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Overview of the Gastrointestinal Microbiota
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Abstract

The community of microbes that inhabits the mammalian intestinal tract exists in a symbiosis with
their host. The structure of this community represents the combined effects of selection pressure
on the part of the host and on the part of the microbes themselves. Through recent advances in the
field of microbial ecology we are beginning to understand the forces that shape this complex
community. We will review what is known about the interaction between the host and the
indigenous microbial community. Following this discussion we will introduce methods that have
been used to study the structure, function and dynamics of this community.

Introduction

The mammalian gut is inhabited by a complex community of microbes, collectively referred
to as the microbiota.l Once thought of as a collection of freeloading “commensal”
organisms that simply found a ready source of food, it is now appreciated that the
relationship between the host and the microbiota is an intricate mutualistic symbiosis.2=3 In
return for secure environmental niches, the microbiota provide a number of key functions
that contribute to the proper functioning of the host gastrointestinal tract.

In this chapter the concept of the microbiota as a part of a complex ecosystem comprised of
the microbiota and the host epithelium and immune system will be presented. We provide a
broad overview of the composition of the gut microbiota, including descriptions of a variety
of culture-independent techniques that have been used to examine the structure and function
of this community of microorganisms. Some of these strategies are illustrated with examples
from our own work examining the microbiota of humans with antibiotic-associated diarrhea.
We suggest that a detailed understanding of the structure/function relationships of the
intestinal microbiota will have ramifications in rationale design and use of probiotics, since
only with an understanding of the “natural balance” of the microbiota of the gastrointestinal
tract can we effectively manipulate this ecosystem in a beneficial manner.

Structure of the Intestinal Microbial Community

It has been estimated that each person is inhabited by a microbiota consisting of 104
organisms, outnumbering the number of host cells by an order of magnitude. The
gastrointestinal (Gl) tract is the home for the majority of these organisms.1:4 Each segment
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of the GI tract appears to be populated with a distinct, stable community of microbes, with
the highest density in the colon with an estimated density of 1 x 1012 organisms per gram
(dry weight) of feces. For the remainder of this chapter, we will focus on the bacterial
microbiota, although it should be noted that Eukaria (e.g., yeasts), Archaea and viruses are
also members of this ecosystem.

One aspect of the indigenous Gl microbiota that was apparent early on was that the
community was quite diverse. For the discussion here, we will define diversity simply as
“the variety and abundance of species in a defined unit of study”.> Although species
concepts for microbes are frequently incongruous with those of plants and animals, diversity
measures can still be used effectively to describe and compare microbial communities.
Diversity is composed of two key components, richness and evenness. Richness refers to
what is likely the most intuitive aspect of diversity, namely the total number of species in the
unit of study. Evenness on the other hand describes relative differences in the abundance of
various species in the community. We will return to these concepts when we introduce the
measurement of ecologic variables to describes different microbial communities.

Early measurements of the diversity of the GI microbiota came from culture-based studies
that used the techniques developed by Hungate to cultivate strictly anaerobic microbes. It is
from such studies that the often-quoted number of 400-500 distinct species in the gut
microbiota was derived.® It is also from these early culture-based studies that it was
estimated that the majority (up to 90%) of the different bacterial species present could be
cultivated. More recent culture-independent studies of the intestinal microbiota suggest that
these early studies largely underestimated the total species richness and overestimated the
ability of current culture methods to cultivate the majority of organisms present.*

Data from culture-based and culture-independent analyses also suggest that there is
significant individual-to-individual variation in the diversity of the gut microbiota, although
the community within an individual appears to be relatively constant over time.46-9
Although this individual variation suggests that the study of such large, intrinsically and
extrinsically diverse communities presents intractable problems, recent work also suggests
that at higher levels (i.e., ecosystem) of organization, principles are operating that allow one
to study structural and function aspects of the entire community.1:10.11

