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Identification of host-specific Bacteroidales 16S rDNA
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The need to identify the source of fecal contamination of water has led to the development of
various fecal source identification methods, a field known as microbial source tracking (MST).
One promising method of MST focuses on fecal members of the order Bacteroidales, some of
which exhibit a high degree of host-specificity. In order to identify host-specific Bacteroidales
genetic markers, a ~1060 bp section of Bacteroidales 16S rDNA was amplified from human
sewage (n = 6), and bovine (n = 6) and ovine fecal (n = 5) samples and used for the generation of
three clone libraries. Phylogenetic analysis of sequences from the three clone libraries revealed
that the Bacteroidales species found in both human sewage and bovine and ovine feces were a
highly diverse group of organisms, many of which were not represented by previously charac-
terised 16S rDNA. Ovine and bovine feces appear to host similar populations of Bacteroidales
species and these species were more diverse and less closely related to cultivated species than
the Bacteroidales population found in human sewage. Species of Bacteroidales from the ruminant
and human feces formed isolated clusters containing putatively host-specific sequences. These
sequences were subsequently exploited for the design of host-specific primers which were used

in MST studies.
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Introduction

Water polluted by feces poses a significant risk to hu-
man health and can lead to economic losses due to
expenditure associated with treatment of patients with
waterborne diseases and economic losses due to closure
of beaches, lakes and shellfish harvesting areas. Moni-
toring methods used to detect fecal contamination of
water have traditionally been based on the cultivation
and enumeration of fecal indicator bacteria (i.e. fecal
coliforms, E. coli and fecal enterococci). However, since
these indicator bacteria are found in the feces of both
animals and humans, these methods provide us with
no information on the source of fecal contamination.
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The need to determine the source of contamination has
led to the development of various fecal source identifi-
cation methods, a field which is often called MST.

Recently, a number of studies have been performed
on a method of MST based on the detection of host-
specific strains of bacteria from the order Bacteroidales
[1-4]. Members of Bacteroidales are among the most
numerous bacterial populations in feces, greatly ex-
ceeding the numbers of E. coli [2]. In addition, members
of the Bacteroidales order are genetically diverse, with a
distribution that is limited to body cavities and, due to
their anaerobic nature, are unlikely to survive for long
after being released into water [2]. Most importantly,
for the purpose of MST, several researchers have con-
cluded that some strains of the microorganisms are of
human fecal origin, whereas others are exclusively
found in animals feces [5-7].

Fecal contamination of rural water supplies in Ire-
land is common [8] and apart from human feces, the
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main source of contamination is ruminant in nature
(bovine and ovine feces). The pathogens which cause
most cases of gastroenteritis in the British isles (Campy-
lobacter spp., Salmonella spp., verotoxigenic E. coli 0157,
Listeria monocytogenes and Cryptosporidium parvum) have
all been found in livestock manures [9]. Manure pro-
duction in Ireland is estimated at 100 million tons per
annum, with cattle and sheep accounting for about
96% of the total [10]. Given the scale of manure produc-
tion by cattle and sheep in Ireland, a reliable method to
detect ruminant contamination is essential for reme-
diation of the problem of fecal contamination of water.

The aim of this study was to analyse Bacteroidales 16S
rDNA sequences from human sewage and bovine and
ovine feces, with a view to identifying host-specific
sequences which could be exploited for the design of
host-specific assays for MST. To our knowledge, this is
the first phylogenetic analysis of Bacteroidales ovine
feces and one of very few studies that analyzed human
sewage samples for the purposes of MST [11]. Since, in
Ireland, there are an estimated 5.1 million sheep [12], it
was important that both ovine and bovine feces were
analyzed in this study, such that a ruminant-specific
assay could be designed that would detect both bovine
and ovine feces.

In this study, in order to increase the likelihood of
identifying novel genetic markers, a novel combination
of Bacteroidales-specific primers (Bac32F & Bacto1080R)
was used for clone library generation [2, 13]. The prim-
ers were used to amplify a 1060 bp section of 16S TDNA
from human sewage, and bovine and ovine fecal sam-
ples. These PCR products were used to generate three
clone libraries which were analyzed by comparison to
sequences in the EMBL nucleotide prokaryote database
and by construction of a phylogenetic tree. Novel ru-
minant-specific markers were identified and these mar-
kers were subsequently used to design ruminant-spe-
cific PCR primers which have been successfully used, in
a preliminary study, to track ruminant fecal contami-
nation in rural drinking water supplies in Ireland [14].

