assay specific analyses. The R. torques 91% phylotype
was associated with IBS-D and IBS-M and the R. torques
93% phylotype was more abundant in IBS-M than in
healthy controls. The target sequences of R. torques 91%,
93% and 94% are affiliated with Lachnospiraceae as is the
16S rRNA sequence of the strain A4 (DQ789118) [57]
carrying the IBS associated flagellin Fla2[14].
As a further support to our previous results [11], a
significantly lower abundance of the C. aerofaciens-like
phylotype was associated with the IBS-C and IBS-D
symptom subtypes at two of the time-points analysed.
Collinsella aerofaciens (formerly Eubacterium aerofaciens)
belongs to the order Coriobacteriales within the high G+C
Gram-positive Actinobacteria. It is a prominent member
of the endogenous human intestinal microbiota[58] and
has previously been connected with a low risk of colon
cancer[59].
Significantly lower levels of several 16S rRNA gene
phylotypes within the genus Bacteroides (B. ovatus, B. uniformis,
and B. vulgatus) have previously been discovered among
IBS-C patients in comparison to healthy controls, but
no effect was seen with the B. intestinalis-like phylotype
targeting probes[12]. All samples analysed in this study
have previously been analysed with a Bacteroides-PrevotellaPorphyromonas -group and a B. fragilis species-specific qPCR
assay[10] without detecting any significant divergences. In
this study, a B. intestinalis-like phylotype was quantified with
qPCR and found to be least abundant in the IBS-D patient
group and most abundant in the IBS-M patient group
at the selected time-points. The seemingly contradictory
results might be due to different specificities of the probes
and primers used.
The qPCR assays presented here were based on a
thorough analysis of IBS associated faecal bacterial 16S
rRNA gene sequence data originating from the same
samples and both the previously published partial 16S
rRNA gene sequences. The qPCR assays detailed here will
be valuable in upcoming IBS studies. A more thorough
sequencing approach using novel high-throughput
sequencing technologies[23] on IBS subjects’ GI microbiota
would be valuable in further investigating IBS-associated
alterations within the GI microbiota.
The faecal microbiota of IBS patients has been
associated with less temporal stability within individuals[47]
and more variation between individuals[12] compared to
that of the healthy controls. Therefore, the results of
this study should be further confirmed with independent
sample panels including both IBS subjects and healthy
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controls. In addition, analyzing mucosal samples, in
addition to luminal samples, would be of interest, since the
mucosal and faecal microbiotas differ from each other[60].
Previously, IBS patients have been shown to have a slightly
more abundant mucosal microbiota compared to that of
healthy volunteers, but the difference was not statistically
significant[27]. However, obtaining mucosal samples from
IBS patients would require colonoscopy, which is not a
regular procedure on IBS patients.
In conclusion, we observed alterations in the GI
microbiota of IBS-D subjects with a multivariate analysis
and several additional statistically significant differences
were detected between the intestinal microbiotas of the
different IBS subtypes and healthy controls in assayspecific analyses. Recovering the target bacteria of the
C. thermosuccinogenes 85% and R. torques 94% qPCR assays
would be essential for further analysis of their possible
role in the human GI tract and their association to IBS.
In the future, biomarkers associated to the GI microbiota
could aid therapeutic trial follow-up, diagnosis and
treatment of IBS patients.

reaction assays. They found significant phylotype level alterations in the intestinal microbiotas of IBS patients.
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