For example, when using analysis of 16S rRNA-encoding gene sequence data to examine
similarities between bacterial communities, one common definition of an operational
taxonomic unit (OTU—roughly, the sequence-based equivalent of the taxonomic
classification “species”) is a group of organisms that share >97% sequence identity.12 With
this definition of OTU set at 0.97 sequence identity, a comparison of almost any two
microbial communities obtained from individuals, or even from different anatomic sites
within one individual, indicates that the communities are distinct. However, if the analysis is
repeated and instead the communities are compared at the level of bacterial phyla, most
normal individuals have quite similar communities with the majority of organisms belong to
two phyla, the Firmicutes and Bacteroidetes. In fact, among the roughly 80 bacterial
divisions described based on 16S rRNA-encoding gene analysis, only eight have ever been
identified within the gut community. Perhaps even more striking is the fact that this applies
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not only to the human gut, but similar deep taxonomic structure is also encountered in the
mouse intestine, implying that extreme selection pressure is shaping the structure of the
microbial community in most (if not all) mammalian intestinal tracts.10

Functional Aspects of the Intestinal Microbiota

What is the nature of the selection pressure on the community structure of the gut microbial
community? Clues to the forces that shape the community can be found by examining some
of the proposed roles that the microbiota play in the intestinal ecosystem and the specific
interactions they have with the host. One obvious force that has direct correlation with
macroecologic systems is that stable ecosystems are thought to have well-organized and
stable trophic structures.3 The flow of nutrients between different members of a given
ecosystem is influenced by and can in turn influence the members of the ecosystem. In the
gut, it turns out that not only do the microbiota have access to a ready supply of nutrients
(hence their common designation as “commensals™) but metabolic products produced by the
microbiota are in turn utilized by the host. This indicates that for many members of the gut
microbiota, their relationship with the host might best be considered to be mutualistic.11 For
example, members of the Firmicutes ferment nondigestible starch into short chain fatty
acids, in particular, butyrate. Butyrate in turn is the preferred energy source for colonic
enterocytes and also is thought to contribute to gut homeostasis through modulation of cell
function.14-18

Through an incompletely understood set of signals, the microbiota also contribute to the
normal development of the gut. Mainly through studies on gnotobiotic mice, the role of the
microbiota in driving aspects of postnatal gut maturation has been delineated. During the
time of weaning, there is a shift in the intestinal glycoconjugate repertoire, from glycans that
terminate with sialic acid to those that terminate with the sugar fucose. Interestingly, this
shift does not occur in germ free mice, but it can be induced by the monoassociation of these
mice with the bacterium Bacter oides thetaiotaomicron.1920 |t is noteworthy that the genome
of B. thetaiotaomicron codes for an impressive array of mechanisms for the acquisition and
utilization of dietary polysaccharides and that gene expression analysis reveals that the
organism can shift its metabolism to utilize host mucus glycans when polysaccharides are
absent.21~22 |n response to colonization with B. thetaiotaomicron, germfree mice modulate
the expression of host genes important in nutrient formation, mucosal barrier function and
angiogenesis.23

Although trophic interactions within the gut are readily obvious and have the most direct
correlation with macroecologic systems, another important interaction between the
microbiota and the host involves the host immune system. As will be discussed in later
chapters, it is clear that the microbiota have the ability to stimulate beneficial as well as
deleterious host immune responses. Less is known about how the host immune system can
shape the community structure of the indigenous microbiota. One recent study, using the
culture-independent T-RFLP method (see below) to “fingerprint” the microbiota of the
terminal ileum showed that the lack of secretory antibodies in adult plgR~~ mice did not
alter the composition of the microbiota compared to wild type animals.2* Conversely,
another group using 16S clone library analysis showed that mice that lacked hypermutated
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IgA (due to a defect in activation-induced cytidine deaminase) had altered intestinal
microbiota, most notably an expansion of the segmented filamentous bacteria.2®

The influence of host genotype on the structure of the microbiota isn’t restricted to
immunologic function. It was recently demonstrated that mice deficient in the leptin gene
had altered diversity of their microbiota manifested as inversion of the relative abundance of
Bacteroidetes to Fimicutes compared to wild type littermates.10 Interestingly this study also
showed that while evenness was influenced by genotype, species composition reflected a
maternal influence, demonstrating that the microbiota can be inherited vertically
(particularly for mice raised in barrier facilities with sterilized food and water).