Material and methods

Sample collection

Human sewage samples (untreated primary effluent,
n =6) were collected from two wastewater treatment
works in County Galway, Ireland. Bovine (n=6) and
ovine (n=75) fecal samples were collected from two
farms in County Galway. All samples were collected
with sterile utensils, placed in sterile containers, trans-
ported on ice and stored at —80 °C.
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DNA extraction and PCR ampilification

DNA was extracted from human sewage and bovine and
ovine feces using the Powersoil™ DNA Isolation Kit
(MoBio, Carlsbad, CA) as described in Dorai-Raj et al.,
2009 [14]. The Bac32F (5-AACGCTAGCTACAGGCTT-3')
[2] & Bacto1080R (5'-GCACTTAAGCCGACACCT-3') [13]
primer pair was used to amplify an approximately
1060 bp fragment of 16S rDNA from DNA (10 ng) ex-
tracted from six bovine fecal samples, five ovine fecal
samples and five human sewage samples. The Probe
Match program of the Ribosomal Database Project [15]
was used to determine the specificity of the primer
pair. Each 50 pl PCR mixture contained: 1 X Taq poly-
merase buffer, 200 uM dNTPs (dATP, dCTP, dGTP,
dTTP), 12.5 pmol of each primer, and 1.25 U Tag DNA
polymerase (Sigma-Aldrich, St.Louis, MO). Thermal
cycling was performed in a Mastercycler personal PCR
machine (Eppendorf, Hamburg, Germany) as follows:
an initial denaturation step at 94 °C for 3 min, 35 cycles
consisting of 94 °C for 30 s, 58 °C for 1 min, and 72 °C
for 1 min, followed by a final 5 min extension at 72 °C.
A positive control (fecal DNA from the target source
previously found positive) and a negative no-template
control were included in every experiment and all PCR
assays were performed in triplicate.

Clone library construction and sequencing

PCR products were purified using the ‘High Pure PCR
Product Purification Kit’ (Roche Diagnostics, Mann-
heim, Germany) and quantified using the PicoGreen
dsDNA Quantitation Kit (Molecular Probes, Eugene, OR).
After quantification of the PCR products, the concen-
tration of each was adjusted, before pooling of the PCR
products from the individuals belonging to each host-
species, to ensure an equal ratio of PCR product from
each fecal/sewage sample used for cloning. Three pools
of PCR products, each representing one of the host
species, were cloned using the TOPO TA Cloning® kit
(Invitrogen, De Schelp, Netherlands). Plasmid DNA was
extracted from 100 clones per library (QIAprep Spin
Miniprep Kit, Qiagen, Hilden, Germany) and clones
were resolved into operational taxonomic units (OTUs)
using amplified rDNA restriction analysis (ARDRA) with
both Haelll and Alul [16]. A representative clone from
each OTU group identified was selected and sequenced
by MWG BIOTECH AG (Ebensburg, Germany). Five OTU
groups, which each contained at least two clones,
were selected at random and two clones from each
of these five groups were sequenced to ensure the
ARDRA analysis grouped similar sequences together
accurately.
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Sequence analysis

The sequence data were checked for chimeric proper-
ties using Chimera Check on the RDP II website and
using the Mallard [17] and Pintail [18] programs of
the Bioinformatic Toolkit website (http://www.bioinfor-
matics-toolkit.org/index.html). Non-chimeric sequences
were then compared to the EMBL nucleotide prokaryote
database using the FASTA3 program on the European
Bioinformatic Institute (EBI) website to determine the
closest phylogenetic neighbours of cultivated species of
bacteria (http://www.ebi.ac.uk/Tools/fasta33/index.html).
Sequences were also aligned with each other using the
multiple sequence alignment program ClustalW (http://
www.ebi.ac.uk/Tools/clustalw/index.html). Default pa-
rameters were used for ClustalW and all other computer
programs utilized. Library coverage (C), a measure of
captured diversity, was calculated as C = [1 — (n/N)] x 100,
where n is the number of different OTU types from a
clone library that are encountered only once and N is
the total number of clones analyzed [19, 20].