The effect of other host factors has been examined. In one study quantitative culture
demonstrated that the status of the maternal adaptive immune system did influence the
intestinal microbiota of suckling mice.26 Similarly, a study that used hybridization probes
targeting Bifidobacterium and Lactobacillus species showed that the administration of
probiotics and breastfeeding in infants had an effect on the composition of the fecal
microbiota.2’

Methods to Study the Structure and Function of the Gut Microbiota

Limitations imposed by culture-based surveys of the gut microbiota gut have been
circumvented by the application of molecular methods based on the direct extraction and
analysis of nucleic acids from the microbiota (Fig. 1). The first step in analyzing the
structure of such communities is frequently a survey of PCR-amplified 16S ribosomal RNA
(rRNA) genes. This is a particularly useful gene to assess the composition of a microbial
community due to the presence of conserved regions in the gene that are conserved amongst
microbes and serve as convenient targets for amplification primers, coupled to the
availability of a large data set of rRNA sequences that are available for comparison; there
are currently more than 250,000 aligned, bacterial rRNA gene sequences in the Ribosomal
Database Project.28

While sequencing of rRNA genes provides the greatest resolution for phylogenetic
identification of the resident microbes, high-throughput community fingerprinting
approaches such as T-RFLP provide an overview of community structure that permits the
simultaneous analysis of dozens of samples of the microbiota. In T-RFLP, one of the
amplification primers is labeled with a fluorochrome; then following amplification, the pool
of amplicons is digested with a restriction enzyme. The resulting mix of DNA fragments is
separated based on size using a DNA sequencer, with only the fluor-containing terminal
fragments subsequently detected due to their fluorescence. The resulting chromatogram
(Fig. 2) reveals terminal restriction fragments (TRFs) from the more abundant members of
the community. Upon inspection of a T-RFLP chromatogram, it is readily apparent that the
method captures the ecologic diversity of the community. The number of TRFs is an
indication of the number of different OTUs present in the community (i.e., richness) while
the relative peak heights provide and indication of relative abundance (i.e., evenness).

While detailed methods for the construction and analyses of clone libraries and T-RFLP
fingerprints of the colonic microbiota are readily available and these approaches are
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frequently used, 2%-33 concerns about the interpretation of the results from these methods
have been raised. There is documented potential for bias during PCR amplification as well
as strategies, including decreased cycle number, to minimize bias.34-36 However due to the
idiosyncratic nature of molecular surveys that employ different amplification primers and
DNA of different purity that is extracted from communities with varying degrees of
complexity, there is unlikely to be a single, bias free procedure that is broadly application.
As with any survey method, replication is an essential component of reliable nucleic acid
based measures of community structure.

With advances in DNA sequencing technology, it is now feasible to extend beyond single
gene surveys and query the entire genetic diversity present in the microbiome through the
construction of large insert clone libraries or shotgun libraries.37-38 These approaches do not
include amplification before the construction of clone libraries and so avoid the potential
bias of this initial step. More importantly, the libraries include information not only about
the phylogenetic composition of a microbial community, but reveal the metabolic potential
of the community as well. For instance, the genes involved in the formation of butyrate, an
abundant short chain fatty acid in the gut, were enriched in clone libraries constructed from
DNA extracted from the microbiome of the human Gl tract.38 This finding is consistent with
the proposed role of the micobiome in providing colonocytes with this favored carbon and
energy source.

While knowing the composition and metabolic potential of the microbiome can be useful in
determining factors that influence the diversity, linking the structure of microbial
communities with its function has the potential to exert the most profound influence on our
understanding and successful manipulation of the microbiota. Again, direct extraction of
nucleic acids, this time with a focus on mRNA, provides a window to view the fraction of
the metabolic potential that is being expressed at a particular time and location in the Gl
tract. A recent application of whole-genome transcriptional profiling combined with mass
spectrometry revealed that the presence of a methanogenic archaeon altered gene expression
of a gut bacterium and thus has the potential to influence the host’s energy harvest from
dietary glycans.39 Such functional analyses, coupled with structural analyses of the gut
microbiota enhance our capacity to understand the role of the gastrointestinal microbiota in
health and disease.