Phylogenetic tree analysis

A single phylogenetic tree was inferred from the com-
bined 16S rDNA sequence data obtained from the three
host-species analyzed (human, bovine and ovine). Prior
to phylogenetic tree construction, the 16S rDNA se-
quences representing each OTU from each clone library
were aligned with each other and with sequence data
from the closest phylogenetic neighbours (as deter-
mined by FASTA3 analysis). The alignment was per-
formed using ClustalX. Regions where the alignment
were ambiguous were removed (~70 bp in total) and not
used in the construction of the phylogenetic tree. The
phylogenetic inference package Paup* 4.0 [21] was used
to construct all phylogenetic trees. Trees were inferred
using a neighbour joining method with a Kimura-2
parameter correction. Bootstrap values were obtained
from a consensus of 1000 neighbour joining trees. The
16S rDNA sequence of Cytophaga fermentans was used as
an outgroup to root the tree. The alignment and phy-
logenetic tree construction was performed according to
the instructions for neighbour joining trees in the
manual “Phylogenetic Trees Made Easy” [22].

Results

Clone library construction and sequencing

Sequence data obtained for the two representatives of
the same OTU were aligned for all five control sets of
OTUs. The sequences were all 298% homologous which
confirmed the accuracy of the ARDRA analysis (data not
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shown). Analysis of sequences from the bovine feces,
ovine feces and human sewage clone libraries with the
programs Chimera check, Mallard and Pintail revealed
that 26% of the sewage derived sequences, 15% of the
bovine feces derived sequences and 6% of the ovine
feces derived sequences were chimeric. Chimeric se-
quences were not included in any further analysis.
Alignment of the non-chimeric sequences with each
other using ClustalW revealed varying degrees of simi-
larity. Sequences showing >97% similarity were judged
to be the same OTU and only one of each OTU was in-
cluded in further analysis [20]. After removal of chi-
meric sequences and regrouping of OTUs the human
library contained 33 different OTUs, the bovine library
contained 55 different OTUs and the ovine library con-
tained 58 different OTUs. Eleven of the OTUs contained
cloned 16S rRNA genes from both the ovine and bovine
clone libraries. None of the human sewage derived
clones were grouped into OTUs that contained clone
sequences derived from either ovine or bovine feces.
The percentage coverage for the human, ovine and
bovine libraries was 71%, 48% and 49%, respectively.
All of the sequences have been submitted to Genbank
under the following accession numbers; Bovine clone
library: EU573790 — EU573833; Human clone library:
EU573834 — EU573866; Ovine clone library: EU573867 —
EU573924.

16S rDNA sequence analysis

16S rDNA sequence analysis using FASTA3 revealed
that the percentage similarity between cloned bovine-
and ovine-derived sequences and sequences from culti-
vated species was between 83% and 94%, with over
73% of the cloned ruminant-derived 16S rDNA frag-
ments having a percentage similarity of less than 90%.
The percentage similarity between cloned human-
derived sequences and sequences from cultivated spe-
cies was between 85% and 100%, with nearly 72%
cloned human-derived 16S rDNA fragments having a
percentage similarity >95%. Thirty two percent of the
cloned 16S rDNA fragments isolated from human sew-
age shared at least 98% sequence similarity to Prevotella
copri. None of the ovine or bovine-derived clones had
sequence similarity of 98% or more with cultivated
species from the database. Overall, 48% of the cloned
16S rDNA fragments isolated from human sewage
shared at least 98% sequence similarity with cultivated
species from the database.

There was a notable difference in the make-up of the
human-derived and ruminant-derived clone libraries
with 59% of the cloned human-derived sequences most
closely related to Prevotella species and 11% most closely
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related to Bacteroides species. This was in contrast to the
results for the bovine and ovine-derived libraries, which
gave similar results to each other, with 71% of the
cloned ovine-derived sequences and 73% of the cloned
bovine-derived sequences most closely related to Bacter-
oides species.