The Microbiota in the Context of the Intestinal Ecosystem

The discussion to this point has advanced the concept that the microbiota of the intestinal
tract is not merely a random collection of “commensal” organisms that take advantage of a
readily supply of nutrients. Instead, the indigenous gut microbiota are part of an intricate
ecosystem comprised of the indigenous microbiota, the host mucosal epithelium and
elements of the host immune system. As a stable ecosystem, there are interdependencies
between the various components that contribute to the survival of each individual element.
As a corollary to this idea, each component has evolved in a manner to survive within this
ecosystem. Therefore, study of one component can provide insight into the function of the
entire ecosystem. To illustrate these concepts, we will provide examples from our
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laboratories examining changes in the gut microbiota in the setting of antibiotic-associated
diarrhea (AAD).32

Many patients who are treated with antibiotics subsequently develop diarrhea. A proportion
of patients with AAD (estimated at about 25%) develop disease secondary to the presence of
the toxin-producing bacterium Clostridium difficile. Both patients with C. difficile-
associated diarrhea (CDAD) and nonCDAD are thought to develop disease secondary to
antibiotic-mediated alteration of the gut microbiota. It is this hypothesis that has prompted
clinical trials of probiotics in both CDAD and nonCDAD. A recent meta-analysis of these
trials concluded that probiotics can be used to treat CDAD and prevent nonCDAD.40

To investigate if study of the fecal microbiota could provide insight into the pathogenesis of
nonCDAD, we examined the microbial ecology of fecal specimens from a patient who
developed diarrhea while taking amoxicillin/clavulanic acid.32 Clone libraries of 16S rRNA-
encoding genes were constructed from fecal DNA harvested from the first voided stool after
antibiotics (which represents the baseline community), four days after initiation of therapy
and 28 days after initiation (two weeks after the end of the 10-day course of antibiotics).

A total of 239 sequences were used in the final analysis, 84 from Day 0, 72 from Day 4 and
83 from Day 28. Given the relatively small number of sequences from three separate
“communities” (i.e., the three sampling times), we could present the data in the form of a
phylogenetic tree (Fig. 3). Examination of this tree shows that although this representation
of the data can provide useful information, it also demonstrates that as the number of
individual 16S continues to rise, the “tips” of the tree (i.e., individual clones) become
increasingly crowded and difficult to discern. One solution to help reduce the complexity of
the data is to group the data into phylogenetically coherent groups, as represented by the
multiple bar graphs in the figure. In this case, the grouping of clones was based on observed
clusters whose grouping was supported by bootstrap values. Bootstrap values provide
nonparametric statistical analysis of the groupings that are encountered in a phylogenetic
tree.#1 In brief, the data are randomly resampled multiple times, each time reconstructing a
phylogeny. In essence, the bootstrap values indicate the percentage of resulting phylogenies
that produce the same exact grouping seen in the original.

Although phylogenetic representations of 16S clone library surveys are commonly used and
can provide important insight into the data, scientists who are not trained in the
interpretation of phylogenies can find such representations to be problematic.4
Additionally, as pointed out above, even with use of methods such as clustering and
bootstrapping, it can be difficult to represent extremely large datasets. With the advances in
DNA sequencing technology, extremely large datasets of 16S rRNA-encoding gene
sequences are being assembled. Even when phylogenies are constructed using only “unique”
phylotypes (defined based on a set percentage sequence similarity), when a large number of
communities is being compared, visual examination of such representations can be
daunting.*

As detailed above, the use of numerical methods to analyze ecological methods has been
developed for the analysis of ecologic datasets, initially applied to macroecologic systems.
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One method that provides an alternative way to visualize the diversity present in a clone
library is through the construction of rarefaction curves.43 Rarefaction analysis is a method
that allows comparisons between communities primarily based on richness. In brief, the
rarefaction process involves iterative resampling of a given population dataset consisting of
N members. Sampling is done without replacement and this will generate an estimate (along
with confidence intervals) of the expected number of OTUs encountered in a subset n of the
entire population represented by N individuals. The curve is constructed by plotting the
average number of OTUs represented by 1, 2, ...N individuals. A strength of rarefaction
analysis is that it allows comparison between libraries that have been sampled with differing
intensity.44

We constructed rarefaction curves for each 16S clone library from the antibiotic-associated
diarrhea patient using the program DOTUR.12 Examination of the curves (Fig. 4) reveals
that antibiotic administration resulted in a decrease in the overall richness of the community,
as the rarefaction curve from the Day 4 library lies below the Day 0 library. Once antibiotics
were stopped, the rarefaction curve returned the original, implying that species richness was
restored once the community was given a chance to recover. This conclusion is supported by
the calculation of the estimated species richness for each library based on the method of
Chao.*® As discussed above, this method provides an estimate of the lower-bound of the
actual richness in a partially sampled community. Using an OTU definition based on 3%
sequence divergence employing the DOTUR program, the Chaol estimate of richness is 67
for the Day 0 library, 25 for the Day 4 library and 59 for the Day 28 library.