Phylogenetic tree analysis
The phylogenetic tree of the human sewage- and bovine
and ovine feces-derived 16S rDNA sequences is shown
in Fig. 1. In general, the bovine and ovine feces-derived
sequences did not cluster with either cultivated se-
quences or with human sewage-derived sequences,
forming several exclusively ruminant clusters and sub-
clusters, but there were some exceptions. Of the rumi-
nant feces-derived sequences, one ovine OTU, which
represented seven (~8%) ovine feces-derived and one
bovine (~1.2%) feces-derived 16S rDNA cloned se-
quences, clustered with Bacteroides species (Bacteroides
pyogenes). Three ovine OTUs, representing three (~3.4%)
16S rDNA cloned sequences, and one bovine feces-
derived OTU (~1.2%) clustered within a clade contain-
ing Prevotella species. Three bovine feces-derived se-
quences and one ovine feces-derived sequence were
associated with a cluster that contained a sequence
from Barnesiella viscericola. One ovine-derived sequence
was associated with a cluster that contained Parabacter-
oides merdae and Paludibacter propionicigenes. A bovine
feces-derived sequence, CD3, formed a deeply branched
node with a human sewage-derived clone, HJ2, which
was very distantly related to all other sequences. There
were three other ruminant sequences (all ovine feces-
derived sequences) that clustered with, or near, to hu-
man sewage-derived sequences, and all clustered with
deep branching, indicating a distant relationship. There
were no clusters containing bovine sequences exclu-
sively and only one small cluster containing ovine se-
quences exclusively.

Overall, the human sewage-derived sequences form-
ed clusters associated with cultivated sequences, which

Figure 1. The number in brackets indicates the number of OTUs
represented by the sequence in question. Clone sequences which
represent a single OTU are not followed by any numbers. The letter
“S” denotes sequences derived from sheep (ovine) feces, “C”
denotes sequences derived from cow (bovine) feces and “H”
denotes sequences derived from human sewage. Numbers above
the internal branches are percentages of bootstrap replicates that
support the branching order. Bootstrap values below 50% are not
shown. The scale bar represents 1% estimated sequence diver-
gence.
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did not contain any sequences derived from ruminant
feces. Ten human sewage-derived OTUs, representing
21 (~26%) 16S rDNA cloned sequences, clustered with
Bacteroides species, and eight human sewage-derived
OTUs, representing 38 (~47%) 16S rDNA cloned se-
quences clustered closely with Prevotella species. Three
cloned human sewage-derived sequences were associ-
ated with a cluster that contained a sequence from
Parabacteroides merdae and one cloned human sewage-
derived sequence clustered with Paludibacter propi-
onicigenes, albeit with deep branching. Seven human
sewage-derived sequences formed small sub-clusters
which did not contain sequences from any cultivated
species but which were most closely related to Prevotella
species. In general, the bootstrap values for the tree
were low but it is worth noting that most of the
branches which contained human sewage-derived se-
quences had a much higher bootstrap value than most
of the branches containing ruminant feces-derived
sequences.

Discussion

The results from any clone library analysis must be
cautiously interpreted since each physical, chemical
and biological step involved in the molecular analysis
of an environment is a potential source of bias which
may skew the results in one way or another [16, 23, 24].
Because of these biases, the actual diversity of a com-
munity cannot be reliably estimated from clone distri-
butions. However, since the three clone libraries ana-
lyzed in this study where all prepared and analyzed
using the same molecular methods, and the same defi-
nition of OTU was applied to each, the relative diversity
of these clone libraries can be compared.

Most other studies which have analyzed Bacteroidales
16S rDNA sequences in feces or sewage, with a view to
identifying host-specific sequences, have used the
Bac32F and Bac708R primer pair [2] which amplify
an approximately 700 bp section of the 16S rRNA gene
in Bacteroidales [1-3, 11]. The present study used the
Bac32F forward primer but paired it with a probe
(Bacto1080) which was designed to target the 16S rRNA
gene in species of Bacteroides-Porphyromonas-Prevotella
(the three largest genera in the order Bacteroidales) [13].
In this study, the Bacto1080 probe was used as a reverse
primer and designated “Bacto1080R”. This Bac32F &
Bacto1080R primer pair amplified an approximately
1060 bp region of the 16S rRNA gene which gave scope
for a more thorough analysis of 16S rDNA sequence di-
versity and gave potential for the amplification of a lar-
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ger region of host-specific sequence that could be used
for the subsequent design of host-specific PCR primers.

In this study, 11 OTUs defined by ARDRA and se-
quence alignment contained cloned 16S rRNA genes
from both the ovine and bovine clone libraries. None of
the human sewage-derived clones were grouped into
OTUs that contained clone sequences derived from
either ovine or bovine feces. This was as expected since
the two ruminants’ fecal flora are likely to be similar to
each other and less likely to be similar to human fecal
flora, as humans have an entirely different diet and
digestive system. This close relationship between the
two ruminant species fecal flora can also be seen in the
phylogenetic tree (Fig. 1).

Clone library coverage, which is a measure of how
far the actual species composition of the fecal samples
is captured by the clone library, was calculated by a
very simple method, since a thorough analysis of spe-
cies richness was not within the scope of this study.
Therefore, the results are not definitive but are none-
theless useful to compare the values of the three librar-
ies. The coverage figures of 71%, 49% and 48% for the
human, ovine and bovine clone libraries indicate that
the probability of the next cloned sequence falling into
a novel OTU was 29%, 51% and 52%, respectively [19].
These figures indicate that the species diversity of the
samples has not been thoroughly covered by the clone
libraries, but since the purpose of the study was to
identify host-specific species of Bacteroidales, rather than
to provide a complete analysis of species richness, the
clone libraries were of an adequate size and are a com-
parable to those used in similar studies [2, 3, 11]. The
library coverage figures are also an indication that ru-
minant feces has a more diverse Bacteroidales population
than human sewage. The higher number of OTUs in the
bovine and ovine clone libraries (55 and 58, respec-
tively) when compared to the human library (33) also
reflects the higher microbial diversity in the ruminant
libraries. While the lesser diversity of the human sew-
age flora could be attributed to the fact that the sewage
samples used in the construction of the clone library
were not fresh fecal samples, this finding is in agree-
ment with studies reporting on the microbial diversity
in the GI systems of ruminants and humans which did
use fresh human stool samples [19, 25].

A low percentage similarity between sequences de-
rived from ruminant feces and human sewage and
sequences from cultivated species was observed in this
study and has also been observed in a number of other
studies on clone libraries originating from human fe-
ces, rumen fluid or ruminant feces [3, 19, 26-28]. A
study by Dick et al. [3], using Bacteroidales specific PCR

www.jbm-journal.com



6 S. Dorai-Raj et al.

primers to construct a clone library, found that the
range of the ruminant (bovine and elk) sequence iden-
tity with the closest known species was 87 to 91%
which supports the results of this study. Kobayashi
et al. [28] state that previous studies have shown that
among 16S rDNA sequences isolated from the rumen,
only 2-31% show a close relationship (97% or more
sequence similarity) with previously described species.

Fifty two percent of the human sewage-derived clo-
nes in this study had sequence similarity of <98% with
cultivated species from the database. This is similar to
the results of Lamendella et al. [1], who analyzed se-
quences derived from septic tanks, and found that ap-
proximately 40% of the sequences had 96% or less se-
quence similarity to Bacteroidales-like sequences from
databases. This is also in agreement with the results of
Suau et al. [19] who found that of the clones in their
human feces library which fell within the Bacteroides
group, 62% had less than 98% sequence similarity with
cultivated sequences in public databases and were thus
derived from potentially new species.

None of the ruminant clones had =98% sequence
similarity with cultivated sequences. The higher per-
centage similarity of human sequences to cultivated
sequences in the database when compared to the per-
centage similarity of ruminant cloned sequences with
cultivated sequences was also observed in a number of
other studies [1-3, 29]. This is probably because most
cultivated species would originally have been isolated
from human feces as there have been a greater number
of studies performed on human fecal flora than on
ruminant fecal flora [2].

There was a notable difference in the make-up of the
human and ruminant clone libraries with most of the
human clones being most closely related to Prevotella
species rather than Bacteroides species and a majority of
ruminant sequences being most closely related to Bac-
teroides species rather than Prevotella species. However,
since the percentage similarities of the ruminant clone
sequences to the cultivated sequences are so low, it can
be argued that the similarity of the ruminant clone
sequences to either Bacteroides or Prevotella cultivated
sequences is insignificant, given that the two genera
are so closely related phylogenetically. According to
Tajima etal. [27] sequence similarity between clone
sequences and cultivated species of less than 90% is too
low to allocate sequences to taxa with a reasonable
degree of confidence. Paster etal. [30] suggested that
phylogenetic clustering of bacterial groups in phyloge-
netic trees, rather than specific similarity values to
cultivated sequences, should be used as a guide for
defining bacterial taxa.
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Since the percentage similarities of the human clone
sequences to cultivated sequences is significantly
higher, the results of database analysis of these se-
quences is worthy of discussion. The results of this
study are in direct contrast with the results of a recent
study by Mieszkin et al. [11] who found that 67% of
cloned Bacteroidales sequences characterised from hu-
man sewage samples were Bacteroides-like rather than
Prevotella-like. A number of factors could account for
the disparity between the results of the two studies.
Firstly, the difference in the nature of the human sew-
age samples tested may have affected the outcome. The
human sewage samples used in the study by Mieszkin
et al. [11] were water samples collected at the outlets of
wastewater treatment plants and the human sewage
samples tested in this study were untreated primary
effluent, collected from the primary settling tanks of
wastewater treatment plants. Secondly, the Bacteroidales
16S rDNA fragments cloned in the study by Mieszkin
et al. [11] were amplified from sewage samples using the
same forward primer as used in this study (Bac32F) but
a different reverse primer (Bac708R) [2]. These primers
amplify a smaller fragment of DNA (approximately
690 bp) than the fragment amplified in this study (ap-
proximately 1060 bp). In silico sequence analysis using
this longer fragment of 16S rDNA may account, in part,
for the difference observed between the two studies.
More significantly, the fact that a different reverse
primer (Bacto1080R) was used in this study, designed
to target the Bacteroides-Porphyromonas-Prevotella group
[13] rather than the Bacteroides-Prevotella group (as the
Bac708R primer was designed to detect [2]), would
mean that a slightly different population of Bacteroidales
would have been amplified and analyzed.