Although comparisons of species richness can be useful, it is often informative to compare
communities based on richness and evenness. Furthermore, comparison between
communities based on rarefaction does not take into account as to whether specific OTUs
are present in the different communities. It is possible that two communities can have the
same overall structure and thus will have identical rarefaction curves, but there are no OTUs
that are present in both communities. In the example we are discussing here, there are shared
OTUs in all three libraries, but even in case of the Day 0 and the Day 28 library, there are
differences that are not captured by rarefaction analysis. Bifidobacteria were identified in
the Day O library, representing approximately 16% of the clones but were not encountered in
the Day 28 library despite having overlapping rarefaction curves.

In order to compare populations not only based on richness, but also in terms of evenness
and the presence of shared OTUs we can use one of a number of beta-diversity indices. An
example of such a metric is the Bray-Curtis distance measure.48 Using such a distance
metric, all pair-wise comparisons can be made between a set of communities and the results
can then be displayed in a tabular format or in the form of a dendrogram. The latter
representation of data can be useful in that it can provide visual evidence of clustering or
grouping. When Bray-Curtis distances for the three clone libraries from the patient with
AAD are depicted in dendrograms format, it is once again clear that antibiotic
administration significantly changes the community structure of the fecal microbiota and
that once antibiotics are discontinued, there is a return towards the baseline status (Fig. 5).
However, as opposed to only looking at overall species richness, as was done with
rarefaction analysis, this analysis shows that discontinuation of antibiotics resulted in a
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community structure that was more similar to the baseline community, but still distinct.
Again, examination of the phylogeny constructed in Figure 1 supports this conclusion. For
example, in addition to the lack of reappearance of Bifidobacteria, in the Day 28 library
there was a proportionately greater amount of B. fragilisand Clostridial group XIVa
organisms and an under representation of Clostridial group IV organisms compared to Day
0.

In Figure 5, two dendrograms are shown, demonstrating the effect of changing OTU
definitions on analysis. In the first analysis, all sequences that shared >97% sequence
identity were considered to belong to a given OTU. In the second analysis, the OTU cutoff
was decreased to =80% sequence identity. As stated before, this roughly corresponds to the
conventional “species” and “family” taxonomic divisions. Although changing OTU
definitions will alter the calculated Bray-Curtis distance, the relationship between the
communities remains similar in that the Day 0 and Day 28 communities are most similar and
divergent from the Day 4 community. Although when considering rRNA-encoding gene
sequence alone, OTU definition may appear to be somewhat arbitrary, it can become
important when considering ecosystem function. It has been noted that although there
appears to be significant diversity among the gut microbiota at the level of species and
strain, there is relatively little divergence at deep phylogenetic divisions.#19 It has been
hypothesized that this reflects selection pressure to occupy specific ecologic niches, which
in turns requires conserved sets of metabolic functions.11

Ecologic Statistical Analysis as a Means to Reduce Data Complexity

Analysis that involves clustering of communities also serves to reduce the complexity of
large datasets. Although in the current example only three communities were compared, we
have successfully used this form of analysis to compare 12 or more independent
communities profiled by 16S clone library construction (unpublished data). Other
investigators have employed forms of data reduction and clustering analysis to examine
large sets 16S rRNA-encoding gene sequence data. Methods such as principal component
analysis and partial least-squared regression can also detect distinct patterns within large
datasets.4” Eckburg and colleagues recently published a large 16S survey of human gut
microbial diversity in which they used a method termed double principal coordinates
analysis, to examine relationships between the colonic microbiota in different individuals
and in different anatomic sites.**8 Ley and colleagues employed yet another method that
compares multiple phylogenies (and therefore does not directly sequence divergence
between clones, not does it require the assignment of sequences into specific OTUS) to
examine the relationships between the cecal microbiota of mice that differed in leptin
genotype.10:49