Thirty two percent of the human clones in this study
share at least 98% sequence similarity to Prevotella copri.
A recent study by Wéry et al. [31] which involved analy-
sis of effluent samples from wastewater treatment
plants also found 16S rRNA sequences that were closely
related to Prevotella copri. This species is not mentioned
as showing sequence similarity to human feces-derived
clones in many other previous studies, as Prevotella copri
is a novel species, first described by Hayashi et al. in
2007 [32]. In previous studies of the human gut, most of
which date from the late 1990s, very few of the se-
quences from 16S rDNA clone libraries show a high
similarity to any Prevotella sequences but this may be
due to the under characterisation of the Prevotella genus
when these studies were performed. In addition, since
most other studies analyzed fresh human stool samples
rather than human sewage samples, the prevalence of
P. copri in the human sewage-derived clone library is
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this study could be due to superior persistence of this
particular species outside the GI tract. However, as
discussed, since this species is very recently character-
ised, there is no published evidence, thus far, to sup-
port this theory.

In the phylogenetic tree (Fig. 1), in accordance with
the sequence analysis results, most of the human sew-
age-derived sequences clustered with cultivated species
and very few of the ruminant-derived sequences did.
There were a high percentage of human sequences
clustering with Prevotella species, which has not been
observed in many other studies. As discussed above,
this could be due to the fact that sewage samples rather
than fresh human stools were analyzed in this study
and also may be due to the under characterisation of
the Prevotella genus when these studies were performed.

As the sequence analysis results revealed, in general,
the human and ruminant sequences formed host-
specific clusters, apart from a few small clusters con-
taining both ruminant and human sequences. Similar
host-specific clusters were observed in a number of
similar studies [1, 3, 4, 11]. In addition, the finding that
most of the ruminant feces-derived sequences did not
cluster with any cultivated species of Bacteroidales has
also been supported by a number of other studies [1, 3,
4, 11]. Dick et al. concluded that fecal Bacteroidales in
ruminants were taxonomically diverse and displayed an
endemic distribution of fecal Bacteroidales as compared
to the cosmopolitan distribution of the human-derived
fecal Bacteroidales [3]. They postulated that the unique
nature of the ruminant digestive system may have led
to a evolutionary pathway different to that followed by
species inhabiting non-ruminant hosts.

Overall, the analysis of the Bacteroidales 16S rDNA
cloned sequences from human, bovine and ovine feces
revealed a highly diverse group of organisms, many of
which were not represented by previously characterised
16S rDNA. The population of Bacteroidales in ruminant
feces was even more diverse than the Bacteroidales popu-
lation found in human sewage and the bacteria were
less closely related to cultivated species. It appears that
members of the order Bacteroidales are underrepresen-
ted among cultured strains, which may be a reflection
of the difficulties involved in culturing strictly anaero-
bic species of bacteria. Ovine and bovine feces appear to
host a similar population of Bacteroidales species. Spe-
cies of Bacteroidales from the ruminant and human feces
formed isolated clusters suggesting a level of host-
specificity that could be exploited for use in microbial
source tracking studies. Ruminant-feces-derived se-
quences isolated in this study have been used success-
fully for the design of ruminant-specific PCR assays as
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described in Dorai-Raj et al. [14]. These assays have been
used to identify ruminant fecal contamination in rural
drinking water supplies in Ireland [14].
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