The existence of multiple methods for the community analysis resulting from the retrieval of
16S rRNA-encoding gene sequence data may suggest to some that it is difficult to obtain
reliable “answers” from such data. However, although some investigators might wish to
argue as to which type of analysis might be the “best,” in our experience, the use of multiple
methods of analysis provides complementary and (fortunately) noncontradictory information
about the relationships between multiple microbial communities. In any case, it should be
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stressed that we view microbial community surveys in a manner analogous to exploratory
microarray analysis. A great deal of data is generated, which needs to be simplified and once
analyzed, the data generally do not provide a clear-cut answer, but allow the development of
specific, testable hypotheses. The testing of such hypotheses may require additional non
culture-based community analysis, but when it comes to testing hypotheses about micraobial
community function, culture-based analysis and biochemical analysis are likely to prove
necessary. For example, our work on antibiotic-associated diarrhea has lead to a followup
case-control study where we are attempting to correlate changes in the fecal microbial
community with C. difficile-associated and nonC. difficile-associated AAD. In order to do
this, characterization of the specific C. difficile strains responsible for disease and actual
determination of fecal short-chain fatty acid levels will be complementary to microbial
community analysis. A recent metagenomic analysis of human feces suggested that there
was an abundance of bacterial genes involved in the production of short-chain fatty acids,
especially butyrate kinase, further suggesting that it is important to conduct experiments to
test the functional significance of this finding.38 It has been proposed that it is best to pursue
a balanced approach, involving both large information-driven methods and classical
microbial and biochemical methods to fully understand microbial community function.>0

The complex community of microbes that inhabits the mammalian gut is part of an intricate
ecosystem that involves the microbes, the host epithelium and the host immune system. The
analysis of large, complex microbial communities has been revolutionized by the
development of culture-independent methods that take advantage of the high throughput
DNA sequence-driven techniques that made whole-genome analysis possible. The use of
these techniques can provide a detailed determination of the structure of the gut microbial
community and how this structure can be altered by disease states. An understanding of
structure can lead to hypotheses about community function that can be tested by an
integrated approach utilizing sequence-based techniques coupled with classical
microbiologic, biochemical and immunologic analysis. It is likely that such studies will lead
to a greater understanding of the relationship we have with the community of microbes that
inhabits our bodies. Hopefully, this understanding will lead to novel methods for the
prevention and treatment of diseases that result from disturbances in this mutualistic
symbiosis.
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Figure 1.
Molecular approaches for interrogating the structure and function of microbial communities.

DNA-based approaches provide a cultivation independent assessment of community
structure and metabolic potential, while RNA- or protein-based methods offer the
opportunity to document expression of that potential under selected environmental
condition.
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Figure2.
T-RFLP traces demonstrating the ability to provide a community fingerprint of the mucosa-

associated microbiota from the cecum of a mouse. Compared to the T-RFLP profile from a
control mouse (top), the T-RFLP profile from a mouse treated with antibiotics (metron-
idazole, amoxicillin and bismuth) has decreased diversity, most notably due to the decrease
in the total number of terminal restriction fragments (peaks).
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Figure 3.
Phylogeny showing the distribution of 16S rRNA-encoding gene sequences from clone

libraries constructed from stool DNA samples obtained from a patient prior to antibiotic
therapy (Day 0-red), during therapy (Day 4-green) and two weeks after discontinuation of
therapy (Day 24-blue). Brackets outline major clusters of organisms and the adjacent bar
graphs document the distribution of clones in each cluster at each time point. Named species
are representative type species downloaded from the Ribosomal Database Project and
inserted into the tree to provide taxonomic reference points. These reference species do not
contribute to the number of clones depicted in the bar graphs. The scale bar represents
evolutionary distance (10 substitutions per 100 nucleotides). The tree was constructed using
neighbor-joining analysis of a distance matrix obtained from a multiple-sequence alignment
performed using the ARB suite of programs. Bootstrap values were calculated using the
MEGAZ2 program.
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Figure4.
Rarefaction analysis comparing OTU richness in the three 16S libraries constructed from the

patient with antibiotic-associated diarrhea. Antibiotic administration was associated with a
decrease in overall species richness and this resolved following the discontinuation of the
antibiotic treatment. The curves represent the average number of OTUs encountered during
iterative resampling of the original clone data with 95% confidence intervals depicted by the
error bars.
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Figureb5.

Dendrograms illustrating the relationships between the three 16S libraries from the
antibiotic-associated diarrhea patient. Based on OTU assignment (at two levels, 297% and

>80% sequence identity) the Bray-Curtis distance metric was calculated and then a UPGMA
dendrogram constructed. For both OTU definitions, the Day 0 (pre-antibiotic) and Day 28 (2
weeks after antibiotic administration was stopped) communities were most similar.
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